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ORIGINAL ARTICLE

Assessment of hearing screening programmes across 47 countries or regions III:
provision of childhood hearing screening after the newborn period

Andrea M. L. Buss�ea�, Allison R. Mackeyb�, Gwen Carrc, Hans L. J. Hoevea, Inger M. Uhl�enb, Andr�e Goedegeburea

and Huibert J. Simonsza; for the EUSeREEN Foundation†
aDepartment of Otorhinolaryngology and Head, Neck Surgery and Department of Ophthalmology, Erasmus University Medical Center,
Rotterdam, The Netherlands; bCLINTEC, Karolinska Institutet, Stockholm, Sweden; cEarly Hearing Detection, Intervention and Family Centered
Practice, London, UK

ABSTRACT
Objective: To inventory provision and features of childhood hearing screening after the newborn period
(CHS), primarily in Europe.
Design: From each participating country or region, experts provided information through an extensive
questionnaire: implementation year, age at screening, test method, pass criteria, screening location,
screener profession, and quality indicators: coverage, referral, follow-up and detection rates, supple-
mented by literature sources.
Study sample: Forty-two European countries or regions, plus Russia, Malawi, Rwanda, India, and China.
Results: CHS was performed universally with pure-tone audiometry screening (PTS) in 17 countries or
regions, whereas non-universal CHS was performed in eight with PTS or whisper tests. All participating
countries with universal PTS had newborn hearing screening. Coverage rate was provided from three
countries, detection rate from one, and referral and follow-up rate from two. In four countries, universal
PTS was performed at two ages. Earliest universal PTS was performed in a (pre)school setting by nurses
(n¼ 9, median age: 5 years, range: 3–7), in a healthcare setting by doctors and nurses (n¼ 7, median age:
4.5 years, range: 4–7), or in both (n¼ 1).
Conclusions: Within universal CHS, PTS was mostly performed at 4–6 years by nurses. Insufficient collec-
tion of data and monitoring with quality indicators impedes evaluation of screening.
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Introduction

Early detection of a hearing impairment (HI) and subsequent
intervention have a positive effect on language, cognitive and
social outcomes in children (Yoshinaga-Itano et al. 1998, Moeller
2000). To reach this goal, several guidelines and position state-
ments recommend screening for HI among infants and children
(Skar_zy�nski and Piotrowska 2012; European Consensus
Statement on Neonatal Hearing Screening 1999). Childhood
hearing screening after the newborn period (CHS) uses a variety
of methods. The distraction test (Ewing and Ewing 1944) was
widely used in high-income countries to screen children for HI
around the age of 7–9months; however, it has since been
replaced by universal newborn hearing screening (NHS). In a
universal hearing screening programme, screening is provided to
all children, regardless of their risk for HI. The whisper test can
be administered to children from age 3 years and requires no
equipment and little training, thereby making it feasible for
lower-income settings (Pirozzo, Papinczak, and Glasziou 2003).
Though, due to its poor reliability and a sensitivity of only

70–87% in children, its use is of limited value for CHS (Pirozzo,
Papinczak, and Glasziou 2003). Pure-tone audiometry screening
(PTS) can be performed with a frequency sweep or a limited ser-
ies of frequencies and intensities which results in a pass or fail
result. The earliest report of using PTS for children was pub-
lished in 1955 (Ewing 1955). It has since become the standard
practice for screening children aged 3 years and older (Yong
et al. 2020b) because of its high sensitivity and reliability
(Fortnum et al. 2016). PTS requires calibrated equipment, trained
personnel, and a behavioural response from the child. Including
tympanometry to evaluate middle ear function in the screening
session can determine the appropriate referral pathway (i.e. med-
ical or audiological) after a failed hearing test (American
Academy of Audiology 2011). Automated methods are currently
under development that will allow screening with, for example,
speech stimuli to be performed via a smartphone or tablet
(Denys et al. 2019; De Sousa et al. 2020).

