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Abstract
Objectives To determine the incidence and risk factors of hearing loss (HL) in Brazilian neonates.
Study design 11,900 neonates were screened for hearing and congenital CMV (cCMV). Low and high-risk babies who did
not pass their hearing screening and infants with cCMV were scheduled for a diagnostic audiologic evaluation.
Results The incidence of HL was 2 per 1000 live-born infants (95% CI: 1–3). HL was higher in high-risk neonates than in
low risk babies (18.6 vs. 0.3/1000 live births, respectively). Among infants exposed to isolated risk factors, association of
HL with craniofacial abnormalities/syndromes (RR= 24.47; 95% CI: 5.9–100.9) and cCMV (RR= 9.54; 95% CI: 3.3–27.7)
were observed. HL was 20 to 100-fold more likely in neonates exposed to ototoxic drugs in combination with cCMV or
craniofacial/congenital anomalies.
Conclusions Strategies for the prevention of cCMV and exposure to ototoxic drugs may decrease the incidence of HL in this
population.

Introduction

Early-onset hearing loss beginning in infancy is one of the
most common life-long disabilities with the prevalence
ranging from one to four per thousand live births [1].
Universal hearing screening allows for the early identifica-
tion of congenital or neonatal hearing losses and to inves-
tigate risk factors for hearing loss. Hearing screening
programs are continually modified over time based on
technologic improvements and new information on risk

factors for hearing loss in different populations [2–5]. At the
same time, studies that identify risk factors for hearing loss
are essential for planning hearing screening and monitoring
protocols applied to infants with risk factors.

Most of the population-based studies about the pre-
valence and risk factors for infant hearing loss have been
conducted in developed countries [2, 5, 6]. In Brazil, the
knowledge about the prevalence of hearing loss and its
determinants are not well defined [7–10] making it difficult
to develop early detection and intervention guidelines for
public health agencies and providers.

The aims of this study were to determine the incidence of
congenital and neonatal hearing loss based on the Universal
Newborn Hearing Screening (UNHS) of a large cohort of
Brazilian newborns. In addition, infants were also screened
for congenital cytomegalovirus (cCMV) infection because
of the importance of cCMV as a frequent cause of hearing
loss (HL) [11].

Materials and methods

As part of the “Brazilian Cytomegalovirus Hearing and
Maternal Secondary Infection Study” (BraCHS), a total of
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11,900 neonates born from September 2013 to April 2017
were screened for hearing and cCMV infection [11]. The
study was approved by the Research Ethics Committee of
HCFMRP-USP (Process number 16.928/2013), and written
informed consent was obtained from all participants. The
cohort study was carried out at two public maternities:
MATER and University Hospital at Ribeirão Preto Medical
School (HCFMRP-USP). The first maternity hospital
(MATER) provides care for low risk parturient. The second
hospital, Clinical Hospital of Ribeirão Preto Medical School
serves as a referral Center for high risk parturient but also
provides care for low risk parturient.

Clinical and risk factors evaluation

Maternal and infant demographic and clinical data were
obtained by means of applying standardized questionnaires
to the mother and reviewing their medical records. As per
standard of care, all mothers were screened for syphilis,
human immunodeficiency virus, and toxoplasmosis using
serological tests. A high maternal CMV seroprevalence in a
representative age-stratified unselected pregnant women
from age 12 to 46 years has been previously demonstrated
in this population (97%; 95% confidence interval [CI],
95.8–98.0) [12]. All newborn infants underwent a complete
physical examination.

