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Summary
Congenital cytomegalovirus (cCMV) infection carries a significant burden with a 0.64% global prevalence and a
17–20% chance of serious long-term effects in children. Since the last guidelines, our understanding, particularly
regarding primary maternal infections, has improved. A cCMV guidelines group was convened under the patronage
of the European Society of Clinical Virology in April 2023 to refine these insights. The quality and validity of selected
studies were assessed for potential biases and the GRADE framework was employed to evaluate quality of evidence
across key domains. The resulting recommendations address managing cCMV, spanning prevention to postnatal
care. Emphasizing early and accurate maternal diagnosis through serological tests enhances risk management and
prevention strategies, including using valaciclovir to prevent vertical transmission. The guidelines also strive to refine
personalized postnatal care based on risk assessments, ensuring targeted interventions for affected families.
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Introduction
The burden of congenital cytomegalovirus (cCMV)
infection is high, with a global prevalence of 0.64%1 and
a 17–20% risk of permanent sequelae in infected chil-
dren.2 Expert consensus guidelines for its diagnosis and
management were published in 2017.3,4 However, since
then two major advances have been made concerning
cCMV following a primary maternal infection. Firstly,
demonstration of the efficacy of antiviral treatment in
preventing vertical transmission in pregnant women
with a primary infection5,6; secondly, evidence indicating
that the risk of major sequelae is limited to maternal
infection in the first trimester of pregnancy.7 Against
this backdrop, a transdisciplinary group of experts in
cCMV (European Congenital Cytomegalovirus Initia-
tive; ECCI) (ecci.group) met to examine and classify the
available data (Tables 1–4).
Methods
Clinicians specialized in the diagnosis, prognosis, pre-
vention and treatment of cCMV from eight European
countries were invited to a workshop organized by the
European Society of Clinical Virology (ESCV) in April
2023. The group representing ECCI formulated the
questions to be addressed (supplementary) and assessed
them prior to the workshop through a systematic and
comprehensive literature search of relevant databases
including PubMed, Scopus, Cochrane library and
sources of grey literature, using the search terms
“Congenital Cytomegalovirus Infection”, “Congenital
CMV”, “pregnancy”, “prenatal”, “neonatal”, “postnatal”
and “long-term” until September 2023. Only papers
published in English were reviewed. The final reference
list was generated on the basis of originality and rele-
vance to the broad scope of this Review. Identified
studies were thoroughly reviewed and relevant data
extracted.

The quality and validity of the selected studies were
assessed for potential bias using the Cochrane Risk of
Bias tool for randomized controlled trials (RCTs), the
ROBINS-I tool for non-randomized interventional
studies, the Newcastle Ottawa Scale for cohort, case–
control and cross-sectional studies, and the Quality
Assessment of Diagnostic Accuracy Studies-2 tool for
diagnostic studies.8–11 Risk of bias was assessed in terms
of selection, performance, detection, attrition, reporting
bias, outcome assessment and duration of follow-up.

The GRADE framework was used to assess the
quality of evidence in key areas. Initial quality scores
were assigned on the basis of study design, with RCTs
generally considered high-quality evidence, as were
high-quality meta-analyses and systematic reviews.
Quality scores were adjusted based on assessment of
risk of bias, inconsistency, indirectness and potential
publication bias. This nuanced assessment provided a
transparent and standardized evaluation of the quality of
evidence.12,13

Role of funding source
European Society for Clinical Virology (ESCV), ESCV
financed the ECCI expert workshop in April 2023.

Ethics committee approval
Not applicable.
Evidence and recommendation
Primary prevention
cCMV can occur after maternal primary infection (MPI)
or non-primary maternal infection (NMPI) (Table 1).
The incidence of MPI is 1–2% with a vertical trans-
mission rate of 32%.1,14 Epidemiology of MNPI is poorly
documented, a meta-analysis reported CMV shedding in
21.5% (95% CI, 12.7%, 30.3%) of seropositive pregnant
women, and with a vertical transmission rate probably
low <3.5%.15,16 In Europe, with a seroprevalence of
50–85% in pregnant women, around half of cCMV
occur after a MPI.17

Primary prevention with hygienic preventive
measures
In seronegative women prior to and in early pregnancy
Exposure to young children is the main risk factor for
MPI, as infected children excrete the virus in their urine
and saliva over a long period. Several studies have sug-
gested that hygiene measures considerably reduce the risk
of contracting a MPI during pregnancy.18–20 There is little
data on the role of sexual exposure as a cause of MPI.21

The highest risk of MPI is for young, parous women
born in high-resource countries and who conceive
another pregnancy within two years.22

In seropositive women prior to and in early pregnancy
No clear risk factors for MNPI or cCMV have been
identified. In particular, exposure to toddlers has not
been associated with MNPI16,23 or cCMV in Europe and
Japan,17,24,25 contrary to what has been observed in
Brazil.26 At present, there is no proof of the benefit or
lack of benefit of hygiene measures in preventing
MNPI.

