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Abstract: There is substantial evidence that newborn hearing screening (NHS) reduces the negative
sequelae of permanent childhood hearing loss (PCHL) if performed in programs that aim to screen all
newborns in a region or nation (often referred to as Universal Newborn Hearing Screening or UNHS).
The World Health Organization (WHO) has called in two resolutions for the implementation of such
programs and for the collection of large-scale data. To assess the global status of NHS programs we
surveyed individuals potentially involved with newborn and infant hearing screening (NIHS) in
196 countries/territories (in the following text referred to as countries). Replies were returned from
158 countries. The results indicated that 38% of the world’s newborns and infants had no or minimal
hearing screening and 33% screened at least 85% of the babies (hereafter referred to as UNHS).
Hearing screening programs varied considerably in quality, data acquisition, and accessibility of
services for children with PCHL. In this article, we summarize the main results of the survey in
the context of several recent WHO publications, particularly the World Report on Hearing, which
defined advances in the implementation of NHS programs in the Member States as one of three key
indicators of worldwide progress in ear and hearing care (EHC).

Keywords: newborn; neonatal; hearing; screening; universal; NHS; infant; hearing loss; WHO; world
report on hearing

1. Introduction

Unaddressed permanent hearing loss, particularly when it is congenital or acquired
early in life, significantly impedes a child’s development [1,2]. Permanent childhood
hearing loss (PCHL) is associated with deficits in language, cognitive, psychosocial, educa-
tional, and vocational development, as well as with negative effects on employment and
earnings [2,3]. There is overwhelming evidence that newborn hearing screening (NHS) sig-
nificantly reduces the age of diagnosis and intervention of PCHL and that hearing-impaired
children who were identified early through NHS and received timely diagnosis and suit-
able rehabilitation with hearing aids [4] or cochlear implants [5] or who participated in
early intervention services [6], perform better in their overall language development [7-9],
vocabulary [10], other developmental scores, and quality of life [11] than children without
hearing screening. If babies with PCHL are enrolled in intervention programs within
their first few months of life they even can achieve language and socioemotional develop-
mental trajectories corresponding to their chronological age [2,6,9,12-18]. This requires,
however, strong tracking and follow-up procedures subsequent to the NHS [19]. Positive
long-term effects of NHS have been demonstrated in several large studies. For example,
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in the Australian LOCHI (Longitudinal Outcomes of Children with Hearing Impairment)
study the provision of hearing devices as early as possible to children who were deaf or
hard of hearing led to improved language performance over time [7,20]. In another study,
teenagers from a birth cohort of 157,000 children from southern England who had received
universal newborn hearing screening (UNHS) showed better reading comprehension than
a control group from the same cohort who had not received NHS [21].

Some potentially negative consequences of NHS programs need to be considered such
as parental uncertainty about screening results and further optimal diagnostic and treat-
ment pathways for their baby when very young [22], but parental perspective studies have
demonstrated that the benefits of early identification and intervention (EHDI) outweigh
the aforementioned disadvantages [23-26].

Cost-effectiveness of NHS has been demonstrated [2,8,27,28]. In 2016, WHO published
that more than 60% of hearing loss could be prevented—75% in middle- and lower-middle-
income countries, 46% in high-income regions [3]. UNHS and prevention have been shown
to be most effective in reducing the prevalence of PCHL and its sequelae, with UNHS being
very effective for high-income countries, and prevention expected to show higher relative
effects for low-income countries [29].

As far back as 1995, a WHO resolution was adopted that urged member states to
prepare national plans for the prevention and control of major causes of avoidable hearing
loss and for early detection of hearing loss in babies, toddlers, and children [30]. Yet, in 2012,
only 32 countries had reported the implementation of such policies, and the WHO deplored
a scarcity of epidemiological and other data regarding ear and hearing care (EHC) [31].
A second WHO resolution, adopted in 2017, reaffirmed the aims of the first and called
on member states to collect high-quality population-based data on hearing loss and ear
diseases [32].

Consistent with this goal and as a basis for further improving the effectiveness of
NHS programs, a survey was recently conducted on the global status of program cov-
erage, strategies, and outcomes, as well as the relationship between national economic
indicators and key screening metrics of newborn and infant hearing screening (NIHS) [33].
Hearing screening of infants up to the end of the first year of life was included, as some
programs screen babies later, e.g., as part of immunization programs, when they are no
longer newborns.

In response to the 2017 resolution, the WHO released the first World Report on Hearing
in March 2021 [2]. This report summarized epidemiological and financial data on hearing
loss around the world and proposed cost-effective solutions for achieving “integrated
people-centered ear and hearing care” (IPC-EHC). The report recognized NHS as playing
a key role in IPC-EHC and identified “effective coverage of newborn hearing screening
services within the population” (the proportion of infants with PCHL who have received
appropriate interventions within the first six months of life) as one of three tracer indicators
for global surveillance and monitoring of progress in ear and hearing care [2]. In light
of this, the World Report on Hearing calls for a 20% increase in effective NIHS coverage
by 2030 as one of the targets for scaling up IPC-EHC services. Specifically, countries
with less than 50% coverage should aim for at least 50% coverage, countries with 50-80%
coverage should aim for a 20% relative increase, countries with coverage rates above 80%
should aim for universal coverage, and countries with population groups covered by
newborn hearing screening should aim for 95% or greater coverage [2]. The World Report
on Hearing also noted that a low- to middle-income country would have a potential return
of 1.67 international dollars for every dollar invested in NHS and a high-income country
would have a return of 6.53 international dollars. In addition, the lifetime value of DALYs
avoided (disability-adjusted life years; a measure that combines the number of years of life
lost to premature death with the loss of life due to the severity of a disability or disease)
would be 21,266 international dollars per person in low- and middle-income countries, and
as much as 523,251 international dollars for high income settings [2].
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This article reviews the global status of newborn and infant hearing screening as as-
sessed by the above-mentioned survey [33] and the effectiveness of NIHS in early detection
of and intervention for PCHL in light of several recent WHO publications, particularly the
World Report on Hearing [2] and the handbook Hearing Screening—Considerations for
Implementation [1].

