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Congenital cytomegalovirus is the most frequent, yet under-recognised, infectious cause of newborn malformation in 
developed countries. Despite its clinical and public health importance, questions remain regarding the best diagnostic 
methods for identifying maternal and neonatal infection, and regarding optimal prevention and therapeutic strategies 
for infected mothers and neonates. The absence of guidelines impairs global efforts to decrease the effect of congenital 
cytomegalovirus. Data in the literature suggest that congenital cytomegalovirus infection remains a research priority, but 
data are yet to be translated into clinical practice. An informal International Congenital Cytomegalovirus Recommendations 
Group was convened in 2015 to address these questions and to provide recommendations for prevention, diagnosis, and 
treatment. On the basis of consensus discussions and a review of the literature, we do not support universal screening of 
mothers and the routine use of cytomegalovirus immunoglobulin for prophylaxis or treatment of infected mothers. 
However, treatment guidelines for infected neonates were recommended. Consideration must be given to universal 
neonatal screening for cytomegalovirus to facilitate early detection and intervention for sensorineural hearing loss and 
developmental delay, where appropriate. The group agreed that education and prevention strategies for mothers were 
beneficial, and that recommendations will need continual updating as further data become available.

Introduction
Many adverse fetal and neonatal outcomes have been 
prevented since the introduction of maternal screening 
for infectious diseases during pregnancy, and since 
the institution of routine rubella vaccination of women 
of reproductive age. In stark contrast, congenital 
cytomegalovirus infection remains largely unrecognised 
in the developed and developing world.1 This is despite 
congenital cytomegalovirus now being the major 
infectious cause of sensorineural hearing loss and 
neurodevelopmental abnormalities in infants born in 
developed countries,2 and second only to cerebral palsy 
in all causes of serious malformation in many parts of 
the world. The prevalence of congenital cytomegalovirus 
has been reported as 0·2% to 2·0% (average of 0·64%) 
of pregnancies.3 Many factors contribute to congenital 
cytomegalovirus mortality and morbidity, including the 
limited awareness of clinicians and parents about 
infection during pregnancy, low levels of routine testing 
of neonates at risk, the absence of maternal or neonatal 
screening programmes, the limited efficacy and toxicity 
of current treatments, and the absence of licensed 
vaccines. In part, because of these limitations, congenital 
cytomegalovirus and preventive measures for acquiring 
cytomegalovirus during pregnancy are not routinely or 
consistently discussed with pregnant women or women 
attempting conception. However, with evidence for 
efficacy of preventive actions,4 efficacy of early inter­
vention for children with sensorineural hearing loss,5 
evolving antiviral treatments, and recent availability of 
candidate vaccines for pregnant women and neonates,6 
there is an emerging consensus that more attention 
must be directed to this infection by clinicians3,7 

researchers, and communities. In some states of the 
USA, legislation requires cytomegalovirus education as 
part of routine antenatal care.8–10

To assist with clinical care, an informal International 
Congenital Cytomegalovirus Recommendations Group 
was convened as part of the 5th International Congenital 
Cytomegalovirus conference on April 19, 2015, to review 
and grade available evidence, and to draft recom mendations 
that could be used to guide congenital cytomegalovirus 
diagnosis, prevention, and therapy. The International 
Congenital Cytomegalovirus Recommendations Group 
addressed whether pregnant women should be screened to 
aid diagnosis of maternal cytomegalovirus infection, and 
also addressed methods for diagnosis of maternal or fetal 
cytomegalovirus infection. Suggestions about who should 
be educated about congenital cytomegalovirus infections, 
and preventive measures for maternal cytomegalovirus 
infection, were considered. Whether cytomegalovirus 
hyper immunoglobulin or antiviral therapy could be used 
routinely to prevent or treat congenital cytomegalovirus 
infection during pregnancy was discussed. Neonatal 
screening and the important questions of whether to treat 
infected neonates, and what form this therapy should 
consist of, were also addressed.

Methods to provide global recommendations 
on cytomegalovirus prevention, diagnosis, 
and treatment
Expert clinicians, opinion leaders for congenital cyto­
megalovirus, researchers with expertise in congenital 
cytomegalovirus infection, and representatives of the 
congenital cytomegalovirus community from Europe, the 
USA, and Australia were identified and invited to a 
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workshop, organised as part of the 5th International 
Congenital Cytomegalovirus Conference in Brisbane, 
Australia (April 19, 2015). Identification of relevant 
participants was on the basis of publication track records 
about congenital cytomegalovirus, participation in or 
supervision of trials of diagnostic methods and therapies 

for congenital cytomegalovirus, from lists of plenary 
speakers at international conferences, and from availability 
to attend the workshop and thereafter in drafting the 
recommendations. The International Congenital Cyto­
megalovirus Recommendations Group clearly could not 
embody all clinicians and researchers with expertise 
in congenital cytomegalovirus, but it did comprise 
internationally recognised experts with published expertise 
within diagnosis, prevention, and therapy.

The group first formulated which specific issues 
should be addressed (appendix) and assessed these 
before the workshop by reviewing the scientific literature. 
A systematic review of prevention and treatment of 
congenital cytomegalovirus4 was also undertaken before 
the workshop to ensure current published, and 
unpublished views were expressed in an unbiased 
manner. The use of a systematic review, combined with 
consensus meeting and discussion was on the basis of 
similar projects.11–13

Recommendations were formulated after discussion 
and scientific evidence was graded (appendix). The 
quality of evidence on which recommendations were 
based was scored using the Oxford Centre for Evidence 
Based Medicine (OCEBM) levels of evidence.14 These are 
defined as: level 1, evidence from at least one properly 
randomised controlled trial; level 2a, controlled trials 
without randomisation; level 2b, cohort or case­control 
analytical studies; level 2c, multiple time series or 
uncontrolled experiments (including data on new 
therapies that were not collected in a randomised 
fashion); and level 3, evidence from opinions of respected 
authorities based on clinical experience, descriptive 
studies, or reports of expert committees. These 
recommendations then underwent a panel vote, with 
consensus declared if 100% of the group agreed to a 
recommendation. After the workshop, a draft document 
was distributed among the members of the group, with 
4 weeks allowed for responses, all of which were collated 
to finalise the document of consensus recommendations.

The key findings of this workshop are summarised in 
panel 1. The definitions of congenital cytomegalovirus 
infection and disease used in this document were those 
previously used,6 with minor adjustments based on 
discussions of the group (panel 2), to provide retrospective 
comparability. The final document was reviewed by all 
authors, by other internationally recognised authors with 
obstetric, paediatric, infectious diseases, and virology 
expertise who were unable to participate in the original 
workshop or publication, and was sent to all members of 
the Australian and New Zealand Paediatric Infectious 
Diseases Group for comment.

Evidence and recommendations
Screening for maternal cytomegalovirus infection
Universal cytomegalovirus screening of pregnant women 
is not recommended by national public health bodies in 
any country. However, selective testing of pregnant 

Panel 1: Key findings and recommendations

Diagnosis
•	 If	maternal	primary	cytomegalovirus	infection	is	diagnosed	or	fetal	infection	is	

suspected, referral to a clinician with experience in the diagnosis and management of 
fetal cytomegalovirus infection is recommended.

•	 Cytomegalovirus	serology	tests	(cytomegalovirus-specific	IgG,	IgM,	and	IgG	avidity)	
should be offered when a pregnant woman develops an illness with influenza-like 
symptoms	(typically	fever,	fatigue,	and	headache)	not	attributable	to	another	specific	
infection,	or	when	imaging	findings	(ultrasound	or	the	less	frequently	used	MRI)	are	
suggestive of fetal cytomegalovirus infection.

•	 For	cytomegalovirus-seronegative	pregnant	women,	the	diagnostic	assessment	of	
primary cytomegalovirus infection should include the detection of 
cytomegalovirus-specific	IgG	in	serum.	When	the	immune	status	before	pregnancy	is	
unknown, the diagnosis of maternal primary cytomegalovirus infection should be on 
the	basis	of	the	detection	of	both	cytomegalovirus	IgM	and	cytomegalovirus	IgG	
antibodies of low-to-moderate avidity.

•	 A	confirmed	diagnosis	of	fetal	cytomegalovirus	infection	can	be	made	after	20–21	weeks	
of gestation, and at least 6 weeks from the time of maternal infection, by testing 
amniotic	fluid	for	cytomegalovirus	using	nucleic	acid	test	assays	such	as	real-time	PCR.

•	 The	diagnosis	of	congenital	cytomegalovirus-infected	neonates	should	include	
real-time	PCR	of	saliva,	urine,	or	both	within	the	first	3	weeks	of	life,	with	saliva	as	the	
preferred sample.

•	 Consideration	should	be	given	to	universal	neonatal	cytomegalovirus	screening	to	
enable early detection of congenital cytomegalovirus-infected infants allowing early 
intervention for sensorineural hearing loss and developmental delay where appropriate. 
However, universal screening of all pregnant women to assist in the diagnosis of 
primary cytomegalovirus infection is currently not recommended.

Prevention
•	 All	pregnant	women	and	health-care	providers	should	be	educated	about	congenital	

cytomegalovirus infection and preventive measures.
•	 Cytomegalovirus	hyperimmunoglobulin	should	not	be	routinely	administered	to	

pregnant women with primary cytomegalovirus infection to prevent fetal 
cytomegalovirus infection.

•	 Routine	antiviral	therapy	to	prevent	congenital	cytomegalovirus	infection	during	
pregnancy is not recommended.