Whilst vaccine candidates aiming to reduce the risk of
cCMV are progressing through clinical trials, is it likely to
be several years before a licensed product is available,
therefore modification of hygiene-based behaviors are the
only strategy for primary prevention available.

Despite the lack of data in seropositive women, we
recommend advising on hygienic modifications for all
www.thelancet.com Vol 40 May, 2024
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Key messages

• Maternal CMV serology should be performed in the first
trimester of pregnancy, as cCMV sequelae are limited to
maternal infection acquired in the first trimester of
pregnancy.

• In cases of maternal primary infection in the
periconceptional period or in the first trimester, oral
valaciclovir at a dose of 8 g/day should be administered
as early as possible after the diagnosis and until the
amniocentesis.

• A negative CMV PCR in amniotic fluid following timely
amniocentesis ensures absence of long-term sequelae.

• Newborns with CNS-related symptoms but also those
with isolated SNHL, should be treated with valganciclovir.
Treatment should be started as soon as possible and
before 1 month of age, however treatment initiated
between 1 and 3 months may also be beneficial.

• Children with cCMV and confirmed transmission in the
first trimester or unknown timing of transmission
should be followed up to at least 6 years of age to ensure
specialized management. For those with documented
maternal primary infection in the second and third
trimesters of pregnancy this follow-up may not be
necessary

Review
women whatever their CMV serostatus. The effective-
ness of this prevention depends on starting the mea-
sures prior to conception and throughout the first
trimester in order to reduce the risk of cCMV-related
disabilities.

Strategies for primary prevention
In Europe, the general population has little knowledge of
CMV.27 Specifically, only 20–40% of pregnant women
have heard of CMV among which 10–15% are aware of
Recommendation

We recommend advising women on hygienic measures prior to pregnancy (or

We recommend implementing strategies to improve the education of women

We recommend improving knowledge among healthcare professionals caring fo

We recommend an EU uniform policy for prevention of primary CMV infection

We recommend that women with equivocal CMV IgG results should be conside

We recommend to perform CMV serology in the first trimester of pregnancy a
serology is not recommended in pregnant women beyond 16 weeks except in

Consideration depending on local CMV epidemiology should be given to CMV s
seronegative. Grade D

We recommend to use IgG and IgM testing to diagnose a maternal primary in

We recommend using IgG avidity testing to exclude a recent (less than 90 day

We recommend using a second avidity test for sera with positive IgM, positive

We do not recommend testing for CMV PCR in blood or in urine since it is no

In cases with an isolated positive IgM, a CMV PCR test in whole blood may exc

We do not recommend testing CMV serology or CMV PCR in blood or urine in

Table 1: Recommendations on primary prevention, awareness and diagnosis

www.thelancet.com Vol 40 May, 2024
preventive measures.28 Moreover, gaps in the knowledge
of perinatal healthcare professionals have been identi-
fied.28,29 There is a need to improve education strategies
to inform women about CMV and CMV prevention,
ideally before pregnancy and during the first trimester of
pregnancy. There is no uniform EU policy on the pre-
vention of CMV infection during pregnancy. A number
of recent educational interventions (films, brochures,
calendar reminders) have improved hygiene measures
and are highly acceptable to pregnant women.30,31

Diagnosis of maternal infection
Most European countries do not do routine serology in
pregnancy and the relevance of this screening needs to
be evaluated in each country, based on local epidemi-
ology and cost-effectiveness (Table 1). For example, a
recent French cost-effectiveness study showed that
universal screening in conjunction with valaciclovir
treatment would be cost-effective compare to current
practice.32

Establishing CMV serological status
CMV serological status is essential to identify women at
risk of MPI during pregnancy. Latest generation CMV
IgG assays have high sensitivity (97–100%) and speci-
ficity (96–100%).14 Discordant CMV IgG results are re-
ported for 1.0–2.6% of samples, mainly those with IgG
levels below twice the cut-off value of the test.32 We
recommend repeating weakly positive IgG results with a
second assay or sending the sera to a reference labora-
tory. Sera that are positive with both assays can be
declared positive; those with discordant results should
be considered equivocal and declared negative.