2. Materials and Methods

The World Report on Hearing [2], among others, refers to the NIHS global status
survey [33], which was based on a 19-item questionnaire examining the country-specific
NIHS status for 158 countries. The questionnaire is attached as Supplementary Materials
to this article. It collected information for a reference year on (1) the proportion of infants
in the number of live births who participated in NHS or hearing screening in the first
year of life; (2) whether the hearing screening program was designed to include all infants
born in a nation, state, region or hospital (universal screening) or only infants at risk for
PCHL (targeted screening); (3) the screening methods used: otoacoustic emissions (OAE)
or automated brainstem audiometry (AABR) alone or two-stage OAE-AABR screening in
which AABR is performed if a baby failed OAE screening, questionnaire-based screening
or other procedures; (4) the proportion of all and screened infants who required audiologic
diagnosis because they were suspected of having a hearing loss and the proportion of
the two groups of infants in whom such diagnosis was made; (5) the prevalence of early
PCHL per 1000 infants; (6) the proportion of hearing-impaired infants identified by hearing
screening; (7) the mean or median age and age ranges of both diagnosis and treatment
initiation for screened and unscreened hearing-impaired infants; (8) the proportion of
screened and unscreened hearing-impaired infants who required and received immediate
treatment and the proportion of all and of screened hearing-impaired infants with treatment
initiation before six months of age; (9) whether and when a country’s government mandated
hearing screening; (10) the type of screening mandated; (11) the location of screening and
the type of screening personnel; and (12) the proportion of birth facilities in a country that
implemented NIHS programs. PCHL was defined as a permanent hearing loss of >20 dB
HL (decibel hearing loss) in the better hearing ear for bilateral hearing loss or in the worse
ear for unilateral hearing loss, averaged over the frequencies 0.5, 1, 2, and 4 kHz. This is
in line with the new classification published in the World Report on Hearing for binaural
hearing loss and even falls below the threshold for unilateral hearing loss given in that
report [2].

Distribution of questionnaires via e-mail started in 2014; updates were accepted
until 2019. The original reference year was 2014, but only older data were available for
many NIHS programs, so the survey period for the final data ranged from 2009 to 2019.
The survey began by identifying individuals in as many countries as possible who were
involved in ear and hearing health and who were able to provide information on the status
of NIHS in their country. It took substantial effort to identify such key people, especially
in regions where audiology services were scarce. As a result, this process took years for
some countries, particularly in Africa, Latin America, and parts of Asia. The identification
of key individuals was supported by various organizations related to ear and hearing care
such as the International Society of Audiology (ISA), Hearing International, the Coalition
for Global Hearing Health (CGHH), the International Association of Logopedics and
Phoniatrics (IALP), the International Working Group on Childhood Hearing, the American
Academy of Audiology (AAA), but also by non-governmental organizations (NGOs) like
Soundseekers and the Christoffel Blindenmission (CBM) and in French-speaking Africa
through the network of the Société Oto-rhino-laryngologie (ORL) des pays francophones
d’Afrique (SORLAF), either by signing a letter of invitation or by contact referral or by
direct data delivery.

Many individuals were identified through personal contacts of the authors of this
article through conferences, through contacts via the WHO Programme of Prevention of
Deafness and Hearing Loss, others through national or state NHS centers, ministries of
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health, regional WHO offices or through authors of publications with pediatric-audiological
topics. Inquiries were made via e-mail, telephone or personal contact by the first author.
Various contacts also passed the questionnaires on to other colleagues able to provide
information. Whenever possible, the data were checked for plausibility and confirmed by
either a second or third independent person or by one of the named institutions.

3. Results

The survey provided information from 158 countries. The results indicated that less
than one-third of the world’s newborns and infants were enrolled in universal NIHS
programs covering at least 85% of all babies in a region or country, despite evidence of
the effectiveness of this strategy for optimal rehabilitation of deaf and hearing-impaired
children. In contrast, about 38% of babies are born in countries with no or minimal NIHS of
less than 1% coverage (Figure 1). The countries that completed the survey represent almost
95% of the world’s population [33]. The prevalence for infant PCHL identified through
NIHS programs ranged from 0.3-15.0 per 1000 infants with a median of 1.70, according to
survey results [33]. This figure approaches WHO prevalence estimates of 2 per 1000 for the
neonatal period [2].

0 B s5-100% screening W 50-84% screening 10-49% screening
B o19% screening W 0% screening no data

Figure 1. Country-specific coverage of newborn and infant hearing screening programs (modified
from [33] with permission).

According to the survey, most NIHS programs use “physiological” (objective) screen-
ing methods. These include otoacoustic emissions (OAE) measurements to assess inner ear
function, automated auditory brainstem response (AABR) recordings to evaluate auditory
pathway function up to the brainstem, and two-stage OAE-AABR procedures, i.e., AABR
is recorded only when OAE fails. These methods achieve high validity, in contrast to be-
havioral or questionnaire-based methods [34]. Of the infants assessed with these standard
methods in a reference year, 66.5% were assessed with OAE alone, 14.3% with AABR alone,
and 19.2% with an OAE-AABR combination. Only six countries reported using behavioral
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methods, and maternal questionnaires or tympanometry were rarely employed. OAE
was the preferred method in 57% of countries, followed by OAE-AABR (30%) and AABR
(11%) [33].

Figure 2 shows the methods predominantly used in each country. It should be noted
that in many countries only minimal, mostly hospital-based screening was reported. The
predominant screening method shown in Figure 2 for these countries may give the some-
what misleading impression that this method is used throughout the country. Therefore,
Figure 2 must be viewed in the context of Figure 1. Countries such as Algeria, where
screening has only been done in studies, are marked as “no data available” because the
studies do not reflect the everyday situation. It should also be noted that in some countries
there is a near balance between the method shown in Figure 2 and another screening
method.

B Prevailing OAE B Noscreening
B Prevailing AABR No data
B Prevailing two step OAE-AABR

Figure 2. Prevailing screening method used for NHS by country.

