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Background: Congenital cytomegalovirus (CMV) infection is the leading infectious cause of neurological
impairment for which, currently, there are no approved antenatal treatment options.
Objectives: The aim of this article was to summarize the available evidence on the use of valacyclovir
during pregnancy to prevent and treat congenital CMV infection and disease.
Sources: Two databases (PubMed and ClinicalTrial.gov) were reviewed.
Content: Six relevant documents were identified, namely one observational study, three clinical trials,
two case reports. Most relevant findings were those from two clinical trials. A phase 2/3 placebo-
controlled study showed a decrease of 71% (5 of 45 vs 14 of 47) in rate of CMV vertical transmission
in women treated with 8 g/day valacyclovir following primary CMV infection in pregnancy. A phase 2,
single-arm clinical trial, showed that 8 g/day valacyclovir administered to mothers of symptomatic
infected foetuses increased the portion of asymptomatic neonates to 82% (34 of 41), compared with 43%
(20 of 47) in untreated pregnancies from a historical cohort.
Implications: Studies in favour of using valacyclovir during pregnancy for prevention and treatment of
congenital CMV infection are emerging but are still few. Randomized clinical trials on large cohorts of
patients investigating the efficacy on prevention and treatment of congenital CMV are required. Unfor-
tunately, this will be probably not be feasible at least in the short period. In the meantime, data on the
‘off label’ use of valacyclovir for CMV in pregnancy could be collected within a multicentre observational
study. L. Zammarchi, Clin Microbiol Infect 2020;26:1151
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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Table 1
Foetal signs used as inclusion criteria for treatment with valacyclovir during preg-
nancy in case of confirmed foetal cytomegalovirus infection

Jacquemard et al. 2007 [11]
Foetal ultrasound markers Grade 3 hyperechogenic bowels

Ascites
Growth restriction with an estimated foetal
weight below the 10th percentile
Ventriculomegaly with ventricular width of at
least 10 mm at the level of the atrium
Any other brain anomaly

And/or laboratory findings
of CMV infection in foetal
blood

Foetal elevated GGT
Foetal platelet count <100,000/mL

Leruez-Ville et al. 2016 [12]
At least one extracerebral

abnormality compatible
with foetal CMV
infection

Foetal growth restriction
Abnormal amniotic fluid volume
Ascites and/or pleural effusion
Skin edema
Hydrops
Placentomegaly (thickness >40 mm)
Hyperechogenic bowel
Hepatomegaly (maximum diameter >40 mm)
Splenomegaly (maximum diameter >30 mm)
Liver calcifications

And/or one isolated
cerebral abnormality

Moderate isolated ventriculomegaly (<15 mm)
Isolated cerebral calcification
Isolated intraventricular adhesion
Vasculopathy of lenticulostriate vessels

And/or laboratory findings
of generalized CMV
infection in foetal blood

Foetal viremia >3000 copies/mL
Foetal platelet count <100,000/ml

CMV, cytomegalovirus; GGT, gamma-glutamyl transpeptidase.
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Introduction

Cytomegalovirus (CMV) is the most frequent cause of congenital
viral infection [1]. Prevalence of CMV infection is around 0.5e1% of
all live births, and is the leading infectious cause of sensorineural
hearing loss and mental retardation [1]. Vertical transmission oc-
curs in around 30e35% following primary infection and congenital
disease in around 10e15%. In contrast, following non-primary
maternal infection, foetal infection rate is estimated at around
1.2% [2].

Currently there are no approved treatment options for CMV
infection during pregnancy and available guidelines recommend
that any antenatal therapy should only be offered as part of a
research protocol treatment [3].

