
Abstract. – INTRODUCTION, Cytomegalo-virus
is the most common cause of congenital infec-
tions in humans and it produces considerable
morbidity in newborns. 

AIMS, The present study reviews current con-
cepts on epidemiology, clinical manifestations, diag-
nosis, treatment, future strategies and prognosis of
children with congenital cytomegalovirus infection.

RESULTS, Congenital cytomegalovirus infection
can be symptomatic or not at birth, but about 10-20%
of them all will exhibit neurological damage when fol-
lowed up. Sensorineural hearing loss is the most fre-
quent long-term consequence and is not manifest in-
variably at birth or in the neonatal period but in many
cases becomes clinically apparent in later childhood.
There are growing evidences that newborns with
symptomatic congenital cytomegalovirus infection
would benefit from treatment with either ganciclovir
or valganciclovir, the most widely studied drugs in
this setting. It is not yet clear if children with asymp-
tomatic or pauci-symptomatic infection at birth
would benefit from treatment. 

DISCUSSION, Studies evaluating treatment and
long-term follow-up of infants with both sympto-
matic and asymptomatic infection are necessary,
in order to definitely evaluate the short and long-
term effectiveness and safety of both ganciclovir
and valganciclovir and to identify risk factors as-
sociated to the development of long-term seque-
lae. In this way it will be possible to select those
children that might benefit for treatment. 

Key Words:

Cytomegalovirus, Congenital cytomegalovirus in-
fection, Diagnosis, Malformations, Complications,
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Introduction

Cytomegalovirus (CMV) is a double-stranded
DNA, β human herpesvirus. The viral genome is
divided into a unique long (UL) region, and a
unique short (US) region, which are necessary for
the synthesis of the UL54 protein (DNA poly-
merase), the major target of antiviral drugs used to
treat CMV infections, and the UL97 protein (phos-
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photransferase protein), required for the phosphory-
lation of ganciclovir (GCV), a necessary step to
form its active metabolite in vivo1. 

The outer envelope of the virus, which is de-
rived from the host cell nuclear membrane, con-
tains multiple virally encoded glycoproteins2.

Glycoprotein B (gB) and glycoproteinH (gH)
seem to be the major determinants of protective
humoral immunity. Antibodies against these pro-
teins are capable of neutralizing the virus, and
these glycoproteins are under study for the devel-
opment of CMV subunit vaccines1. 

CMV is the most common cause of congenital
infections in humans3 and it produces consider-
able morbidity in newborns. 

Congenital CMV (CCMV) infection is esti-
mated to occur in 0.5 to 2% of all deliveries in
the developed world4.

However, some Authors have recently suggest-
ed that the prevalence of CCMV infection in the
developed world seems to be slightly lower,
ranging between 0.6% and 0.7%5,6. 

These data appear to be more precise than the
range of 0.2-2.5% often reported in literature, in
agreement with a study held in Lombardia (Italy)
reporting a value of 0.47%7.

The seroprevalence of CMV varies significant-
ly according to the analyzed population. In popu-
lations of higher socioeconomic status, about
40% of adolescents are CMV-seropositive, with
overall annual seroconversion rates reported to
be approximately 1% per year8.

CMV is transmitted by close contact between
individuals, through contamination from urine,
saliva, semen, cervical secretions and breast
milk, while droplet contamination is thought to
be less important9.

Children in daycare facilities represent an im-
portant reservoir of CMV. Transmission of virus
from a day care attendee to a seronegative suscepti-
ble woman may, if she is pregnant, result in a pri-
mary maternal infection which in turn leads to
CCMV infection of the fetus. Therefore, CMV-
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seronegative women working in daycare centers
are at increased risk of acquiring CMV infection,
while there is no evidence that healthcare providers
have an increased risk of acquiring CMV infection,
compared with the general population1,10,11.

Primary CMV infection is reported in 1-4% of
seronegative women during pregnancy and the
risk of transmission to the fetus is estimated to be
about 30 to 40%12.

Reactivation of CMV infection during preg-
nancy is reported in 10-30% of seropositive
women and, in this circumstance, the risk of
transmission of the virus is about 1-3%3,13,14.

CCMV infection most commonly occurs via
intrauterine transmission, but since the virus is
shed in body fluids, transmission can also be ac-
quired during delivery or through breast milk.

Only infants born to mother who had a prima-
ry infection during pregnancy have symptomatic
disease at birth when compared with those born
to mother who had a recurrent infection. Also,
they are at substantially higher risk for the devel-
opment of long-term and severe sequelae15-17,
even though a few studies have identified severe
symptomatic disease in newborns born to women
with preconceptional immunity13,18.

Moreover, women who are seropositive for
CMV may become re-infected with a new strain
during pregnancy, and this re-infection can lead
to symptomatic disease in the neonate19. 

The risk of severe consequences is much
greater when CMV infection is acquired in the
first half of pregnancy5,20.

In the first months of pregnancy, in fact, CMV
has a teratogenic potential in the fetus, as CMV in-
fections may result in migrational disturbances in
the brain21-23.

Neocortical neurons migrate from their site of
production in the periventricular germinative
zone towards the cortical plate between the 12th

and 24th week of gestation24.
During this period, CMV may disturb the nor-

mal development of the brain and produce mal-
formations. Later in pregnancy, when the gross
morphology of the brain is completed and myeli-
nation is occurring, white matter lesions without
cerebral cortical malformations can develop25.

CMV infections acquired during delivery or
via breast milk have no effect on future neurode-
velopmental outcome in full term infants, but in
premature infants and low birth-weight newborns
have been demonstrated to cause symptomatic
illness, including hepatitis, neutropenia, throm-
bocytopenia9,26,27, and “sepsis-like” symptoms28.

About 10-20% of children with CCMV, asympto-
matic or symptomatic in the neonatal period, will ex-
hibit neurological damage when followed up13,29,30.

Clinical Manifestations of 
CCMV Infection

The majority of infants born with CCMV in-
fection are asymptomatic at birth (asymptomatic
CCMV infection is defined as the presence of
CMV in any secretions within the first 3 weeks
of life, but with normal clinical, laboratory and
imaging evaluations)13, and only about 7 to 10%
have clinically evident disease at birth31.

Jaundice (62%), petechiae (58%), and he-
patosplenomegaly (50%) are the most frequently
noted symptoms and constitute the classical triad
on CCMV infection32.

Other clinical manifestations include sen-
sorineural hearing loss (SNHL, present in about
30% of symptomatic infants at birth)33, oligohy-
dramnios, polyhydramnios, prematurity, in-
trauterine growth retardation, non-immune hy-
drops, fetal ascites, hypotonia, poor feeding,
lethargy, thermal instability, cerebral ventricu-
lomegaly, microcephaly, intracranial calcifica-
tions (central nervous system (CNS) involvement
is present in approximately two-thirds of infants
with symptomatic CCMV infection)34, “blueber-
ry muffin” spots, and chorioretinitis35,36 and, less
frequently, hepatitis, pneumonia, osteitis, and in-
tracranial hemorrhage37.

Moreover, infants with symptomatic CCMV in-
fection may be at increased risk for the presence of
congenital malformations such as inguinal hernia in
males, high-arched palate, hydrocephalus, clasp
thumb deformity, and clubfoot38,39. 

Therefore, children with CCMV infection
need to be evaluated carefully for the research of
such malformations.

True mortality rates are difficult to obtain and
have been reported to be as high as 30% for symp-
tomatic infants40 but other Authors have suggested
a more likely average of about 5-10%41. Death is
usually due to non-CNS manifestations of the in-
fection, such as hepatic dysfunction or bleeding42.

