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Abstract: Neonatal hearing screening (NHS) is a critical public health measure for early identification
of hearing loss, ensuring timely access to interventions that can dramatically improve a child’s
language development, cognitive abilities, and social inclusion. Beyond clinical benefits, NHS
provides long-term advantages in education and quality of life. Given that congenital hearing loss
affects approximately 1–2 in every 1000 newborns worldwide, the case for universal screening is clear.
Countries like the United States and Australia have successfully implemented NHS, leading to earlier
diagnoses, improved language development, and better educational outcomes. In Europe, while
many nations have adopted NHS, consistency remains a challenge. Countries such as Norway and the
United Kingdom stand out for their well-established systems, whereas others, like Greece, have made
notable progress but have yet to mandate NHS nationwide. This highlights the need for cohesive
national policies across Europe to ensure universal coverage. Screening methods such as Transient
Evoked Otoacoustic Emissions (TEOAE) and Automated Auditory Brainstem Response (AABR)
are established tools for detecting hearing impairments in neonates. Despite their demonstrated
efficacy, NHS remains inconsistent globally, particularly in low- and middle-income regions that lack
mandatory policies or access to reliable screening technologies. This perspective advocates for the
urgent need to make NHS mandatory in all countries, emphasizing its societal benefits and cost-
effectiveness. Early diagnosis supports prompt intervention, like hearing aids or cochlear implants,
which are most effective when implemented before six months. It also empowers families to make
informed decisions, fosters educational inclusion, and mitigates the social and emotional challenges
of undiagnosed hearing loss. Policymakers, healthcare providers, and international organizations
must prioritize universal NHS to ensure no child is left behind due to unaddressed hearing loss.

Keywords: neonatal hearing screening; early detection; congenital hearing loss; early intervention; transient
evoked otoacoustic emissions; automated auditory brainstem response; hearing aids; cochlear implants

1. Introduction

Neonatal hearing screening (NHS) is an essential public health initiative designed to
identify hearing impairments in newborns, allowing for timely intervention that can trans-
form a child’s life. Early detection enables children with hearing impairments to receive
critical support for language, cognitive, and social skill development [1]. Despite congenital
hearing loss affecting approximately 1–2 in every 1000 newborns worldwide—making
it more prevalent than many other screened conditions—NHS is still not universally in-
cluded in mandatory newborn screening programs [2]. This contrasts with conditions like
phenylketonuria (PKU), congenital hypothyroidism, galactosemia, and G6PD deficiency,
which, though generally less common, are compulsory for screening to allow for timely
intervention [3]. In fact, PKU affects about 1 in 10,000–15,000 newborns [4], and congenital
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hypothyroidism impacts roughly 1 in 3000–4000 [5], yet both are standard in many screen-
ing programs. G6PD deficiency, while variable in prevalence due to genetic factors, is also
commonly screened in regions where it is more widespread [6].

The World Health Organization (WHO) estimates that over 34 million children globally
live with disabling hearing loss, and that nearly 60% of childhood hearing loss cases could
have been prevented through public health measures such as immunization and improved
prenatal and neonatal care [7]. In high-income countries, NHS programs have successfully
reduced the long-term impacts of hearing loss by ensuring children receive access to hearing
aids, cochlear implants, and early speech therapy [8]. However, NHS programs are not
consistently implemented worldwide, often due to economic disparities, inadequate policies,
or lack of mandatory screening requirements. Expanding access to NHS worldwide could
help bridge this gap, ensuring early support and intervention for children with hearing loss
across all regions [9].

This essay advocates for NHS to be universally mandated as both an ethical and social
imperative, promoting equal opportunities for all children. It emphasizes the importance of
accessible and well-coordinated programs, alongside increased public awareness, ensuring
that parents understand the value of early screening and are encouraged to utilize these
services for their children’s development. Furthermore, this essay highlights strategies to
improve NHS accessibility, particularly in countries like Greece, where NHS programs are
still evolving.

