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KEY POINTS 

Question: Which risk factors are associated with hearing improvement, hearing deterioration, 

and late-onset hearing loss in newborns with congenital cytomegalovirus (cCMV) infection?  

Findings: This cohort study analyzed hearing evolution in 387 untreated children (774 ears) 

included in the Flemish CMV registry (Belgium). Approximately 70% of the ears with 

congenital hearing loss deteriorated. Late-onset hearing loss was more prevalent in case of a 

first trimester seroconversion. None of the 104 ears of children with a third trimester 

seroconversion developed late-onset hearing loss. 

Meaning: These novel insights can aid into parental counselling, patient stratification, and 

follow-up.  
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RISK FACTORS FOR NATURAL HEARING EVOLUTION IN NEWBORNS WITH 

CONGENITAL CYTOMEGALOVIRUS INFECTION 

Importance: Congenital cytomegalovirus (cCMV) is the major cause of congenital 

nonhereditary sensorineural hearing loss in children. Currently, criteria to identify infants at 

increased risk for unfavourable hearing outcome are lacking. 

Objective: To identify risk factors for cCMV-related hearing improvement, hearing 

deterioration, and late-onset hearing loss.  

Design: This cohort study is based on the Flemish CMV registry (Belgium). Data have been 

collected for 15 years (January 1, 2007, to February 7, 2022) and were analysed September 

26, 2022, to January 16, 2023. 

Setting: Multicentric study consisting of six secondary and tertiary hospitals. 

Participants: Untreated cCMV-infected newborns with minimal 4-year audiological follow-

up were included. Patients who presented with other possible causes of sensorineural hearing 

loss were excluded. 

Main Outcomes and Measures: Primary outcome was hearing evolution (per ear analysis; 

described as stable hearing, improvement, or deterioration). The importance of gestational 

characteristics, clinical findings, timing of seroconversion, viral load, and hearing status at 

birth in predicting hearing evolution was investigated using effect sizes (Cramer V, odds ratio 

[OR], or Hedges g). 

Results: Of the 387 children, 113 (29.2%) were symptomatic and 274 (70.8%) 

asymptomatic. Ninety percent (701/774) of the ears showed stable hearing (normal hearing or 

stable hearing loss since birth) over time. Late-onset hearing loss (normal hearing at birth 

followed by hearing loss) was present in 43 ears (43/683 [6.3%]). Among children with 

hearing loss present at birth, 70.6% (24/34) of the ears deteriorated and 6.6% (6/91) of the 

ears improved. Prematurity was associated with a higher chance of hearing improvement 

(OR, 12.80; 95% CI, 2.03-80.68). Late-onset hearing loss was more prevalent in a first 

trimester infection (OR, 10.10; 95% CI, 2.90-34.48). None of the 104 ears of children with a 

third trimester seroconversion developed late-onset hearing loss.  

 

Conclusions and Relevance: Ongoing audiological follow-up for untreated children with 

congenital hearing loss is important as the majority will have hearing deterioration. The 

timing of seroconversion impacts the risk of developing late-onset hearing loss. These 

insights can aid in parental counselling, patient stratification, and follow-up. Future research 

should focus on the effect of treatment, the influence of determined risk factors, and the study 

of eventual new risk factors in patients at high risk to develop hearing loss. 
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1. INTRODUCTION 

Affecting 0.7% of all live births, human cytomegalovirus (CMV) is the most common 

intrauterine infection (1, 2). A congenital CMV infection may entail a continuum of disease 

expressions including central nervous system malformations (microcephaly, calcification, 

ventriculomegaly etc.), vestibulocochlear disorders, clinical (petechiae, hepatosplenomegaly 

etc.) and/or laboratory (leukopenia, thrombocytopenia) abnormalities (3, 4). The majority of 

the children will be asymptomatic at birth; however, they are still prone to develop sequelae 

in the first years of life (1, 2). On the long term, the most important sequelae are 

neurodevelopmental delay, hearing loss, and vestibular disorders (5-7). Being responsible for 

15-20% of all hearing loss during childhood, congenital cytomegalovirus (cCMV) is the 

major cause of congenital, non-hereditary sensorineural hearing loss (SNHL) (8-11). 

Approximately 50-60% of the symptomatic and 10% of the asymptomatic children will 

develop hearing loss in the first six years of life (12-15).  

 

Hearing loss caused by a cCMV infection is typically highly variable and unpredictable. Both 

unilateral and bilateral hearing loss are described with a severity ranging from mild to 

profound (3, 15, 16). Once present, the hearing loss can improve or deteriorate in the years 

after birth. Neonates with normal hearing at birth are still at risk of developing late-onset 

hearing loss (14, 15). All cCMV-infected children should therefore be enrolled in a 

longitudinal audiovestibular follow-up program until at least four years of age (17, 18). 

 

The variable and unpredictable audiological outcome in cCMV-infected children is cause of 

parental concern and anxiety, both during pregnancy and childhood. Identifying risk factors to 

predict hearing evolution may aid in parental counselling, may lead to a more targeted and 

individualized approach, and may guide treatment decisions (8, 19-21). We recently identified 
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risk factors for congenital hearing loss (22). However, risk factors for hearing improvement, 

hearing deterioration, and late-onset hearing loss are still undefined mainly because previous 

research was limited to small cohort studies (19, 23-27). The purpose of this study was to 

predict the natural course of cCMV-related hearing loss by identification of risk factors based 

on a large multicentric database.  