Diagnosis

The diagnosis of CCMV infection in a neonate
is based on demonstration of the virus by isolation
from urine, by identification of CMV-DNA by
polymerase chain reaction (PCR) in urine, blood,
saliva and cerebrospinal fluid (CSF) sampled be-
fore 3 weeks of age or by detection of antigen or
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Type of patient Diagnostic method Comments

Maternal infection IgG seroconversion (appearance of Two consecutive maternal blood samples need to be 
virus-specific IgG in the serum of collected 2-3 weeks apart. IgM can be detected in:
a pregnant woman who was reactivations or reinfections; until more than one year
previously seronegative) after CMV primary infection; interference due to rheumatoid

Presence of anti-CMV IgM and factor of the IgM class or cellular antigen; false positive 
IgG antibodies during other viral infections (B19 Virus, Epstein Barr 

Anti-CMV IgG avidity test Virus, etc.).
Low avidity means recent maternal infection, but threshold

differs between virological methods.
Fetal infection Amniocentesis to assess the presence Perform the test after the 21st week of gestation and after

of CMV by PCR 5-6 weeks from the estimated onset of infection. Indications 
are: woman with compatible clinical signs of primary CMV
infection; compatible ultrasound abnormalities; serologic
suspicion of a recent maternal infection.

Neonatal infection Culture or CMV-DNA testing by If infection is confirmed, classify as symptomatic or 
PCR in urine, blood, throat and CSF. asymptomatic and follow-up at 1, 3, 6 and 12 months and

annually until school age in order to detect sequelae
with delayed onset.

Table I. Diagnostic methods available for the diagnosis of maternal, fetal and neonatal CMV infection. Adapted from Ref. 5.

CMV-IgM in blood. A rapid diagnosis may be ob-
tained by detection of CMV antigen in blood but
the sensitivity is low. IgG antibodies in neonates
are mostly maternally transferred antibodies,
while the demonstration of IgM antibodies in the
newborn is indicative of congenital infection, be-
cause maternal IgM antibodies can’t cross the pla-
centa. However, only 70% of neonates with
CCMV infection have IgM antibodies at birth43.

Concerning the mother, seroconversion of CMV-
IgG between two serum samples obtained in 2-3
weeks distance provides the most reliable diagnosis
of primary infection. The presence of CMV-IgM
suggests a recent or ongoing infection, but they have
a low specificity. However, further confirmation of a
diagnosis of primary CMV in pregnancy is always
required. The CMV-IgG avidity test, a measure of
the binding capacity of CMV-IgG antibodies, is a
useful tool for confirmation and for dating the time
of a primary CMV infection44-47. 

Low avidity IgG indicates antibody-produc-
tion induced by acute or recent primary CMV in-
fection, whereas high avidity IgG indicates no
current or recent primary infection45,48-52.

If a high avidity is found in the first 12-16 weeks
of gestation, a recent infection can be ruled out30.

Table I shows diagnostic methods for diagnos-
ing maternal, fetal and neonatal CMV infection.

Outcome of CCMV Infection
About 10-20% of all children with CCMV in-

fection, symptomatic or not in the neonatal peri-

od, will exhibit neurological damage when fol-
lowed up13,29,30.

SNHL, mental retardation, seizures, psychomotor
and speech delays, learning disabilities, chorioretini-
tis, optic nerve atrophy, and defects in dentition are
the most common long-term consequences53. 

SNHL is the most frequent long-term conse-
quence and is not manifest invariably at birth or
in the neonatal period but in many cases may
fluctuate and be progressive in nature54-56, be-
coming clinically apparent in later childhood
(during the first 6 years of life)56.

The prevalence of SNHL caused by CCMV in-
fection (symptomatic and asymptomatic) at birth
is 5.2% and late-onset hearing loss at 6 years is
15.4%40,57-59.

Generally, children with symptomatic neonatal
infection have hearing loss at an earlier age and
with greater severity than infants with asympto-
matic infection30,60.

An estimated 40-58% of infants with sympto-
matic CCMV infection suffer from severe neuro-
logic sequelae40,61, and mortality rates range from
5%41 to 30% of them40,62.

It is now recognized that also asymptomatic
CCMV infection is associated with increased risk
of SNHL41,42. In particular, different studies report
that 6 to 25% of asymptomatic children will devel-
op late-onset sequelae, overall neurological ones,
the most important of them being SNHL, making
CCMV infection as the probable leading non-ge-
netic cause of SNHL in childhood3,54,56-58,63-69.
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In a longitudinal investigation of CMV-associated
deafness in a cohort of 307 newborns with asymp-
tomatic CCMV infection, 22 (7.2%) had SNHL.
Among children with hearing loss, further deterio-
ration of hearing occurred in 50%. Delayed-onset
SNHL was observed in 18.2% of the children, with
the median age of detection being 27 months70.

The same Authors demonstrated on 388 con-
genitally-infected neonates that a single audio-
logical screening in neonatal period identified
less than 50% of patients suffering from hearing
deficit compared with repetitive screening until
the age of 6 years (3.9% vs 8.3%)68. The implica-
tions of these observations are important for
hearing-screening programs for newborns be-
cause the universal screening of hearing in
neonates is estimated to detect less than half of
all SNHL caused by CCMV infection68.

Therefore, infants with documented CCMV in-
fection, but normal hearing at the time of the new-
born screening, should be monitored throughout
childhood for evidence of progression to SNHL. 

Little attention has been focused on the influ-
ence of CCMV infection on children’s physical
growth and intellectual development. By follow-
ing-up asymptomatically infected infants from
2003 to 2007, Shan et al62 investigated changes in
audiology, nervous behavior, intellectual develop-
ment, and behavioral development in order to find
out the impact of asymptomatic CCMV infection.
52 asymptomatic newborns were enrolled in the
infection group. At one year of age, seven ears of
5 cases showed mild abnormal auditory thresholds
in V waves with an abnormal rate of 14%, while
no abnormalities were found in 21 cases in the
control group, with a statistically significant dif-
ference between the 2 groups. Five ears in 4 cases
in the infection group showed prolonged intervals
in I-V waves, whereas 3 ears in 2 cases in the con-
trol group showed this abnormality (no statistical-
ly significant difference). No significant differ-
ences in mental development index (MDI) and
psychomotive development index (PDI) were
found. No abnormalities were found on cranial B-
ultrasonographies and cranial computed tomogra-
phy scans. This study indicated that asymptomatic
CCMV infection had an impact on infant hearing. 

Fowler et al54, through comparison with a con-
trol group which consisted of siblings or random-
ly selected children, reported that SNHL was on-
ly found in the asymptomatic infection group. 

Numazaki and Fujikawa66 found that, among
17 cases of asymptomatic CCMV infection, 2
children developed late-onset SNHL, including 1

case of moderately binaural hearing loss and 1
case of unilateral hearing loss. 

Whether infants with asymptomatic infection
are at increased risk of mental retardation is con-
troversial.

According to some studies, CCMV infection
did not have a significant influence on total Intel-
ligence Quotient of infants62,71,72.

In contrast, Hanshaw et al73 compared 44 chil-
dren with asymptomatic CCMV infection with con-
trols and found school failure and deafness to be as-
sociated with asymptomatic CCMV infection39,73.

Some factors associated with the development
of long-term sequelae have been found.

An analysis of the data of 180 children with
CCMV infection showed that the presence of pe-
techiae and intrauterine growth retardation were
independently associated with the development
of hearing loss74,75.

Microcephaly, after adjustment for weight
deficit, had a 100% specificity for the prediction
of mental retardation and/or major motor
deficits61,74,76, but not with an increased risk for
the development of SNHL69,74.

Some investigations61,69,74,76-78 have shown that
development of neonates with CNS involvement
at birth is impaired, as > 90% of surviving infants
developed significant CNS sequelae, perceptual
defects or both within the first 2 years of life.

