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SUMMARY 

Introduction: Congenital CMV is one of the commonest congenital infections and a 

recognised cause of sensorineural hearing loss and neurodevelopmental impairment. Ninety 

percent are clinically inapparent at birth but are reported to be at risk of developing such 

abnormalities throughout childhood, the extent of which requires further elucidation.  

Methods: A systematic literature review was conducted using Medline and Embase 

databases, manual citation review, and personal libraries for articles reporting primary data 

on hearing and neurodevelopmental outcomes for children with asymptomatic congenital 

CMV. PROSPERO registration number CRD42015025407. 

Results: Thirty-seven of 480 articles identified between 1969 and 2016 met the eligibility 

criteria. Twenty-nine of these contributed primary data on hearing outcomes and 20 on 

neurodevelopmental outcomes (12 of the 37 studies contributed data on both). Cumulative 

incidence of sensorineural hearing loss with follow up to at least 5 years was 7-11%, which is 

more than healthy controls but less than children with symptomatic congenital CMV (34-

41%). The onset, course, and severity of hearing loss was variable with no reliable virological 

prognostic marker. In comparison to controls, children with asymptomatic congenital CMV 

did not perform worse than controls in neurodevelopmental assessments, and performed 

better than children with symptomatic congenital CMV. 

Conclusions: Studies show children with asymptomatic congenital CMV are at increased 

risk of developing hearing loss, but perform equally well on neurodevelopmental assessments 

when compared to healthy controls. There is no reliable virological marker to determine 
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which infants will develop sequelae. Regular follow-up until school entry is supported by the 

literature. 
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ABBREVIATIONS 

AcCMV = asymptomatic CMV 

cCMV = congenital CMV 

dB = decibels 

DBS = dried blood spot 

DQ = developmental quotient 

ge = genomic equivalents 

IQ = intelligence quotient 

ScCMV = symptomatic CMV 

SNHL = sensorineural hearing loss 
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INTRODUCTION 

Congenital CMV (cCMV) is one of the commonest congenital infections, with a birth 

prevalence of 0.64%, and can result from maternal primary infection, re-infection, or re-

activation during pregnancy.1 Currently there is no effective method to prevent transmission 

of CMV from mother to the fetus or antenatal treatment strategies to mitigate the impact of 

congenital CMV infection.2 Approximately 10% of infected neonates will be clinically 

apparent at birth, which can manifest as jaundice, petechiae, hepatosplenomegaly, 

thrombocytopenia, chorioretinitis, intrauterine growth restriction, microcephaly, seizures, or 

intracranial calcification3. It is estimated that 40%-58% of such children with symptomatic 

cCMV (ScCMV) experience long-term sequelae, in particular hearing and 

neurodevelopmental impairment.4 Currently, cCMV is the most frequent non-genetic cause of 

sensorineural hearing loss (SNHL).4-7 

For the 90% of infected newborns who have clinically inapparent disease, their long-term 

outcomes are less clear. This is in part due to a lack of routine newborn screening for 

congenital CMV in a population where most infections will be asymptomatic and therefore 

not identified.  Additionally, testing for CMV in infants with SNHL is not routine or 

universal practice, further contributing to lack of cCMV identification. The growing body of 

literature on asymptomatic cCMV (AcCMV) has identified long-term sequelae, primarily 

SNHL and neurodevelopmental impairment, in children who were asymptomatic at birth.8 

However, the extent of these abnormalities remains uncertain.  

As the majority of children with cCMV are asymptomatic at birth, AcCMV contributes 

significantly more than ScCMV to the overall burden of cCMV disease in childhood.8 An 
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appreciation of the natural history of AcCMV is therefore important for counselling, optimal 

clinical follow-up, and assessment of disease burden;9 as well as provide rationale for school 

hearing screening programs. We systematically reviewed the literature aiming to assess the 

extent of hearing loss and abnormal neurodevelopmental outcomes for children with 

AcCMV. 

METHOD 

A systematic literature review was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA Statement, 2009),10 and registered with the 

International Prospective Register of Systematic Reviews (PROSPERO; registration number: 

CRD42015025407).  

Search strategy 

The search was conducted on 19 September 2016. The Medline database (1946 to present 

with daily update) was searched using the following strategy: (“congenital” and 

“cytomegalovirus infections or cytomegalovirus”) and (“asymptomatic infections or 

asymptomatic diseases” or “hearing or hearing loss or hearing tests or sensorineural hearing 

loss” or “cognition or cognitive disorders” or “child development” or “developmental 

disabilities” or “follow-up studies”). The Embase database (1974 to 16 September 2016) was 

searched using the following strategy: (“congenital infection” and “cytomegalovirus infection 

or cytomegalovirus”) and (“asymptomatic infection or asymptomatic disease” or “hearing 

impairment or hearing or hearing test” or “cognition assessment or cognition” or “nervous 

system development or brain development or psychomotor development or mental 
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development assessment or development or child development or mental development or 

language development or motor development or postnatal development or cognitive 

development or developmental disorder” or “follow up”). Two investigators independently 

reviewed all titles and abstracts and those considered to meet eligibility based on pre-

determined inclusion and exclusion criteria underwent full text assessment. This was 

supplemented by manually searching citations in key reviews and articles undergoing full text 

assessment, as well as personal libraries. The two investigators reached consensus for the 

inclusion or exclusion of each article, with a third investigator consulted in the event of a 

consensus initially not being reached.  