Therapy
•	 Cytomegalovirus	hyperimmunoglobulin	treatment	should	not	be	routinely	

administered for fetal cytomegalovirus infection.
•	 Routine	antiviral	therapy	to	treat	fetal	cytomegalovirus	infection	during	pregnancy	is	

not recommended.
•	 Valganciclovir	treatment	for	6	months	is	only	recommended	for	congenitally	infected	

neonates with moderately to severely symptomatic disease.
•	 Antiviral	therapy	should	not	be	administered	to	neonates	with	asymptomatic	

congenital cytomegalovirus infections.
•	 Antiviral	therapy	is	not	routinely	recommended	for	asymptomatic	congenital	

cytomegalovirus infection with isolated sensorineural hearing loss, or for neonates 
with mildly symptomatic congenital cytomegalovirus infection.
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women is done as part of population­based studies, and 
by some clinicians independently of formal screening 
programmes in parts of Europe, Israel, Australia, and the 
USA.15–17

One proposed approach to reducing the incidence of 
congenital cytomegalovirus infection is universal 
cytomegalovirus screening of pregnant women to assist 
diagnosis of primary infection.18 Primary maternal 
cytomegalovirus infection has been associated with the 
highest individual risk of in­utero transmission and 
clinical consequences for the fetus.2,19 Several studies 
have used serological screening (cytomegalovirus­
specific IgG testing) to identify those seronegative 
pregnant women with a higher risk of seroconversion.20–27 
The results of studies showed that providing these 
women with advice regarding appropriate precautions to 
reduce their risk might prevent primary maternal 
cytomegalovirus infection. However, universal screening 
of all pregnant women to identify those who are 
cytomegalovirus­seronegative is not recommended as 
part of routine antenatal screening in any country known 
to the expert group. This arises from health­economical, 
practical, and jurisdictional reasons, and because 
congenital cytomegalovirus infection can occur in infants 
born to women who were cytomegalovirus­seropositive 
before pregnancy (non­primary maternal cytomegalovirus 
infection).28–33 Estimates suggest that more than two­
thirds (about 75%) of all congenital cytomegalovirus 
cases in the USA (and by implication in other developed 
countries) occur in infants born to women with non­
primary cytomegalovirus infection, presumably due to 
reactivation of latent virus, reinfection with a new 
cytomegalovirus strain, or both.28,29,34 Additionally, 
increasing evidence shows that the risk of symptomatic 
infection, especially that resulting in hearing loss, is 
similar after maternal primary or non­primary 
cytomegalovirus infection.1,35–40 Data from nationwide 
registries for congenital cytomegalovirus (such as those 
in France and the USA) could assist further investigation 
of this risk and the effect of maternal primary and non­
primary cytomegalovirus infection.

The members of the group did not recommend 
universal screening of pregnant women to diagnose 
primary cytomegalovirus infection (on the basis of 
level 2b evidence).

Diagnosis of maternal cytomegalovirus infection
When maternal primary cytomegalovirus infection is 
clinically suspected, then cytomegalovirus testing can 
assist in determining the risk of transmission to the fetus. 
The diagnosis of maternal primary cyto megalovirus 
infection cannot be made on the basis of clinical symptoms 
alone, because these are non­specific (typically fever, 
fatigue, and headache), and 25–50% of mothers have no 
symptoms.29,41–43 When maternal primary cyto megalovirus 
infection is suspected, diagnostic testing should include 
detection of de­novo cytomegalovirus­specific IgG in the 

serum of previously seronegative pregnant women (sero­
conversion). In practice, the diagnosis by seroconversion 
alone is rarely achieved because of the frequent absence of 
an appropriate baseline cytomegalovirus­specific IgG 
negative sample. However, comparison with stored pre­
pregnancy or early pregnancy serum, where available, is 
ideal.

When cytomegalovirus immune status before pregnancy 
is unknown, isolated detection of cytomegalovirus IgG 
avidity (maturity) or detection of specific IgM antibodies  
are inadequate single measures to diagnose maternal 
primary infection.43–45 However, the concurrent use of both 
measures improves identification of primary infection,44 
with the detection of cytomegalovirus IgM antibodies and 
low–moderate cytomegalovirus IgG avidity serving as good 
indicators of recent primary infection.46 When these 
antibodies are detected using validated assays,47,48 
particularly before 12–16 weeks of gestation, they indicate a 
higher risk for symptomatic congenital infection.44,49

Consensus recommendations from the group were that 
cytomegalovirus serology tests (for cytomegalovirus­
specific IgG, IgM, and IgG avidity) should be offered 
when a pregnant woman develops an illness with 
influenza­like symptoms (typically fever, fatigue, and 
headache) not attributable to another specific infection, or 
when imaging findings (ultrasound or MRI50) are 

Panel 2: Definitions of congenital cytomegalovirus infection and disease

Moderately to severely symptomatic congenital cytomegalovirus disease
•	 Multiple	manifestations	attributable	to	congenital	cytomegalovirus	infection:	

thrombocytopenia, petechiae, hepatomegaly, splenomegaly, intrauterine growth 
restriction, hepatitis (raised transaminases or bilirubin), or

•	 Central	nervous	system	involvement	such	as	microcephaly,	radiographic	
abnormalities consistent with cytomegalovirus central nervous system disease 
(ventriculomegaly,	intracerebral	calcifications,	periventricular	echogenicity,	cortical	or	
cerebellar malformations), abnormal cerebrospinal fluid indices for age, 
chorioretinitis, sensorineural hearing loss, or the detection of cytomegalovirus DNA in 
cerebrospinal fluid

Mildly symptomatic congenital cytomegalovirus disease
•	 Might	occur	with	one	or	two	isolated	manifestations	of	congenital	cytomegalovirus	

infection that are mild and transient (eg, mild hepatomegaly or a single 
measurement of low platelet count or raised levels of alanine aminotransferase). 
These might overlap with more severe manifestations. However, the difference is 
that they occur in isolation

Asymptomatic congenital cytomegalovirus infection with isolated sensorineural 
hearing loss
•	 No	apparent	abnormalities	to	suggest	congenital	cytomegalovirus	disease,	but	

sensorineural hearing loss (≥21 decibels)

Asymptomatic congenital cytomegalovirus infection
•	 No	apparent	abnormalities	to	suggest	congenital	cytomegalovirus	disease,	and	

normal hearing

Definitions	as	published	by	Kimberlin	and	colleagues,6 with minor emendation from discussions of the 
International	Congenital	Cytomegalovirus	Recommendations	Group
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suggestive of fetal cytomegalovirus infection (level 3 
evidence). For cytomegalovirus­seronegative pregnant 
women, the diagnostic assessment of primary cyto­
megalovirus infection should include the detection of 
cytomegalovirus­specific IgG in serum (level 2b evidence). 
When the immune status before pregnancy is unknown, 
the diagnosis of maternal primary cytomegalovirus 
infection should be based on the detection of both 
cytomegalovirus IgM and low–moderate avidity cyto­
megalovirus IgG antibodies (level 2b evidence).

Prenatal diagnosis of fetal cytomegalovirus infection
Prenatal diagnosis of fetal cytomegalovirus infection can 
be made via testing of amniotic fluid for cytomegalovirus 
by amniocentesis, since the virus is excreted into the 
amniotic fluid through fetal urine. An amniocentesis for 
cytomegalovirus can be recommended in two situations: 
when there is maternal primary cytomegalovirus infection 
during pregnancy, or when there are abnormalities on 
ultrasound that are compatible with fetal cytomegalovirus 
infection. There is a low risk of miscarriage associated 
with amniocentesis, with a population­based study51 
suggesting minimal or no increased rates of miscarriage 
in women who underwent amniocentesis by a fetal 
medicine expert. Amniocentesis for cytomegalovirus 
achieves the best sensitivity after 20–21 weeks’ gestation, 
once fetal urination is well established, and at least 
6 weeks from the time of maternal cytomegalovirus 
infection.52 The sensitivity of amniocentesis before 
20 weeks can be as low as 45%,53 but it might be warranted 
in certain circumstances, particularly when ethical and 
practical difficulties limit management options after 
21 weeks of gestation. The use of amniocentesis for the 
diagnosis of fetal infection has been tested in a number of 
studies.54 The presence of cytomegalovirus can be detected 
using PCR, other nucleic acid test assays, or virus 
culture.52,55–57 Most studies confirm that nucleic acid test 
assays such as real­time PCR are the most sensitive 
methods for the detection of cytomegalovirus in amniotic 
fluid. If cytomegalovirus is detected in the amniotic fluid, 
fetal infection is confirmed. Perinatal outcome following 
confirmed fetal cytomegalovirus infection ranges from 
healthy asymptomatic livebirth to stillbirth or postnatal 
survival with severe disability. Several methods have been 
investigated to predict the perinatal outcome of fetal 
infection, including prenatal ultrasound and fetal MRI,58–64 
cytomegalovirus DNA quantification in amniotic 
fluid56–58,65,66 or fetal blood,58,67,68 examination of the amniotic 
fluid peptidome,69 fetal blood platelet counts,61,70 and IgM 
levels in fetal blood samples.61,67,68,71,72 Although these 
methods are available now, larger studies are needed to 
verify their clinical efficacy in predicting clinical outcomes 
of a cytomegalovirus­infected fetus after birth.