Infants were classified as low-risk or high-risk based on
risk indicators for congenital/neonatal hearing loss according
to The Joint Committee on Infant Hearing [13]. These
included: family history of permanent childhood hearing loss;
neonatal intensive care of more than 5 days or any of the
following regardless of length of stay, such as assisted ven-
tilation (either non-invasive or invasive ventilation), severe
hyperbilirubinemia (requiring exchange transfusion), and
exposure to ototoxic drugs (aminoglycosides, loop diuretics);
infections diagnosed in fetus or newborn (congenital tox-
oplasmosis, cCMV or syphilis; perinatal herpesvirus infec-
tion); craniofacial anomalies, including those that involve the
pinna, ear canal, ear tags, ear pits, and temporal bone
anomalies, and congenital syndromes associated with hearing
loss. In addition, maternal Zika virus (ZIKV) was also
included because ZIKV has been added to the list of in-utero
infections associated with hearing loss by the Joint Committee
on Infant Hearing [14]. Screening and verification tests to
confirm the risk factors was carried out as follows: Screening
for cCMV infection was carried out using a PCR assay
to detect CMV-DNA in newborn saliva specimens [15].
Confirmation of cCMV was done by testing a urine sample
collected within the first three weeks of age using the PCR.
The diagnosis of congenital toxoplasmosis was based on
maternal seroconversion and detection of anti-T.gondii IgM in
the neonate and/or the presence of clinical features related to
congenital infection. Maternal Zika virus (ZIKV) infection

was diagnosed in symptomatic mothers by detection of the
ZIKV-RNA in blood and/or urine. Neonatal Herpes Simplex
Virus (HSV) infection was identified in one symptomatic
infant with a positive HSV-DNA PCR in surface samples.

Hearing screening procedures

All babies were screened using a portable device (Madsen
Accuscreen–GN Otometrics A/S, Denmark). Low-risk
babies underwent transient otoacoustic emission (TOAE)
testing and those who failed TOAE (one or both ears)
underwent an automated auditory brainstem response test-
ing (AABR-35dB Hearing Level-HL). A pass in both ears
using TOAE, or a pass in both ears on AABR constituted an
overall screen pass. High-risk babies underwent screening
using a combined TOAE and AABR-35dBHL testing.
AABR was used as referral decision for high-risk infants.
Infants who fail OAE but have a “pass” in AABR in their
re-screening were considered as having a “pass”. Babies
who failed the AABR screening in one or both ears were
considered to be screen referrals. For low and high-risk
babies, if the pass criteria were not achieved, re-screening
was performed with the same protocol and those who failed
the re-screening in one or both ears were referred for
diagnostic audiological assessment.

Most low-risk babies were screened within one month of
life (n= 11,524; 96.8%) at a median age of 1 day (range
1–215 days). Infants who were admitted to the neonatal
intensive care unit (NICU) were tested at a median age of
68 days (range 5–293 days). A flowchart of the hearing
screening protocol and referral evaluations is shown in Fig. 1.

Fig. 1 Flowchart of the hearing screening protocol and referral
evaluations. UNHS Universal Neonatal Hearing Screening, TOAE
Transient Otoacoustic Emissions, AABR Automated Auditory Brain-
stem Response.
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Diagnostic methods, hearing loss definitions and
intervention

Diagnostic audiologic assessment included TOAE (Eclipse
EP25; Interacoustics, Denmark), ABR, and acoustic
immittance measures (Otoflex 100; Madsen). Air and bone-
conduction ABR testing included click and frequency-
specific tone-burst stimuli (Smart EP; Intelligent Hearing
Systems. Miami, FL or Eclipse EP25; Interacoustics,
Denmark). We considered air-conduction tone ABR normal
levels as 35 dB nHL for 500 Hz and 1000 Hz, 30 dB nHL
for 2000 Hz, and 25 dB nHL for 4000 Hz [16]. Children
with craniofacial anomalies and abnormal immittance
measures were tested with bone-conduction tone ABR. We
considered bone-conduction tone ABR normal levels
as 20 dB nHL for 500 Hz and 30 dB nHL for 2000 Hz.
We used correction factors of −15, −10, −5, and 0 dB for
estimating 500, 1000, 2000, and 4000 Hz pure-tone
behavioral threshold (in dB HL) from tone-ABR thresh-
olds [17]. Sensorineural hearing loss was determined by
either the absence of an air-bone gap and/or by normal
acoustic immittance results. Hearing loss was categorized
in the better hearing ear [18] as mild (26–40 dB), moderate
(41–60 dB), severe (61–80 dB), or profound (over 81 dB)
on the basis of the decibel estimated hearing level (dB
EHL) averaged over the ABR frequencies (500, 2000, and
4000 Hz). As complementary tests, a Behavior Observa-
tion Audiometry and a parental report of the infant’s
response to sound stimuli were performed in infants aged 0
to 3 months.