The prevalence of permanent HI increases from 1–2 per 1000
at birth to 2–3 per 1000 by the age of 9 years (Le Clercq et al.
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2017; Fortnum et al. 2001). Without screening, some children
with a HI may remain undetected and lack appropriate interven-
tion throughout important developmental and educational years
(Watkin and Baldwin 2011). Children with a congenital HI may
not be detected due to issues related to the NHS programme
such as false negatives, loss to follow-up, parental refusal, or
because they were not offered screening (Fortnum 2003; Prieve
et al. 2015). Even a well-executed NHS programme may not be
designed to target mild or unilateral HI, of which negative effects
may become apparent particularly in early school years (Bess,
Dodd-Murphy, and Parker 1998; Winiger, Alexander, and
Diefendorf 2016). Many countries have targeted surveillance pro-
grammes after NHS, where children with risk factors are regu-
larly scheduled for audiological assessment; however, there are
limitations to this system, particularly the high loss to follow-up
among children being monitored (Beswick et al. 2012).

Hearing impairment may be conductive or sensorineural, con-
genital or acquired, and permanent or transient. Most sensori-
neural HI detected after the newborn period is a delayed-onset
HI. Delayed-onset HI has a prevalence of around 0.7 per 1000
children aged 3–7 (L€u et al. 2011) and may be caused by heredi-
tary factors or pre- or perinatal infections, the most common
being cytomegalovirus. Acquired sensorineural HI may be caused
by ototoxic medications, trauma, or postnatal infection (Smith,
Bale, and White 2005). The most common type of HI that is
found among children is an acquired conductive HI caused by
otitis media, a condition of the middle ear. Two types of otitis
media are chronic suppurative otitis media (CSOM) and otitis
media with effusion (OME).

CSOM is characterised by a discharge of fluid from the mid-
dle ear through a perforation in the tympanic membrane. The
prevalence rate is approximately 2–2.5% in children aged
1–10 years, with no major differences across age (Monasta et al.
2012). CSOM is considered to be a particular burden for devel-
oping countries, and the most common cause of mild to moder-
ate HI among children in these countries, with at least half the
cases of CSOM resulting in associated HI (World Health
Organization 2004). If left untreated, CSOM can cause perman-
ent HI in over 90% of cases (Jensen, Koch, and Homøe 2013).

OME is characterised by the presence of fluid behind an
intact tympanic membrane. OME is extremely common among
young children. Prevalence rates range from 1% to 30% in chil-
dren aged 1–8 years worldwide, with a peak at age 3–4 years
(Casselbrant and Mandel 2003; Mandel et al. 2008). At least half
of the children with OME will have an associated HI (Gravel
2003). Although most OME resolves within 3months, up to 40%
of affected children will have recurrent or longstanding OME
requiring intervention (Rosenfeld et al. 2016). It is unclear
whether targeting cases of OME in a CHS programme is cost-
effective (Rosenfeld et al. 2016).

The EUSCREEN study compares the cost-effectiveness of
vision and hearing screening programmes across participating
countries, given the local circumstances in a country or region. In
combination with our previous studies on NHS (Buss�e et al. 2021;
Mackey et al. 2021), results of this article will aid the development
of a decision-analytic cost-effectiveness model produced within
the EUSCREEN study. Unlike NHS, the importance of CHS has
not been universally established. High quality information that is
needed to make a conclusive judgement on the cost-effectiveness
of CHS is currently lacking. This hampers the ability of policy
makers and professionals to decide which programmes should be
implemented and how. This study reports on the current provi-
sion, protocols, and outcomes of CHS for children after the

newborn period via an international inventory of hearing screen-
ing programmes. It also compares its practice against local health-
care and school structure. This article evaluates the provision of
CHS, funding source, age at which children are screened, test
method, year of implementation, pass criteria, screening location,
screener profession, quality measures (coverage, referral, follow-up
and detection rate), and costs, supplemented by literature sources.