Inclusion criteria 

Articles published in the English language reporting primary data on SNHL and/or 

neurodevelopmental outcomes for children with AcCMV were included in the review. No 

eligibility restrictions were placed on follow-up duration or protocols. For articles arising 

from the same study cohort, the article with the longest follow-up period that met the 

eligibility criteria was included. For studies arising from overlapping cohorts, each individual 

study was assessed and included if it had a unique study design or reported on unique 

statistical analyses for either SNHL or neurodevelopmental outcomes.  

Exclusion criteria 

Articles were not eligible if the abstract did not report primary data on SNHL or 

neurodevelopmental outcomes for children with AcCMV and were excluded prior to full text 

assessment. Case reports, case series, and review articles were excluded on the basis of low 
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quality or non-primary evidence. Following full text assessment, articles were excluded if 

they: (1) did not present primary data on SNHL or neurodevelopmental outcomes for children 

with AcCMV; (2) did not stratify outcomes exclusively for children with AcCMV; (3) were 

retrospective analyses in a cohort of children with either hearing loss or neurodevelopmental 

delay; or (4) had insufficient follow-up information. 

Quality assessment and risk of bias 

Study quality was assessed according to the Oxford Centre for Evidence-Based Medicine 

2011 Levels of Evidence11 and rated on a scale of 1 to 5, with 1 reflecting the highest and 5 

the poorest quality of evidence. Risk of bias was addressed through the inclusion and 

exclusion criteria, and at the study level for eligible studies during data extraction. Selection 

bias was minimised by excluding retrospective studies in cohorts of children with the 

outcome of interest (SNHL and/or neurodevelopmental delay) as well as case reports and 

case series. During data extraction from eligible studies, subjects with AcCMV who had 

received antiviral therapy or hearing augmentation were excluded from contributing to the 

results derived from the respective study. Where possible, acknowledgement of the nature of 

antenatal infection (primary or non-primary) is made to identify subsets of AcCMV subjects 

whose outcomes may not be necessarily generalizable to other AcCMV subsets. Furthermore, 

studies that explicitly included the absence of SNHL as part of the diagnostic criteria for 

AcCMV, and therefore minimised SNHL as a confounding factor for neurodevelopmental 

performance, were extracted as a subset of studies. 

Definitions 
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The accepted diagnostic criteria for cCMV included confirmation of CMV via virus isolation 

(culture) or PCR in saliva and/or urine up to 3 weeks of age, or detection of CMV via PCR on 

dried blood spot (DBS). AcCMV was defined as cCMV without any of the following 

symptoms or signs attributable to cCMV during the first 30 days of life: conjugated 

hyperbilirubinemia, petechiae, hepatosplenomegaly, thrombocytopenia, chorioretinitis, 

intrauterine growth restriction, microcephaly, seizures, or intracranial calcifications. SNHL 

during the newborn period was not considered part of the diagnostic criteria for ScCMV, as it 

was not uniformly reported nor consistently considered a feature of ScCMV across the 

studies.  SNHL was defined as hearing loss beyond a threshold of 20 decibels (dB), with the 

exclusion of conductive hearing impairment. Neurodevelopmental impairment was defined as 

below average performance on neurological, cognitive or developmental assessment tools as 

determined by investigators. 

RESULTS 

Literature search 

A total of 480 articles published between 1969 and 2016 were identified from the primary 

and secondary searches. The primary database search retrieved 291 articles from Medline and 

172 articles from Embase. The secondary search identified an additional 9 articles from 

citations and 8 articles from personal libraries. After removing 49 duplicates, the remaining 

431 articles had their titles and abstracts reviewed. Ninety-six articles met criteria for full text 

assessment, and of these, 37 articles were eligible for inclusion. Twenty-nine articles reported 

unique primary data on hearing outcomes and 20 articles reported unique primary data on 
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neurodevelopmental outcomes for children diagnosed with AcCMV (Figure 1). Twelve 

articles reported unique primary data on both hearing and neurodevelopmental outcomes. 