Infants with a PCHL who underwent hearing screening were diagnosed as hearing
impaired at an average age of 4.6 months and received initial treatment at an average
age of 6.7 months. This was one of the most encouraging results of our study because it
demonstrates that treatment begins at an age that still falls within the sensitive periods
of basal maturation of the neural structures of the auditory pathway (e.g., sprouting of
dendrites and spines, synaptogenesis, contact stabilization, and breakdown of unneeded
connections), which includes a cascading sequence of opening and closing developmental
windows shortly after hearing onset, during which the infant brain is still well amenable to
treatment [35,36]. This was not the case in the unscreened children, who were diagnosed
with hearing loss at an average age of 34.9 months and did not receive initial intervention
until 36.7 months of age.
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On average, 4.5% of the babies who underwent NIHS failed the screen. The proportion
of infants failing screening was significantly lower in countries with high NIHS coverage
of 85% or more and its range was narrower (0.3-11.6), compared to countries with lower
screening coverage. It is particularly concerning that 17.2% of children who failed screening
were lost-to-follow-up. These rates were 7% lower in countries with high NIHS than in
countries with low coverage [33].

The lack of systematic data collection and databases compromises the quality of many
screening programs. Survey results showed a lack of tracking programs for babies who did
not receive screening and for those who failed screening and would need to be referred to
audiological diagnostic and treatment services. Without tracking, the lost-to-follow-up rate
is generally high or simply unknown. This can also be seen in the wide range and many
apparently unreasonable figures for reported lost-to-follow-up rates, which ranged from
0% to 98.2% of infants who failed screening, depending on the program [33].

It is striking that screening coverage and other measures are closely associated with
average living standards, as measured by national average nominal gross domestic product
per capita (GDP). Countries with NIHS coverage of 85% or more have median living
standards that are 10 times higher than those in countries with screening coverage of less
than 10%. However, countries with relatively high coverage have large variance in GDP and
include countries with low GDP of <10 (e.g., Belarus, China, Kazakhstan, Marshall Islands,
Micronesia, Russia). GDP correlates negatively with screening failure rate, prevalence of
PCHL, median age at diagnosis, and median age at intervention onset. The dramatically
lower standard of living of countries with low screening coverage is more significant
given that 80% of people with disabling hearing loss live in low- and middle-income
countries [37], where poor birth conditions and lack of vaccination programs contribute
significantly to the incidence of PCHL [38], and global production of hearing aids meets
less than 3% of the needs of these countries [39]. A NIHS with coverage of 85% or more has
been achieved in countries such as the United States, Uruguay, most European countries,
Israel, Kazakhstan, Oman, Qatar, South Korea, the Seychelles, Australia, New Zealand,
and Pacific Island nations that are territories of the United States. Other countries such
as Canada, Mongolia, Panama, and China have implemented large-scale NIHS programs,
although they have not yet achieved nationwide coverage. Interestingly, these countries are
by no means all high-income countries. Thus, implementation of NIHS programs appears
to depend not only on national wealth, but also on other factors such as awareness and
attention to infant hearing health among a country’s policymakers and health professionals.
This is also consistent with the fact that although national mandates were associated with
screening coverage (rho = 0.51), such mandates do not appear to be essential, as nine of the
38 countries with high NIHS coverage had no mandate [33].

Hearing screening was performed in birth facilities in 93% of the countries, in other
places such as pediatric, hearing care, immunization or well-baby clinics in 51% and in
the homes in 14% of the countries (percentages sum to >100% because a single country
could have screening done in multiple places). It was carried out by physicians (26% of
the countries), audiologists, audiological staff, or technicians (69% and 16%, respectively),
nurses, midwives and nonprofessionals such as community health workers (69% and 24%,
respectively) [33].

4. Discussion

As mentioned in the World Report on Hearing, hearing screenings can follow one
of two approaches: They may be universal, aiming to cover all infants in a country or
region, or they may be targeted to infants at risk for early hearing loss, which has been
reported to affect approximately 8% to 10% of all newborns [40]. However, it has been
demonstrated that targeted screening would miss approximately 40% to 50% of all infants
with hearing loss because they do not have risk factors for early hearing loss [40]. Screening
can also be opportunistic [2], such as when parents suspect hearing loss in their child
and bring their child for hearing screening. According to our survey there are relatively
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many countries with screening coverage of about 1% where infants are apparently only
screened at the request and often at the expense of parents, usually limited to individual
hospitals [33]. As the survey also demonstrated, universal approaches are beginning to
be implemented in many countries. However, because it takes a great deal of effort and
resources to implement a NIHS for an entire country, state, or region, targeted, oppor-
tunistic, or hospital-based solutions exist alongside universal or regional approaches [33].
Meanwhile, a large population-based study of long-term outcomes of children with PCHL
comparing the three screening approaches (UNHS, “at-risk” screening, and opportunistic
screening) demonstrated the clear advantages of universal screening in terms of age at diag-
nosis of PCHL, receptive and expressive language, and receptive vocabulary development
over the other two types of screening [41]. Therefore, the UNHS approach is preferred, as
proposed by WHO [1,2] and supported by our survey [33] and other studies [42].