Methods

From each of the originally selected countries primarily in Europe,
hearing screening experts, the so-called Country Representatives
(CR), were recruited via professional networks, scientific journal
articles, or existing professional connections. CRs from countries
in Europe or with affiliated research programmes were actively
sought. Participation in the study was open to any country, and
experts from five non-European countries expressed interest in
participation. Involvement of countries outside of Europe, such as
from large, highly populated countries or low-income countries,
could add information that would not be available from within a
European-only context. CRs with the time available to complete
the questionnaire were required to confirm their role and expert-
ise in relation to their hearing screening programme. They formed
the Country-Committee Joint-Partnership of EUSeREEN
Foundation and were remunerated up to e2000 for sufficiently
completing the questionnaire to formulate a country- or region-
specific report detailing the strategies for screening.

Data collection

The EUSCREEN questionnaire contained 191 hearing questions,
51 of which related specifically to CHS. The remaining questions
related to NHS or general early detection and intervention prac-
tice. Questions were a combination of multiple choice, yes-no,
and open-ended questions and were subdivided into nine
domains: demography and epidemiology, administration and
general background, existing screening programmes, coverage
and attendance, tests and devices, follow up and diagnostic
assessment, treatment options, costs and benefits and adverse
effects. A sub-question typically followed each question, asking
the respondent to state the source of the information. Possible
answers were (a) Data unavailable, (b) I don’t know, (c) Rough
estimate, (d) Real estimate from calculation, or (e) Actual data.
The name and date of the data source, in addition to source
materials were requested if relevant. The questionnaire was made
accessible to the CR through the EUSCREEN website (www.
euscreen.org) via a unique username and password.

After submission, the questionnaire was checked for com-
pleteness and all answers went through a verification and valid-
ation process (Figure 1, Appendix). Answers were evaluated for
completeness and cross-checked across similar questions. Any
material provided by the CR or acquired via an online search
were cross-checked to the provided answers. All discrepancies
were sent to the CR for clarification. A country-specific report
was written which was delivered back to the CR for final con-
firmation. Information on CHS after the newborn period was
then extracted from the reports for evaluation.

Quality indicators

Screening performance should be evaluated through predeter-
mined quality measures. Data on four key quality measures were
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collected to assess CHS programmes (AMERICAN ACADEMY
OF AUDIOLOGY 2011): coverage rate, referral rate, follow-up
rate and detection rate. Coverage rate was the percentage of chil-
dren screened out of all eligible children. Referral rate was the
percentage of children referred from screening, either to a rescre-
ening step or to diagnostic assessment, out of all children
screened. Follow-up rate was the percentage of children who
attend the diagnostic assessment out of all children referred.
Detection rate was the percentage of children detected with a HI
(targeted by the programme), out of all children screened.
Additional measures may also be used to evaluate screening (e.g.
sensitivity and specificity), but these are not reported in this
article.

Assessment of CHS

The questions on the status of CHS included whether it was pro-
vided, the year it was first implemented, and the funding source
(e.g. parents, health insurance, state). Questions on the protocol
covered the age at screening (open-ended), the test method (e.g.
pure-tone screening, whisper test), the pass criteria and the num-
ber of rescreening tests performed prior to referral for audio-
logical or ENT assessment if pass criteria were not met. Pass
criteria for PTS were defined as a valid response at a minimum
intensity (dB HL) across specified frequencies, in either one ear
or both ears.

An open-ended question on screener profession (e.g. nurse,
audiologist) was evaluated, in addition to a multiple-choice
question on the screening location (e.g. child health clinic,
school, kindergarten), where several options may be selected
including an open choice, under the heading of ‘other’. The
term for early education prior to primary school varied across
countries and for children of different ages. For this article,
pre-school was defined as all pre-primary school systems up
to primary-school start. The questions on costs included both
the total cost of the screening programme and the cost per
child screened.