The group recommended that if maternal primary 
cytomegalovirus infection is diagnosed or fetal infection is 
suspected, referral to a clinician with experience in prenatal 
diagnosis and management of fetal cytomegalovirus 

infection is recommended (level 3). As noted previously, 
a confirmed diagnosis of fetal cytomegalovirus infection 
can be made after 20–21 weeks’ gestation, and at least 
6 weeks from the time of maternal infection, by testing 
amniotic fluid for cytomegalovirus using nucleic acid test 
assays, such as real­time PCR (level 2b evidence).

Prevention of maternal cytomegalovirus infection 
during pregnancy
Prevention of maternal cytomegalovirus infection 
through vaccination has been tested in a phase 2 trial 
of a recombinant glycoprotein B vaccine in seronegative 
women, which showed 50% efficacy for maternal 
seroconversion.73 However, waning immunity was 
observed, which questions the long­term efficacy of this 
vaccine formulation. A randomised, double­blind, placebo­
controlled phase 2 study testing this glycoprotein B vaccine 
in cytomegalovirus­negative adolescent girls produced 
similar results, with 45% efficacy for seroconversion after 
two doses.74 Several cytomegalovirus vaccines are under 
development and completion of several clinical trials is 
anticipated between 2017 and 2019 (ClinicalTrials.gov 
trial registry numbers NCT02594566, NCT02396134, 
NCT02506933, and NCT01877655). A particular risk factor 
for maternal cytomegalovirus infection is close contact 
with children younger than 2 years of age, since 
cytomegalovirus excretion in saliva and urine can continue 
for months or years in young children.24–27 Children can 
shed high levels of cytomegalovirus, and frequently 
acquire cytomegalovirus from other children, including 
those attending daycare.24,75 Approximately 30% of mothers 
with a cytomegalovirus­infected child younger than 2 years 
old at day care seroconvert within 1 year of their child 
attending day care.24 Therefore, hygienic and behavioural 
interventions (panel 3) have been investigated to prevent 
cytomegalovirus infection in pregnant women.

Results from two cluster randomised trials20,23 and 
one single­group study22 showed that behavioural 
measures that reduce contact with bodily fluids from 
young children reduced cytomegalovirus seroconversion 
in pregnant women. These trials probably have selection 
and detection biases,79 and control data are missing in the 
single­group study. However, a more recent interventional 
and observational controlled trial21 has provided further 
evidence that a prevention strategy based on provision 
of information to pregnant women at risk for 
cytomegalovirus infection is effective. In a 2015 study by 
Revello and colleagues,21 pregnant women in the 
prospective intervention group received the same 
information and behavioural instructions as mothers in 
the 1996 study by Adler and colleagues,20 with the 
exception of using gloves and avoiding co­sleeping with 
the infant. Seroconversion occurred in four (1·2%) of 
331 pregnant women in the intervention group, at a lower 
rate compared with 24 (7·6%) of 315 in the comparator, 
non­instructed group (absolute risk reduction [Δ]=6·4% 
[95% CI 3·2–9·6]; p<0·001 [exact value not reported]).21
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Adler and colleagues23 described that all (n=106) mothers 
reported these behavioural interventions as being done 
easily, indicating that this approach was not difficult to 
implement. However, results from seven studies80–86 have 
shown that a large proportion (61·0% to 87·5%) of 
pregnant women are unaware and uninformed about 
congenital cytomegalovirus infection, and the results of 
four studies87–90 suggested that health­care providers, such 
as doctors, obstetricians, and midwives, do not possess 
sufficient knowledge of this infection.

The consensus recommendations from the group 
were that health­care providers, including midwives, 
obstetricians, and paediatricians, should be educated 
about congenital cytomegalovirus infection and preventive 
measures (panel 3; level 2b evidence). Given the potential 
risk of congenital cytomegalovirus in all pregnancies, 
albeit at low risk in the individual cytomegalovirus­
seropositive woman,1,19,91 all pregnant women should be 
educated about congenital cytomegalovirus infections and 
preventive measures (level 2b evidence). The group 
also concluded that research is needed to identify the 
education content and methods that are most effective in 
preventing cytomegalovirus infection in pregnant women. 
Educational resources should be developed and used 
locally, and preferably shared online.

Prevention of vertical transmission of cytomegalovirus 
infection
Passive immunisation with cytomegalovirus hyper­
immunoglobulin has been investigated as a potential 
means to prevent cytomegalovirus transmission to the 
fetus in pregnant women with primary cytomegalovirus 
infection. Four studies evaluated the efficacy of hyper­
immunoglobulin treatment to prevent fetal cytomega­
lovirus infection. Although a non­randomised controlled 
phase 1 and 2 study,92 a double­blinded, randomised 
placebo­controlled study,93 and two observational studies94,95 
report some evidence of benefit and a trend towards 
efficacy of hyperimmunoglobulin, the results from these 
studies are inconsistent and not definitive, which could be 
related to suboptimal doses used or the application 
interval.96 No serious adverse events due to hyper­
immunoglobulin therapy were reported in the three non­
randomised studies.92,94,95 Results from a randomised trial93 
showed no significant benefit for treatment, but reported 
obstetric complications (preterm delivery, preeclampsia, 
and fetal growth restriction) in seven (13%) of 53 women 
in the group receiving hyperimmunoglobulin, compared 
with one (2%) of 51 women in the placebo group (p=0·06). 
At least one randomised clinical trial is underway 
(NCT01376778), which might clarify the role for 
prophylactic hyper immunoglobulin treatment.

The benefits and harms of antiviral drugs used to 
prevent vertical transmission in pregnant women are 
being studied in one randomised, phase 2, double­blinded 
clinical trial that is planned to evaluate the efficacy 
of valaciclovir to prevent vertical transmission of 

cytomegalovirus after maternal primary infection during 
pregnancy (NCT02351102). The results of this trial might 
provide much­needed evidence for antiviral safety and 
efficacy in the prevention of congenital cytomegalovirus 
acquisition during pregnancy.

The group recommended that hyperimmunoglobulin 
should not be routinely administered to pregnant women 
with primary cytomegalovirus infection for prevention of 
congenital cytomegalovirus, on the basis of insufficient 
evidence (level 2c evidence). If such patients are treated, 
their data should be tracked to contribute to understanding 
of the safety of this approach. Routine antiviral therapy to 
prevent congenital cytomegalovirus infection during 
pregnancy is also not recommended, on the basis of 
insufficient current evidence (level 3 evidence).

Treatment of the cytomegalovirus-infected fetus 
during pregnancy
Treatment options for fetal cytomegalovirus infection 
during pregnancy to prevent or reduce the severity of 
fetal cytomegalovirus­associated symptoms are limited. 
Management options of the infected fetus include therapy 
with cytomegalovirus hyperimmunoglobulin or antiviral 
drugs. However, because there is insufficient evidence for 
the efficacy of antiviral drugs, they should currently all be 
regarded as investigational, and therefore should not be 
used outside of a clinical trial setting.97

Evidence for potential efficacy of hyperimmunoglobulin 
treatment to reduce disease from congenital cyto­
megalovirus has been reported in four prospective and 
two retrospective studies, each treating between three and 
31 pregnant women diagnosed prenatally with congenital 
cytomegalovirus infection.92,94,98–101 Nigro and colleagues92 
observed that pregnant women with cytomegalovirus­
positive amniotic fluid, treated with 200 U/kg of 
hyperimmunoglobulin intravenously, gave birth to infants 
with a reduced rate of symptomatic disease (one [3%] of 
31) compared with women who declined hyperimmuno­
globulin treatment (seven [50%] of 14). A partly 

Panel 3: Hygiene precautions and behavioural interventions 
that could prevent cytomegalovirus infection in pregnant 
women, based on published findings20-23

•	 Do	not	share	food,	drinks,	or	utensils	used	by	young	children
•	 Do	not	put	a	child’s	dummy/soother/pacifier	in	your	mouth
•	 Avoid	contact	with	saliva	when	kissing	a	child
•	 Thoroughly	wash	hands	with	soap	and	water	for	

15–20	seconds,	especially	after	changing	nappies/
diapers,	feeding	a	young	child,	or	wiping	a	young	child’s	
nose or saliva

•	 Other	precautions	that	can	be	considered,	but	are	likely	to	
less	frequently	prevent	infection,	include	clean	toys,	
countertops, and other surfaces that come into contact 
with	children’s	urine	or	saliva,	and	not	sharing	a	
toothbrush with a young child76–78
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randomised case­control study by Visentin and colleagues99 
reported that fewer infants had poor outcomes (such as 
sensorineural hearing loss) at 1 year of age when the 
mother was treated with 200 U/kg hyper immunoglobulin 
intravenously at 20–24 weeks’ gestation (four of 31 [13%]), 
compared with infants from untreated mothers (16 of 
37 [43%]). However, the findings of these studies are not 
definitive because of the small number of women treated 
with hyperimmunoglobulin, and other methodological 
issues, as reviewed previously.4

Antiviral drugs such as ganciclovir, the oral pro­drug 
valganciclovir, foscarnet, and cidofovir have been used 
extensively to treat cytomegalovirus in immuno­
compromised patients. However, foscarnet and cidofovir 
are unsuitable therapeutics during pregnancy because 
of nephrotoxicity and potential carcinogenicity, with 
minimal safety or efficacy data in pregnancy.102 
Additionally, there are limited safety and efficacy data for 
ganciclovir and valganciclovir in pregnancy, with four 
case reports describing ganciclovir use in pregnancy for 
transplant recipients and in a woman with HIV/AIDS 
without teratogenic effects.103–106 Ganciclovir is not 
recommended for use in pregnancy because of reported 
risks of gonadal dysgenesis in animal studies, and the 
inability to monitor for fetal toxicities, including 
neutropenia. Ganciclovir, valganciclovir, foscarnet, and 
cidofovir are currently classified by the US Food and 
Drug Administration (FDA) as category C.