 

2. METHODS 

2.1. Data collection and neonatal investigations 

This cohort study is based on the Flemish CMV registry (Belgium) (5). Ethical approval was 

obtained from the Ethical Committee of Ghent University Hospital (EC-2008/247); a written 

informed consent was obtained from a parent or caregiver of each participant. For 15 years 

(January 1, 2007, to February 7, 2022), data of children with congenital cytomegalovirus 

infection have been collected from six secondary and tertiary hospitals (Ghent University 

Hospital, Antwerp University Hospital, Sint Jan Hospital in Bruges, University Hospitals of 

Leuven, GZA Sint Augustinus in Antwerp, and GZA Middelheim in Antwerp). All children 

were subjected to a standardized protocol for diagnosis, treatment, and follow-up. Newborns 

were tested for cCMV in case of known maternal seroconversion during pregnancy or in case 

of suggestive symptomatology at birth; universal newborn cCMV screening was not 

performed. Diagnosis of cCMV was made upon viral isolation and/or PCR on urine/saliva 

taken within the first 3 weeks of life. A retrospective diagnosis was made by PCR on dried 

blood spot (DBS). Data concerning pregnancy (timing of seroconversion, gestational age), 

neonatal period (clinical features at birth, laboratory findings, results of central imaging 

[cranial ultrasound (US) and/or magnetic resonance imaging (MRI)]), and long-term 

neurodevelopmental and audiological follow-up have been collected (4, 5). Central imaging, 

laboratory investigations, and quantification of viral load were performed as earlier described 
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(22). Inclusion criteria for this study were [A] a confirmed diagnosis of cCMV, [B] a valid 

hearing assessment at birth and final evaluation at a minimal age of four years, and [C] no 

administration of antiviral therapy. As antiviral therapy may affect natural hearing evolution, 

treated children were excluded. Children presenting with other possible causes of SNHL (e.g. 

cochlear nerve aplasia) were excluded.  

 

2.2. Definitions 

The definition of symptomatic cCMV corresponds to the European consensus classification 

(8). Categorization of children into mildly/moderately/severely symptomatic or asymptomatic 

cCMV and their eligibility for treatment was based on investigations during the neonatal 

period (Table 1). Children with isolated SNHL at birth are considered symptomatic (4). As 

previously described (22), subgroups were made based on the hearing status at birth and the 

presence or absence of other cCMV-related symptomatology. In case of aberrant clinical, 

neurological, or laboratory findings, the child was defined as ‘having other symptoms at 

birth’; regardless from hearing loss. Consequently, all newborns were categorized into 4 

groups: with congenital hearing loss and other symptoms at birth, without congenital hearing 

loss and with other symptoms, with congenital hearing loss and without other symptoms (i.e. 

isolated hearing loss), and without congenital hearing loss or other symptoms (i.e. 

asymptomatic cCMV). The results for these 4 subgroups can be found in Table 2 and eTable 

1. 

 

2.3. Audiological assessment 

Children received audiological follow-up from birth until at least the age of 4 years; the 

audiological protocol is previously described (12). Hearing measurements were excluded if 

[A] conductive hearing loss could not be excluded or [B] both ears were not measured 
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separately. The initial hearing status was assessed by click-evoked ABR. A click-threshold ≤ 

30 decibels above the normal adult hearing level (dB nHL) was categorized as normal 

hearing, between 31 and 45 dB nHL as mild hearing loss, between 46 and 70 dB nHL as 

moderate hearing loss, and between 71 to 90 dB nHL as severe hearing loss. Ears with a 

click-threshold > 90 dB nHL were classified as profound hearing loss and inherently unable 

to deteriorate. The final hearing assessment was defined as the most recent audiometric 

threshold from the age of 4 to 6 years on audiometry. According to the adapted version of the 

BIAP classification, ears with ≤ 25 decibels hearing level (dB HL) were classified as normal 

hearing, between 26 and 40 dB HL as mild hearing loss, between 41 and 70 dB HL as 

moderate hearing loss, between 71 and 90 dB HL as severe hearing loss, and ≥ 91 dB HL as 

profound hearing loss.  

 

Primary outcome was hearing evolution (per ear analysis) which was described as stable 

hearing, hearing improvement, or hearing deterioration. Hearing improvement or 

deterioration was assigned if the absolute difference between first and final hearing 

assessment was ≥15 dB (28, 29). If no thresholds were found with a click-stimuli ≥ 90 

dBnHL on ABR, a threshold of 105 dB nHL – the middle of the profound category - was 

assigned for statistical reasons. Pure Tone Averages (PTA; the average of thresholds at 500-

1000-2000-4000 Hz) were calculated to quantify the final hearing assessment. The results of 

ABR (first assessment; dB nHL) and audiometry (final assessment; dB HL) were compared 

without applying a correction factor as zero is included in the confidence interval of the 

difference (30, 31). Late-onset hearing loss was defined as normal hearing at birth followed 

by hearing loss. Ears with normal hearing at birth were excluded for the investigation of risk 

factors for hearing improvement. Following cochlear implantation, the hearing thresholds 
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prior to implantation were used. The hearing status of the contralateral ear was evaluated as a 

potential risk factor as well. 

 

2.4. Statistical analysis 

Data processing was performed September 26, 2022 to January 16, 2023. Statistical analyses 

were performed using IBM SPSS, version 28 (IBM Corp, Armonk, NY); all continuous 

variables were nonparametrically distributed. Risk factors were calculated for hearing 

improvement, hearing deterioration, and late-onset hearing loss. Differences between groups 

and risk factors determining hearing evolution were measured using following effect sizes: 

Cramer V (categorical variables with more than 2 subcategories), odds ratio (OR) (categorical 

variables with 2 subcategories), or Hedges g (continuous variables) (32, 33). The Hodges-

Lehmann estimator was used to calculate the median difference and 95% CIs. Variance 

Inflation Factor and Tolerance were used to assess multicollinearity. Bonferroni correction 

was applied if required.  

 

3. RESULTS 

3.1. Baseline characteristics at birth 

A total of 387 untreated children with a long-term audiological follow-up of at least 4 years 

were included. Approximately 47% (180/385) was female (sex was missing for 2 newborns). 

Seventy-one percent of the newborns was asymptomatic (274/387). None of the children 

presented with cortical atrophy, cataract, convulsions, abnormal white blood cell count, or 

intraventricular adhesions or vermis hypoplasia on cranial ultrasound. A considerable number 

of seroconversions took place in the first trimester (90/218 [41.3%]) (Table 2).  
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Of the 113 symptomatic children (29.2% [113/387]), 22 children (19.5%) had congenital 

hearing loss and other symptoms, 50 children (44.2%) had no congenital hearing loss but had 

other symptoms, and 41 children (36.3%) had isolated hearing loss. Regarding the per ear 

analysis, 774 ears were included of which 11.8% (91/774) had congenital hearing loss and 

88.2% (683/774) normal hearing at birth. Of these, 38.5% (35/91) had unilateral hearing loss 

and 62.6% (57/91) profound hearing loss (Table 3, eTable 1). 

