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Purpose: The feasibility of genetic screening for deafness-causing
mutations in newborns has been reported in several studies. The aim
of this study was to investigate the long-term results in those who
screened positive for deafness mutations; these results are crucial to
determine the cost-effectiveness to justify population-wide genetic
screening.

Methods: We performed simultaneous hearing screening and
genetic screening targeting four common deafness mutations (p.V371
and ¢.235delC of GJB2, ¢.919-2A>G of SLC26A4, and the mitochon-
drial m.1555A>G) in 5173 newborns at a tertiary hospital between
2009 and 2015. Serial audiometric results up to 6 years old were then
analyzed in children with conclusive genotypes.

Results: Newborn genetic screening identified 82 (1.6%) babies with
conclusive genotypes, comprising 62 (1.2%) with G/B2 p.V371/p.V37],

INTRODUCTION

Hearing impairment is the most common sensory defect in
children. Approximately 1.9 per 1,000 children has bilateral
permanent sensorineural hearing impairment (SNHI) >40 deci-
bels hearing level (ABHL) at birth; this prevalence continues to
increase during childhood and reaches 2.7 per 1,000 children
before the age of 5 years and 3.5 per 1,000 during adolescence.'
Evidence shows that SNHI exerts a negative effect on speech,
language, and cognitive development,? and early identification
and management are of paramount importance to improve
the language, communication, mental health, and employ-
ment prospects of hearing-impaired children.® The feasibility,
cost-effectiveness, and benefits of universal newborn hearing
screening (UNHS) for early identification of SNHI have been
confirmed in several studies.*” However, current UNHS pro-
grams are limited by their ability to detect children with slight
or mild SNHI whose hearing levels are less than the thresholds
of the screening tools.® Similarly, children with late-onset or pro-
gressive SNHI after birth cannot be identified, and these chil-
dren may not benefit from improved outcomes conferred from
early identification and intervention by UNHS.”

16 (0.3%) with GJB2 p.V371/c.235delC, and 4 (0.1%) with m.1555A>G.
Of these, 46 (56.1%) passed hearing screening at birth. Long-term
follow-up demonstrated progressive hearing loss in children with the
GJB2 p.V371/p.V371 and p.V371/c.235delC genotypes; this hearing loss
deteriorated by approximately 1 decibel hearing level (ABHL) per year.

Conclusions: We delineated the longitudinal auditory features of
the highly prevalent GJ/B2 p.V37I mutation on a general popula-
tion basis and confirmed the utility of newborn genetic screening in
identifying infants with late-onset or progressive hearing impairment
undetectable by newborn hearing screening.
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It is estimated that SNHI has a genetic cause in at least two-
thirds of children with the condition.® Among a plethora of
deafness genes identified to date, GJB2 (OMIM *121011),
SLC26A4 (OMIM *605646), and the mitochondrial 12§
rRNA gene (MTRNRI; OMIM *561000) are of special note
from an epidemiological perspective; mutations in these
three genes have been shown to be much more prevalent than
other deafness genes across different populations.® Patients
with GJB2 (refs. 9,10) or SLC26A4 (ref. 11) mutations, or the
common mitochondrial 12S rRNA m.1555A>G mutation,"?
might develop progressive SNHI with age. Moreover, it has
been documented that some hearing-impaired patients with
GJB2 (ref. 13) or SLC26A4 (ref. 14) mutations passed new-
born hearing screening at birth.

Because genetic causes play a major role in SNHI in children,
and because SNHI caused by certain genetic mutations may
be undetectable by UNHS, we previously combined newborn
genetic screening for common deafness mutations with new-
born hearing screening in a pilot cohort. We demonstrated that
newborn genetic screening might compensate for the inher-
ent limitations of conventional UNHS by detecting subjects
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with mild SNHI and those at risk for late-onset SNHI.*® Our
findings concerning the feasibility and prognostic value of
newborn genetic screening were subsequently validated in
several studies.'*** However, implementing population-wide
genetic screening for deafness involves multiple issues and
demands careful appraisal with regard to the potential psycho-
social impacts on families and economic burden on the health-
care system. Longitudinal follow-up and analyses of clinical
outcomes in newborns who screened positive for deafness
mutations are necessary to address these issues.