Aciclovir and the oral pro­drug valaciclovir have been 
used as prophylaxis for cytomegalovirus infection in 
transplant recipients and patients with HIV/AIDS.107 The 
premise for use in pregnancy is that although they have 
weak activity against cytomegalovirus, they have very low 
rates of adverse effects in pregnancy on the basis of 
two small observational studies and one large registry­
based study managed by the drug manufacturer.108–110 
A subsequent registry­based study provided additional 
evidence that aciclovir, valaciclovir, and famciclovir are 
not teratogenic.111 Results from a pilot observational study 
by Jacquemard and colleagues97 showed that oral 
valaciclovir was tolerated by pregnant women with 
confirmed fetal cytomegalovirus infection and might 
decrease viral load in fetal blood, without clear 
improvement in fetal outcome, possibly due to the small 
sample size or lack of efficacy. One non­randomised, 
single group assignment phase 2 clinical trial evaluated 
the efficacy of valaciclovir in treatment of confirmed 
fetal cytomegalovirus infection in 41 women with 
43 moderately symptom atic congenital cytomegalovirus­
infected fetuses.112 Mothers were treated with 8 g/day oral 
valaciclovir, analysed using Simon’s optimal two­stage 
design, whereby valaciclovir was assumed to have a 
positive effect if at least 31 of 43 neonates were 
asymptomatic at birth. In total, 34 of 43 neonates were 
born asymptomatic, which suggests efficacy of valaciclovir 
treatment, although these findings are not conclusive due 
to the design of the study, and the small number of 

valaciclovir­treated women to date. Further evaluation of 
the use of aciclovir, valaciclovir, and famciclovir (FDA 
category B) is of interest. However, they cannot be 
recommended routinely because current data on antiviral 
efficacy and safety profiles during pregnancy are limited.

The consensus recommendations from the group were 
that antenatal cytomegalovirus hyperimmunoglobulin 
should not be routinely recommended as therapy for fetal 
cytomegalovirus infection (level 2b evidence). If such 
patients are treated, their data should be tracked to 
contribute to the overall understanding of the safety of 
such an approach. Routine antiviral therapy to prevent 
or treat congenital cytomegalovirus infection during 
pregnancy is also not recommended, on the basis of 
insufficient evidence for safety and effectiveness of 
antiviral drugs on clinical outcomes (level 2c evidence).

Neonatal cytomegalovirus screening
Congenital cytomegalovirus­infected neonates might be 
asymptomatic or symptomatic at birth (panel 2). The 
severity of long­term adverse outcomes varies substantially, 
from minimal deficits with unilateral sensorineural 
hearing loss, to major neurodevelopmental complications 
and death for a minority of neonates. Universal newborn 
hearing screening, which is now done in many developed 
countries, successfully detects many neonates with 
congenital hearing impairment at birth. However, nearly 
10% of initially asymptomatic cytomegalovirus­infected 
neonates later develop hearing loss,113 at which point the 
capacity for cytomegalovirus diagnosis and opportunities 
for early intervention are lost or substantially reduced.

Studies reviewed by Cannon and colleagues114 reported 
evidence that cytomegalovirus screening of all neonates 
could significantly improve the outcome of those 
infected with cytomegalovirus with delayed hearing loss. 
It is well established that infants with an early diagnosis 
of hearing loss develop better receptive and expressive 
language115 with improved cognitive function than do 
infants with a later diagnosis. Therefore, targeted 
cytomegalovirus screening of newborn infants (eg, 
testing of infants who fail newborn hearing screening) 
and cytomegalovirus screening of all neonates has been 
the focus of investigations over the past few years.116–122 
A 2015 cost–benefit analysis reported a net public benefit 
for targeted cytomegalovirus testing of neonates with 
hearing loss.118 A separate cost­effectiveness analysis 
based on data derived from large prospective cohorts 
reported that both universal and targeted newborn 
cytomegalovirus screening were cost­saving.119 Additional 
prospective studies and cost­effectiveness studies would 
further inform any recommendation regarding universal 
or targeted cytomegalovirus testing of neonates.

The group recommended that consideration should 
be given to universal neonatal cytomegalovirus 
screening to enable early detection of congenital cyto­
megalovirus­infected infants, facilitating early detection 
and inter vention for sensorineural hearing loss and 
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developmental delay where appropriate (level 2b 
evidence).

Diagnosis of the cytomegalovirus infected neonate
A large prospective study reported that real­time PCR 
analysis of dried blood spots had low sensitivity for 
newborn cytomegalovirus testing.123 Results from a 
2015 study124 that included testing of a small number of 
dried blood spots spiked with blood specimens from 
transplant recipients showed that DNA yield from dried 
blood spots was improved by using different extraction 
methods; however, the sensitivity of these methods in 
identifying infants with congenital cytomegalovirus has 
not been evaluated in screening of unselected neonates. 
Yamamoto and colleagues125 showed that both urine and 
saliva are reliable specimens for neonatal cyto­
megalovirus screening using PCR, and a prospective 
multicentre study reported that real­time PCR of saliva 
showed high sensitivity (>97%) and specificity (99%) for 
detecting congenital cytomegalovirus infection.126 
Similar to other newborn screening assays, a positive 
cytomegalovirus screening result should be confirmed 
by testing a subsequent sample (either saliva or urine) 
collected within the first 3 weeks of life. Testing for 
cytomegalovirus in saliva, urine, or both, as early as 
possible, appears optimal since diagnostic tests do not 
distinguish congenital from postnatal cytomegalovirus 
infection in newborn babies older than 3 weeks of age, 
who might have acquired the virus at birth or through 
breastmilk.127,128 Obtaining a saliva sample at least 1 hour 
after breastfeeding to avoid potential contamination 
with cytomegalovirus from breastmilk has been 
practised and described.129

The consensus recommendations from the group were 
that the diagnosis of congenital cytomegalovirus 
infection in neonates should include real­time PCR of 
saliva, urine, or both, as soon as possible after birth but 
within the first 3 weeks of life, with saliva as the preferred 
sample (level 2b evidence).

Treatment of congenitally cytomegalovirus infected 
neonates
Because of noteworthy toxicities of cytomegalovirus 
antivirals, consideration of their use in congenitally 
infected neonates must balance known risks (such as 
neutropenia) and possible risks (eg, gonadal dysgenesis, 
carcinogenicity) with potential benefits. Among 
currently available antivirals, intravenous ganciclovir 
and oral valganciclovir have been studied for the 
treatment of infants with congenital cytomegalovirus 
infection. Results from a phase 2 trial published in 
1997, comparing 8 mg/kg and 12 mg/kg daily doses for 
6 weeks, showed that ganciclovir treatment significantly 
improved or stabilised hearing in five (16%) of 
30 infected infants with a daily dose of 12 mg/kg.130 A 
subsequent phase 3 randomised clinical trial assessed 
the outcome of ganciclovir treatment in symptomatic 

congenital cytomegalovirus­infected neonates with 
neurological deficits.131 This study had a large number 
of children who could not be evaluated for the primary 
endpoint because of loss to follow­up, but still found 
that ganciclovir treatment might have prevented 
hearing deterioration at 6 months and less than 1 year 
of life. However, this study also observed an association 
of ganciclovir treatment with neutropenia. Additional 
analyses of this trial suggested that ganciclovir might 
also improve neurodevelopmental outcome.132 Two case 
reports and two pilot observational studies provided 
additional evidence that ganciclovir treatment improves 
or prevents hearing loss in infants with symptomatic 
congenital cytomegalovirus infection.133–136

Evidence that oral valganciclovir improves or 
preserves hearing in infants with symptomatic con­
genital cyto megalovirus infection has been reported in 
three case studies.117,137,138 More recently, results from a 
randomised placebo­controlled trial showed statistically 
significant benefit of valganciclovir treatment in 
symptomatic neonates.6 All symptomatic cyto megalo­
virus­infected neonates received valganciclovir for 

Panel 4: Recommended treatment regimen and monitoring 
of the congenitally cytomegalovirus-infected neonate

Who to treat
•	 Neonates	with	moderately	to	severely	symptomatic	

congenital cytomegalovirus disease6,139

When to treat
•	 Within	the	first	month	of	life6

What to treat with
•	 Oral	valganciclovir	16	mg/kg	per	dose	orally,	twice	a	day6,139

How long to treat
•	 Treatment	duration	for	the	goal	of	improving	audiological	

or developmental outcomes should not exceed 6 months6

Monitoring during treatment
•	 Absolute	neutrophil	counts	should	be	followed	weekly	for	

6	weeks,	then	at	week	8,	then	monthly	for	the	duration	
of therapy6,139

•	 Levels	of	transaminases	should	be	followed	monthly	
throughout therapy6,139

Follow up
•	 An	ophthalmological	examination	should	be	done	early	in	

the course of treatment, with follow-up eye examinations 
as suggested by the ophthalmologist

•	 Audiological	testing	should	be	done	at	6-month	intervals	
for	the	first	3	years	of	life,	and	annually	thereafter	through	
adolescence	(ages	10–19).