Supplemental literature data on coverage for CHS

High coverage of CHS can be ensured by combining screening
with school attendance, healthcare appointments or with vaccin-
ation. Data from supplemental literature were aggregated to
investigate the context for ensuring high coverage rates for CHS
for all countries and regions that participated in data collection,
including those without CHS. Indicators of school and routine
child healthcare during childhood were compiled from the fol-
lowing databases: European Commission/Eacea/Eurydice (2015),
UNESCO (2020), UNICEF (2012), and World Health
Organisation (2020, 2019a, 2019b). These included the age, loca-
tion, and coverage rate of the second dose of measles-containing
vaccine; the out-of-school rate for primary school-age children;
and the participation rate in pre-school.

Results

Out of 49 countries or regions, the questionnaire was suffi-
ciently completed in 47, which were included in the overall
study. Two countries were excluded because the information
supplied was not sufficient to complete a descriptive report
(South Africa and Norway). Among the included countries
were 30 high income (HIC), 10 upper-middle income, 3

lower-middle income and 2 low income, according to the
World Bank classification system The World Bank (2019)
(Table 1, Appendix).

Provision of CHS

Tables 1 and 2 provide an overview of the provision of CHS in
17 participating countries or regions with universal CHS and 8
countries or regions that offer non-universal or non-routine
CHS. In all 25 countries or regions where CHS is offered, NHS
is also performed. CRs from the remaining 22 countries or
regions indicated that their country did not offer CHS. In 20
programmes, the type of funding for CHS was reported: 14 were
funded by either the regional or national government and six by
health insurance.

The distraction test at 7–9months of age was not reported to
be used by any programme. The whisper test was used by three
countries or regions for children aged 5–8 years of which one
also used PTS. PTS was used for screening children aged
3–8 years in 20 countries or regions, alone or in combination
with tympanometry, speech test or a tuning fork test (Table 1).
The test method was unknown for three countries.

In eight countries or regions, limited or variable screening
was reported, which took place during short periods (i.e. project-
based), during paediatric doctors’ appointments (i.e. non-system-
atic), or intermittently during screening camps (Table 2). In 17
countries or regions, there was universal screening, all using PTS
(Table 1). With the exception of Bulgaria and Serbia, all were
high-income countries. The following sections provide findings
from these 17 programmes with universal CHS, all perform-
ing PTS.

Implementation of PTS

Universal PTS started in 1950, well before NHS (Figure 1). In
2016, the Flanders region of Belgium stopped screening univer-
sally at age 3, and instead, screening was only performed on chil-
dren with risk factors for delayed-onset HI. Universal screening
is still performed at age 5–6. In 2015 in England, expansion of
screening in other health care districts was not recommended
while existing CHS could continue to operate. In 2012, Iceland
terminated their CHS programme.

Quality indicators of PTS

Coverage rates were only provided by CRs in three out of the 17
countries or regions with universal screening. Referral rates from
screening and follow-up rates to the diagnostic assessment were
only provided by CRs from two countries. Data on detection
rate after PTS were reported from one country.

Coverage rates were provided from Israel, Luxembourg and
Serbia. A 97% coverage rate was reported from Israel, based on a
2015 audit, and 99% from Luxembourg based on data from
2018. In Serbia, the coverage rate in 2017 was 45% for the entire
country and 92% for the Belgrade Region. CRs from four add-
itional programmes reported rough estimations of their coverage
rates, ranging from 90 to 100%.

Referral rates from screening and follow-up rate to the diag-
nostic assessment were reported from Luxembourg and Israel. In
Luxembourg, 10% did not pass the first screening and were
invited to rescreening, after which 7.6% of all infants first
screened were referred to diagnostic assessment in 2018. Out of
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these children, 58% followed up to diagnostic assessment. In
Israel, 7.9% were referred from screening to diagnostic assess-
ment in 2015. A follow-up rate of 77% was found by a survey
among parents.

