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ABSTRACT

Programs for early detection of congenital hearing loss have been successfully established mainly
in developed countries, after overcoming some conceptual errors against their implantation
or some critics of their efficacy. However, some difficulties and weaknesses are still identified
in them: the detection of late-onset hearing loss and the percentage of children who did not
pass the screening and did not complete the process of diagnosis and treatment, being cases
that are lost in the process.

The purpose of this Document is to analyze these problems to determine areas for improvement
and to emphasize one of the basic principles for the success of the programs: the continuous
training for the interdisciplinary team.

The result of the review process carried out by CODEPEH is drafted as Recommendations for
updating the Programs with the evidences of the last decade, the advances in the screening
technology, the impact of the present knowledge on congenital infection by cytomegalovirus,
the genetic hearing loss researches and control systems of lost to follow-up cases.

KEY WORDS
Hearing loss, newborn hearing screening, loss to follow-up, congenital cytomegalovirus infec-
tion, etiological diagnosis of pediatric hearing loss.

RESUMEN

Los programas de deteccidén precoz de la hipoacusia congénita se han extendido de forma
exitosa, especialmente en paises desarrollados, superando errores conceptuales argumentados
contra su implantacion o criticas a su eficacia. No obstante, se identifican algunas dificultades
y debilidades en ellos: la deteccion de la hipoacusia de desarrollo tardio y el porcentaje de
ninos que no pasaron el cribado y no completan el diagnéstico ni el tratamiento, siendo casos
gue se pierden en el proceso.

El objetivo del presente Documento es analizar estos problemas para determinar puntos de
mejora e incidir en un principio basico del éxito de los programas: la formacién continuada
del equipo interdisciplinar.

El resultado del trabajo de revision llevado a cabo por la CODEPEH se plasma en la formulacion
de unas recomendaciones orientadas a actualizar los programas con las evidencias aparecidas
en la ultima década, abordando los progresos en la tecnologia de cribado, el impacto del
conocimiento actual sobre la infeccion congénita por citomegalovirus y los estudios genéticos
de la hipoacusia en los programas, asi como los sistemas de control de la pérdida de casos en
el proceso.

PALABRAS CLAVE
Hipoacusia, cribado neonatal hipoacusia, pérdidas en el seguimiento, infeccién congénita
citomegalovirus, diagnéstico etiologico de la hipoacusia infantil.
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1. INTRODUCTION

Eight years have passed since the CODEPEH published
the Document of Recommendations highlighting the im-
portant role of early detection and early intervention in
the learning of spoken language in children with hear-
ing loss, thus providing an important tool for allowing
their full inclusion in society (Trinidad et al.,, 2010: 69-
77). The updates on the neonatal screening protocols for
hearing loss described in this document were considered
to be of reference, and were adopted in many screening
programs, assuming the following as established facts:
1. Permanent bilateral congenital hearing loss has an
incidence of 1-5 cases per 1000 births. This incidence is
higher than that of any of the metabolic diseases which
are screened by means of the “heel test” 2. Hearing loss,
in the absence of appropriate early treatment, has seri-
ous consequences for the child and family, since correct
hearing is required during critical childhood periods in
order to ensure optimal development 3. Current tech-
nologies (automated brainstem evoked potentials and
otoacoustic emissions) have been shown to be sufficient-
ly accurate, reliable, objective and cost-effective in their
assigned role for the early detection of hearing loss (Ni-
kolopoulos, 2015: 635-7).

A number of studies have confirmed that universal
screening shortens the times to both diagnosis and inter-
vention in cases of hearing loss (Wake et al., 2016: 1-10)
(Korver et al., 2010: 1701-8) (Kennedy et al., 2005: 660-2)
(Kennedy, 1999: 73-5). Compared with the mean age of
two years at diagnosis in non-screened cases, it has been
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shown that neonatal screening is able to confirm the di-
agnosis of hearing loss before 6 months of life (Wood
et al., 2015: 353-8). The consequences of early diagnosis
and treatment of hearing loss in terms of language ac-
quisition and reading understanding have been shown
to be positive, and there is even evidence of their use-
fulness beyond the school age (Pimperton et al., 2017:
598-610) (Bruijnzeel et al., 2016: 113-26) (Pimperton et
al.,, 2016: 9-15) (Ching et al., 2013: 535-52) (Kennedy et
al., 2006: 2131-41).

The early diagnosis and treatment of hearing
loss has been shown to be effective in
relation to language acquisition and reading
comprehension. The positive effects extend
beyond school age

1.1. Updating points

Although programs for the early detection of congenital
hearing loss have overcome the conceptual errors that
generated initial reluctance to adopt them, and have
been successfully and widely introduced (particularly in
developed countries), many difficulties and weaknesses
persist to the present day. The analysis of such problems
makes it possible to identify a number of points on which
to act in order to improve these programs.