•	 Developmental	assessments	beginning	at	the	first	year	of	
life might be helpful in some children with symptomatic 
congenital cytomegalovirus disease, and should be 
employed on a case-by-case basis
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6 weeks, and were then randomised to placebo or 
valganciclovir treatment. Neonates receiving 6 months 
of valganciclovir had a 2·6­times increased likelihood 
of improved total hearing at 24 months than those who 
received only 6 weeks of valganciclovir treatment. 
Neurodevelopmental out comes were improved with 
longer duration of therapy. Valganciclovir treatment 
was associated with neutropenia, although the 
incidence was markedly lower than previously observed 
with intravenous ganciclovir.6 As described in panel 4, 
valganciclovir treatment for 6 months is recommended 
for congenitally infected neonates with moderately to 
severely symptomatic disease.

Currently, there is no definitive evidence about the 
potential benefit of antivirals for treatment of mildly 
symptomatic or asymptomatic infants with isolated 
sensori neural hearing loss. Although isolated sensori­
neural hearing loss was an eligibility criterion,6 only 
one infant (randomised to the 6 week group) in this 
category enrolled in the study,6 meaning the benefit of 
treating these infants is unclear. One non­randomised, 
single­blind clinical trial is investigating whether early 
treatment with oral valganciclovir of infants up to 
12 weeks of age with congenital cytomegalovirus 
infection and sensorineural hearing loss can prevent 
progression of hearing loss (NCT02005822).

Evidence from randomised trials to inform the 
initiation of antiviral therapy beyond the first month of 
life is absent. The Collaborative Antiviral Study Group 
is, as of 2016, recruiting participants for a phase 2 
randomised, controlled trial of valganciclovir therapy in 
children up to 4 years of age with congenital cyto­
megalovirus infection and hearing loss (NCT01649869). 
A randomised efficacy study is planned to evaluate the 

benefit of antiviral treatment with valganciclovir on 
hearing and balance in children aged 6 months 
to 12 years with congenital cytomegalovirus 
(NCT02606266), which might provide evidence to 
inform treatment options.

The group recommended that valganciclovir treatment 
for 6 months should only be for congenitally infected 
neonates with moderately to severely symptomatic 
disease as defined in panel 2 (level 1 evidence). Neonates 
with asymptomatic congenital cytomegalovirus infection 
should not be given antiviral therapy (level 3 evidence). 
Neonates with mildly symptomatic congenital cyto­
megalovirus infection should not routinely be given 
antiviral therapy (level 3 evidence). If such patients are 
treated on a case­by­case basis, their data should be 
accumulated to contribute to the overall understanding of 
the safety of such an approach. Antiviral therapy is not 
routinely re commended for congenital cytomegalovirus 
infection with isolated sensorineural hearing loss and 
otherwise asymptomatic, based on insufficient evidence 
(level 3 evidence). If such patients are treated, their data 
should be tracked to contribute to the overall under­
standing of the safety and efficacy of such an approach.

Conclusions
This Review summarises current data on the efficacy of 
prevention, the significant improvements in diagnostic 
capacity globally (particularly in molecular detection and 
characterisation of infection), and data showing utility of 
antiviral therapy in some infected neonates. These, and 
other published data, can now be used to inform 
jurisdictional policy, and practice, in reducing the global 
impact of congenital cytomegalovirus.
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Search strategy and selection criteria

We published a systematic review on this topic before the 
meeting, which informed the consensus discussions at the 
April 2015 conference. Additionally, before this conference, 
additional	relevant	scientific	literature	was	identified	through	
searches	of	MEDLINE,	Embase	and	ClinicalTrials.gov	for	articles	
published	from	Jan	1,	1968	to	Feb	28,	2015,	and	updated	after	
the	meeting	to	Oct	31,	2016.	Search	terms	included	
“congenital cytomegalovirus” and “treatment”, “screening”, 
“therapeutic”, “prevention” “diagnosis”, “prophylaxis”, 
“intervention”, “antiviral”, and “hyperimmune globulin”. 
Studies were eligible for inclusion if they were of human 
pregnant women or neonates; were randomised controlled 
trials, a controlled trial, observational study, or case series; the 
full text was available; and the report was in English. Studies 
were excluded if they were review articles, abstracts, letters, or 
conference proceedings. Articles resulting from these searches 
and relevant references cited in those articles were reviewed 
and	graded	using	the	Oxford	Centre	for	Evidence	Based	
Medicine	(OCEBM)	levels	of	evidence	(see	Methods).



www.thelancet.com/infection   Published online March 10, 2017   http://dx.doi.org/10.1016/S1473-3099(17)30143-3 9

Review

References
1 Mussi­Pinhata MM, Yamamoto AY, Moura Brito RM, et al. 

Birth prevalence and natural history of congenital cytomegalovirus 
infection in a highly seroimmune population. Clin Infect Dis 2009; 
49: 522–28.

2 Kenneson A, Cannon MJ. Review and meta­analysis of the 
epidemiology of congenital cytomegalovirus (CMV) infection. 
Rev Med Virol 2007; 17: 253–76.

3 Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK. 
The “silent” global burden of congenital cytomegalovirus. 
Clin Microbiol Rev 2013; 26: 86–102.

4 Hamilton ST, van Zuylen W, Shand A, et al. Prevention of congenital 
cytomegalovirus complications by maternal and neonatal treatments: 
a systematic review. Rev Med Virol 2014; 24: 420–33.

5 Korver AM, Konings S, Dekker FW, et al. Newborn hearing 
screening vs later hearing screening and developmental outcomes in 
children with permanent childhood hearing impairment. JAMA 
2010; 304: 1701–08.

6 Kimberlin DW, Jester PM, Sanchez PJ, et al. Valganciclovir for 
symptomatic congenital cytomegalovirus disease. N Engl J Med 
2015; 372: 933–43.

7 Demmler­Harrison GJ. Congenital cytomegalovirus: Public health 
action towards awareness, prevention, and treatment. J Clin Virol 
2009; 46 (suppl 4): S1–5.

8 Hawaii State Legislation. Hawaii House Bill 782. 2015. 
https://legiscan.com/HI/text/HB782/2015 (accessed  
Feb 10, 2017).

9 Utah Department of Health. Cytomegalovirus (CMV) public health 
initiative. http://health.utah.gov/cshcn/programs/cmv.html 
(accessed Feb 10, 2017).

10 Texas State Legislation. Texas Senate Bill 791. 2015. https://legiscan.
com/TX/bill/SB791/2015 (accessed Feb 10, 2017).

11 Kotton CN, Kumar D, Caliendo AM, et al. International consensus 
guidelines on the management of cytomegalovirus in solid organ 
transplantation. Transplantation 2010; 89: 779–95.

12 Nachman S, Ahmed A, Amanullah F, et al. Towards early inclusion 
of children in tuberculosis drugs trials: a consensus statement. 
Lancet Infect Dis 2015; 15: 711–20.

13 Mallet V, van Bommel F, Doerig C, et al. Management of viral 
hepatitis in patients with haematological malignancy and in 
patients undergoing haemopoietic stem cell transplantation: 
recommendations of the 5th European Conference on Infections in 
Leukaemia (ECIL­5). Lancet Infect Dis 2016; 16: 606–17.

14 OCEBM Levels of Evidence Working Group. The Oxford Levels of 
Evidence. http://www.cebm.net/index.aspx?o=5653 (accessed  
Feb 10, 2017).

15 Forsgren M. Prevention of congenital and perinatal infections. 
Euro Surveill 2009; 14: 2–4.

16 Rahav G. Congenital cytomegalovirus infection—a question of 
screening. Isr Med Assoc J 2007; 9: 392–94.

17 Doutre S. Reducing congenital cytomegalovirus infection through 
policy and legislation in the United States. Microbiology Australia 
2015; November: 162–64.

18 Walker SP, Palma­Dias R, Wood EM, Shekleton P, Giles ML. 
Cytomegalovirus in pregnancy: to screen or not to screen. 
BMC Pregnancy Childbirth 2013; 13: 96.

19 Pass RF, Fowler KB, Boppana SB, Britt WJ, Stagno S. 
Congenital cytomegalovirus infection following first trimester 
maternal infection: symptoms at birth and outcome. J Clin Virol 
2006; 35: 216–20.

20 Adler SP, Finney JW, Manganello AM, Best AM. Prevention of 
child­to­mother transmission of cytomegalovirus by changing 
behaviors: a randomized controlled trial. Pediatr Infect Dis J 1996; 
15: 240–46.

21 Revello MG, Tibaldi C, Masuelli G, et al. Prevention of primary 
cytomegalovirus infection in pregnancy. EBioMedicine 2015; 
2: 1205–10.

22 Vauloup­Fellous C, Picone O, Cordier AG, et al. Does hygiene 
counseling have an impact on the rate of CMV primary infection 
during pregnancy? Results of a 3­year prospective study in a French 
hospital. J Clin Virol 2009; 46 (suppl 4): S49–53.

23 Adler SP, Finney JW, Manganello AM, Best AM. Prevention of 
child­to­mother transmission of cytomegalovirus among pregnant 
women. J Pediatr 2004; 145: 485–91.

24 Adler SP. Cytomegalovirus and child day care: risk factors for 
maternal infection. Pediatr Infect Dis J 1991; 10: 590–94.

25 Walmus BF, Yow MD, Lester JW, Leeds L, Thompson PK, 
Woodward RM. Factors predictive of cytomegalovirus immune 
status in pregnant women. J Infect Dis 1988; 157: 172–77.