A key issue to improve the effectiveness of NIHS programs worldwide and thus its
cost-efficiency is the reduction of high lost-to-follow-up rates. In our survey, from the
27 countries that provided trustworthy data nearly half (48%) exceeded 30% of lost-to-
follow-up cases and thus failed the minimum of 70% return-for-follow-up suggested by the
Joint Committee on Infant Hearing (JCIH) [43,44] and others [45]. This is consistent with
the results of a meta-analysis by Bussé et al., in which lost-to-follow-up rates were above
the threshold of 30% in 18 of 41 studies (44%), implying that nearly half of NIHS programs
are not completing an audiological diagnosis for many children with suspected hearing
loss. In particular, countries with poorly functioning screening programs tend to have high
lost-to-follow-up rates [46]. Our survey also showed a 7% higher lost-to-follow-up rate
of countries with low screening coverage compared to countries with well-functioning
UNHS programs [33]. Reasons for inefficiency of follow-up procedures include lack of
data collection and tracking systems and audiology services, educational disparities, and
lack of knowledge among parents concerning hearing loss [47]. In addition, distance
to the hospital or transportation difficulties, unspecific parental concerns and anxiety,
procedural problems, and inadequate availability and visibility of services have been
identified by the WHO as factors preventing follow-up consultations [39]. One of the
most efficient strategies to overcome these hazards is the installation of appropriate data
management systems [39,47]. Other solutions, in particular for resource-limited settings,
may include community based EHC services and the integration of follow-up services
with child vaccination programs [48,49]. WHO has also recommended the establishment of
national committees for ear and hearing care. Their tasks include the central coordination,
quality assurance, and effectiveness monitoring of their national NHS programs and thus
the containment of return-to-follow-up-reducing factors [2].

The prevalence numbers of PCHL in our survey ranged from 0.3 to 15 per 1000 new-
borns with a median of 1.70 [33]. This agrees well with the results of a recent systematic
review and meta-analysis, which reported an overall prevalence of 2.21 per 1000 (range
1-6) [46]. The World Report on Hearing includes a new classification of hearing loss, which
by definition starts at a mean hearing loss of >20 dB HL and comprises unilateral hearing
loss. This will elevate prevalence numbers in the future and further challenge hearing
screening programs to focus more on mild and unilateral hearing loss [50].

Genetic factors account for about 50% of neonatal hearing loss [51] and syndromic
and non-syndromic hearing disorders are associated with over 250 genes that are inher-
ited in an autosomal dominant, autosomal recessive or X-linked manner [2]. Syndromic
hearing loss is often associated with additional visual, neurologic, endocrinologic, or other
disorders. Our survey documents the highest prevalence numbers in countries with high
proportions of inherited forms of sensorineural hearing loss associated with higher rates of
consanguineous marriages such as Pakistan, Egypt, Algeria, Jordan, and Turkey [33]. This
fits with findings from the UK Millennium Cohort Study, which identified an increased
risk of PCHL for children of, among others, Pakistani and Bangladeshi descent [52].
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5. Conclusions

To further expand and improve NIHS programs around the world, the following

initiatives should be considered following the results of our survey and the WHO recom-
mendations [1-3,33,34,53].

Governments should take on leadership responsibility with regard to the strategic
direction and implementation of measures to address hearing loss in an integrative
way in their health systems [2,30,32]. That this has not happened sufficiently in
the past [31] is testament to the international lack of government governance and
leadership in ear and hearing care.

Governments should establish national committees on ear and hearing care, led by
their ministries of health and a national ear and hearing care coordinator to develop
EHC strategies that include national NHS programs as an important component [54,55].
Committees should be multi-professional in composition and include all professional
and stakeholder groups involved with EHC.

Governments should take advantage of assistance offered by WHO in planning and
implementation of national EHC strategies and explicitly on the implementation, or-
ganization, control, and monitoring of NHS programs. Currently available documents
include the World Report on Hearing [2], an Ear and Hearing Care Situation Analysis
Tool [53] a Planning & Monitoring of National Strategies for Ear and Hearing Care Man-
ual [55], the handbook Hearing Screening—Considerations for Implementation [1],
and others [34].

The WHO has identified raising public awareness and reaching policymakers, health
professionals and stakeholders as critical to implementing and funding national EHC
policies. National committees that centrally coordinate strategic tools and information
materials should be represented in initiatives related to technology, training, infras-
tructure, equipment, finance, and advocacy. Standard operating procedures (SOPs)
should unify workflows, criteria, and benchmarks, e.g., the allowable repeats of a
failed primary hearing screenings and how, where, and when positively screened
babies should be followed up [53,55]. Regular data analysis, e.g., on coverage and
failure rates of screening, should serve as process indicators of quality control of NIHS
programs [55].

Governments should enact legislation to formalize the operation of NIHS programs.

Data collection and tracking systems should be established, preferably from the be-
ginning of NIHS program implementation, to track babies who have failed or missed
screening and to provide systematic information on the coverage and quality of screen-
ing, intervention, and rehabilitation services for individual children and their families,
as well as on successes and gaps in these services. These systems should consider the
use of telemedicine components and bidirectional data flow between decentralized
screening devices and hearing screening centers [12].

NIHS programs should include the opportunity for case discussions in professional
excellence circles with boards of experts [54].

Governments should guarantee equal access to pediatric audiology services for all
infants with PCHL. This requires pursuing creative and affordable solutions for wider
availability of hearing technology including bulk purchases of hearing aids or im-
plants [29,30,54].

As with other diseases, hearing loss rehabilitation is underrepresented in many
countries. Therefore, a new WHO resource currently being developed in collab-
oration with Cochrane as Package of Rehabilitation Interventions (PRI)—a set of
prioritized evidence-based interventions along with resource requirements for their
implementation—also focuses on hearing loss rehabilitation [56]. Regarding PCHL, it
is therefore important that professionals in EHC are aware of these evidence-based
interventions and that they are made available to more and more children [57].
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e  Countries with high NIHS coverage should ensure equitable access in their population.
They should volunteer to be available as a resource to countries with more limited
NIHS programs.

e Inaddition to NIHS programs, measures to prevent neonatal hearing loss as described
in a WHO publication on childhood hearing loss [3] and in the World Report on
Hearing [2] need to be installed and must take the demographic profile and resources
of a country into account. They include, for example, preventing CMV infections in
pregnancy through hygienic measures, restricting the administration of ototoxic drugs
in the neonatal period, or improving neonatal care for premature infants. Identification
of the cause or risk for early childhood hearing loss should be encouraged, as it may
influence further action [58]. For example, diagnosis of congenital CMV infection
should be made possible shortly after birth, e.g., by screening, to determine whether
the infection is prenatal or postnatal. Congenital CMV infections result in late-onset
hearing loss in about 50% of infected children that would escape NHS [59], whereas
postnatal infections do not compromise a child’s hearing. Knowing that hearing loss
is genetically caused could change a family’s decision making regarding interven-
tions and further family planning. Especially given that consanguineous parents are
at increased risk for congenital health problems in their children, such as hearing
loss [60—64], and consanguineous marriages account for approximately 20-50% of
marriages in some parts of the world [2], genetic counselling in a non-directive manner
and education can be preventive [2,51,55,65].