 

3.2. Natural course of hearing evolution 

At final follow-up, 133 ears were diagnosed with cCMV-related SNHL (133/774 [17.2%]); 

the majority (97/133 [72.9%]) with profound SNHL (Table 3, eTable 1). Finally, 6.1% 

(47/774) and 11.1% (86/774) had unilateral and bilateral hearing loss respectively. Hearing 

aids were used in 30 ears (30/772 [3.9%]) and a cochlear implant in 61 ears (61/772 [7.9%]). 

The median age for cochlear implantation was 18 months (IQR, 12-24 months; minimal and 

maximal age, 6 and 72 months). 

 

In the entire study population, 90.6% (701/774) of the ears showed stable hearing (including 

ears with normal hearing since birth and ears with stable hearing loss since birth). Of the ears 

with normal hearing at birth, 43 (43/683 [6.3%]) presented with late-onset hearing loss being 

bilateral in 51.2% (22/43). Of the 21 ears with unilateral late-onset hearing loss, a 

contralateral congenital hearing loss was present in 5 ears (5/43 [11.6%]). The late-onset 

hearing loss was mild, moderate, severe, and profound in 9.3% (4/43), 23.3% (10/43), 14.0% 

(6/43), and 53.5% (23/43) respectively. Late-onset hearing loss occurred in 8.9% (12/135) 

ears of symptomatic and 5.7% (31/548) ears of asymptomatic children. While 61 ears (61/91 

[67.0%]) with congenital hearing loss remained stable over time, the hearing of 24 ears 

(24/34 [70.6%]) deteriorated to a severe (3/24 [12.5%]) or profound (21/24 [87.5%]) hearing 
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loss. In the entire cohort, six ears (6/91 [6.6%]) improved. Only one ear showed a 

normalization of pre-existing hearing loss (1/6 [16.7%]) (Table 3, eTable 1). 

 

3.3. Time frame of hearing evolution 

The time course of ears with improved, deteriorated, or late-onset hearing loss is shown in 

Figure 1. Hearing improvement was mainly gradual and occurred before the age of 4 years in 

all cases (Figure 1A). Hearing deterioration and late-onset hearing loss occurred before the 

age of 12 months in respectively 90.5% (19/21; exact time point unknown for 3 ears) and 

83.3% (15/18; exact time point unknown for 25 ears) (Figure 1B and 1C). Five ears (5/33 

[15.2%]; exact time point unknown for 4 ears) showed progressive deterioration between four 

and six years old, whereas one ear (1/641 [0.2%] of normal-hearing ears at 4 years of age) 

developed late-onset hearing loss beyond the age of 4 years (for 10/43 ears, the exact timing 

of late-onset hearing loss could not be determined). One ear had congenital hearing loss and 

showed persistent deterioration beyond 4 years (1/24 [4.2%]). The other four ears had normal 

hearing at birth, developed late-onset hearing loss and deteriorated further even after the age 

of 4 years old (Figure 1D). Twenty-two percent (4/18) of the ears with late-onset hearing loss 

had persistent hearing deterioration after 4 years of age (10/43 ears already had profound 

hearing loss before the age of 4 years old so could not further deteriorate; hearing 

deterioration between 4 and 6 years could not be estimated for 15 ears).  

 

3.4. Risk factors determining hearing evolution  

The importance of gestational characteristics, timing of seroconversion, viral load, and 

hearing status at birth in predicting hearing evolution was investigated in the total group 

(eTable 2). Prematurity (<37 weeks) and smaller biometric features were associated with a 

higher chance of hearing improvement (OR prematurity, 12.80; 95% CI, 2.03-80.68 / Hedges 



11 
 

g birth weight, 1.09; 95% CI, 0.24-1.94 / Hedges g birth length, 1.99; 95% CI, 0.90-3.06 / 

Hedges g head circumference, 1.59; 95% CI, 0.52-2.65) (Table 4). To correct for 

multicollinearity, a regression analysis should be performed but the number of ears with 

hearing improvement (n=6) was too low to prevent model overfitting. None of the 

investigated factors were associated with hearing deterioration. The risk of late-onset hearing 

loss was higher in case of a first trimester infection (17/156 [10.9%]) compared to a second 

or third trimester infection (OR, 10.10; 95% CI, 2.90-34.48) (Cramer V, 0.22; 95% CI, 0.14-

0.30; as a similar prevalence of late-onset hearing loss was found for a second [2.1%] and 

third [0%] trimester infection, both groups were combined) (Table 4). Moreover, none of the 

104 ears with a third trimester seroconversion developed late-onset hearing loss. Fourteen 

percent of the children with unilateral hearing loss at birth developed late-onset hearing loss 

compared to six percent of the children with normal hearing at birth (OR, 2.68; 95% CI 0.98-

7.29). The median [IQR] blood viral load of 6 ears developing late-onset hearing loss was 

1783.5 [300.0-3309.0] copies/ml compared to 1216.0 [300.0-4098.0] copies/ml for 108 ears 

with normal hearing since birth; for a median difference of 0.0 (95% CI, -1649.0 to 2468.0) 

copies/ml (eTable 2C). The viral load of ears with deteriorated or improved hearing was 

unknown (eTable 2A/B). 

 

To investigate whether particular cCMV-related symptoms were associated with hearing 

evolution, only the group of children with other symptoms at birth was analysed (eTable 3). 

Aberrations on clinical examination, US, or MRI were not associated with a higher risk of 

hearing evolution in this study.   

 

4. DISCUSSION 
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This multicentric cohort study based on the Flemish CMV registry investigated risk factors 

determining cCMV-related hearing evolution in untreated children. Premature children had a 

higher chance of hearing improvement; however, this might be caused by ongoing auditory 

maturation. Our result suggests a large effect but no definitive conclusions can be made due 

to the wide confidence interval and imprecision of the estimate. The prevalence of late-onset 

hearing loss was higher in case of a seroconversion in the first trimester. If unilateral 

congenital hearing loss was present, the risk of late-onset hearing loss may be increased in the 

contralateral normal-hearing ear. Particular biometric features were significantly related with 

hearing improvement which might be caused by multicollinearity. Initial blood viral load was 

not a predictor of late-onset hearing loss; though confirmation by larger samples is needed. 

