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Abstract

Background: With the emergence of newborn congenital cytomegalovirus (cCMV) screening
programs, more infants are being diagnosed and require long term follow-up.

Objectives: To summarize the literature to date on neurodevelopmental outcomes in children
with cCMV with attention to study-specific definitions of disease severity (symptomatic vs.
asymptomatic).

Methods: This systematic scoping review included studies of children with cCMV (<18
years-old) measuring neurodevelopment in = 1 domain: global, gross motor, fine motor, speech/
language, and intellectual/cognitive. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines were followed. PubMed, Psychinfo and Embase databases were
searched.

Results: 33 studies met inclusion criteria. Global development most frequently measured

(n=21), followed by intellectual/cognitive (n=16) and speech/language (n=8). Most (31/33)

studies differentiated children by cCMV severity (symptomatic vs. asymptomatic), definitions

of which ranged broadly. 15/21 studies described global development categorically (e.g., normal
vs. abnormal). Across studies and domains, children with cCMV generally had equivalent or lower
scores (vs. controls or normed measures).
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Conclusions: Variation in definitions of cCMV severity and blunt categorical outcomes may
limit the generalizability of findings. Future studies should utilize standardized definitions of
disease severity and in-depth measurement and reporting of neurodevelopmental outcomes in
children with cCMV.

1. Introduction

Congenital cytomegalovirus infection (cCMV) is a common and often disabling condition,
affecting one in every 150 infants globally.1:2 While cCMV is by no means a new disease,
over the last decade rates of diagnosis have climbed, due in part to a growing number of
newborn screening initiatives,.34 Increased awareness and recognition of cCMV provides
an opportunity for early intervention to mitigate the effects of the virus. As such, there is

an increased need to understand the predictors of neurodevelopmental outcomes of children
with cCMV to better define prognosis and address needs for anticipatory guidance and early
intervention.

There are many possible medical sequelae from cCMV, including intrauterine fetal demise,
childhood death, cerebral palsy (CP), vision loss, epilepsy and sensorineural hearing loss.

4 In some cases, there are no apparent sequelae.® As such, possible neurodevelopmental
outcomes (i.e., the level of skill development affected children attain compared to typical
development for age) vary substantially.> cCMV severity has been categorized based on
presentation at birth, with recent standardization of category definitions in 2017 by expert
opinion and consensus guidelines.5” Approximately 10-15% of infants with cCMV are born
with symptomatic disease, having clinical signs at birth (e.g. petechiae, thrombocytopenia,
microcephaly, jaundice, small for gestational age (SGA), seizures), abnormalities on

brain imaging, or laboratory abnormalities attributable to infection.8:8 Of children with
symptomatic cCMV, 50-80% will experience long-term medical sequelae. Most infants with
cCMV (85-90%) are classified as having asymptomatic infection, without overt clinical,
radiographic, or laboratory abnormalities. Of note, infants with cCMV who have isolated
sensorineural hearing loss (SNHL) are included in the asymptomatic infection category.5

It has been thought that infants with symptomatic cCCMV were at increased risk of for
neurodevelopmental delays and disabilities, whereas infants with asymptomatic cCMV were
not, apart from sensorineural hearing loss.8-19 However, recent data suggest that infants
with asymptomatic cCMV may be at increased risk for vestibular, gaze stability and balance
dysfunction!! and neurodevelopmental disabilities such as autism spectrum disorders.12.13
A better understanding and analysis of research examining neurodevelopmental outcomes in
children with cCMV is needed.

To our knowledge, there have been no recent comprehensive reviews of neurodevelopmental
outcomes in populations including symptomatic and asymptomatic cases. In addition,
reviewing neurodevelopmental outcomes within domains of development (e.g., gross motor,
fine motor, speech/language and cognitive/intellectual etc.) is important to understanding
patterns of strengths and weaknesses. As such, we performed a scoping review of the
literature to date addressing neurodevelopmental outcomes in children with cCMV, paying
particular attention to outcomes in asymptomatic and symptomatic children and their study-
specific definitions.
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2. Methods

A scoping review is an approach that is used when previously published studies utilize a
of data collection and analysis techniques, or when no prior synthesis has been undertaken
on the topic and the researchers will not pursue a quality assessment of the studies.14 This
review will adhere to the protocol outlined by Arksey and O'Malley.14