Recently evidence in favour of pharmacological interventions
during pregnancy is slowly growing. The aim of this article was to
summarize the available evidence on the use of valacyclovir during
pregnancy to prevent and treat congenital CMV infection and dis-
ease. Valacyclovir is the L-valine ester of acyclovir which shows
activity against DNA polymerase of CMV, if used at high dose (i.e. 2
g every 6 h, 8 g per day). Its efficacy has been documented in several
randomized studies evaluating the drug for prophylaxis of CMV
reactivation in renal transplant recipients. The drug is approved in
adults and adolescents above 12 years for the prophylaxis of CMV
reactivation in solid organs transplanted patients at dosage of 2 g
six-hourly for up to 12 weeks [4e8]. Concerning its use in preg-
nancy, valacyclovir is classified among group B drugs, which de-
notes no clear evidence of risk in humans despite the lack of
controlled studies documenting safety [9,10]. Clinical data over
several decades with valacyclovir and its metabolite, acyclovir, in
pregnant women, have not identified a drug-associated risk of
major birth defects. According to the pregnancy registry, managed
by the manufacturer, the rate of birth defects among 749 women
exposed to systemic acyclovir during the first trimester is not
significantly different from that of the general population [10]. In a
larger study conducted in Denmark, based on a nationwide registry,
the rate of birth defects was not significantly different between
1561 women exposed to acyclovir in the first trimester, 2379
women exposed to acyclovir in the second and third trimesters and
835 991 unexposed pregnant women (with rates of birth defects at
2.0%, 2.0% and 2.4%, respectively) [9].

Thus, even the relatively small size of the registries had insuf-
ficient power to draw reliable or definitive conclusions regarding
the safety of acyclovir or valacyclovir in pregnancy for pregnant
women, the potential benefits seems to outweigh the potential
risks to the foetus.

In this article we reviewed the available evidence on the efficacy
of valacyclovir in pregnancy for CMV infection.

Methods

A PubMed search was conducted using the following search
strategy ((valacyclovir) AND (pregnancy OR pregnant OR congen-
ital) AND (cytomegalovirus OR CMV)). Moreover, we screened the
ClinicalTrial.gov database using the word ‘cytomegalovirus’ to
identify additional relevant documents.

Results

One observational study, two clinical trials and two case reports
were identified in PubMed [11e15]. Moreover, one trial reporting
the effect of valacyclovir for the prevention of vertical transmission
of CMV was identified in ClinicalTrial.gov and their preliminary
findings, published in Open Forum Infectious Diseases in October
2019, were retrieved [16].
Summary of the identified studies

Observational study

In 2007, a group of French researchers first reported obser-
vational data on the use of high-dose valacyclovir in 20 preg-
nant women with 21 foetuses with symptomatic congenital
CMV infection. The treatment was administered on the basis of
compassionate care when parents chose to continue with their
pregnancies [11]. Inclusion criteria for treatment were
confirmed congenital CMV infection (CMV-DNA positive from
amniotic fluid) with biomarkers and/or ultrasound markers of
foetal infection following primary maternal CMV infection
(Table 1). Standard management of infected foetuses included
foetal blood sampling at diagnosis, and 4e6 weeks later, to
determine the platelet count and gamma-glutamyl trans-
peptidase (GGT) plasma concentration at baseline and their
changes over time. Foetal thrombocytopenia below 100,000/dL
and/or elevated GGT were considered to be biomarkers of a
symptomatic foetal infection.

Treatment was started at a median of 28 weeks of pregnancy
(range 22e34) and continued for a median of 7 weeks (range
1e12 weeks). Therapeutic concentrations of valacyclovir were
achieved in maternal and foetal bloods, and viral load in foetal
blood decreased significantly after treatment. No difference in the
rate of poor outcome was observed by comparing with a historical
cohort of 24 singleton pregnancies that presented with symptom-
atic intrauterine CMV infection before valacyclovir treatment was
offered or declined. No maternal, foetal, or neonatal adverse effects
were reported.