Hearing outcome 

The characteristics and findings of the 29 eligible studies reporting primary data on hearing 

outcomes are summarised in Table 1. There were multiple studies derived from overlapping 

cohorts in Alabama (United States),6,12-16 Texas (United States),17,18 Brussels (Belgium),19,20 

Bologna (Italy),21,22 and Flanders (Belgium).23-25 Depending on the child’s age, hearing 

evaluations consisted of auditory brainstem response, otoacoustic emissions, immitance 

measures of middle ear function, behavioural audiometry, pure-tone audiometry, speech 

audiometry, and auditory steady state response. Twenty-seven studies reported cumulative 

incidence data over varying follow-up periods. Studies from two major cohorts, Alabama and 

Belgium, provided the most robust cumulative incidence data. From the overlapping 

Alabama cohorts, Dahle et al13 (651 subjects), Fowler et al 19996 (335 subjects),  Fowler et al 

199712 (307 subjects), and Rosenthal et al15 (420 subjects), reported a SNHL cumulative 

incidence of 7.4% over a median 5 years follow-up, 11.3% over 6 years of follow-up, 7.2% 

up to 7 years of follow-up, and 6.9% up to 8 years of follow-up respectively. In the Flanders 

cohort, Goderis et al 201625 (256 patients) reported a SNHL cumulative incidence of 8.2% up 

to 6 years of follow-up. When comparing AcCMV with healthy controls, Fowler et al 199712 

reported no cases of SNHL among 277 controls compared to 22/307 (7.2%) in the AcCMV 

group up to 7 years. In comparison to children with ScCMV, Dahle et al13 found SNHL in 

40.7% of their ScCMV group compared to 7.4% in the AcCMV group over a median of 5 

years; Fowler et al 19996 reported SNHL in 36.4% of ScCMV subjects at 6 years compared 
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to 11.3% of AcCMV subjects; and Rosenthal et al15 reported SNHL in 33.7% of their 

ScCMV group up to 8 years of follow-up compared to 6.9% in the AcCMV group. The 

remaining studies with cumulative incidence data14,17,19-24,26-41 involved relatively smaller 

cohorts (8-89 children) with variable study designs. The cumulative incidence of SNHL in 

these studies ranged from 0-25% over varying time periods (Figure 2).  

The SNHL reported in these studies was variable in onset, severity, and course. Median age 

of delayed onset SNHL calculated in 2 prospective studies from the Alabama cohorts was 27 

months12 and 44 months,13 while Goderis et al25 reported a mean age of 20 months. The 

oldest subject with late onset SNHL was aged 15.2 years at diagnosis.13 The severity of 

SNHL ranged from mild to profound; however hearing assessments and decibel thresholds 

for classification of SNHL severity was not consistent across the studies. Where reported, the 

range of lower limits for SNHL categories included: mild 20-30 dB, moderate 30-45 dB, 

severe 60-70 dB, and profound 80-90 dB hearing loss. The course of SNHL was assessed in 6 

studies,12,13,20,23,33,34 where SNHL was reported as stable, fluctuating, resolving or 

progressive. Fluctuating SNHL was reported in 16% to 54%12,13,20,34 of study subjects; 

progressive SNHL varied from 1.6% to 54%;12,13,20,23,34 and improving SNHL ranged from 

7% to 48%.13,33,34 However, the duration of follow-up, as well as dB thresholds and 

definitions for the course of SNHL (eg. stable, fluctuating, improving, and progressive) in 

these studies differed. Some studies based the course of SNHL on changes (or lack thereof) in 

hearing loss categories over serial audiology assessments, whilst other studies specified dB 

variations (ranging from >5-15) as evidence of fluctuation, improvement, or progression. In 

addition, Dahle et al13 who reported the highest proportions for fluctuating and progressive 
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SNHL, categorised threshold variations for each audiometric frequency, therefore making it 

possible to assign a subject to more than one category of SNHL course. This could 

subsequently overestimate the relative proportions of the different courses of SNHL. 

Neurodevelopmental outcome 

Table 2 summarises the characteristics and findings of the 20 articles reporting primary data 

on neurodevelopmental outcomes. There were multiple studies derived from overlapping 

cohorts in Alabama (United States),42-44 Texas (United States),18,30 and Bologna (Italy).21,22 

The specific age-appropriate neurodevelopmental assessments varied across the studies, and 

included neurological and developmental clinical examination, developmental profile, 

Bayley’s Scales of Infant Development, Griffiths Mental Development Scales, Stanford-

Binet Intelligence Scale, Wechsler Intelligence Scale for Children, Wechsler Preschool and 

Primary Scale of Intelligence, Bender-Gestalt Test, Vineland Adaptive Behaviour Scales, 

Vineland Social Maturity Scale, Kaufman Assessment Battery for Children, Brunet-Lezine 

Scale, Wide Range Assessment Test, Milani-Comparetti neuroevolutive assessment, 

Brazelton behavioural assessment, Prechtl general movement assessment, Gesell 

Developmental Schedule, Peabody Developmental Motor Scales, Alberta Infant Motor 

Scales, Ghent Developmental Balance Test, Amiel-Tison and Gosselin assessment, and 

NEPSY (A Developmental Neuropsychological Assessment). The cumulative incidence of 

neurodevelopmental impairment in patients with AcCMV was reported in 9 studies and 

varied from 0% to 9.1%.19,21,22,28,31,32,40,41,45 Of the larger prospective studies, Zavattoni et al40 

reported 5/89 (5.6%) AcCMV cases developed neurocognitive impairment over a 6 year 

follow-up period; Ancora et al22 reported a normal developmental quotient (DQ) and motor 
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examination in all of their AcCMV cases over an average follow-up period of 3.5 years; 

Lanari et al21 reported neurodevelopmental sequelae in 1/35 (2.9%) of their AcCMV cohort 

over a mean follow-up period of 18 months; Forner et al41 reported neurodevelopmental 

impairment in 3/33 (9.1%) of their AcCMV cases over 6 years; and Ahlfors et al 198328 

reported 1/28 (3.6%) AcCMV cases developed neurodevelopmental impairment with up to 7 

years of follow-up. 