2. The Right to Hear: Advocating for Universal NHS

Mandating NHS worldwide is an ethical obligation. Every child deserves access to
healthcare that maximizes their developmental potential, and hearing is fundamental to
this growth. The WHO has underscored hearing health as essential to a child’s social
inclusion, education, and overall well-being [7]. Early identification of hearing impairment
followed by swift intervention offers children an equal start, ensuring they can develop
language skills, cognitive abilities, and social interactions alongside their hearing peers.
Health equity further supports this call for universal NHS. Currently, NHS availability
often depends on a country’s economic resources and healthcare infrastructure, leaving
children in low-income regions at a disadvantage. Mandating NHS globally not only aligns
with health equity but also asserts the ethical right of every child to access healthcare that
promotes their full potential, regardless of socioeconomic or geographic barriers.

By “mandatory”, we refer to establishing a universally accessible, centrally organized
NHS system, supported by comprehensive education for families on the importance of
early hearing detection. This is not about legal enforcement but rather about creating a
framework that encourages informed parental participation and ensures equitable access
to early intervention for all children.

3. The Comprehensive Benefits of Early Intervention in Child Development

Early intervention following NHS has a transformative impact on every aspect of a
child’s development. When hearing impairments are detected within the first few months
of life, immediate intervention can begin, offering critical support during a period when
the brain is especially receptive to language and developmental input. Research indicates
that children with hearing loss who receive intervention by six months of age often achieve
developmental outcomes comparable to their hearing peers across various domains [10].

3.1. Language and Cognitive Development

Hearing is the “gateway” to language. Early intervention through hearing aids,
cochlear implants, and speech therapy enables children to access sound, setting the stage for
developing language skills essential for communication and thought. Without intervention,
children with hearing impairments face significant barriers to language acquisition, which
can impact learning and social interaction [11,12]. When intervention is timely, children can
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build vocabulary, understand syntax, and develop expressive language [13], establishing a
cognitive foundation for lifelong learning and effective problem solving.

3.2. Emotional and Psychological Well-Being

Timely support helps children avoid the frustration, isolation, and low self-esteem
that often accompany undiagnosed hearing loss [14]. By enabling communication, early
intervention empowers children to express their emotions, connect with family members,
and build friendships, which fosters confidence and resilience. This psychological well-
being is fundamental for developing healthy self-esteem and positively engaging with
others [15].

3.3. Social Development and Inclusion

Social skills are primarily developed through interaction and communication. Without
support, children with hearing impairments may struggle to engage with peers, delaying
the development of social skills and often leading to isolation. Early intervention equips
these children with essential communication skills, enabling them to form friendships,
participate in group activities, and feel included in their communities—promoting social
harmony and a strong sense of belonging [16].

3.4. Educational Potential and Academic Success

Education relies heavily on language and cognition, both of which are affected by
hearing loss. Early intervention ensures children develop language skills in time for school,
reducing the need for specialized education later and supporting mainstream classroom
success. Studies indicate that children with early-supported hearing loss perform better
academically, strengthening their foundation for a fulfilling educational journey [17].

4. Ensuring Effective NHS: The Importance of Comprehensive Screening Methods

To maximize the effectiveness of NHS, it is important to adopt a comprehensive
approach that combines both Transient Evoked Otoacoustic Emissions (TEOAE) and Au-
tomated Auditory Brainstem Response (AABR) tests [18]. This dual-method approach
increases the sensitivity of screening, capturing potential cases of hearing impairment that a
single test might miss [19,20]. TEOAE tests measure the response of the inner ear (cochlea)
to sound stimuli, helping to detect hearing loss. However, TEOAE screening alone may
miss cases of auditory neuropathy spectrum disorder (ANSD), a type of neural hearing
loss where the cochlea functions properly, but sound signals are not transmitted effectively
along the auditory nerve to the brain [21]. AABR tests assess the auditory nerve pathways,
which are essential for detecting ANSD and other neural hearing disorders that might
otherwise go undetected if only TEOAE are performed. By evaluating both the cochlea
(via TEOAE) and the auditory nerve pathways (via AABR), this dual-screening approach
provides valuable insights into a child’s overall auditory health [20].