Timing of CMV serology in pregnancy
A meta-analysis reported that the risk of long-term
sequelae in a fetus with MPI in the first trimester is
as soon as possible once pregnant) especially those known CMV seronegative. Grade B

of childbearing age. Grade C

r pregnant women/childbearing age women. Grade B

in pregnancy. Grade D

red as seronegative. Grade D

s early as possible followed in seronegative women by a retest every 4 weeks until 14–16 weeks. CMV
cases with ultrasound CMV compatible symptoms Grade A

erology universal screening in the first trimester in women with unknown CMV serostatus or known as

fection. Grade B

s) maternal primary infection in cases with positive IgM and positive IgG. Grade B

IgG and intermediate IgG avidity value. Grade D

t helpful for dating maternal primary infection in women with positive IgG and IgM. Grade B

lude if negative or confirm if positive an ongoing primary infection. Grade D

women known to be seropositive before pregnancy. Grade B

of maternal infection.
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Recommendation

We recommend the administration of oral valacyclovir at a dose of 8 g/day in cases with maternal primary infection in the periconceptional period or the first trimester of pregnancy, as
early as possible after the diagnosis and until the result of the CMV PCR in amniocentesis. Grade A

We recommend the dose regiment of 2 g 4 times per day to minimize the risk of renal side effects. Grade D

We recommend against the administration of hyperimmune globulin, at doses of 100 IU/kg every 4 weeks, in pregnant women with primary CMV infection. Grade A

Administration of hyperimmune globulin at dose of 200 IU/kg every 2 weeks, in women with very recent primary CMV infection in the first trimester may be considered. Grade C

We recommend performing CMV PCR in amniotic fluid collected from 17 + 0 weeks gestation for the diagnosis of fetal CMV infection, provided that maternal infection occurred at least 8
weeks earlier. Grade B

Fetal ultrasound assessment and MRI assessment in the third trimester is recommended in infected fetuses, as it can provide information regarding the presence of CMV associated
findings which will provide prognostic information. Grade A

In women with confirmed fetal infection, fetal treatment with valacyclovir 8 g/day may be considered after discussion with an expert team. Grade C

We recommend reassurance in women with negative CMV PCR in amniotic fluid since late fetal infection (after the amniocentesis) is not associated with long term sequelae. Grade A

Table 2: Recommendations on secondary prevention, diagnosis of fetal infection and follow-up of infected fetuses.

Recommendation

We recommend performi

We recommend using CM

We recommend performi
the assay. Grade A

We recommend not perf

We recommend testing f

We recommend testing f

We recommend testing f

We recommend testing f

We recommend testing v
CMV infection. Grade D

We recommend testing f

Table 3: Recommendatio

Review

4

23% (95% CI, 15.4–30.2), compared with 0.1% (95% CI,
0–0.8) and 0% (95% CI, 0–2.1) after MPI in the second
or third trimester respectively.7 Moreover, in the light of
the recent developments regarding the effect of valaci-
clovir in the prevention of vertical transmission, we
recommend an initial serology as soon as possible, fol-
lowed in seronegative women by a retest every 4 weeks
until 14–16 weeks.

Serology is also indicated in pregnant women with
symptoms compatible with primary CMV infection,
such as prolonged moderate fever, mononucleosis syn-
drome or elevated liver transaminases. CMV serology
may also be done when abnormal ultrasound features
suggest fetal infection. In these cases, a negative
serology excludes fetal infection and a serology with
positive IgG, regardless of the value of IgM or IgG
avidity, cannot exclude fetal infection.

Diagnosis of a CMV primary infection
IgG and IgM testing
The diagnosis of MPI is based on CMV IgM detection.
The latest generation IgM assays have a high sensitivity
(>98%) for detecting MPI in the previous month.33–38

IgM detection decreases with time, and depending on
ng a CMV PCR on a sample collected in the first three weeks of life to confirm a d

V PCR on urine or saliva for the diagnosis of cCMV in neonates. A positive CMV PC

ng CMV PCR on DBS for retrospective diagnosis of cCMV infection, keeping in mind

orming IgM CMV testing in the neonate for cCMV diagnosis. Grade B

or cCMV in all infants born to mothers with suspected or confirmed primary CMV

or cCMV in infants with abnormalities on fetal imaging potentially associated with

or cCMV in any infant with suspected hearing loss at birth. Grade A

or cCMV in infants with symmetric IUGR (i.e., weight and head circumference both

ery preterm infants (<32 weeks gestational age) or very low birth weight infants (<1

or CMV in infants with unexplained symptoms, laboratory abnormalities and/or im

n for neonatal diagnosis.
the assay, IgM detection in the second and third months
after MPI ranges from 86 to 97% and 51–90% respec-
tively.33,38 Performance characteristics of IgM assays
need to be taken into account (Figure S1).

CMV IgM testing has a poor specificity for diag-
nosing a recent MPI. CMV IgM is present in 50–80% of
sera for up to 6 months after MPI33,38 and cross-reactivity
as well as non-specific reactivity may occur. Routine
screening studies have reported positive IgM in
0.9–5.7% of women in their first trimester, with a pos-
itive predictive value of 16.4% for recent MPI (Table S1).
It is therefore essential to perform an IgG avidity test in
sera with positive IgM, to exclude or confirm a MPI.

