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Cytomegalovirus - a risk factor for childhood hearing loss: a systematic review

Abstract

Context: Permanent hearing loss is an important public health issue in children with
consequences for language, social, and academic functioning. Early hearing detection,
intervention, and monitoring are important in mitigating the impact of permanent childhood
hearing loss. Congenital cytomegalovirus (CMV) infection is a leading cause of hearing loss.
Objective: To synthesize the evidence on the association between CMV infection and
permanent childhood hearing loss.

Design: We performed a systematic review and examined scientific literature from the following
databases: MEDLINE, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R), Embase, and CINAHL. The
primary outcome was permanent bilateral or unilateral hearing loss with congenital onset or
onset during childhood (birth to 18 years). The secondary outcome was progressive hearing
loss. We included studies reporting data on CMV infection. Randomized controlled trials, quasi-
experimental studies, nonrandomized comparative non-comparative studies, and case series
were considered. Data were extracted and the quality of individual studies was assessed with
the Qualitative Assessment Tool for Quantitative Studies (McMaster University). The quality and
strength of the evidence were graded using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE). A narrative synthesis was completed.

Results: Sixty-five articles were included in the review. Prevalence of hearing loss at birth was
over 33% among symptomatic CMV-infected newborns, and less than 15% in asymptomatic
infections. This difference in prevalence was maintained during childhood with more than 40%

prevalence reported for symptomatic and less than 30% for asymptomatic CMV. Late-onset and
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progressive hearing loss appear to be characteristic of congenital CMV infections. Definitions of
hearing loss, degree of loss and reporting of laterality varied across studies. All degrees and
both bilateral and unilateral loss were reported, regardless of symptomatic and asymptomatic
status at birth and no conclusions about the characteristics of hearing loss could be drawn.
Various patterns of hearing loss were reported including stable, progressive, and fluctuating,
and improvement in hearing (sometimes to normal hearing) was documented. These changes
were reported in children with symptomatic/asymptomatic congenital CMV infection,
presenting with congenital/early onset/late-onset hearing loss and in children treated and
untreated with antiviral medication.

Conclusions: Symptomatic and asymptomatic congenital CMV infection should be considered a
risk factor for hearing loss at birth and during childhood, and for progressive hearing loss.
Therefore, CMV should be included as a risk factor in screening and surveillance programs and

be taken into account in clinical follow-up of children with hearing loss.

Keywords

Hearing loss, Congenital hearing loss, Late-onset hearing loss, Acquired hearing loss, Progressive

hearing loss, Cytomegalovirus, Surveillance, Newborn, Children
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Introduction

Permanent bilateral hearing loss is one of the most prevalent disabilities at birth, affecting at
least one to three per 1000 newborns (Butcher et al., 2019; Fortnum et al., 2001; Kaye et al.,
2006; Wood et al., 2015). Population-based neonatal hearing screening has been implemented
worldwide to improve early detection of permanent childhood hearing loss (PCHL) (Ching et al.,
2017; Wood et al., 2015) and is the standard of practice in early hearing detection and
intervention (EHDI) programs. The prevalence of PCHL increases during childhood, occurring
after infancy (late-onset PCHL) in up to 25-50% of children with hearing loss (Fortnum et al.,
2001; Watkin & Baldwin, 2011; Weichbold et al., 2006). Consequently, targeted surveillance
programs have become an essential component of EHDI programs. Almost half of children with
PCHL experience deterioration in hearing (Barreira-Nielsen et al., 2016; Dahl et al., 2013),

therefore, monitoring hearing is important for timely intervention.

An understanding of congenital and childhood risk factors is critical for public health
intervention and may help determine optimal screening procedures and identify children at risk
for late-onset PCHL (Wood et al., 2013). In most EHDI programs, surveillance protocols have
been implemented using risk factors for PCHL established by the Joint Committee on Infant
Hearing (The Joint Committee on Infant Hearing, 2007), sometimes adapted to the local context
(Thangavelu et al., 2019; Vos et al., 2014; Wroblewska-Seniuk et al., 2005). This list, published
more than ten years ago and recently updated (The Joint Committee on Infant Hearing, 2019),

triggers a referral to a surveillance program.
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Although there is good evidence that some risk factors are associated with hearing loss
(Dumanch et al., 2017), investigators have questioned the utility of other risk factors included in
screening or surveillance programs because of the low yield of late-onset PCHL (Wood et al.,
2013) and changes in standards of care (Beswick et al., 2012; Beswick et al., 2013; Ll et al.,
2011; O'Connor et al., 2013). Surveillance programs are costly for both the health system and
parents (The Joint Committee on Infant Hearing, 2019); therefore, updating knowledge on risk

factors for PCHL is warranted.

Our research aimed to synthesize evidence on risk factors related to neonatal, early and late-
onset PCHL, as well as progressive PCHL. We investigated risk factors that have an immediate or
delayed effect on hearing. Our ultimate goal is to inform surveillance protocols within EHDI
programs worldwide. In this paper, we present the results of our systematic review related to

one risk factor: cytomegalovirus (CMV) infection.

As a leading risk indicator for PCHL, congenital CMV (cCMV) infection has received increasing
attention. An estimated 0.6 to 0.7 percent of newborns are infected congenitally with CMV,
making it an important cause of neurodevelopmental disabilities in children, including
sensorineural hearing loss (SNHL) (Dahle et al., 2000; Davis et al., 2017). Approximately 10% of
infants with cCMV present with symptoms at birth (Fowler & Boppana, 2018), and clinical and
societal costs are substantial due to long-term impairments (Retzler et al., 2019). cCMV is
recognized as the most frequent cause of nongenetic hearing loss, which may be present at

birth or have onset later in childhood (Fowler & Boppana, 2018; Goderis et al., 2014; Lanzieri et
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al., 2017). Antiviral long-term treatment of cCMV has shown positive effects, improving or
preventing deterioration in hearing (Fowler & Boppana, 2018) and treatment for infected
neonates is recommended (Rawlinson et al., 2017). However, deterioration in hearing has also

been reported in children treated with antiviral medication (McCrary et al., 2019).

The purpose of this report is to synthesize the evidence on the association between CMV

infection (including congenital symptomatic/asymptomatic or postnatal infection in children)

and PCHL to inform public health programs.

Materials and methods

The protocol for our systematic review on risk factors associated with PCHL was developed
according to the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) and was registered in the International Prospective Register of Systematic Reviews
(PROSPERO) (CRD42018104121) and published (Vos et al., 2019). The risk factors captured in
the systematic review were categorized into five subtopics: CMV infection, meningitis infection,
cancer treatment, newborn/childhood conditions and treatment, and genetic conditions
including syndromes and malformations. This report provides the results related to the CMV

subtopic.

Eligibility criteria

Eligibility criteria for the review are summarized in Table 1 and described in more detail below.
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Design. Randomized controlled trials, quasi-experimental studies, nonrandomized comparative
studies (cohort, case-control), nonrandomized studies without control groups (e.g., cohort,
cross-sectional), and case series were included. Case reports (less than five cases) and non-

primary studies were excluded.

Population. Studies on children (<18 years) with bilateral or unilateral PCHL were included. We
included studies combining children and young adults (<22 years), or if results were presented

for children separately.

Intervention (Exposure). We considered all types of CMV infection, without restriction on the
timing of infection (prenatal [any trimester] or postnatal) or on symptoms (symptomatic and

asymptomatic).