Normal neuro-imaging at birth in symptomatic
CCMV infection predicts a good long-term neu-
rologic outcome61,69,74,76-78.

On the opposite, intracranial lesions on neu-
roimaging are associated with severe intellectual
impairment in > 80% of cases61,77.

Some studies have shown that the amount of
CMV copies in blood correlates with neurological
outcome irrespective of whether children are consid-
ered symptomatic or asymptomatic at birth59,75,79-81.

Four studies have demonstrated that a high viral
load in early infancy expressed by a high amount
of virus in the urine (450,000 PFU/mL) is highly
predictive of audiologic impairment59,74,77,80. 

Greater than 70% of symptomatic (with or
without CNS involvement) infants with viruria of
> 5 · 104 PFU ⁄mL will have poor neurodevelop-
mental outcome when compared with only 4%
with viruria of < 3.5 · 103 pfu ⁄mL77,82.

Pathogenesis of Hearing Loss in
CCMV infection

The viral and/or host inflammatory mecha-
nisms involved in the pathogenesis of CCMV-re-
lated auditory dysfunction are still unclear84.



CMV-induced hearing loss is believed to be
caused by virus-induced labyrinthitis84. In fact,
the progressive nature of SNHL suggests that
there may be a chronic infection in the CNS or
endolabryrinth that continues to be active
throughout early childhood83. Supporting this hy-
pothesis, inner ear histology from congenitally
infected infants shows damage to structures such
as the vestibular endolymphatic system and the
vestibular organs (saccule and utricle), along
with collapse of the saccular membrane85.

It has been postulated that CMV enters the en-
dolymph via the stria vascularis86; this hypothesis
is confirmed by viral DNA detection in the peri-
lymph by quantitative PCR analysis87,88. 

While the exact mechanism of injury is un-
known89, evidence shows that both direct cyto-
pathic viral and localized inflammatory response
play roles in pathogenesis54,84.

Several studies suggest that the primitive dam-
age could be established either by direct chromo-
somal injury or by modulation of developmental
gene expression83. 

Supporting the first hypothesis, two loci pre-
sent near the chromosomal breakpoint are re-
markable: DFNA7 and USH2A84. The DFNA7
gene has been linked to the inheritance of an
autosomal dominant, nonsyndromic, progres-
sive form of hearing loss90. Perturbation of the
DFNA7 gene caused by CMV-induced break-
age could conceivably be linked to the devel-
opment of the progressive SNHL. The USH2A
gene, which is physically closest to the most
prevalent CMV-induced break91, encodes a
protein important in the pathogenesis of Ush-
er’s syndrome type II, an autosomal recessive
disorder responsible for both SNHL and blind-
ness91,92.

Schraff et al89 findings on Guinea Pigs (GP)
model support instead the CMV-modulated in-
flammatory response hypothesis, stating that re-
combinant GPCMV, with the MIP 1-α homolog
gene deleted, has an attenuated ability to recruit
leukocytes to the site of viral replication and,
therefore, to produce deafness and inflammatory
labyrinthitis.

This evidence suggests that this gene plays an
important role in GPCMV-related hearing loss
following direct cochlear challenge with virus89.

These findings are significant since therapies
and vaccines can be directed toward further re-
search in preventing the propagation of CMV-re-
lated inflammatory mediators and decreasing au-
ditory injury89.

Treatment: “the GCV Experience”
Ganciclovir (GCV) was the first compound li-

censed specifically for treatment of CMV infec-
tion. GCV is a synthetic acyclic nucleoside ana-
logue, structurally similar to guanine. GCV re-
quires phosphorylation to achieve antiviral activi-
ty. The enzyme responsible for its phosphoryla-
tion is the product of the CMV UL97 gene, a
protein that functions as a protein kinase and
phosphotransferase94,95, which generate the
triphosphate form. GCV triphosphate competi-
tively inhibits DNA synthesis catalyzed by inhi-
bition of the CMV polymerase (encoded by the
UL54 gene).

Clearance of GCV occurs by renal mecha-
nisms, and reduction in dose is recommended in
the setting of renal failure. GCV penetrates well
into the CNS96, an observation that may be im-
portant for treatment in the setting of CMV-in-
duced neurodevelopmental injury. Resistance to
GCV is an important clinical problem that may
emerge during therapy97. 

To date, resistance has not been reported in
newborns being treated for CCMV infection, al-
though it has been described in an immunocom-
promised infant being treated for CMV acquired
in the perinatal period98.

Although oral GCV obviates the need for an
indwelling venous catheter in many immuno-
compromised adult patients, the lack of a suspen-
sion formulation, as well as its relatively poor
oral bioavailability, renders this drug a less at-
tractive option for pediatric patients, and no in-
formation is available about the use of this agent
in newborns and young children99,100.

The suggestion that antiviral therapy might be
of value in newborns with CCMV infection was
first raised in a number of reports in the late
1960s and early 1970s101-104. Nevertheless, the
first use of GCV therapy for CCMV infection
dates to the late 1980s105. In subsequent re-
ports106-115, GCV therapy had been shown to be
generally safe and well-tolerated when used in
newborns, and it has appeared to be useful in
ameliorating the severity of a number of focal,
end-organ CMV disease syndromes. Although
GCV appeared to be of value in the short-term
management of CMV infection in infants in
some settings, it was less clear whether the use of
GCV provided any long-term benefit for congen-
itally or perinatally acquired CMV infection.

Afterwards, multicenter studies conducted by
the National Institute of Allergy and Infectious
Diseases Collaborative Antiviral Study Group
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(CASG) have shed light on the potential long-
term benefits of antiviral therapy116-120. These tri-
als have focused on the impact of antiviral thera-
py on symptomatic CCMV infection with CNS
involvement. The first studies conducted by the
CASG were performed to determine the safety
and pharmacokinetics of GCV in newborns and
young infants116,117. A subsequent phase II CASG
study evaluated the toxicity, virologic response,
and clinical outcomes in newborns with sympto-
matic CCMV infection receiving 6 weeks of par-
enteral GCV therapy118. These are the first well-
done studies that showed the efficacy of GCV
therapy for CCMV infection (hearing improve-
ment or stabilization of hearing was noted in 16
percent of 30 infants when they were 6 months of
age or older) and GCV-related side-effects
(thrombocytopenia and neutropenia). These ob-
servations supported further studies on efficacy
and safety of GCV therapy for CCMV infection. 

A pilot study in 1994 compared two different
regimens of GCV treatment112 started within the
first 2 weeks of life in two small groups (6 vs 6)
of neonates with symptomatic CCMV infection.
Group 1 was treated with GCV 5 mg/kg twice
daily for two weeks. Group 2 was treated with
GCV 7.5 mg/kg twice daily for 2 weeks, fol-
lowed by 10 mg/kg three times a week for 3
months. In group 1 viral shedding disappeared in
3/6 infants, whereas in group 2 all six infants
showed cessation of viruria. In all babies viral
shedding reappeared after treatment was discon-
tinued. Two infants in group 1 and four in group
2 had normal neurologic outcomes at 18 months
of age. In one of them microcephaly had disap-
peared. Two babies with initial chorioretinitis
had normal eye examination at 18 months. Pa-
tients in the low-dose short-duration regimen
showed no side-effects. Side effects in the high-
er-dose longer-duration regimen were transient
neutropenia (2/6 patients), transient elevation of
liver enzymes (2/6 patients) and difficulties for
venous access (1/6 patients). Long-term compli-
cations related to the use of GCV were not men-
tioned. Three patients (two in group 1 and one in
group 2) had hearing loss on follow-up.

