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Background: Children with congenital cytomegalovirus (cCMV) can 
develop late-onset sensorineural hearing loss (LO-SNHL). In this study, we 
aim to assess the characteristics and predictors of LO-SNHL in infants with 
cCMV having normal hearing at the first neonatal assessment.
Methods: A retrospective study within the European Registry of Children 
with cCMV (www.ccmvnet.org) was performed. Included children had 
cCMV and a normal first audiological assessment by Auditory Brainstem 
Response (ABR). Late-onset hearing loss (LO-SNHL) is defined as the 
presence of sensorineural hearing loss after an initial normal hearing test. 
Hearing evaluation was performed at birth, at 6 months of age, and at least 
annually up to 6 years of age.
Results: Seven hundred twenty-one children with normal audiological tests 
at birth were included, and 47/721 (6.5%) developed LO-SNHL. LO-SNHL 

was diagnosed at a range of 4–65 months of age [median (IQR) age: 34.3 
(15.1–48.7) months]. Children with LO-SNHL had a higher proportion 
of abnormalities on physical examination at birth (45.7% vs. 20.8%; P < 
0.001): petechiae (17.4% vs. 6.0%; P = 0.008), splenomegaly (8.7% vs. 
2.3%; P = 0.031), hepatomegaly (13% vs. 2.9%; P = 0.001), microcephaly 
(15.2% vs. 4.5%; P = 0.005) and small for gestational age (21.7% vs. 8.3% 
P = 0.005). Children with LO-SNHL showed lower platelet count at birth 
[177500.0 (88750.0–261250.0)/μL vs. 243500.0 (173000.0–304000.0)/
μL; P = 0.012], and higher blood viral load at birth [3.7 log (3.3–4.4) vs. 
3.4 log (2.7–3.9) IU/mL; P = 0.013] and had more frequent white matter 
involvement (27.7% vs. 14.7%; P = 0.03) and ventriculomegaly (20.7% vs. 
4.6%; P = 0.001) on birth magnetic resonance imaging. Overall, sympto-
matic children at birth showed a higher risk of developing LO-SNHL than  
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asymptomatic children (32/317, 10.1%, vs. 15/404, 3.7%; P < 0.0001). 
Among asymptomatic children, only 0.3% developed severe or profound 
LO-SNHL in the best ear. In multivariate logistic regression analysis, ventricu-
lomegaly [odds ratio (OR): 7.503 (1.78–27.9)], white matter abnormalities  
[OR: 3.19 (1.010–9.01)], and splenomegaly [OR: 3.679 (1.56–8.506)] at 
birth were associated with the development of LO-SNHL (Fig. 1).
Conclusions: Among this large cohort of children with cCMV and a first 
normal audiological assessment, the risk of LO-SNHL was 6.5%. Asymp-
tomatic children developed LO-SNHL in 3.7% of the cases versus 10.1% 
in symptomatic cases. In multivariate logistic regression analysis, ventricu-
lomegaly, white matter abnormality, and splenomegaly at birth were asso-
ciated with LO-SNHL.

Key Words: cytomegalovirus, congenital, late-onset hearing loss

(Pediatr Infect Dis J 2026;45:1–10)

Congenital cytomegalovirus (cCMV) is the commonest congeni-
tal infection in developed countries.1 cCMV infection can range 

from asymptomatic infection at birth to a severe, life-threatening  
disseminated disease.2 Although the time of maternal infection is of 
paramount importance in assessing the risk of long-term sequelae, 
in many cases, it is challenging to know the exact time of infection, 
or it is not possible (nonprimary infection). cCMV is considered 
the most frequent cause of nongenetic sensorineural hearing loss 
(SNHL) in childhood.3,4 It is estimated that about 25% of cases of 
SNHL in children up to 4 years of age are attributable to cCMV.4 
Infants with symptomatic infections at birth have a higher risk of 
developing late onset SNHL (LO-SNHL) (up to one-third), but also 
asymptomatic newborns can develop it during childhood, and most 
cases occur before 3 years of age.5,6 However, available evidence is 
mostly based on relatively small cohorts that also include newborns 
with abnormal hearing at birth and do not provide serial follow-up 
at specific time points up to 3–5 years of age, the period recom-
mended for follow-up by most guidelines.7

Knowing prognostic factors of the development of 
LO-SNHL may have practical consequences, as children at high 
risk of LO-SNHL could be candidates for antiviral treatment. 
While clinical trials conducted in symptomatic infants showed that 
antiviral treatment with ganciclovir/valganciclovir may prevent 
hearing deterioration,8,9 the evidence about antiviral treatment in 
asymptomatic or mildly symptomatic cCMV cases is still lacking.7 
Therefore, therapeutic practices widely differ worldwide accord-
ing to local guidance and expert opinions.10,11 In addition, there 
are few studies that have addressed risk factors for the develop-
ment of LO-SNHL in children with normal hearing at birth, with 
no clear link with image findings at birth, but with an association 
with the first trimester of maternal infection.12 Given current gaps, 
we performed this study to assess the burden of LO-SNHL and its 
prognostic factors in a large cohort of European infants enrolled in 
the cCMVnet Registry, who had a normal audiological evaluation 
at birth and a documented hearing follow-up of at least 6 months.

METHODS

Study Population
This retrospective study was performed within the European 

Registry of Children with Congenital Cytomegalovirus Infection 
(cCMVnet registry; www.ccmvnet.org).13 This is a European Reg-
istry of children with cCMV and includes 1461 children followed in 
57 hospitals from 8 countries (Spain, Greece, Italy, United Kingdom, 
Portugal, Belgium, Czech Republic and Switzerland). This registry 
includes patients born after 2011 and until 2024, and prospectively 
followed up, enrolled from national and unicentric cohorts.