Outcome. The primary outcome was bilateral or unilateral PCHL, including SNHL or “structural”
conductive hearing loss (lasting at least six months) (Ontario Ministry of Children and Youth
Services Ontario Infant Hearing Program, 2017). Onset of PCHL was categorized into two groups:
i) congenital/early onset — PCHL at birth or diagnosed <3 months; ii) late-onset — onset of PCHL
after three months of age (The Joint Committee on Infant Hearing, 2007), based on normal
hearing screen or audiologic assessment. The secondary outcome was progressive PCHL as

defined by the authors.
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Timing. We included birth cohorts from 1985 or when studies were not based on birth cohorts,
we included those with hearing assessments performed 21985 to ensure relatively recent

testing methods.

Duplicate results and overlapping studies. For studies with a series of reports on the same

cohort, we included only the most recent or most relevant report for our review question.

Search method

We searched MEDLINE, including Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) (1946 to July 30 2018), Embase (1946 to
July 30 2018) using the Ovid interface, and CINAHL (from inception on July 23, 2018) (search
strategy available in Supplemental appendix). We considered papers published in English since

1990.

Study selection and management

The study selection was managed using Covidence systematic review software
(http://www.covidence.org) and involved two stages: i) title and abstract screening, and ii)
eligibility assessment of all potentially relevant full text articles (all articles tagged as “yes” or
“maybe” during the previous stage). Screening was carried out by three researchers (BV, EF, DN)
with expertise in pediatric hearing loss and public health. During the second stage, we re-
reviewed all potentially relevant articles giving specific attention to the audiologic criteria

inclusion. Two independent reviewers performed the first two stages. Conflicts were discussed
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or resolved by a third reviewer. Bias was minimized during the processes based on the

application of objective inclusion/exclusion criteria.

Data extraction, quality assessment

Relevant data were extracted for each study (e.g., study characteristics, study design, study and
control group information, results). We extracted details on hearing loss including laterality,
type, severity, and changes in hearing thresholds as well as any information related to antiviral
treatment. Each study was assigned to only one of five specified subtopics to avoid duplication.
One researcher extracted and entered all data into an excel spreadsheet and a second reviewer

verified the extraction. Discussions took place throughout the process.

The risk of bias was assessed by one researcher and verified by a second, using the Qualitative
Assessment Tool for Quantitative Studies (Effective Public Health Practice Project,

https://merst.ca/ephpp/). This tool, developed at McMaster University, provides an overall

methodological rating (weak, moderate, or strong) based on an appraisal of eight domains:
selection bias, study design, confounders, blinding, data collection methods, withdrawals and

dropouts, intervention integrity, and analysis.

Evidence synthesis
A summary table can be found in Supplemental appendix. Meta-analysis was not possible due to
heterogeneity in study designs, definitions of cases and exposure, and variability in studies. A

narrative synthesis of the evidence was conducted (Siddaway et al., 2019). First, articles
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analyzing the prevalence of PCHL in children with CMV were synthesized; we subdivided them
based on the timing of infection: congenital, postnatal or unspecified. For congenital infection,
we presented prevalence of PCHL during the neonatal period and childhood separately and
according to the health status at birth: symptomatic, asymptomatic, combined
(symptomatic/asymptomatic presented conjointly) or unspecified infection. Some studies
provided data for more than one subgroup in our summary table (e.g. data on symptomatic and
asymptomatic cCMV in a single paper). Second, we presented the articles analyzing the
proportion of CMV infection in children with PCHL, whether infection was known to be
congenital or not. Characteristics of PCHL, late-onset PCHL and change in hearing over time

were summarized, along with results from studies about the effects of treatment on hearing.

Grading strength of evidence
The quality and strength of the overall body of evidence were assessed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) tool

(http://www.gradeworkinggroup.org) (Guyatt et al., 2008; Mercuri et al., 2018). The evidence

was rated for the primary and secondary outcomes across the five domains in GRADE (risk of
bias, consistency, directness, precision, and publication bias). We rated the evidence from high
(very confident that the outcome is related to the risk factor) to very low (little confidence in the
outcome/risk factor association) to guide the strength of the recommendations; consensus was

reached by the research team.

Results
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Selection of the relevant articles
A total of 5234 documents were identified for the full systematic review after removal of 27
duplicates. Figure 1 shows the selection process: 654 articles related to various risk factors were

included in the full review; 65 reported CMV infection and are the focus of this report.

Study characteristics

All studies were observational studies except two controlled clinical trials (Supplemental
appendix). Using the McMaster tool, one study was assessed as strong (Kimberlin et al., 2015),
four as moderate (Alarcon et al., 2013; Bilavsky et al., 2015; Kimberlin et al., 2003; Pasternak et
al., 2018), and 60 as weak. Most studies were published 22010 (n=47), 17 from 2000-2009 and
one <2000. The majority were conducted in Europe (n=30). Forty-seven studies included cohorts
of children with CMV who were assessed for PCHL (with/without control group), and the

remaining 18 were based on children with PCHL who were subsequently assessed for CMV.

Assessment of CMV infection

CMV identification was based on urine, saliva or blood samples from children assessed by: i)
DNA extraction and PCR amplification, ii) culture or shell-vial culture, or iii) detection of specific
CMV IgM or viral antigen (in blood). cCMV was confirmed either by i) initial screening followed
by testing to confirm CMV positive screens or ii) by direct referral to a diagnostic test. The
screening was a clinical examination of the newborn (to identify symptomatic CMV) or a

biological screening test.

10
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Symptomatic cCMV, although not consistently defined, was defined in most studies as
presentation of at least one of the following: petechiae, hepatomegaly, splenomegaly,
microcephaly, SNHL, chorioretinitis, thrombocytopenia, laboratory evidence of hepatitis or

cholestasis, or intracranial calcifications.

Prevalence of PCHL

Neonatal. Prevalence of PCHL varied widely depending on symptomatic versus asymptomatic
cCMV (Table 2). In symptomatic cCMV newborns, prevalence ranged from 33% to 70% across
studies (n=9). In asymptomatic cCMV, PCHL was markedly less frequent, ranging from 0-15%
(n=5). In studies that combined symptomatic/asymptomatic cCMV (n=15), prevalence ranged
from 0%-66.6%. In two studies that did not specify whether cCMV was symptomatic or
asymptomatic, prevalence ranged from 14.6%-16.3%. In several studies, PCHL at birth was one
of the symptoms required for classification of symptomatic CMV, which may explain the higher
prevalence of PCHL in symptomatic cCMV newborns compared to asymptomatic cCMV. Two
studies included a control group without CMV (Kasztelewicz et al., 2017; Korndewal et al., 2017)
and only one reported on prevalence in the control group, who showed no PCHL at birth

(Korndewal et al., 2017).

Childhood. PCHL was more prevalent in cases of symptomatic cCMV than in asymptomatic
cCMV regardless of age at assessment. This was consistent with findings for neonatal onset
PCHL. The length of follow-up after birth or age at hearing assessment during childhood varied

across studies between six months and 18 years. Table 3 provides details on prevalence

11
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according to age at assessment. In all but one study, the prevalence of PCHL for symptomatic
cCMV was at least 40%; the prevalence was <30% for asymptomatic cCMV (except in one study).
In four studies with unspecified symptomatic status at birth, prevalence of PCHL ranged from
0% to >25% (one study, cCMV infection but negative amniocentesis). Of the four studies
including a control group without CMV, controls showed no PCHL during childhood in 2 studies,
(Korndewal et al., 2017; Lanari et al., 2006), one study did not report results in controls
(Kasztelewicz et al., 2017), and a fourth study reported 2% PCHL in a control group of very low

birth weight newborns, which is another risk indicator for PCHL (Turner et al., 2014).

