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Summary

Background Cytomegalovirus (CMV), the most common congenitally acquired infection, can result in visual
disability in affected children. We aimed to estimate the burden of eye and vision disorders amongst children with
symptomatic and asymptomatic congenital cytomegalovirus infection (cCMV), to inform the development of
guidance for the provision of care.

Methods In this systematic review and meta-analysis, we searched PubMed, Embase, and CINAHL databases up to
6th Feb 2025 for studies reporting ocular disorders or visual impairment (VI) outcomes following cCMV diagnosis.
We included longitudinal or cross-sectional studies which reported the frequency of visual or ophthalmic outcomes
following an initial diagnosis of symptomatic or asymptomatic cCMV. Summary data, and individual patient level
data where available, on the proportions of children noted to have visual impairment or ophthalmic disorders and
the manifestation of these disorders, were extracted from published reports. Pooled prevalence of eye and vision
outcomes were estimated through random effects models computed using Restricted Maximum Likelihood
(REML) estimation. We included studies at lower risk of bias (assessed using the Joanna Briggs Institute tool) in
meta-analyses of prevalence (random-effect models) and undertook subgroup analyses. The review protocol was
registered with PROSPERO, CRD42021284678.

Findings We identified 4488 articles of which 28 were eligible for inclusion. Of these, 15 studies (total 858 children
with symptomatic, 1176 with asymptomatic cCMV) were eligible for meta-analyses. Median follow up time from
diagnosis of cCMV ranged from 6 to 156 months. Estimated pooled prevalence in symptomatic cCMV of visual
impairment (VI) and ocular disorders 9% (95% CI, 5-14%, I’ = 51.09%) and 14% (95% confidence interval, CI,
5-31%, I’ = 93.2%) respectively. Cerebral visual impairment (i.e. VI due to neurological insult rather than ocular
disease) was the most commonly reported visual disability, with an estimated pooled prevalence of 10% (95% CI,
6-15%, I* = 24.9). Prevalence of ocular disorders (most commonly chorioretinitis, and optic nerve and anterior
segment anomalies) was higher in studies with greater proportions of pre-term birth, hearing impairment, and
those undertaken prior to 2017. Estimated pooled prevalence of VI and ocular disorders was 1% and <1%
(95% CI, 0-2%, I* = 0%) respectively in asymptomatic cCMV.

Interpretation Visual disability in cCMV is a strong marker of the broader neurological insult. Ocular disorders are
prevalent in symptomatic disease, with consequent need for ongoing ophthalmic care. The low prevalence of sight-
impactful disorders in asymptomatic disease suggests little benefit for ongoing ophthalmic surveillance, particularly
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in health settings with established programmes for whole population childhood eye and vision screening. This
review is limited by the absence of information on the timing of diagnosis of the eye and vision disorders, data
which would support the development of timeline pathways for ophthalmic surveillance.

Funding Wellcome Trust, National Institute for Health and Care Research (NIHR).

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

A preliminary search of PubMed, Web of Science database,
and Google Scholar, which scoped the existing evidence on
visually impactful complications of congenital
cytomegalovirus (cCMV) infection between January 1, 1970,
and February 1, 2025, with no restriction by language, and
with search terms including “eyes OR vision” AND
“congenital cytomegalovirus”, identified a number of studies
on visual and ophthalmic outcomes in cCMV. A systematic
review published in 2023 included 17 studies and reported on
the frequency of eye disorders in cCMV, but did not
differentiate prevalence in symptomatic versus
asymptomatic disease, and did not undertake meta-analyses.

Added value of this study

Our review included 28 articles published between 1977 and
2025 in order to describe the prevalence of ocular and or
visual disorders following symptomatic and asymptomatic
cCMV. We used internationally accepted terminology for eye
disorders and to categorise visual impairment. Our meta-
analyses provide pooled estimates which suggest that one in
ten children with symptomatic cCMV will grow up with
visual impairment or blindness, and more will have structural
ocular anomalies or disorders which require ongoing
ophthalmic care, and which put them at risk of later life sight
loss. In the majority of reported cases, childhood visual
disability in cCMV was due to neurological rather than ocular
causes. Our analyses also suggest a low likelihood of visual

Introduction

Congenitally acquired infections are responsible for a
significant proportion of the global burden of infant
mortality and morbidity.”> The most commonly ac-
quired congenital infection is cytomegalovirus (CMV),
affecting an estimated 1%-2% of live births worldwide.’
Up to 1 in 5 neonates with congenital CMV (cCMV) will
be symptomatic,*® with manifestations including dis-
orders affecting the eyes and cerebral visual pathways
(Box 1).°* Thus, visual disability is a recognised
sequelae of congenital cytomegalovirus (cCMV) infec-
tion, and improved understanding about the ocular and
visual impact of cCMV should enable the development
of care processes for children at risk.

disorders in children with asymptomatic cCMV diagnosed
following the introduction of the 2017 consensus based
international diagnostic guidelines. Co-occurring pre-term
birth, and later confirmation of sensorineural hearing loss or
neurodevelopmental impairment may increase the risk of
sight and ocular disorder in children with initially
asymptomatic cCMV.

Implications of all the available evidence

For children with symptomatic cCMV, follow up assessment
of visual function during the first few years of life is
important, as intervention and support during this
developmental phase are key for good outcomes for children
with or at risk of poor vision. This is particularly important as
the burden of dual sensory impairment (hearing and sight
loss) in symptomatic cCMV is unclear but likely to be
significant. As children with asymptomatic cCMV can be
considered to have similar eye health care needs to the
general population of children, there is little need for
additional surveillance, but it is important that families are
counselled about the importance of the whole population or
‘healthy child” eye health checks and screening programmes
for their child. This review is limited by the absence of
information on the timing of detection or onset of new eye
and vision disorders following an initial diagnosis of cCMV,
with this data being essential for the development of
ophthalmic surveillance pathways.