Children with confirmed cCMV infection (positive poly-
merase chain reaction and/or urine viral culture for CMV in the 
first 21 days of life), followed in participating centers, were offered 
to be included in the registry. Anonymized clinical information 
was stored using the REDCap data collection system.11 REDCap 
is hosted in a secure online server at the Instituto de Investigación 
Hospital 12 de Octubre (imas12). cCMVnet Registry has been 
approved by the reference Ethics Committee in Hospital Univer-
sitario 12 de Octubre (IRB number: 20/495) and the IRB of each 
participating center. Parents or legal guardians signed informed 
consent at the inclusion in the registry.

Demographic and patient data, type of maternal infec-
tion, type of neonatal infection (symptoms at physical exami-
nation), blood count and liver enzymes at birth and viral load in 
blood and urine were recorded. Imaging results at birth [cranial 
ultrasound (cUS) and/or cranial magnetic resonance imaging 
(MRI)] performed in the first 28 days of life, and ophthalmo-
logic findings were also included. Image findings in cUS and 
MRI potentially related to cCMV and recorded in the study were 
white matter abnormalities (WMAs), lenticulostriate vasculop-
athy, calcifications, periventricular cysts, ventriculomegaly,  
caudothalamic and subependymal cysts and/or germinolysis, 
polymicrogyria, lissencephaly and other migrational abnormali-
ties and ventricular septation.

Hearing Evaluation
Hearing screening is universally performed on all newborns 

in participating centers by automated auditory brainstem response 
(A-ABR) or otoacoustic emissions. If hearing screening fails in any 
ear, it is repeated in 2–6 weeks.

After birth, all children received audiologic examination by 
an ear, nose and throat specialist, and auditory brainstem response 
(ABR), tympanometry and microscopic ear evaluation were per-
formed. In some centers, auditory steady-state response is per-
formed when hearing loss is suspected to quantify the degree of 
hearing loss.

Children with normal hearing are evaluated with ABR and/
or behavioral audiometry at 6 months of age and then yearly for 
up to 5 years of age. SNHL was defined as the presence of hearing 
thresholds of >30 dBnHL in ABR in any ear or if pure-tone average 
is above a threshold of 20 dBHL in any ear.

Quantification of the degree of SNHL was performed 
according to the classification of Bureau International d'Audioph-
onologie (BIAP 1996), being mild hearing loss pure-tone average 
between 21 and 40, moderate 41–70, severe 71–90, profound >90 
dB.14,15

Other Definitions
cCMV: was defined as the presence of a positive CMV- 

polymerase chain reaction in urine, blood, or cerebrospinal fluid or 
CMV isolation in urine cultures in the first 21 days of life.16

Small for gestational age: weight at birth with Z-score <−2, 
adjusted by sex and gestational age, and according to the reference 
charts.17

Microcephaly: head circumference Z-score <−2 according 
to the reference charts adjusted by sex and gestational age.18

Symptomatic cCMV: Infants were categorized as “symp-
tomatic” if they present any of the following signs and symptoms: 
abnormal physical examination at birth [petechiae, splenomeg-
aly, hepatomegaly, jaundice, hypotonia, lethargy, seizures, poor 
sucking reflexes, motor paresis, microcephaly (head circumfer-
ence <−2 Z-score head circumference)], small for gestational 
age (<−2 Z-score head circumference), abnormal blood test 
(thrombocytopenia <100,000 and/or alanine aminotransferase 

www.ccmvnet.org
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≥80 UI/dL), chorioretinitis, SNHL, abnormalities in imaging 
(WMA), ventricular adhesions, intracranial calcifications, ven-
triculomegaly, cerebellar hypoplasia, periventricular cysts, cau-
dothalamic/subependymal cysts, hydrocephalus, lissencephaly, 
polymicrogyria and other migration abnormalities. Children 
with isolated lenticulostriate vasculopathy were not included in 
the “symptomatic” group.7,19

Best ear was referred to the ear with the best hearing result; 
for example, if you have moderate (left ear) severe (right ear), you 
have moderate SNHL in the best ear.

Statistical Analysis
To elucidate the characteristics of the study cohort, per-

tinent variables were systematically summarized and presented 
in tabular form using the compare Groups R package.20 Cate-
gorical attributes were presented as frequency distributions, and 
comparative analyses between different groups were conducted 
using Fisher exact test and the χ2 test. For continuous variables, 
due to the non-normal distribution of the variables analyzed in 
the proposed groups, the Mann–Whitney U test was employed. 
These continuous attributes were represented in terms of their 
medians and interquartile ranges (IQR). Additionally, a sur-
vival analysis was conducted using the Kaplan–Meier method 
to visualize the follow-up times at which new cases of deafness 
occurred. The choice of the Mann–Whitney test was based on 
the need to compare 2 groups (infants with and without hearing 
loss) in the presence of a non-normal distribution of the variable 
analyzed, which was verified beforehand. Since no comparisons 
between more than 2 groups are addressed in this study, the use 
of ANOVA—a parametric test designed for such comparisons—
was not considered appropriate.

To conclude, a multivariate logistic regression model was 
developed to predict the development of new LO-SNHL. The pre-
dictor variables of the final model were subjected to collinearity 
tests using the variance inflation factor. The final model was evalu-
ated using McFadden’s index.