With the gradual introduction of the programs, the
age of the infants at diagnosis of hearing loss has de-
creased from two years to only a few months of life.

However, it is currently not unusual to find children
with profound hearing loss, even requiring cochlear im-
plantation, who had initially passed the neonatal screen-
ing test. These children with late-developing hearing
loss (in some cases related to congenital cytomegalovi-
rus [CMV] infection or genetic alterations) are in a worse
situation than those who did not pass initial screening,
since the diagnosis is often delayed because of the false
belief that passing the screening test guarantees perma-
nent normal hearing.

Another major weakness of these programs is the num-
ber of children that do not pass screening but in whom
the diagnostic process is not completed - this situation
resulting in a lack of needed early treatment. The per-
centage of children who do not pass the screening test
and is lost to follow-up is alarming (reaching 20-50%),
and this threatens the objectives of the program. It has
been shown that this problem is largely related to parent
attitude towards the process and to the socioeconomic
conditions of the family, which are factors upon which
action can be taken (Bush et al., 2017: S1-13). However,
other factors may play a role.

Continuous training of the professionals
conforming the interdisciplinary team

of early detection and diagnosis programs
is crucial for success

Although screening, diagnosis and early treatment
programs for infant hearing loss have a long history,
it is important to remember and update the basic prin-
ciples that can ensure their success, through ongoing
training of the professionals in the interdisciplinary
team, as the cornerstone elements of these programs.
The CODEPEH therefore considers it necessary to es-
tablish new recommendations that can contribute to
update hearing screening programs on the basis of the
evidence that has emerged in the last decade. These
recommendations contemplate the advances related
to the first level in the application of these programs:
detection. The topics include screening protocols and
technology, the impact of current knowledge on CMV
and the genetics of hearing loss upon the programs, as
well as the systems for the control of case losses in the
process. Future publications will continue to revise the
other levels and processes of the programs (diagnosis,
treatment and monitoring).

2. SCREENING TECHNIQUES

Normal hearing requires correct functioning of the en-
tire hearing system. Most cases of hearing loss are due
to lesions from the external ear to the external hair cells
found in the cochlea. When evaluating hearing in the
newborn infant, a series of tests are available for assess-
ing the integrity of the system.

Tests with aOAE and aAEP remain the
recommended techniques for neonatal
hearing screening.

Two tests are currently used in our setting at the time
of birth: otoacoustic emissions with automatic equip-
ment (aOAEs) and automatic auditory evoked potentials
(aAEPs).

@ Otoacoustic emissions

Otoacoustic emissions are a response of the normal func-
tioning of the external hair cells. They represent a me-
chanical response of the inner ear, and are considered to
be a pre-neural phenomenon, because they are present
even if the auditory nerve is sectioned, and they more-
over reverse their polarity together with the stimulus.

Since most cases of hearing loss are characterized by
lesions from the external or middle ear or cochlea to the
external hair cells, otoacoustic emissions (OAEs) are absent
or reduced in these cases. Although there is a small per-
centage of retrocochlear lesions that cannot be diagnosed
by this method, OAEs remain useful and help us to estab-
lish the topography of the hearing lesion (Zubicaray et al,,
2014: 1-15).

Otoacoustic emissions of clinical usefulness are evoked
emissions, whether transient or products of distortion.
They are present in 98% of all normally hearing individ-
uals, and disappear when the threshold is higher than 30
dB (Bonfils et al., 1990: 186-9).

Transient otoacoustic emissions (TOAEs) are the most
commonly used in neonatal screening protocols. Their
advantages include low cost, rapid performance and
high sensitivity. However, TOAEs pose some inconve-
niences, such as the inability to identify lesions posterior
to the external or outer hair cells. As a result, they are
unable to detect hearing loss of retrocochlear origin, and
moreover yield higher false-positive rates than aAEPs -
particularly in the first days of life (Boudewyns et al.,
2016: 993-1000) (Morant et al., 2014: 119-27).

At present, aOAE equipment that eliminates subjectivi-
ty in the interpretation of the results is used for neonatal
screening.



@ Auditory evoked potentials

In order to identify correct hearing, aAEPs are based on a
mathematical algorithm that eliminates the subjectivity of
the explorer (Keohane et al,, 2004: 112-6). These potentials
have very high specificity and sensitivity (close to 100%). The
advantage of this test is that it is more sensitive, since it de-
tects hearing loss secondary to auditory neuropathy (retro-
cochlear hearing loss)(Duman et al., 2008: 1091-5). It can also
be performed on the first day of life, and produces in fewer
false-positive results. The inconveniences of the technique
are the cost of the disposable materials used, electrical inter-
ferences (care therefore being needed when choosing the
place to perform the test), the exploratory time, and lesser
precision in the diagnosis of low frequencies - with a possi-
ble poorer detection of hearing loss secondary to middle ear
disorders (Zubicaray et al., 2014: 1-15).