Three small studies (<60 children in the largest study) addressed postnatal CMV infection via
breastmilk (Gunkel et al., 2018; Jim et al., 2015; Vollmer et al., 2004). They reported no PCHL
(up to five years of age). In one study, onset of CMV-infection (congenital or postnatal) was

unknown (Yadav et al., 2010).

CMV infection in children with PCHL

A subset of 18 articles analyzed the proportion of CMV-infected children with PCHL (Table 4).
Study groups were diverse ranging from newborns to adolescents, recruited in hospitals (e.g.,
through audiology clinics), or from schools for the deaf. cCMV infection was reported in
approximately 10% of all children with PCHL and in 15% of children with profound SNHL. Two
studies reported higher prevalence of PCHL (21% and 30%) (Park et al., 2014; Sugiura et al.,
2004) than the others: this may be explained by the samples which were limited to children with

unknown etiology or only to children with cochlear implants. In three retrospective studies,

12
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timing of infection (congenital/postnatal, before/after PCHL) could not be ascertained,
therefore the proportion of CMV-related PCHL is not reliable (Devdariani et al., 2011;

Noorbakhsh et al., 2017; Samileh et al., 2008).

Characteristics of PCHL
PCHL was defined in most publications, with details on severity and laterality. Hearing threshold
cut-points differed across studies, affecting prevalence estimates (e.g., cut-points between 20-

35 dB HL for mild hearing loss).

Characteristics of PCHL were reported in 33 prospective studies (Table 5). To avoid selection
bias, the 18 retrospective studies on CMV infection in children with known PCHL were not
included in this analysis because selection criteria such as setting /context may bias the
characteristics of PCHL (e. g. recruitment occurred in schools for the deaf with primarily
profound hearing loss or cochlear implant users). Severity and laterality of PCHL was usually
presented by child and less frequently by individual ears. Studies reported both bilateral and
unilateral PCHL (except two with unilateral and two with bilateral PCHL only) and all degrees of
loss. It was not possible to draw conclusions about specific patterns of loss or about
symptomatic versus asymptomatic cCMV; symptomatic cCMV did not seem to be associated

with more severe degrees of PCHL.

Late-onset PCHL

13



279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

In 27 studies investigating late-onset PCHL, 20 studies documented PCHL and four no PCHL in
cCMV-infected children; three studies on children with PCHL who had cCMV also reported late-
onset (Table 6). In several studies, the number of children with normal hearing at birth who

received follow-up was unclear.

Of the four studies that reported no late-onset PCHL, three focused on symptomatic cCMV and
followed 4-8 children (all or some treated) with normal hearing at birth for at least one year (del
Rosal et al., 2012; Lombardi et al., 2009; Michaels et al., 2003). The fourth study reported no
late-onset PCHL at 6-month follow-up among 27 children symptomatic/asymptomatic cCMV

with normal hearing at birth (Kasztelewicz et al., 2017).

In 20 studies, late-onset PCHL occurred in children in all cCMV subgroups (symptomatic,
asymptomatic and unspecified) (Table 6). Onset of PCHL was reported up to 5-6 years of age in
studies with long-term follow-up (Forner et al., 2015; Foulon et al., 2012; Korndewal et al.,
2017). The number of children with normal hearing at birth who received follow-up was not
systematically reported and frequently only the number with late-onset PCHL was reported. In
children with normal hearing at birth, up to 25% of children developed PCHL in two studies (one
symptomatic, one asymptomatic cCMV) (Forner et al., 2015; Goderis et al., 2016). Some
children with normal hearing in one or both ears at birth developed late-onset PCHL ranging
from mild to profound degree (unilateral or bilateral) (Bilavsky et al., 2016; Goderis et al., 2016;

Iwasaki et al., 2007).
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In three retrospective studies with small samples (n <15), late-onset PCHL was reported in 20%-

50% of the CMV-related children with hearing loss.

Changes in hearing (childhood)

Definition of changes in hearing. Studies applied two different criteria to define change in
hearing: i) a change of 210 dB in the auditory threshold, and/or ii) a change in degree of hearing
loss category. Some authors provided frequency-specific information related to change in

hearing.

A total of 26 studies examined changes in hearing and reported various patterns: stable,
deterioration (progressive PCHL), fluctuations and improvement (sometimes to normal hearing)
(Amir et al., 2016; Bilavsky et al., 2016; Bilavsky et al., 2015; Boudewyns et al., 2009; Capretti et
al., 2014; del Rosal et al., 2012; Engman et al., 2008; Foulon et al., 2012; Furutate et al., 2011,
Goderis et al., 2016; lwasaki et al., 2007; Kimberlin et al., 2015; Kimberlin et al., 2003; Korver et
al., 2009; Leruez-Ville et al., 2016; Lombardi et al., 2009; Michaels et al., 2003; Misono et al.,
2011; Park et al., 2014; Pasternak et al., 2018; Ross et al., 2017; Ross et al., 2009; Royackers et
al., 2013; Tagawa et al., 2009; Verbeeck et al., 2008). Changes were reported in
symptomatic/asymptomatic cCMV in congenital/early onset/late-onset PCHL and in children
treated and untreated (Foulon et al., 2012; Goderis et al., 2016; Iwasaki et al., 2007; Misono et
al., 2011; Royackers et al., 2013; Verbeeck et al., 2008). According to Foulon et al., symptomatic
children were more likely to have PCHL (p=0.045) and less likely to show improvement

(p=0.057), but deteriorations and fluctuations in PCHL were equally frequent in children with
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symptomatic and asymptomatic cCMV (Foulon et al., 2012). According to Royackers et al.
(2013), the first change (deterioration or improvement) in hearing appeared after one year of
age in treated children. In one retrospective study that examined the association between
progressive PCHL and various etiologies and risk factors (e.g., CMV, low birthweight, genetic),
progressive loss appeared to be two times more common among children with CMV-related

PCHL (Misono et al., 2011).

Effects of antiviral treatment

Eight studies examined the effects of antiviral treatment in cCMV children (Table 7). Kimberlin
et al. (2003) showed a lower percentage of symptomatic children with worsening of hearing
between baseline and >1-year follow-up with 6-week treatment compared to no treatment, and
Lackner et al. (2009) reported cases of late-onset PCHL only in asymptomatic untreated children
with long-term follow-up (four to ten years). In symptomatic cCMV children, hearing was more
likely to remain normal or improve at 12 and 24 months with longer treatment (6-week versus
6-month) (Kimberlin et al., 2015). Consequently, at 1-year follow-up, treatment seems to have a
positive effect on some children, improving or reducing the progression of PCHL, when
compared either to no treatment or shorter duration of treatment and these effects seem to be
maintained at 2-year follow-up (Kimberlin et al., 2015; Kimberlin et al., 2003; Lackner et al.,

2009).

In the five studies with no control group, four studies of children with symptomatic cCMV with

antiviral treatment (n=5 to 12) showed improvement in hearing in 25%-50% of cases, no late-
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onset PCHL was reported (del Rosal et al., 2012; Lombardi et al., 2009; Michaels et al., 2003;
Pasternak et al., 2018), and hearing did not deteriorate in better ear analysis (del Rosal et al.,
2012; Pasternak et al., 2018) (Table 7). In the fifth study, symptomatic newborns of mothers
were treated during pregnancy, and while PCHL was reported in the neonatal period, no late-

onset PCHL was observed (Leruez-Ville et al., 2016).