RESULTS
From January 2020 to December 2024, 1461 patients with 

cCMV have been included in the registry, and 721 patients with 
normal neonatal audiological screening met the study criteria and 
were included (404 with asymptomatic and 317 with symptomatic 
cCMV infection). In total, 47/721 (6.5%) children with initial nor-
mal audiological screening developed LO-SNHL during a median 
follow-up of 30.7 (14.4–47.9) months. LO-SNHL was diagnosed at 
a median of 34.3 months (IQR: 15.1–48.7); range of 4–65 months 
and more than 95.8% before the age of 5 years. In the last evalu-
ation, 27/47 (57.4%) had unilateral LO-SNHL and 20/47 (42.6%) 
had bilateral LO-SNHL. Among 20 kids with bilateral LO-SNH, 
hearing loss in best ear was mild (21–40 dB) in 11 (23.4%) cases, 
moderate (41–70 dB) in 6 (12.8%), severe (71–90 dB) in 2 (4.3%) 
and profound (>90 dB) in 1 child (2.1%). Risk of developing bilat-
eral LO-SNHL is 2.8% (20/721), and risk of moderate-severe- 
profound LO-SNHL in the best ear is 1.2%. Two kids (2/721; 0.3%) 
with LO-SNHL required cochlear implants.

Details about demographic and clinical findings of new-
borns and mothers are reported in Table 1 and Table, Supplemental 
Digital Content 1, https://links.lww.com/INF/G345, respectively. 
Data about microbiology and laboratory findings at birth are listed 
in Table 2. In Table 3, imaging findings are listed.

Symptomatic children at birth showed a higher risk of devel-
oping LO-SNHL than asymptomatic children (32/317, 10.1%, vs. 
15/404, 3.7%; P < 0.0001) (Table 1). Children with asymptomatic 

disease at birth showed no LO-SNHL in the best ear in 98.5% of 
the cases, versus 92.5% of the symptomatic (P = 0.001). Asymp-
tomatic children only developed severe/profound LO-SNHL in the 
best ear in 1 case (0.3%) versus 0.7% of the symptomatic (Table 4).

Univariate Analysis According to the Development 
of LO-SNHL

Children who developed LO-SNHL had lower Z-score 
at birth for weight [−0.8 (−1.8 to 0.2) vs. −0.3 (−1.3 to 0.6); P = 
0.023], height [−0.8 (−1.9 to 0.1) vs. 0.0 (−1.2 to 0.7); P = 0.042] 
and head circumference [−1.6 (−2.5 to 0.0) vs. −0.6 (−2.0 to 0.5); 
P = 0.037). Children small for gestational age (< −2 Z-score birth 
weight for gestational age) had a higher risk for LO-SNHL; how-
ever, none of the children with isolated small for gestational age 
(SGA) (SGA without other symptoms) developed LO-SNHL. Chil-
dren with LO-SNHL had a higher proportion of abnormalities in 
physical examination at birth (45.7% vs. 20.8%; P < 0.001): pete-
chiae (17.4% vs. 6.0%; P = 0.008), splenomegaly (8.7% vs. 2.3%; 
P = 0.031), hepatomegaly (13% vs. 2.9%; P = 0.001), microcephaly 
(15.2% vs. 4.5%; P = 0.005) and chorioretinitis (0.6% vs. 4.3%; P 
= 0.069) (Tables 1–3).

Children with LO-SNHL showed lower platelet count at 
birth [177,500 (88,750.0–261,250.0)/μL vs. 243,500 (173,000–
304,000)/μL; P = 0.012] and higher blood viral load at birth [3.7 
log (3.3–4.4) vs. 3.4 log (2.7–3.9) IU/mL; P = 0.013] (Table 2).

Abnormal US at birth was not associated with LO-SNHL, 
but children with LO-SNHL showed a higher proportion of abnor-
malities in cranial MRI (69% vs. 36.3%; P = 0.001). WMAs and 
ventriculomegaly were more frequent in children who developed 
LO-SNHL (41.4% vs. 15.9%; P = 0.001, and 20.7% vs. 4.6%; P = 
0.001, respectively).

In the last visit available, children with LO-SNHL showed a 
higher rate of microcephaly (11.9 % vs. 3.9%), more motor prob-
lems (17.8% vs. 5.9%) and overall sequelae rate was higher (100% 
vs 6.5%) than in children without LO-SNHL.

Among Children with LO-SNHL 63.8% (30/47) 
Received Antiviral Treatment

Thirty-four percent (16/47) received valganciclovir and 
29.8% (14/47) received combined treatment (valganciclovir and 
ganciclovir). In infants without LO-SNHL, 39% (263/674) received 
antiviral treatment: 25.5% (170/674) received valganciclovir and 
13.8% (93/674) received ganciclovir plus valganciclovir. There 
were no clear significant differences in LO-SNHL among treated 
and untreated patients (P = 0.057).

A detailed assessment of LO-SNHL by ear and symptomatic 
status at birth of newborns with cCMV is given in Table 4, show-
ing that newborns with symptomatic infection have a higher risk 
of developing LO-SNHL in either ear, but also a more profound 
hearing loss.

In multivariate logistic regression analysis, ventriculomeg-
aly on MRI [OR: 7.503 (1.77–27.86)], WMAs at MRI [OR: 3.18 
(1.00–9.01)] and splenomegaly [OR: 3.679 (1.56–8.506)] were 
associated with the development of LO-SNHL (Fig. 1).

Figure 2 and Table, Supplemental Digital Content 2, https://
links.lww.com/INF/G346 show the timing for development of 
LO-SNHL in the cohort. The timing for the detection of the out-
come is variable; however, almost all cases were detected within 
the first 65 months of life.

DISCUSSION
This is the largest multicentric study to assess LO-SNHL 

in newborns with cCMV infection who had a normal initial 

https://links.lww.com/INF/G345
https://links.lww.com/INF/G346
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audiological assessment at birth. In our cohort, 47/721 (6.5%) chil-
dren with initial normal audiology developed LO-SNHL. Sympto-
matic infants had a higher risk of LO-SNHL (10.1% vs. 3.7%; P 
< 0.0001).