Ideally, NHS should be conducted before a newborn reaches one month of age, with
the optimal window starting from the second day of life to ensure early detection and timely
follow-up. If the newborn fails the screening (non-pass/refer result), it is recommended to
repeat the tests within ten days. Some potential reasons for inconclusive results in NHS
could include the presence of residual birth fluids in the ear canal, excessive noise during
testing, or the infant’s unsettled state, such as crying or movement. The small size and
unique anatomy of newborn ear canals can affect the accuracy of hearing tests, as ear canal
collapse may hinder sound [22]. If the follow-up tests indicate a refer result as well, the
child should be referred to specialized pediatric audiology centers for further evaluation and
intervention. Confirmatory diagnostic testing should be completed by three months of age to
enable appropriate intervention by six months [23]. In 2019, the Joint Committee on Infant
Hearing recommended a shift from the traditional 1-3-6 screening protocol to a 1-2-3 model,
emphasizing earlier intervention and faster follow-up. Programs following the 1-3-6 timeline
were encouraged to consider adopting this more expedited approach [24].
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If infants pass the initial hearing screening for both ears, it should be communicated
that the results suggest normal hearing at the time of testing, and no further assessment is
required. However, it is important to inform caregivers that some hearing impairments
may develop later in infancy or early childhood. Therefore, parents should remain attentive
to their child’s responses to sound and seek professional advice if they have concerns about
the infant’s hearing, speech, or language development. If no concerns arise during infancy,
parents should consider repeating the hearing tests during the preschool years [19]. For
high-risk infants—such as those with a family history of hearing loss, neonatal intensive
care unit (NICU) stays, low birth weight, prematurity, increased bilirubin levels, perinatal
hypoxia, infections [e.g., meningitis, cytomegalovirus (CMV), and TORCH infections such
as toxoplasmosis, rubella, syphilis, varicella-zoster, and herpes simplex], craniofacial and
neurodevelopmental anomalies, exposure to ototoxic medications, mechanical ventilation,
ECMO (extracorporeal membrane oxygenation), trauma during delivery, severe intracranial
hemorrhage, or neonatal convulsions—both initial and more frequent follow-up screenings
are essential to promptly detect any late-onset or progressive hearing loss that may not be
evident at birth [25].

Based on the aforementioned evidence and guidelines, our team applies and proposes the
neonatal hearing protocol, as outlined in Figure 1, to optimize early detection and intervention
for hearing impairments in both high-risk and low-risk (well) infants. A combined approach
using both TEOAE and AABR testing from the beginning is more effective than relying
on a single test. This strategy minimizes false referrals, reduces unnecessary retesting, and
alleviates the psychological, logistical, and economic burden on families, ultimately ensuring
more reliable and early detection.
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Figure 1. Neonatal hearing screening algorithm for high-risk and low-risk (well) infants. This flowchart
outlines the screening process for newborns, distinguishing between high-risk and low-risk groups
using both Transient Evoked Otoacoustic Emissions (TEOAE) and Automated Auditory Brainstem
Response (AABR) tests. It includes initial screening methods, follow-up protocols, and referral criteria
based on the results. Low-risk (well) infants undergo routine screening, while high-risk infants may
require more frequent monitoring or diagnostic testing. The algorithm emphasizes early identification,
timely intervention, and continuous monitoring through preschool and school-age years for ongoing
hearing assessments and support (Created with BioRender.com).
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5. The NHS Landscape in Greece: Progress, Current Gaps, and Opportunities for
Universal Implementation

NHS policies across Europe vary significantly [26]. The United Kingdom has a well-
established NHS program that ensures screening for all newborns. Countries like Norway,
Hungary, and the Czech Republic, along with the United States and Australia, have suc-
cessfully implemented nationwide universal NHS programs, leading to substantial benefits
in early detection and intervention (Table 1). While countries in Asia, such as Japan, China,
and South Korea, have made progress with nationwide, universal programs, NHS remains
limited in many regions (Table 2) [27–31]. By contrast, Greece is still working toward
nationwide universal NHS adoption, facing challenges that impede its implementation and
underscoring the need for stronger policies and infrastructure to ensure all children have
access to early screening [32].