Eleven studies compared neurodevelopmental outcomes in AcCMV to controls. Eight of 

these reported no difference in performance on neurodevelopmental assessments between 

AcCMV cases and controls,24,26,29,30,38,42,43,46 whilst Lanari et al21 reported 

neurodevelopmental impairment in only 1/35 (2.9%) of AcCMV cases compared to 0/16 

controls over an average 18 month follow-up period. The remaining two studies reported 

worse performance on neurodevelopmental assessments for AcCMV cases compared to 

controls.44,47 However, in the study by Temple et al,44 the difference reported at 4-6 years of 

age was not evident for patients >6 years. Zhang et al47 reported similar rates of mental 

retardation (DQ/IQ <70) for AcCMV cases and controls, but poorer verbal IQ scores in 

AcCMV children. However, hearing assessments were not reported in this cohort, thus SNHL 

was not excluded as a confounder and explanation for poorer verbal IQ in this AcCMV 

group. Five studies assessed neurodevelopmental outcomes for AcCMV compared to 

ScCMV. Children with ScCMV performed consistently worse on neurodevelopmental 

assessments than those with AcCMV, with all 5 studies demonstrating poorer 

neurodevelopmental outcomes for ScCMV cohorts compared to AcCMV cohorts.21,28,31,40,46 
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The cumulative incidence for neurodevelopmental impairment in the ScCMV cohorts for 

these studies ranged from 30.7% to 66.7%. 

AcCMV without SNHL 

Five articles included SNHL in the neonatal period as part of the diagnostic criteria for 

ScCMV. Thus, from these studies, SNHL and neurodevelopmental outcomes in a group 

categorised as AcCMV without SNHL (in the newborn period) could be determined. In this 

subset of studies, the cumulative incidence (follow-up period in parentheses) of delayed onset 

SNHL was reported as 2.9% (mean 18 months),21 5.6% (up to 6 years),40 8.2% (over 6 

years),25 13.2% (up to 2 years)24 and 24.2% (over 6 years).41 From a neurodevelopmental 

perspective, the cumulative incidence was reported as 2.9% (mean 18 months),21 5.6% (up to 

6 years),40 and 9.1% (over 6 years).41 De Kegel et al24 reported no difference in psychomotor 

performance between AcCMV cases and controls at 2 years. The studies reporting highest 

cumulative incidence values for SNHL and neurodevelopmental impairment were derived 

from cohorts of children born to mothers with primary CMV infection during pregnancy,40,41 

and may therefore not be representative of the AcCMV population in general but indicate a 

higher risk sub-group of children with AcCMV. In addition, Conboy et al42 and Temple et 

al44 compared neurodevelopmental outcomes for children with AcCMV without SNHL to 

controls. Conboy et al42 found no difference in cognitive performance between children aged 

6.5-12.5 years, while Temple et al44 did demonstrate poorer cognitive and motor performance 

for children with AcCMV compared to controls in the 4-6 year age group but  no differences 

in the >6 year age group. However both of these studies enrolled older children and did not 
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report hearing status at birth. Therefore it is uncertain if these study cohorts faithfully 

represent AcCMV cohorts without SNHL. 

Virological prognostic markers 

Six studies included assessment of virological markers to predict which children with 

AcCMV will develop sequelae. Noyola et al18 reported that children with AcCMV who had 

shorter duration of urinary CMV excretion (<4 years) were more likely to develop SNHL 

(34.2% vs 8.5%). This was postulated to be due to better immune control of viral replication, 

and resultant immune activation within the hearing apparatus. In overlapping Alabama 

cohorts: Boppana et al14 found that children with SNHL as the only manifestation of AcCMV 

had higher CMV viral loads (urine and/or blood) during early infancy than children with 

AcCMV and normal hearing; Ross et al16 reported no positive predictive value between 

SNHL and CMV viral load in blood during infancy and early childhood, but found that 

children with AcCMV and levels of CMV viremia ≤3,500 genomic equivalents (ge)/mL had 

a negative predictive value of 94-100% for developing SNHL; and Rosenthal et al15 

demonstrated an association between older age at CMV viraemia in urine and delayed onset 

SNHL, however this was not analysed exclusively for the AcCMV cohort. Together, these 

Alabama studies suggest a direct cytopathic effect of CMV as the pathogenic mechanism for 