We found that splenomegaly and image abnormalities like 
focal/multifocal WMA and ventriculomegaly were associated with 
LO-SNHL. Other findings, like isolated SGA, were not associated 
with LO-SNHL.

In a recent study from the Flemish registry, they found a 
similar proportion of LO-SNHL in symptomatic children (11.8%; 
9/76) versus asymptomatic children (12.1%; 30/247).21

A report from 2014 suggested that 18.1% of symptomatic 
children had a delayed onset of hearing loss.5 According to Goderis 
et al5,6, LO-SNHL occurred in 10.6% of symptomatic and in 7.8% 
of asymptomatic infants with cCMV. This data is like the results 
in our study. However, the authors mention that previous hearing 
impairment in one ear was a risk factor for the development of 
LO-SNHL in the contralateral ear, suggesting that some of these 
children may not have had an initial entirely normal hearing assess-
ment, while in the present study, the definition of LO-SNHL was 
more rigorous.

Foulon et al22 prospectively evaluated hearing loss in chil-
dren with proven cCMV. In this cohort, among the 157 children 
with normal hearing thresholds at the first visit, 7 developed 
late-onset hearing loss (4.5%). However, 3 of them had other pos-
sible factors that might have contributed to the risk of SNHL, and 
the risk of LO-SNHL was even lower (2.5%) if those cases were 
excluded. In line with our findings, SNHL was more frequent in 
symptomatic children. The study by Foulon et al22 had a high pro-
portion of asymptomatic children, and the risk of LO-SNHL is like 

what has been found in our study. Moreover, the risk of severe or 
profound LO-SNHL in asymptomatic children is low.

The risk of LO-SNHL in asymptomatic children is low 
in our study (3.7%), and only 0.3% of children developed severe 
or profound SNHL in the best ear. This low risk of LO-SNHL in 
asymptomatic children is an important message for parents because 
this possibility generates important anxiety among parents during 
the follow-up. Moreover, only 2 children in this group required 
cochlear implants.

In another cohort in China, including 141 children with 
asymptomatic cCMV infection, LO-SNHL was found in 4 cases 
(2.8%).23 Interestingly, in this cohort, no maternal or child factors, 
except saliva viral load at birth, were associated with an increased 
risk of developing LO-SNHL. We did not find differences in urine 
viral load (saliva was not analyzed); however, a higher blood viral 
load was found in children with LO-SNHL. Although in different 
studies the risk of LO-SNHL seems to increase with higher viral 
loads in different fluids, we could not establish a cutoff for high or 
low risk of developing LO-SNHL.

Two Italian studies have also attempted to document the 
burden of LO-SNHL. In an Italian cohort of 103 children from 2 
centers, 28 had a hearing impairment, and 4 had LO-SNHL. How-
ever, no details are provided on the timing of diagnosis and how 
the first hearing evaluation was performed.24 In another center in 
Southern Italy, in a cohort of 102 purely asymptomatic cCMV- 
infected infants, no one developed LO-SNHL after a mean  
follow-up period of 3.3 years, with a median of 2.8 years.3

An important finding of our study is that WMA abnor-
malities detected on MRI were associated with a higher risk of 
LO-SNHL, reinforcing the latest studies suggesting a potential 

TABLE 1.  Clinical Data of Newborns with cCMV Infection That Developed or Not LO-SNHL

No LO-SNHL
(N = 674)

Yes LO-SNHL
(N = 47) P

Age at diagnosis (days) [median (IQR)] 2.0 (0.0–6.0) 2.0 (0.0–5.0) 0.729
Age (mother) years [median (IQR)] 33.0 (28.0–36.0) 33.0 (30.5–35.0) 0.626
Gestational age at delivery (weeks) [median (IQR)] 38.0 (37.0–39.0) 38.0 (38.0–39.0) 0.393
Gestational age week <37 (%) 140 (21.1) 7 (14.9) 0.403
Birth weight (gr) [median (IQR)] 2920.0 (2400.0–3340.0) 2660.0 (2285.0–3152.5) 0.184
Z-Score newborn weight [median (IQR)] −0.3 (−1.3 to 0.6) −0.8 (−1.8 to 0.2) 0.023
Birth weight category (%)
≥1500 g 620 (93.9) 45 (95.7) 0.852
<1500 g 40 (6.1) 2 (4.3)
Birth height (cm) [median (IQR)] 48.5 (46.0–50.0) 48.0 (46.0–49.5) 0.256
Z-Score newborn height [median (IQR)] 0.0 (−1.2 to 0.7) −0.8 (−1.9 to 0.1) 0.042
Birth head circumference (cm) (median (IQR)) 33.5 (32.0–35.0) 33.0 (32.0–34.0) 0.113
Z-Score Newborn head circumference (median (IQR)) −0.6 (−2.0 to 0.5) −1.6 (−2.5 to 0.0) 0.037
Small for gestational age (SGA) (<−2 Z-Score or ≤ 2nd centile) (%) 55 (8.3) 10 (21.7) 0.005
Asymptomatic cCMV infection (n = 404) 389 (96.3) 15 (3.7) <0.001
Symptomatic cCMV infection (n = 317) 285 (89.9) 32 (10.1)
Isolated SGA 7 (1.0) 0 (0.0) 1.000
Abnormal physical examination at birth (%) 138 (20.8) 21 (45.7) <0.001
Microcephaly (<−2 Z-Score or ≤2nd centile) (%) 30 (4.5) 7 (15.2) 0.005
Seizures (%) 0 (0.0) 0 (0.0) -- 
Splenomegaly (%) 15 (2.3) 4 (8.7) 0.032
Hepatomegaly (%) 19 (2.9) 6 (13.0) 0.001
Hypotonia (%) 14 (2.1) 2 (4.3) 0.634
Jaundice (%) 27 (4.1) 3 (6.5) 0.673
Petechiae/purpura (%) 40 (6.0) 8 (17.4) 0.008
Chorioretinis (%) 4 (0.6) 2 (4.3) 0.069
Last visit–follow-up
Age (months) [median (IQR)] 27.6 (13.5–44.5) 30.7 (14.4–47.9) 0.825
Motor impairment (paresis spasticity) (%) 39 (5.9) 8 (17) 0.006
Epilepsy (in treatment) (%) 9 (1.4) 2 (4.3) 0.311
Visual impairment (%) 10 (1.5) 2 (4.3) 0.364
Any sequelae (%) 42 (6.5) 47 (100.0) <0.001