Inclusion and exclusion criteria determined before initiating database searches are shown

in Table 1. We focused on studies from peer-reviewed journals presenting primary data
from participants with confirmed cCMV and with reported measures of neurodevelopment
in at least one of the following domains: global development, gross motor, fine motor,
speech/language and/or cognitive/intellectual. For speech and language outcomes, we chose
to focus on studies primarily evaluating developmental outcomes, and not those examining
hearing status with speech and language as secondary or tertiary outcomes, as there have
been several recent reviews examining that subject.10-15-19

Initial Medline (PubMed), Psych Info (EBSCO) and Embase (Elsevier) database searches
were run on January 8, 2020. Search terms used in the query included neurodevelopmental
outcomes, developmental delay, gross motor, fine motor, congenital cytomegalovirus, and
cytomegalovirus infection. Search terms were chosen based on an initial small-scale review
of the literature in conjunction with consultation from a research librarian and expert on
literature reviews. A summary of search terms and limits used for each database is presented
in Table 2.

After removal of duplicates, the search produced 1130 studies for screening. Two reviewers
independently reviewed 20 titles and abstracts to establish reliability in determining
inclusion criteria (kappa = .94). The single disagreement was brought to a third reviewer,
and a collective agreement was met. The rest of the abstracts and titles were reviewed

for inclusion by a single reviewer, with a second available to discuss unclear studies. The
title and abstract review identified 1017 as ineligible based on predetermined inclusion/
exclusion criteria, leaving 113 papers for full-text review. Of these studies, 26 were eligible
for inclusion, with 87 studies being excluded for reasons shown in Figure 1. Backwards
and forwards citation analyses (Scopus) revealed one additional article meeting eligibility
criterion. Subsequent search alerts in PubMed identified two additional studies eligible for
inclusion in the review. Within the full-text review, an iterative inclusion/exclusion process
resulted in exclusion of studies only reporting attention deficit hyperactivity disorder as
neurodevelopmental outcomes; studies reporting neurodevelopmental outcomes based on
medical diagnoses alone, those that did not use standardized measures, or report which
instruments were used.

A follow-up search using identical search terminology was conducted of the same three
databases on December 17, 2021, to determine if any additional studies meeting our
inclusion criteria had been published. The updated search yielded 4 additional studies
meeting inclusion criteria, bringing the total number of included studies to 33. The PRISMA
flowchart is shown in Fig 1.
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General and specific data about the 33 studies were extracted for comparison and
categorization of the studies. A formal review of the quality of evidence and risk of bias
was not undertaken. Descriptive statistics for the sample were tabulated. Definitions used in
the study are presented in Table 2.

3. Results

3.1 Summary of included studies

A summary of the final corpus of studies is shown in Table 3. Thirty-three studies

were included in the scoping review after application of the inclusion and exclusion

criteria, representing ~1433 unique cases of cCMV. Overlap in the cohorts of five studies
prevented the exact calculation of unique cases of cCMV. Studies from 1974-2021 reported
measures of global (n=21), fine motor (n=6), gross motor (n=8), speech/language (n=8) and
intellectual/cognitive outcomes (n=16). The ages of children included in the studies ranged
from three-weeks to 18-years. Studies reported on cohorts from Africa (1), Asia (8), Middle
East (2), United Kingdom (1), Europe (12) and North America (8).

3.2 Definitions of symptomatic and asymptomatic cCMV

Definitions of symptomatic and asymptomatic cCMV ranged widely across studies. All
studies that included participants who were specifically noted to have symptomatic disease
included some definition of qualifying criteria, although some were not specific (e.g.,
“clinical findings suggestive of CMV infection”).20 On the other hand, many studies that
included infants with asymptomatic cCMV did not include a clear definition of qualifying
criteria for asymptomatic infection (as opposed to symptomatic disease). Explicit definitions
of symptomatic disease varied widely and had varying overlap with current consensus
definitions of symptomatic disease from International and European groups (Table 4).8.7 Of
note, 18 studies categorized infants with isolated SNHL as having symptomatic disease,
whereas according to recent consensus statement and expert definitions such infants would
be categorized as having asymptomatic cCMV with isolated SNHL.87 Nineteen studies did
not evaluate for or did not include the presence of intracranial radiographic abnormalities
in criteria for symptomatic disease. Other studies used a broader definition of qualifying
symptomatic criteria including isolated jaundice (n=10) (not specifically tied to conjugated
hyperbilirubinemia), hypotonia (n=2), seizures (n=4), and/or lethargy (n=2).

3.3 Global developmental outcomes

Global developmental outcomes (Table 5a) were often (14/21) reported categorically,
combining medical diagnoses, neurodevelopmental testing, and rehabilitative therapy
needs to create categories of “impairment,” sequelae, neurodevelopmental disabilities or
“psychomotor development”.