SNHL. In addition, Forner et al41 calculated viremia thresholds of ≥12,000 copies/mL and 

≥17,000 copies/mL at birth as predictive of developing any CMV-related sequelae or SNHL 

respectively; and Lanari et al21 reported a correlation between neonatal CMV viral load or 

antigenemia and the development of sequelae, however this result was not stratified by 

AcCMV versus ScCMV cases. 
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DISCUSSION 

Approximately 1 in 150 children globally are born with congenital CMV, 10% of whom will 

be symptomatic with sequelae, leaving the majority who are asymptomatic at birth with 

uncertainty about their long term outcome. Children with asymptomatic congenital CMV are 

the major contributor to the overall disease burden associated with cCMV,8 making this a 

significant childhood priority. Our systematic review determined that:  (i) children with 

AcCMV are at increased risk of SNHL throughout early childhood with 7%-11 % developing 

SNHL; (ii) SNHL in these children may fluctuate, progress, or resolve in up to half; (iii) the 

extent to which children with AcCMV have neurodevelopmental impairment is less clear, 

though they perform similarly on neurodevelopmental assessments when compared to healthy 

controls; and (iv) there is no virological marker to predict who will develop sequelae.  

Synthesis of the studies on outcomes for children with AcCMV was limited by the 

heterogeneity of study designs; differences in hearing and neurodevelopmental evaluations; 

the lack of uniform definitions for SNHL and AcCMV (particularly with regards to SNHL); 

and variable duration of follow-up. Early studies were more likely to be subject to the 

absence of hearing documentation in the newborn period as universal newborn hearing is a 

relatively recent public health initiative.  In addition, hearing loss as a confounding variable 

was not always reported in the studies investigating neurodevelopment, making it difficult to 

exclude the contribution of co-existing hearing loss to adverse neurodevelopmental 

outcomes. Despite these limitations there are consistencies in the findings. The risk of SNHL 

for children with AcCMV (7%-11%) is greater than that for healthy controls but less than 

those with ScCMV (34%-41%). The course of SNHL may fluctuate, progress, or resolve in 
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up to a half of such patients.  These results are in keeping with a recent meta-analysis by 

Goderis et al 2014,3 which found an overall incidence of SNHL of approximately 10% in 

children with AcCMV compared to approximately 30% of children with ScCMV. However, 

based on the current evidence, it is difficult to predict which children will experience SNHL, 

and similarly difficult to predict the onset, severity or course of SNHL for these children.  

The absence of increased neurodevelopmental sequelae for children with AcCMV is 

supported by 8 studies reporting similar performance in neurodevelopmental assessments 

compared to controls.24,26,29,30,38,42,43,46,48 Two other comparative studies had either not 

adequately excluded hearing loss as a confounder for language delay47 or demonstrated 

neurodevelopmental impairment that did not persist into an older age group.44 Only one study 

compared the cumulative incidence of neurodevelopmental impairment in AcCMV cases 

with controls, reporting 2.9% and zero respectively.21 These results are reflected in a review 

by Cannon et al49 who estimated similar rates of cognitive deficits for children with AcCMV 

and the general population (4.7% and 3.8% respectively). In addition, Townsend et al,50 

reporting on two contemporaneous studies in the United Kingdom and Sweden, demonstrated 

no differences in cognitive performance between children with AcCMV or ‘mildly 

symptomatic cCMV’ and controls at 5 years of age (London cohort) or at 7 years of age 

(Malmo cohort). Similarly, an early report on congenital CMV children (who were mostly 

asymptomatic at birth) with neurodevelopmental follow up at 3 and 5 years, found no 

difference in IQ scores between infected children and controls.51 Of note, in uncontrolled 

series of children with AcCMV without hearing loss, the highest cumulative incidence for 

neurodevelopmental impairment was reported for cohorts of AcCMV children born to 

This article is protected by copyright. All rights reserved.



19 
 

mothers who had primary CMV infection during pregnancy.40,41 This may indicate a sub-

group of children with AcCMV who are at higher risk for sequelae, which needs to be further 

investigated. 

The pathogenic mechanisms for long-term sequelae of AcCMV infection remain 

controversial. The two leading hypotheses include direct cytopathic effects of CMV and host 

immune response. The results from Noyola et al18 suggest an immunogenic phenomenon in 

the development of delayed SNHL, whereas the results from Boppana et al,14 Ross et al,16 

Rosenthal et al,15 Forner et al,41 and Lanari et al21 point toward a direct cytopathic effect of 

CMV. This has implications for counselling parents of children with AcCMV and the 

potential role of antiviral therapy. These results are based on small numbers of a subset of 

AcCMV cases. Prioritising asymptomatic children for treatment at the present time is 

therefore not possible as there are still no surrogate markers to predict which children will go 

on to develop abnormalities, and who may benefit from antiviral therapy. Investigation in 

larger cohorts across a range of maternal CMV status is required before determining the 

applicability of such surrogate markers. 