Bold values indicates statistically significant P values.
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prognostic role of MRI in children with cCMV infection. A recent 
retrospective, single-center observational study, including 225 
patients with cCMV who had a neonatal brain MRI with diffusion- 
weighted imaging, found that the white matter apparent  
diffusion coefficient was significantly higher in patients with neo-
natal hearing loss and cognitive and motor impairment (P < 0.05).25 
In another study, 2 pediatric radiologists, blinded to clinical data, 
independently scored the white matter in 286 newborns with con-
genital CMV. Abnormal white matter was associated with neona-
tal hearing loss and lower motor scores, with a tendency towards 
impaired cognitive development.26 SNHL was also more frequent 
in newborns with MRI brain abnormalities in a smaller study (36 
patients, 11 of them with MRI abnormalities and SNHL).27 In another 
study of 160 infants with cCMV (103 symptomatic), temporal- 
pole WMAs, and not the extent of WMAs, were associated with 
moderate/severe disability (OR: 7.8; 1.4–42.8), specifically severe 
SNHL or SNHL combined with other moderate/severe disabilities 
(OR: 16.2; 1.8–144.9).28 However, a study published by Craeghs 
et al13 found an association between hearing loss and image find-
ing in cUS and MRI, but could not establish this association in 
LO-SNHL.12 In a series of 17 patients in the United States, the 
majority (59%) of infants whose cCMV infections were identi-
fied after failing newborn hearing screening had abnormal brain 
MRIs.29 Conversely, a small study from the Republic of Korea, 
including 31 patients, found no association between MRI findings 
and SNHL.30 However, none of these studies were focused on the 
subgroup of children without SNHL at birth, and the sample size 
was lower than in our study.

Although 69% of children with LO-SNHL had abnormali-
ties on MRI, 31% of children with normal imaging also developed 
LO-SNHL. Additionally, 36.3% of children with abnormalities on 
MRI did not develop LO-SNHL. None of the treatment studies for 
cCMV undertook routine MRI imaging at baseline, so there are 

currently no correlations between treatment outcomes and baseline 
imaging. Altogether, these findings suggest that we need further 
evidence to introduce MRI as a routine diagnostic test to all chil-
dren with asymptomatic cCMV infection, as the test is expensive 
and would not be sustainable at every center. So far, the ultrasound 
remains a primary indication, as it is radiation-free and accessible 
worldwide.

The mechanism of LO-SNHL remains poorly understood. 
Recent studies suggest that this may involve immune responses, 
the release of inflammatory factors by natural killer (NK) cells, 
apoptosis of cochlear spiral ganglion cells, and potential changes 
due to vascular dysfunction.31 A recent study discovered biosig-
natures of infants with symptomatic and asymptomatic cCMV 
are indistinguishable, both showing that the immune responses of 
infants with asymptomatic and symptomatic cCMV infection are 
not different. Random forest analyses of initial samples in infants 
with cCMV, irrespective of their clinical classification, identify a 
16-gene classifier signature associated with the development of 
SNHL with 92% accuracy, suggesting its potential value as a bio-
marker.32 These data reinforce our findings that even asymptomatic 
children at birth can develop LO-SNHL, possibly due to chronic 
inflammation.

In our series, most cases (93.5%) of LO-SNHL are diag-
nosed before the fifth year of life. These findings are in line with 
previous reports suggesting that hearing loss occurs throughout the 
first several years of life and most cases are diagnosed before 5 
years of age, although usually much earlier.22,33–36 Average onset of 
LO-SNHL is earlier in symptomatic children than in asymptomatic 
children.12

Also, our findings reinforce the association between 
cCMV infection and negative neurological outcomes.37 While any 
sort of neurologic and behavioral problems were diagnosed in 
cCMV patients independently from audiologic status, those with 

TABLE 2.  Main Laboratory and Microbiological Data of Newborns with cCMV Infection That Developed or Not LO-SNHL

No LO-SNHL
(N = 674)

Yes LO-SNHL
(N = 47) P

Blood test at birth (first week of life) (%)
 � Normal 453 (85.3) 25 (64.1) 0.001
 � Abnormal 78 (14.7) 14 (35.9)
Newborn: ALT (GPT) (U/L) [median (IQR)] 18.0 (12.0–27.0) 20.0 (14.0–31.0) 0.170
Newborn: AST (GOT) (U/L) [median (IQR)] 45.0 (31.0–62.0) 54.0 (39.5–70.0) 0.084
Newborn: direct bilirubin (mg/dL) [median (IQR)] 0.6 (0.4–2.0) 1.1 (0.4–5.0) 0.329
Newborn: hemoglobin (g/dL) [median (IQR)] 16.0 (14.2–18.0) 16.1 (15.3–18.1) 0.336
Newborn: platelets (cs/mm3) [median (IQR)] 243500.0