IgG avidity testing
Latest generation IgG avidity assays allow excluding a
recent MPI (<3 months) and a semi-recent MPI (>3
months/<6 months) with a high sensitivity (94–100%
and 80–90% respectively).34,36,38–40 Therefore, high IgG
avidity in the first trimester allows with a high proba-
bility to exclude a MPI in the first trimester, in the
periconceptional (±2 weeks from conception) and in the
preconceptional (2–8 weeks before conception) periods.
Knowing that the respective vertical transmission rate in
iagnosis of cCMV. Grade D

R on saliva should be confirmed by a CMV PCR on a urine sample. Grade B

that the negative predictive value of this test depends on the sensitivity of

infection during pregnancy. Grade A

CMV. Grade D

affected) of unknown etiology. Grade D

500 g) at birth, in order to differentiate between congenital and postnatal

age findings consistent with cCMV. Grade D

www.thelancet.com Vol 40 May, 2024
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Recommendation

In cases of unknown type and timing of maternal infection, we recommend performing retrospective maternal serology on stored samples, when available, to determine the type and
timing of maternal infection. Grade A

As the risk of long-term sequelae is similar, we recommend the same investigation of neonates with cCMV, whether maternal infection was primary, non-primary, or unknown. Grade A

We recommend a complete anthropometric and physical examination at birth. Grade A

We recommend performing full blood count, liver enzymes and bilirubin (total and conjugated) at birth. Grade A

We recommend ophthalmologic assessment at birth. Grade A

We recommend audiologic assessment at birth. Grade A

We recommend performing an MRI in all infants with clinical manifestations at birth, SNHL, chorioretinitis or abnormalities detected on cUS. MRI could be undertaken in cases of known
maternal CMV primary infection during the first trimester, or where timing of transmission is not known. Grade B

We recommend the use of fetal and neonatal neuroimaging scoring systems to evaluate the individual risk of long-term sequelae. Grade C

We recommend against lumbar puncture for the diagnosis or assessment of cCMV, even in infants with symptomatic infection. Grade B

We recommend 6 months of antiviral treatment in newborns with significant CMV-related symptoms at birth. Grade B

We recommend antiviral treatment in infants with cCMV and isolated hearing loss. Grade C

We recommend valganciclovir as the treatment of choice. Ganciclovir may be used for infants unable to take enteral medication or in very severe cases, switching to oral route as soon as
possible. Grade B

We recommend checking the full blood count and liver function tests regularly during antiviral treatment. Grade B

We recommend starting antiviral treatment as soon as possible, and before 1 month of age. Grade A. Treatment initiated between 1 and 3 months may have benefit. After 3 months of
age, case-by-case discussion with an expert is recommended. Grade C

We recommend 6 weeks of antiviral treatment in infants with isolated persistent hepatitis and no other manifestations of cCMV at birth. Grade D

We recommend 6 weeks of antiviral treatment in infants with isolated persistent thrombocytopenia and no other manifestations of cCMV at birth. Grade D

We do not recommend treatment of infants with isolated IUGR, without other manifestations of cCMV at birth. Grade D

Ophthalmological follow-up is only recommended for those infants with retinitis at birth and not required for newborns with normal retinal examination. Grade B

We recommend that children with cCMV and confirmed transmission in the first trimester or unknown timing of transmission should be follow-up from birth, through treatment, at 6,
and 12 months of age, then annually to school age (by Pediatric Infectious Diseases or General Pediatrics). Grade D

We recommend that children with clinical symptoms at birth and/or evidence of long-term sequelae (neurologic disease, SNHL, chorioretinitis and/or neurodevelopmental impairment)
should be seen on an annual basis at least up to 6 years of age to ensure specialized management. Grade A

We recommend neurodevelopmental assessment at 24–36 months of age in high-risk children, and further follow-up and interventions according to findings. Grade D

We recommend evaluation by a pediatric neurologist in all children with neurological symptoms and/or significant findings on neuroimaging as well as in children with neurological
concerns that arise during follow-up. Grade A

Asymptomatic children with normal imaging and documented maternal primary infection in the second or third trimester may follow standard pediatric care. Grade A

In infants with normal hearing at birth, with unknown timing of CMV infection during pregnancy, or known first trimester infection, we recommend hearing follow-up until at least 5
years of age. Grade A

The estimated risk of delayed SNHL for asymptomatic children without SNHL at birth and with a proven MPI in the second trimester is low, and there is no full consensus on whether
these cases need hearing follow-up. Grade D

In children with a proven MPI in the third trimester and normal hearing at birth, we do not recommend hearing follow-up. Grade A

In cases of hearing loss at birth, we recommend regular hearing testing for as long as required (can be lifelong). Grade A

Vestibular screening tests should be performed within the first year of life in high-risk children (those with first trimester maternal infection, with unknown timing of maternal infection,
with hearing loss or developmental delay). Grade B

Table 4: Recommendation on neonatal investigation, neonatal treatment and follow-up.