As steady state auditory evoked
potentials (SSAEPs), may be used
in the screening phase

We can use aOAEs when considering neonatal hearing
screening, though taking into account that retrocochlear
hearing loss will not be detected. As a result, we also need
to perform aAEPs or brainstem auditory evoked poten-
tials (BAEPS) in high risk infants. On the other hand, given
the greater incidence of false-positive results with aOAEs,
screening must be performed in two steps so as not to need-
lessly refer children to the diagnostic phase of the program.

Screening based on aAEPs can be done in a single step,
and hearing neuropathy moreover can also be diagnosed -
though it must be taken into account that low frequency
hearing loss may go unnoticed.

In the future, it is expected that other techniques, such
as steady state auditory evoked potentials (SSAEPs), may be
used in the screening phase (Mijares et al., 2015:8-15).

3. LOSS OF CASES IN THE PROCESS

The main weakness of neonatal hearing screening pro-
grams is the existence of an alarming percentage of chil-
dren who have failed initial screening but are not taken
by their parents for subsequent tests or controls. A report
published by the Centres for Disease Prevention and Con-
trol (CDC) suggests that about half of all screened cases
are lost in the process or have incomplete documentation
of their situation (Bush et al. 2017: S1-13). These high loss
rates adversely affect the efficiency of the early detection
and treatment of hearing loss. As a general rule, it is ac-
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cepted that a loss rate of over 20% adversely affects the
validity of the results of the program. In a meta-analysis
involving 53 studies on case losses in the process (Ravi et
al., 2016: 29-36), the overall rates were found to be 20%
in single-centre studies and 21% in multicentre studies.

3.1. Causal factors

It is important to understand the factors that contribute
to case losses in the monitoring process, since this would
help to develop new regulations and improve and mod-
ify the protocols in order to increase the effectiveness of
the program for the early detection, diagnosis and treat-
ment of congenital hearing loss. The main factor iden-
tified in the different studies that have addressed this
problem is a lack of knowledge about the importance
of completing the diagnostic process in children who do
not pass initial screening for hearing loss. The next most
important factor is the distance between the home of
the patient and the centres where the tests are made.
Work obligations and unfavourable attitudes on the part
of both the parents and healthcare professionals are also
regarded as significant factors.

The data suggest that a large percentage
of screened cases are lost in the process
or present incomplete documentation

of their status

The main cause of case losses in the process is of pa-
rental origin. This is paradoxical, taking into account the
high satisfaction rates of parents expressed in surveys
on neonatal screening programs for hearing loss (Nikol-
opoulos, 2015: 635-7). However, other factors also exert
an influence, such as living in a rural setting, belonging
to ethnic minorities, or having limited financial resourc-
es (Liu et al., 2008: e335-43). Therefore, and although
in most programs the referral circuits for patients with
hearing loss detected in the etiological and diagnostic
procedures are clearly defined, the process is complex
and proves difficult to complete for many parents (Des-
Georges, 2003: 89-93).

3.2. Elements for improvement

Although some programs for the early detection of
hearing loss have attempted to reduce the number of
lost cases, there is currently no standardized and evi-
dence-based method or approach. However, lack of ad-
herence to a diagnostic and therapeutic process in other
areas of healthcare has been targeted for intervention
through so-called “navigation programs” for patients.



The “navigator” is a trained health professional that
provides counselling and mitigates the personal or en-
vironmental factors implicated in social cognitive theory
(Bush et al., 2017: S1-13) in order to promote adherence
to diagnostic and therapeutic processes. These profes-
sionals attend and guide patients in order to facilitate
compliance with visiting appointments and tests in
healthcare centres. In the field of Oncology, these nav-
igation programs have been particularly successful in
helping patients of low socioeconomic origin, improving
compliance with medical appointments and obtaining a
diagnosis in a timely manner - this moreover being asso-
ciated to significant savings in healthcare expenditure.

Within the interdisciplinary team of the
program, it is important to appoint a family
liaison and support professional

Considering the transfer of these experiences to the
early detection of hearing loss, a randomized, prospec-
tive controlled trial (Bush et al., 2017: $1-13) has demon-
strated the efficacy of the intervention in reducing lack
of adherence to the diagnostic process after failing to
pass the screening tests, compared with the basal situa-
tion in which the “navigator” does not intervene.