A larger phase II study compared two 6-week
regimens of GCV (8 mg/kg/die versus 12
mg/kg/die, in 14 and 28 infants, respectively) for
toxicity, virologic response, and clinical and neu-
rologic outcome in newborns with CCMV infec-
tion with CNS involvement118. The 12 mg/kg/die
group showed a more pronounced antiviral effect
in urine that was associated with a normal neuro-

logic examination at 18 months of age (p =
0.036). However, in all children viral shedding in
urine reappeared following discontinuation of an-
tiviral therapy. Audiologic data, available for 30
out of 42 infants, did not differ by treatment
group. 11 out of 13 infants with normal baseline
hearing developed deafness. Of 14 infants with
initial chorioretinitis (12 in the 12 mg/kg/die
group), 8 had normal eye examinations at 6
months. Of the infants with baseline normal eye
examinations, 3 developed retinal scarring. 8 of
33 children (24%) evaluated at ≥ 2 years of age
had normal neurologic development, which did
not differ by GCV dosage69,121. 

In 2003, results of a phase III randomized,
double blind, not placebo-controlled (because of
the ethical concerns regarding the prolonged in-
travenous administration of a placebo through a
central venous catheter) CASG trial, evaluating a
6 weeks therapy with intravenous (IV) GCV in
neonates with CCMV-related CNS infection have
been reported119. The primary endpoint was im-
proved brainstem-evoked response (BSER) be-
tween baseline and 6-month follow-up or, for
those infants with normal hearing at enrollment,
maintenance of normal hearing between baseline
and 6-month follow-up. Of the 100 patients en-
rolled in the study, only 42 patients completed the
6-month follow-up. 21 (84%) out of 25 GCV re-
cipients either had improved hearing or main-
tained normal hearing between baseline and 6
months. In contrast, only 10 (59%) out of 17 con-
trol patients had improved or stable hearing (p =
0.06). Moreover, none of 25 GCV recipients had
worsening in hearing between baseline and 6-
month follow-up, compared with 7 (41%) out of
17 control patients (p < 0.01). Eventually, among
43 patients who had a BSER at both baseline and
at 1 year or beyond, 5 (21%) out of 24 GCV re-
cipients had worsening of hearing versus 13
(68%) of 19 control patients (p < 0.01)1. During
therapy the viral excretion in urine decreases, but
returns to near pretreatment levels after cessation
of therapy. Nevertheless, the large proportion of
unevaluable infants (58 out of 100 subjects en-
rolled) raises concerns about follow-up bias12.

Additional analyses of this randomized con-
trolled CASG trial suggested that GCV may also
improve neurodevelopmental outcome. The num-
bers of milestones not met (“delays”) were deter-
mined for each subject. At 6-month follow-up, the
average number of delays was 4.46 and 7.51, re-
spectively, for GCV recipients and “no treatment”
subjects (p = 0.02). At 12 months, the average
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Galli et al133 treated four newborns with Val-
GCV 15 mg/kg every 24h, but achieving low
plasma GCV concentration; they therefore in-
creased to 15 mg/kg every 12h, achieving a sig-
nificant increase in concentrations. 

Kimberlin et al134 confirmed these results,
showing that a 16 mg/kg dose of oral Val-GCV
solution administered twice daily provided GCV
concentration comparable with that of 6
mg/kg/dose of IV GCV.

Lombardi et al135 treated 13 newborns suffer-
ing from symptomatic CCMV with oral Val-
GCV 15 mg/kg every 12 h. At baseline and on
days 6, 15, 30 and at the end of therapy, viral
assessment was performed in blood and urine.
Pharmacokinetic analyses demonstrated that
mean Ctrough concentration was 0.51±0.3 mg/mL
and mean C2h (presumed Cmax) was 3.81±1.37
mg/mL. GCV plasma concentration was stable
and within suggested therapeutic range. 

One newborn discontinued therapy because of
thrombocytopenia, another finished with a neu-
trophils count of 1,000/µl. At the end of therapy 6
out of 12 and 8 out of 12 newborns were negative
for CMV in urine and plasma. At the end of the 6th

week of therapy, 8 newborns had negative CMV-
DNA value in the blood and the 4 newborns that
were still positive showed a 90% reduction relative
to pre-therapy CMV-DNA values. Clinically, the 4
patients reporting hepatic disease and the 3 patients
with thrombocytopenia recovered after 6 weeks of
therapy. 8 newborns suffered from SNHL; at the 6-
month follow-up no patient had worsened, 2 had
improved, and no deterioration was reported in the
3 newborns with chorioretinitis scarring122. 

Amir et al136 treated 23 infants with sympto-
matic CCMV infection with IV GCV (5 mg/kg,
was administered every 12h for 6 weeks) followed
by oral Val-GCV until the age of 12 months (17-
18 mg/kg every 12h for 6 weeks followed by one
daily suppressive dose). At age ≥ 1 year, hearing
was normal in 76% of affected ears compared to
baseline (54%). In 25 normal ears at birth no dete-
rioration was found at ≥1 year. These results were
significantly better than reported in a historical
control group of similar infants treated for 6
weeks GCV therapy (p = 0.001)119. 

The 18% rate of psychomotor retardation at
age ≥1 year was considerably lower than the 55%
reported in the past137. Viral load monitoring
demonstrated sustained virological response. The
main side effect of treatment was transient neu-
tropenia. BSER at ≥1 year was better in patients
who received prolonged treatment. 

number of delays was 10.06 and 17.14, respective-
ly (p = 0.007). In a multivariate regression model,
the effect of GCV therapy remained statistically
significant at 12 months (p = 0.007)120.

Kimberlin et al42 are currently recruiting pa-
tients in a study to document pubertal devel-
opment and cancer history of subjects enrolled
in CASG studies. The study has now been
concluded but results are not yet available.
(http://www.clinicaltrials.gov/ct/show/NCT0003
1421. Accessed 1 December 2010).

A number of reports on treatment and outcome
of CCMV-related chorioretinitis have been re-
viewed by Shoji et al123. A total of 36 newborns
treated with IV GCV for a duration of therapy rang-
ing from 2 to 7 weeks have been reported, with im-
provement or resolution of chorioretinitis in 18 cas-
es, no changes in 12 cases, worsening in 6 cases.

The same Authors recently described a case of
chorioretinitis which required a 6-month course
of antiviral therapy (9 weeks of GCV, followed
by Val-GCV) to control the ocular lesion123.

Single reports of improvement in infants with
CCMV-related cholestasis124 and chorioretinitis125

after IV GCV have also been published30.

Treatment: “the Val-GCV Experience”
Val-GCV is a mono-valyl ester pro-drug of

GCV with high oral bioavailability. 
First studies on the use of Val-GCV were con-

ducted by Italian researchers, which reported that
in 5 newborns taking different Val-GCV dosages
(2 patients on 10 mg/kg/12 h and 3 patients on 15
mg/kg/12 h) the 15 mg/kg twice daily dose in-
creased GCV plasma concentrations126.

Two case reports provided pharmacokinetic
data on oral treatment with Val-GCV127,128.

One infant with encephalitis due to perinatal
HIV-CMV co-infection was treated for 1 year.
Val-GCV inhibited CMV replication without side
effects127. In another case, a continuous adapta-
tion dose of 280 to 850 mg/m2 was needed dur-
ing 5.5 months of treatment of a symptomatic in-
fant to achieve plasma levels that made CMV-
DNA undetectable in the urine128.

Schulzke et al129 administered Val-GCV to a
newborn up to 56 mg/kg/day129 while Jansen et al128

gave a dose ranging from 280 to 850 mg/m2 twice
daily to a 1-month old child measuring 0.25 m2. 