Summary of the body of evidence
Table 8 summarizes the overall level of the body of evidence related to our main outcomes:
- Neonatal (congenital/early) PCHL,
- Childhood PCHL and late-onset PCHL,
- Change in hearing.
The three outcomes are specifically synthesized according to symptomatic/asymptomatic status

at birth; postnatally acquired CMV was also analyzed for the last two outcomes.

Neonatal. All studies were observational with the exception of two controlled clinical trials, and
therefore, the level of evidence is low. Independent of symptomatic status, the body of
evidence showed that cCMV seems to be related to PCHL at birth or early in life. Studies of the
clinical history of infection have shown resultant damage to the brain and hearing pathway. A
gradient is observed according to symptomatic status: prevalence of PCHL at birth or early in life
was higher in symptomatic than in asymptomatic cCMV. Studies of the prevalence of PCHL in
asymptomatic cCMV showed mixed results, with some reporting no PCHL and some a much

higher prevalence of PCHL compared to the general population of newborns without risk factors
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for hearing loss, (e.g., reported in universal hearing screening studies); studies reporting

asymptomatic cCMV did not include a control group.

Childhood PCHL and late-onset PCHL. In symptomatic and asymptomatic newborns without
antiviral treatment, the body of evidence shows a higher prevalence of PCHL during childhood
than in the general population without risk factors. Late-onset PCHL was also reported in some
studies, with high proportions in children with normal hearing at birth. The level of evidence is
rated as low. Consistent with other reports, postnatally acquired CMV showed no relationship
with PCHL during childhood. Therefore, level of evidence related to the relationship between

postnatal CMV and PCHL was rated as very low.

The effects of antiviral treatment on children with cCMV was not studied in randomized clinical
trials. Based on two controlled clinical trials, there seems to be a positive effect on hearing, but
it should be confirmed in further studies with appropriate design and control group. At this

stage, limited data preclude strong conclusions and consequently, the level of evidence is rated

as low.

Change in hearing. Despite the 26 studies reporting changes in hearing, it is difficult to draw
conclusions, because of the variation in study groups (symptomatic/asymptomatic) and in the
multiple outcomes reported (stable/improvement/deterioration of hearing). Instability in

hearing thresholds is characteristic of cCMV-related PCHL: improvement or deterioration
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appears to occur in both symptomatic and asymptomatic cCMV, neonatal PCHL and late-onset

PCHL, and in treated and untreated children.

Discussion
This review is part of a broader research project on risk factors related to PCHL. This report
synthesized evidence specifically on CMV related to PCHL at birth and during childhood, as well

as progressive PCHL.

Our study identified a high prevalence of congenital or early-onset (<3 months of age) PCHL in
infants with cCMV, ranging from 0% to 71.4%. Notably, important differences are reported in
prevalence according to symptomatic (33.7% to 71.4%) and asymptomatic (0.0% to 14.9%)
cCMV. These results are consistent with other literature reviews (Fletcher et al., 2018; Goderis
et al., 2014; Riga et al., 2018). However, we were not able to identify an association between
degree of loss or laterality of PCHL and the symptomatic status of CMV at birth. Other reviews
have reported that symptomatic children were more likely to present with bilateral PCHL and
severe to profound loss (Goderis et al., 2014; Riga et al., 2018), but based on our review, there is
no conclusive evidence to support this finding. A key difference between our review and these
two reviews lies in the length of follow-up: we did not include any restriction while these two
reviews included studies with either a follow-up of at least two years or at least two audiological
assessments during follow-up. This may lead to overrepresentation of children who require the

most frequent audiological services, indicating a more severe degree of hearing loss. Consistent
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with other reports, no association with PCHL was found in newborns with postnatally acquired

CMV (via breastmilk).

Consistent with other reviews, we found late-onset PCHL to be an important characteristic of
cCMV-infected children (Fletcher et al., 2018; Goderis et al., 2014). Late-onset PCHL was

reported for newborns with symptomatic or asymptomatic cCMV at birth. In universal CMV

screening programs, all cases of cCMV infection (symptomatic/asymptomatic) are targeted and

early identified, whether PCHL is present or not, and affected children are enrolled in hearing

surveillance programs. In the absence of cCMV screening, children who present with “severe”

symptoms will be investigated after suspicion of CMV infection and children with asymptomati

cCMV may not be identified. cCMV testing weeks or months after birth using neonatal dried
blood spot screening is challenging to ascertain and the prevalence of late-onset PCHL in
asymptomatic children may be underestimated, due to unknown cCMV infection status.
Concerns have been raised about the use of the dried blood spot for identifying infants with
CMV-associated hearing loss and is not recommended by some researchers (Rawlinson et al.,
2017; Ross et al., 2017). Estimating the prevalence of late-onset hearing loss is further
complicated by the fact that children present with late-onset PCHL at various times after the
infection. Various length of follow-up across studies, and short follow-up periods may also

contribute to an underestimation of late-onset PCHL in cCMV-infected children.

We also sought to document information related to changes in hearing loss over time

(improvement or deterioration). Although studies suggest this is an important challenge in

IC
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clinical management, change in hearing does not seem to occur more frequently in
symptomatic or asymptomatic children. Our findings are consistent with other reviews that
reported progressive and fluctuating PCHL as important characteristics of cCMV-related PCHL
(Fletcher et al., 2018; Goderis et al., 2014). Our review did not find evidence that any particular
characteristics (symptomatic/asymptomatic, neonatal or late-onset PCHL) were associated with

progressive PCHL.

This review did not focus on the effects of antiviral treatment in cCMV infection, but our
findings highlight its critical role. The effects of antiviral treatment seem globally positive; it was
mostly studied in symptomatic children (with PCHL) and appeared to show better outcomes in
hearing for treatment or with longer (six months) treatment. However, since treatment effects
was not the central research question and our search was not conducted to capture all studies
on antiviral treatment, we cannot confidently draw any conclusions. Further studies focusing on
antiviral treatment in cCMV-infected newborns should be performed, including both
symptomatic and asymptomatic (with PCHL) children, to assess the effect on the trajectory of
hearing. Because antiviral treatment may act as a confounding factor between cCMV and the
evolution of hearing, rating the body of evidence may be biased, especially regarding
symptomatic children who are more frequently treated. It reflects the complex nature of cCMV
infection; while it is typically associated with late-onset PCHL or deterioration in hearing,

antiviral treatment may reverse the effects on hearing.
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Based on our results, all cases of cCMV infections should be early-identified and hearing for all
children with CMV-related PCHL should be monitored, because improvement or deterioration
may occur. This will enable adjustments in rehabilitation in a timely manner. Based on this
review, we strongly recommend recognizing cCMV infection as a risk indicator for PCHL and that
its presence trigger surveillance programs to detect late-onset PCHL as well as close audiologic
monitoring of children with CMV-related PCHL to ensure early detection of change in hearing.
Given the limited evidence reported here on the benefits of antiviral treatment, we do not

currently recommend different surveillance protocols based on treatment or no treatment.

Quality of studies

As expected, due to our research question, most reports were observational studies, and only a
few included a control group. The majority were cohort studies (with various lengths of follow-
up and study designs), that recruited children with cCMV and assessed the onset of PCHL.
Almost one-third (21/65) of reports were based on children with known PCHL with subsequent
investigation of cCMV as a possible cause of PCHL. Methodological rating of individual studies
(using the McMaster tool) was low in 92.3% of studies (60 of 65). Consequently, the overall

body of evidence on CMV infection was rated as (very) low.