Review
these 3 periods has been estimated at 36.8%, 21% and
5.5%.7

In recent MPI, a low or an intermediate avidity is
found in 85–90% and in 10–15% of sera respectively.
In semi-recent MPI avidity is low, intermediate or high
in 10–50%, 30–70% and 10–20% respectively. Six
months after MPI, IgGs with intermediate avidity are
still found in 20–40% of sera.39,40 We recommend that
sera with an intermediate avidity result be retested with
another avidity assay or be sent to an expert laboratory.
If the second assay produces a high avidity value,
recent MPI is unlikely. Pregnant women in their first
trimester with positive IgM together with low or
confirmed intermediate IgG avidity are eligible for
secondary prevention.
www.thelancet.com Vol 40 May, 2024
CMV PCR in blood and urine
Sensitivity of CMV PCR in whole blood for the diag-
nosis of MPI is 100% and 88–97% in the first 2 and 4
weeks respectively (Table S2). The specificity of a pos-
itive blood PCR for the diagnosis of recent MPI is low
since DNAemia decreases over time to reach negativity
after one year but with large individual differences. A
positive CMV PCR in urine was reported in 90%, 95%,
70%, 45% and 12% of MPI occurred 1, 2, 6, 12 and 24
months before (Table S2). Therefore, PCR in blood or
urine are not reliable to determine the timing of MPI.
Exceptions to this rule include cases with isolated
positive IgM to CMV, where PCR testing in whole
blood could be helpful to exclude or confirm an
ongoing MPI.
5
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CMV diagnosis in pregnant women with
preexisting immunity
There is no valid laboratory test to identify women with
preexisting immunity at risk of giving birth to an
infected neonate. CMV serology and PCR are not help-
ful with a 0–25% IgM detection rate, a rise in IgG titers
in 0–22%, and a positive DNAemia reported in 24–66%
of these women (Table S3).
Secondary prevention, diagnosis of fetal
infection and follow-up of infected fetuses
Secondary prevention
Prevention of fetal infection by valaciclovir
In 2020, a RCT assessed the effect of oral valaciclovir at
a dose of 8 g/day and showed a 71% reduction in vertical
CMV transmission in women with PI acquired
periconceptionally or during the first trimester of preg-
nancy (Table 2).5 This RCT was followed by two quasi-
randomized trials showing similar results.41,42 A meta-
analysis of individual data in the aforementioned
studies, showed that administration of oral valaciclovir
at a dose of 8 g/day reduces vertical transmission of
CMV by 70%, in PI acquired periconceptionally and in
the first trimester.6 Moreover, the probability of vertical
transmission increased with gestational age at the
beginning of treatment. This finding indicates that the
earlier treatment starts the more effective it is. There-
fore, we recommend the administration of oral valaci-
clovir at a dose of 8 g/day in cases with MPI in the
periconceptional period and the first trimester of preg-
nancy, started as soon as possible after infection until
the time of amniocentesis. Earliest possible initiation of
treatment is crucial. In order to achieve this, CMV
serology needs to be performed as early as possible in
the first trimester with a retest between 14 and 16 weeks
in seronegative women. In the meta-analysis, mild side
effects (nausea or headache) were reported by 21% of
women and mild to moderate acute renal failure, which
resolved after cessation of treatment, was reported in 3
cases (2%): one after a 2gx4/day regimen41 and two after
a 4gx2/day regimen.6 One study reported acute renal
failure in 4% (2/50) of women treated with the 4gx2/day
compared to 0 (0/173) women treated with 2gx4/day
suggesting that a 2gx4/day regimen should preferably
be recommended43 (Table S4).

Prevention of fetal infection by hyperimmune globulin (HIG)
Two RCTs concluded that intravenous administration of
100 IU/kg HIG every 4 weeks was not effective in pre-
venting vertical transmission of CMV during the first
and second trimester.44,45 Therefore, we recommend
against this secondary prevention strategy.

A case–control study used HIG 200 IU/kg every 2
weeks in pregnant women with very recent MPI in the
first trimester with a 70% reduction in vertical
transmission rates.46 Thus, the earliest possible admin-
istration of HIG at dose of 200 IU/kg every 2 weeks may
be considered.

Diagnosis of fetal infection and follow-up of
infected fetuses
Diagnosis of fetal infection
CMV PCR on amniotic fluid (AF) is the gold standard
for diagnosing fetal CMV infection. Based on early
studies, most guidelines recommend performing the
PCR on AF collected at or after 21 weeks’ and at least 6
weeks after MPI for optimal sensitivity (Table S5).
However, a recent study reporting the performance of
CMV PCR in 2706 cases showed that PCR on AF is a
reliable method to diagnose fetal infection from 17
weeks’ onwards, provided that amniocentesis is per-
formed at least 8 weeks after MPI.47 In these latter
conditions, the specificity of CMV PCR on AF is close to
100% and the sensitivity is around 87–95%. In a meta-
analysis, the 8% of neonates found to be infected after
a timely negative amniocentesis had no sequelae at 2–3
years’ follow-up.48 A possible explanation for these cases
is a delayed vertical transmission followed by a late fetal
infection (after the first trimester) with therefore no
clinically relevant consequences.