Childhood onset visual disability has a strikingly
negative impact on broader developmental, educational
and quality of life outcomes.”’® These negative out-
comes can be mitigated either by timely intervention
for amenable disorders (such as congenital cataract) or
timely visual habilitation to address the needs of those
with irreversibly poor vision (i.e. formal developmental,
educational and mobility support).>"

The typical neonate’s visual acuity level would be
declared as ‘legally blind’ if present in an adult: worse
than 1.0 on the logarithm of Minimal Angle of Reso-
lution scale, logMAR, i.e. worse than the largest letter
on a standard vision chart.® In the normally developing
child, visual acuity improves dramatically over the first
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Box 1.
Consensus based definition of symptomatic congenital
cytomegalovirus infection®

Neonates

Physical Hepatosplenomegaly

examination Neonatal petechiae/purpura/rash
Jaundice
Microcephaly®/small for gestational age

Laboratory Prolonged/Conjugated hyperbilirubinemia

parameters Unexplained thrombocytopenia/
leukopenia/anaemia

Neurology & Seizures”

Neuroimaging Intracranial calcification®/ventriculomegaly®

and structural anomalies®
Chorioretinitis®, cataracts®, structural
anomalies”

Visual examination

Maternal serology Evidence of maternal seroconversion
Prematurity

Failed neonatal hearing screen

Older children

New diagnosis of sensorineural hearing loss

“Potentially visually disabling disorders.

few years of life. This developmental trajectory may be
delayed in infants with neurological disorders.”
Consequently, the negative impact of cCMV on visual
function, and the specific developmental support and
visual habilitation needs for the affected child may be
uncertain until nearer the developmental stage at which
‘normal’ levels of acuity tend to emerge (3-5 years
old).” Although the recent European Congenital
Infection Initiative concluded that “ophthalmological
follow-up is only recommended for those infants with
retinitis at birth and not required for newborns with
normal retinal examination”,*” there is a lack of
consensus on eye and vision care needs for the broader
population of children with cCMV.

We aim to provide the evidence needed to develop
recommendations to support the provision of care
needs for children with congenital cytomegalovirus
(CMV), by estimating the prevalence of eye or vision
related disorders following a diagnosis of asymptomatic
or symptomatic cCMV.

Methods

Search strategy and selection criteria

We used the PRISMA (Preferred Reporting Items for
Systematic review and Meta-Analysis) recommenda-
tions for this systematic review.'*"” The full details of
the methods used have been reported elsewhere,'® but
are summarised below. This review was prospectively
registered  (PROSPERO,  registration  number
CRD42021284678). Screening and data collection were
undertaken using Covidence (Veritas Health Innova-
tion, Australia, www.covidence.org). We searched
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databases from inception to 6th Feb 2025 (full search
strategy in Supplementary document) in order to
identify eligible studies. Inclusion criteria comprised a
study population of patients with congenital cytomeg-
alovirus (cCMV) diagnosed by urine or blood, and study
design which enabled the reporting of the frequency of
visual or ophthalmic outcomes following the initial
diagnosis of symptomatic or asymptomatic cCMV. Ti-
tle, abstracts and then full texts were screened by at
least two co-authors. Full text screeners also manually
reviewed references cited within eligible articles to
identify additional potentially eligible studies. Discor-
dant screening results were resolved by discussion be-
tween the two screeners. In the event of a failure to
reach consensus, abstracts were included for full text
review. Following full text review, where there was
disagreement between reviewers on inclusion, the final
decision was made by the senior author (ALS).

A study specific form (modified Covidence template,
Supplemental Data) was used to extract data from
eligible full texts. Independent double extraction was
undertaken. The International Classification of Disease
(ICD-11) definitions of visual impairment and blind-
ness were used to categorise visual disability (moderate
visual impairment being vision worse than 0.48 log-
MAR, and severe visual impairment/blindness being
vision worse than 1.0 logMAR)."” Ocular disorders were
defined using the categorisations developed for child-
hood blinding ocular disorders.”* Specifically, structural
ocular disorders (disordered development of the globe,
i.e. not including eye disorders such as strabismus or
amblyopia) were categorised as affecting the retina/
choroid, the optic nerve, or the anterior segment.
Where multiple studies reported ocular and visual
outcomes from the same dataset or cohort, we excluded
duplicate study with the smallest sample size or the
shortest follow-up duration, unless different outcomes
were reported across the different articles.

We used a Joanna Briggs Institute (JBI) tool to
assess methodological quality of included articles.”
Studies were classified as having a low, moderate or
high risk of bias on the basis of the overall score, and
consequently judged to be of high, moderate or low
methodological quality respectively.