(173000.0–304000.0)
177500.0

(88750.0–261250.0)
0.012

Newborn: leucocytes (cs/mm3) [median (IQR)] 11610.0 (8900.0–15205.0) 13050.0 (11207.5–16850.0) 0.178
Newborn: lymphocytes (cs/mm3) [median (IQR)] 5047.0 (4050.0–6970.0) 7000.0 (4793.5–7500.0) 0.109
Newborn: neutrophils (cs/mm3) [median (IQR)] 3940.0 (2040.0–7870.0) 4450.0 (2715.0–7330.0) 0.667
Lumbar puncture performed (%)
 � Yes 209 (35.5) 19 (51.4) 0.133
Newborn: leucocytes in CSF [median (IQR)] 15.0 (6.0–30.0) 14.5 (10.0–23.5) 0.977
Newborn: –in CSF (mg/dL) [median (IQR)] 100.0 (74.9–137.0) 90.0 (72.0–112.3) 0.414
Amniocentesis: CMV-PCR (%)
 � Positive 107 (66.0) 9 (100.0) 0.079
 � Negative 55 (34.0) 0 (0.0)
Amniocentesis: CMV viral load [median (IQR)] 199000.0 (8650.0–2147500.0) 115000.0 (11554.0–2030000.0) 0.976
Child: urine CMV viral load [median (IQR)] 1748949.0

(93935.0–10000000.0)
10000000.0

(177000.0–29999999.0)
0.142

Blood CMV-PCR (%)
 � Positive 443 (81.0) 33 (89.2) 0.305
 � Negative 104 (19.0) 4 (10.8)
 � Child: blood CMV viral load (log) [median (IQR)] 3.4 (2.7–3.9) 3.7 (3.3–4.4) 0.013
CSF CMV-PCR (%)
 � Positive 35 (14.8) 7 (26.9) 0.189
 � Negative 201 (85.2) 19 (73.1)
 � Child: CSF CMV viral load [median (IQR)] 581.0 (150.0–1482.8) 819.0 (288.8–1602.2) 0.756

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CSF, cerebrospinal fluid; GOT, glutamate pyruvate transaminase; GPT, glutamate oxaloacetate transaminase.
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LO-SNHL had a statistically significantly higher risk of motor 
impairment at the last visit.

As advised by the American Academy of Audiology38 and 
the European Congenital Infection Initiative,39 our findings on 
LO-SNHL support the recommendations for close audiological 
follow-up of children with cCMV during the first 5–6 years of 
life, including children with normal hearing at birth, despite, as 
we have shown, the risk of LO-SNHL is much less in children 
who do not have symptoms at birth (3.7% in clinically asymp-
tomatic vs. 10.1% in symptomatic newborns). Children with 
cCMV and SNHL and/or neurological consequences should 
have follow-up with: developmental pediatrics, infectious dis-
eases, neurology, ophthalmology, speech-language pathology, 

physical therapy, pediatric otolaryngology, and parent–family 
support.40

Of note, we found that children with LO-SNHL showed 
a higher blood viral load at birth (3.7 log (3.3–4.4) vs. 3.4 log 
(2.7–3.9) IU/mL; P = 0.013). However, this data was not con-
firmed at the multivariate analyses, suggesting that blood viral 
load may not be a primary factor in defining the risk of subse-
quent LO-SNHL. This point would be in line with a previous 
large study showing that peripheral blood viral load is not asso-
ciated with hearing loss in children with congenital CMV infec-
tion, although a viral load of <3500 ge/mL was associated with 
a lower risk of hearing loss in children born with asymptomatic 
congenital infection.41

TABLE 3.  Main Imaging Data of Newborns with cCMV Infection That Developed or Not LO-SNHL

No LO-SNHL
(N = 674)

Yes LO-SNHL
(N = 47) P

Child first cranial ultrasound (%)
Normal 432 (68.4) 24 (55.8) 0.126
Abnormal 200 (31.6) 19 (44.2)
Abnormal without lenticulostriate vasculopathy 152 (24.1) 16 (37.2) 0.080
White matter abnormalities (focal/multifocal) (%) 13 (2.1) 2 (4.7) 0.560
White matter abnormalities (Diffuse) (%) 7 (1.1) 0 (0.0) 1.000
Ventriculomegaly 21 (3.3) 1 (2.3) 1.000
Ventricular adhesions/septations (%) 3 (0.5) 0 (0.0) 1.000
Lenticulostriate vasculopathy (%) 84 (13.3) 8 (18.6) 0.451
Periventricular cysts (%) 37 (5.9) 4 (9.3) 0.558
Caudothalamic/subependymal cysts/germinolysis (%) 51 (8.1) 5 (11.6) 0.594
Calcifications (%) 37 (5.5) 6 (12.8) 0.086
Child first cranial MRI (%)
Normal 261 (63.7) 9 (31.0) 0.001
Abnormal 149 (36.3) 20 (69.0)
White matter abnormalities (focal/multifocal) (%) 65 (15.9) 12 (41.4) 0.001
White matter abnormalities (diffuse) (%) 34 (8.3) 1 (3.4) 0.565
Isolated white matter abnormalities without any other abnormality 51 (7.6) 5 (10.6) 0.555
Ventricular adhesions/septations (%) 7 (1.7) 0 (0.0) 1.000
Lenticulostriate vasculopathy (%) 4 (1.0) 1 (3.4) 0.759
Calcifications (%) 22 (5.4) 4 (13.8) 0.083
Enlargement of the cisterna magna (%) 2 (0.5) 2 (6.9) 0.012
Ventriculomegaly (%) 19 (4.6) 6 (20.7) 0.001
Cerebellar hypoplasia (%) 6 (1.5) 1 (3.4) 0.954
Periventricular cysts (%) 24 (5.9) 4 (13.8) 0.194
Lissencephaly/other migrational abnormalities (%) 5 (1.2) 1 (3.4) 0.864
Caudothalamic/subependymal cysts/germinolysis (%) 30 (7.3) 2 (6.9) 1.000
Polymicrogyria (%) 5 (1.2) 1 (3.4) 0.864