Five studies121,130-134 have shown that Val-GCV
has 10 times greater oral bioavailability than oral
GCV (53.6% vs. 4.8%). Once absorbed, it is
rapidly metabolized in the bowel by cleavege of
the valine ester into GCV. 
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Moreover, Hilgendorff et al138 treated with oral
Val-GCV a congenitally infected infant with
SNHL first detected at 4 months of age, resulting
in a beneficial effect on retaining normal hearing
and avoiding deterioration6,135.

The CASG group is performing a study on
short-term (6 weeks) against long-term (6 months)
oral Val-GCV treatment speculating that the long-
lasting therapy may decrease long-term sequelae
keeping the viral replication controlled for a
longer period (ClinicalTrials.gov NCT00466817,
accessed 1 December, 2010)139.

Recently, a case of CCMV-associated chori-
oretinitis, which required a 6-month course of
antiviral therapy to be controlled (IV GCV, 12
mg/kg/day every 12 hours, for a total of 9 weeks
followed by oral Val-GCV, 32 mg/kg/day admin-
istered every 12 hours), has been described. In
addition to chorioretinitis, the patient had hearing
impairment at the beginning of initial GCV treat-
ment, and significant recovery of hearing of the
better ear was observed after the initial GCV
therapy; hearing level remained the same 6
months after the cessation of Val-GCV therapy.
Pharmacokinetic data confirmed that oral Val-
GCV dose was sufficient to achieve GCV levels
equivalent to those of the IV GCV administra-
tion. Neutropenia did not develop during the en-
tire course of therapy123.

Treatment: Asymptomatic CCMV Infection
Even though it seems that asymptomatic pa-

tients have an increased risk for neurodevelop-
mental sequelae in general79 and SNHL in partic-
ular140 there has been only one recent study eval-
uating the effect on hearing of GCV therapy for
asymptomatic CCMV infection141.

12 asymptomatic CCMV infants were treated
with intravenous GCV for a period of 21 days
and a 4 to 10-year follow-up demonstrated no
hearing loss in this group when compared with
11.1% hearing loss occurring in the asympto-
matic untreated group82,141.

GCV and Val-GCV-related Side Effects
GCV is associated with a number of drug toxi-

cities. Myelosuppression (such a granulocytope-
nia, anemia, thrombocytopenia) often is a dose-
limiting toxicity in immunocompromised pa-
tients and in newborns. 

The major toxicity in patients receiving GCV
is hematologic abnormalities, overall neutropenia
(100). However, the incidence of neutropenia in
CCMV infected infants varies significantly. For

example, in the clinical trial conducted by Kim-
berlin et al119, neutropenia developed in 3% of in-
fants with CCMV infection who received GCV
during the first 6 weeks of treatment. 

Tanaka-Kitajima et al142 reported that neu-
tropenia did not develop in any of 6 Japanese
cases of congenital CMV during GCV treatment.

Similarly, Nigro et al112 found neutropenia on-
ly in 1 of 12 cases of congenital CMV treated
with GCV.

In two studies118,125 neutropenia was present in
up to 63% children undergoing GCV therapy and
up to 38% children undergoing Val-GCV. Never-
theless, neutropenia-related sepsis was rarely a
problem. Other rare side effects are bone marrow
suppression, raised liver enzymes, hypokalemia
and renal impairment. 

For GCV-induced neutropenia, it has been
demonstrated that Granulocyte Colony Stimulat-
ing Factor could be used to increase the absolute
neutrophil count, while continuing long-term
GCV therapy. All these side effects are reversible
after stopping the drug for 3-7 days or decreasing
the dose of the drug according to company prod-
uct information (http://www.rocheuk.com Ac-
cessed December 2010). 

Animal experiments with high dose GCV
showed that short-term exposure induces testicu-
lar damage, affects sperm viability and may have
carcinogenic effects143, but long-term effects in
humans are not established. Thus, further follow-
up is necessary for such infants who required
long-term GCV or Val-GCV therapy; an observa-
tional study has been made in order to evaluate
long-term side effects related to GCV and Val-
GCV therapy, but results are not yet available
(http://www.clinicaltrials.gov/ct/show/NCT0003
1421. Accessed 1 December 2010).

However, GCV has been used in the treatment
of CMV retinitis and prevention of CMV disease
in pediatric transplant patients for many decades.
Despite prolonged treatment in these patients, re-
ports of malignancy associated with its use have
not been reported144.

The US-FDA has listed GCV as a pregnancy
Category C drug82.

Strategies Under Development:
Hyperimmune Globulin Treatment, 
New Antiviral Drugs and Vaccines

Experiments using animal models of CMV in-
fection and observational studies in humans indi-
cate that CMV hyperimmune globulin (HIG) ad-
ministered to pregnant women with a primary
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CMV infection should be effective for both treat-
ment and prevention of fetal infection145. 

Some studies evaluating IV HIG treatment in
pregnant women with primary CMV infection
have recently been claimed to protect the fe-
tus146-148. However, further studies should be per-
formed to evaluate this result5,30,149.

Several anti-CMV agents are under develop-
ment.

Maribavir (GW1263W94) is a benzimidazole
L-riboside150,151 whose mechanism of activity is
thought to be inhibition of nuclear egress of new-
ly-formed viral capsids152.

Because one of maribavir’s targets, UL97, is
necessary for GCV antiviral activity, there is a
concern that the two agents could be antagonistic
if used together153. 

Due to Maribavir’s recent failure in a phase 3
trial of a hematopoietic stem cell transplant pop-
ulation, it is unlikely that it will be investigated
as a potential drug for CCMV infection.

Other antiviral agents with activity towards
CMV that are in development or in clinical trials
include GW275175X, tomeglovir (BAY 38-4766),
hexadecyloxypropyl-cidofovir (HDPCDV), and
octadecyloxyethyl-cidofovir (ODE-CDV)42. 

However, the ideal method of prevention of
CMV infection clearly is active immunization.
The development of CMV vaccine to prevent
CCMV is ranked as a top priority154. CMV vac-
cines in preclinical and clinical development
have been reviewed by Schleiss and Heineman155

(a comprehensive review of current vaccines is
not the purpose of the current review).

Discussion

Currently, CMV is the most common cause of
congenital infections in humans and has a pro-
found impact on individual and society’s health.

Even though there is a growing number of
studies on CCMV infection, its management is
not yet well defined.

At this time, GCV and its orally-available pro-
drug Val-GCV are the two most studied drugs
that have been shown to be effective in the treat-
ment of neonates with CCMV infection. 

Based on reviewed data and overall on studies
conducted by the National Institute of Allergy
and Infectious Diseases Collaborative Antiviral
Study Group (CASG studies)116-120,

a 6-week course of IV GCV therapy should be
considered in the management of newborns with
symptomatic CCMV disease involving the CNS.

Treatment should be initiated within the first
month of life and patients should be monitored
closely for toxicity, especially neutropenia.

These data cannot be extrapolated to neonates
with other manifestations of CMV disease and to
asymptomatic and symptomatic (other than CNS
involvement) babies120, but there are growing data
suggesting that GCV therapy might be considered
for neonates with disseminated CCMV infection
(defined as presence of asymmetric intrauterine
growth retardation, epatosplenomegaly, hepatitis,
anaemia and conjugated hyperbilirubinaemia) and
high viral (> 5 · 104 PF ⁄mL) or thrombocytopenia,
because it may improve their long-term neurodevel-
opmental outcome56.

It is unclear whether prolonged or repeated treat-
ment of CCMV infection more than 6 weeks is nec-
essary as viral shedding in urine returns at a similar
or lower viral load level after stopping treatment81.

The urine test is, in fact, the last parameter to
turn negative because CMV replicates and con-
centrates in renal tubules and is usually eliminat-
ed via the kidneys, which makes a negative urine
test difficult to achieve. 