Based on this study, audiological follow-up can likely be ceased if normal hearing is 

maintained at 4 years of age in children with asymptomatic or mild cCMV given the small 

risk of late-onset hearing loss (1/641 [0.2%)]) beyond this age. 

 

Identifying risk factors determining hearing evolution contributes to parental counselling (34, 

35), patient stratification (23), follow-up, and prognosis (20). Factors associated with hearing 

improvement can reduce parental anxiety (23). Early identification of neonates at risk for 

hearing deterioration or late-onset hearing loss can aid in treatment decision making (20). 

Insight into the time course of late-onset hearing loss and its risk factors can aid in the 

evaluation of potential costs and benefits of universal screening (17). Moreover, risk factors 

for late-onset hearing loss could also be used to initiate targeted audiological follow-up (18).    

  

Consequently, identification of risk factors determining hearing evolution – in particular late-

onset hearing loss – is urgently needed. However, low sample sizes and the low incidence of 

cCMV-related hearing evolution make research challenging (24, 25, 36). Foulon et al. found 
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a higher incidence of late-onset hearing loss after a first trimester seroconversion compared to 

a seroconversion later in pregnancy (18), similar to our findings. Contrary to Faure-Bardon et 

al. (37), in our cohort, late-onset hearing loss occurred even in case of a second trimester 

seroconversion so we advise long-term audiological follow-up also for these children. An 

interesting observation is that none of the 104 ears of children with a third trimester 

seroconversion presented with late-onset hearing loss; as noticed in smaller samples by 

Foulon et al. (18) and Faure-Bardon et al. (37). Clinicians might consider to exclude children 

with a third trimester seroconversion from long-term audiological follow-up. The risk of late-

onset hearing loss seemed to be higher for children with unilateral congenital hearing loss at 

birth compared to children with bilateral normal hearing at birth; which supports earlier 

findings (17). 

 

Previous researchers stated that neonates with abnormal central imaging (18) and 

asymptomatic children with higher initial blood viral loads (25, 36) have a higher risk to 

develop late-onset hearing loss. Based on this study, clinical presentation at birth, 

abnormalities on ultrasound or MRI, and initial blood viral load were not associated with a 

higher risk of hearing improvement, hearing deterioration, or late-onset hearing loss. Despite 

our larger cohort, we could not relate neonatal clinical findings with progressive hearing loss. 

Indeed, congenital hearing loss was previously related with neonatal clinical findings (22). 

These results might suggest a different pathogenic mechanism for progressive hearing loss, 

such as persistent chronic inflammation (38). In this study, we focused on gestational 

characteristics and clinical symptoms of disease expression. Future studies investigating the 

genetic profile of the child may improve our current understanding why a subset of children 

are prone to develop a particular hearing status (38, 39). 
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The Flemish CMV registry is – to our knowledge – the largest database worldwide. 

Nevertheless, the incidence of cCMV-related hearing improvement, deterioration, and late-

onset hearing loss is low which complicates analysis. Consequently, particular risk factors 

(cortical atrophy, cataract, convulsions, abnormal white blood cell count, and intraventricular 

adhesions or vermis hypoplasia on cranial ultrasound) were not present in the study 

population so their importance in predicting hearing evolution could not be assessed. Besides, 

we assume that the association of contralateral congenital hearing loss with late-onset hearing 

loss only approached statistical significance due to a lack of power as the effect size was 

rather high. Also note that the absence of risk factors does not guarantee a stable hearing in 

future. Additionally to previously mentioned limitations (22), results could be subjected to 

detection bias as hearing status was assessed with various measuring devices by physicians of 

different centres. Selection of only untreated children could have led to sample selection bias 

by potential exclusion of children with moderately to severely symptomatic cCMV. The 

majority of the patients had asymptomatic or mild cCMV; hearing outcomes for children with 

more severe disease may differ. 

 

5. CONLUSION 

Data based on the Flemish CMV registry was used to identify subsets of untreated infants at 

increased risk for hearing evolution. Late-onset hearing loss was more prevalent in case of a 

first trimester seroconversion. None of the ears of children infected during the third trimester 

of pregnancy developed late-onset hearing loss. These novel insights can aid into parental 

counselling, patient stratification, and follow-up.  
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FIGURE  

Figure 1. Time course of ears with (A) hearing improvement (n=6), (B) hearing deterioration (n=24), (C) late-onset hearing loss (n=43), and (D) progressive 

deterioration or late-onset hearing loss beyond 4 years (n=6).  
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TABLES 

 

Table 1. Categorization of newborns and eligibility criteria for therapy. 

Categorization Definitiona Eligibility for therapy 

Mildly 

symptomatic 

cCMV 

Isolated (maximum of 2) clinical nonsignificant or transient findings (e.g., intrauterine growth 

retardation, petechiae, mild hepatosplenomegaly, mild thrombopenia, anemia, leukopenia, mild 

elevated aspartate transaminase or alanine aminotransferase, or cholestasis). 

Not eligible. 

Moderately 

symptomatic 

cCMV 

More than 2 mild clinical symptoms or with persistent (2 weeks) biological or hematological 

abnormalities or with mild lesions on central nervous system imaging (e.g., lenticulostriate 

vasculopathy or isolated cyst). 

Might be eligible. Eligibility is decided by an expert; 

initiation is decided in consultation with the parents 

after being informed about the possible benefits and 

short- and long-term side-effectsb. 

Severely 

symptomatic 

cCMV 

- Central nervous system involvement: neurological signs (e.g., convulsions, microcephaly) or 

chorioretinitis or lesions on central nervous system imaging (e.g., calcifications, moderate to severe 

ventriculomegaly, multiple cysts, extensive white matter changes, cerebellar or cerebral 

hypoplasia, hippocampus dysplasia, migration disorders, or polymicrogyria). 

- Severe single-organ disease (e.g., hepatomegaly with liver failure), severe multiorgan disease, or 

life-threatening disease. 

- Isolated hearing loss. 

Eligible, therapy is offered. Decision is made in 

consultation with the parents after being informed 

about the possible benefits and short- and long-term 

side-effectsb.  

Asymptomatic 

cCMV 

Children without clinical, neurological, or laboratory abnormalities and without hearing loss. Not eligible. 