Elements influencing the assessment of the body of evidence
Definition and degree of targeted PCHL were not standardized across studies. However, we
strictly applied the inclusion criteria for permanent PCHL, as targeted by EHDI programs

(Ontario Ministry of Children and Youth Services Ontario Infant Hearing Program, 2017; The
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Joint Committee on Infant Hearing, 2019). Exposure included all CMV infections confirmed in
newborns (not only in mothers during pregnancy or a maternal seroconversion), through tests
performed on saliva, urine or blood in newborns. Type of tests and criteria to determine
symptomatic infection varied across studies. An outcome of normal hearing was based on
clinical practice from hearing screening programs and accepted as a normal hearing screen
(when performed) without an extensive audiological assessment. This variety of definitions in

exposure and outcome precluded a meta-analysis.

Some studies reported a possible differential effect of cCMV on hearing according to infection
attributes: primary versus non-primary maternal infection, timing of infection during pregnancy,
results of amniocentesis or cerebrospinal fluid. One limitation of our review is that our inclusion
criteria did not include these specific characteristics and therefore subgroup analyses were not
possible. Consequently, types of cCMV infection were not standardized across the studies,
resulting in a heterogenous population. This heterogeneity reflects clinical practice, as usually
no information other than the CMV infection is available for hearing assessments in public
health programs. We therefore adopted a pragmatic approach because our goal was to inform
public health programs (based on large populations) and not to provide guidance for an

individual clinical approach.

As noted, overall, study designs were rated as low quality. This is partly due to lack of use of
statistical tools and tests: precision of the results, and lack of representative samples. Most

studies showed an increased prevalence in cases of cCMV infection, while some reported no
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cases of PCHL (in asymptomatic cCMV children). Small sample sizes may also explain the
inconsistent results of prevalence of PCHL across studies. In addition, small sample sizes in most
studies may explain the very low prevalence of PCHL (and the absence of reported cases in
some studies), particularly for a low-incidence disorder in the control group of children without
risk factors (Butcher et al., 2019; Kaye et al., 2006; Wood et al., 2015). Therefore, larger samples
or multi-center studies are required to ensure valid results. All of these issues contribute to the

low level of quality evidence.

Review limitations

Due to the large number of studies identified through our search, limitations of this review are
that we restricted it to articles in English and we did not contact study authors to clarify results
or inclusion criteria (Morrison et al., 2012). We also limited our review to the citations retrieved
through our search of databases and did not review the references from the articles included in
our review. Studies were excluded if they did not clearly mention that PCHL was targeted or that
conductive hearing loss was not documented, potentially leading to missing some pertinent
information. In addition, our criteria may have led to the exclusion of some studies on
progressive hearing loss because study groups having both CMV and hearing loss were
excluded. Our literature search was carried out in July 2018. We re-examined the databases to
ensure that we did not miss any relevant articles with different results since data extraction.
Articles on cCMV have been published but their findings were not contradictory with our report

or did not bring new evidence and therefore no adjustments were made in our findings.
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Conclusion

cCMV is a relevant risk factor to include in screening programs at birth and in surveillance
programs during childhood, regardless of symptomatic or asymptomatic infection status at
birth. Children with cCMV related hearing loss should also be enrolled in follow-up programs to
rapidly identify any evolution of their hearing over time, and consequently adapt their

audiological interventions.
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Table 1: Eligibility criteria

Design I: Randomized controlled trials, quasi-experimental studies,
nonrandomized comparative or non-comparative studies, case series.

E: Case reports

Population  Children

Exposure CMV infection

Outcome Primary outcome: bilateral or unilateral PCHL (congenital or delayed onset)
Secondary outcome: progressive PCHL
Timing 21985 (birth cohorts and hearing assessments)

I: inclusion criteria; E: exclusion criteria; PCHL: permanent childhood hearing loss




Table 2: Summarized prevalence of PCHL in newborns with cCMV (symptomatic, asymptomatic,
combined or unspecified)

. Number Reported
Symptomatic status
at birth of. prevalence References
studies (range)

Symptomatic cCMV 9 * 33.7%-71.4% | Alarcon et al., 2013; Goderis et al., 2016; Kimberlin et
al., 2003; Kimberlin et al., 2015; Leruez-Ville et al.,
2016; Lombardi et al., 2009; Michaels et al., 2003; Ross
et al., 2017; Royackers et al., 2013

Asymptomatic cCMV 5* 0.0%-14.9% | Engman et al., 2008; Goderis et al., 2016; Leruez-Ville et
al., 2016; Ross et al., 2017; Royackers et al., 2013

Combined 15 * 0.0%-66.6% | Barkai et al., 2014; Bilavsky et al., 2016; Dar et al., 2017,

(symptomatic and Duryea et al., 2010; Fowler et al., 2017; Goycochea-

asymptomatic Valdivia et al., 2017; Karimian et al., 2016; Kasztelewicz

cCMV) et al., 2017; Korndewal et al., 2017; Leruez-Ville et al.,
2016; Nigro et al., 2012; Pati et al., 2013; Ross et al.,
2017; Royackers et al., 2013; Stehel et al., 2008

Unspecified if 2 14.6%-16.3% | AmirJ. et al., 2016 ; Foulon I. et al., 2015

symptomatic or
asymptomatic cCMV

*Including 4 studies whose results were used in several subgroups: symptomatic, asymptomatic, combined

symptomatic/asymptomatic

cCMV: congenital cytomegalovirus, PCHL: permanent childhood hearing loss




Table 3: Summarized prevalence of PCHL in children (during childhood)

Age at Number of Range of Contributing articles
assessment® studies prevalence
Symptomatic cCMV
<lyr 3 50%-85% del Rosal T. et al., 2012 ; Iwasaki S. et al., 2007; Lombardi G. et
al., 2009
Alarcon A. et al.,, 2013; Foulon I. et al., 2012; Giannattasio A. et
al., 2017; Goderis J. et al., 2016; Korndewal M. J. et al,, 2017 ;
>1 7.7%-62.69 ! ! ! ! ! !
yr ? %-62.6% Lanari M. et al., 2006; Michaels M. G. et al., 2003; Ross S. et al.,
2009; Yamamoto A. Y. et al., 2011
Asymptomatic cCMV
<lyr 2 0-25% Iwasaki S. et al., 2007; Lackner A. et al., 2009
Engman M-L. et al., 2008; Foulon I. et al., 2012; Giannattasio A.
o 0 et al., 2017; Goderis J. et al., 2016; Korndewal M. J. et al., 2017 ;
>Lyr 9 2.8%-18.6% | . kner A. et al., 2009; Lanari M. et al., 2006; Ross S. et al., 2009;
Yamamoto A. Y. et al.,, 2011
<1and>1yr 3 0%-66.7% Forner G. et al., 2015; Leruez-Ville M. et al., 2016; Uematsua M.

et al., 2016

Combined (symptomatic/asymptomatic cCMV)

Goycochea-Valdivia W-A. et al., 2017; Iwasaki S. et al., 2007%;

slyr 3 27.7%-35.7% Kasztelewicz B. et al., 2017
Bilavsky E. et al., 2016; Capretti M. G. et al., 2014; Foulon I. et al.,
2012 *; Giannattasio A. et al., 2017*; Goderis J. et al., 2016%*;
Iwasaki S. et al., 2007*; Karimian P. et al., 2016; Korndewal M. J.