26 Taber LH, Frank AL, Yow MD, Bagley A. Acquisition of 
cytomegaloviral infections in families with young children: 
a serological study. J Infect Dis 1985; 151: 948–52.

27 Stagno S, Cloud G, Pass RF, Britt WJ, Alford CA. Factors associated 
with primary cytomegalovirus infection during pregnancy. 
J Med Virol 1984; 13: 347–53.

28 Stagno S, Pass RF, Dworsky ME, et al. Congenital cytomegalovirus 
infection: the relative importance of primary and recurrent 
maternal infection. N Engl J Med 1982; 306: 945–49.

29 Wang C, Zhang X, Bialek S, Cannon MJ. Attribution of congenital 
cytomegalovirus infection to primary versus non­primary maternal 
infection. Clin Infect Dis 2011; 52: e11–13.

30 Townsend CL, Forsgren M, Ahlfors K, Ivarsson SA, Tookey PA, 
Peckham CS. Long­term outcomes of congenital cytomegalovirus 
infection in Sweden and the United Kingdom. Clin Infect Dis 2013; 
56: 1232–39.

31 Boppana SB, Rivera LB, Fowler KB, Mach M, Britt WJ. 
Intrauterine transmission of cytomegalovirus to infants of 
women with preconceptional immunity. N Engl J Med 2001; 
344: 1366–71.

32 Ross SA, Arora N, Novak Z, Fowler KB, Britt WJ, Boppana SB. 
Cytomegalovirus reinfections in healthy seroimmune women. 
J Infect Dis 2010; 201: 386–89.

33 Yamamoto AY, Mussi­Pinhata MM, Boppana SB, et al. 
Human cytomegalovirus reinfection is associated with intrauterine 
transmission in a highly cytomegalovirus­immune maternal 
population. Am J Obstet Gynecol 2010; 202: 297 e1–8.

34 Ornoy A, Diav­Citrin O. Fetal effects of primary and secondary 
cytomegalovirus infection in pregnancy. Reprod Toxicol 2006; 
21: 399–409.

35 Yamamoto AY, Mussi­Pinhata MM, Isaac Mde L, 
et al. Congenital cytomegalovirus infection as a cause of 
sensorineural hearing loss in a highly immune population. 
Pediatr Infect Dis J 2011; 30: 1043–46.

36 Ahlfors K, Ivarsson SA, Harris S. Report on a long­term study of 
maternal and congenital cytomegalovirus infection in Sweden. 
Review of prospective studies available in the literature. 
Scand J Infect Dis 1999; 31: 443–57.

37 Gaytant MA, Rours GI, Steegers EA, Galama JM, Semmekrot BA. 
Congenital cytomegalovirus infection after recurrent infection: 
case reports and review of the literature. Eur J Pediatr 2003; 
162: 248–53.

38 Zalel Y, Gilboa Y, Berkenshtat M, et al. Secondary cytomegalovirus 
infection can cause severe fetal sequelae despite maternal 
preconceptional immunity. Ultrasound Obstet Gynecol 2008; 
31: 417–20.

39 Boppana SB, Fowler KB, Britt WJ, Stagno S, Pass RF. 
Symptomatic congenital cytomegalovirus infection in infants born 
to mothers with preexisting immunity to cytomegalovirus. Pediatrics 
1999; 104: 55–60.

40 Ross SA, Fowler KB, Ashrith G, et al. Hearing loss in children with 
congenital cytomegalovirus infection born to mothers with 
preexisting immunity. J Pediatr 2006; 148: 332–36.

41 Nigro G, Anceschi MM, Cosmi EV. Clinical manifestations and 
abnormal laboratory findings in pregnant women with primary 
cytomegalovirus infection. BJOG 2003; 110: 572–77.

42 Revello MG, Gerna G. Diagnosis and management of human 
cytomegalovirus infection in the mother, fetus, and newborn infant. 
Clin Microbiol Rev 2002; 15: 680–715.

43 Munro SC, Hall B, Whybin LR, et al. Diagnosis of and screening for 
cytomegalovirus infection in pregnant women. J Clin Microbiol 
2005; 43: 4713–18.

44 Lazzarotto T, Varani S, Spezzacatena P, et al. Maternal IgG avidity 
and IgM detected by blot as diagnostic tools to identify pregnant 
women at risk of transmitting cytomegalovirus. Viral Immunol 
2000; 13: 137–41.

45 Mace M, Sissoeff L, Rudent A, Grangeot­Keros L. A serological 
testing algorithm for the diagnosis of primary CMV infection in 
pregnant women. Prenat Diagn 2004; 24: 861–63.



10 www.thelancet.com/infection   Published online March 10, 2017   http://dx.doi.org/10.1016/S1473-3099(17)30143-3

Review

46 Lazzarotto T, Guerra B, Gabrielli L, Lanari M, Landini MP. 
Update on the prevention, diagnosis and management of 
cytomegalovirus infection during pregnancy. Clin Microbiol Infect 
2011; 17: 1285–93.

47 Prince HE, Lape­Nixon M. Role of cytomegalovirus (CMV) IgG 
avidity testing in diagnosing primary CMV infection during 
pregnancy. Clin Vaccine Immunol 2014; 21: 1377–84.

48 Rajasekariah H, Scott G, Robertson PW, Rawlinson WD. 
Improving diagnosis of primary cytomegalovirus infection in 
pregnant women using immunoblots. J Med Virol 2013; 85: 315–19.

49 Enders G, Daiminger A, Bader U, Exler S, Schimpf Y, Enders M. 
The value of CMV IgG avidity and immunoblot for timing the onset 
of primary CMV infection in pregnancy. J Clin Virol 2013; 
56: 102–07.

50 Salomon LJ, Bernard JP, Millischer AE, et al. MRI and ultrasound 
fusion imaging for prenatal diagnosis. Am J Obstet Gynecol 2013; 
209: 148 e1–9.

51 Wulff CB, Gerds TA, Rode L, Ekelund CK, Petersen OB, Tabor A. 
Risk of fetal loss associated with invasive testing following 
combined first­trimester screening for Down syndrome: a national 
cohort of 147,987 singleton pregnancies. Ultrasound Obstet Gynecol 
2016; 47: 38–44.

52 Liesnard C, Donner C, Brancart F, Gosselin F, Delforge ML, 
Rodesch F. Prenatal diagnosis of congenital cytomegalovirus 
infection: prospective study of 237 pregnancies at risk. 
Obstet Gynecol 2000; 95: 881–88.

53 Donner C, Liesnard C, Brancart F, Rodesch F. Accuracy of amniotic 
fluid testing before 21 weeks’ gestation in prenatal diagnosis of 
congenital cytomegalovirus infection. Prenat Diagn 1994; 
14: 1055–59.

54 Revello MG, Gerna G. Pathogenesis and prenatal diagnosis of 
human cytomegalovirus infection. J Clin Virol 2004; 29: 71–83.

55 Azam AZ, Vial Y, Fawer CL, Zufferey J, Hohlfeld P. 
Prenatal diagnosis of congenital cytomegalovirus infection. 
Obstet Gynecol 2001; 97: 443–48.

56 Lazzarotto T, Varani S, Guerra B, Nicolosi A, Lanari M, Landini MP. 
Prenatal indicators of congenital cytomegalovirus infection. 
J Pediatr 2000; 137: 90–95.

57 Guerra B, Lazzarotto T, Quarta S, et al. Prenatal diagnosis of 
symptomatic congenital cytomegalovirus infection. 
Am J Obstet Gynecol 2000; 183: 476–82.

58 Leruez­Ville M, Stirnemann J, Sellier Y, et al. Feasibility of 
predicting the outcome of fetal infection with cytomegalovirus at 
the time of prenatal diagnosis. Am J Obstet Gynecol 2016; 
215: 342 e1–9.

59 Farkas N, Hoffmann C, Ben­Sira L, et al. Does normal fetal brain 
ultrasound predict normal neurodevelopmental outcome in 
congenital cytomegalovirus infection? Prenat Diagn 2011; 
31: 360–66.

60 Guerra B, Simonazzi G, Puccetti C, et al. Ultrasound prediction of 
symptomatic congenital cytomegalovirus infection. 
Am J Obstet Gynecol 2008; 198: 380 e1–7.

61 Benoist G, Salomon LJ, Jacquemard F, Daffos F, Ville Y. 
The prognostic value of ultrasound abnormalities and biological 
parameters in blood of fetuses infected with cytomegalovirus. BJOG 
2008; 115: 823–29.

62 Alarcon A, Martinez­Biarge M, Cabanas F, Quero J, Garcia­Alix A. 
A prognostic neonatal neuroimaging scale for symptomatic 
congenital cytomegalovirus infection. Neonatology 2016; 110: 277–85.

63 Picone O, Simon I, Benachi A, Brunelle F, Sonigo P. 
Comparison between ultrasound and magnetic resonance imaging 
in assessment of fetal cytomegalovirus infection. Prenat Diagn 2008; 
28: 753–58.

64 Lipitz S, Hoffmann C, Feldman B, Tepperberg­Dikawa M, Schiff E, 
Weisz B. Value of prenatal ultrasound and magnetic resonance 
imaging in assessment of congenital primary cytomegalovirus 
infection. Ultrasound Obstet Gynecol 2010; 36: 709–17.

65 Revello MG, Zavattoni M, Furione M, Baldanti F, Gerna G. 
Quantification of human cytomegalovirus DNA in amniotic fluid of 
mothers of congenitally infected fetuses. J Clin Microbiol 1999; 
37: 3350–52.