TABLE 4.  LO-SNHL Status by Ear and Presence of Symptoms at Birth

Level Asymptomatic Symptomatic P No LO-SNHL LO-SNHL P

n 404 317 674 47
Last visit LO-SNHL in any ear
Last visit—hearing-loss right (%) No hearing loss 379 (97.4) 272 (89.2) <0.001 674 (100.0) 14 (29.8) <0.001

Yes, mild: 21–40 dB 7 (1.8) 15 (4.9) 0 (0.0) 14 (29.8)
Yes, moderate: 41–70 dB 1 (0.3) 14 (4.6) 0 (0.0) 13 (27.7)
Yes, severe: 71–90 1 (0.3) 2 (0.7) 0 (0.0) 3 (6.4)
Yes, profound: > 90 dB 1 (0.3) 2 (0.7) 0 (0.0) 3 (6.4)

Last visit—hearing-loss left (%) No hearing loss 381 (97.4) 274 (89.8) 0,001 674 (100.0) 18 (38.3) <0.001
Yes, mild: 21–40 dB 5 (1.3) 14 (4.6) 0 (0.0) 11 (23.4)
Yes, moderate: 41–70 dB 3 (0.8) 11 (3.6) 0 (0.0) 10 (21.3)
Yes, severe: 71–90 2 (0.5) 4 (1.3) 0 (0.0) 6 (12.8)
Yes, profound: > 90 dB 0 (0.0) 2 (0.7) 0 (0.0) 2 (4.3)

LO-SNHL in last visit in any ear 15 (3.7) 32 (10.1) 0.001 0 (0.0) 47 (100.0) <0.001
Last visit—hearing-loss in best ear (%) No hearing loss 383 (98.5) 282 (92.5) 0.001 674 (100.0) 27 (57.4) <0.001

Yes, mild: 21–40 dB 4 (1.2) 7 (2.1) 0 (0.0) 11 (23.4)
Yes, moderate: 41–70 dB 0 (0.0) 6 (1.8) 0 (0.0) 6 (12.8)
Yes, severe: 71–90 dB 1 (0.3) 1 (0.3) 0 (0.0) 2 (4.3)
Yes, profound >90 dB 0 (0.0) 1 (0.3) 0 (0.0) 1 (2.1)

Last visit bilateral LO-SNHL 5 (1.2) 15 (4.9) 0.001 0 (0.0) 20 (42.6) <0.001
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Our study has limitations: despite having been performed 
in a prospective cohort, this is a retrospective study. Although this 
is the largest European cohort of children with CMV infection, it 
is difficult to recruit many children with LO-SNHL. Most asymp-
tomatic patients in our cohort were identified through maternal 

screening programs conducted in specific participating centers 
(Spain, Greece, Italy and Belgium). It is important to note that 
congenital CMV infections resulting from primary maternal 
infection during the first trimester are associated with a higher 
risk of long-term sequelae, even in infants who are asymptomatic 

FIGURE 1.  Multivariate logistic regression analysis for the outcome of late-onset SNHL.

FIGURE 2.  Time series analysis for the outcome of late-onset SNHL.
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at birth. This factor may have contributed to overestimating the 
risk of LO-SNHL in our study population. Given the multicenter 
nature of the study, some heterogeneity existed in the timing and 
frequency of audiological follow-up, which may have influenced 
the precise identification of the onset of hearing loss. However, 
in the cCMVnet cohort, at least 1 evaluation of hearing was per-
formed at 6 months of age in all children, and after 12 months of 
age at least once yearly. On a similar note, from the standpoint of 
representativeness and the applicability of results, working with 
samples from various centers undoubtedly adds value. However, 
we acknowledge that, regarding the assessment of viral load, the 
absence of a centralized laboratory for sample processing repre-
sents a limitation. In addition, audiological testing is extremely 
complex in young infants for multiple reasons, and this can poten-
tially impact the results. The timing of maternal infection has not 
been addressed in this study and is one of the most relevant prog-
nostic factors for SNHL,12,38 and WMA, hepatomegaly, symp-
tomatic infection may well be an expression of a first-trimester 
infection and reflect the higher risk of LO-SNHL. Another limi-
tation is that MRI has not been performed in all children. Lastly, 
maternal treatment with valaciclovir has been recently introduced 
in most centers. As in this retrospective cohort, we do not have 
mothers who received valaciclovir in pregnancy, our future stud-
ies will hopefully inform if this treatment benefits long-term audi-
ological and neurocognitive outcomes. We have not assessed in 
depth the role of antiviral treatment in newborns on LO-SNHL, 
as decisions of treatments may be based on neonatal symptoms, 
and associations with the audiological outcomes may be biased.

In conclusion, our study showed that among a large cohort 
of newborns with cCMV infection with a first normal audiolog-
ical assessment, overall, a low percentage of children developed 
LO-SNHL. Indeed, of those who were asymptomatic at birth, only 
3.7% developed LO-SNHL. Among symptomatic children, those 
with splenomegaly and image abnormalities (WMA and ventricu-
lomegaly) at birth have a higher risk of developing LO-SNHL.
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Wajanat Jan. Hospital Ippokrateio General Hospital: Charis Lam-
pada, Emmanuel Roilides, Konstantina Charisi, Olga Tsiatsiou.