>Lyr 13 0%-83% et al.,, 2017; Lanari M. et al., 2006*; Ross S. et al., 2009*; Ross S.
etal.,, 2017; Turner K. M. et al., 2014; Yamamoto A. Y. et al.,
2011*

<1and>1 5 > 6%-25% Barkai G. et al., 2014; Dar L. et al., 2017; Fowler K. B. et al., 2017 ;

yr; and NR) ) Hicks T. et al., 1993; Oosterom N. et al., 2015

Unspecified if symptomatic or asymptomatic cCMV

>1yr 2 14.9%-16%  Cannie M. M. et al., 2016 ; Foulon I. et al., 2015

<land>1 2 8.8%-25.7% Leyder M. et al., 2016 ; Lipitz S. et al., 2013

yr; and NR) ’ ’ ) v

Postnatal CMV

Gunkel J. et al., 2018; Jim W-T. et al., 2015; Vollmer B. et al.,

[)
>1yr 3 0% 2004

Unspecified time of CMV infection

>1yr 1 33.3% Yadav S.S. etal.,, 2010

*: Results of the study extracted in several sections (symptomatic/asymptomatic/combined)
S: based on age (range) at follow-up or assessment (on mean and standard deviation if not available)
(c)CMV: (congenital) cytomegalovirus, PCHL: permanent childhood hearing loss, NR: not reported, yr: year




Table 4: Proportion of CMV infection in children with PCHL

Author, year

Population

Proportion of CMV

Avettand- o . 0 ;
Fenoel V. et 100 with B-HL, <3 yr 8;.%?;12',;;-;_3:;_) (8/100) CMV PCR+ on DBS; 13.7% (8/59) in
al., 2013 P

1 ifi . 0, 0,
Barbi M. et 130 with SNHL >40 dB HL in the best !n unidentified caus.e of HL.}OA; (9/87) <2 m.o, 34.1.2A (13/38)
al. 2003 car in 3 mo-4 yr. Excluding familial and syndromic etiology: 15.8%

9/57) <2 mo, 39.4% (13/33) in 3 mo-4 yr.
(9/57) ) (13/33) y

Boudewyns A.

41 with U- or B-SNHL of any severity
after failed UNHS

7.3% (3/41) with cCMV in congenital HL (after failed NHS) vs

o . i . .
etal., 2009 Ctl: 55 with SNHL after passed NHS 7.3% (4/55) in non-congenital HL (after passing NHS)
Courtmans .| ;5 ith HL and DBS available 10.6% (8/75) CMV DNA detected in DBS
et al., 2015
de Vries J.J.C. | 76 pediatric Cl recipients 0
ot al., 2013 (8 mo-8 yr) 14% (10/70) CMV DNA+ on DBS
Devdariani T. = 15 with HL At 3-6yr: CMV 1gG in 93.3% (14/15) with HL, 46.7% (14/30)
etal, 2011 Ctl: 30 healthy matched on age ctl; CMV IgM in 6,7% (1/15) with HL, 0% (0/30) ctl (p=0.0029)
Furutate S. et . 8.7% (4/46) CMV DNA+ dried umbilical cord specimens in B-
134 h B- -SNHL
al., 2011 34 with B-or U-5 SNHL, 6.8% (8/88) CMV DNA positive in U-SNHL
KimaniJ. W. 112 with HL (after NHS or later with o o
etal, 2010 age at onset 9-24 mo) 10% (11/109) CMV DNA positive on DBS
Korver AM.H. | 179 with PCHL at age 3-5 yr, with DBS 0 0
et al., 2009 and hearing screening in 1st yr of life 8% (14/179) (23% (3/39) of profound PCHL (>90 dB))
222 with HL, >4 yr; 132 iti I
. with HL, >4 yr; 132 additiona 9.9% (22/222) cCMV in cases; 1.4% (3/222) in controls.
Misono 5. et cases Population attributable risk: 8.9%
al., 2011 Ctl: 222 (matching DOB, sex, race, 9 92/ (35 cCCMV/354) oI
hospital birth), with NH =
[ _ [ - i
Noorbakhshs. ' oo .. 43% (18/39) CMV-Ag65+, 26.7% (10/39) CMV-PCR+ in
etal., 2017 perilymphatic fluid
Ogawa H. et 67 with severe SNHL
. . . 14.9% (10/67
al., 2007 Ctl: 4 with typical sympt. cCMV at birth % (10/67)
Park A. H. et 83 with SNHL (<3 yr), no obvious 30% (25/83) with probable (n=9) or confirmed (n=16) CMV
al., 2014 etiology induced SNHL
Rawlinson W. | 323 with confirmed HL after failed NHS o . _
D.etal.,, 2018 | and CMV testing after failed NHS 5.9% (19/323) with cCMV (8 probable + 11 definite)
Samileh N. et | 95 with SNHL with unknown etiology 34.7% (33/95) CMV-IgM, 72.6% (69/95) CMV-IgG in cases;
al., 2008 Ctl: 63 matched for age 3.5% (2/57) CMV-IgM, 94.7% (54/57) CMV-IgG in ctl (p<0.001)
Z‘lug'zuorg 45' 14 with SNHL (Cl recipients) 21.4% (3/14) cCMV (2 sympt.)
26 with B-SNHL (profound/severe)
Tagawa M. et . .
al. 2009 without severe mental or physical 12% (3/26) CMV-DNA detected on cord samples (asympt.)

handicap) from a school for the deaf

Verbeeck J. et
al., 2008

194 who failed first NHS (58 without
confirmed HL, 146 with confirmed HL)

Ctl: 332 healthy newborns matched for

cases

1) cell culture: 10.3% (14/134) in HL, 6.9% (4/58) in NH after
failed NHS, 3.3% (11/332) in ctl

2) quantitative PCR: 12.5% (17/134) in HL, 8.6% (5/58) in NH
after failed NHS, 4.5% (15/332) in ctl.

OR: 8.1 (1.7-38.6) for CMV viral load >4.5 log copies/ml

Asympt.: asymptomatic, B-: bilateral, cCMV: congenital cytomegalovirus, CMV: cytomegalovirus, ctl: control(s), dB: decibel, DNA:
deoxyribonucleic acid, DBS: dried blood spots, HL: hearing loss, Ig: immunoglobulin, mo: month, NH: normal hearing, NHS: newborn
hearing screening, PCHL: permanent childhood hearing loss, PCR: polymerase chain reaction, SNHL: sensorineural hearing loss, sympt.:
symptomatic, U-: unilateral, yr: year




Table 5: Characteristics of hearing loss (degree, laterality) in children with cCMV infection

Authors, year

Bilateral PCHL

. Unilateral PCHL

. Unspecified

Symptomatic cCMV
del Rosal T. et al., 2012

Foulon I. et al., 2012*
Giannattasio A. et al., 2017
Goderis J. et al., 2016*
Iwasaki S. et al., 2007*
Kimberlin D. W. et al., 2003
Kimberlin D. W. et al., 2015

4

In 61% with PCHL: 28%

1

In 61% with PCHL: 33%
1 prof.

(ears) 7 mild, 3 mod., 8 sev.;
at 12mo: 3 mild, 1 mod., 7
sev.

14 sev.

10 mild, 1 mod., 6 sev.
13 mild, 5 mod., 11 sev.

Korndewal M. J. et al., 2017* 1 1
Lanari M. et al., 2006 3 sev. 2 mild 1
Leruez-Ville M. et al., 2016 2 3
Lombardi G. et al., 2009 3 sev., 5 mod.