Audiological diagnostic procedures were conducted
by pediatric audiologist and when indicated, the infant
was referred for early intervention and audiological
habilitation.

Data analysis

Data were summarized using frequencies and percentages.
To determine the association between hearing loss and the
various risk factors, we initially examined the presence of
one or more risk factors in infants with hearing loss.
We then built a conditional inference tree, a non-parametric
multivariate regression model that classifies the subjects
according to the presence of hearing loss analyzing all
of the factors simultaneously [19]. Then, these combina-
tions were joined in three categories and tested as risk
factors in the whole sample fitting log-binomial regression
models to estimate relative risks and absolute risks differ-
ence with their 95% confidence intervals. A 5% significance
level was set to all analysis. All statistical analysis was
performed using SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) and R 3.5.1 (The R Foundation for Statistical
Computing).

Results

Hearing screening and referral for audiological
assessment

Of the 12,366 infants whose mothers consented for the
study period in both maternities, 11,900 (96.2%) were
screened for hearing and congenital CMV (cCMV) infec-
tion, and among these, 11,724 (98.5%) were screened
before discharge.

Of the 11,900 babies screened, 91 (0.8%) did not pass
hearing screening and were referred for audiological
assessment, and among these, 13 did not complete the study
evaluation. Four of them died and the remaining 9 were
missing from diagnostic hearing evaluation. Therefore,
11,887 neonates completed the study evaluations as plan-
ned, of whom, 1131 (9.5%) were high-risk babies and
10,756 (90.5%) were low-risk babies.

Hearing loss incidence and characteristics

Hearing loss was confirmed in 24/78 (30.8%) newborn
infants who completed audiological evaluation at a median
age of 115 days (22–361). The overall incidence rate of
hearing loss was 2 per 1000 (24/11,887) live-born infants
(95% CI: 1–3). The incidence of hearing loss was sig-
nificantly higher in the high-risk infants, 18.6 per 1000
(21/1,131; 95% CI: 11.5–28.2) than in low-risk babies, 0.27
per 1000 (3/10,756; 95% CI: 0.06–0.81; RR= 66.57; 95%
CI: 18.89, 222.84).

A detailed description of hearing loss characteristics and
the presence of risk factors among the 24 infants with
hearing loss is shown in Table 1. The type of hearing loss
was sensorineural (SNHL) in 75% of infants and one infant
had a permanent conductive hearing loss (4.2%), five
infants (20.8%) were diagnosed with bilateral auditory
neuropathy (AN) for an incidence of AN of 0.4 per 1000
(95% CI: 0.13–0.98) live births.

Hearing loss was bilateral in 18 (75%) and unilateral in 6
(25%) infants with an overall incidence of bilateral and
unilateral hearing loss of 1.5 per 1000 (95% CI: 0.90–2.4),
and 0.5 per 1000 (95% CI: 0.18–1.1), respectively. Most
(19, 79.2%) infants had severe or profound hearing deficit
and the remaining 5 infants had moderate hearing loss.

Of the 12 infants with bilateral SNHL, 10 were fitted
with binaural hearing aids coupled with audiological habi-
litation and two underwent cochlear implantation. Among
five infants with AN, one was fitted with hearing aid in one
ear and had cochlear implant in the other ear. The remaining
four infants are being assessed for hearing-aids. The infant
with permanent conductive hearing loss uses a bone con-
ductive hearing aid. Infants with unilateral HL are being
monitored prospectively.
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All infants with congenital CMV infection (cCMV)
with and without hearing loss were followed with
hearing monitorization every 6 months at median age of
36 months (18–36) [11]. Regarding the high-risk infants
for hearing loss without cCMV, no audiologic follow up
was done.