Data analysis

All analyses and derivation of forest plots were done in
Stata 18.5 (StataCorp, College Station, TX). Data on the
proportions of children noted to have visual impair-
ment or ophthalmic disorders, and the manifestation of
these disorders, were initially analysed descriptively.
Separate pooled prevalence of visual impairment, and
of structural ocular disorders, was estimated through
random effects models computed using Restricted
Maximum Likelihood (REML) estimation in conjunc-
tion with the Freeman-Tukey transformation to stabi-
lise the variance of proportions. Meta-analysis was
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limited to those studies with low or moderate scores on
risk of bias assessment. We used separate random-
effects models to pool prevalence amongst patients
with symptomatic and asymptomatic cCMV. We esti-
mated heterogeneity between studies using Cochran’s
Q (p < 0.05 indicating moderate heterogeneity) and I*
statistics (>50% or higher indicating moderate hetero-
geneity). Sensitivity of pooled estimates to individual
studies was examined using Leave-One-Out analysis.”
Subgroup analyses were undertaken, using the
following covariates: study period (pre versus post 2017,
i.e. the date of the development of the European diag-
nostic criteria for symptomatic cCMV),® study design
(retrospective versus prospective), follow up time (more
or less than 5 years), study population (population with
hearing loss versus ‘whole’ population with cCMV, and
high rate of preterm birth within study population
versus low rate, with a threshold set at 10%), country
income (using Organisation for Economic Co-operation
and Development rankings of low, middle or high), and
methodological quality assessment score (moderate
versus low risk of bias). Publication bias was evaluated
using Funnel plots and Egger’s tests. The confidence in
the pooled prevalence was quantified using a modified
GRADE (Grading of Recommendations, Assessment,
Development and Evaluations) four level scale, running
from ‘high’ (very confident that the true frequency lies
close to that of the estimate, with low heterogeneity,
non-significant Q scores, heterogeneity captured by
sub-group analyses, and no evidence of under-reporting
of insignificant results on publication bias analyses) to
‘very low’ (very little confidence: the true frequency is
likely to be substantially different from the estimate).

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all
the data in the study, and had final responsibility for the
decision to submit for publication.

Results
We identified 4488 individual articles through database
and manual searching (Fig. 1). Following screening,
176 articles were selected for full-text review, with 28 of
the 176 articles deemed eligible for inclusion in the
systematic review. Amongst included studies, 27 arti-
cles reported ocular and/or visual outcomes for a total
of 1059 individual children with symptomatic
cCMV,** and 18 articles reported outcomes following
an initial diagnosis of asymptomatic cCMV in 1432
children 2222426553794 Three studies reported different
outcomes from the same study cohort.”***” Character-
istics of the studies are detailed in Table 1.

Studies were conducted across higher (n = 26) and
middle income (n = 2) settings, specifically USA (n = 8),

Italy, (n = 5), Sweden (n = 5), Japan, (n = 2), Belgium,
Croatia, Finland, Netherlands, Spain and the United
Kingdom/UK, n = 1 each), and Brazil and Iran (n =1
each). One study was multinational (UK and Sweden).
Study populations ranged from 44% to 76% female, and
prevalence of pre-term birth (less than 37 weeks
gestational age) ranged from 0 to 35%. Median follow
up time ranged from 6 to 156 months from diagnosis of
cCMV, whilst minimum duration of follow up ranged
from 4 months to 18 years. A range of assessments
were used to capture visual and ocular outcomes
(Supplementary Document, Figure S1). The most
common assessment was fundus examination (speci-
fied as undertaken for the whole cohort in 15 of the 28
studies). In 11 studies (39%) there were no detailed
descriptions of the ocular or visual assessments
undertaken.

Methodological quality was judged to be good (low
overall risk of bias on JBI tool assessment) for 6 articles,
moderate for 9 and poor for 12 (high overall risk of bias)
(Supplemental Document, Figure S2). Thus, 15 studies,
reporting outcomes for a total 858 individual children
with symptomatic and 1176 with asymptomatic cCMV,
were used in the meta-analyses. The most common
methodological concerns were small sample sizes,
incomplete reporting of outcomes across the whole
study sample, and absence of reported use of validated
or repeatable methods of assessing visual and or ocular
outcomes.

The proportion of children with visual impairment
(VI) following a diagnosis of symptomatic cCMV
ranged from 0% to 22% across all studies. Pooled
prevalence of all cause visual impairment, using only
those studies judged to be of good or moderate quality,
was estimated at 9% (95% confidence interval, CI,
5-14%, Cochran’s Q (10) = 22.83, p < 0.01, and
I” = 51.09%, confidence in pooled prevalence moderate)
(Fig. 2A). Subgroup analyses did not identify significant
differences in prevalence associated with cCMV diag-
nostic modality, completeness of reported ophthalmic
assessment, study setting, design, population or quality,
or length of follow up as sources of the heterogeneity
seen (subgroup tests of group difference in
Supplementary Document, Table S1). Cases of cerebral
visual impairment, as reported across five studies,
affected between 0 and 14% of study populations, and
were responsible for the majority of cases of reported
visual disability for which a ‘cause’ was reported
(Supplementary Document, Table S2). The estimated
overall pooled prevalence of CVI (cortical or cerebral
visual impairment) in symptomatic cCMV was 10%
(95% ClI, 6-15%, Cochran’s Q (3) = 3.98, p = 0.26, and
I> = 24.85%, confidence in pooled prevalence moderate,
Supplementary Figure S3).

Following an initial diagnosis of asymptomatic cCMV,
the prevalence of VI across all studies ranged from 0 to
3%, with a pooled prevalence estimated at 1% (95% CI,
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(*Total of n=12 individual studies)

Fig. 1: PRISMA flow diagram.

0-2%, Cochran’s Q (8) = 6.55, p = 0.60 and I* = 0%,
confidence in pooled prevalence high) (Fig. 3A), and no
evidence of subgroup differences (Supplementary
Document, Table S3).