 

a Investigations during the neonatal period: clinical investigation, laboratory test, cranial ultrasound, MRI, audiological testing, and ophthalmologic investigation.  
b Treatment protocol: (2007 – 2012) intravenous ganciclovir 6 mg/kg twice daily for 6 weeks                                    

                                   (2012 – end 2017) oral valganciclovir 16 mg/kg twice daily for 6 weeks 

                                   (end 2017 – present) oral valganciclovir 16 mg/kg twice daily for 6 months 
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Table 2. Baseline characteristics of the included children.  

 Children, No./total No. (%) 

  

Total  

(n=387) 

Symptomatic cCMV Asymptomatic cCMV 

 Children with congenital 

hearing loss and with other 

symptoms 

 (n=22/387; 5.7%) 

Children without congenital 

hearing loss and with other 

symptoms  

(n=50/387; 12.9%) 

Children with congenital 

hearing loss and without 

other symptoms 

(n=41/387; 10.6%) 

Children without congenital 

hearing loss or other 

symptoms 

 (n=274/387; 70.8%) 

Sex  

Male 205/385 (53.2) 13/21 (61.9) 25/50 (50.0) 21/41 (51.2) 146/273 (53.5) 

Female 180/385 (46.8) 8/21 (38.1) 25/50 (50.0) 20/41 (48.8) 127/273 (46.5) 

Time of seroconversion 

0-13 weeks 90/218 (41.3) 6/8 (75.0) 14/39 (35.9) 10/11 (90.0) 60/160 (37.5) 

14-27 weeks 74/218 (33.9) 1/8 (12.5) 19/39 (48.7) 0/11 54/160 (33.8) 

>27 weeks 54/218 (24.8) 1/8 (12.5) 6/39 (15.4) 1/11 (9.1) 46/160 (28.8) 

Prematurity (<37 wk)  

Yes  17/297 (5.7) 4/20 (20.0) 3/43 (7.0) 2/30 (6.7) 8/204 (3.9) 

Method of diagnosis  

PCR on saliva 1/387 (0.3) 0/22 0/49  0/40 1/269 (0.4) 

PCR on urine 37/387 (9.6) 4/22 (18.2) 3/49 (6.1) 5/40 (12.3) 25/269 (9.1) 

Virus isolation in 

saliva 

4/387 (1.0) 0/22 0/49 0/40 4/269 (1.5) 

Virus isolation in 

urine 

294/387 (76.0) 11/22 (50.0) 46/49 (83.9) 12/40 (30.0) 225/269 (82.1) 

Dried blood spot 44/387 (11.4) 7/22 (31.8) 0/49 23/40 (57.5) 14/269 (5.1) 

Viral load (copies/ml) (only 1 centre)  

No. 57 0 11 0 46 

Median (IQR) 1216.0  

(300.0-4069.0) 

a 2417.0 

(499.0-6010.0) 

a 917.5 

(133.8-3747.5) 

 

a: Viral load was unknown for all children in this group. 
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Table 3. Characteristics of congenital hearing loss, final hearing loss, and hearing evolution (per ear 

analysis). 

 

 

 

 

 

 

 Ears, No./total No. (%) 

Severity of hearing loss 

 Hearing status 

at birth 

Hearing status 

at final 

assessment 

Mild hearing loss 5/91 (5.5) 6/133 (4.5) 

Moderate hearing loss 18/91 (19.8) 18/133 (13.5) 

Severe hearing loss 11/91 (12.1) 12/133 (9.0) 

Profound hearing loss 57/91 (62.6) 97/133 (72.9) 

Evolution of hearing between birth and final assessment 

Normal hearing at birth 683/774 (88.3) 

    Normal hearing since birth 640/683 (93.7) 

    Late-onset hearing loss 43/683 (6.3) 

Mild, moderate, or severe hearing loss at birth 

    Stable hearing loss since birth 8/34 (23.5) 

    Hearing improvement 2/34 (5.9) 

    Hearing deterioration 24/34 (70.6) 

Profound hearing loss at birth 

    Stable hearing loss since birth 53/57 (93.0) 

    Hearing improvement 4/57 (7.0) 

Characteristics of hearing evolution 

Hearing improvement 

    Median improvement (IQR; min, max), 

dB 

42.5 (30-60; 20, 75) 

    Normalization of hearing loss 1/6 (16.7) 

Hearing deterioration 

    Median deterioration (IQR; min, max), 

dB 

40 (25-55; 15, 70) 

Late-onset hearing loss 

    Median late-onset (IQR; min, max), dB 80 (45-95; 25, 105) 
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Table 4. Significant risk factors for hearing improvement, hearing deterioration, and late-onset hearing loss.  

Hearing improvement 

Risk factor 

Ears, No. (%) 

Difference between the groups, 

effect size (95% CI) 
With improved 

congenital hearing loss 

(n=6) 

With stable or deteriorated 

congenital hearing loss 

(n=85) 

Prematurity (<37 wk)  yes 3/8 (37.5) 5/8 (62.5) OR, 12.80 (2.03 to 80.68) 

no 3/67 (4.5) 64/67 (95.5) 

Birth weight 

    No. 6 65  

    Median (IQR), g 2580.0 (1750.0-3056.3) 3070.0 (2705.0-3450.0) Hedges g, 1.09 (0.24 to 1.94) 

Birth length 

    No. 4 49  

    Median (IQR), cm 43.5 (41.0-47.5) 49.0 (47.3-51.0) Hedges g, 1.99 (0.90 to 3.06) 

Head circumference 

    No. 4 41  

    Median (IQR), cm 28.8 (27.0-32.4) 33.0 (32.0-35.0) Hedges g, 1.59 (0.52 to 2.65) 

Hearing deterioration 

No significant risk factors were found. 

 

Late-onset hearing loss 

Risk factor 

Ears, No. (%) 
Difference between the groups, 

effect size (95% CI) 
With late-onset hearing 

loss (n=43) 

With normal hearing since 

birth (n=640) 

Timing of seroconversion 

   First trimester (0-13 wk) 17/156 (10.9) 139/156 (89.1) 
OR, 10.10 (2.90 to 34.48) 

   Second trimester (14-27 wk) or third trimester (> 27 wk) 3/250 (1.2) 247/250 (98.8) 

 

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 

A Hedges g value around 0.2 indicated a small effect size, around 0.5 a moderate effect size, and around 0.8 a large effect size (32). 
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eTABLES 

eTable 1. Characteristics of congenital hearing loss, final hearing loss, and hearing evolution (per ear analysis). 