Risk factors for hearing loss

Overall, among the twenty-four infants with hearing
loss, three were low-risk babies for hearing loss (Table 1).
For the remaining 21 infants, one or more risk factors were
identified, including 15/18 (83.3%) infants with SNHL.
Table 2 shows relative risk for hearing loss in children
with isolated risk factors and those with a combination of
risk factors. A gradient of increasing relative risk for hear-
ing loss with the increasing number of risk factors was
observed.

Among infants with isolated risk factors, strong asso-
ciations of HL with congenital infections (RR= 9.54; 95%
CI: 3.29; 27.71) and craniofacial anomalies and/or con-
genital syndromes (RR= 24.47; 95% CI: 5.93;100.92) were
observed. However, prolonged admission to the NICU,
family history of hearing loss or exposure to ototoxic drugs
were not associated with hearing loss likely secondary to
small number of affected infants.

Hearing loss was 20 to 100-fold more likely in infants
exposed to a combination of risk factors such as NICU
admission plus exposure to ototoxic drugs; craniofacial
anomalies or congenital syndromes plus NICU admission;
and exposure to ototoxic drugs or NICU admission plus
congenital infections than in infants without these exposures.

Of note, congenital CMV infection was diagnosed in seven
of the 24 (29.2%) infants with hearing loss. In three infants
(42%), cCMV was the only risk factor and the remaining
4 had additional risk factors. Detailed characteristics and

Table 1 Description of hearing loss characteristics and distribution of risk factors detected among 24 infants with hearing loss.

Infant number Hearing loss characteristics Risk factors Sum of factors

1 Moderate bilateral permanent conductive CFA+NICU+AV+OD 4*†

2 Bilateral auditory neuropathy CFA 1‡

3 Moderate unilateral SN OD 1†

4 Severe bilateral SN OD+ Symptomatic CI 2†§

5 Moderate bilateral SN CI 1¶

6 Severe bilateral SN FH 1

7 Profound bilateral SN Asymptomatic CI 1§

8 Bilateral auditory neuropathy NICU+AV+OD 3†

9 Severe/Profound bilateral SN CFA+NICU+AV 3||

10 Profound bilateral SN CFA+NICU+OD 3†

11 Profound bilateral SN NICU+AV+OD 3†

12 Profound unilateral SN CFA 1**

13 Moderate unilateral SN None 0

14 Moderate bilateral SN OD+ Symptomatic CI 2§†

15 Profound unilateral SN NICU 1

16 Profound bilateral SN NICU+OD+ Symptomatic CI 3§†

17 Severe/Profound bilateral SN None 0

18 Profound bilateral SN Asymptomatic CI 1§

19 Profound bilateral SN None 0

20 Bilateral auditory neuropathy NICU+AV+OD 3†

21 Severe unilateral SN OD+Asymptomatic CI 2§†

22 Profound unilateral SN Asymptomatic CI 1§

23 Bilateral auditory neuropathy NICU+ bilateral agenesis of cochlear nerve 2

24 Bilateral auditory neuropathy NICU+AV+OD 3†

SN sensorineural, CFA craniofacial anomalies and/or congenital syndromes (*bilateral external acoustic meatus agenesis; ‡meningoencephalocele/
microcephaly; ||Rob Translocation; **Goldenhar Syndrome), NICU admission to a Neonatal Intensive Care Unit for >5 days, AV assisted
ventilation, CI congenital infection (§CMV; ¶Syphilis), FH family history of permanent congenital hearing loss, OD ototoxic drugs (†gentamicin or
amikacin).
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outcome of infants with cCMV-related hearing loss in our
cohort was previously described [11]. None of the children
with Maternal ZIKV infection had hearing loss.