In studies with cohorts comprised primarily of children with symptomatic cCMV, rates

of global developmental delay ranged from 43% to 64%. Fukushima et al prospectively
followed a cohort of infants with symptomatic cCMV until 18 months (N=21, which
included those with isolated hearing loss), finding that half had "typical to moderately
delayed development” (DQ (Developmental Quotient) =70), and 43% had development in
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the significantly delayed range (DQ<70). 21 Children in the DQ<70 group were more likely
to have microcephaly or be small for gestational age at birth than children in the DQ = 70
group.2! In a prospective cohort of infants with symptomatic cCMV evaluated at 18 months,
Yamada et al found 65% to have a global developmental quotient in the “impaired” range
(DQ <70).22 Kobas et al. reported on global developmental outcomes of infants and young
children (ages 6-72 months) born with cCMV (21 of 26 had symptomatic cCMV) using a
battery of well-validated measures. Results were reported as “normal” versus “abnormal”
global development, which was defined as having a score on at least one subscale or

test component <1 SD from the expected mean.23 Using this definition, 50% of infants
with symptomatic cCMV met criteria for “abnormal” global development at = 6 month of
age.23 Finally, Alarcon et al found that 64% of their school aged cohort of children with
symptomatic cCMV had “moderate or severe neurodevelopmental disabilities” categorized
as the presence of any one of a range of medical conditions, emotional or behavioral
problems, or measured global development or cognitive scores below the mean.24

Most studies that focused on children with asymptomatic cCMV found no or minimal
differences in global developmental outcomes compared to controls or “typical range”
scores on standardized normed measures.25-29 Three studies prospectively or cross-
sectionally measured global development in infants and toddlers with cCMV, most of whom
had asymptomatic cCMV, and uninfected controls. There were no differences in global
developmental scores between cases and controls at between 1 and 2 years-old.25:27:28.30
Of note, studies by Pathirana, Pearl, and Ivarsson did not include children with SNHL in
their definitions of asymptomatic cCMV, and Puhakka et al found no differences in hearing
outcomes between cases and controls at 18 months. 202728 Additionally, studies by Pearl
and Ivarsson excluded children who developed “neurologic abnormality” in infancy or early
childhood, considering them to not be asymptomatic.28

Townsend et al, reported no differences in mean global developmental scores in children
with cCMV (predominantly asymptomatic, including isolated SNHL) and controls without
cCMV at 2 years or 7 years.28 Zhang et al examined global developmental outcomes in
children with asymptomatic cCMV (criteria for determining severity of disease were not
described).2® Lower global DQ scores at 2 and 5 years in children with cCMV compared
to controls were largely driven by lower DQ language and verbal 1Q scores. Of note, the
authors point out that no “deafness” was reported for the cohort, but other details regarding
hearing loss were not provided.

Giannattasio et al identified an “impaired neurodevelopmental outcome,” defined as

the presence of a global developmental /intellectual “impairment” ratio <70, “motor
impairment” requiring rehabilitation, epilepsy, behavioral or emotional problems, in 32.6%
of children with symptomatic cCMV compared to 8.5% with asymptomatic cCMV.31 In
large cohorts from the UK (176 children with cCMV, 19 of whom had symptomatic cCMV,
and 214 controls without cCMV) and Sweden (76 children with cCMV and 62 controls
without cCMV), there were no differences in global development scores as measured on the
GDS between children with cCMV and controls.32
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Four studies examined global developmental outcomes in infants with symptomatic or
asymptomatic cCMV (as defined by each study) in relation to neuroimaging findings.33-
36 Ancora et al found that global development at 12 months of age in symptomatic

infants varied based on cranial imaging, with “poorer” global developmental attainment

in those with (versus without) intracranial abnormalities at birth (e.g., calcifications,
ventriculomegaly).33 These findings are echoed by those of Oosterom et al, who also
examined global development in relation to intracranial findings in infants with cCMV,
finding that “poor neurodevelopmental outcome™ (defined as a score of 1 SD below the
mean on two measures) was more common in infants with symptomatic cCMV and

in those with severe intracranial findings (polymicrogyria, periventricular calcifications,
white matter cysts, cerebellar hypoplasia, ventriculomegaly).3# This study also found no
global developmental abnormalities between ages 1-5 years in 70% of children with
asymptomatic cCMV (which included those with mild intracranial findings as infants).34
Giannattasio et al, examined the role of intracranial findings on neuroimaging, in predicting
neurodevelopmental outcomes in a cohort of 170 infants with cCMV (112 symptomatic,
the definition of which included hearing loss but did not include small for gestational
age).3” “An "impaired neurologic outcome” (defined as the presence of DQ/IG <70, motor
delay requiring therapy, epilepsy, behavioral or emotional problems) was observed in 32%
(55/170) of the cohort. Using the neuroimaging severity scale developed by Alarcon et al,
Giannattasio et al found more severe intracranial findings to be associated with having an
“impaired neurologic outcome”.37