Robust prospective long-term longitudinal observational studies are needed to better describe 

the outcomes for children with AcCMV, particularly with respect to neurodevelopment. The 

evolution of and inconsistency in the definition of AcCMV infection with respect to the 

presence or absence of SNHL at birth, and lack of uniformity in classifications of SNHL and 

neurodevelopmental assessments make interpretation or comparisons difficult. Consensus on 

the definitions, and measurement of neurodevelopmental outcomes with adequate exclusion 

of confounding hearing loss would enable more accurate evaluation of outcomes. In addition, 
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stratifying outcomes for children with AcCMV based on the type maternal antenatal infection 

(primary or non-primary) may identify specific risk profiles for the different sub-groups. 

In conclusion, we can, with reasonable confidence, counsel parents of a child deemed to have 

asymptomatic congenital CMV that there is about a 1 in 10 risk of their child developing 

hearing impairment throughout early childhood. We can caution that this will fluctuate, 

progress, or improve in up to half. Neurodevelopment appears to be on par with children 

without cCMV, but further longitudinal studies are suggested. However, we are unable to 

predict which individuals will experience such sequelae, nor their severity or course. Long 

term follow-up to at least school entry for both hearing and neurodevelopment is supported 

by the literature. 

 

The authors declare no competing interests or sources of funding associated with this 

research. 
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LIST OF TABLE AND FIGURE LEGENDS 

Figure 1. 

 

Table 1.  

aCategorized for different audiometric frequencies, therefore study subjects may have more 

than one type of threshold variation. 

bComparison with control group only for neurodevelopmental outcomes. 

cScCMV cases not included as a proportion received GCV and unsuitable for comparison 

with AcCMV cases. 

ABR = auditory brainstem response 

AcCMV = asymptomatic congenital cytomegalovirus 

GCV = ganciclovir 

OAE = otoacoustic emissions 

NPV = negative predictive value 

ScCMV = symptomatic congenital cytomegalovirus 

SNHL = sensorineural hearing loss 

 

Figure 2.  

First author, year of publication (number of AcCMV cases) 

 

Table 2. 

aIncludes 24 infants with SNHL. 
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AcCMV = asymptomatic congenital cytomegalovirus 

DQ = developmental quotient 

IQ = intelligence quotient 

ScCMV = symptomatic congenital cytomegalovirus 

SNHL = sensorineural hearing loss.   
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Table 1. Characteristics and findings of eligible studies included in the systematic review for hearing outcomes. 

First Author Year Study design Participants Length of 

follow-up 

Quality of 

evidence 

(level) 

Findings 

 

Stagno27 1977 Prospective 

case-control 

51 AcCMV 

41 controls 

Mean 54 months 3 7/51 (14%) AcCMV cases developed SNHL compared 

to 2/41 (5%) controls. 

Ahlfors28 1983 Prospective 

cohort 

28 AcCMV 

14 ScCMV 

Up to 7 years 3 2/28 (7.1%) AcCMV cases developed SNHL compared 

to 6/14 (42.9%) ScCMV cases. 

Kumar29 1984 Prospective 

case-control 

17 AcCMV 

21 controls 

Mean 7.6 years 3 4/17 (23.5%) AcCMV cases developed SNHL 

compared to 1/21 (4.8%) controls. 

Williamson17 1992 Prospective 

case-control 

59 AcCMV 

26 controls 

Up to 3 years 4 8/59 (13.6%) AcCMV had congenital SNHL. 1/51 (2%) 

AcCMV developed late onset SNHL. 0/26 controls 
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developed SNHL. 

Fowler12 1997 Prospective 

case-control 

307 AcCMV 

277 controls 

Up to 7 years 2 22/307 (7.2%) AcCMV with SNHL. 4/22 (18%) 

delayed onset SNHL (median 27 months). 11/22 (50%) 

progressive SNHL. 5/22 (23%) fluctuating SNHL. 

0/277 controls developed SNHL. 

Barbi31 1998 Prospective 

cohort 

12 AcCMV 

3 ScCMV 

Up to 2 years 4 0/12 AcCMV cases with SNHL compared to 1/3 

(33.3%) ScCMV cases. 

Casteels19 1999 Prospective 

cohort 

13 AcCMV 1 year 4 2/13 (15.4%) AcCMV cases developed SNHL. 

Fowler6 1999 Prospective 

cohort 

335 AcCMV 

53 ScCMV 

Mean 55 months 2 Cumulative incidence SNHL: 1 month = 2.9% AcCMV, 

16.5% ScCMV; 3 months = 4% AcCMV, 22.8% 

ScCMV; 6 years = 11.3% AcCMV, 36.4% ScCMV.  

Dahle13 2000 Prospective 651 AcCMV Median 5 years 2 48/651 (7.4%) AcCMV developed SNHL. 18/48 
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cohort 209 ScCMV (37.5%) delayed onset SNHL (median 44 months). 

26/48 (54.2%) fluctuating SNHLa. 26/48 (54.2%) 

progressive SNHLa 

23/48 (47.9%) improved SNHLa. 85/209 (40.7%) 

ScCMV developed SNHL. 