66 Goegebuer T, Van Meensel B, Beuselinck K, et al. Clinical predictive 
value of real­time PCR quantification of human cytomegalovirus 
DNA in amniotic fluid samples. J Clin Microbiol 2009; 47: 660–65.

67 Grazia Revello M, Zavattoni M, Sarasini A, et al. Prenatal diagnostic 
and prognostic value of human cytomegalovirus load and IgM 
antibody response in blood of congenitally infected fetuses. 
J Infect Dis 1999; 180: 1320–23.

68 Romanelli RM, Magny JF, Jacquemard F. Prognostic markers of 
symptomatic congenital cytomegalovirus infection. Braz J Infect Dis 
2008; 12: 38–43.

69 Desveaux C, Klein J, Leruez­Ville M, et al. Identification of 
symptomatic fetuses infected with cytomegalovirus using amniotic 
fluid peptide biomarkers. PLoS Pathog 2016; 12: e1005395.

70 Fabbri E, Revello MG, Furione M, et al. Prognostic markers of 
symptomatic congenital human cytomegalovirus infection in fetal 
blood. BJOG 2011; 118: 448–56.

71 Gerber S, Vial Y, Hohlfeld P, Witkin SS. Prenatal diagnosis of 
congenital cytomegalovirus infection by detection of 
immunoglobulin M antibodies to the 70­kd heat shock protein in 
fetal serum. Am J Obstet Gynecol 2002; 187: 955–59.

72 Enders G, Bader U, Lindemann L, Schalasta G, Daiminger A. 
Prenatal diagnosis of congenital cytomegalovirus infection in 
189 pregnancies with known outcome. Prenat Diagn 2001; 
21: 362–77.

73 Pass RF, Zhang C, Evans A, et al. Vaccine prevention of maternal 
cytomegalovirus infection. N Engl J Med 2009; 360: 1191–99.

74 Bernstein DI, Munoz FM, Callahan ST, et al. Safety and efficacy of a 
cytomegalovirus glycoprotein B (gB) vaccine in adolescent girls: 
a randomized clinical trial. Vaccine 2016; 34: 313–19.

75 Grosjean J, Trapes L, Hantz S, et al. Human cytomegalovirus 
quantification in toddlers saliva from day care centers and 
emergency unit: a feasibility study. J Clin Virol 2014; 61: 371–77.

76 Stowell JD, Forlin­Passoni D, Din E, et al. Cytomegalovirus survival 
on common environmental surfaces: opportunities for viral 
transmission. J Infect Dis 2012; 205: 211­–14.

77 Stowell JD, Forlin­Passoni D, Radford K, et al. 
Cytomegalovirus survival and transferability and the effectiveness 
of common hand­washing agents against cytomegalovirus on live 
human hands. Appl Environ Microbiol 2014; 80: 455–61.

78 Cannon MJ, Stowell JD, Clark R, et al. Repeated measures study of 
weekly and daily cytomegalovirus shedding patterns in saliva and 
urine of healthy cytomegalovirus­seropositive children. 
BMC Infect Dis 2014; 14: 569.

79 Harvey J, Dennis CL. Hygiene interventions for prevention of 
cytomegalovirus infection among childbearing women: systematic 
review. J Adv Nurs 2008; 63: 440–50.

80 Lim SL, Tan WC, Tan LK. Awareness of and attitudes toward 
congenital cytomegalovirus infection among pregnant women in 
Singapore. Int J Gynaecol Obstet 2012; 117: 268–72.

81 Jeon J, Victor M, Adler SP, et al. Knowledge and awareness of 
congenital cytomegalovirus among women. Infect Dis Obstet Gynecol 
2006; 2006: 80383.

82 Pereboom MT, Mannien J, Spelten ER, Schellevis FG, Hutton EK. 
Observational study to assess pregnant women’s knowledge and 
behaviour to prevent toxoplasmosis, listeriosis and cytomegalovirus. 
BMC Pregnancy Childbirth 2013; 13: 98.

83 Cannon MJ, Westbrook K, Levis D, Schleiss MR, Thackeray R, 
Pass RF. Awareness of and behaviors related to child­to­mother 
transmission of cytomegalovirus. Prev Med 2012; 54: 351–57.

84 Morioka I, Sonoyama A, Tairaku S, et al. Awareness of and 
knowledge about mother­to­child infections in Japanese pregnant 
women. Congenit Anom (Kyoto) 2014; 54: 35–40.

85 Willame A, Blanchard­Rohner G, Combescure C, Irion O, 
Posfay­Barbe K, Martinez de Tejada B. Awareness of 
cytomegalovirus infection among pregnant women in Geneva, 
Switzerland: a cross­sectional study. Int J Environ Res Public Health 
2015; 12: 15285–97.

86 Wizman S, Lamarre V, Coic L, et al. Awareness of cytomegalovirus 
and risk factors for susceptibility among pregnant women, in 
Montreal, Canada. BMC Pregnancy Childbirth 2016; 16: 54.

87 Baer HR, McBride HE, Caviness AC, Demmler­Harrison GJ. 
Survey of congenital cytomegalovirus (cCMV) knowledge among 
medical students. J Clin Virol 2014; 60: 222–42.

88 Korver AM, de Vries JJ, de Jong JW, Dekker FW, Vossen AC, 
Oudesluys­Murphy AM. Awareness of congenital cytomegalovirus 
among doctors in the Netherlands. J Clin Virol 2009; 
46 (suppl 4): S11–15.



www.thelancet.com/infection   Published online March 10, 2017   http://dx.doi.org/10.1016/S1473-3099(17)30143-3 11

Review

89 Cordier AG, Guitton S, Vauloup­Fellous C, Grangeot­Keros L, 
Benachi A, Picone O. Awareness and knowledge of congenital 
cytomegalovirus infection among health care providers in France. 
J Clin Virol 2012; 55: 158–63.

90 von Gartzen A, Hollins Martin CJ. An email survey of midwives 
knowledge about CytoMegaloVirus (CMV) in Hannover and a 
skeletal framework for a proposed teaching program. 
Nurse Educ Pract 2013; 13: 481–86.

91 de Vries JJ, van Zwet EW, Dekker FW, Kroes AC, Verkerk PH, 
Vossen AC. The apparent paradox of maternal seropositivity as a risk 
factor for congenital cytomegalovirus infection: a population­based 
prediction model. Rev Med Virol 2013; 23: 241–49.

92 Nigro G, Adler SP, La Torre R, Best AM. Passive immunization 
during pregnancy for congenital cytomegalovirus infection. 
N Engl J Med 2005; 353: 1350–62.

93 Revello MG, Lazzarotto T, Guerra B, et al. A randomized trial of 
hyperimmune globulin to prevent congenital cytomegalovirus. 
N Engl J Med 2014; 370: 1316–26.

94 Buxmann H, Stackelberg OM, Schlosser RL, et al. Use of 
cytomegalovirus hyperimmunoglobulin for prevention of 
congenital cytomegalovirus disease: a retrospective analysis. 
J Perinat Med 2012; 40: 439–46.

95 Nigro G, Capretti I, Manganello AM, Best AM, Adler SP. 
Primary maternal cytomegalovirus infections during pregnancy: 
association of CMV hyperimmune globulin with gestational age at 
birth and birth weight. J Matern Fetal Neonatal Med 2015; 28: 1–4.

96 Hamprecht K, Kagan KO, Goelz R. Hyperimmune globulin to 
prevent congenital CMV infection. N Engl J Med 2014; 370: 2543.

97 Jacquemard F, Yamamoto M, Costa JM, et al. Maternal administration 
of valaciclovir in symptomatic intrauterine cytomegalovirus infection. 
BJOG 2007; 114: 1113–21.

98 Nigro G, Adler SP, Parruti G, et al. Immunoglobulin therapy of fetal 
cytomegalovirus infection occurring in the first half of 
pregnancy—a case­control study of the outcome in children. 
J Infect Dis 2012; 205: 215–27.

99 Visentin S, Manara R, Milanese L, et al. Early primary 
cytomegalovirus infection in pregnancy: maternal 
hyperimmunoglobulin therapy improves outcomes among infants 
at 1 year of age. Clin Infect Dis 2012; 55: 497–503.

100 Japanese Congenital Cytomegalovirus Infection Immunoglobulin 
Fetal Therapy Study Group. A trial of immunoglobulin fetal therapy 
for symptomatic congenital cytomegalovirus infection. 
J Reprod Immunol 2012; 95: 73–79.

101 Nigro G, Adler SP, Gatta E, et al. Fetal hyperechogenic bowel may 
indicate congenital cytomegalovirus disease responsive to 
immunoglobulin therapy. J Matern Fetal Neonatal Med 2012; 
25: 2202–05.

102 Alvarez­McLeod A, Havlik J, Drew KE. Foscarnet treatment of 
genital infection due to acyclovir­resistant herpes simplex virus 
type 2 in a pregnant patient with AIDS: case report. Clin Infect Dis 
1999; 29: 937–38.

103 Puliyanda DP, Silverman NS, Lehman D, et al. Successful use of 
oral ganciclovir for the treatment of intrauterine cytomegalovirus 
infection in a renal allograft recipient. Transpl Infect Dis 2005; 
7: 71–74.

104 Brandy RC, Schleiss MR, Witte DP, Siddiqi TA, Fame PT. 
Placental transfer of ganciclovir in a woman with acquired 
immunodeficiency syndrome and cytomegalovirus disease. 
Pediatr Infect Dis J 2002; 21: 796–97.