Clinical trials

In the following years, the same research group designed a
randomized controlled trial (Cymeval NCT01037712) comparing
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prenatal treatment with valacyclovir against placebo in moderately
symptomatic infected foetuses, that failed to recruit because
women declined randomization. The authors opted for a different
study design, a phase II open label trial with only one arm based on
a Simon optimal two-stage design (Cymeval II NCT01651585) using
a historical cohort as comparator [12]. In the study, high dose
valacyclovir (8 g per day) was used in 40 womenwith primary CMV
infection to treat 41 foetuses presenting with symptomatic
congenital CMV infection. Inclusion criteria for treatment were
confirmed congenital CMV infection (CMV-DNA positive amnio-
centesis) and presence of foetal signs of infection (Table 1). Only
moderately symptomatic foetuses were included, while asymp-
tomatic foetuses (those without any ultrasound or foetal blood
alteration), as well as those with severe cerebral ultrasound ab-
normalities, were excluded. Treatment was started at a median of
22 weeks of pregnancy (range 22e35 weeks) and continued for a
median of 89 days (range 41e102 days). A significant decrease in
foetal blood viral load and a significant increase in platelet count
were observed between the time of treatment initiation and birth.
The proportion of asymptomatic neonates was 82% (34 of 41).
These data were compared with a historical cohort obtained by a
systematic review of the literature which included three published
case series [11,17,18], reporting 724 pregnancies with a maternal
CMV primary infection, 217 with an infected foetus of which 47
with ultrasound abnormalities matching the inclusion criteria
required (moderately symptomatic foetuses).

Among them 20 (43%) neonates were born asymptomatic. In
conclusion, the valacyclovir treatment significantly increased the
portion of asymptomatic neonates from 43%, without treatment, to
82% with treatment. There was no overlap in 95% confidence in-
tervals. Treatment adherence was >90%, two women reported
headache, a not clinically relevant increase in median maternal
alanine and aspartate aminotransferase level (values < 40 UI/L) was
observed after 3 months of treatment. No creatinine level increase
was reported.

In a randomized controlled trial (NCT00530777) carried out in
Nairobi, Kenya, published in 2014, valacyclovir, at a dosage of 500
mg twice daily, was used in 74 HIV-1 and HSV-2 co-infected
pregnant women starting from 34 weeks of gestation and
continued for 12 months postpartum [13]. The trial was primarily
designed in order to evaluate whether HSV-2 suppression re-
duces maternal HIV-1 RNA levels during pregnancy and breast-
feeding, but effect on CMV was also evaluated. Maternal
valacyclovir had no effect on timing of infant CMV acquisition or
breast milk CMV viral loads, although it modestly reduced cer-
vical CMV shedding. Valacyclovir was not associated with infant
or maternal toxicities or adverse events, and no congenital mal-
formation was observed.

Recently, the results of a randomized, double-blind, phase 2/3
placebo-controlled study (NCT02351102) investigating the effect of
valacyclovir to prevent vertical transmission of cytomegalovirus,
was preliminarily published in Open Forum Infectious Diseases [16].
In the study, 90 pregnant women (92 foetuses, two twin preg-
nancies) were randomized 1:1 to receive high-dose valacyclovir (8
g per day) or placebo following primary CMV infection during the
periconceptional period or the first trimester. Treatment was
initiated at the time of serological diagnosis of primary infection
and continued until amniocentesis. Amongst the valacyclovir
group, five of 45 (11.1%) amniocenteses were positive for CMV,
compared with 14 of 47 (29.8%) in the placebo group (P
GLMM ¼ 0.03), corresponding to an odds ratio of 0.29 (95% confi-
dence interval: 0.09e0.90) for vertical CMV transmission (reduc-
tion rate of 71% in foetal transmission). Further data on follow-up
are currently not available.
Case reports

High-dose valacyclovir was used in a woman who was acci-
dentally discovered to be pregnant (13 weeks) 5 days after
receiving a kidney live-related renal transplant from her father for
chronic kidney disease [15]. The recipient was CMV seronegative
and the donor was CMV seropositive. The woman received vala-
cyclovir prophylaxis at dosage of 8 g per day for 12 weeks and
cyclosporine. She remained CMV seronegative throughout preg-
nancy, the babywas born healthy and no apparent adverse effect on
mother or foetus was observed.

Another immunocompetent pregnant woman, who acquired
primary CMV infection at 17 weeks þ 5 days of pregnancy, was
treated with high-dose valacyclovir (8 g per day), starting from the
19 weeks þ 6 days of pregnancy [14]. Treatment was continued
until 24weeks of pregnancyþ 2 days, when a negative result of PCR
for CMV on amniotic fluid was obtained. The patient did not
develop any side effects and delivered at 41 weeks þ 2 days an
uninfected baby. CMV polymerase chain reaction assays, in urine
and saliva, were both negative at birth.