There are only few small studies to date that have
administered GCV for prolonged periods without
conclusive results156. Some Authors tried a pro-
longed therapy of symptomatic CCMV infection
with IV GCV followed by oral Val-GCV, and it ap-
peared safe and effective, as it led to a better audito-
ry outcome than short-term treatment136.

The virus presence in blood is less frequent, but it
could be more significant, as it indicates a systemic
involvement82. Therefore, monitoring of viremia
could be considered by a physician as a useful tool
in deciding whether stopping or prolonging the
treatment after a standard 6 weeks regimen.

Whether the orally bioavailable Val-GCV is as
effective as GCV in improving SNHL in sympto-
matic newborns still need to be demonstrated. 

However, evidence in neonates with Val-GCV
is growing and pharmacokinetic data currently
recommend a dose of 15 mg⁄ kg twice a day (ma-
jority of studies have evaluated a regimen with
doses ranging from 14 to 20 mg/kg twice daily)
for 6 weeks, which provides plasma concentra-
tions of GCV comparable to those achieved with
administration of IV GCV5,127-129,132-134,145,157,158.

Uncontrolled case series advocated a more
prolonged course of therapy for optimal out-
come, partially with oral Val-GCV and apparent-
ly without higher risk of side effects111,112,127,159. 

At this time, however, due to the lack of con-
trolled trials, there is no evidence for longer
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Drug Regimen Monitoring Comments

Ganciclovir 6 mg/kg twice daily, Full blood count, liver Suspend treatment if
intravenous, per 6 weeks. function tests, creatinine, absolute neutrophil  

urea and electrolytes count < 500 cells ⁄µL
or platelet count
< 25 000 cells ⁄µL

Valganciclovir 15 mg/kg twice daily, Full blood count, liver Suspend treatment if
per os, per 6 weeks. function tests, creatinine, absolute neutrophil

urea and electrolytes count < 500 cells ⁄µL
or platelet count
< 25 000 cells ⁄µL

Table II. Treatment of CCMV infection. Adapted from Gandhi et al, 2010; 99: 509-51582.
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early childhood, so that the ideal candidates for
antiviral treatment may be identified.

The risks and side-effects related to antiviral
therapy are thought to be greater than the risks of
long-term consequences of asymptomatic infec-
tion, and its long-term benefit still unknown82. 

A limitation of GCV and Val-GCV is the poten-
tial for toxicity, overall neutropenia, which can be
particularly dangerous in symptomatic newborns
because of prematurity, residence in intensive care
units and, in the case of GCV, the risks of in-
dwelling catheters for drug infusion, even though
dangerous neutropenia have rarely been described,
and it easily resolved by diminishing drug doses or
interrupting therapy for 3-7 days140. 

Another limitation of antiviral therapy is the
persistence of viral replication within the
cochlear perilymph and renal parenchyma.
Though it had previously been shown that CMV
can be isolated from the perilymph of affected
infants85, more recent studies utilizing PCR have
shown evidence of ongoing viral replication
within the perilymph in children up to 4 years of
age87,88. Since these patients had not been previ-
ously treated, it is not certain that this persistence
of CMV within the perilymph also occurs in in-
fants who receive GCV. 

A report that there is no significant difference in
the duration of urinary excretion of CMV between
treated and untreated patients with congenital CMV
infection81 suggests that it is at least possible for
persistence of viral replication to occur regardless
of treatment. This may indicate that SNHL is an on-
going process over the first several years of life
rather than a single hit early in infancy. In the face
of an ongoing viral process such as this, a one-time,
relatively short course of therapy might not be the
optimal treatment duration1.

Therefore, studies evaluating standard (6 weeks)
versus longer regimens are urgently needed. Table

treatment. Oral treatment with Val-GCV should
be limited to clinical trials, which should include
pharmacokinetic data gathering and viral load
determination in urine and blood as a marker of
drug efficacy69.

If the effectiveness and safety of Val-GCV will
be demonstrated be randomized controlled trials,
therapy of CCMV infection will drastically
change. In fact, the advantage of Val-GCV is the
possibility of administering therapy at home,
greatly simplifying the management of congeni-
tally-infected newborns because indwelling in-
travascular access (necessary for GCV therapy)
are no longer required with Val-GCV (per os ad-
ministration) and children are no longer exposed
to hospital-acquired infections. For the same rea-
sons, neutropenia (related to both GCV and Val-
GCV, even though it seems to occur less fre-
quently and to be milder with Val-GCV) would
be no longer as worrisome as usually thought.
Home therapy also decreases the cost to the Na-
tional Health Service1.

Regarding asymptomatic infection, which af-
fects the highest proportion of infants with
CCMV infection, problems related to infected
children’s growth and early use of antiviral drugs
remains unclear1.

Even though it seems that asymptomatic pa-
tients have an increased risk for neurodevelop-
mental sequelae in general79 and SNHL in particu-
lar80, at this time antiviral treatment in this popula-
tion cannot be recommended. There is, in fact, no
enough literature data on treatment of asympto-
matic children; this should only be done within the
setting of clinical trials, preferably randomized
ones. Such trial should preferably include asymp-
tomatic babies with high viral load in urine or
blood, as they are at higher risk of hearing loss. It
will be important to elucidate those viral or host
factors that predispose to progression to SNHL in

928



Congenital cytomegalovirus infection: current strategies and future perspectives

929

References

1) SCHLEISS MR. Antiviral therapy of congenital cy-
tomegalovirus infection. Semin Pediatr Infect
Dis 2005; 16: 50-59.

2) BRITT WJ, MACH M. Human cytomegalovirus glyco-
proteins. Intervirology 1996; 39: 401-412.

3) KENNESON A, CANNON MJ. Review and meta-analy-
sis of the epidemiology of congenital cy-
tomegalovirus (CMV) infection. Rev Med Vi-
rol 2007; 17: 253-276.

4) DEMMLER GJ. Congenital cytomegalovirus infection and
disease. Adv Pediatr Infect Dis 1996; 11: 135-162. 

5) COLL O, BENOIST G, VILLE Y, WEISMAN LE, BOTET F, AN-
CESCHI MM, GREENOUGH A, GIBBS RS, CARBONELL-ES-
TRANY X, WAPM PERINATAL INFECTIONS WORKING

GROUP. Guidelines on CMV congenital infection. J
Perinat Med 2009; 37: 433-445.

6) LOMBARDI G, GAROFOLI F, STRONATI M. Congenital cy-
tomegalovirus infection: treatment, sequelae and
follow-up. J Matern Fetal Neonatal Med 2010;
23(Suppl 3): 45-48.

II summarizes current recommendations on the
management of CCMV infection.

Figure 1 shows an algorithm for the manage-
ment of CCMV infection. 

In conclusion, there are growing evidences that
newborns with CCMV infection would benefit
from treatment, and continuous researches are be-
ing made to understand the long-term role of anti-
viral therapies. Studies looking at identification of
risk factors in asymptomatic newborns associated
to the development of long-term sequelae are re-
quired, in order to identify those asymptomatical-
ly-infected children who might benefit for treat-
ment. Moreover, randomized controlled trials
evaluating treatment and long-term follow-up of
infants with both symptomatic and asymptomatic
CCMV are necessary, in order to definitely evalu-
ate the short and long-term effectiveness and safe-
ty of both GCV and Val-GCV82. 