3.4 Fine motor

Almost all (5/6) of the studies that assessed fine motor skills (Tables 5b) found no
difference between children with cCMV and uninfected controls. These study cohorts were
predominantly comprised of children with asymptomatic cCMV, definitions of which varied
by study. Ivarsson et al examined fine motor skills in a cohort of 35 children with cCMV
(30 asymptomatic) and 53 uninfected controls using the Circle Test, which evaluates a
child’s hand-eye coordination while using scissors.28 All children with cCMV and all but
one uninfected control passed the Circle Test, with no statistically significant difference in
fine motor delay between groups.28 Puhakka et al evaluated fine motor skills in a cohort

of 40 children at age 18 months with cCMV (90% of whom were asymptomatic) and

54 uninfected matched controls; there were no differences between groups in eye-hand
coordination score (£=.65).20 Maes et al assessed the fine motor skills of infants aged 5-9
months in a sample comprised of uninfected controls, infants with asymptomatic cCMV,
symptomatic cCMV without hearing loss, symptomatic cCMV with hearing loss, and infants
with connexin 26 mutation (SNHL alone).38 Children with connexin 26 genetic variants
were included as comparison group to examine the potential impact of isolated congenital
SNHL alone. 38 Grasping and visual motor skills, assessed using the fine motor scale

of the Peabody Developmental Motor Scales, were similar in all groups.38 In an older
study of two-year olds with cCMV, Pearl et al found comparable scores on the GSD
eye/hand coordination scale in uninfected controls and infants with asymptomatic cCMV
(defined as not having any “neurological abnormalities”). 27 Much lower fine motor scores
were identified in the five symptomatic children in the sample, two of whom had spastic
quadriplegia.2’
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3.5 Gross motor

Eight studies examined gross motor outcomes (Table 5c) in children with cCMV, seven

of which used a comparison group of uninfected controls.20:25.27-29.38,39 Several studies
identified in this review reported gross motor outcomes as “delayed milestones” or

“mild motor delay” but did not describe a standardized measurement; those studies were
therefore not included in this aspect of our review.31:49-42 The incidence of gross motor
developmental delay in children with symptomatic cCMV (as defined by each study) ranged
from 30-43%. Alarcon et al examined incidence of CP and corresponding Gross Motor
Function Classification System (GMFCS)#3 status in a cohort of 23 surviving children

with symptomatic cCMV (defined as including isolated SNHL, but excluding infants with
isolated lenticulostriate vasculopathy), aged 19-months to 18-years.24 Cerebral palsy was
reported in 10/23 children, half of whom had a GMFCS score >4 indicating a need for
assisted or powered wheeled mobility.2* Maes et al found infants with symptomatic cCMV
who also had hearing loss (n=8) to have lower gross motor performance as measured by

the Peabody Developmental Motor Scales - 2nd Edition, as compared to uninfected controls
(p=.005, 95% CI 4.09-30.41), asymptomatic infants (p=.03, 95% CI 0.72-27.03), as well as
those with connexin 26 mutation (p=.016, 95% CI 2.09-28.41).38

Studies focusing on children with asymptomatic cCMV (defined by each study) found no
difference in gross motor outcomes compared to controls without cCMV.2527-29.39 |yarsson
et al and Pathirana et al found no differences in gross motor developmental scores in

their respective cohorts of Swedish 1-7 year olds (30/35 asymptomatic) and South African
6-12 month old (42/46 asymptomatic) children with cCMV compared to controls without
cCMV.2528 Similarly, Zhang et al and Pearl et al each found no difference in gross motor
skills at 2 years of age in their respective cohorts of Chinese (definition of asymptomatic
cCMV not provided) and UK (asymptomatic defined as not having any ‘neurological
abnormalities’) children with asymptomatic cCMV compared to uninfected controls.27:29