Table 1. Status of neonatal hearing screening (NHS) in Europe.

Countries NHS Status

Albania Under Development
Austria Nationwide, Universal
Belgium Nationwide, Universal

Bosnia and Herzegovina Not nationwide, Universal
Bulgaria Nationwide, Universal
Croatia Nationwide, Universal
Cyprus Nationwide, Universal

Czech Republic Nationwide, Universal
Denmark Nationwide, Universal
Estonia Nationwide, Universal

Faroe Islands Nationwide, Universal
Finland Nationwide, Universal
France Nationwide, Universal

Georgia Nationwide, Universal
Germany Nationwide, Universal

Greece Under Development
Hungary Nationwide, Universal
Iceland Nationwide, Universal
Ireland Nationwide, Universal

Italy Not nationwide, Universal
Kosovo No national NHS program, Services available privately
Latvia Nationwide, Universal

Lithuania Nationwide, Universal
Luxembourg Nationwide, Universal

Malta Not nationwide, Selective
Moldova Not nationwide, Universal

Montenegro Under Development
Netherlands Nationwide, Universal

North Macedonia Not nationwide, Selective
Norway Nationwide, Universal
Poland Nationwide, Universal

Portugal Nationwide, Universal
Romania Not nationwide, Universal

Russian Federation Nationwide, Universal
Serbia Not nationwide, Universal

Slovakia Nationwide, Universal
Slovenia Nationwide, Universal

Spain Nationwide, Universal
Sweden Nationwide, Universal

Switzerland Nationwide, Universal
Turkey * Nationwide, Universal

United Kingdom Nationwide, Universal

* Turkey was included despite not being entirely within Europe geographically.
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Table 2. Status of neonatal hearing screening (NHS) across continents.

Continents NHS Status

Africa
Algeria, Egypt, Kenya, Nigeria, South Africa, Uganda Pilot screening programs

North and South America
Argentina, Brazil, Chile, Mexico Not nationwide, Universal

Canada Not nationwide (varies by province), Universal
United States Nationwide, Universal

Asia
India, Thailand Under Development

Japan, South Korea, China Nationwide, Universal
Australia and Oceania
Australia, New Zealand Nationwide, Universal

Under Development: NHS is in the establishment or early implementation phase and is not yet widely or
uniformly conducted nationwide. Nationwide, Universal: NHS is implemented across the entire country and
includes all newborns, regardless of risk factors. Not nationwide, Universal: NHS is restricted to certain regions
but includes all newborns within those areas. Not nationwide, Selective: NHS is regionally limited and focuses
only on high-risk infants.

The information presented in the tables was derived from the EUSCREEN Study, a
European Union-funded project assessing child vision and hearing screening programs across
Europe. Data collection occurred primarily through the EUSCREEN Questionnaire, accessible
from March 2017 to December 2018, with submissions extended to June 2019. Additionally, an
updated questionnaire was circulated in September 2021 to verify and revise responses, ensur-
ing that the data reflect recent developments in screening policies and implementation [33–37].
While these efforts aimed to capture the most current information, NHS policies are dynamic
and differ between countries, highlighting the importance of periodic updates and ongoing
monitoring to address regional differences and evolving practices.

The following outlines strategic recommendations to enhance NHS in Greece. These
proposals target key challenges, such as advocating for policy reforms, expanding service
access, securing sufficient funding, raising public awareness, and improving data collection
systems. The objective is to standardize NHS nationwide, ensure timely screenings, bolster
support systems for families, and integrate NHS more seamlessly into Greece’s public
health framework.

5.1. Advocating for Policy Change and Nationwide Commitment

One of the most important actions Greece can take is to advocate for policy change
that prioritizes NHS at the national level. By including NHS as part of Greece’s core public
health services and ensuring adequate funding for its implementation, the government
can make a long-term commitment to improving the hearing health of all children [19].
Engaging with healthcare professionals, policymakers, and advocacy groups will help
garner support for NHS, increasing the likelihood of securing the political and financial
commitment necessary for nationwide implementation [38].