Figure 1. Management of CCMV infection. Adapted from Ref. 82. Grades of raccomendation: Grade A, Consistent level 1
studies. Grade B, Consistent level 2 or 3 studies or extrapolations from level 1 studies. Grade C, Level 4 studies or extrapola-
tions from level 2 or 3 studies. Grade D, Level 5 evidence or troublingly inconsistent or inconclusive studies of any level. Lev-
els of evidence: Level 1, Systematic review (SR) of randomized controlled trials (RCT), SR of prospective cohort studies, indi-
vidual RCT, prospective cohort study with good follow-up). Level 2, SR of cohort sudies, SR of either retrospective cohort
studies or untreated control groups in RCT, individual cohort study, retrospective cohort study or poor follow-up, retrospective
cohort study or follow-up of untreated control patients in an RCT). Level 3, SR of case-control studies, indivudual case-control
study). Level 4, Case series. Level 5; Expert opinion without explicit critical appraisal.

Confirmed maternal 
CMV primary infection

in pregnancy

Perform cultures and PCR in
urines, throat, blood (only PCR,

if available) and serology

Life-threatening infection:
immediate treatment

Grade D recommendation

Asymptomatically infected neonates:
treatment is not recommended, 
and should be considered only in

the context of clinical trials
Grade D recommendation

Disseminated CCMV infection
and high viral load or petechchiae
or thrombocytopenia: treatment

Grade B recommendation

CNS involvement:
treatment

Grade A recommendation

Tests turned positive:
consider treatmen

Grade B recommendation

At least 6-year follow-up (audiometry,
ophtalmoscopy, neurologic examination

and developmental assessment) of 
all infants (treated or not)
Grade B recommendation

Consider (where available) off-label
use of HIG, particularly if sonographic 

evidence of fetal injury, 
if maternal IgG avidity is low or amniotic 

fluid contains CMV or CMV DNA

Positive: deltailed examination,
full blood count,

liver functions test, cranial US/CT

Negative: continue follow up
until one year of age to definitively

rule out CCMV infection



930

7) BARBI M, BINDA S, CAROPPO S, CALVARIO A, GERMINARIO

C, BOZZI A, TANZI ML, VERONESI L, MURA I, PIANA A,
SOLINAS G, PUGNI L, BEVÍLAQUA G, MOSCA F. Multicity
Italian study of congenital cytomegalovirus infec-
tion. Pediatr Infect Dis J 2006; 25: 156-159.

8) GRIFFITHS PD, BABOONIAN C. A prospective study of
primary cytomegalovirus infection during preg-
nancy: final report. Br J Obstet Gynaecol 1984;
91: 307-315.

9) STAGNO S, BRITT B. Cytomegalovirus. In: Remington JS,
Klein JO, Wilson CB, Baker CJ, editors. Infectious dis-
eases of the fetus and newborn infant. 6th ed.
Philadelphia: Elsevier Saunders, 2006; p. 740-781.

10) BALFOUR CC, BALFOUR HH, JR. Cytomegalovirus is
not an occupational risk for nurses in renal trans-
plant and neonatal units. Results of a prospective
surveillance study. JAMA 1986; 256: 1909-1914.

11) DWORSKY ME, WELCH K, CASSADY G, STAGNO S. Occu-
pational risk for primary cytomegalovirus infection
among pediatric health-care workers. N Engl J
Med 1983; 309: 950-953. 

12) AHLFORS K, IVARSSON SA, JOHNSSON T, SVANBERG L.
Primary and secondary maternal cytomegalovirus
infections and their relation to congenital infec-
tion. Analysis of maternal sera. Acta Paediatr
Scand 1982; 71: 109-113.

13) AHLFORS K, IVARSSON SA, HARRIS S. Report on a long-
term study of maternal and congenital cy-
tomegalovirus infection in Sweden. Review of
prospective studies available in the literature.
Scand J Infect Dis 1999; 31: 443-457.

14) STAGNO S, PASS RF, DWORSKY ME. Congenital cy-
tomegalovirus infection, the relative importance of
primary and recurrent maternal infection. N Engl J
Med 1982; 306: 945-949.

15) FOWLER KB, STAGNO S, PASS RF, BRITT WJ, BOLL

TJ, ALFORD CA. The outcome of congenital cy-
tomegalovirus infection in relation to maternal an-
tibody status. N Engl J Med 1992; 326: 663-667.

16) MOCARSKI ES, COURCELLE CT. Cytomegaloviruses
and their replication. Fields Virology, 4th edition.
Boston: Lippincott Williams & Wilkins, 2001; pp.
2629-2673.

17) PASS RF. CYTOMEGALOVIRUS INFECTION. IN: KNIPE DM,
HOWLEY PM, GRIFFIN DE, LAMB RA, MARTIN MA, ROIZ-
MAN B, ET AL. (EDS). Field’s virology, 4th edition.
Philadelphia: Lippincott-Williams & Wilkins, 2001;
pp. 2675-2705. 

18) BOPPANA SB, FOWLER KB, BRITT WJ, STAGNO S, PASS RF.
Symptomatic congenital cytomegalovirus infection
in infants born to mothers with preexisting immuni-
ty to cytomegalovirus. Pediatrics 1999; 104: 55-60. 

19) BOPPANA SB, RIVERA LB, FOWLER KB, MACH M, BRITT

WJ. Intrauterine transmission of cytomegalovirus
to infants of women with preconceptional immuni-
ty. N Engl J Med 2001; 344: 1366-1371.

20) ORNOY A, DIAV-CITRIN O. Fetal effect of primary and
secondary cytomegalovirus infection in pregnan-
cy. Repro Toxic 2006; 21: 399-409.

21) SUGITA K, ANDO M, MAKINO M, TAKANASHI J, FUJIMOTO

N, NIIMI H. Magnetic resonance imaging of the
brain in congenital rubella virus and cy-
tomegalovirus infections. Neuroradiology 1991;
33: 239-242.

22) MALM G, GRONDAHL E, LEWENSOHN-FUCHS I. Congeni-
tal citomegalovirus infection: a retrospective diag-
nosis in a child with pachygyria. Pediatr Neurol
2000; 22: 407-408.

23) VAN DER KNAAP M, VERMEULEN G, BARKHOF F, HART

AA, LOEBER JG, WEEL JF. Pattern of white matter
abnormalities at MR imaging: use of polymerase
chain reaction testing of Guthrie cards to link pat-
tern with congenital cytomegalovirus infection.
Radiology 2004; 230: 529-536.

24) GRESSENS P. Pathogenesis of migration disorders.
Curr Opin Neurol 2006; 19: 135-140.

25) JONES CA. Congenital cytomegalovirus infection.
Curr Prob Pediatr Adolesc Health Care 2003; 33:
65-100.

26) SCHLEISS MR. Role of breast milk in acquisition of
cytomegalovirus infection: recent advances. Curr
Opin Pediatr 2006; 18: 48-52.

27) MASCHMANN J, HAMPRECHT K, DIETZ K, JAHN G, SPEER

CP. Cytomegalovirus infection of extremely low-
birth weight infants via breast milk. Clin Infect Dis
2001; 33: 1998-2003. 

28) 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: 513-518.

29) BOPPANA SB, PASS RF, BRITT WJ, STAGNO S, ALFORD

CA. Symptomatic congenital cytomegalovirus in-
fection: neonatal morbidity and mortality. Pediatr
Infect Dis J 1992; 11: 93-99.

30) MALM G, ENGMAN ML. Congenital cytomegalovirus
infections. Semin Fetal Neonatal Med 2007; 12:
154-159. 

31) CONBOY TJ, PASS RF, STAGNO S, ALFORD CA, MYERS GJ,
BRITT WJ, MCCOLLISTER FP, SUMMERS MN, MCFARLAND

CE, BOLL TJ. Early clinical manifestations and intel-
lectual outcome in children with symptomatic con-
genital cytomegalovirus infection. J Peds 1987;
111: 343-348. 

32) LAGASSE N, DHOOGE I, GOVAERT P. Congenital CMV-
infection and hearing loss. Acta Otorhinolaryngol
Belg 2000; 54: 431-436.