Similar to the results of univariate analyses, a multi-
variate analysis (Fig. 2) shows that the exposure to ototoxic
drugs, the presence of congenital infection, and craniofacial/
syndromes or anomalies significantly increased the prob-
ability of hearing loss. A higher risk for hearing loss seen
in infants with congenital infection who were exposed to

ototoxic drugs (20%) and in those with craniofacial anoma-
lies who were also exposed to ototoxic drugs (18.8%).

Discussion

Based on the universal neonatal hearing screening in a large
cohort of Brazilian neonates, we found an overall incidence
of permanent congenital or neonatal hearing loss of 2 per

Table 2 Risk factors for hearing
loss among 11,887 screened
neonates who had a definition of
the hearing status.

Risk factors Hearing loss Relative risk (RR)
(95% CI: LL–UL)

Absolute risk reduction (ARR)
95% CI (LL–UL)

Yes No

All risk factors

None 3 (0.03) 10761 (99.97) Reference Reference

One 10 (1.16) 851 (98.84) 41.67 (11.49–151.15) 0.011 (0.0042–0.0185)

Two 8 (3.23) 240 (96.77) 115.74 (30.89–433.66) 0.032 (0.0099–0.0539)

≥three 3 (21.43) 11 (78.57) 768.85 (169.50–3487.47 0.214 (−0.0099–0.4289)

Isolated risk factors RR (95% CI: LL–UL) ARR (95% CI: LL–UL)

Family history of HL

No 23 (0.20) 11754 (99.80) Reference Reference

Yes 1 (0.91) 109 (99.09) 4.65 (0.63–34.17) 0.007 (−0.0106–0.0248)

Asymptomatic congenital/perinatal infections

No 20 (0.17) 11623 (99.83) Reference Reference

Yes 4 (1.64) 240 (98.36) 9.54 (3.29–27.71) 0.014 (−0.0012–0.0306)

NICU admission

No 22 (0.19) 11687 (99.81) Reference Reference

Yes 2 (1.12) 176 (98.88) 5.98 (1.41–25.24) 0.009 (−0.0061–0.0249)

Assisted ventilation

No 24 (0.20) 11810 (99.80) Reference Reference

Yes 0 (0.00) 53 (100.00) * *

Ototoxic drugs

No 22 (0.19) 11632 (99.80) Reference Reference

Yes 2 (0.86) 231(99.14) 2.17 (0.29–16.03) 0.007 (−0.0052–0.0186)

Craniofacial anomalies and/or congenital syndromes

No 22 (0.19) 11821 (99.81) Reference Reference

Yes 2 (4.55) 42 (95.45) 24.47 (5.93–100.92) 0.044 (−0.0179–0.1051)

Combined risk factors RR (95% CI: LL–UL) ARR (95% CI: LL–UL)

Ototoxic drugs/NICU/symptomatic congenital/perinatal infections

No 20 (0.17) 11847 (99.83) Reference Reference

Yes 4 (20.00) 16 (80.00) 118.67 (44.54–316.13) 0.198 (0.0230–0.3736)

Craniofacial anomalies and/or congenital syndromes/NICU/ototoxic drugs and/or assisted ventilation

No 21(0.18) 11850 (99.82) Reference Reference

Yes 3 (18.75) 13 (81.25) 105.99 (35.07–320.29) 0.186 (−0.0055–0.3770)

NICU (Ototoxic drugs and/or assisted ventilation)

No 19 (0.16) 11711 (99.84) Reference Reference

Yes 5 (3.18) 152 (96.82) 19.66 (7.43–51.99) 0.030 (0.0027–0.0577)

95% CI 95% confidence interval, LL lower limit, UL upper limit.

*It was not possible to estimate risk due to sample zeros presence.
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1000 live births infants. The major risk factors for hearing
loss in this population were craniofacial anomalies and/or
congenital syndromes and congenital CMV infection with
the higher risk in infants who were also exposed to ototoxic
medications.