 Ears, No./total No. (%) 

  

Total 

Symptomatic cCMV Asymptomatic cCMV 

 Child with congenital 

hearing loss and with other 

symptoms 

Child without congenital 

hearing loss and with other 

symptoms 

Child with congenital 

hearing loss and without 

other symptoms 

Child without congenital 

hearing loss or other 

symptoms 

Hearing 

status at 

birth 

Hearing 

status at 

final 

assessment 

Hearing 

status at 

birth 

Hearing 

status at 

final 

assessment 

Hearing 

status at 

birth 

Hearing 

status at 

final 

assessment 

Hearing 

status at 

birth 

Hearing 

status at 

final 

assessment 

Hearing 

status at 

birth 

Hearing 

status at 

final 

assessment 

Severity of hearing loss (n=91 at birth, n=133 at final assessment for the total group) 

Mild hearing loss 5/91 (5.5) 6/133 (4.5) 0/36 1/36 (2.8) NA 1/7 (14.3) 5/55 (9.1) 1/59 (1.7) NA 3/31 (9.7) 

Moderate hearing 

loss 

18/91 (19.8) 18/133 

(13.5) 

12/36 (33.3) 4/36 (11.1) NA 1/7 (14.3) 6/55 (10.9) 5/59 (8.5) NA 8/31 (25.8) 

Severe hearing loss 11/91 (12.1) 12/133 (9.0) 3/36 (8.3) 3/36 (8.3) NA 0/7 8/55 (14.5) 4/59 (6.8) NA 5/31 (16.1) 

Profound hearing 

loss 

57/91 (62.6) 97/133 

(72.9) 

21/36 (58.3) 28/36 (77.8) NA 5/7 (71.4) 36/55 (65.5) 49/59 (83.1) NA 15/31 (48.4) 

Evolution of hearing between birth and final assessment 

 Total Child with congenital 

hearing loss and with 

other symptoms 

Child without 

congenital hearing loss 

and with other 

symptoms 

Child with congenital 

hearing loss and 

without other 

symptoms 

Child without 

congenital hearing loss 

and without other 

symptoms 

Normal hearing at birth 683/774 (88.3) 8/44 (18.2) 100/100  27/82 (32.9) 548/548  

    Normal hearing since birth 640/683 (93.7) 7/8 (87.5) 93/100 (93.0) 23/27 (85.2) 517/548 (94.3) 

    Late-onset hearing loss 43/683 (6.3) 1/8 (12.5) 7/100 (7.0) 4/27 (14.8) 31/548 (5.7) 

Mild, moderate, or severe hearing loss at birth 

    Stable hearing loss since birth 8/34 (23.5) 1/15 (6.7) NA 7/19 (36.8) NA 

    Hearing improvement 2/34 (5.9) 1/15 (6.7) NA 1/19 (5.3) NA 

    Hearing deterioration 24/34 (70.6) 13/15 (86.7) NA 11/19 (57.9) NA 



24 
 

 

 

NA, not appropriate 
a Only 1 ear had hearing improvement.  
b Only 1 ear had late-onset hearing loss. 

 

 

 

 

 

 

 

 

 

Profound hearing loss at birth 

    Stable hearing loss since birth 53/57 (93.0) 17/21 (81.0) NA 36/36 NA 

    Hearing improvement 4/57 (7.0) 4/21 (19.0) NA 0/36 NA 

Characteristics of hearing evolution 

Hearing improvement 

    Median improvement (IQR; min, max), 

dB 

42.5 (30-60; 20, 75) 45 (40-65: 35, 75) NA 20a NA 

    Normalization of hearing loss 1/6 (16.7) 1/5 (20.0) NA 0/1 NA 

Hearing deterioration 

    Median deterioration (IQR; min, max), 

dB 

40 (25-55; 15, 70) 40 (30-50; 20,70) NA 35 (20-65; 15, 70) NA 

Late-onset hearing loss 

    Median late-onset (IQR; min, max), dB 80 (45-95; 25, 105) 30b 90 (30-100; 25, 105) 80 (65-90; 60,90) 75 (45-95; 25, 105) 
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eTable 2. Risk factors for (A) hearing improvement, (B) hearing deterioration, and (C) late-onset hearing loss in the total group of cCMV-infected children. 

A 

Risk factor 

Ears, No. (%) 

Difference between the 

groups, effect size (95% CI) 
With improved 

congenital hearing loss 

(n=6) 

With stable or 

deteriorated congenital 

hearing loss (n=85) 

Timing of seroconversion 

   First trimester (0-13 wk) 1/24 (4.2) 23/24 (95.8) 

Cramer V, 0.47 (0.06 to 1.0)    Second trimester (14-27 wk) 1/2 (50.0) 1/2 (50.0) 

   Third trimester (> 27 wk) 0/4 4/4  

Prematurity (<37 wk) yes 3/8 (37.5) 5/8 (62.5) OR, 12.80 (2.03 to 80.68) 

no 3/67 (4.5) 64/67 (95.5) 

Birth weight 

    No. 6 65  

    Median (IQR), g 2580.0 (1750.0-3056.3) 3070.0 (2705.0-3450.0) Hedges g, 1.09 (0.24 to 1.94) 

Birth length 

    No. 4 49  

    Median (IQR), cm 43.5 (41.0-47.5) 49.0 (47.3-51.0) Hedges g, 1.99 (0.90 to 3.06) 

Head circumference 

    No. 4 41  

    Median (IQR), cm 28.8 (27.0-32.4) 33.0 (32.0-35.0) Hedges g, 1.59 (0.52 to 2.65) 

Viral load 

    No. 0 0  

    Median (IQR), copies/ml NA NA NA 

Hearing loss severity at birth 

   Mild 0/5 5/5  

Cramer V, 0.08 (0.07 to 0.33) 
   Moderate 1/18 (5.6) 17/18 (94.4) 

   Severe 1/11 (9.1) 10/11 (90.9) 

   Profound 4/57 (7.0) 53/57 (93.0) 

Contralateral congenital hearing 

loss  

yes 4/56 (7.1) 52/56 (92.9) OR, 1.27 (0.22 to 7.32) 

no 2/35 (5.7) 33/35 (94.3) 
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NA, not appropriate  

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 

Cramer V ranges from 0 to 1, where 0 to 0.10 suggested a very small association between the variables; 0.10 to <0.20 a small association; 0.20 to <0.50 a medium 

association; 0.50 to <0.80 a large association; and ≥0.80 a very large association (33).  
A Hedges g value around 0.2 indicated a small effect size, around 0.5 a moderate effect size, and around 0.8 a large effect size (32). 