3.6 Speech and language

Studies of speech and language outcomes (Table 5d) included in this scoping review

were limited to the 8 studies in which hearing status was not a primary outcome. Of

these studies, most (6/8) found no differences in speech and language outcomes between
children with cCMV and control groups, although cohorts were weighted towards or
exclusively comprised of children with asymptomatic cCMV,20.25.44-46 Several of these
studies excluded children with SNHL from asymptomatic categorization or did not explicitly
describe the hearing status of their cohorts in relation to results.25:2747

In a sample heavily weighted towards children with asymptomatic cCMV, (36 /40 total
participants with cCMV) no differences in speech/language outcomes were found between
toddlers with cCMV versus matched controls, as measured by Hearing and Language
subscale of the Griffiths Scales of Development.30 Farkas et al examined language outcomes
using the Bayley Scale of Infant and Toddler Development-11148(Language subscale,
subgroup aged 11-42 months) or Peabody Picture Vocabular Test (PPVT)*® (measure of
receptive language only, subgroup aged 43-83 months) in a cohort of 20 children with
asymptomatic cCMV.4 In this study, asymptomatic cCMV was defined as not having
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visible signs, SNHL, or intracranial abnormalities detected on pre- or postnatal ultrasound,
but those with intracranial abnormalities detected on pre- or post-natal magnetic resonance
imaging (MRI) were included in the asymptomatic cCMV group.4’ Children with cCMV
did not differ from age- and sex-matched controls with regard to language outcomes

when scales from each instrument were averaged across the sample ((Z2=0.64, SD 0.76

vs. Z=0.76, SD 0.86), even when stratified by age (and instrument used).#” Furthermore,

no differences were seen when children with cCMV and intracranial abnormalities detected
by MRI were compared to those with cCMV and no MRI abnormalities (n=5, Z=0.88,
SD1.21 versus n=11, Z=0.82, SD 0.92).4” Finally, Kumar et al found no differences in
receptive language as measured on the PPVT or collapsed expressive and receptive language
scores on the Northwestern Syntax Screening Test> when comparing school aged children
with asymptomatic cCMV (defined as cCMV that was clinically inapparent at birth), and
matched uninfected/postnatally infected children.** While SNHL was identified in 4/17
children with cCMV in this study, none was thought to be “functionally significant”** Of
note, language scores in all three groups were very low, with over half of each subgroup
scoring in the abnormal/delayed ranges.*4

Two studies examined speech/language outcomes in children with symptomatic cCMV
separately from those with asymptomatic cCCMV. Turriziani Colonna et al examined the
incidence of “language disorders” (details regarding expressive or receptive language or
association with SNHL were not provided) in a cohort of 36 children with cCMV (12
symptomatic).> Three children with asymptomatic cCMV and 3 children with symptomatic
cCMV (all three of whom also had intracranial abnormalities on MRI) met criteria

for a language disorder. 51 Using the Hearing and Language subscale of the Griffiths
Developmental Scales, Pearl et al found no differences in scores in 2-year-olds with
asymptomatic cCMV (no neurologic involvement, including no SNHL) compared to
uninfected controls.39 Unsurprisingly, significantly lower Hearing and Speech subscale
scores were found in the small subgroup of children with symptomatic cCMV (n=5, <.001),
80% of whom had SNHL. Access to assistive hearing devices (e.g., hearing aids and/or
cochlear implants) was not described, but such assistance seems unlikely based on limited
available amplification technology in the early 1980s.30

Results from Zhang et al, stand out from the other studies examining speech and language
outcomes in this review, finding lower scores in language development in children with
asymptomatic cCMV as compared to uninfected controls.2? In this prospective matched
case-control cohort of children with asymptomatic cCMV (N=49 cCMV and 55 matched
controls), children with cCMV (vs. controls) were found to have lower DQ language
development scores on the GDS at 2 years respectively (¢£=3.25, p=0.002) and Verbal

IQ scores at 5 years (£= 3.88, p= 0.000).2° Of note, children with cCMV were categorized
as asymptomatic by review of the medical record, presumably at the time of enrollment, but
no further details were provided regarding their criteria for categorization.2® Furthermore,
the extent to which children with cCMV were affected by SNHL and had access to services
for hearing loss was reported.
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Intellectual/cognitive development

Of the 16 studies that investigated intellectual/cognitive outcomes in children with cCMV
(Table 5e), most used Intelligence Quotient (IQ) as the unit of outcome.52 Studies that

did not differentiate between infants with symptomatic and asymptomatic cCMV largely
reported average or typical range cognitive scores on standardized instruments,*C or scores
that did not differ between children with cCMV and controls.28 lvarsson et al measured 1Q
using the Wechsler Intelligence Scale for Children (WISC)®3 in 25 children with cCMV

and in 41 controls at 7 years old and found no difference between the groups.28 Of note,
children with cCMV neurological “impairment,” including hearing loss prior to age 12
months, were excluded from this study.28 Alarcon et al followed a cohort of 23 infants

with symptomatic cCMV into childhood (mean age 8.7 years + 5.3 years) using different
instruments to measure cognition depending on the age of the child.>* Just over half