105 Miller BW, Howard TK, Goss JA, Mostello DJ, Holcomb WL Jr, 
Brennan DC. Renal transplantation one week after conception. 
Transplantation 1995; 60: 1353–54.

106 Pescovitz MD. Absence of teratogenicity of oral ganciclovir used 
during early pregnancy in a liver transplant recipient. Transplantation 
1999; 67: 758–59.

107 Lowance D, Neumayer HH, Legendre CM, et al. Valacyclovir for 
the prevention of cytomegalovirus disease after renal 
transplantation. International Valacyclovir Cytomegalovirus 
Prophylaxis Transplantation Study Group. N Engl J Med 1999; 
340: 1462–70.

108 Ratanajamit C, Vinther Skriver M, Jepsen P, Chongsuvivatwong V, 
Olsen J, Sorensen HT. Adverse pregnancy outcome in women 
exposed to acyclovir during pregnancy: a population­based 
observational study. Scand J Infect Dis 2003; 35: 255–59.

109 Wilton LV, Pearce GL, Martin RM, Mackay FJ, Mann RD. 
The outcomes of pregnancy in women exposed to newly marketed 
drugs in general practice in England. Br J Obstet Gyncaecol 1998; 
105: 882–89.

110 Stone KM, Reiff­Eldridge R, White AD, et al. Pregnancy outcomes 
following systemic prenatal acyclovir exposure: Conclusions from 
the international acyclovir pregnancy registry, 1984­1999. 
Birth Defects Res A Clin Mol Teratol 2004; 70: 201–07.

111 Pasternak B, Hviid A. Use of acyclovir, valacyclovir, and famciclovir 
in the first trimester of pregnancy and the risk of birth defects. 
JAMA 2010; 304: 859–66.

112 Leruez­Ville M, Ghout I, Bussieres L, et al. In utero treatment of 
congenital cytomegalovirus infection with valacyclovir in a 
multicenter, open­label, phase II study. Am J Obstet Gynecol 2016; 
215: 462 e1–462.

113 Goderis J, De Leenheer E, Smets K, Van Hoecke H, Keymeulen A, 
Dhooge I. Hearing loss and congenital CMV infection: a systematic 
review. Pediatrics 2014; 134: 972–82.

114 Cannon MJ, Griffiths PD, Aston V, Rawlinson WD. 
Universal newborn screening for congenital CMV infection: what is 
the evidence of potential benefit? Rev Med Virol 2014; 24: 291–307.

115 Kennedy CR, McCann DC, Campbell MJ, et al. Language ability 
after early detection of permanent childhood hearing impairment. 
N Engl J Med 2006; 354: 2131–41.

116 Williams EJ, Gray J, Luck S, et al. First estimates of the potential cost 
and cost saving of protecting childhood hearing from damage caused 
by congenital CMV infection. Arch Dis Child Fetal Neonatal Ed 2015; 
100: F501–06.

117 Nishida K, Morioka I, Nakamachi Y, et al. Neurological outcomes in 
symptomatic congenital cytomegalovirus­infected infants after 
introduction of newborn urine screening and antiviral treatment. 
Brain Dev 2016; 38: 209–16.

118 Bergevin A, Zick CD, McVicar SB, Park AH. Cost­benefit analysis of 
targeted hearing directed early testing for congenital cytomegalovirus 
infection. Int J Pediatr Otorhinolaryngol 2015; 79: 2090–93.

119 Gantt S, Dionne F, Kozak FK, et al. Cost­effectiveness of universal 
and targeted newborn screening for congenital cytomegalovirus 
infection. JAMA Pediatr 2016; 170: 1173–80.

120 Barkai G, Ari­Even Roth D, Barzilai A, et al. Universal neonatal 
cytomegalovirus screening using saliva–report of clinical 
experience. J Clin Virol 2014; 60: 361–66.

121 Kadambari S, Luck S, Davis A, et al. Evaluating the feasibility of 
integrating salivary testing for congenital CMV into the newborn 
hearing screening programme in the UK. Eur J Pediatr 2015; 
174: 1117–21.

122 Koyano S, Inoue N, Oka A, et al. Screening for congenital 
cytomegalovirus infection using newborn urine samples collected 
on filter paper: feasibility and outcomes from a multicentre study. 
BMJ Open 2011; 1: e000118.

123 Boppana SB, Ross SA, Novak Z, et al. Dried blood spot real­time 
polymerase chain reaction assays to screen newborns for congenital 
cytomegalovirus infection. JAMA 2010; 303: 1375–82.

124 Koontz D, Baecher K, Amin M, Nikolova S, Gallagher M, 
Dollard S. Evaluation of DNA extraction methods for the detection 
of Cytomegalovirus in dried blood spots. J Clin Virol 2015; 
66: 95–99.

125 Yamamoto AY, Mussi­Pinhata MM, Marin LJ, Brito RM, Oliveira PF, 
Coelho TB. Is saliva as reliable as urine for detection of 
cytomegalovirus DNA for neonatal screening of congenital CMV 
infection? J Clin Virol 2006; 36: 228–30.

126 Boppana SB, Ross SA, Shimamura M, et al. 
Saliva polymerase­chain­reaction assay for cytomegalovirus 
screening in newborns. N Engl J Med 2011; 364: 2111–18.

127 Hamprecht K, Maschmann J, Vochem M, Dietz K, Speer CP, 
Jahn G. Epidemiology of transmission of cytomegalovirus from 
mother to preterm infant by breastfeeding. Lancet 2001; 
357: 513–18.

128 Dworsky M, Yow M, Stagno S, Pass RF, Alford C. 
Cytomegalovirus infection of breast milk and transmission in 
infancy. Pediatrics 1983; 72: 295–99.

129 Koyano S, Inoue N, Nagamori T, Moriuchi H, Azuma H. 
Newborn screening of congenital cytomegalovirus infection using 
saliva can be influenced by breast feeding. 
Arch Dis Child Fetal Neonatal Ed 2013; 98: F182.



12 www.thelancet.com/infection   Published online March 10, 2017   http://dx.doi.org/10.1016/S1473-3099(17)30143-3

Review

130 Whitley RJ, Cloud G, Gruber W, et al. Ganciclovir treatment of 
symptomatic congenital cytomegalovirus infection: results of a 
phase II study. National Institute of Allergy and Infectious Diseases 
Collaborative Antiviral Study Group. J Infect Dis 1997; 175: 1080–86.

131 Kimberlin DW, Lin CY, Sanchez PJ, et al. Effect of ganciclovir 
therapy on hearing in symptomatic congenital cytomegalovirus 
disease involving the central nervous system: a randomized, 
controlled trial. J Pediatr 2003; 143: 16–25.

132 Oliver SE, Cloud GA, Sanchez PJ, et al. Neurodevelopmental 
outcomes following ganciclovir therapy in symptomatic congenital 
cytomegalovirus infections involving the central nervous system. 
J Clin Virol 2009; 46 (suppl 4): S22–26.

133 Michaels MG, Greenberg DP, Sabo DL, Wald ER. Treatment of 
children with congenital cytomegalovirus infection with ganciclovir. 
Pediatr Infect Dis J 2003; 22: 504–09.

134 Tanaka­Kitajima N, Sugaya N, Futatani T, et al. Ganciclovir therapy 
for congenital cytomegalovirus infection in six infants. 
Pediatr Infect Dis J 2005; 24: 782–85.

135 Nigro G, Scholz H, Bartmann U. Ganciclovir therapy for 
symptomatic congenital cytomegalovirus infection in infants: 
a two­regimen experience. J Pediatr 1994; 124: 318–22.

136 Lackner A, Acham A, Alborno T, et al. Effect on hearing of 
ganciclovir therapy for asymptomatic congenital cytomegalovirus 
infection: four to 10 year follow up. J Laryngol Otol 2009; 
123: 391–96.

137 Lombardi G, Garofoli F, Villani P, et al. Oral valganciclovir treatment 
in newborns with symptomatic congenital cytomegalovirus infection. 
Eur J Clin Microbiol Infect Dis 2009; 28: 1465–70.

138 del Rosal T, Baquero­Artigao F, Blazquez D, et al. Treatment of 
symptomatic congenital cytomegalovirus infection beyond the 
neonatal period. J Clin Virol 2012; 55: 72–4.

139 Kimberlin DW, Acosta EP, Sanchez PJ, et al. Pharmacokinetic and 
pharmacodynamic assessment of oral valganciclovir in the 
treatment of symptomatic congenital cytomegalovirus disease. 
J Infect Dis 2008; 197: 836–45.


	Congenital cytomegalovirus infection in pregnancy and the neonate: consensus recommendations for prevention, diagnosis, and therapy
	Introduction
	Methods to provide global recommendations on cytomegalovirus prevention, diagnosis, and treatment
	Evidence and recommendations
	Screening for maternal cytomegalovirus infection
	Diagnosis of maternal cytomegalovirus infection
	Prenatal diagnosis of fetal cytomegalovirus infection
	Prevention of maternal cytomegalovirus infection during pregnancy
	Prevention of vertical transmission of cytomegalovirus infection
	Treatment of the cytomegalovirus-infected fetus during pregnancy
	Neonatal cytomegalovirus screening
	Diagnosis of the cytomegalovirus infected neonate
	Treatment of congenitally cytomegalovirus infected neonates

	Conclusions
	Acknowledgments
	References