The proportion of children with ocular structural or
congenital disorders following a diagnosis of symp-
tomatic cCMV ranged from 0% to 50% across all

www.thelancet.com Vol 88 October, 2025

studies. Pooled prevalence overall was estimated at 14%
(95% confidence interval, CI, 5-31%, Cochran’s Q
(10) = 97.34, p < 0.01, and I* = 93.19%, confidence in
pooled prevalence low) (Fig. 2B). Prevalence estimates
were greater amongst populations of children with
symptomatic cCMV identified due to hearing impair-
ment (affecting 38%, 95% CI, 22-58%)|, versus 13%,
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Study ID Median  Minimum Region Study setting Study design Dates Criteria for participant Symptomatic Asymptomatic  Ethnicity Proportion  Proportion

follow follow up inclusion in the study MV cCMV female preterm
up (months) birth
(months)
Alarcon 104 NP Europe  Single Retrospective  1993-2006 1 viral DNA in urine or blood 0 24 NP 46% 35%
2013%° Secondary + Setting CI'OSS. or CMV IgM/viraI antigen in
-sectional blood during the first 2
study weeks of life
AND
2. Symptomatic® cCMV
Auriti NP 24 Europe  Single Retrospective  2011-2020 1. Viral DNA in urine/saliva/ 29 55 NP NP 0%
2022°%P Secondary + Setting  cohort study blood, or CMV IgM in blood
during the first 3 weeks
Capretti 35 12 Europe  Single Prospective 2006-2015 1 viral DNA in urine, or on DBS 30 18 NP 46% NP
20177 Secondary + Setting cohort study in first 3 weeks, or viral copy
load in blood in first 3 weeks
Dreher NP NP North  Single Retrospective  1980-2002 1. vjral DNA in urine/saliva 0 166 White: Black: 45% 27%
20147 America Secondary + Setting  cohort study during the first 3 weeks Hispanic 86:91:1
AND 49%:50%: <1%
2. Symptomatic® cCMV
Engman NP 36 Europe  Multicentre Retrospective  2003-2004 1 pNA positive DBS samples at 11 0 Swedish: NP 27%
2008*" Secondary + Settings cohort study 35 days confirmed by viral Non-Swedish
DNA in urine/saliva/blood 83
72%:28%
Engman NP NP Europe  Single Retrospective  1998-2008 1 pNA positive DBS samples at 0 4 NP NP 0%
20107 Secondary + Setting and _ 3-5 days confirmed by viral
prospective DNA in urine/saliva/blood
cohort study AND

2. Neurological disabilities and
or cerebral cortical
malformations detected by

MRI or CT
Forner NP 12 Europe  Single Prospective 2004-2007 1. Maternal CMV IgG and Igh 33 0 NP NP 0%
2015%° Secondary + Setting  cohort study positivity
AND
2. Viral DNA in urine/blood
during the first 3 weeks
Fukushima NP 18 Asia Single Prospective 2009-2018 1 viral DNA in urine/saliva 0 21 Japanese 76% NP
2019770 Secondary + Setting  cohort study during the first 3 weeks

AND

2. Symptoms: at least 1 of
microcephaly, small for
gestational age (SGA),
hepatitis, structural brain
anomalies on MRI, ocular
complications, hearing
impairment

AND

3. Treated with oral
Valganciclovir

(Table 1 continues on next page)
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Study ID Median ~ Minimum Region Study setting Study design Dates Criteria for participant Symptomatic Asymptomatic  Ethnicity Proportion  Proportion
follow follow up inclusion in the study v cCMV female preterm
up (months) birth
(months)

(Continued from previous page)
Jin 201775 132 NP North  Single Prospective 1982-1992 1. viral DNA in urine in first 3 109 77 White non- 48% NP
America Secondary + Setting  cohort study el Hispanic: White
AND Hispanic: African
2. Symptoms: at least one of American: Asian
SGA, generalized petechial 128:29:27:2
rash, hepatomegaly, 69%:16%:15:1%
splenomegaly, jaundice,
microcephaly, seizures,
thrombocytopenia
Jin 2019%%*" 132 NP North  Single Retrospective  1982-1992 1 viral DNA in urine in first 3 11 66 White (Non- 53% 31%
America Secondary + Setting  cohort study weeks Hispanic):
AND Hispanic: African
2. Symptoms: at least one of American: Asian
SGA, generalized petechial 58:19:12:2
rash, hepatomegaly, 64%:21%:13%:2%
splenomegaly, jaundice,
microcephaly, seizures,
thrombocytopenia
Karimian NP 12 Middle  Multicentre Prospective 2014-2016 1 viral DNA in urine during the 5 3 NP 63% 25%
2016°>° East Secondary + Settings cohort study e
AND
2. Symptomatic® cCMV
Karltorp 94 10 Europe  Single Prospective 2002-2012 1. Cochlear implant 20 6 NP 54% 15%
2014% Secondary + Setting  cohort study AND
2. Hearing impairment of
previously unknown
AND
3. DNA positive DBS samples at
3-5 days
Keymeulen 72 6 Europe  Multicentre Prospective 2007-2020 1. vijral DNA in urine/saliva/ 261 492 NP 48% 8%
202332 Secondary + Settings cohort study blood, or CMV IgM in DBS in
the first 3 weeks
Korndewal NP 72 Europe  Whole population Retrospective 2008 1. DNA positive DBS samples at 107 26 NP 44% 10%
20173 Cohort study 1-5 days
AND
2. Confirmatory viral DNA in
blood
Kylat NP 24 North  Unclear Retrospective  1987-2000 1 vjiral DNA in urine/saliva/ 0 42 Caucasian: 60% 21%
2006%° America cohort study secretions during the first 3 African
EEle American: Other
20:8:12

AND

2. Symptoms: hearing
impairment, petechiae,
hepatosplenomegaly,
jaundice, microcephaly,
hydrocephaly, other
congenital anomalies, motor
abnormalities, SGA,
prematurity, chorioretinitis