MATERIALS AND METHODS

Subjects and newborn screenings

Between 2009 and 2015, 5,173 babies who received simulta-
neous newborn hearing screening and genetic screening for
deafness were enrolled in this study. Newborn hearing screen-
ing was performed using distortion-product otoacoustic emis-
sions (DPOAESs; GSI 60 DPOAE system, Grason-Stadler, Eden
Prairie, Minnesota) before 2011; since 2012, the screening tool
has shifted to automated auditory brainstem response (AABR;
the ALGO3 screener, Natus, Pleasanton, CA) to comply with
government policies. For newborn genetic screening, DNA
samples extracted from heel-stick blood spots were subjected
to mutation screening using a real-time polymerase chain reac-
tion assay with fluorescence resonance energy transfer hybrid-
ization probes in a LightCycler 480 instrument (Roche, Basel,
Switzerland).” Genetic screening targeted the four most com-
mon deafness-associated mutations in the Taiwanese popula-
tion: p.V371I (c.109G>A) and c.235delC of GJB2, c.919-2A>G
of SLC26A4, and mitochondrial m.1555A>G."* In terms of the
allele frequency in the hearing-impaired population, these four
mutations amount to >80% of the known deafness-associated
mutations among Taiwanese individuals.'” Among these, GJ/B2
p-V371, GJB2 c.235delC, and SLC26A4 ¢.919-2A>G are autoso-
mal recessive mutations, whereas m.1555A>G is a maternally
inherited mutation. Accordingly, subjects with two mutant
GJB2 alleles (i.e., with the p.V371/p.V37I, p.V371/c.235delC, or
c.235delC/c.235delC genotype); two mutant SLC26A4 alleles
(ie, with the ¢.919-2A>G/c.919-2A>G genotype); or the
m.1555A>G mutation (either in homoplasmy or heteroplasmy)
were interpreted as conclusive genotypes. Written informed
consent for participation in the project was obtained from the
parents of all infants, and all procedures were approved by the
Research Ethics Committee of the National Taiwan University
Hospital.

Audiological assessments

Infants with conclusive genotypes from genetic screening, despite
their newborn hearing screening results, were referred to a pediatric
otologist for comprehensive audiological assessments at 3 months.
The comprehensive audiological assessments included behavioral
testing (visual reinforcement audiometry) in a sound field using
warble tones, narrow-band noise, and live voice; DPOAEs testing;
and a diagnostic auditory brainstem response (ABR; Natus) under
sedation to determine the hearing thresholdsat 0.5, 1,2,and 4kHz.*
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After 3 months, we recommended a follow-up protocol—that the
audiological assessments be conducted every 6-12 months—but
this protocol can be adjusted depending on the childrens auditory
results and parents’ request. For children with hearing thresholds
>40 dBHL, comprehensive audiological examinations including
behavioral testing, DPOAEs, impedance testing, and ABR were
scheduled for each follow-up evaluation, whereas for children with
hearing thresholds <40 dBHL, only behavioral testing in a sound
field was performed to avoid repeated sedations. For audiological
follow-ups at 3 years and beyond, behavioral testing and ABR were
replaced by pure-tone audiometry (GSI 61, Grason-Stadler, Eden
Prairie, Minnesota) if the children were able to cooperate with the
test procedure. The children’s hearing levels were then determined
by averaging the four-tone thresholds (0.5, 1, 2, and 4kHz) of the
better ear on ABR (children <3 years old) or pure-tone audiometry
(children >3 years old). For audiological follow-ups before 3 years
for which ABR was not performed, children’s hearing levels were
determined by averaging the four-tone thresholds on behavioral
audiograms.