(12/23, 52%) of the children met criteria for “cognitive deficit”, defined as a defined as

a BSID-III cognitive or language score <85 or a global 1Q <=70.54 Of note, the authors
included sensorineural hearing loss as a qualifying criterion for symptomatic cCMV but
excluded isolated lenticulostriate vasculopathy. Specific domain scores used as criteria

for “cognitive deficits” (language, cognition, or global 1Q) were not described, nor were
results of cognitive testing performed using measures for the older children. Bopanna et al,
investigated 1Q scores in 36 children in symptomatic cCMV. Only one child had both normal
brain imaging and 1Q <70, compared to 59% of those who had abnormal findings (OR=11.6,
p=.015).5° Noyola et al examined the predictive value of neonatal findings for later 1Q in a
cohort of children with symptomatic cCMV (N=41; symptomatic cCMV included isolated
jaundice or hearing loss, but not isolated intracranial findings).*2 Approximately half (22/41)
of this cohort had an IQ in the typical range (=70).42 The presence of microcephaly at birth
had the highest specificity for having an 1Q<70 (100%; 95% CI 84-100), whereas abnormal
brain imaging (by CT) had the highest sensitivity (100%; 95% CI 82.3-100).42 More severe
brain abnormalities (assessed with a scoring system)were associated with increased risk of
lower 1Q.42 Fowler et al examined 1Q at ages 4 and 6 years in a cohort of 197 children

with cCMV, 24 of whom had symptomatic disease. Children whose mothers had primary
infection during pregnancy were more likely to have an 1Q < 70 compared to those whose
mothers had recurrent infection during pregnancy (13% versus 0, respectively).>6

Several studies have found children with asymptomatic cCMV to have 1Q scores no different
than uninfected controls.” Farkas et al studied 21 infants with a prenatal diagnosis of
cCMV but normal fetal ultrasounds.#’ All but one was considered asymptomatic at birth,
although neuroimaging findings were not included in this definition.#” No statistically
significant differences in cognitive scores were found between children with cCMV and
controls without cCMV.4 Furthermore, no cognitive differences were identified between
children with cCMV who did or did not have abnormal fetal brain MRI findings.*’ In a
prospective cohort study of children with asymptomatic cCMV and sibling controls, Lopez
et al found no statistically significant differences in Full Scale 1Q scores (adjusted for
maternal education) between children with asymptomatic cCMV with normal hearing and
controls at age 5 or 18 years.*6 Of note, children with asymptomatic cCMV and SNHL had
scores that were on average 7.0 (SE=10) points lower than sibling controls (p<.05) with
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normal hearing. That difference was largely attributable to Verbal 1Q scores, presumably
impacted by their hearing loss.46

Zhang et al prospectively followed a cohort of children with asymptomatic cCMV from the
Qinba mountain region of China (N=49), measuring cognitive abilities at 6 years of age.
Children with cCMV were found to have lower Verbal and Full-Scale 1Q scores compared to
uninfected controls (M =82.8 vs 92, p=.015, and M=89.5 vs 85.7, p<.001), although rates of
intellectual disability (defined as 1Q <70) were similar in both groups (n=4/49 vs. n=1/50).2

4. Discussion

Congenital CMV affects 1 in every 150 children globally, or over 16.5 million children
worldwide.12 The overall disease burden of cCMV has been challenging to assess,>2 in part
due to conflicting reports and valuations of the broad range of potential neurodevelopmental
sequelae. Our scoping review identified studies examining neurodevelopmental outcomes
in approximately 1433 unique cases of children with cCMV. The exact number of unique
cases is unknown given overlap of cohorts in some studies.?1:22:26.28.55.56 \\je jdentified 33
studies measuring neurodevelopmental outcomes in at least one of five domains (global,
gross motor, fine motor, speech/language, intellectual/cognitive) in children with confirmed
cCMV, aged 0-18 years old. Collectively, these studies suggest that neurodevelopmental
delays or abnormalities are common among children with cCMV. To our knowledge, this is
the first comprehensive review of this topic.