Follow-up of the pregnancy after fetal diagnosis
Women with a negative amniocentesis should benefit
usual antenatal care and preventive therapy should be
discontinued.48 Women with confirmed fetal infection
should benefit from serial focused fetal ultrasound
assessment as well as magnetic resonance imaging
(MRI) in the third trimester, as it provides comple-
mentary information relevant to the prognosis.49

Neuroimaging findings are classified into severe and
mild (Table S6), and extracerebral findings can also be
observed.50 The negative predictive value of normal
ultrasound and MRI for moderate to severe sequelae
is close to 100% with a 17% residual risk of unilateral
sensorineural hearing loss (SNHL).49,50 Severe cere-
bral abnormalities are associated with a poor prog-
nosis. Isolated extracerebral features carry a 30% risk
of sequelae. In women who refuse amniocentesis, we
recommend discontinuation of valaciclovir preventive
therapy between 17 and 18 weeks and proposing serial
fetal ultrasound assessment follow-up A case–control
study suggested a benefit of 2gx4/day valaciclovir
treatment from amniocentesis until birth, with a
decreased proportion of symptomatic neonates from
66% without treatment to 18% with treatment and no
noticeable maternal or fetal side effects.14,51 Cases of
valganciclovir antenatal treatment have been reported,
however this is not recommended at this point in
time.14 In proven fetal infection, contact with an
expert team to discuss antenatal treatment is
recommended.
www.thelancet.com Vol 40 May, 2024
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Neonatal diagnosis
Diagnosis of neonatal infection
Timing of neonatal diagnosis
In order to distinguish congenital from postnatal
infection, PCR should be performed on a sample
collected within 3 weeks of birth, ideally as soon as
possible after birth (Table 3).

Urine or saliva
Saliva collection has a high acceptability among parents
and is easier to collect than urine. The comparison of
CMV PCR on saliva versus urine (Table S7) shows high
sensitivity (93–100%) and predictive negative value
(98–99%) and moderate specificity (91–99.7%) and low
positive predictive value (49–73%). False positive results
in saliva may be due to contamination from the genital
tract or recent breast-feeding and generally have a low
viral load. A positive CMV PCR results on a saliva
sample should be confirmed with a CMV PCR on a
urine sample.

Dried blood spots (DBS)
DBS routinely collected in the first week after birth can
be tested retrospectively to detect CMV DNA in neonatal
blood by PCR to allow a diagnosis in children older than
three weeks of age. The sensitivity of DBS testing for
diagnosis of cCMV is debated because CMV viral load in
the blood of neonates is significantly lower than that in
saliva or urine and may even be undetectable, and also
due to the different methodologies used for CMV PCR
testing in different laboratories. A meta-analysis showed
a pooled sensitivity and specificity of 84.4%–99.9%.52

CMV PCR on DBS is the gold standard for retrospec-
tive diagnosis of cCMV, but may miss cases.

Maternal or neonatal serology
The sensitivity of IgM testing in the neonate is low and
therefore not recommended for neonatal diagnosis of
cCMV.53,54 A negative CMV IgG test at birth in mother
or neonate rules out cCMV, however a positive CMV
IgG test at birth cannot confirm or exclude cCMV and
therefore CMV serology is not recommended for
screening or diagnosis in the neonatal period.

Indications for testing for cCMV infection at birth
Evidence of MPI during pregnancy. With an overall 32%
risk of vertical transmission, this population has a high
risk of cCMV.1

Presence of indicative features on prenatal ultraso-
nography or MRI (Table S6).

Neonatal clinical manifestations consistent with cCMV
(Table S8) including petechiae, hepatosplenomegaly,
jaundice, microcephaly and thrombocytopenia. Milder or
isolated clinical or laboratory features are not specific to
newborns with cCMV and it is more difficult to list which
of them warrant testing for cCMV. The most compelling
evidence exists for SNHL either bilateral or unilateral.55
www.thelancet.com Vol 40 May, 2024
Routine CMV testing in intrauterine growth restriction
(IUGR) or preterm infants has low diagnostic yield
(Table S9). We suggest that CMV testing should be
limited to infants with symmetric IUGR (i.e., weight and
head circumference both affected). CMV testing at birth in
very preterm (<32 weeks) and very low weight infants
(<1500 g) may help to differentiate between congenital
and postnatal CMV infection.
Neonatal investigation, neonatal treatment
and long-term follow-up
Neonatal investigation and prognosis of neonatal
infection
Following virological diagnosis of cCMV, investigations
should assess organ involvement to predict outcome
and guide treatment decision (Table 4).