. . 2 mod., 2 sev.; 1 mild,
Michaels M. G. et al., 2003 1 mild/sev. 1mod.. 3 sev. at FU
Asymptomatic cCMV
Engman M-L. et al., 2008 1sev.
Forner G. et al., 2015 4 sev. 4 mod.
Foulon I. et al., 2012* 3 8

. . 13 mild, 3 mod., 2 sev.
* 7 7 7

Goderis J. et al., 2016 4 mild, 1 mod., 1 prof. 9 prof.; 15 at FU
Iwasaki S. et al., 2007* 1 prof. 2 mild, 1 prof.
Korndewal M. J. et al., 2017* 1 2
Lackner A. et al., 2009 1 1 sev.
Pasternak Y. et al., 2018 21 38
Combined (symptomatic/asymptomatic cCMV)
Barkai G. et al., 2014 1 mod. 1
Bilavsky E. et al., 2016 i :;I\l/d' 2mod., 1 mod./sev., 4 mild, 3 mod., 3 sev.
Dar L. etal., 2017 2 prof.
Fowler K. B. et al., 2017 19 16
Hicks T. et al., 1993 2 mild, 1 mod., 6 prof. 2 mod., 1 prof.
Karimian P. et al., 2016 1 mild
Kasztelewicz B. et al., 2017 Fl’rrgflld, 4mod., 1sev., 8 1 mild, 2 mod., 5 prof.
Nigro G. et al., 2012 1 1 2
Oosterom N. et al., 2015 9
Ross S. et al., 2009 5 9

Royackers L. et al., 2013

Stehel E. K. et al., 2008
Yamamoto A. Y. et al., 2011

2 mild, 2 mod., 8 prof.

2 mod., 1 sev., 3 prof.
1 mod., 4 prof.

1 mild, 5 mod., 3 sev.,
7 prof.

1sev., 5 prof.

1 mod., 4 sev.

Unspecified if symptomatic or asymptomatic cCMV

Amir J. et al.,, 2016
Cannie M. M. et al., 2016
Foulon I. et al., 2015
Leyder M. et al., 2016

2 sev.

6 (including 3 sev.)
5 mild to prof., 4 NR
2 sev., 1 prof.

4 mild, 2 mod.

12 (including 7 sev.)
1 mild to prof., 8 NR
1 mild, 5 sev.

(ears) 13 mild, 9 mod., 3 sev.

*4 studies contributed to 2 subgroups (sympt and, asympt.)
cCMV: congenital cytomegalovirus, FU: follow-up; NR: no responses; mod.: moderate; PCHL: permanent childhood hearing loss; prof.:

profound; sev.: severe




Table 6: Late-onset PCHL in children

Number Reported Contributing articles
of studies prevalence
(range)
Symptomatic cCMV 5 0%-27.1% del Rosal T. et al., 2012; Foulon I. et al., 2012%*;

Goderis J. et al., 2016* ; Lombardi G. et al., 2009;
Michaels M. G. et al., 2003

Cases reported but no denominator/prevalence in Korndewal M. J. et al., 2017*; Royackers L. et al., 2013*

Asymptomatic cCMV 5 0%-24.2% Engman M-L. et al., 2008; Forner G. et al., 2015;
Foulon I. et al., 2012%*; Goderis J. et al., 2016%;
Korndewal M. J. et al., 2017*

Cases reported but no denominator/prevalence in Iwasaki S. et al., 2007*; Lanari M. et al., 2006%;
Royackers L. et al., 2013*

Combined 10 0%-60% Dar L. et al., 2017; Foulon |. et al., 2012*; Fowler K.
(symptomatic/ B. et al., 2017; Goderis J. et al., 2016*; Karimian P.

asymptomatic et al., 2016; Kasztelewicz B. et al., 2017; Korndewal
cCMV) M. J. et al., 2017%*; Pati S. et al., 2013; Ross S. et al.,

2009; Yamamoto A. Y. et al., 2011

Cases reported but no denominator/prevalence in Barkai G. et al., 2014; Bilavsky E. et al., 2016;
Goycochea-Valdivia W-A. et al., 2017; Iwasaki S. et al., 2007*; Lanari M. et al., 2006*; Royackers L. et al.,
2013%;

Unspecified if 1 1.5% Foulon I. et al.,, 2015
symptomatic/
asymptomatic cCMV

Cases reported but no denominator/prevalence in Amir J. et al., 2016; Leyder M. et al., 2016

Late-onset PCHL 3 20%-50% Furutate S. et al., 2011; Korver A.M.H. et al., 2009;
among children with Tagawa M. et al., 2009

HL (retrospective

studies)

*: Results of the study extracted in several sections (symptomatic/asymptomatic/combined symptomatic and asymptomatic)
PCHL: permanent childhood hearing loss




Table 7: Effects of treatment on hearing in cCMV children or infected fetuses

Author,
year Design

Population

Effects of treatment (based on the objective of the study) on HL (prevalence, evolution)

Treatment

With control group

25 cCMV, with
baseline/6-mo FU
assessments and 6 wk
treatment (sympt.)
Ctl: 17 cCMV, with

1. Improvement btw baseline and 6mo: 24% (6/25) in treated vs 29% (5/17) untreated (22% (11/49 ears) vs
17% (6/36 ears)); btw baseline and 21yr: 17% (4/24) vs 0% (0/19) (25% (12/48 ears) vs 0% (0/36 ears)).

2. NH at baseline and FU, btw baseline and 6mo: 60% (15/25) treated vs 29% (5/17) untreated (47% (23/49
ears) vs 22% (8/36 ears)); btw baseline and >1yr: 33% (8/24) vs 26% (5/19) (23% (11/48 ears) vs 22% (8/36
ears)).

3. Same degree of HL btw baseline and 6mo: 16% (4/25) treated vs 0% (0/17) untreated (31% (15/49 ears) vs
19% (7/36 ears); btw baseline and 21yr: 29% (7/24) vs 5% (1/19) (31% (15/48 ears) vs 17% (6/36 ears)).

84% (21/25) GCV recipients improved hearing/maintained NH btw baseline and 6mo vs 59% (10/17) ctl
(p=0.06).

4. Worsening btw baseline and 6mo: 0% (0/25) treated vs 41% (7/17) untreated (0% (0/49 ears) vs 42% (15/36
ears)) (p<0.01); btw baseline and >1yr: 21% (5/24) vs 68% (13/19) (21% (10/48 ears) vs 61% (22/36 ears)