 

B 

Risk factor 

Ears, No. (%) 

Difference between the groups, 

effect size (95% CI) 

With deteriorated 

congenital hearing loss 

(n=24) 

With stable or improved 

congenital hearing loss 

(n=10) 

Timing of seroconversion 

   First trimester (0-13 wk) 4/5 (80.0) 1/5  (20.0) 

Cramer V, 0.31 (0.08 to 1.00)    Second trimester (14-27 wk) 1/2 (50.0) 1/2 (50.0) 

   Third trimester (> 27 wk) 2/4 (50.0) 2/4 (50.0) 

Prematurity (<37 wk)  yes 2/2 0/2 OR, 1.12 (0.96 to 1.30) 

no 17/26 (65.4) 9/26 (34.6) 

Birth weight 

    No. 20 7  

    Median (IQR), g 3280.0 (2570.0-3488.8) s Hedges g, 0.44 (-0.41 to 1.28) 

Birth length 

    No. 14 6  

    Median (IQR), cm 49.5 (47.9-51.3) 50.0 (49.5-51.8) Hedges g, 0.20 (-0.72 to 0.12) 

Head circumference 

    No. 9 4  

    Median (IQR), cm 35.0 (32.5-37.5) 34.0 (33.0-35.8) Hedges g, -0.26 (-1.36 to 0.84) 

Viral load 

    No. 0 0  

    Median (IQR), copies/ml NA NA NA 

Hearing loss severity at birth 

   Mild 3/5 (60.0) 2/5 (40.0) Cramer V, 0.17 (0.05 to 0.56) 

    Moderate 14/18 (77.8) 4/18 (22.2) 
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   Severe 7/11 (63.6) 4/11 (36.4) 

Contralateral congenital hearing 

loss 

yes 15/19 (78.9) 4/19 (21.1) OR, 2.5 (0.55 to 11.33) 

no 9/15 (60.0) 6/15 (40.0) 

 

NA, not appropriate 

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 

Cramer V ranges from 0 to 1, where 0 to 0.10 suggested a very small association between the variables; 0.10 to <0.20 a small association; 0.20 to <0.50 a medium 

association; 0.50 to <0.80 a large association; and ≥0.80 a very large association (33).  
A Hedges g value around 0.2 indicated a small effect size, around 0.5 a moderate effect size, and around 0.8 a large effect size (32). 

 

C 

Risk factor 

Ears, No. (%) 

Difference between the 

groups, effect size (95% CI) 

With late-onset 

hearing loss 

(n=43) 

With normal hearing since 

birth (n=640) 

Timing of seroconversion 

   First trimester (0-13 wk) 17/156 (10.9) 139/156 (89.1) 

OR, 10.10 (2.90 to 34.48)    Second trimester (14-27 wk) or third trimester (> 

27 wk) 

3/250 (1.2) 247/250 (98.8) 

Prematurity (<37 wk)  yes 2/26 (7.7) 24/26 (92.3) OR, 1.20 (0.27 to 5.31) 

no 32/493 (6.5) 461/493 (93.5) 

Birth weight 

    No. 30 471  

    Median (IQR), g 3395.0 (3000.0-

3646.3) 

3400.0 (3090.0-3710.0) Hedges g, 0.05 (-0.32 to 0.42) 

Birth length 

    No. 27 428  

    Median (IQR), cm 51.0 (49.0-51.0) 50.0 (49.0-51.0) Hedges g, 0.02 (-0.37 to 0.41) 

Head circumference 

    No. 24 371  

    Median (IQR), cm 34.8 (34.0-35.0) 34.0 (33.0-35.0) Hedges g, 0.09 (-0.32 to 0.50) 
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Viral load 

    No. 6 108  

    Median (IQR), copies/ml 1783.5 (300.0-

3309.0) 

1216.0 (300.0-4098.0) Hedges g, 0.22 (-0.60 to 1.04) 

Contralateral congenital hearing 

loss 

yes 5/35 (14.3) 30/35 (85.7) OR, 2.68 (0.98 to 7.29) 

no 38/648 (5.9) 610/648 (94.1) 
 

NA, not appropriate 

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 

A Hedges g value around 0.2 indicated a small effect size, around 0.5 a moderate effect size, and around 0.8 a large effect size (32). 
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eTable 3. Risk factors for (A) hearing improvement, (B) hearing deterioration, and (C) late-onset 

hearing loss in children with clinical, neurological, or laboratory abnormalities.  

 

A 

Risk factor 

Ears, No. (%) 

Difference between the groups, 

effect size (95% CI) 
With improved 

congenital hearing 

loss (n=5) a 

Clinical examination at birth 

   Dysmaturity  yes 0/8 OR, 0 

no 5/28 (17.9) 

   Hepatomegaly yes 0/5 OR, 0 

no 5/31 (16.1) 

   Splenomegaly yes 0/4 OR, 0 

no 5/32 (15.6) 

   Microcephaly yes 0/3 OR, 0 

no 5/33 (15.2) 

   Petechiae yes 1/4 (25.0) OR, 2.33 (0.19 to 28.25) 

no 4/32 (12.5) 

Laboratory findings at birth 

   Abnormal platelet count yes b OR, 0 

no 1/21 (4.8) 

Cranial ultrasound 

   Cystic periventricular leukomalacia yes 0/2 OR, 0 

no 3/20 (15.0) 

   Periventricular cysts yes 2/4 (50.0) OR, 17.0 (1.02 to 283.01) 

no 1/18 (5.6) 

   Striatal vasculopathy yes 0/5 OR, 0 

no 3/17 (17.6) 

   Calcifications yes 0/1 OR, 0 

no 3/21 (14.3) 

   Hyperechogenic caudal pit yes 0/2 OR, 0 

no 3/20 (15.0) 

   Ventriculomegaly yes 0/4 OR, 0 

no 3/18 (16.7) 

 