The detection rate after PTS was only reported from Israel;
0.012% of infants screened were diagnosed with a previously
undetected permanent HI �25 dB HL. Little information was
provided on OME or CSOM. Five CRs provided estimated

Table 1. Age at screening, test methods, pass criteria, screening profession and location for the 17 countries or regions performing universal childhood hearing
screening with pure-tone audiometry screening (PTS).

Country and region
Age

(years)
Test

methods

Pass criteria
Screener
profession LocationIntensity Frequencies Ears

Austria, Upper Austria 4–5 PTS 25 dB 500–4000 Hz Both SLT Kindergarten
Belgium, Flanders 5–6 PTS 30 dB 1000 and 4000 Hz Both Nurse Pre-school
Bulgaria 7 PTS 40 dB Not indicated Both Various Child health clinic
England (UK) 4–5 PTS 25 dB

30 dB
1000–4000 Hz and 500 Hz Both Nurse, Audiologist Kindergarten, School

Faroe Islands 7 PTS 20 dB Not indicated Both Nurse School
Finland 4–5/6a PTS 20 dB 250–4000 Hz Both Nurse Child health clinic
France 3–4/6a PTS 30 dB 500–4000 Hz Both School physician School
Germany 4 PTS 30 dB 500–6000 Hz† Both Paediatrician’s staff Child health clinic
Hungary 5 PTS 25 dB Not indicated Both Nurse Kindergarten
Ireland 4-5 PTS (rescreen) 25 dB 1000–4000 Hz Both Nurse School
Israel 6 PTS 20 dB

25 dB
1000–4000 Hz and 500 Hz Both Nurse, Audiologist School

Latvia 5–6 PTSþ speech 20 dB Not indicated One GP, ENT Child health clinic
Luxembourg 5–6 PTS (rescreen) 20 dB Not indicated Both SLT Kindergarten
Netherlands 5–6 PTS (rescreen) 30 dB 500–4000 Hz Both Nurse, Assistant School, Health clinic
Serbia 6–7 PTSþ tympþ

tuning fork
25 dB Not indicated Both Audiologist Child health clinic

Sweden, Stockholm 4/6a PTS (rescreen) 25/20a dB 500–4000 Hzb Both Nurse Child health clinic/schoola

Switzerland 4/6a PTS (rescreen) 30 dB Not indicated Both GP, Paediatrician Child health clinic

PTS was accompanied by other tests in two countries. In countries where the test method indicated a rescreen, children who do not meet pass criteria would return
for a rescreening test, and if pass criteria are still not met, they would then be referred for diagnostic assessment. Pass criteria for PTS were described in terms of
the intensity (dB HL), the screening frequencies (Hz), and whether responses were required in only one or both ears. With two exceptions, responses were required
for all specified frequencies at the corresponding intensity to qualify a pass. SLT: speech-language therapist; GP: general practitioner; ENT: ear, nose, throat specialist;
PTS: pure-tone audiometry screening; tymp: tympanometry.
aThe second screen in countries where screening is performed at two different ages.
bA referral is made if pass criteria are not met in 2 or more frequencies.

Table 2. Description of childhood hearing screening after the newborn period among 8 countries or regions that offered non-routine or non-universal screening.

Country and region
Age

(years)
Test

methods
Screener
profession Location

Details of non-universal childhood hearing
screening

Czechia – – – – No nationally regulated programme;
differences in provision and protocol across
regions

Estonia 6–8 Whisper Physician Child health clinic No nationally regulated programme; screening
by physician may be performed based on
parental concern

India – Screening camps – – No routine screening; screening camps have
been performed in some states during
which all children and adults of any age are
being offered screening. Some ENT
specialists screen children when there is a
suspicion of hearing loss

Moldova, Chisinau 6–8 PTSþ tymp (30–35 dB) GP, ENT Kindergarten, school No routine screening; screening is organised
through projects that are carried out within
a limited timeframe on a limited number of
children

N. Macedonia, Skopje 5–6 PTS (30 dB) SLT ENT/hearing clinic Children in Skopje may come into the ENT or
hearing clinic for testing