e  NIHS followed by early intervention and accompanied by measures preventing child-
hood hearing loss has been shown to be effective, cost efficient, and an excellent
investment of resources. Our survey confirmed for the first time worldwide that
newborn hearing screening benefits children in terms of early diagnosis and treatment
initiation of PCHL, but that large global disparities remain. As the world moves
toward achieving the 2015 Sustainable Development Goals and universal health cov-
erage, it is important that the needs of children with hearing loss are addressed and
“no one is left behind”. For them all to achieve their “highest attainable standard of
health”, the provision of NIHS as part of national plans for universal health coverage
is a matter of equity and equality.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10
.3390/jcm11010271/s1, Questionnaire: Survey on the international status of early hearing detection
and intervention. international survey on newborn and infant hearing screening.

Author Contributions: Conceptualization, K.N.; validation, 5.C., H.A.E. and K.R.W.; formal analysis,
H.A.E. and K.N,; investigation, K.N., PM.; resources, K.N.; data curation, K.N., H. A.E. and PM.;
writing—original draft preparation, K.N., PM.; writing—review and editing, S.C., KR.W. and K.N.;
visualization, PM., H.A.E. and K.N.; supervision, K.N., 5.C. and K.R.W.; project administration, K.N.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. They are not publicly available to avoid misunderstandings because in many
cases they come from sources that are not formally confirmed.

Conflicts of Interest: The authors declare no conflict of interest.

1.  World Health Organization. Hearing Screening: Considerations for Implementation; World Health Organization: Geneva, Switzerland,
2021; Licence: CC BY-NC-SA 3.0 IGO. Available online: https://www.who.int/publications/i/item /9789240032767 (accessed on

27 November 2021).


https://www.mdpi.com/article/10.3390/jcm11010271/s1
https://www.mdpi.com/article/10.3390/jcm11010271/s1
https://www.who.int/publications/i/item/9789240032767

J. Clin. Med. 2022, 11, 271 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

World Health Organization. World Report on Hearing; World Health Organization: Geneva, Switzerland, 2021. Available online:
https:/ /www.who.int/publications/i/item /world-report-on-hearing (accessed on 27 November 2021).

World Health Organization. Childhood Hearing Loss: Strategies for Prevention and Care. 2016. Available online: http:
/ /apps.who.int/iris /bitstream /10665/204632/1/9789241510325_eng.pdf?ua=1&ua=1 (accessed on 27 November 2021).
Tomblin, ].B.; Harrison, M.; Ambrose, S.E.; Walker, E.A.; Oleson, ].J.; Moeller, M.P. Language outcomes in young children with
mild to severe hearing loss. Ear Hear. 2015, 36, S76-591. [CrossRef]

Yoshinaga-Itano, C.; Sedey, A.L.; Wiggin, M.; Mason, C.A. Language outcomes improved through early hearing detection and
earlier cochlear implantation. Otol. Neurotol. 2018, 39, 1256-1263. [CrossRef] [PubMed]

Vohr, B.; Jodoin-Krauzyk, ].; Tucker, R.; Topol, D.; Johnson, M.].; Ahlgren, M.; Pierre, L.S. Expressive vocabulary of children with
hearing loss in the first 2 years of life: Impact of early intervention. J. Perinatol. 2011, 31, 274-280. [CrossRef] [PubMed]

Ching, T.Y.C,; Dillon, H.; Leigh, G.; Cupples, L. Learning from the Longitudinal Outcomes of Children with Hearing Impairment
(LOCHI) study: Summary of 5-year findings and implications. Int. |. Audiol. 2018, 57, S105-5111. [CrossRef]

Neumann, K.; Gross, M.; Bottcher, P.; Euler, H.A.; Spormann-Lagodzinski, M.; Polzer, M. Effectiveness and efficiency of a
universal newborn hearing screening in Germany. Folia Phoniatr. Logop. 2006, 58, 440—455. [CrossRef]

Yoshinaga-Itano, C.; Sedey, A.L.; Coulter, D.K.; Mehl, A.L. Language of early- and later-identified children with hearing loss.
Pediatrics 1998, 102, 1161-1171. [CrossRef] [PubMed]

Yoshinaga-Itano, C.; Sedey, A.L.; Wiggin, M.; Chung, W. Early hearing detection and vocabulary of children with hearing loss.
Pediatrics 2017, 140, €20162964. [CrossRef]

Korver, A.M.; Konings, S.; Dekker, EW.; Beers, M.; Wever, C.C.; Frijns, ].H.; Oudesluys-Murphy, A.M. Newborn hearing screening
vs later hearing screening and developmental outcomes in children with permanent childhood hearing impairment. JAMA 2010,
304, 1701-1708. [CrossRef]

Calderon, R.; Naidu, S. Further support for the benefits of early identification and intervention for children with hearing loss.
Volta Rev. 1999, 100, 53-84.