As opposed to programs that only uses the OAE method,
our strategy of screening high-risk infants with a combined
OAE plus AABR and low-risk babies with OAE followed
by AABR in those who failed OAE decreased the number
of false-positive and referral rates and also identified infants
with auditory neuropathy. The referral rate (0.8%) in our
study was lower than that reported by previous studies
(1.3–10.6%) using only OAE [8, 20, 21] thereby reducing
the need for the second stage screening and the number of
losses to follow-up. Although AABR is becoming an
increasingly simple and quick procedure, it is more time-
consuming and expensive compared to OAE and requires
neonates be in a deeper sleeping state. Also, there is a
concern that infants who fail OAE in one or both ears but
pass AABR might have a mild loss that could be missed by
this method [22, 23]. Considering that we have used the
AABR equipment based on a click stimulus of 35 dB nHL,
similar to the ones used in the universal hearing screening
programs, it is likely that we were able to identify only
those with moderate or greater hearing loss. The incidence
of mild hearing loss in our study could be underestimated
since the most weakness of UNHS programs around the
world is that hearing loss between 20 and 35 dB is usually
missed. Detection of milder losses would require the use
of different stimulus levels equipment [23]. Therefore, we

have emphasized that a “pass” does not eliminate the need
to monitor language development, auditory skills and
developmental milestones in all infants and children
regardless of risk status.

The overall incidence of confirmed hearing loss found in
our population is consistent with that found in previous
studies from developed and developing countries (1–4 cases
per 1000 live births) [8–10, 21, 24].

The incidence of the hearing loss in low-risk babies in
our study was 0.3/1000 live births, similar to that reported
in previous studies in Brazilian infants without risk factors
ranging from 0.1 to 0.4/1000 [8–10]. The prevalence of risk
factors for hearing loss in the general population varies
greatly depending on the risk classification that was used.
For example, in a cohort of 1850 infants, White et al. [25]
reported that 36.4% (4/11) of those with sensorineural
hearing loss did not have any of the high-risk indicators.
However, two of the four children had stayed for more than
five days in the NICU. If the two children had been clas-
sified as high-risk in accordance with JCIH [13], only
18.2% would have been considered low-risk babies in their
series. We found that most (83%) infants with SNHL had
risk factors, with cCMV being the risk-factor for 29.2% of
them, highlighting the importance of screening all infants
for cCMV. Thus, neonates with asymptomatic cCMV, who
could have been classified as low-risk babies were cate-
gorized as high-risk infants in our study. Since children with
asymptomatic cCMV would not have been identified, the
proportion of infants without risk factors in our study would
have been 20.8% (5/24) without CMV screening at birth.

Fig. 2 Conditional inference tree associating risk factors to hearing
loss: Study subjects were classified according to the presence of
hearing loss (nodes 5, 6, 7, 8, 10, 11, 12 e 13). Initially, the route node
1 (ototoxic drugs) is the one that better discriminate subjects with and
without hearing loss. Afterwards, internal nodes are shown. Nodes 2
and 9 refer to congenital infection. Together with ototoxic drugs use

and craniofacial anomalies (node 10), the better identification of
subjects with hearing loss is made. Nodes 3 and 4 additionally classify
subjects according to hearing loss and risk factors (NICU and family
history of HL) for infants with negative results for ototoxic drugs and
congenital infections.
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Similar to the findings in other populations [5, 24], the
predominant (75%) type of hearing loss detected in our
study was sensorineural. About a third of infants had uni-
lateral sensorineural hearing loss (USHL), with a profound
loss in about two thirds of them, as found in other studies
[26, 27]. Among those with bilateral SNHL, most infants
(83.3%) had severe or profound loss that could significantly
interfere with the acquisition and development of speech
and language. Auditory neuropathy spectrum disorder
(ANSD), characterized by the presence of OAE and/or a
cochlear microphonic potential with abnormal or absent
ABR was detected in 20.8% of those with hearing loss or
0.4 per 1000 live births. Our results are similar to those
described by Ngo et al. [28] from a newborn hearing
screening program based upon AABR but higher than other
studies which have reported incidence rates of ANSD ran-
ging from 0.09 to 0.3/1000 live births [24, 29].