Kaplan-Meier estimations

Because all four common deafness mutations might be associ-
ated with progressive SNHI, hearing levels in children of different
ages with conclusive genotypes were subjected to Kaplan-Meier
analyses. Among the different genotypes, the numbers of
audiological assessments in subjects with GJB2 p.V371/p.V371
and GJB2 p.V371/c.235delC fulfilled the requirement for per-
forming Kaplan-Meier analyses. Two hearing levels of clinical
significance—25 and 40 dBHL—were set as the events. For
the definition of end points, individuals with hearing levels of
25 dBHL or more generally require adaptive listening strate-
gies such as sitting closer to the source of sound, whereas indi-
viduals with hearing levels of 40 dBHL or more generally need
active treatment such as hearing aids (http://www.nidcd.nih.gov/
health/statistics/Pages/measuring.aspx). We used hazard ratios
and two-sided 95% confidence intervals to compare between
genotypes using GJB2 p.V371/p.V37I as the reference group.
Testing was prespecified to occur between two mutant GJB2
alleles at an alpha level of 0.05 on the basis of the log-rank test.

Regression models

To elucidate the progression of SNHI in children with specific
genotypes, linear regressions were performed on hearing levels in
children of different ages with conclusive genotypes. All analyses
were conducted using SAS software version 9.3 (SAS, Cary, NC).

RESULTS

Results of newborn genetic screening for deafness

Of the 5,173 newborns, 82 (1.6%) were identified by new-
born genetic screening as having conclusive genotypes: 62
(1.2%) with GJB2 p.V371/p.V371, 16 (0.3%) with GJB2 p.V371/
¢.235delC, and 4 (0.1%) with m.1555A>G (Table 1). A total
of 839 newborns (16.2%) were detected to segregate one GJB2
or SLC26A4 mutation, including 736 (14.2%) heterozygous
for GJB2 p.V37I, 50 (1.0%) heterozygous for G/B2 c¢.235delC,
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and 53 (1.0%) heterozygous for SLC26A4 ¢.919-2A>G. Seven
newborns (0.1%) were double heterozygous for GJB2 p.V37I
and SLC26A4 c.919-2A>G. Given the high frequency of the
GJB2 p.V37I allele among the Taiwanese population,” it was
assumed that the great majority of these heterozygous subjects
are coincidental carriers, and no further audiological or genetic
assessments were conducted except for those who failed new-
born hearing screening. Similarly, we did not routinely perform
audiological or genetic workups in subjects segregating a single
GJB2 c.235delC allele, a single SLC26A4 ¢.919-2A>G allele, or a
GJB2/SLC26A4 double heterozygous genotype, except in those
who failed newborn hearing screening. In the four subjects
with the m.1555A>G mutation, the mutation load was detected
as “homoplasmy” by hybridization probe testing for all four
subjects; this was later confirmed using a published restriction
enzyme digestion method (data not shown).”

Newborn hearing screening results in infants with
conclusive genotypes

Of the 5,173 newborns, 3,149 were screened using DPOAEs,
with a referral (failure) rate of 3.9% (123/3,149), and 2,024 were

Table 1 Newborn genetic screening results among the
5,173 subjects

Genotype Subjects, n (%)
GJB2

p.V371/p.V37I 62 (1.2)

p.V37l/c.235delC 16(0.3)

¢.235delC/c.235delC 0(0)

p.V37l/wt 736(14.2)

€.235delC/wt 50 (1.0)
SLC26A4

€.919-2A>G/c.919-2A>G 0(0)