50%: 20%: 30%

(Table 1 continues on next page)
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Study ID Median ~ Minimum Region Study setting Study design Dates Criteria for participant Symptomatic Asymptomatic  Ethnicity Proportion  Proportion

follow follow up inclusion in the study v cCMV female preterm
up (months) birth
(months)
(Continued from previous page)
Lanzieri 156 NP North  Multicentre Retrospective  1983-2005 1 viral DNA in urine during the 0 76 White (Non- 54% 32%
2017%° America Secondary + Settings cohort study first 3 weeks Hispanic): Other
AND 43:33
2. Symptomatic, with at least 1 57%:43%
of: purpura/petechiae,
jaundice,

hepatosplenomegaly,
microcephaly, unexplained
neurological abnormality,
elevated alanine
aminotransferase/or total
bilirubin, hemolytic anemia,
or thrombocytopenia

Lin 2020%°° NP 6 Asia Whole population Retrospective  2010-2017 1 At |east 1 diagnosis coded as 17 36 NP 45% NP
MRt cCMV (ICD-10 code P35.1)
sectional within first month of life
study
Marin NP 24 South Multicentre Prospective 2010-2012 1 vjjral DNA in urine/saliva in 24 1 NP NP 4%
20167 America Secondary + Settings cohort study first 3 weeks
Pass 1980%° 42 NP Europe  Single Prospective 1965-1979 1. Viral DNA in urine duringthe O 23 White: Non- 44% NP
Secondary + Setting  cohort study first 3 weeks white 28/34:6/
AND 34
2. Symptoms: petechiae, 82%:18%

hepatosplenomegaly,
jaundice, microcephaly,
hydrocephaly, other
congenital anomalies, SGA,
prematurity, or
chorioretinitis

Puhakka NP 18 Europe  Multicentre Prospective 2012-2015 1. viral DNA in urine during the ~ 34 1 NP NP 0%
2019%9° Secondary + Settings cohort study first week
AND

2. Viral DNA in urine/saliva at 3
months of age

Salome 84 NP Europe  Single Prospective 2002 1. Maternal CMV IgG and IgM 127 123 NP 48% NP

2023" Secondary + Setting  cohort study positivity OR Symptoms”
suggestive of cCMV

AND

2. Viral DNA in urine/blood

during the first 3 weeks

(Table 1 continues on next page)
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Study ID Median  Minimum Region Study setting Study design Dates Criteria for participant Symptomatic Asymptomatic  Ethnicity Proportion  Proportion
follow follow up inclusion in the study mv cCMV female preterm
up (months) birth
(months)

(Continued from previous page)

Stagno NP 21 North  Single Prospective Pre 1977 1. Maternal CMV IgG (de novo 35 8 NP NP NP
1977% America Secondary + Setting  cohort study appearance) during
pregnancy
AND
2. Viral DNA in urine during the
first week
Tear 96 16 Europe  Whole population Retrospective 20022012 1 Cochlear implant 20 6 NP 54% NP
Fahnehjelm and AND
b A
2015 prospective 2. Hearing impairment of
cohort study previously unknown
aetiology
AND
3. CMV IgM/viral antigen in
blood
AND
4. DNA positive DBS samples at
3-5 days
Townsend NP 60 Europe  Multinational Prospective  1977-1985 1 viral DNA in urine during the 157 19 White: Black: 49% 6%
20134 Secondary + Settings cohort study first 2 weeks Asian 147:22:7
AND 84%:13%:4%
2. Maternal sera CMV IgG and
IgM positive
Turriziani 50 NP Europe  Single Retrospective  2009-2017 1 vjiral DNA in urine/saliva 24 12 NP NP 6%
Colonna Secondary + Setting  cohort study during the first 3 weeks
2020% AND
2. Treated with oral
Valganciclovir

DBS: dried blood spot. DNA: Deoxyribonucleic acid. Ig: Immunoglobulin. SGA: small for gestational age. NP: not provided. Secondary+: secondary care and higher (tertiary/quaternary care). “Definition consistent with European Expert Consensus
Statement definition of symptomatic disease. ®Included in meta-analyses. -

Table 1: Characteristics of included studies.
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10

A Number of Proportion Weight
cases of VI Total with 95% CI (%)
Capretti 2017 4 18 —— 0.22[0.09, 0.46] 10.65
Dakovic 2024 0 26 — 0.00[ 0.00, 0.24] 297
Keymeulen 2023 0 261 o 0.00[ 0.00, 0.03] 3.02
Kylat 2006 4 42 B 0.10[ 0.04, 0.23] 11.42
Puhakka 2019 0 1 = 0.00[ 0.01, 0.89] 2.35
Rochat 2024a 1 77 -.— 0.14[0.08, 0.24] 15.74
Rochat 2024b 4 76 B 0.05[0.02, 0.13] 11.65
Rossen 2025 4 52 B 0.08[0.03, 0.19] 11.52
Salome 2023 6 123 [ 3 0.05[0.02, 0.10] 13.64
Tear Fahnehjelm 2015 5 26 —— 0.19[0.08, 0.39] 11.97
Townsend 2013 1 19 o 0.05[ 0.01, 0.29] 5.06
Overall L 2 0.09[ 0.05, 0.14]