The functions of the “navigator” should be assumed
by a professional belonging to the interdisciplinary
team of the program for the screening of hearing loss.
This also implies the need for a reliable database in or-
der to know the cases that need to be contacted and
recruited. In turn, the “navigator” would serve as the
link with the Family Association Movement, providing
the support and attention required by the families, and
acting where applicable as liaison professional with the
social services.

Thus, the most frequently recommended measures
for mitigating the many cases lost in the process include
the need for a committed interdisciplinary team; public
awareness campaigns on the importance of programs for
the early detection, diagnosis and treatment of infant
hearing loss; and improved maintenance of the neces-
sary documentation systems and databases.

The Family Association Movement
must be a point of support
throughout the process

4. CONGENITAL CYTOMEGALOVIRUS INFECTION

Congenital cytomegalovirus (cCMV) infection is very
common worldwide, with an estimated incidence in de-
veloped countries of 0.5-0.7% among all live newborns
(Fowler and Boppana, 2018: 149-54) (Moresco et al.,
2018: 88-91).

The incidence in developing countries is even higher (1-
5% of all births). The economic burden of cCMV is very im-
portant, since affected children require special therapeutic
and educational management (Marsico et al., 2017: 38).

4.1. Diagnosis of cCMV

The diagnosis of cCMV infection is based on the detection
of CMV DNA through polymerase chain reaction (PCR) am-
plification, which presents high sensitivity and specificity in
a broad variety of biological samples such as urine, saliva,
blood and others (Guoyu et al., 2017: 376-86) (Gantt et al.,,
2017: e267) (De Vries et al., 2013: 113-7).

The preferred samples for cCMV screening in infants are
urine and saliva, since large amounts of viruses are excreted
in them. Indeed, these samples are more useful than blood,
where the low viral loads are often low. Urine samples clas-
sically have been collected using a bag, with a sensitivity of
100% and specificity of 99%. A single negative sample thus
suffices to rule out infection, while a positive test before
21 days of age would confirm infection (Luck et al., 2017:
1205-13). However, urine sampling in a bag has several lim-
itations that can be avoided by performing urine collection
from cotton swabs in the diaper (Ross et al., 2015: 903-5).

The most feasible option is to collect a sample of saliva
(fresh or dry), but this also has limitations because it is less
sensitive, and especially because it may be contaminated as
a result of the intake of breast milk, which could be infect-
ed with CMV in 0.03-0.14% of the cases. A positive result
always should be confirmed with a urine sample (Hilditch
et al, 2018: 988-92) (Kummer and Marcrum, 2018: 20-6)
(Rawlinson et al., 2017: e177-88) (Cardoso et al., 2015: 206-
7) (Gunkel et al,, 2014: 61-4) (Boppana et al,, 2011: 2111-8)
(Lawrence, 2006: 99-107).

If the infant is more than three weeks old, PCR testing in
urine, saliva or blood would not be definitive, since infec-
tion in such cases could be congenital or acquired, and PCR
testing would have to be made in the blotting paper of the
metabolic screening test in order to allow confirmation. A
positive result would confirm the infection, though a neg-
ative result would not discard infection, due to the poor-
er sensitivity of this method (Moteki et al.,, 2018: 708-12)
(Vives-Ofios et al.,, 2018: 10.1097/ INF. 0000000000002144
[Epub ahead of print]) (Ross et al., 2017: 57-61) (Koontz et
al,, 2015: 95-9) (Boppana et al., 2010: 1375-82) (Choi et al.,
2009: 1095-8).



This test may be very useful in the retrospective diagnosis of
cCMV, and may provide information on the etiology of hearing
loss. A retrospective analysis showed that 26% of all patients
with idiopathic hearing loss in childhood had detectable CMV
in the metabolic screening test (Meyer et al,, 2017: 565-70). Cy-
tomegalovirus serology is not considered useful for the diagno-
sis of congenital infection (Badia, 2014: 356-66).

Recent studies have identified cCMV as one of the most im-
portant causes of congenital and also postnatal hearing loss,
only behind hearing loss of genetic origin, since it is detected
in a large percentage of children with confirmed hearing loss.
Some studies have identified cCMV as the cause of approxi-
mately 20% of all cases of congenital sensorineural hearing loss
- a figure that reaches 25% at four years of age (Kummer and
Marcrum, 2018: 20-6) (Nance et al,, 2006: 221-5) (Morton et al,,
2006: 2151-64).