€.919-2A>G/wt 53(1.0)
Mitochondrial 12S rRNA

(m.1555A>QG) 4(0.1)
Mutations in two genes

(GJB2 p.V37I/wt SLC26A4 ¢.919-2A>G/wi) 7(0.1)
No mutation identified 4,245 (82.1)

wt, wild type.
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screened using AABR, with a referral rate of 2.1% (42/2,024).
Among the 62 babies with G/B2 p.V371/p.V371, 37 and 25 under-
went DPOAEs and AABR for newborn hearing screening, respec-
tively; of these, 23 babies (62.2%) and 9 babies (36.0%) passed
DPOAEs and AABR screening, respectively (Table 2). Although
the pass rate of DPOAEs was higher than that of AABR, the dif-
ference between the two screening tools was not statistically sig-
nificant (P = 0.07, Fisher’s exact test). Of the 16 babies with GJB2
p-V371/c.235delC who underwent DPOAEs (n = 11) or AABR
(n = 5) for newborn hearing screening, 8 babies (72.7%) and
2 babies (40.0%) passed DPOAEs and AABR screening, respec-
tively. There was no statistically significant difference between the
pass rates of the two screening tools (P = 0.30, Fisher’s exact test).
On the other hand, all four babies (100%) with the m.1555A>G
mutation passed newborn hearing screening with either DPOAEs
or AABR. In total, 46 babies (56.1%) with conclusive genotypes
passed newborn hearing screening, indicating that newborn
genetic screening for deafness could identify an additional sub-
group of babies with potential hearing problems—a subgroup
that was not detected using either DPOAEs or AABR.

Kaplan-Meier estimations

In total, the 62 subjects with GJB2 p.V371/p.V37l, the 16
subjects with GJB2 p.V371/c.235delC, and the 4 subjects
with m.1555A>G underwent 158, 35, and 4 audiologi-
cal assessments during the follow-up periods, respectively.
Kaplan-Meier analyses were not performed on the audiolog-
ical data of infants with the m.1555A>G genotype because of
the insufficient number of observations. As for the other two
genotypes, Kaplan-Meier analyses showed the progression
of SNHI with time in children with either genotype. Setting
25 dBHL as the event, 72.4% of children with GJB2 p.V371/p.
V371 and 80.0% of children with GJB2 p.V371/c.235delC
were estimated to have hearing levels <25 dBHL at 3 months
(Figure 1). Among children with GJ/B2 p.V371/p.V37I and
those with GJB2 p.V371/c.235delC, the percentages with
hearinglevels <25 dBHL decreased to 48.7 and 48.6%, respec-
tively, at 3 years, and decreased further to 41.0 and 45.7%,
respectively, at 5 years. There was no significant difference

Table 2 Newborn hearing screening results in the 82 subjects with conclusive genotypes on genetic screening

Subjects passing Subjects failing

Genotype NHS tool NHS (n) NHS (n) Pass rate (%)
GJB2
p.V371/p.V37I DPOAEs (n=37) 23 14 62.2
AABR (n = 25) 9 16 36.0
Total (n = 62) 32 30 51.6
p.V37I/c.235delC DPOAEs (n=11) 8 3 72.7
AABR (n=5) 2 3 40.0
Total (n=16) 10 6 62.5
Mitochondrial 12S rRNA
(m.1555A>G) DPOAEs (n=2) 2 0 100.0
AABR (n=2) 2 0 100.0
Total (n=4) 4 0 100.0
Total (n = 82) 46 36 56.1

AABR, automated auditory brainstem response; DPOAEs, distortion-product otoacoustic emissions; NHS, newborn hearing screening.
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in the progression of SNHI between the two groups (Cox
hazard ratio, 0.89 (95% CI, 0.54-1.46); P = 0.64). This is con-
sistent with the results of a previous study showing that the
severity of SNHI did not differ between patients with these
two genotypes.?

When 40 dBHL was set as the event, 80.4% of children with
GJB2 p.V371/p.V37I and 85.7% of children with GJB2 p.V371/
¢.235delC were estimated to have hearing levels <40 dBHL at 3
months (Figure 2). Among children with G/B2 p.V371/p.V371
and those with GJB2 p.V371/c.235delC, the percentages with
hearing levels <40 dBHL decreased to 76.6 and 80.0%, respec-
tively, at 3 years, and decreased further to 74.7 and 80.0%,
respectively, at 5 years. Again, there was no significant differ-
ence in the progression of SNHI between the two groups (Cox
hazard ratio, 0.79 (95% CI, 0.35-1.76); P = 0.56). In summary,
although many children with GJB2 p.V371/p.V37I or p.V371/
¢.235delC developed SNHI that required adaptive listening
strategies, only a few of them developed SNHI severe enough
to necessitate the use of hearing aids.