4.1 Key findings

Neurodevelopmental abnormalities were identified in a substantial number of children
with cCMV, particularly in children with symptomatic cCMV. Unfortunately, a variety of
factors limit drawing more specific conclusions from the results of studies included in

our review. Definitions of symptomatic and asymptomatic cCMV varied widely across
studies, especially prior to 2017 when expert consensus definitions were published.5”
Many studies in this review reported neurodevelopmental outcomes of children with
“asymptomatic cCMV” but excluded individuals with isolated SNHL or later-onset
neurologic manifestations, who would be considered as having asymptomatic cCMV using
current criteria.b This could introduce bias when examining the literature in the context

of current definitions of symptomatic and asymptomatic cCMV. For instance, if children
with SNHL were classified as having symptomatic cCMV in a study examining speech
and language outcomes, the asymptomatic cCMV group may have higher scores (less
“impairment”) than if those children with SNHL were included in the asymptomatic cCMV
group according to current criteria. On the other hand, some studies excluded intracranial
abnormalities from their categorization criteria, did not perform neuroimaging, or used
neurologic abnormalities with onset later in life as exclusion categorization.2”2847 Children
with intracranial abnormalities, who today would be considered moderately-to-severely
symptomatic, could have been categorized in earlier work as asymptomatic, potentially
lowering mean scores for that group. As such, one must exercise caution when examining
predictors of neurodevelopmental outcomes in children with cCMV based on severity
categories.
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Generalization of findings across studies is further complicated by the variation of
comparison groups (standardized norms, uninfected controls, or children with differing
severity or clinical characteristics of cCMV) and instruments used to measure and

report outcomes. While many studies reported using validated instruments that generate
standard scores, age equivalents or percentiles, many chose to present results as categories
of “impairment”, combining medical diagnoses and sometimes emotional or behavioral
difficulties with objective measurements of neurodevelopment. In some studies, children
with isolated bilateral hearing loss or a standard score on developmental testing < 1

SD below the mean were grouped in the same “impairment” category as those with
cerebral palsy requiring wheeled mobility, intellectual disability and/or epilepsy. These
blunt categorizations of neurodevelopmental outcomes are not clinically meaningful for
parents and providers of infants and young children with cCMV when assessing prognosis
regarding long-term outcomes. Some studies note lower scores on developmental measures
for children with cCMV (compared to the norm or controls) without emphasizing that the
scores remain in the average range or comment on the possible contribution of hearing loss
to neurodevelopmental outcomes.

4.2 Gaps and potential for future research

Altogether, our scoping review highlights large gaps in the literature that limit the
generalizability of findings across studies of neurodevelopmental outcomes of children

with cCMV and make it difficult to provide detailed, evidence-based clinical guidance for
providers and parents. In addition to the gaps mentioned above, we noted few studies that
followed children with cCMV into adolescence. Studies included in this review investigated
neurodevelopmental outcomes based on presentation at birth without consideration of

other contributors to child development. For instance, few studies controlled for maternal
educational attainment, insurance status, socioeconomic status, or social determinants of
health, all of which may play a role in shaping a child’s neurodevelopmental outcomes

pre- and postnatally. Furthermore, no study examined potential impacts of early intervention
or access to developmental therapies or interventions such as hearing aids on children’s
outcomes. Examining nuanced predictors of neurodevelopmental outcomes, outside of signs
and symptoms at birth, may lead to a better understanding of facilitators and barriers to
optimized developmental outcomes. Future research is needed to examine the effectiveness
of antiviral medication in improving long-term neurodevelopment in infants across the
spectrum of cCMV severity.

This scoping review is not without limitations. Only studies published in English were
included. While this is frequent practice in scoping reviews, it is possible that relevant
studies published in another language were omitted. Furthermore, studies with participants
older than 18 years, those focusing on hearing-related speech and language outcomes,

and those focusing exclusively on preterm infants with cCMV were excluded from this
review. While doing so made our review feasible, it may have introduced an element of
inclusion bias. Studies of neurodevelopmental outcomes of preterm infants with cCMV,
who inherently have multiple risk factors for neurodevelopmental disabilities, are especially
needed. Lastly, studies of children with likely but not confirmed cCMV were excluded,
which may have resulted in the omission of some relevant data.
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5. Conclusions

cCMV is a common condition that increases risk for neurodevelopmental delay. Efforts to
use existing literature to refine predictions about long-term prognosis are hampered by the
substantial heterogeneity in definitions of disease severity and outcome measurements. To
overcome this barrier, future research should include large multi-center studies of children
with cCMV identified through universal screening, rather than convenience cohorts, with
repeat measurement of neurodevelopmental over the course of childhood and adolescence.
In addition to considering factors present at birth, we encourage investigators in the field to
pursue studies of neurodevelopmental outcomes in children with cCMV that focus on how
development can be supported postnatally.
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Impact:

Neurodevelopmental delays are common among children with cCMV,
although gaps in the literature to have made quantification of such delays
challenging

Variation in definitions of asymptomatic and symptomatic cCMV as well
as the use of categorical outcomes of neurodevelopment (e.g., normal vs.
abnormal) limits the generalizability and clinical utility of findings
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Figure 1:

PRISMA flowchart of the systematic scoping review process
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Table 1.