4.2. Asymptomatic and symptomatic cCMV

Congenital CMV infection is usually classified as symptomatic
or asymptomatic at the time of birth. Symptoms in the new-
born are diverse, though in practice signs or symptoms of cCMV
infection are detected in the routine neonatal examination in
only about 13% of the cases. The great majority therefore re-
main undiagnosed at this age, and are classified as asymptom-
atic cases (Fowler and Boppana, 2018: 149-54) (Kummer and
Marcrum, 2018: 20-6) (Lim and Lyall, 2017: $89-94) (Williams et
al, 2015: F501-6).

Recent data show that in the long term, a large percentage of
asymptomatic children (25%) will develop hearing loss (Lanzieri et
al, 2018: 736-44) (Lanzieri et al,, 2017: 875-80). In global numbers,
most children with hearing loss due to cCMV (58%) will have been
classified as asymptomatic cases (Bartlett et al. 2017: €1938) (Lopez
etal. 2017: €20171517) (Goderis et al. 2014: 972-82).

A child is considered to be symptomatic in the presence of
typical signs or symptoms in the hematological, ophthalmolog-
ical, auditory or neurological sphere, among others (Luck et al,,
2017: 1205-13).

Diagnostic suspicion requires complementary studies of dif-
ferent kinds. The use of auditory evoked potential (AEP) testing
is recommended for the hearing study, since the typical hearing
loss of cCMV may be cochlear and/or retrocochlear (Lanzieri et
al, 2018: 736-44) (Lim and Lyall, 2017: $89-94) (Luck et al,, 2017:
1205-13).

4.3. Hearing loss associated to cCMV

Hearing loss is the most frequent consequence in symptomatic
children. A total of 30-65% will have hearing loss that can be
detected at birth, though in 18-30% of the cases the disorder
manifests later, reaching an incidence of 74% at 18 years of age.
Delayed onset hearing loss can be seen in both asymptomatic
and symptomatic patients, though in different proportions
(9-18%) (Kummer and Marcrum, 2018: 20-6).
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In addition, the disorder is often progressive (18-63% of cas-
es), reaching profound hearing loss in 78% of the cases over
the first 6 years of life (Goderis et al,, 2016: 110-15) (Goderis et
al, 2014: 972-82).

Such hearing loss moreover is usually unilateral, particularly
in asymptomatic patients (57%), in whom it may be the only
manifestation, and is usually severe. Asymmetrical presenta-
tions are sometimes observed. Another feature is that hearing
loss can be fluctuating (20-24%) in a single ear or at some fre-
quencies (Kim et al,, 2018: 1-8).

Hearing loss associated to cCMV will not be detected unless
the infection is identified during pregnancy, through the neo-
natal clinical manifestations, or from more or less systematic
CMV screening. Only about 10% of all children with hearing
loss at birth related to cCMV are diagnosed from clinical signs
of the infection (Kummer and Marcrum, 2018: 20-6).

Congenital cytomegalovi-rus [CCMV] infection
or genetic alterations as one of the most
im-portant causes of congenital and also
postnatal hearing loss, only behind hearing loss
of genetic origin

A large multicentre study in the United States on the detec-
tion of cCMV found that infected children are 7 times more
likely to fail hearing screening (Fowler etal,, 2017: €20162128).

In one-half (52%) of all cases of hearing loss associated to
cCMV, the hearing problems are present from birth - hence
the interest of targeted / selective cCMV screening of infants
that fail the hearing tests (Park et al., 2014: 2624-9) (Choi et al.,
2009: 1095-8) (Stehel et al,, 2008: 970-5). In addition, a large
proportion of children with hearing loss infected with cCMV
are diagnosed only on the basis of a failed neonatal hearing
screening test.

Several studies have concluded that 5-6% of newborns
failed hearing screening due to cCMV infection (Rawlinson et
al, 2018: 110-5) (Ari-Even Roth et al., 2017: F519-24) (Diener et
al, 2017: e20160789) (Fowler et al,, 2017: €20162128).

Recent data show that CMV screening in newborns who
have failed neonatal hearing screening is cost-effective,
resulting in cost savings of over 50% (Vancor et al,, 2018:
10.1093/jpids/pix105 [Epub ahead of print]) (Williams et al,,
2015: F501-6) (Williams et al., 2014: F230-6) (Kadambari et
al, 2013:928-33).

4.4. Implications in hearing screening and treatment
The diagnosis of congenital infection is of particular interest

in children who do not pass the complete hearing screen-
ing process before 2-3 weeks of life, because this would start



etiological diagnosis and monitoring in an adequate and
timely manner (Luck et al,, 2017: 1205-13) (Yamaguchi et al.,
2017: e013810).