MRI 

   Cortical atrophy yes b NA 

no 3/30 (10.0) 

   Cystic periventricular leukomalacia yes b NA 

no 3/30 (10.0) 

   Intraventricular adhesions yes b NA  

no 3/30 (10.0) 

   Periventricular cysts yes 0/6 OR, 0  

no 3/24 (12.5) 

   Gyration disorders yes 0/1 OR, 0 

no 3/29 (10.3) 

   Calcifications yes 0/1 OR, 0 

no 3/29 (10.3) 

   Hyperintensity white matter yes 2/12 (16.7) OR, 3.4 (0.27 to 42.44) 

no 1/18 (5.6) 

   Ventriculomegaly yes 0/3 OR, 0 

no 3/27 (11.1) 

NA, not appropriate 

MRI, magnetic resonance imaging 

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 
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a  Ears with improved congenital hearing loss were compared to ears with stable or deteriorated congenital 

hearing loss (n=31).  
b None of the ears with improved congenital hearing loss had this particular abnormality. 

B 

Risk factor 

Ears, No. (%) 

Difference between the groups, 

effect size (95% CI) 
With deteriorated 

congenital hearing 

loss (n=24) a 

Clinical examination at birth 

   Dysmaturity yes 4/4 OR, 1.20 (1.00 to 1.44) 

no 20/30 (66.7) 

   Hepatomegaly yes 2/2 OR, 1.09 (0.97 to 1.23) 

no 22/32 (68.8) 

   Splenomegaly yes 2/2 OR, 1.09 (0.97 to 1.23) 

no 22/32 (68.8) 

   Microcephaly yes 2/2 OR, 1.09 (0.97 to 1.23) 

no 22/32 (68.8) 

   Petechiae yes b NA 

no 24/34 (70.6) 

Laboratory findings at birth 

   Abnormal platelet count  yes b NA 

no 19/28 (67.9) 

Cranial ultrasound 

   Cystic periventricular leukomalacia yes b NA 

no 17/27 (63.0) 

   Periventricular cysts yes b NA 

no 17/27 (63.0) 

   Striatal vasculopathy yes 3/4 (75.0) OR, 1.93 (0.17 to 21.54) 

no 14/23 (60.9) 

   Calcifications yes b NA 

no 17/27 (63.0) 

   Hyperechogenic caudal pit yes 1/2 (50.0) OR, 0.56 (0.03 to 10.12) 

no 16/25 (64.0) 

   Ventriculomegaly yes 1/1 OR, 1.06 (0.94 to 1.20) 

no 16/26 (61.5) 

MRI 

   Cortical atrophy yes b NA 

no 17/25 (68.0) 

   Cystic periventricular leukomalacia yes b NA 

no 17/25 (68.0) 

   Intraventricular adhesions yes b NA 

no 17/25 (68.0) 

   Periventricular cysts yes b NA 

no 17/25 (68.0) 

   Gyration disorders yes b NA 

no 17/25 (68.0) 

   Calcifications yes b NA 

no 17/25 (68.0) 

   Hyperintensity white matter yes 5/6 (83.3) OR, 2.92 (0.28 to 30.30) 

no 12/19 (63.2) 

   Ventriculomegaly yes 1/1 OR, 1.06 (0.94 to 1.20) 

no 16/24 (66.7) 

 

NA, not appropriate  

MRI, magnetic resonance imaging 
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OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 
a  Ears with deteriorated congenital hearing loss were compared to ears with stable or improved congenital 

hearing loss (n=10). 
b None of the ears with deteriorated congenital hearing loss had this particular abnormality. 

 

C 

Risk factor 

Ears, No. (%) 
Difference between the groups, 

effect size (95% CI) 
With late-onset 

hearing loss (n=8) a 

Clinical examination at birth 

   Dysmaturity yes 0/6 OR, 0 

no 8/102 (7.8) 

   Hepatomegaly yes 0/3 OR, 0 

no 8/105 (7.6) 

   Splenomegaly yes 0/2 OR, 0 

no 8/106 (7.5) 

   Microcephaly yes 0/1 OR, 0 

no 8/107 (7.5) 

   Petechiae yes 0/8 OR, 0 

no 8/100 (8.0) 

Laboratory findings at birth 

   Abnormal platelet count yes b NA  

no 4/69 (5.8) 

Cranial ultrasound 

   Cystic periventricular leukomalacia yes 0/2 OR, 0 

no 7/100 (0.7) 

   Periventricular cysts yes 2/18 (11.1) OR, 1.98 (0.35 to 11.09) 

no 5/84 (6.0) 

   Striatal vasculopathy yes 1/35 (2.9) OR, 0.30 (0.04 to 2.59) 

no 6/67 (9.0) 

   Calcifications yes 2/9 (22.2) OR, 5.03 (0.82 to 30.77) 

no 5/93 (5.4) 

   Hyperechogenic caudal pit yes 0/2 OR, 0 

no 7/100 (7.0) 

   Ventriculomegaly yes 1/6 (16.7) OR, 3.0 (0.30 to 29.94) 

no 6/96 (6.3) 

MRI  

   Cortical atrophy yes 1/2 (50.0) OR, 19.67 (0.98 to 396.90) 

no 3/62 (4.8) 

   Cystic periventricular leukomalacia yes 0/2 OR, 0 

no 4/62 (6.5) 

   Intraventricular adhesions yes 1/4 (25.0) OR, 6.33 (0.50 to 80.59) 

no 3/60 (5.0) 

   Periventricular cysts yes 0/2 OR, 0 

no 4/62 (6.5) 

   Gyration disorders yes 0/1 OR, 0 

no 4/63 (6.3) 

   Calcifications yes 0/1 OR, 0 

no 4/63 (6.3) 

   Hyperintensity white matter yes 2/16 (12.5) OR, 3.29 (0.42 to 25.50) 

no 2/48 (4.2) 

   Ventriculomegaly yes 0/3 OR, 0 

no 4/61 (6.6) 
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NA, not appropriate 

MRI, magnetic resonance imaging 

OR, odds ratio. Statistical significance was defined as a 95% CI excluding 1. 
a  Ears with late-onset hearing loss were compared to ears with normal hearing since birth (n=100). 
b None of the ears with late-onset hearing loss had this particular abnormality. 

 

 

 

  

 

 

 

  