Kimberlin D. baseline/6-mo FU (p<0.01). Significantly fewer GCV-treated patients had hearing deterioration at >1yr vs ctl (in best-ear analysis Randomly allocated: GCV (6
W.etal., Controlled assessments and (adjusted p<0.01) and total ear analysis (adjusted p=0.03)) mg/kg IV every 12 hours for 6 wk)
2003 clinical trial untreated (sympt.) Characteristics of HL: 10 mild (19 ears), 1 moderate (6 ears), 6 severe (19 ears) at baseline or no treatment.
Btw baseline and 6mo FU, 6mo vs 6wk treatment: 4.7% (2/43) vs 7.0% (3/43) improved hearing, 65.1% (28/43)
vs 53.5% (23/43) had NH (baseline and FU), 18.6% (8/43) vs 32.6 (14/43) kept same level of HI, 11.6% (5/43) vs
7.0% (3/43) worsened; aOR: 1.75 (0.69-4.43), p=0.24.
Btw baseline and 12mo FU, 6mo vs 6wk treatment: 4.9% (2/41) vs 5.0% (2/40) improved hearing, 73.2% (30/41)
vs 57.5% (23/40) had NH (baseline and FU), 14.6% (6/41) vs 25.0% (10/40) kept same level of HI, 7.3% (3/41) vs
12.5% (5/40) worsened; aOR: 2.81 (0.99-7.99), p=0.05.
Btw baseline and 24mo FU, 6mo vs 6wk treatment: 5.4% (2/37) vs 6.5% (2/31) improved hearing, 81.1% (30/37)
vs 64.5% (20/31) had NH (baseline and FU), 5.4% (2/37) vs 22.6% (7/31) kept same level of HI, 8.1% (3/37) vs
6.5% (2/31) worsened; aOR: 3.28 (0.91-11.9), p=0.07.
Significance is reached when all ears are considered: total-ear hearing more likely to be improved or to remain
normal at 12mo in the 6-mo group than in the 6-wk group (73% vs. 57%, p=0.01). Benefit in total-ear hearing
maintained at 24mo (77% vs. 64%, p=0.04).
47 cCMV with 6mo- Logistic regression (outcome: improved or protected in best ear or total ear): statistically significant results for V-GCV in all participants (16
treatment (sympt.) 12mo analysis (best ear and total ears) and for 24mo analysis (best ear and total ears) --> 12mo analysis: best mg/kg orally twice daily) for 6wk.
Kimberlin D. Ctl: 49 cCMV with ear: aOR: 2.81 (0.99-7.99, p=0.05) and total ears: aOR: 3.04 (1.26-7.35, p=0.01); 24mo analysis: best ear: 3.28 Then, randomization in 1:1 ratio:
W.etal, Controlled 6wk-treatment (0.91-11.9, p=0.07), total ears: 2.61 (1.05-6.43, p=0.04) continued V-GCV or placebo for
2015 clinical trial (sympt.) Characteristics of HL: 13 mild 13, 5 moderate, 11 severe at baseline 4.5mo.
Randomly allocated: IV GCV
12 treated (asympt.) Hearing loss in 0% (0/12) treated vs (0/11) untreated, during 1st yr and at 1yr; (within first 10 days of life + 10
Lackner A. et  Cohort Ctl: 11 untreated 0% (0/10) treated vs 25% (2/8) untreated (NS), at 4-10y FU (mean age (yr): 8.1 (4.2-11.2)) mg GCV/kg for 21 days), or no

al., 2009 prospective

(asympt.)

Characteristics of HL: 1 B-SNHL (high-frequency), 1 U-SNHL (severe)

therapy

No control group

del Rosal T.

etal., 2012 Retrospective

13 sympt. cCMV and
CNS involvement
No ctl group.

85% (11/13) had elevated thresholds on BAER at CMV diagnosis; 50% (6/12) at 12 mo.

0% (0/8 NH ears at baseline), at 12mo FU

Improvement in 7/18 baseline-affected ears (3 mild, 3 moderate, 1 severe); no deterioration in remaining ears
Characteristics of HL: 18/26 ears with HL at baseline: 7 mild, 3 moderate, 8 severe at baseline; 11 ears at 12 mo:
3 mild, 1 moderate, 7 severe

V-GCV oral solution at
32mg/kg/day; some also received
IV GCV prior to V-GCV (12
mg/kg/day). Treatment started
after neonatal period.




40 infected fetuses 12.5% (5/40, all in sympt. [5/7]), at birth Oral V-GCV in pregnant women

Leruez-Ville (mothers treated 0% (0/33 asympt.) at med. FU (mo): 12 (4-36) (2 g., 4 times a day). Medication
M. etal., Cohort during pregnancy) No LO HL. continued until delivery or 24
2016 prospective No ctl group. Characteristics of HL: 2 B-HL, 3 U-HL treatment wk.

61.5% (8/13), at baseline
61.5% (8/13) at 6-mo assessment.
Evolution at 6-mo FU: 6/8 with SNHL did not change, 2 improved scoring from 2 to 1 (mild, the lowest degree of  Oral V-GCV of 90 mg/ml. 15

impairment). mg/kg of V-GCV syrup for 6wk
Lombardi G. Cohort 13 cCMV (sympt.) No LO HL. and dose adjusted for weight
et al., 2009 prospective No ctl group. Characteristics of HL: 3 with severe score (highest reported level), 5 with moderate score at baseline gain during the 6wk treatment.

At birth: 55.5% (5/9) before therapy starting at median age of 10 days (3 days-11mo). During childhood: 55.5%
(5/9), median FU (yr): 2 (1-7).

0/5: progression of HL during 1-7yr FU; improvement in 2 (1 ear in each child: from mild to NH and from <1yr of age with sympt. cCMV
9 sympt. cCMV and moderate to mild) infection and CNS involvement,
Michaels M. CNS involvement LO HL: 0% (0/4 NH at start of treatment) at 1-4yr FU HL or both were offered
G.etal, and/or HL (treated) Characteristics of HL: 1 B-HL (mild/severe), 4 U-HL (2 moderate, 2 severe) (before treatment); 5 U-HL (1 mild, 1 treatment with IV GCV followed
2003 Retrospective  No ctl group. moderate, 3 severe) at FU by oral GCV.

(1) IV GCV 5 mg/kg/day for 6wk
followed by oral V-GCV 17
mg/kg/dose twice a day for 6wk
and then 1 daily dose until

59 with SNHL at birth completion of 12mo of
and treated for cCMV treatment; or (2) oral V-GCV 17
<12wk of life and FU 68.8% (55/80) affected ears at baseline improved, 2.5% (2/80) deteriorated, 28.8% (23/80) same level of HL. mg/kg/dose twice a day for
>1yr (asympt., except  96.3% (53/55) improved ears returned to NH with no deterioration in ears unaffected at baseline. Best ear 12wk, then 1 daily dose until
Pasternak Y. SNHL) evaluation: 21 with B-HL --> 16 (76.1%) improved (15/16 regaining NH); O deteriorated. completion of 12mo of
etal., 2018 Retrospective  No ctl group. Characteristics of HL: 21 B-SNHL, 38 U-SNHL treatment.

aOR: adjusted odds ratio, Asympt.: asymptomatic, B-: bilateral, btw: between, cCMV: congenital cytomegalovirus, CMV: cytomegalovirus, CNS: central nervous system, ctl: control(s), FU: follow-up, GCV:
ganciclovir, HL: hearing loss, IV: intravenous, LO HL: late-onset hearing loss, mo: month, NH: normal hearing, SNHL: sensorineural hearing loss, sympt.: symptomatic, U-: unilateral, V-GCV: Valganciclovir, vs:
versus, wk: week, yr: year

In parenthesis: range of the descriptive data




Table 8: Level of evidence according to each outcome

Outcome Population Level of
evidence

Neonatal In symptomatic cCMV newborns Low
hearing loss In asymptomatic cCMV newborns Very low
In cCMV newborns (symptomatic/asymptomatic) Very low

PCHL (during In symptomatic Low

childhood*, In asymptomatic Low

including late-  Globally Low
onset) Postnatally Very low
Progressive In symptomatic Very low
hearing loss In asymptomatic Very low
Globally Very low

Postnatally NA

* effects of antiviral treatment not assessed

cCMV: congenital cytomegalovirus, NA: not applicable due to absence of subjects with hearing loss in

reported studies, PCHL: permanent childhood hearing loss