Assessing the type and timing of maternal infection
MPI in the first trimester is a strong risk factor for
sequelae.7 We recommend, when the type and the
timing of maternal infection is unknown, to perform
serology retrospectively on a stored serum from the first
trimester, if available. For accurate timing of MPI,
serology should be reviewed by a clinical virologist. MPI
and MNPI have similar impact on the long-term out-
comes of infants.56

Physical examination, laboratory investigation,
ophthalmologic and audiologic assessment
Anthropometrics (weight, length and head circumfer-
ence), physical examination, full blood count, liver en-
zymes, bilirubin (total and conjugated), ophthalmologic
and audiologic assessment are required to classify the
infection as symptomatic or asymptomatic (Table S8).
The definition of “symptomatic” cCMV infection varies.
Some studies include only physical examination find-
ings, while others also consider abnormal laboratory
results or neuroimagingfigure.3,4 Infants with cCMV
and clinically-apparent disease at birth are more likely to
have central nervous system (CNS) involvement, and
40–58% develop long-term neurological disabilities,
including SNHL, intellectual disability, epilepsy, visual
impairment and cerebral palsy.2 Infants with no
apparent disease at birth have long-term sequelae in
13.5% of cases, mainly SNHL children.2

Microcephaly in relation to birth weight (i.e., HC z
score—weight z score < −2) has a high specificity for
poor neurological outcome (Table S10). Conversely,
symmetric IUGR may not necessarily predict unfavor-
able outcome in infants without any other symptoms.

Neuroimaging assessment
While cranial ultrasound (cUS) is the first-line imaging
modality, MRI may demonstrate significant pathology
often missed by cUS (i.e., white matter abnormalities
and cortical malformation). MRI is recommended in
7
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infants who present with clinical manifestations of
CMV at birth, SNHL, chorioretinitis or abnormalities
detected on cUS. MRI could also be undertaken in
cases of MPI during the first trimester, or where
timing of maternal infection is not known. There is no
consensus on whether MRI should be performed in
other situations.

Neuroimaging is the most reliable indicator of CNS
involvement (Table S10). Normal neuroimaging pre-
dicts normal or near-normal neurodevelopmental
outcome, while major lesions are associated with a poor
prognosis (Table S657–61). The prognostic implications of
less severe neuroimaging findings (isolated lenticulos-
triate vasculopathy or subtle white matter abnormalities)
are not yet fully understood.61 Combine cUS and MRI
allows a comprehensive assessment with neuroimaging
scoring systems (Table S6).

Virological factors
Overall, a neonatal high blood viral load (VL) correlates
with symptomatic disease and sequelae, mainly SNHL,
and a low or undetectable blood VL is associated with a
lower risk of long term-sequelae (Table S11). However,
there is no consensus on a blood VL threshold for risk
stratification.

The rate of CMV DNA detection in CSF is low, even
with confirmed CNS involvement (∼13–15%).57,62,63

Therefore, we do not recommend obtaining CSF spe-
cifically for diagnosis or assessment of cCMV.

Neonatal infection treatment
Infants with significant symptoms/signs of cCMV can
be treated with antivirals (intravenous ganciclovir, or
more commonly its oral pro-drug valganciclovir). Two
relatively small RCTs in symptomatic neonates64,65

showed modest benefits in terms of preservation of
hearing and improved neurodevelopmental scores at 24
months of age. Comparison of 6 weeks versus 6 months
of valganciclovir suggested greater efficacy with longer
treatment.65 In both RCTS, infants were started on
treatment before 1 month of age.

Whether starting later reduces efficacy of treatment
remains uncertain. A non-randomized trial where in-
fants with SNHL and no other clinical manifestation of
cCMV started 6 weeks treatment up to 13 weeks of age
did show improved preservation of hearing at 20
months of age.66 A RCT where children with SNHL aged
1 month to 4 years (median 13 months) were treated by
6 weeks by valganciclovir did not show any hearing
improvement 6 months later.67

Cases of clinically significant isolated hepatitis, or
isolated thrombocytopenia are rare. However, our expert
opinion is to treat them for 6 weeks. We do not
recommend treatment in isolated IUGR.

Chorioretinitis is normally associated with other
symptoms and/or additional CNS involvement, and we
recommend treatment for 6 months.
Due to poor recruitment, subsequent RCTs in
asymptomatic children have not been completed and no
RCTs included premature infants (<32 weeks’).

None of the RCTs considered brain imaging at
randomization. Based on validated neuroimaging
scoring (Table S6), infants with imaging scores 2 or 3
generally justify treatment. For score 1, expert advice
should be sought.

Table S12 provides practical considerations for in-
fants on treatment. Parents should be informed of the
risks-benefit ratio of treatment. As valganciclovir/gan-
ciclovir are not licensed for treatment of cCMV, all cases
should be discussed with a Pediatric Infectious Diseases
expert, and consented enrolment in the International
CCMV Registry should be offered to parents (https://
ccmvnet.org/). Cases may also be referred to the
monthly CCMVNET Virtual Clinic for discussion
(ccmvnet@gmail.com).

Post-natal follow up
Ophthalmologic and neurodevelopmental follow-up
Recommendations for the follow-up of newborns diag-
nosed with cCMV have been previously published.3,4

The most noteworthy updates from the previous 2017
European guidelines are as follows.