Poland – – – – No centralised information; screening exists
only in some regions or local areas

Romania 6 Whisper School physician School No nationally regulated programme; screening
may be performed as a school-entry test

Slovenia 5–6 PTS (30 dB), whisper, other Paediatrician, nurse Child health clinic No nationally regulated programme;
differences in provision and protocol across
regions

A dash indicates that the Country Representative did not supply information. Test methods were the whisper test or pure-tone audiometry screening (PTS). Pass
intensity for PTS, indicated in brackets (in dB HL) were provided by three countries or regions. PTS was accompanied by tympanometry in one country. All other
participating countries not listed in Table 2 or 3 reported that childhood hearing screening was not performed. SLT: speech-language therapist; GP: general practi-
tioner; ENT: ear, nose, throat specialist; PTS: pure-tone screening; tymp: tympanometry.
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prevalence rates; however, the estimated rates varied dramatically
(3.5% of all children to 35% of pre-school-age children).

Protocol for PTS

Across the 17 universal PTS programmes, universal screening
was performed at two different ages in four programmes:
at 3–5 years and again at 6–7 years. The age of children at the
earliest screen was 3–4 years (4 programmes), 4–5 years (5 pro-
grammes), 5–6 years (4 programmes), and 6–7 years (4
programmes).

In all 17 programmes with universal PTS, both ears were
screened. In all programmes except for that in Latvia, children
were referred for diagnostic assessment if suspected with a uni-
lateral or bilateral HI. In 12 programmes, children who did not
pass initial PTS were referred to an audiology or ENT clinic for
diagnostic testing. In the other five programmes, one or two
rescreening tests were offered before referral to diagnostic test-
ing. The intensity (in dB) used as a pass criteria for PTS was
available for all 17 programmes and ranged from 20 to 40 dB. In
most programmes, the frequencies 500–4000Hz were used. In
two programmes 500Hz was excluded, and in two others there
is higher pass intensity at 500Hz. The median pass intensity was
30 dB for PTS performed on children aged 3–4 years, and 25 dB
for PTS on children over age 4.

Professionals and locations for PTS

CRs from all 17 universal PTS programmes provided informa-
tion on location and professionals (Table 1). For nine pro-
grammes, nurses screened children aged 3–7 years (median: 5) in
a (pre)school setting. For seven programmes, doctors and nurses
screened children aged 4–7 years (median: 4.5) in a healthcare
setting. In the Netherlands, nurses performed screening in either
a healthcare or school setting.

Costs of PTS

Most CRs could not report on costs of screening. The reported
cost per child screened ranged from 5 to 45 euros; the specific
costs included in each estimation were not specified (e.g. equip-
ment, disposables, salary). Therefore, these values may have
included varying aspects of the screening programme.

Supplemental literature data on coverage for CHS

Table 1 in the Appendix lists the enrolment in pre-school and
primary school education together with economic status, age and
coverage of measles-containing vaccine. The median participa-
tion rate in the final year of pre-school education for 10 low-
and middle income countries (LMIC) was 83% compared to 98%
for 31 HICs (UNESCO. 2020). In contrast, the median participa-
tion rate for primary school differed only slightly between partic-
ipating LMICs (95%) and HICs (98%). Twenty-five participating
countries (16 HICs and nine LMICs) offered the second dose of
the measles-containing vaccine during the pre-school or school-
entry years (3–7 years) (World Health Organization 2020).
According to the World Health Organisation, out of these nine
LMICs, five offered the vaccine in schools (The European
Observatory on Health Systems and Policies 2018; World Health
Organization 2019b).