Linear regressions

To determine the rate of progression of SNHI with the GJB2
p-V371/p.V371 and p.V371/c.235delC genotypes, we performed
linear regression analysis of the relationship between the fol-
low-up time (years) and the hearing level (ABHL) (Figure 3).
The rate of SNHI progression in children with GJB2 p.V371/p.
V371 did not significantly differ from that in children with G/B2
p-V371/c.235delC. When pooled together, the hearing level in
children with GJB2 p.V371/p.V37I or p.V371/c.235delC was
estimated to deteriorate at approximately 1 dBHL/year (hear-
ing level (dBHL) = 18.7 + 1.0 X year).

100
80 Fui

60

40 ==

Children with hearing levels < 25 dBHL (%)

20
0 . .
0 1 2 3 4 5 6
No. at risk Follow-up time (year)
— V371/V371 156 93 82 76 66 64 60
--V371/235delC 35 19 18 17 16 16 16
—-All 191 112 100 93 82 80 76

Figure 1 Kaplan-Meier analyses for a hearing level of 25 decibels
(dBHL) in children with the GJB2 p.V371/p.V37I and the GJB2 p.V37l/
c.235delC genotypes. Setting 25 dBHL as the event, 72.4% of children with
GJB2 p.V371/p.V371 and 80.0% of children with GJB2 p.V37I/c.235delC were
estimated to have hearing levels <25 dBHL at 3 months. Among children with
GJB2 p.V371/p.V371 and those with GJB2 p.V371/c.235delC, the percentages
with hearing levels <25 dBHL decreased to 48.7 and 48.6%, respectively,
at 3 years, and decreased further to 41.0 and 45.7%, respectively, at 5
years. There was no significant difference in the progression of hearing loss
between the two groups (Cox hazard ratio, 0.89 (95% confidence interval,
0.54-1.46); P=0.64).
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DISCUSSION

In this study we performed simultaneous hearing screening and
genetic screening for deafness in 5,173 newborns, and we identi-
fied 82 babies (1.6%) with conclusive genotypes on genetic screen-
ing, comprising 62 (1.2%) with GJB2 p.V371/p.V371, 16 (0.3%)
with GJB2 p.V371/c.235delC, and 4 (0.1%) with m.1555A>G.
Consistent with our previous study,' a certain percentage (56.1%)
of these 82 babies passed newborn hearing screening, indicating
that newborn genetic screening for deafness could identify an
additional subgroup of babies with potential hearing problems
that could not be detected by UNHS. We then conducted a long-
term observational study (up to 6 years) to record the longitudi-
nal auditory outcomes in these babies with conclusive genotypes;
that study demonstrated progressive SNHI in children with the
GJB2 p.V371/p.V37I and p.V371/c.235delC genotypes, which
deteriorated approximately 1 dBHL/year. Adding to our previ-
ous study that confirmed the utility of newborn genetic screen-
ing for deafness in identifying infants with slight/mild SNHI not
targeted by conventional UNHS,” the current study provided
further evidence that genetic screening could also help identify
children with late-onset or progressive SNHI frequently missed
by UNHS.