- Ophthalmological follow-up is only recommended for
those infants with retinitis at birth and not required
for newborns with normal retinal examination.68

- Formal neurodevelopmental assessment at 24–36
months is recommended for children at risk for long-
term sequelae (i.e., infection during first trimester or
of unknown timing, apparent manifestations at birth,
SNHL, chorioretinitis or presence of neuroimaging
abnormalities). A recent systematic review found a
cumulative incidence of neurodevelopmental
impairment of 30–66% in symptomatic neonates.
However asymptomatic infants performed equally
well on neurodevelopmental assessments when
compared with healthy controls. The authors high-
lighted that better long-term prospective studies, to
school age, are required to clarify more subtle
developmental outcomes.69 A recent study suggests
that autism, attention-deficit/hyperactivity and
behavioral problems may have a higher incidence
among children with cCMV particularly those infec-
ted in the first trimester.70 This confirms the
importance of monitoring until school entry to
identify neurodevelopmental, behavioral, learning
and late hearing problems in high-risk children.
Children with cCMV without the above-mentioned
risk factors for sequelae may follow standard pedi-
atric care.

Hearing follow-up
In a prospective study of infected children screened at
birth, 12.7% had SNHL at birth and 4.5% had delayed
www.thelancet.com Vol 40 May, 2024
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SNHL. Progressive SHNL is frequent (>50%) and chil-
dren with unilateral SNHL at birth are at risk of devel-
oping SNHL in the contralateral ear.71

A meta-analysis based on prospective studies, re-
ported 0.1% and 0% risk of SNHL in 226 children
infected following a MPI in the second or third
trimester respectively.7 A retrospective study showed a
2.1% (3/140) risk of late-onset SNHL in children born
after a MPI in the second trimester.72 The risk of
developing delayed SNHL after the age 5 years is not
different in cCMV asymptomatic children compared to
uninfected children.73 Therefore, based on current evi-
dence, infected children should have regular hearing
follow up to at least 5 years of age. Those with SNHL
will require ongoing audiological follow-up. However,
the estimated risk of delayed SNHL for asymptomatic
children without SNHL at birth and with a proven MPI
in the second trimester is low, and there is no full
consensus on whether these cases need hearing follow-
up. In children with proven MPI in the third trimester
and normal hearing at birth, we do not recommend
hearing follow-up.74

For the follow-up and rehabilitation of children with
SNHL, we refer to relevant international guidelines.

Vestibular testing
The incidence and impact of vestibular damage is
not completely understood. With a prevalence of
17% in cCMV children, recent publications suggest
an incidence of vestibular problems as high (or
higher) than SNHL.75,76 Vestibular problems can be
congenital or delayed in onset, can improve, fluc-
tuate or deteriorate and can be mild or severe.75 The
impact of abnormal vestibular testing is not yet clear,
but with early-onset and bilateral areflexia, the
impact on early motor development is significant
with greater risk for developmental delay.75 Identi-
fied vestibular risk factors are first trimester or un-
known timing of maternal infection, SNHL and
periventricular cysts on MRI.75

As yet, no consensus algorithm exists for follow-up
of vestibular problems in children with cCMV. Based
on the currently available evidence, we advise, when the
facilities are available, vestibular screening at 6–8
months of age in high-risk children and those with
abnormal motor development.75

Peer support
Families of children with cCMV should be informed
about local and national peer support organizations, as
well as websites with reliable and accessible infor-
mation. A new diagnosis of cCMV in the prenatal or
neonatal period, with all the uncertainties for the
future, can be very difficult for parents to process.
Both peer and clinical psychological support may be
very helpful for families on the early steps of the
journey.
www.thelancet.com Vol 40 May, 2024
Conclusion
This article reflects the collective viewpoint of a cohort of
experts who share a specific interest in cCMV.
Compared to previous published guidelines, the main
innovations are the following.

Maternal CMV serology should be performed in the
first trimester of pregnancy, as cCMV sequelae are
limited to maternal infection acquired in the first
trimester of pregnancy.

In cases of MPI in the periconceptional period or in
the first trimester, oral valaciclovir at a dose of 8 g/day
should be administered as early as possible after the
diagnosis and until the amniocentesis.

A negative CMV PCR in amniotic fluid following
timely amniocentesis ensures absence of long-term
sequelae.

Newborns with CNS-related symptoms but also
those with isolated SNHL, should be treated with val-
ganciclovir. Treatment should be started as soon as
possible and before 1 month of age. Treatment initiated
between 1 and 3 months may be beneficial in those
children with SNHL.

Children with cCMV and confirmed transmission in
the first trimester or unknown timing of transmission
should be followed up to at least 6 years of age to ensure
specialized management. For those with documented
MPI in the second and third trimesters of pregnancy
this follow-up may not be necessary.
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