Ching, T.Y.C. Is early intervention effective in improving spoken language outcomes of children with congenital hearing loss?
Am. ]. Audiol. 2015, 24, 345-348. [CrossRef]

Holzinger, D.; Fellinger, ]J.; Beitel, C. Early onset of family centred intervention predicts language outcomes in children with
hearing loss. Int. |. Pediatr. Otorhinolaryngol. 2011, 75, 256-260. [CrossRef]

Meinzen-Derr, J.; Wiley, S.; Choo, D.I. Impact of early intervention on expressive and receptive language development among
young children with permanent hearing loss. Am. Ann. Deaf. 2011, 155, 580-591. [CrossRef] [PubMed]

Moeller, M.P.; Tomblin, J.B. An introduction to the outcomes of children with hearing loss study. Ear Hear. 2015, 36, S4-S13.
[CrossRef] [PubMed]

Yoshinaga-Itano, C. Early intervention after universal neonatal hearing screening: Impact on outcomes. Ment. Retard. Dev. Disabil.
Res. Rev. 2003, 9, 252-266. [CrossRef]

Young, A.; Gascon-Ramos, M.; Campbell, M.; Bamford, J. The design and validation of a parent-report questionnaire for assessing
the characteristics and quality of early intervention over time. J. Deaf Stud. Deaf Educ. 2009, 14, 422-435. [CrossRef]

American Academy of Pediatrics; Joint Committee on Infant Hearing. Year 2007 position statement: Principles and guidelines for
early hearing detection and intervention programs. Pediatrics 2007, 120, 898-921. [CrossRef] [PubMed]

Ching, T.Y.; Crowe, K.; Martin, V.; Day, J.; Mahler, N.; Youn, S.; Street, L.; Cook, C.; Orsini, J. Language development and everyday
functioning of children with hearing loss assessed at 3 years of age. Int. ]. Speech Lang Pathol. 2010, 12, 124-131. [CrossRef]
Pimperton, H.; Blythe, H.; Kreppner, J.; Mahon, M.; Peacock, J.L.; Stevenson, J.; Terlektsi, E.; Worsfold, S.; Yuen, H.M.; Kennedy,
C.R. The impact of universal newborn hearing screening on long-term literacy outcomes: A prospective cohort study. Arch. Dis.
Child. 2016, 101, 9-15. [CrossRef]

Zhao, PJ.; Shen, X.M.; Xu, ZM.; Wu, S.H; Jin, C.H; Jiang, F. The parents’ opinions on screening program regarding newborn
hearing. Zhonghua Liu Xing Bing Xue Za Zhi 2003, 24, 608-610. (In Chinese)

Fitzpatrick, E.; Graham, 1.D.; Durieux-Smith, A.; Angus, D.; Coyle, D. Parents’ perspectives on the impact of the early diagnosis
of childhood hearing loss. Int. |. Audiol. 2007, 46, 97-106. [CrossRef]

Van der Ploeg, C.P.; Lanting, C.I.; Kauffman-de Boer, M.A; Uilenburg, N.N.; de Ridder-Sluiter, ].G.; Verkerk, P.H. Examination
of long-lasting parental concern after false-positive results of neonatal hearing screening. Arch. Dis. Child. 2008, 93, 508-511.
[CrossRef]

Young, A.; Tattersall, H. Universal newborn hearing screening and early identification of deafness: Parents’ responses to knowing
early and their expectations of child communication development. J. Deaf Stud. Deaf Educ. 2007, 12, 209-220. [CrossRef]

Tueller, S.J.; White, K.R. Maternal anxiety associated with newborn hearing screening. J. Early Hear. Detect. Interv. 2016, 1, 87-92.
[CrossRef]

Chiou, S.T,; Lung, H.L.; Chen, L.S.; Yen, A.M.; Fann, J.C.; Chiu, S.Y.; Chen, H.H. Economic evaluation of long-term impacts of
universal newborn hearing screening. Int. J. Audiol. 2017, 56, 46-52. [CrossRef] [PubMed]

Sharma, R.; Gu, Y,; Ching, T.Y.C.; Marnane, V.; Parkinson, B. Economic evaluations of childhood hearing loss screening
programmes: A systematic review and critique. Appl. Health Econ. Health Policy 2019, 17, 331-357. [CrossRef]

Wilson, B.S.; Tucci, D.L.; Merson, M.H.; O’'Donoghue, G.M. Global hearing health care: New findings and perspectives. Lancet
2017, 390, 2503-2515. [CrossRef]


https://www.who.int/publications/i/item/world-report-on-hearing
http://apps.who.int/iris/bitstream/10665/204632/1/9789241510325_eng.pdf?ua=1&ua=1
http://apps.who.int/iris/bitstream/10665/204632/1/9789241510325_eng.pdf?ua=1&ua=1
http://doi.org/10.1097/AUD.0000000000000219
http://doi.org/10.1097/MAO.0000000000001976
http://www.ncbi.nlm.nih.gov/pubmed/30444842
http://doi.org/10.1038/jp.2010.110
http://www.ncbi.nlm.nih.gov/pubmed/20706190
http://doi.org/10.1080/14992027.2017.1385865
http://doi.org/10.1159/000095004
http://doi.org/10.1542/peds.102.5.1161
http://www.ncbi.nlm.nih.gov/pubmed/9794949
http://doi.org/10.1542/peds.2016-2964
http://doi.org/10.1001/jama.2010.1501
http://doi.org/10.1044/2015_AJA-15-0007
http://doi.org/10.1016/j.ijporl.2010.11.011
http://doi.org/10.1353/aad.2011.0010
http://www.ncbi.nlm.nih.gov/pubmed/21449255
http://doi.org/10.1097/AUD.0000000000000210
http://www.ncbi.nlm.nih.gov/pubmed/26731159
http://doi.org/10.1002/mrdd.10088
http://doi.org/10.1093/deafed/enp016
http://doi.org/10.1542/peds.2007-2333
http://www.ncbi.nlm.nih.gov/pubmed/17908777
http://doi.org/10.3109/17549500903577022
http://doi.org/10.1136/archdischild-2014-307516
http://doi.org/10.1080/14992020600977770
http://doi.org/10.1136/adc.2007.129320
http://doi.org/10.1093/deafed/enl033
http://doi.org/10.15142/T3ZW2R
http://doi.org/10.1080/14992027.2016.1219777
http://www.ncbi.nlm.nih.gov/pubmed/27598544
http://doi.org/10.1007/s40258-018-00456-1
http://doi.org/10.1016/S0140-6736(17)31073-5

J. Clin. Med. 2022, 11, 271 11 0f12

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

World Health Organization. Prevention of Blindness and Deafness. WHA48.9 Prevention of Hearing Impairment. 1995. Available
online: http://www.who.int/pbd/publications/wha_eb/wha48_9/en/ (accessed on 27 November 2021).