Inclusion and exclusion criteria for the scoping review

Inclusion criteria

Peer-reviewed studies published in journals reporting primary data on neurodevelopmental outcomes

Participants must be human (no animal studies), aged <18 years old at the time of neurodevelopmental measurement with congenital
cytomegalovirus

Congenital cytomegalovirus status must be confirmed using polymerase chain reaction, or nucleic acid amplification test, or viral culture of the
newborn dried blood spot, dried umbilical cord, amniotic fluid (via amniocentesis in utero), or newborn urine, saliva or serum (serum, urine or
saliva must be collected within 21 days of birth).

Studies from any country or region included that are published in English language

Studies measuring neurodevelopmental outcomes using standardized instruments (including questionnaires) in at least one of the following
domains: Global, gross motor, fine motor, speech/language, and cognitive/intellectual development.

Exclusion criteria

Review papers, conference abstracts, case series and case studies, or published studies with less than 15 participants with congenital CMV
Non-English language studies

Studies using vague descriptions of how congenital cytomegalovirus confirmed, such as “a child excreted CMV”, those using post-natal testing
without confirming the infection was congenital, or those reliant on maternal or infant serologies alone for diagnosis

Studies reporting on outcomes of participants past 18 years of age

Studies reporting neurodevelopmental outcomes based on medical diagnoses alone without use of standardized measures, or studies that do not
report instrument(s) used to assess neurodevelopmental outcomes

Studies exclusively with preterm infant participants

Studies whose primary focus was audiologic outcomes
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Table 2.

Definitions of key terminology used in the systematic scoping review

Terminology

Definition

Congenital CMV infection

A fetal infection with cytomegalovirus that was acquired in-utero.®

Symptomatic cCMV An infant born with cCMV and clinically apparent sequelae by physical exam, fundoscopic exam, imaging
disease and/or laboratory studies, but not including infants with isolated SNHL. &

Asymptomatic cCMV An infant born with cCMV but with no clinically apparent sequelae by physical exam, fundoscopic exam,
infection ™ imaging and/or laboratory studies. Infants with isolated SNHL and no other findings are included. 8

Neurodevelopmental
outcome:

Level of skill development in infants or children as compared to typical development for age, most often
reported in areas of functioning (e.g., gross motor, language, cognitive etc.).?

Neurodevelopmental delay

Level of skill development in infants or children which is greater than two standard deviations lower than
typical development for age. ®

Neurodevelopmental
domain

Developmental areas underlying functional or observable performance and abilities of a child.> For the present
review, in line with the definition of neurodevelopmental outcome/delay, the domains of fine motor, gross
motor, speech/language and cognitive/intellectual will be considered.> Each domain of development has its
own trajectory, which may be influenced by other domains of development. As such, global development, a
measure of overall development is also included. 5

A note on respectful and non-stigmatizing terminology regarding neurodevelopmental delays. As developmental delays and disabilities are

conditions that can carry social stigma, the original medical term can in itself lose its neutral tone and become stigm.altizing.*r’sv60 Herein, we have
updated terminology referring to developmental disabilities or delays that, while at the time of the may have been considered neutral (e.g., cognitive
impairment or mental retardation), are today considered derogatory. Specifically, we use the terms intellectual/cognitive delay or disability in line

with changes in US federal law, as well as the Diagnostic and Statistical Manual of Mental Disorders-V when applicable.59 Other terms such
as “impaired neurodevelopmental outcome” or “cognitive deficit” that are used by studies to identify categories of neurodevelopmental delay as
defined in that study, which do not map onto accepted definitions of intellectual disability or delay, are included in the results of this review but
noted in quotes, to highlight that these terms are study specific.

*
Differing definitions of what criteria constitute symptomatic or asymptomatic cCMV used by individual studies are presented below and are

contrasted to the expert consensus definitions for clarity throughout the manuscript.6v7
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