Heterogeneity: 1° = 0.34, I = 51.09%, H® = 2.04

Test of 6, = 6;: Q(10) = 22.83, p = 0.01

Testof 6 =0:z=-8.84, p =0.00

VI = visual impairment 0.00 050 1.00

Random-effects REML model

B Number of Proportion Weight
cases of ocular disorder Total with 95% Cl (%)
Auriti 2022 0 84 0.00[0.00, 0.09] 6.35
Capretti 2017 5 18 B 0.28[0.12, 0.52] 10.48
Dakovic 2024 0 26— 0.00[0.00, 0.24] 6.31
Fukushima 2019 6 21 1 0.29[0.13, 0.51] 10.66
Jin 2017 5 100 - 0.05[0.02, 0.11] 10.75
Keymeulen 2023 4 261 0.02[0.01, 0.04] 10.57
Kylat 2006 19 42 —Jl—045[0.31, 0.60] 11.24
Rossen 2025 24 52 —J—— 0.46[0.33, 0.60] 11.33
Salome 2023 16 123 i 0.13[0.08, 0.20] 11.35
Tear Fahnehjelm 2015 10 26 ——— 0.38[022, 0.58] 10.95
Overall < — 0.14[0.05, 0.31]

Heterogeneity: 1° = 2.39, I* = 93.19%, H’ = 14.67
Test of 6 = 8;: Q(9) = 97.34, p = 0.00
Testof 8=0:z=-3.49,p=0.00

0.00 0.20 0.40 0.60
Random-effects REML model

Fig. 2: Forest plot showing the proportion of children with symptomatic cCMV found to have (A) visual impairment and (B) structural ocular
anomalies or congenital disorders at follow up.

95% CI, 5-29% across the whole population of children  studies undertaken prior to 2017 (affecting 43%, 95%
with symptomatic cCMV, test of group differences: Qb CI, 34-52%, versus 10%, 95% CI, 3-24% of children in
(1) = 4.86, p = 0.03, Supplementary Table S4), amongst  studies undertaken at a later date, Qb (1) = 11.32,
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A Number of Proportion Weight

cases of VI Total with 95% ClI (%)
Capretti 2017 0 30 e — 0.00[0.00, 0.21] 10.00
Engman 2008 0 11 [} 0.00[0.00, 0.42] 9.74
Keymeulen 2023 0 492 [ 0.00[0.00, 0.02] 10.15
Puhakka 2019 0 34 o0 0.00[0.00, 0.19] 10.02
Rochat 2024a 0 109 B— 0.00[0.00, 0.07] 10.12
Rochat 2024b 1 36 B — 0.03[0.00, 0.17] 19.76
Rossen 2025 0 24 e — 0.00[0.00, 0.25] 9.96
Salome 2023 0 127 — 0.00[0.00, 0.06] 10.12
Townsend 2013 0 157 B 0.00[0.00, 0.05] 10.13
Overall ’ 0.01[0.00, 0.02]
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(8) = 6.55, p =0.59
Testof 6 =0:z=-10.25, p = 0.00
VI'= visual impairment 000 010 020 030 0.40

Random-effects REML model
B Number of Proportion Weight

cases of ocular disorders Total with 95% ClI (%)
Auriti 2022 0 s4ll— 0.00[0.00, 0.09] 14.39
Capretti 2017 0 soll— 0.00[0.00, 0.21] 14.24
Engman 2008 0 1l 0.00[0.00, 0.42] 13.88
Jin 2017 0 109 [l— 0.00[0.00, 0.07] 14.41
Keymeulen 2023 0 492 [l 0.00[0.00, 0.02] 14.46
Rossen 2025 0 2l— 0.00[0.00, 0.25] 14.19
Salome 2023 0 127 .— 0.00[0.00, 0.06] 14.42
Overall 4 0.01[0.00, 0.02]
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(6) = 4.63, p=0.59
Testof 6 =0:z=-9.08, p=0.00

O.IOO 0.110 0.120 0.130 0.210

Random-effects REML model

Fig. 3: Forest plot showing the proportion of children with asymptomatic cCMV found to have (A) visual impairment and (B) structural ocular

anomalies or congenital disorders at follow up.

p < 0.001), higher amongst populations with a higher
burden of pre-term birth (38%, 95% CI, 24-53%, versus
2%, 95% CI, 1-4% amongst those studies with lower
proportions of participants with pre-term birth, Qb
(1) = 37.65, p < 0.001) and higher amongst those studies
with shorter follow up durations (37%, 95% CI, 29-47%
across studies with less than 5 years follow up, versus
7%, 95% CI, 2-19%, Qb (1) = 11.20, p < 0.001).

www.thelancet.com Vol 88 October, 2025

The most commonly occurring ocular structural or
congenital disorders were chorioretinitis (pooled preva-
lence 11%, 95% CI, 5-23%, Cochran’s Q (7) = 44.9,
p < 0.001, and I” = 86.45%, confidence in pooled prev-
alence low, Forest plot provided in Supplemental
Document Figure S4); optic nerve hypoplasia or anom-
alies (pooled prevalence 6%, 95% CI, 3-14%, Cochran’s
Q (6) = 20.64, p = 0.05, and I = 71.05%, confidence in
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pooled prevalence low, Supplementary Figure S5) and
anterior segment anomalies such as congenital cataract
and congenital corneal opacity (pooled prevalence 6%,
95% CI, 3-9%, Cochran’s Q (4) = 5.33, p = 0.26, and
P = 0%, confidence in pooled prevalence high,
Supplementary Figure S6). A full list of identified ocular
disorders (all forms) and frequencies of occurrence are
presented in the supplementary documentation
(Supplementary Tables S5 and S6).

Following a diagnosis of asymptomatic cCMV, the
prevalence of ocular structural or congenital disorders
across all studies, irrespective of study quality, ranged
from 0 to 10%. When limited to the studies which were
appropriate for inclusion in meta-analyses (i.e. studies
graded as good or moderate quality), prevalence across
those studies ranged from 0%-3%. Pooled prevalence
was estimated at <1%, 95% CI, 0-2%, Cochran’s Q
(8) = 6.55, p = 0.59, and I* = 0%, confidence in pooled
prevalence high) (Fig. 3B). Subgroup analyses were not
undertaken due to a prevalence of 0% in all but one of
the included studies.