As mentioned, the time limit for securely diagnosing con-
genital infection is in the first two to three weeks of life.
Cytomegalovirus positivity would thus allow a firm diagnosis
of congenital infection (Botet et al,, 2015: 69) (Escosa-Garcia
et al, 2015: 70-1). This is decisive in hearing loss screening
programs that study congenital CMV infection when the
newborn infant has altered screening test findings (selective
screening), since it obliges us to establish a diagnostic mech-
anism in that time window. A second screening test is there-
fore needed (in programs with two steps) at approximately
15 days of life, in order to allow detection of congenital dis-
ease and assessment of the start of treatment (if applicable),
before one month of age as seems advisable (Rawlinson et
al,, 2018: 110-5). In this regard, we must remember that pos-
itive saliva samples must be confirmed with another urine
sample within the mentioned time, and this must be taken
into account when designing the changes to be made to the
protocols.

On the other hand, it should also be noted that a large
multicentre study (Kummer and Marcrum, 2018: 20-6) (Raw-
linson et al,, 2018: 110-5) has shown that while congenital
infection is present in 6% of the children that fail newborn
hearing screening, selective screening was only able to iden-
tify 57% of the children with cCMV-related hearing loss.

Recent data show that in the long term, a
large percentage of asymptomatic children
(25%) will develop hearing loss

These limitations of selective screening support the need
for universal screening. This would allow the timely recruit-
ment of infected but asymptomatic newborn infants with a
normal first hearing test, at risk of developing hearing loss
later in time. Universal screening would be justified given
the prevalence of the infection and the possibility of improv-
ing the prognosis through adequate management, monitor-
ing and treatment (Fowler et al,, 2017: €20162128) (Toumpas
etal, 2015: 541-4).

A recent study has evidenced that both targeted and
universal screening are cost-effective (Fowler et al, 2017:
€20162128) (Kadambari et al., 2015: 1117-21) (Kimberlin et
al, 2015: 933-43) (Barkai et al.,, 2014: 361-6) (Cannon et al,
2014: 291-307).

In contrast to congenital CMV disease, acquired infection
in the neonate and nursing infant does not appear to be as-
sociated with hearing loss or long-term neurodevelopmen-
tal disorders - hence the importance of an accurate diagnosis
of the time of infection, with PCR detection at birth or in

dry blood of the metabolic screening test (Smiechura et al.,
2014: 303-7) (Nufiez-Ramos et al,, 2013: 93-6) (Botet et al,
2015: 69).

The diagnosis of congenital infection is of particular in-
terest in children who do not pass the complete hearing
screening process and are referred to ENT before 2-3 weeks
of life, because most studies have concluded that the start
of treatment for cCMV could prove effective, particularly in
those cases with moderate hearing loss, provided it is started
before one month of age and is prolonged for a number
of months (at least 6-12 months) (Bilavsky et al,, 2016: 433-
8) (Kimberlin et al,, 2015: 933-43) (Amir et al., 2010: 1061-7)
(Kimberlin et al., 2003: 16-25).

In addition to being neonatal, hearing loss
caused by cCMV may be of late onset, progressive,
fluctuating, unilateral or bilateral, and asymmetric

Treatment with valganciclovir (VGC) is recommended in
symptomatic children with proven congenital infection and
with involvement of the central nervous system or target or-
gans (bone marrow, liver), provided the condition is severe.
In the case of asymptomatic children with isolated hearing
loss, it is advisable not to treat, in view of the lack of evi-
dence, though each case should be assessed individually.

The investigation of cCMV infection is also indicated in in-
fants and children with hearing loss as evidenced from sam-
ples collected in the neonatal period (e.g., the heel sample).

With regard to the start of treatment in infants with hear-
ing loss due to cCMV and over one month old, the Europe-
an Society for Pediatric Infectious Diseases (ESPID) (Luck et
al,, 2017: 1205-13) concluded that treatment is warranted in
the presence of progressive hearing impairment (Amir et al.,
2014: 444-8) (Del Rosal et al., 2012: 72-4) (Baquero-Artigao et
al,, 2009: 535-47).

According to the recommendations of the two expert
committees that have studied the topic (Rawlinson et al,
2017: e177-88) (Luck et al, 2017: 1205-13), asymptomatic chil-
dren should not be treated.

Although drug treatment is the subject of debate, simple
knowledge of the infection allows for long-term monitoring
of these children and the possibility of an adequate hearing
diagnosis in a time frame allowing for the most indicated
early hearing therapeutic measures (Hilditch et al, 2018:
988-92). In fact, knowledge of cCMV infection may cause
clinicians to change their decision regarding early cochlear
implantation, due to the high probability of progression of
the disease (Lanzieri et al,, 2017: €20162610).

Since CMV hearing loss occurs in symptomatic and asymp-
tomatic children, being of a fluctuating nature and often
postnatal, frequent monitoring is recommended during the
first two years of life - this being the period of greatest risk



of developing hearing loss associated to cCMV and a critical
period for language development. In any case, in general
these children should be monitored for at least 6 years, with
more frequent controls in the most affected patients.