Hospital Irmandade da Santa Casa de Misericórdia de 
São Paulo: Camila Ohomoto de Morais. Hospital Kaplan Medi-
cal Center: Alex Guri. Hospital Karol Jonscher Clinical Hospital: 
Katarzyna Mazur-Melewska. Hospital Leicester Royal Infirmary 
Hospital: Srini Bandi. Hospital Leiden University Medical Center: 
Ann Vossen.

Hospital Leighton Hospital: Shailaja Kottapalli. Hospital 
Lewisham: Emma Gardiner, Lisa Capozzi. Hospital Manches-
ter University NHS Foundation Trust: Adele Fitzgerald, Paddy 
McMaster, Sarah Holland. Hospital Norfolk and Norwich Uni-
versity Hospital NHS: Florence Waltson, Lucy Pocock, Myhill 
Jasmine, Samantha Scott. Hospital North Manchester General 
Hospital: Saskia Wills. Hospital Northern General Hospital: Ben-
jamin Lindsey. Hospital Oxford University Hospital: Claire Doug-
las, Elizabeth David, Emily Lees, Kelly Dominic, Louise Pollard. 
Hospital Padeh-Poria Medical Center: Danny Glikman. Hospital 
Medical University of Bialystok: Artur Sulik, Dawid Lewandowski, 
Kacper Toczylowski. Hospital W.Bieganski Specialist Hospital: 
Adrianna Buciak, Ewa Majda-Stanislawska. Hospital Prof Hess 
Children’s Hospital: Petra Kaiser-Labusch. Hospital RHCYP: 
Laura Jones. Hospital Royal Alexandra Children’s Hospital: Katy 
Fidler. Hospital Royal Belfast Children’s Hospital: Sharon Chris-
tie. Hospital Royal Glasgow Children’s Hospital: Conor Doherty. 
Hospital Royal National ENT and Eastman Dental Hospital: 
Chrysa Spyridakou. Hospital Sheffield Children’s Hospital: Fiona 
Shackley, Samya Armoush. Hospital St George’s University Hos-
pital: Laura Ferreras Antolín, Paul Heath, NgeeKeong Tan, Sana 
Ibrahim, Sarah Tizzard, Sharon Storey, Simon Drysdale, Simone 
Walter, Sinduja Janarthan. Hospital St Mary’s Hospital: Carolina 
Kachramanoglou, Helen Payne. Hospital St. Olavs University Hos-
pital: Anastasios Smyrnaios. Hospital St. Orsola Hospital: Con-
cetta Marisco, María Grazia Capretti. Hospital Sydney Children’s 
Hospitals Network: Gemma Héctor, Pamela Palasanthiran, Rachel 
Vernall. Hospital The Ruth Rappaport Children’s Hospital: Michal 
Meir. Hospital UK-Imperial College: Helen Payne, Hermione Lyall, 
Iro Mildred, Kailias Dhond, Karen McCarthy, Mona Almarzooqi. 

Hospital Cardiff and Vale UHB: Jennifer Evans, Jennifer Muller, 
Jessica Pitcher. Hospital Mid Cheshire: Joanne Tomlinson, Jones 
Amaryl, Shaila Kottapalli. Hospital Royal Sussex: Annalie Shears, 
Katy Fidler, Paul Frattaroli, Sonia Sobowiec, Vivien Richmond. 
Hospital Royal Cornwall: Kate Ralph, Kim Lindsey. Hospital 
Somerest Hospital: Christine Lanaghan, Jenny Langlands, Kirsty 
O’Brien, Rachel Crawley. Hospital St Thomas Hospital: Abirami 
Manian, Jonathan Cohen, Kent Alison. Hospital University Hospi-
tals of Derby and Burton NHS Foundation Trust: Coral Smith, Mel-
anie Hayman. Hospital University Hospitals Dorset: Francesca 
Díaz, Jemma Parratt, Nina Vanner. Hospital Walsall Healthcare 
NHS Trust: Ben Jones, Jessica Kane, Robert Chadwick. Hospital 
Universitair Ziekenhuis Brussel: Ina Foulon. Hospital Universitair 
Ziekenhuis Gent: Annelies Keymeulen.

Hospital University Children’s Hospital Zurich: Paolo 
Painoi, Shanya Sivakumaran, Victoria Parsonson. Hospital Uni-
versity College London Hospital: Camila Sen, Carolina Kachra-
manoglou, Christina Kortsalioudaki, Chrysa Spyridakou, Eleni 
Nastouli, Joanna Martín, Lucy Wellings, Sally Amor, Sarah Eisen. 
Hospital University General Hospital ATTIKON: Angeliki Tzaki, 
Artemis Mavridi, Chrysalena Loizou, Garyfallia Syridou, Sofía 
Karagiannidou, Vana Papaevangelou. Hospital University Hos-
pital at Frankfurt: Horst Buxmann, Lujein Hafez, Malina Alexé, 
Thore Vogel. Hospital University Hospital Bulovka: Dita Smiskova, 
Jitka Bolchova. Hospital University Hospital Centre Hamburg- 
Eppendorf: Ulf Schulze-Sturm. Hospital University Hospital 
Crosshouse: Althaf Ansary.

Hospital University Hospital Luigi Sacco: Vania Giacomet. 
Hospital 12 de Octubre: Roberto Pedrero Tomé, Sara Vila Bedmar, 
Serena Villaverde González, Luis Prieto, Elisa Fernández Cooke, 
Jose Tomás Ramos Amador, Cristina Epalza, Cinta Moraleda, Adri-
ana Shan, Jose Soler, Pablo Rojo, Daniel Blázquez-Gamero Hospi-
tal de Patras: Despoina Gkentzi and Sofia Benou.
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