5.2. Improving Access and Standardization of NHS

Currently, NHS is available in some hospitals in Greece, but the lack of a nationwide
mandate leads to delayed diagnoses, missed developmental milestones, and social chal-
lenges for many children. This situation presents an opportunity for innovative solutions.
A focused policy should mandate that every public and private hospital with a maternity
clinic and an NICU implement a free NHS program. Nurses, midwives, and other birth
attendants should be trained to conduct screenings [39], ensuring that all newborns receive
timely hearing assessments, regardless of region or socioeconomic status. Such a strategy
would help standardize NHS across the country, reduce disparities, and facilitate early
intervention for all children.
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5.3. Strengthening Funding, Monitoring, and Support Systems

Greece could strengthen its NHS system by seeking funding and technical support
from the European Union [40] and international organizations such as the WHO [19]. These
entities could offer grants to help scale up the NHS program. Collaborative efforts could
focus on standardizing protocols, training more healthcare professionals, and securing
funds for equipment and establishing nationwide screening centers. Funding allocation
must be closely monitored to ensure effective use specifically for NHS enhancements.
Oversight mechanisms should focus on measurable outcomes such as early detection rates,
intervention success, and reduction in disparities. Strengthening financial and monitoring
systems will help Greece develop a sustainable and efficient NHS framework.

5.4. Addressing Public Awareness and Promoting Early Screening

A significant barrier to universal NHS in Greece is the lack of public awareness. Many
parents are unaware of the importance of early hearing screening or may be unfamiliar
with the process and its benefits. To address this, pediatricians, obstetricians, and other
healthcare providers should actively inform and encourage new parents to prioritize NHS
for their newborns. These healthcare professionals should be trained in the significance of
NHS and identifying at-risk infants. Pediatricians, in particular, can play a crucial role in
advising parents to follow up with hearing screening if it is not automatically provided,
ensuring they comprehend the long-term benefits of early detection [41]. In addition, a
nationwide public awareness campaign is essential to educate families about the critical
role of NHS, the potential consequences of undiagnosed hearing impairments, and the
resources available for support. This campaign should utilize multiple media channels—TV,
radio, social media, and community outreach—to maximize its influence. Providing clear
information on the signs of hearing loss and the NHS process will empower parents to seek
screening for their newborns, ensuring early detection and timely intervention.

5.5. Data Collection and Specialized Care for Families

Another key element for improving NHS in Greece is the development of a national
database, managed centrally by the Ministry of Health and overseen by specialists in the
field. This database would track the progress of screening programs, monitor outcomes,
and identify gaps in coverage. It would also help identify trends in hearing loss and
the success of interventions, facilitating evidence-based adjustments to the program [42].
Such a system would provide valuable insights for ongoing improvement and help ensure
equitable access to NHS across all demographics.

After a diagnosis of hearing impairment, families in Greece need accessible resources
to help them navigate the next steps. This includes counseling, access to speech therapy,
audiological services, support groups, and social workers who can provide guidance on
managing the emotional, financial, and social aspects of the diagnosis [43]. Strengthening
this support system would not only help parents make informed decisions about their child’s
care, but also ease the emotional burden that often accompanies a hearing loss diagnosis.
Additionally, the establishment or expansion of specialized pediatric audiology centers in all
major peripheral regions of Greece would ensure that families have access to focused care and
services close to home. Implementing family-centered care, where parents are empowered
with the knowledge and tools they need, could help reduce stress and improve outcomes for
both children and families.

6. Practical Steps for Effective Early Intervention and Supporting Child Development

Achieving the benefits of early intervention requires a structured, multi-faceted ap-
proach. The effectiveness of early intervention for hearing impairments relies on a thorough
understanding of the various causes of congenital hearing loss, which may include genetic
factors (both syndromic and non-syndromic), viral infections, perinatal complications,
prematurity, exposure to ototoxic medications, and maternal health conditions [44]. The
prognosis can vary significantly depending on the underlying cause, making early diagno-
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sis and targeted intervention critical for optimizing developmental outcomes. The following
components are essential for ensuring effective early intervention [19] and supporting the
child’s developmental trajectory.