Discussion

Currently, there is still no treatment approved for CMV in
pregnancy. The growing evidence for the benefit of the use of high-
dose valacyclovir in this setting raises the question about the
ethnicity of not considering this off-label treatment for pregnant
women with primary infection acquired in the first trimester to
prevent vertical transmission, or for pregnant women with
confirmed mild to moderate symptomatic foetal infection, who
want to continue the pregnancy.

It should be remembered that interesting, though conflicting,
data on CMV-specific hyperimmune globulin (HIG) for pregnant
women with primary CMV infection are also available. Some
observational studies have shown that CMV-specific HIGs are
associated with a significant reduction in maternal-to-foetal
transmission and severity of congenital infection [19e22]. A ran-
domized trial did not demonstrate a significant benefit on CMV
mother-to-child transmission of CMV-specific HIGs at a dose of 100
IU/kg every 4 weeks following primary maternal infection. In this
study, overall rate of congenital infection was indeed similar for
both the placebo and the treatment groups [23]. The proportion of
infected infants symptomatic at birth was also similar for both
groups. There were also no differences in the viral or immune
characteristics of infected infants between the two groups and in
the viral load and histological damage between placentas from
women who transmitted the infection and those who did not
transmit neither among HIG-treated nor untreated mothers [24]. In
addition, the number of obstetric adverse events was higher in the
HIG group than in the placebo group (13% vs 2%) [23]. A recent
multicentre Spanish study confirmed that treatment of primary
maternal infection with CMV-specific HIG did not affect the rate of
congenital infection [25]. However, data from a very recent non-
randomized study showed that biweekly administration of CMV-
specific HIG at a dose of 200 IU/kg following primary maternal
infection prevents maternalefoetal transmission up to 20 weeks of
gestation [19]. These contrasting data need to be further investi-
gated in a randomized clinical trial on a large cohort.

From a practical point of view, valacyclovir treatment may
present some advantages compared with CMV-specific HIG,
namely the oral route of administration and the markedly lower
cost. In our setting, considering that a 1-g tablet of valacyclovir
costs about 0.28 Euro (price list of the hospital pharmacy of the
Careggi University Hospital, Florence, Italy), a 12-week treatment
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course would cost about 188 Euros. Conversely, as one 1000-UI vial
of CMV-specific HIG costs about 216 Euros, a treatment course of
three 200-UI/kg infusions (that used by Kagan et al. [19]) or a
course of five 100-UI/kg infusions (that used by Revello et al. [23])
would cost 7128 and 5940 Euros, respectively, considering a
woman of 55 kg of body weight. These considerations have to be
taken into account when approaching the problem of CMV infec-
tion in pregnancy from a public health perspective.

Thus far, universal serological screening for CMV in pregnancy is
not recommended, but the recent findings by Shahar-Nissan and
colleagues might completely change the attitude towards this
approach. Cost and the cost-effectiveness of testing and treatment
for CMV during pregnancy should be assessed, once more solid
evidence on treatment interventions will be available. An economic
analysis, conducted in the US, reported that universal maternal
serology screening would be cost-effective if a prevention strategy
could lead to a reduction in mother to foetus transmission of more
than 47% [26]. Moreover, the possible role of CMV-specific HIG
seems to be mainly confined to the prevention of vertical trans-
mission during a primary infection because humoral immunity has
a limited role in the control of latent CMV infection and viraemia
which are mainly influenced by cellular immunity [27]. Conversely,
valacyclovir could be more effective in reducing viraemia being
probably useful both in prevention and in treatment of CMV
congenital infection [27].

In conclusion, studies in favour of using valacyclovir during
pregnancy for prevention and treatment of congenital CMV infec-
tion in women who want to continue the pregnancy are emerging
but are still few. Randomized clinical trials on large cohorts of pa-
tients investigating the efficacy on prevention and treatment of
congenital CMV are required. Unfortunately, a similar trial will
probably not be easy to organize, at least in the short period.

In the meantime, the recent case report published by Codaccioni
and collegues [14] showed that some clinicians started using ‘off-
label’ valacyclovir treatment during pregnancy for CMV infection.

Data on this ‘off-label’ treatment could be collected within a
multicentre observational study because these data could corrobo-
rate currently available evidence from the few clinical trials available.
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