5. FUTURE PROSPECTS: COMBINED SCREENING

Screening programs currently have limitations for de-
tecting mild or moderate hearing loss (Johnson et al.,
2005:663-72), as well as for detecting late onset hearing
loss or hearing loss that progresses after birth. Many of
these cases originate as infection due to cCMV and/or
genetic alterations. As a result, these children will not
benefit from the prognostic improvement afforded by
early detection and treatment of hearing loss (Young et
al.,, 2011: 230-4).

Knowledge of cCMV affects
the decision on the early placement
of a cochlear implant

Up to 60% of all cases of congenital or early onset sen-
sorineural hearing loss are due to genetic factors, and
usually occur in the absence of a family history of hear-
ing loss (Hilgert et al., 2009:189-96). The most commonly
identified alterations correspond to the GJB2 gene (con-
nexin 26), which is the most common variant worldwide,
followed by SCL26A4, which is responsible for Pendred
syndrome. These mutations are associated with a 3%
neonatal hearing loss rate - though this percentage in-
creases significantly over the years and appears to be
associated with a dilated vestibular aqueduct (Morton
et al., 2006:2151-64) (Prior et al., 2005:159-65). It is also
relatively common to find MTRNR1 mitochondrial gene
mutations, which can manifest with aminoglycoside-in-
duced hearing loss (Del Castillo et al., 2002: 243-9).

5.1. Etiology and incidence

Although there are variations among the different popu-
lations, large-scale studies evidence repetition of the eti-
ologies and incidences. This is the case of a recent study of
142,417 newborn infants in China, where the most com-
monly identified hearing loss-related allele was 235delC
of the GJB2 gene. In total, 4289 newborn infants (3.01%)
had alterations in at least one allele of some of the studied
genes (Hao et al.,, 2018: e0195740). Since genetic causes
produce a high percentage of sensorineural hearing loss,
and many of them cannot be detected through universal
auditory screening, some studies combine conventional
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hearing screening with genetic screening in newborn in-
fants, targeted to the most common mutations causing
hearing loss. Wang et al. performed genetic screening
combined with conventional screening (using OAE and
aAEP) to determine the three genes most commonly asso-
ciated with hearing loss in over 14,000 newborn infants.
The authors concluded that adding genetic screening
could improve the detection of patients with hearing dis-
orders (Wang et al., 2011: 535-42).

Genetic screening, along with hearing
screening in newborn infants, not only
improves the detection rate of children
at risk, but allows early identification
and prevention of hearing loss caused
by ototoxic drugs

Recently, Wu et al. reported a 1.6% incidence of these
genetic alterations in their study population of 5173 new-
born infants. The most notable finding was the fact that
56.1% had passed conventional hearing screening (Wu et
al. 2017: 6-12). In another study also carried out in China,
conventional screening was combined with the determi-
nation of 20 mutations in the four genes most common-
ly associated to sensorineural hearing loss, based on heel
blood samples obtained to screen for endocrine-metabolic
diseases. The data confirmed the aforementioned results: a
total of 129 children (1.38%) presented hearing loss detect-
ed from OAE testing. Genetic screening determined that
348 individuals (3.74%) had at least one mutation in one of
the alleles. An overwhelming majority of newborn infants
with these genetic alterations had passed hearing screen-
ing with OAE, but were at risk of suffering late hearing loss
(Peng et al., 2016: 603-8).

5.2. Usefulness of combined screening

The usefulness of combined screening has also been
demonstrated by another recent study (Sun et al., 2015:
766-70) on the detection rate of hearing loss through
hearing, genetic or combined screening in 11,046 new-
born infants. The authors found that combined hearing
and genetic testing detected 5.29% of cases, while hearing
testing alone identified 0.81% and isolated genetic testing
4.64%. Genetic studies are contemplated to detect gene
mutations related to congenital hearing loss in pregnant
women, which could facilitate early detection (Fang et al.,
2017: 1452-5).

Thus, the use of genetic screening, together with hear-
ing screening in newborn infants, can improve the detec-



tion rate of children at risk, as well as favour early identifi-
cation before the language development phase is reached.
The development of hearing loss could also be prevented
by avoiding the use of aminoglycosides in patients carrying
mutations to these drugs, and all the information obtained
could be used for genetic counselling.

In the future, cCMV screening may be integrated with
genetic study, in addition to hearing screening, as a hear-
ing loss diagnostic panel. This approach would allow us
to overcome the current limitations of neonatal hearing
screening, and would detect all children with present or
future hearing risk. It should be remembered that CMV in-
fection does not rule out the possibility of simultaneous
genetic alterations related to hearing loss, as some studies
have shown (Teek et al., 2013: 419-28) (Lim et al., 2013: 209-
15) (Karltorp et al., 2012: e357-62) (Schimmenti et al., 2011:
1006-10).