Sensitivity analyses revealed that the pooled preva-
lence for ocular and visual disorders following asymp-
tomatic cCMV were robust to omission of individual
studies on Leave-One-Out analyses (Supplementary
Figures S6). The estimated pooled prevalences of ocular
and visual disorders following symptomatic cCCMV were
reasonably robust, with omission of the largest study
cohort resulting in slightly higher pooled prevalence of
both ocular disorders and visual impairment. Although
interpretation of the funnel plots was limited by the small
number of studies,” plot asymmetries suggestive of
publication bias and or reflective of study heterogeneity
were identified (Supplemental Data, Figure S7).
Regression-based Egger tests suggested a small-study ef-
fect for the pooled prevalence of ocular disorders (with
smaller studies reporting higher prevalence) in symp-
tomatic cCMV (beta 1 -3.62, z -2.11, p = 0.03).

Discussion

In this systematic review and meta-analysis, we present
estimates of the prevalence of eye and vision disorders
following a diagnosis of cCMV. There was variability of
prevalence across study populations, possibly driven by
differences in the classification of symptomatic disease
over time, and by study population prevalences of
sensorineural healing loss (SNHL) and pre-term birth.
Chorioretinal lesions, optic nerve anomalies or anterior
segment dysgenesis were the most commonly identi-
fied eye disorders. For those papers which reported
causes, the majority of cases of VI were due to cerebral
insult. There were no cases of eye anomalies following
a diagnosis of asymptomatic cCMV across studies with
patients diagnosed following the introduction of the
international consensus-based taxonomy for symptom-
atic cCMV.

Long term neurodevelopmental impairments have
been reported to occur in half of all children with
symptomatic cCMV, versus 14% of cases amongst
those with initially asymptomatic disease, with disabil-
ities typically limited to later development of sensori-
neural hearing loss.”** The prevalence of visual
problems (including common childhood disorders such
as refractive error) has been estimated at 16.3% for
children with cCMV,* irrespective of symptomatic sta-
tus. Visual disability (i.e. visual impairment defined
using WHO criteria)* in children with symptomatic
cCMYV is less common, previously estimated at 6%, and
3% in asymptomatic cCMV.” The lower prevalence of
visual disability in symptomatic cCMV and higher
prevalence in asymptomatic cCMV reported by this
older review may reflect historic under-ascertainment
of symptomatic cCMV. This hypothesis is indirectly
supported by the impact of study period on the pooled
prevalence of sight impactful ocular disorders as iden-
tified through our subgroup analyses.

The introduction of international guidance on the
diagnostic criteria of cCMV has been accompanied by
improvements in neuroimaging,” and serological
testing.”” Despite evidence of remaining variability in
the definition of symptomatic cCMV in use across the
literature,* and ongoing limitations in cCMV
testing,”**! these advancements may have resulted in
larger proportions of children with milder phenotypes
being correctly diagnosed as symptomatic, which might
result in an apparent reduction of morbidity in the
‘asymptomatic’ group. This will have implications for
systematic reviews of other developmental outcomes
following cCMV. However, there has been no similar
reduction in hearing impairment: up to 10% of children
with initially asymptomatic cCMV develop hearing loss,
and this figure has stayed stable over time.****°> Again,
improved detection of disease may play a part: differing
diagnostics and decibel thresholds have been used over
time to diagnose SNHL.**

The impact of follow up duration on pooled preva-
lence reported here may also be an indicator of the
burden of cCMV: it can be hypothesised that studies
with a longer follow up are more likely to be those in
which outcomes have been assessed at a later age.”*
The population who have survived to this later age are
less likely to have had the severe manifestations of
symptomatic cCMV, and thus are less likely to have had
the congenital anomalies more associated with poor
survival.”” Visual impairment is known to be associated
with a four times higher mortality rate amongst affected
infants.” It is likely that visual impairment or ocular
disorders in children with cCMV acts as a predictive
marker of poorer overall health outcomes.

CMV is the most common congenitally acquired
congenital infection, with a fast growing incidence, and
a differential distribution amongst and within coun-
tries, with those in the most under-resourced
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socioeconomic strata being most likely to bear the
burden of disease.”®' Potential approaches to this
population health crisis include family education on
preventive strategies such as hand washing, maternal
testing for primary CMV infection during the first
trimester of pregnancy and or universal newborn
screening (to allow prompt case detection, necessary for
improved outcome), improved test modalities to iden-
tify reactivation of disease in women already infected,
anti-viral treatment for those mothers testing positive,
and the development and implementation of an effec-
tive CMV vaccine.* Measurement of the impact of
these future strategies will require an understanding of
the existing burden of cCMV.” The data presented here
should be useful benchmarking for the impact of future
interventions on outcomes across the population of all
affected infants, and across vulnerable subgroups such
as those with hearing loss or those born pre-term.

Preventing some or all of the negative impact of or
early onset childhood sight loss involves primary pre-
ventive methods (preventing the blinding disease from
occurring), secondary prevention (early detection of the
eye disease to minimise the risk of blindness) or tertiary
prevention of the burden of blindness (preventing the
negative impact of established sight loss).* Whole pop-
ulation eye health preventive approaches are embedded
into several public health systems,' for example indi-
rect testing of visual function through assessment of
broader motor and co-ordination skills, as for example
undertaken within the UK at age 2 years within the
healthy child programme.*®® The UK and other nations
also undertake eye screening for all neonates and in-
fants, and vision screening for all children aged 4-5
years old, to enable timely detection of ocular anomalies
or poor vision respectively.”” Families of children with
cCMV should be kept aware of these ‘whole population’
healthy child programmes within their child’s health
setting.