Discussion

This study revealed that PTS is performed only in some coun-
tries that also have NHS, and most are high-income. The distrac-
tion test at 9months was not reported to be used in any
participating country. The whisper test, easy to perform but with
low sensitivity, is only performed by three countries or regions.
In 20 countries or regions, PTS is used alone or in combination
with tympanometry, speech testing, or tuning fork tests, 17 of
which are universal programmes. Universal PTS is performed by
nurses in a (pre)school setting in nine programmes for children
at a median age of 5 years (range 3–7 years), in a healthcare set-
ting by nurses and doctors in seven programmes for children at

Figure 1. The cumulative number of participating countries or regions implementing newborn hearing screening (NHS) and universal childhood hearing screening
(CHS) with pure-tone audiometry screening (PTS) according to the reported year of implementation. Information on implementation year was available for 28 NHS
and 11 universal CHS programmes. All programmes with universal CHS used PTS. PTS started as early as 1950 with a slow spread across participating countries or
regions. Only four implemented new programmes since 2000. Two programmes implemented PTS after NHS. No information was included about the use of other
methods for CHS (e.g. the distraction test) in these countries. The first NHS programme was implemented in 1994 with a rapid increase from 1995 to 2010.
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a median age of 4.5 years (range: 4–7 years), and in both for one
programme.

Although we originally aimed to compare the effectiveness of
CHS programmes in this study, coverage rates could only be
provided by three programmes, referral and follow-up rates by
two and detection rates by one. It is apparent that data are not
routinely collected and that monitoring and quality control are
not performed in the majority of screening programmes. This
makes it impossible to compare the effectiveness of hearing
screening programmes and perpetuates the variety in screening
programmes.

When implementing a CHS programme, healthcare policy
makers have to make some key decisions within the context in
their country, including the screening location, the professional
performing the screening, the test method, and the age at which
a child is eligible for screening. The location of screening may be
a healthcare centre or school. A (pre)school setting is a viable
place for routine health services to ensure high coverage if enrol-
ment rates are favourable and lack disparity, which may not be
the case in some countries in Europe (UNICEF. 2012).
Integrating screening with other healthcare services, such as
immunisation, also leads to high coverage rates and equitable
care (Okwo-Bele 2012). The screening professionals could typic-
ally be nurses, nurse assistants, doctors, audiologists or speech-
language therapists. When deciding on a screening professional,
costs of experienced professionals and extensive training may be
justified if it ensures high specificity of the screening.

When deciding on the test method, policy makers must con-
sider that the feasibility of various hearing screening tests for
CHS depends on the age of the child and the costs. Before
3 years, PTS is typically not possible, as many children this age
are not mature enough to learn the task in a short time or main-
tain attention throughout the screening. From 3 years onward,
PTS is the most commonly used method for CHS, because it has
high sensitivity and specificity under ideal conditions (Fortnum
et al. 2016). PTS will detect both sensorineural and conductive
HI, including conductive HI caused by OME or CSOM.
Tympanometry supplements PTS in two programmes and pro-
vides an indication of the presence or absence of fluid in the
middle ear. PTS requires a quiet location, best realised through a
sound-proof room. PTS also requires well-trained screeners and
a screening audiometer, which needs regular calibration. All of
these prerequisites may be especially scarce in lower income or
more remote areas (Yong et al. 2020b). The whisper test is still
performed in some countries in this study, which requires no
equipment and little training; however, reliability and sensitivity
are poor (Pirozzo, Papinczak, and Glasziou 2003). None of the
participating countries reported use of new automated technolo-
gies for performing CHS with speech stimuli via a smartphone
or tablet, that are based on hearing screening tests for adults
using speech perception in noise (Denys et al. 2019; De Sousa
et al. 2020).

After choosing the test method, the age at which screening is
provided and the pass criteria must be decided upon. The advan-
tage of screening from age 3 to 4 is so that intervention can be
supplied as early as possible. However, sensitivity and specificity
may be lower when screening is performed at 3–4 years because
of difficulty with sustained attention and less reliable responses
to a low intensity tone in the presence of background noise
(Browning 2000). This may also explain the 5 dB difference in
the reported pass criterion between younger and older ages.
Additionally, OME is highly prevalent at this age (Browning
2000) which will lead to higher referral rates of children with a

conductive HI. Although not consistent across all studies (e.g.
Fitzpatrick, Whittingham, and Durieux-Smith 2014), permanent
mild HI may have a negative effect on speech and language
development and school performance (Bess, Dodd-Murphy, and
Parker 1998; Winiger, Alexander, and Diefendorf 2016). It may
be crucial to identify children with mild permanent HI and per-
sistent OME before or soon after they start school, so that audio-
logical intervention and accommodation in the classroom can be
provided (McKay Gravel and Tharpe. 2008).