As expected, the incidence of hearing loss was con-
siderably greater in neonates with risk factors than those
without risk factors (18.6 vs. 0.3/1000 live births, respec-
tively). The likelihood of permanent hearing loss in high-
risk infants was nearly 70-fold higher than in low-risk
babies highlighting the importance of completing a detailed
audiological evaluation in these infants. Also, as reported
by Ohl et al. [20], we demonstrated that as the number of
risk factors increases, the probability of hearing loss
increases with a maximum frequency of hearing loss in
infants with three or more risk factors. Since about half of
the infants with hearing loss had two or more predisposing
factors, we used a univariate analysis for isolated and
combined risk factors (Table 2). A multivariate inference
tree analysis was performed to estimate the force of the
presence of each factor (Fig. 2). In both univariate and
multivariate analyses, craniofacial anomalies and/or con-
genital syndromes and congenital/perinatal infections were
the major risk factors in this population and the additional
exposure to ototoxic drugs increased the risk significantly.
It has been reported that craniofacial anomalies [2, 4] and
congenital syndromes, either due to inner ear malformation
or to genetic causes are strongly associated with conductive
and/or sensorineural hearing loss [3], mainly in those with a
family history of childhood hearing loss [30, 31]. “Con-
sidering that the occurrence of hearing loss in the general
population is low, relative risks can be large for patient
groups in a high-risk category and be not so important
concerning public health policies. We presented the risk
measures in both relative risk, and absolute risk difference
between groups for the accurate interpretation of the study
results.” Although family history of childhood hearing loss
has been frequently associated with hearing loss [3–5], we
found that less than 1% of our cohort had a family history as
a risk factor and only one infant with hearing loss (4.2%;
1/24) had this risk defined. However, studies have reported

the occurrence of congenital hearing loss in Brazilian
infants with a family history ranged from 12.5% to 17.6%
[10, 32].

Although the association between hearing loss and other
factors including exposures to ototoxic drugs, and infants
requiring intensive care remains controversial [33, 34], we
demonstrate a strong interaction between ototoxic drugs and
other factors. Therefore, we suggest that exposure to oto-
toxic drugs in this population should be minimized by
treatments of shorter duration and careful monitoring of
drug levels to less the impact on hearing.

The role of cCMV infection in hearing loss is well
known [5, 20]. We have recently reported that cCMV is a
major cause of hearing loss in this population and also
described the incidence and characteristics of hearing
in infants with cCMV [11]. As a single factor or in
combination with exposure to ototoxic drugs, cCMV was
involved in approximately one third of all permanent
hearing loss, one third of infants with bilateral HL, and
half of those with unilateral HL. These findings strongly
argue for systematic screening for cCMV or integrating
targeted cCMV screening in infants who fail UNHS to
identify a significant proportion of unexplained SNHL in
infants without known risk factors.

There were some limitations in this study. Although we
have screened 11,900 infants, because hearing loss is a
relatively infrequent event, our estimates resulted in wide
confidence intervals. Our evaluation was able to detect
early-onset moderate or severe HL but might have missed
children with mild losses. A systematic evaluation for late-
onset hearing loss was not carried out for infants with risk
factors other than cCMV and other congenital infections.
However, our study is the largest cohort of Brazilian
newborn infants who were systematically screened for
hearing using both OAE and AABR, and for cCMV. Our
study represents the best estimates for hearing loss to date
in a large population of infants, and shows that congenital
malformations, congenital CMV infection, and ototoxic
medications are the primary drivers of this condition.
Moreover, screening infants with risk factors using con-
current rather than serial OAE and AABR increases spe-
cificity of the screening process and supports adopting this
approach in clinical practice. Based on these data, public
health strategies to prevent congenital infections, screen
for cCMV, limit exposure to ototoxic drugs, and monitor
those with risk factors may decrease the occurrence of
hearing loss in children.
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