In addition to whole population approaches, targeted
surveillance of children at risk is also available across
many health care settings.'*** The current guidance
that “ophthalmological follow-up is not required for
newborns {with cCMV} with normal retinal examina-
tion”” omits the other eye disorders which may impact
this population. Even in the absence of a known ocular
disorder, infants with neurodevelopmental disorders
(irrespective of cause) should be considered to be at risk
of vision impairment (Fig. 4). There are higher rates of
impactful visual developmental disorders in this
group®”® and a need for intervention during the
developmental period of neuroplasticity.”” In some
cases, neurodevelopmental concerns (typically sensori-
neural hearing loss) may develop in children who were
initially categorised as having asymptomatic cCMV.
These children will then also require targeted
ophthalmic surveillance (Fig. 4). For those children
with asymptomatic c¢cCMV, or for those whose

www.thelancet.com Vol 88 October, 2025

symptoms have not resulted in neurodevelopmental,
hearing or ocular disorders, the low prevalence of sight
threating ocular disorders supports the absence of need
for ophthalmic surveillance beyond the whole popula-
tion public health interventions available within that
health care setting.

The absence of information on the timing of diag-
nosis of the eye and vision disorders limits the use of
our findings in supporting the development of struc-
tured, timeline pathways of ophthalmic surveillance.
Our findings do, however indicate key milestones.
Structural ocular or congenital eye disorders present at
birth would ideally be excluded through ophthalmic
examination in the neonatal phase, removing the need
for continued ophthalmic surveillance. Detection of
these congenital ocular disorders can be challenging,
particularly in children with additional health care
needs, and managing ophthalmologists may need to
schedule re-examination.”” Disorders of visual function
may only be apparent once the child has reached a
developmental stage at which full uniocular assess-
ments can be undertaken, necessitating later examina-
tion of the child identified to be at risk. Thus, the pooled
prevalences reported here are valuable indicators of
shape of ongoing need for ophthalmic assessment after
diagnosis of cCMV. Our focus on ocular anomalies (i.e.
those which confer a risk of blindness) resulted in an
exclusion of cases of strabismus, and of refractive errors
such as astigmatism from the pooled prevalence esti-
mates. These eye disorders are commonly occurring in
up to 5% of healthy children, and are thus target dis-
orders for ‘whole population’ health programmes,”
rather than a focus for surveillance in the high risk
cCMV population. We have however reported summary
frequencies in Supplementary Table S5.

The small number of studies eligible for meta-
analyses limits the interpretation of the funnel plots.
Study heterogeneity across those studies reporting out-
comes for symptomatic cCMV is suggested. However,
quantification of heterogeneity enables some exploration
of the impact of those study differences. Our reports of
higher prevalence of eye and visual disorders in certain
groups, e.g., those born pre-term supports the appraisal
and interpretation of existing studies and supports the
design of future studies of outcome. There are groups of
children who have not been represented within these
meta-analyses: those living in low and middle income
countries are at the greatest risk of cCMV infection, and
of poor outcomes.*® The pooled prevalence estimates
presented here may not generalise to those populations,
particularly as co-occurrent potentially blinding disorders
such as other congenital infections, pre term birth and
perinatal ischaemic insult confer additional and poten-
tially synergistic risks on children in these under
resourced areas.®

In conclusion, we present robust estimates of the
burden of ocular and visual sequelae following cCMV
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Diagnosis of cCMV

Ophthalmic examination at diagnosis to elicit neonatal ocular
’ manifestations of symptomatic cCMV :

L=

Symptomatic
cCMV with
ophthalmic

manifestations

Symptomatic
cCMV with
neurological
manifestations?

Symptomatic

cCMV without

neurological or
ophthalmic

Asymptomatic
cCMV

manifestations

2Includes

Follow up sensorineural
: hearing loss Any
Ophthalmlc < developmental
care TTTTTT T T Cconcerns

Assessment of ocular structure in whole population infant screening
programmes
Families counselled on visual development milestones and indicators of signs
of poor vision®

|

Follow up assessment

Ophthalmic

of hearing &
assessmentto

neurodevelopment®

identify need
forvisual J

Ongoing

Early childhood (1-5 yrs)

follow up developmental P EuEPoN N L
ophthalmic support earing or orma
care neuro- development
Any [ dgvelopmental
concerns / impairment

Visual function tested indirectly / directly in whole population child health /
development programmes and vision screening programmes

Ongoing follow up No need for additional ophthalmic

surveillance

ophthalmic care

Later childhood

bMilestones include: by 1-2 months, stares at faces, by 3 months, follows faces or objects, by 6 months, interacts
with self in mirror, by 12 months, indicates objects in distance; signs of poor vision include: failure to maintain
steady gaze or follow visual stimuli, lack of visual interest

°As per international cCMV management guidelines”

Fig. 4: Congenital CMV ocular and visual follow up care algorithm.
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in asymptomatic, as well as symptomatic children. The
burden of cerebral visual impairment, and of dual sen-
sory impairment (hearing and sight loss) in symptomatic
cCMV is unclear but likely to be significant. For children
presenting with neurodevelopmental concerns following
diagnosis of symptomatic cCMV, it remains important to
conduct follow-up assessment of visual function during
early childhood, to ensure timely intervention and sup-
port during this developmentally sensitive time.®”
comparable to those of the general population, reducing
the necessity for additional surveillance. However, fam-
ilies of these children should be counselled about the
importance of eye health and population-based “healthy
child” vision screening programs. Of these children
should be counselled about the importance of routine eye
health assessments and participation in population-based
“healthy child” vision screening programs.
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