World Health Organization. Multi-Country Assessment of National Capacity to Provide Hearing Care. 2013. Available online:
https:/ /www.who.int/pbd/publications/WHOReportHearingCare_Englishweb.pdf (accessed on 27 November 2021).

World Health Organization. Seventieth World Health Assembly; Provisional Agenda Item 15.8. A70/34; Prevention of Deafness
and Hearing Loss. 2017. Available online: http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf (accessed on
27 November 2021).

Neumann, K.; Euler, H.A.; Chadha, S.; White, K.R.; The International Newborn and Infant Hearing Screening (NIHS) Group.
A survey on the global status of newborn and infant hearing screening. J. Early Hear Detect. Interv. 2020, 5, 63-84. [CrossRef]
World Health Organization. Neonatal and Infant Hearing Screening-Current Issues and Guiding Principles for Action. 2010.
Available online: http:/ /www.who.int/blindness/publications/Newborn_and_Infant_Hearing_Screening_Report.pdf (accessed
on 27 November 2021).

Kral, A. Auditory critical periods: A review from system’s perspective. Neuroscience 2013, 247, 117-133. [CrossRef] [PubMed]
Barkat, T.R.; Polley, D.B.; Hensch, T.K. A critical period for auditory thalamocortical connectivity. Nat. Neurosci. 2011, 14,
1189-1194. [CrossRef]

The Lancet. Hearing loss: Time for sound action. Lancet 2017, 390, 2414. [CrossRef]

World Health Organization. Deafness and Hearing Loss—Key Facts. 2018. Available online: http:/ /www.who.int/mediacentre/
factsheets/fs300/en/ (accessed on 27 November 2021).

World Health Organization, Team of Noncommunicable Diseases. World Report on Disability. 2011. Available online: http:
/ /www.who.int/disabilities/world_report/2011/en/ (accessed on 27 November 2021).

Hyde, M.L. Newborn hearing screening programs: Overview. . Otolaryngol. 2005, 34 (Suppl. 2), S70-S78.

Wake, M.; Ching, T.Y.C.; Wirth, K,; Poulakis, Z.; Mensah, EK.; Gold, L.; King, A.; Bryson, H.E.; Reilly, S.; Rickards, F. Population
outcomes of three approaches to detection of congenital hearing loss. Pediatrics 2016, 137, €20151722. [CrossRef] [PubMed]
Bamford, J.; Fortnum, H.; Bristow, K.; Smith, J.; Vamvakas, G.; Davies, L.; Taylor, R.; Watkin, P.; Fonseca, S.; Davis, A.; et al.
Current practice, accuracy, effectiveness and cost-effectiveness of the school entry hearing screen. Health Technol. Assess. 2007, 11,
1-168. [CrossRef] [PubMed]

Joint Committee on Infant Hearing; American Academy of Audiology; American Academy of Pediatrics; American Speech-
Language-Hearing Association; Directors of Speech and Hearing Programs in State Health and Welfare Agencies. Year 2000
position statement: Principles and guidelines for early hearing detection and intervention programs. Pediatrics 2000, 106, 798-817.
[CrossRef] [PubMed]

Joint Committee on Infant Hearing; Evelyn, C. Year 2000 position statement: Principles and guidelines for early hearing detection
and intervention programs. Am. J. Audiol. 2000, 9, 9-29. [CrossRef]

Prieve, B.; Dalzell, L.; Berg, A.; Bradley, M.; Cacace, A.; Campbell, D.; DeCristofaro, ].; Gravel, J.; Greenberg, E.; Gross, S.; et al.
The New York State universal newborn hearing screening demonstration project: Outpatient outcome measures. Ear Hear. 2000,
21, 104-117. [CrossRef]

Bussé, AM.L.; Hoeve, H.L].; Nasserinejad, K.; Mackey, A.R.; Simonsz, H.J.; Goedegebure, A. Prevalence of permanent neonatal
hearing impairment: Systematic review and Bayesian meta-analysis. Int. |. Audiol. 2020, 59, 475-485. [CrossRef] [PubMed]
Ravi, R.; Gunjawate, D.R.; Yerraguntla, K.; Lewis, L.E.; Driscoll, C.; Rajashekhar, B. Follow-up in newborn hearing screening—A
systematic review. Int. J. Pediatr. Otorhinolaryngol. 2016, 90, 29-36. [CrossRef]

Friderichs, N.; Swanepoel, D.; Hall, ].W. Efficacy of a community-based infant hearing screening program utilizing existing clinic
personnel in Western Cape, South Africa. Int. |. Pediatr. Otorhinolaryngol. 2012, 76, 552-559. [CrossRef]

Olusanya, B.O. Neonatal hearing screening and intervention in resource-limited settings: An overview. Arch. Dis. Child. 2012, 97,
654-659. [CrossRef]

Laugen, N.J.; Erixon, E.; Huttunen, K.; Méki-Torkko, E.; Lofkvist, U. Newborn Hearing screening and intervention in children
with unilateral hearing impairment: Clinical practices in three Nordic countries. . Clin. Med. 2021, 10, 5152. [CrossRef] [PubMed]
Smith, R.J.; Bale, ].E, Jr.; White, K.R. Sensorineural hearing loss in children. Lancet 2005, 365, 879-890. [CrossRef]

Butcher, E.; Dezateux, C.; Cortina-Borja, M.; Knowles, R.L. Prevalence of permanent childhood hearing loss detected at the
universal newborn hearing screen: Systematic review and meta-analysis. PLoS ONE 2019, 14, e0219600. [CrossRef] [PubMed]
World Health Organization. Ear and Hearing Care—Situation Analyses Tool; World Health Organization: Geneva, Switzerland,
2015. Available online: https:/ /www.who.int/publications/i/item/ear-and-hearing-care-situation-analysis-tool (accessed on
27 November 2021).