Despite the utility of newborn genetic screening for deafness
in identifying infants with slight/mild SNHI and those with
late-onset/progressive SNHI, the integration of genetic screen-
ing into UNHS might raise new challenges and controversies.
Ethical issues that might emerge with the implementation of
newborn genetic screening for deafness include risks of dis-
crimination or stigmatization, respect for a person’s autonomy
to make his or her own decisions, and undue parental anxiety
for the health of their children.* Socioeconomic consequences
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Figure 2 Kaplan-Meier analyses for a hearing level of 40 decibels
(dBHL) in children with the GJB2 p.V371/p.V371 and the GJB2 p.V37l/
c.235delC genotypes. Setting 40 dBHL as the event, 80.4% of children with
GJB2 p.V371/p.V371 and 85.7% of children with GJB2 p.V37I/c.235delC were
estimated to have hearing levels <40 dBHL at 3 months. Among children with
GJB2 p.V371/p.V371 and those with GJB2 p.V37I/c.235delC, the percentages
with hearing levels <40 dBHL decreased to 76.6 and 80.0%, respectively, at
3 years, and decreased further to 74.7 and 80.0%, respectively, at 5 years.
There was no significant difference in the progression of sensorineural hearing
impairment between the two groups (Cox hazard ratio, 0.79 (95% confidence
interval, 0.35-1.76); P = 0.56).
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that might ensue include the necessity to modify or expand the
infrastructure and human resources of the health-care system
to support testing, counseling, education, treatment, and fol-
low-up. Among various deafness mutations, screening for the
maternally inherited m.1555A>G mutation among the general
population seems to be the least controversial. As shown in this
and other studies, m.1555A>G seems to be prevalent across
different populations, ranging from 0.1 to 0.2%.'%* Because
permanent profound SNHI might develop in individuals car-
rying m.1555A>G, with a penetrance close to 100% following
standard therapeutic doses of aminoglycoside antibiotics, it has
been suggested that m.1555A>G should be screened in all preg-
nant women to reduce aminoglycoside-associated hearing loss
in newborns.? As for other deafness mutations, however, more
knowledge regarding their clinical features might be necessary
to justify genetic screening in the general population.

In contrast to previous studies that reported only cross-sec-
tional or short-term observations of newborn genetic screening
for deafness,'**® the strength of this study lies in that we pro-
spectively performed comprehensive, long-term audiometric
evaluations up to 6 years in babies with conclusive genotypes.
These long-term observations are valuable in delineating the
clinical features of the corresponding mutations. Specifically,
to our knowledge, we documented for the first time in the lit-
erature the longitudinal auditory features of GJ/B2 p.V37l in a
cohort recruited from the general population instead of from a
diseased population. Owing to its high allele frequency (up to
about 10%) among East Asian populations, G/B2 p.V37I was
regarded as a benign polymorphism in some earlier reports.?**’
However, biochemical and electrophysiological studies of cell
lines showed that p.V37I reduced the oligomerization efficiency
of Cx26, the protein encoded by GJB2, and significantly com-
promised the channel function of gap junctions.”® Consistent
with the experiments in cell lines, several clinical studies
supported that homozygosity for p.V371 is associated with mild
to moderate SNHI in humans.?*-** Analyses based on serial
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Genotype: ——~ All: dB = 18.6806 + 1.0472*year, R%=0.02

V37I/V371: dB = 17.9202 + 1.2231*year, R?=0.03
w=saeeee V371/235delC: dB = 22.0193 + 0.3332*year, R?=0.001

Figure 3 Linear regressions of hearing levels in children with the
GJB2 p.V371/p.V371 and the GJB2 p.V37I/c.235delC genotypes. Both
children with GJB2 p.V37I/p.V371 and those with p.V371/c.235delC showed
progressive sensorineural hearing impairment with time, and the rate of
progression did not differ significantly between the two groups. When
pooled together, the hearing level in children with GJB2 p.V371/p.V37I or
p.V371/c.235delC was estimated to deteriorate at approximately 1 decibel
hearing level (dBHL)/year (hearing level (dBHL) = 18.7 + 1.0 x year).
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audiometric data in children with bi-allelic G/B2 mutations
further revealed that, among a wide variety of different GJ/B2
mutations, progression of SNHI was particularly common
among carriers of p.V37Ieitherinhomozygosity orin compound
heterozygosity with another GJB2 mutation.” Interestingly, a
recent study in China reported five subjects homozygous for
p-V371 who demonstrated normal hearing at the age of 20-30
years,” suggesting incomplete penetrance of the auditory phe-
notypes. Because atleast 5 million East Asians are estimated to be
homozygous for p.V371, it is crucial to elucidate the phenotypic
spectrum and progression associated with this mutation
from the perspectives of public health and clinical medicine.
Our results in this study showed that subjects with p.V371 in
homozygosity or in compound heterozygosity with c.235delC
developed progressive SNHI at a rate of approximately 1 dBHL/
year. At the age of 5 years, ~50% of these subjects might need
adaptive listening strategies for daily life (e.g., at school), and
20-25% might even require hearing aids.