With PTS, a lower pass intensity will increase the number of
cases detected with mild HI, while a higher pass intensity may
more efficiently identify the more severe cases, which could be
particularly resourceful in countries with limited resources
(Mahomed-Asmail, Swanepoel, and Eikelboom 2016). The use of
a low-frequency tone (250 and 500Hz) was not consistent prac-
tice across participating programmes. Lower pass intensity and
inclusion of low frequencies will also capture many children with
CSOM or OME, which often presents as a mild HI in the lower
frequencies (Silman, Silverman, and Arick 1994). Environmental
noise may interfere with a low-frequency tone, which can result
in a higher number of false positives (McPherson et al. 2010).
The decision to include low frequencies may depend on local cir-
cumstances, including the likelihood of environmental noise
interference in the chosen screening locations, the existing inter-
vention pathways, and the local prevalence rates of OME and
CSOM at the age when screening is performed. Including low
frequencies in the test protocol improves the sensitivity of the
screen, capturing children with a low-frequency HI (McPherson
et al. 2010).

In contrast to universal NHS for which cost-effectiveness has
largely been established (Sharma et al. 2019), that of CHS is not
clear (Fortnum et al. 2016). NHS has seen rapid widespread
implementation since 1995. However, children with a HI that
develops after the neonatal period or a mild HI that was not
detected by NHS, may subsequently remain undetected if no
additional screening or risk factor surveillance is done (L€u et al.
2011). Whereas universal CHS has been implemented in 17
countries since 1950, the CHS programme in Flanders (Belgium)
was scaled down in 2016 and terminated in Iceland in 2012.
Similarly, in 2015, national expansion of CHS was no longer rec-
ommended in England until more information would become
available on its cost-effectiveness.

For parts of the world where NHS is not available, CHS could
be cost-effective when it is the first screening or the only screen-
ing available. CHS may also be cost-effective when local circum-
stances are taken into account. In countries where CSOM is
prevalent and not detected or treated at a young age, CHS may
contribute to its detection (Yong et al. 2020a). Therefore, the
World Health Organisation (2004) recommends performing CHS
in developing countries to reduce the burden of CSOM. Surgical
and medical treatment can be provided to mitigate hearing prob-
lems as well as prevent permanent HI and its associated costs
(Nguyen et al. 2015). In sub-Saharan Africa and South East Asia,
a modelling study showed that PTS in combination with the pro-
vision of hearing aids among school-aged children would be cost
effective. NHS was not included in that model, however
(Baltussen and Smith 2012).

This study set out to compare the cost-effectiveness of CHS
by evaluating screening quality indicators: coverage, referral rate,
follow-up rate and detection rate across programmes.
Unfortunately, most Country Representatives could not report
these data. One may argue that the lack of available data may
have been due to limited access of the participating Country
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Representatives who were predominantly involved in NHS.
However, in several countries, data were not sufficiently collected
or shared across district or regional programmes.

Consequently, when basic determinants like coverage, referral
rate, follow-up rate and detection rate are not collected, cost-
effectiveness cannot be calculated or compared with that of other
countries and, hence, the large diversity between screening pro-
grammes remains. It would be advantageous if all systems for
data collection, monitoring and evaluation of screening were uni-
form across regions of a nation and across countries. When the
data collected and reported from CHS programmes can be com-
pared across borders, it will be possible to calculate whether
CHS would be cost-effective (alone or in combination with
NHS), and optimal conditions like choices on location, person-
nel, test method and age of testing can be formulated.
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