Neumann, K.; Chadha, S.; Tavartkiladze, G.; Bu, X.; White, K.R. Newborn and infant hearing screening facing globally growing
numbers of people suffering from disabling hearing loss. Int. |. Neonatal Screen. 2019, 5, 7. [CrossRef] [PubMed]

World Health Organization. Ear and Hearing Care-Planning and Monitoring of National Strategies: A Manual; World Health
Organization: Geneva, Switzerland, 2015. Available online: https://www.who.int/pbd/publications/Ear_and_hearing_care_
Planning_and_Monitoring_of_National_Strategies.pdf (accessed on 25 November 2021).

Rauch, A.; Negrini, S.; Cieza, A. Toward strengthening rehabilitation in health systems: Methods used to develop a WHO package
of rehabilitation interventions. Arch. Phys. Med. Rehabil. 2019, 100, 2205-2211. [CrossRef]


http://www.who.int/pbd/publications/wha_eb/wha48_9/en/
https://www.who.int/pbd/publications/WHOReportHearingCare_Englishweb.pdf
http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf
http://doi.org/10.26077/a221-cc28
http://www.who.int/blindness/publications/Newborn_and_Infant_Hearing_Screening_Report.pdf
http://doi.org/10.1016/j.neuroscience.2013.05.021
http://www.ncbi.nlm.nih.gov/pubmed/23707979
http://doi.org/10.1038/nn.2882
http://doi.org/10.1016/S0140-6736(17)33097-0
http://www.who.int/mediacentre/factsheets/fs300/en/
http://www.who.int/mediacentre/factsheets/fs300/en/
http://www.who.int/disabilities/world_report/2011/en/
http://www.who.int/disabilities/world_report/2011/en/
http://doi.org/10.1542/peds.2015-1722
http://www.ncbi.nlm.nih.gov/pubmed/26704085
http://doi.org/10.3310/hta11320
http://www.ncbi.nlm.nih.gov/pubmed/17683682
http://doi.org/10.1542/peds.106.4.798
http://www.ncbi.nlm.nih.gov/pubmed/11015525
http://doi.org/10.1044/1059-0889(2000/005)
http://doi.org/10.1097/00003446-200004000-00005
http://doi.org/10.1080/14992027.2020.1716087
http://www.ncbi.nlm.nih.gov/pubmed/32011197
http://doi.org/10.1016/j.ijporl.2016.08.016
http://doi.org/10.1016/j.ijporl.2012.01.015
http://doi.org/10.1136/archdischild-2012-301786
http://doi.org/10.3390/jcm10215152
http://www.ncbi.nlm.nih.gov/pubmed/34768671
http://doi.org/10.1016/S0140-6736(05)71047-3
http://doi.org/10.1371/journal.pone.0219600
http://www.ncbi.nlm.nih.gov/pubmed/31295316
https://www.who.int/publications/i/item/ear-and-hearing-care-situation-analysis-tool
http://doi.org/10.3390/ijns5010007
http://www.ncbi.nlm.nih.gov/pubmed/33072967
https://www.who.int/pbd/publications/Ear_and_hearing_care_Planning_and_Monitoring_of_National_Strategies.pdf
https://www.who.int/pbd/publications/Ear_and_hearing_care_Planning_and_Monitoring_of_National_Strategies.pdf
http://doi.org/10.1016/j.apmr.2019.06.002

J. Clin. Med. 2022, 11, 271 12 0of 12

57.

58.
59.
60.
61.
62.
63.
64.

65.

Negrini, S.; Arienti, C.; Patrini, M.; Kiekens, C.; Rauch, A.; Cieza, A. Cochrane collaborates with the World Health Organization
to establish a package of rehabilitation interventions based on the best available evidence. Eur. J. Phys. Rehabil. Med. 2021, 57,
478-480. [CrossRef]

Yoshinaga-Itano, C. Genetic and CMV testing. In Fast Facts Early Hearing Detection and Intervention; Yoshinaga-Itano, C., Ed.;
Karger: Basel, Switzerland, 2022.

Nagel, A.; Dimitrakopoulou, E.; Teig, N.; Kern, P.; Liicke, T.; Michna, D.; Korn, K.; Steininger, P.; Shahada, K.; Neumann, K; et al.
Characterization of a universal screening approach for congenital CMV infection based on a highly-sensitive, quantitative,
multiplex real-time PCR assay. PLoS ONE 2020, 15, €0227143. [CrossRef]

Carpena, N.T.; Lee, M.Y. Genetic hearing loss and gene therapy. Genom. Inform. 2018, 16, €20. [CrossRef]

Bittles, A.H. Consanguinity and its relevance to clinical genetics. Clin. Genet. 2001, 60, 89-98. [CrossRef]

Bittles, A.H. The role and significance of consanguinity as a demographic variable. Popul. Dev. Rev. 1994, 20, 561-584. [CrossRef]
Hamamy, H. Consanguineous marriages: Preconception consultation in primary health care settings. . Community Genet. 2012, 3,
185-192. [CrossRef] [PubMed]

Shawky, R.M.; Elsayed, S.M.; Abd-Elkhalek, H.S.; Gad, S. Familial Peters Plus syndrome with absent anal canal, sacral agenesis
and sensorineural hearing loss: Expanding the clinical spectrum. EJMHG 2013, 14, 423-428. [CrossRef]

Sirimanna, T.K.S.; Pagarkar, W. Medical evaluation and management of permanent childhood hearing loss. In Fast Facts Early
Hearing Detection and Intervention; Yoshinaga-Itano, C., Ed.; Karger: Basel, Switzerland, 2022.


http://doi.org/10.23736/S1973-9087.21.07075-1
http://doi.org/10.1371/journal.pone.0227143
http://doi.org/10.5808/GI.2018.16.4.e20
http://doi.org/10.1034/j.1399-0004.2001.600201.x
http://doi.org/10.2307/2137601
http://doi.org/10.1007/s12687-011-0072-y
http://www.ncbi.nlm.nih.gov/pubmed/22109912
http://doi.org/10.1016/j.ejmhg.2013.05.005

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