However, the results of this study should be interpreted
and extrapolated with caution. First, only commonly known
deafness-associated mutations were included in the screen-
ing panel. This might lead to a false assurance for individuals
who actually segregate rare deafness mutations. This limita-
tion, however, might be overcome with the decreasing cost of
high-throughput DNA sequencing, which has recently been
proven as an effective tool for addressing hereditary hearing
impairment by simultaneously screening a large number of
deafness genes.*** Indeed, a recent study showed that more
than 70% of parents are interested in whole-genome sequenc-
ing for their newborns,* and it was predicted that in the next
decade large-scale sequencing for all healthy babies at birth
could be plausible and might change the practice of conven-
tional newborn screening programs.*” Second, as participants
in this study were recruited from 2009 to 2015, only a limited
number of subjects completed their follow-up for more than
5 years. Therefore, it might be difficult to use our regression
model to predict the hearing outcomes after the age of 5 years
in subjects with conclusive genotypes. Further documenta-
tion of auditory phenotypes in subjects with specific geno-
types is warranted to refine this model to predict long-term
hearing outcomes. Third, although our results demonstrated
progressive SNHI in children with the GJB2 p.V371/p.V371
and p.V371/c.235delC genotypes, hearing levels varied sig-
nificantly among individuals at different ages, as shown in
Figure 3. It is conceivable that other genetic or environmental
factors might modulate the auditory phenotypes associated
with p.V371L. For a more precise prediction of the auditory
outcomes in these individuals, further studies are needed to
elucidate the interplay between p.V37I and these factors.

Notably, the additional benefit of integrating genetic screen-
ing into the UNHS program might depend on the tools used
for hearing screening. Although there was no statistically sig-
nificant difference between the two screening tools, the pass
rate of DPOAEs in newborns with GJ/B2 p.V371/p.V371 or
p-V371/c.235delC was higher than that of AABR (Table 2),
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indicating that DPOAEs might be less sensitive than AABR in
detecting potential hearing problems in newborns with these
two genotypes. For populations with a high prevalence of these
two genotypes, AABR might be the recommended hearing
screening tool if genetic screening is not available.

In addition to hearing screening and genetic screening,
screening of newborns for cytomegalovirus (CMV) infection
has been proposed for early identification of infected infants
who are at risk of developing SNHIL* It is estimated that the
prevalence of congenital CMV infection in developed countries
is 0.58% and might contribute to 2-18% of cases with pediatric
SNHIL* The feasibility of integrating congenital CMV screen-
ing into the UNHS program has been illustrated in a recent
study conducted in the United Kingdom.* Another pilot study
is currently underway at our hospital to explore the feasibility
and long-term cost-effectiveness of a comprehensive newborn
screening program comprising simultaneous hearing, genetic,
and CMV screenings at birth.

In conclusion, by performing simultaneous hearing and
genetic screenings in a large newborn cohort and analyz-
ing serial audiometric results up to 6 years in those with
conclusive genotypes, our results delineated the longitudi-
nal auditory outcomes of the highly prevalent GJB2 p.V371
mutation on a general population basis and confirmed the
utility of newborn genetic screening in identifying infants
with late-onset or progressive hearing impairment unde-
tectable by newborn hearing screening. These findings help
to inform future newborn screening policy and provide
insights into risk assessment and genetic counseling for
both the physicians and the parents of babies who screen
positive for deafness mutations.
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