Noyola18 

 

2000 Prospective 

cohort 

58 AcCMV 

12 ScCMV 

≥6 years 3 SNHL more likely to occur with shorter duration of 

CMV excretion (<4 years). 

Numazaki32 2004 Prospective 

cohort 

21 AcCMV ≥7 years 3 2/17 (11.8%) AcCMV cases developed late onset SNHL 

(age 2 and 4 years). 

Boppana14 2005 Prospective 

cohort 

58 AcCMV 

18 ScCMV 

Mean 34.1 

months 

3 4/58 (6.9%) AcCMV cases developed SNHL. 8/18 

(44.4%) ScCMV cases developed SNHL. CMV viral 

load in early infancy correlates with development of 

SNHL in AcCMV group only. 
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Barbi33 2006 Prospective 

cohort 

14 AcCMV 

2 ScCMV 

2 years 3 1/14 (7%) AcCMV cases developed SNHL (regressed). 

14/14 AcCMV cases had normal hearing by 2 years. 

Lanari21 2006 Prospective 

case-control 

35 AcCMV 

15 ScCMV 

16 controls 

Mean 18 months 3 1/35 (2.9%) AcCMV cases developed SNHL. 8/15 

(53.3%) ScCMV cases developed SNHL. 0/16 controls 

developed SNHL. Neonatal CMV viral load and 

antigenemia correlates with development of sequelae. 

Ancora22 2007 Prospective 

cohort 

45 AcCMV Mean 42.3 

months 

3 3/45 (6.7%) developed SNHL. 

Iwasaki34 2007 Prospective 

cohort 

16 AcCMV 

2 ScCMV 

Up to 4 years 3 4/16 (25%) SNHL in AcCMV cases. 2/4 (50%) delayed 

onset progressive SNHL. 1/4 (25%) fluctuating SNHL. 

1/4 (25%) improved SNHL. 

Dar35 2008 Prospective 

cohort 

8 AcCMV 4 months 4 1/8 (12.5%) developed SNHL. 
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Engman36 2008 Prospective 

cohort 

10 AcCMV 4 years 4 1/10 (10%) had SNHL on newborn screening. 0/9 

developed late onset SNHL. 

Foulon20 2008 Prospective 

cohort 

57 AcCMV 

3 ScCMV 

Median 33 

months 

3 12/57 (21.1%) AcCMV cases developed SNHL 

compared to 1/3 (33.3%) ScCMV cases. 16% of 

AcCMV cases with SNHL had fluctuating course and 

11% had a progressive course.  

Lackner37 2009 Prospective 

case-control 

8 AcCMV 

(10 AcCMV 

received 

GCV) 

Mean 8.1 years 4 2/8 (25%) AcCMV cases without treatment developed 

SNHL (age 8 and 10 years). (0/10 AcCMV who 

received GCV developed SNHL). 

Rosenthal15 2009 Prospective 

cohort 

420 AcCMV 

160 ScCMV 

Up to 8 years 2 For those asymptomatic at 6 months, 6.9% developed 

delayed SNHL by age 8 years, compared to 33.7% if 

symptomatic. 
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Ross16 2009 Prospective 

cohort 

36 AcCMV 3 years 3 2/36 with viral load <3500ge/mL and SNHL at <2 

months = NPV of 94%. No association between viral 

load and hearing loss at 3 years. 

Shan38 2009 Prospective 

case-control 

52 AcCMV 

21 controls 

1 year 4 5/25 (20%) AcCMV cases had mildly abnormal 

thresholds compared to 0/21 controls on ABR, but 

difference not evident on OAE. 

Yamamoto39 2011 Prospective 

cohort 

75 AcCMV 

11 ScCMV 

≥12 months 3 4/75 (5.3%) AcCMV cases developed SNHL compared 

to 6/11 (54.5%) ScCMV cases. 

Royackers23 2013 Prospective 

cohort 

74 AcCMV 

24 ScCMV 

Mean 5.4 years 3 11/74 (15%) AcCMV cases had SNHL in newborn 

period: 7/11 (63.6%) stable; 2/11 (18.2%) resolved; 

2/11(18.2%) progressed. 1/74 (1.4%) AcCMV cases 

developed late onset SNHL. 17/24 (71%) ScCMV cases 

developed SNHL. 
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Zavattoni40 2014 Retrospective 

cohort 

89 AcCMV 

26 ScCMV 

Up to 6 years 3 

 

5/89 (5.6%) AcCMV cases developed SNHL compared 

to 6/26 (23.1%) ScCMV cases. No correlation between 

neonatal viremia or antigenemia and long-term 

sequelae. 

Forner41 2015 Prospective 

cohort 

33 AcCMV 6 years 3 8/33 (24.2%) AcCMV cases developed SNHL. Neonatal 

CMV viremia of ≥17,000 copies/mL predictive of 

SNHL. 