Specifically, Lu et al. conducted a prospective analysis of
1716 newborns, in which genetic screening proved posi-
tive in 20 cases (1.2%) and CMV screening in three (0.2%).
Interestingly, 12 of the 20 newborn infants with positive
genetic screening (60%), and all three with positive CMV
screening (100%), passed hearing screening at birth. At
three months, hearing loss was confirmed in 6 of the 20
patients with positive genetic test results (30%). This study
confirms that hearing, genetic and CMV screening helps
detect cases that would not be identified by standard au-
ditory screening programs alone (Lu et al., 2018: 144-50).
Thus, integrated and complete screening with hearing, ge-

netic and cCMV infection tests, is feasible and good results
are obtained - though further cost-effectiveness studies are
needed.

In future, cCCMV screening can be
integrated with genetic testing, in addition
to hearing screening.

This combined approach would overcome
current limitations in the detection

of all children at hearing risk, both

present and future

The described combined genetic screening strategy
would allow adequate monitoring and early audiolog-
ical and/or pharmacological treatment of the affected
children. In turn, in the near future, if we are able to
establish early identification of the genetic defects in-
volved, and precise genetic counselling is provided, we
may be able to correct the problem through techniques
such as CRISP-Cas9. Studies already show that this is pos-
sible in relation to hearing loss in animals. This approach
therefore will surely improve the final prognosis of chil-
dren with hearing loss (Zou et al.,, 2015: 102-8) (Gao et
al,, 2018: 217-21).
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6. CODEPEH RECOMMENDATIONS 2018

The widespread implementation of programs for the screening of hearing loss in newborn infants could cause us to
believe that negative testing at the time will mean that the children will not have problems later in the course of their
development. This is a false belief that can seriously harm the future of these children, since postnatal factors that are
not uncommon can lead to hearing loss. The prevalence could rise from 2.52 per thousand at birth (any type and degree
of hearing loss) to 3.64 per thousand in the primary education stage (Watkin and Baldwin, 2012: 519-28) (Watkin and
Baldwin, 2011: 62-6).

It has been found that even in very sensitive neonatal screenings, such tests only identify 56-59% of all school-age
children with hearing loss. Thus, up to one in 10 children with hearing loss would be detected by postnatal controls,
despite the existence of well established screening protocols. The overall prevalence of late-onset hearing loss is 10%
of all cases of childhood hearing loss - a figure that may reach 20% (Benito, 2013: 330-42) (Georgalas et al., 2008: 1299-
304). All this suggests the need for diagnostic protocols to identify cases of post-neonatal hearing loss.

A large proportion of cases of hearing loss manifesting late in childhood appear to be due to genetic defects, congen-
ital cytomegalovirus (cCMV) infection or vestibular aqueduct disorders - thus requiring genetic study, the exclusion of
cytomegalovirus (CMV) infection, and the conduction of complementary imaging studies (Alford, 2014: 347-55).

The CODEPEH therefore considers it necessary to establish new recommendations to update infant hearing screening
programs in relation to the detection phase, adopting the changes described in the present document (Figure 1):

1. Tests with aOAE and aAEP remain the recommended techniques for neonatal hearing screening.

2. Hearing screening programs must remain alert to the percentage of cases that may be lost in the detection, di-
agnosis and early treatment process, adopting appropriate measures to avoid this problem.

3. The Family Association Movement must be a point of support throughout the process.

4. Screening for CMV based on PCR testing should be performed in all newborn infants that fail to pass bilateral
neonatal hearing screening.

5. The diagnosis of cCMV infection must be established before three weeks of life, and treatment (if required)
should start before one month of age. The current screening protocols must be adapted for this purpose, and a
hearing risk monitoring protocol may be established, adjusted to the peculiarities of CMV (unilateral, progres-
sive, fluctuating, asymmetrical hearing loss, etc.).

6. In addition to ENT monitoring, children with cCMV infection require a complete study by the Departments of
Pediatrics and Ophthalmology.

7. Universal screening for cCMV infection should be considered in the near future, since selective study only iden-
tifies 57% of all infected infants who will suffer hearing loss in childhood - both strategies being cost-effective.

8. Hearing screening, genetic testing and cytomegalovirus testing should be integrated into one same protocol,
where possible, to achieve a complete diagnosis and early treatment of childhood hearing loss.



7. FIGURE

FIGURE 1. Update of the infant hearing screening programs Level 1 Detection
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