6.1. Immediate Post-Diagnosis Support

After a diagnosis of hearing loss, it is important to provide families with immediate
support, including counseling, access to resources, and a personalized action plan tailored
to the specific cause of the hearing impairment. If the hearing loss is linked to a genetic
mutation [45], cochlear implants or hearing aids may be recommended. A comprehensive
evaluation should also be performed to identify potential systemic issues, as many genetic
causes of hearing loss can affect other organ systems. For hearing loss caused by intrauterine
viral infections, antiviral treatments may be considered. In cases of congenital CMV, regular
audiological testing is essential to monitor for delayed-onset hearing loss [46]. Early specialist
involvement helps parents make informed decisions about the most appropriate interventions.

6.2. Access to Multidisciplinary Care Teams

The best outcomes in early intervention come from a team approach. A multidisciplinary
team—comprising pediatric otolaryngologists, audiologists, speech therapists, pediatricians,
and mental health professionals—ensures that the child’s care is comprehensive and personal-
ized. This holistic approach addresses not only the child’s hearing and language development
but also their social and emotional growth. For example, children with hearing loss resulting
from perinatal complications or prematurity may require additional support to address de-
velopmental delays. By adopting a team-based approach, each child’s unique needs can be
effectively met, ensuring comprehensive care across all areas of development.

6.3. Parental and Family Education Programs

A critical component of early intervention is educating parents and families. Family
involvement can improve outcomes for children with hearing loss. Education programs
should teach parents how to support language and social development at home and how
to use alternative communication tools if necessary. Specifically, if a child is diagnosed with
hearing loss due to ototoxic medications, parents should be informed about the potential
for progressive hearing loss, allowing them to monitor the child closely and assess whether
hearing devices remain effective. These programs empower families to create a language-
rich environment at home that supports the child’s ongoing development and strengthens
the bond between parent and child.

6.4. Integration of Technology in Therapy

Technological advances, such as digital hearing aids, cochlear implants, and mobile
applications, play a vital role in supporting the development of children with hearing
impairments. Additionally, telehealth services, including remote device adjustments, can
help bridge the gap for underserved families, providing access to therapy, counseling, and
support even in remote areas. Early and effective use of these technologies can greatly
enhance a child’s learning journey and facilitate their integration into broader society.

6.5. Community and Educational Support

Schools and community programs play an essential role in reinforcing early inter-
vention strategies. Well-trained educators can ensure that children with hearing loss are
successfully integrated into classrooms, receiving the support they need to participate in
both academic and social activities. Community-based programs, such as social skill devel-
opment activities, also provide opportunities for children to practice learned behaviors in
real-world settings, helping them gain confidence and develop essential social skills.
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6.6. Ongoing Monitoring and Adaptive Assistance

Children’s needs evolve as they grow, and so must their intervention strategies. Reg-
ular, dynamic assessments are crucial to ensure that intervention plans remain relevant
and effective as the child progresses through different developmental stages. If ongoing
adjustments to hearing aids or cochlear implants are needed, they should be addressed
promptly. By regularly evaluating a child’s progress, clinicians can make necessary adjust-
ments to therapies and interventions, ensuring that the child receives the most appropriate,
personalized support at every stage of their development.

7. Conclusions

Making NHS mandatory worldwide is both an ethical and social necessity. NHS enables
early, timely interventions that empower children to develop essential language, cognitive,
and social skills, setting them on a path toward full participation in society. Greece, with its
ongoing NHS development, exemplifies both the challenges and the opportunities involved
in establishing universal screening and could serve as a model for adapting NHS to diverse
healthcare systems. Policymakers, healthcare providers, and international organizations must
work together to make NHS a global standard, ensuring that every child—regardless of
location or economic status—has access to this critical service. Universal NHS is not only a
vital public health measure but also a fundamental step toward a more equitable and inclusive
world, where every child is given the best possible start in life. No child should be left behind
due to preventable hearing loss, and NHS is essential in realizing this vision.
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