De Kegel24 2016 Prospective 

case-control 

38 AcCMVb Up to 2 years 4 5/38 (13.2%) AcCMV cases developed SNHL. 

Goderis25 2016 Prospective 

cohort 

256 AcCMVc Up to 6 years 2 21/256 (8.2%) AcCMV developed SNHL. Mean age of 

delayed SNHL diagnosis 20 months (range 1-61 

months). 
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Table 2. Characteristics and findings of eligible studies included in the systematic review for neurodevelopmental outcomes. 

First Author Year Study design Participants Length of 

follow-up 

Quality of 

evidence 

(level) 

Findings 

Reynolds26 1974 Prospective 

case-control 

18 AcCMV 

18 controls 

38 months 4 No difference in mean IQ. 

Ahlfors28 1983 Prospective 

cohort 

28 AcCMV 

13 ScCMV 

Up to 7 years 3 1/28 (3.6%) AcCMV cases with 

neurodevelopmental impairment compared to 4/13 

(30.7%) ScCMV cases. 

Kumar29 1984 Prospective 

case-control 

17 AcCMV 

21 controls 

Mean 7.6 years 3 No difference in psychometric testing. 

Conboy42 1986 Prospective 

case-control 

18 AcCMV 

18 controls 

6.5-12.5 years 4 No difference in overall achievement or incidence 

of learning disabilities. 
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Pearl46 

 

1986 Prospective 

case-control 

35 AcCMV 

6 ScCMV 

73 controls 

Up to 2 years 4 Similar performance between AcCMV and control 

groups. ScCMV group performed significantly 

worse than AcCMV and control groups.  

Williamson30 1990 Prospective 

case-control 

28 AcCMV 

13 controls 

Up to 1 year 4 No difference in developmental indices or 

neurologic status. 

Sohn45 1992 Prospective 

cohort 

6 AcCMV 1 year 4 No neurological abnormalities. 

Barbi31 1998 Prospective 

cohort 

12 AcCMV 

3 ScCMV 

Up to 2 years 4 0/12 AcCMV cases with sequelae compared to 2/3 

(66.7%) ScCMV cases with psychomotor deficit. 

Kashden43 1998 Cross-sectional 204 

AcCMVa 

177 controls 

Mean 4 years 

(AcCMV) 

Mean 6 years 

(controls) 

3 Intelligence testing: no difference between 109 

AcCMV cases and 139 controls. Developmental 

profile: no difference between 159 AcCMV cases 

and 130 controls. 
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Casteels19 1999 Prospective 

cohort 

13 AcCMV 1 year 4 0/12 AcCMV cases developed neurodevelopmental 

impairment. 

Noyola18 2000 Prospective 

cohort 

58 AcCMV 

12 ScCMV 

≥6 years 3 No correlation between duration of CMV excretion 

and intellectual/developmental outcomes. 

Temple44 2000 Cross-sectional 109 AcCMV 

173 controls 

≥4 years of age 3 AcCMV group (age 4-6 years) performed worse in 

full-scale IQ and some motor tasks compared to 

control group. No differences in age group >6 years. 

Numazaki32 2004 Retrospective 

cohort 

21 AcCMV ≥7 years 4 18/21 (85.7%) average IQ. 3/21 (14.3%) mild IQ 

impairment. 1/21 (4.8%) growth retardation. 

Lanari21 2006 Prospective 

case-control 

35 AcCMV 

15 ScCMV 

16 controls 

Mean 18 months 4 1/35 (2.9%) AcCMV cases with 

neurodevelopmental impairment compared to 10/15 

(66.7%) ScCMV cases and 0/16 controls. 

Correlation between neonatal CMV viral load and 
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antigenemia and development of sequelae. 

Ancora22 2007 Prospective 

cohort 

45 AcCMV Mean 42.3 

months 

3 All had normal DQ and no motor delay. 

Zhang47 2007 Prospective 

case-control 

49 AcCMV 

50 control 

6 years 4 Global DQ lower in AcCMV group (mainly 

impaired language development, but audiology not 

reported). Similar rates of mental retardation 

(DQ/IQ < 70). 

Shan38 2009 Prospective 

case-control 

52 AcCMV 

21 controls 

1 year 4 No differences in development. 

Zavattoni40 2014 Prospective 

cohort 

89 AcCMV 

26 ScCMV 

Up to 6 years 3 5/89 (5.6%) AcCMV cases with neurocognitive 

impairment compared to 11/26 (42.3%) ScCMV 

cases. No correlation between neonatal viremia or 

antigenemia and long-term sequelae. 
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Forner41 2015 Prospective 

cohort 

33 AcCMV 6 years 3 3/33 (9.1%) developed neurodevelopmental 

impairment. Neonatal CMV viremia of ≥ 12,000 

copies/mL predictive of sequelae 

(neurodevelopmental or SNHL). 

De Kegel24 2016 Prospective 

case-control 

17 AcCMV 

28 controls 

2 years 4 No significant difference in psychomotor 

performance. 
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