33) COWLES TA, GONIK B. Cytomegalovirus. In: Fanaroff
AA, Martin RJ, eds. Neonatal-Perinatal Medicure:
Diseases of the Fetus and Infant. St. Louis: Mos-
by, 1997; pp. 337-338.

34) ISTAS AS, DEMMLER GJ, DOBBINS JG, STEWART JA. Sur-
veillance for congenital cytomegalovirus disease:
a repor t from the National Congenital Cy-
tomegalovirus Disease Registry. Clin Infect Dis
1995; 20: 665-670.

35) SCHIMMEL MS, FISHER D, SCHLESINGER Y. Congenital
cytomegalovirus infection. J Perinatol 2001; 21:
209-210.

36) YAMAMOTO AY, MUSSI-PINHATA MM, CRISTINA P, PINTO

G, MORAES FIGUEIREDO LT, JORGE SM. Congenital cy-
tomegalovirus infection in preterm and full-term
newborn infants from a population with a high
seroprevalence rate. Pediatr Infect Dis J 2001; 20:
188-192.

37) MCDONALD JM, RAGHUVEER TS, D'ALESSANDRO MP.
Can congenital CMV infection lead to intracranial
hemorrhage? J Perinatol 2001; 31: 402- 404.

D. Buonsenso, D. Serranti, L. Gargiullo, M. Ceccarelli, O. Ranno, P. Valentini



38) FRASER SH, O'KEEFE RJ, SCURRY JP, WATKINS AM, DREW

JH, CHOW CW. Hydrocephalus ex vacuo and clasp
thumb deformity due to congenital cy-
tomegalovirus infection. J Paediatr Child Health
1994; 30: 450-452.

39) LEUNG AK, SAUVE RS, DAVIES HD. Congenital cy-
tomegalovirus infection. J Natl Med Assoc 2003;
95: 213-218.

40) DOLLARD SC, GROSSE SD, ROSS DS. New estimates of
the prevalence of neurological and sensory se-
quelae and mortality associated with congenital
cytomegalovirus infection. Rev Med Virol 2007;
17: 355-363. 

41) ROSS SA, BOPPANA SB. Congenital cytomegalovirus
infection: outcome and diagnosis. Semin Pediatr
Infect Dis 2005; 16: 44-49. 

42) JAMES SH, KIMBERLIN DW, WHITLEY RJ. Antiviral therapy
for herpesvirus central nervous system infections:
neonatal herpes simplex virus infection, herpes sim-
plex encephalitis, and congenital cytomegalovirus in-
fection. Antiviral Res 2009; 83: 207-213. 

43) REVELLO MG, ZAVATTONI M, BALDANTI F, SARASINI A,
PAOLUCCI S, GERNA G. Diagnostic and prognostic
value of human cytomegalovirus load and IgM
antibody in blood of congenitally infected new-
borns. J Clin Virol 1999; 14: 57-66.

44) EGGERS M, BADER U, ENDERS G. Combination of mi-
croneutralization and avidity assays: improved diag-
nosis of recent primary human cytomegalovirus in-
fection in single serum sample of second trimester
pregnancy. J Med Virol 2000; 60: 324-330.

45) GRANGEOT-KEROS L, MAYAUX MJ, LEBON P, FREYMUTH

F, EUGENE G, STRICKER R, DUSSAIX E. Value of cy-
tomegalovirus (CMV) IgG avidity index for the di-
agnosis of primary CMV infection in pregnant
women. J Infect Dis 1997; 175: 944-946.

46) LAZZAROTTO T, SPEZZACATENA P, PRADELLI P, ABATE DA,
VARANI S, LANDINI MP. Avidity of immunoglobulin G
directed against human cytomegalovirus during
primary and secondary infections in immuno-
competent and immunocompromised subjects.
Clin Diagn Lab Immunol 1997; 4: 469-473. 

47) MACE´ M, SISSOEFF L, RUDENT A, GRANGEOT-KEROS L. A
serological testing algorithm for the diagnosis of
primary CMV infection in pregnant women. Pre-
nat Diagn 2004; 24: 861-863. 

48) BACCARD-LONGERE M, FREYMUTH F, COINTE D, SEIGNEURIN

JM, GRANGEOT-KEROS L. Multicenter evaluation of a
rapid and convenient method for determination of
cytomegalovirus immunoglobulin G avidity. Clin Di-
agn Lab Immunol 2001; 8: 429-431.

49) EGGERS M, METZGER C, ENDERS G. Differentiation between
acute primary and recurrent human cytomegalovirus
infection in pregnancy, using a microneutralization as-
say. J Med Virol 1998; 56: 351-358.

50) GRANGEOT-KEROS L, SIMON B, AUDIBERT F, VIAL M.
Should we routinely screen for cytomegalovirus
antibody during pregnancy? Intervirology 1998;
41: 158-162.

51) LAZZAROTTO T, VARANI S, SPEZZACATENA P, GABRIELLI

L, PRADELLI P, GUERRA B, LANDINI MP. Maternal IgG
avidity and IgM detected by blot as diagnostic tools
to identify pregnant women at risk of transmitting cy-
tomegalovirus. Viral Immunol 2000; 13: 137-141. 

52) LAZZAROTTO T, GALLI C, PULVIRENTI R, RESCALDANI

R, VEZZO R, LA GIOIA A, MARTINELLI C, LA ROCCA

S, AGRESTI G, GRILLNER L, NORDIN M, VAN RANST

M, COMBS B,MAINE GT, LANDINI MP. Evaluation of
the Abbott AxSYM cytomegalovirus (CMV) im-
munoglobulin M (IgM) assay in conjunction with
other CMV IgM tests and a CMV IgG avidity as-
say. Clin Diagn Lab Immunol 2001; 8: 196-198.

53) GRIFFITHS PD, MCLAUGHLIN JE. CYTOMEGALOVIRUS. IN:
SCHELD WM, WHITLEY RJ, MARRA CM, EDS. Infections of
the Central Nervous System. Lippincott Williams &
Wilkins; Philadelphia, 2004; pp. 159-173.

54) FOWLER KB, MCCOLLISTER FP, DAHLE AJ, BOPPANA

S, BRITT WJ, PASS RF. Progressive and fluctuating
sensorineural hearing loss in children with
asymptomatic congenital cytomegalovirusinfec-
tion. J Pediatr 1997; 130: 624-630.

55) FOWLER KB, BOPPANA SB . Congenital cy-
tomegalovirus (CMV) infection and hearing
deficit. J Clin Virol 2006; 2: 226-231.

56) WILLIAMSON WD, DEMMLER GJ, PERCY AK, CATLIN FI.
Progressive hearing loss in infants with asympto-
matic congenital cytomegalovirus infection. Pedi-
atrics 1992; 90: 862-866.

57) FOULON I, NAESSENS A, FOULON WA, CASTEELS A, GORDTS

F. 10- year prospective study of sensorineural hear-
ing loss in children with congenital cytomegalovirus
infection. J Pediatr 2008; 153: 84-88.

58) ZHANG XW, LI F, YU XW, SHI XW, SHI J, ZHANG JP. Physi-
cal and intellectual development in children with
asymptomatic congenital cytomegalovirus infection:
a longitudinal cohort study in Qinba mountain area,
China. J Clin Virol 2007; 40: 180-185.

59) WALTER S, ATKINSON C, SHARLAND M, RICE P, RAGLAN

E, EMERY VC, GRIFF ITHS PD. Congenital cy-
tomegalovirus: association between dried blood
spot viral load and hearing loss. Arch Dis Child
Fetal Neonatal Ed 2008; 93: F280-285.

60) PASS R, 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: 216-220.

61) NOYOLA DE, DEMMLER GJ, NELSON CT, GRIESSER C,
WILLIAMSON WD, ATKINS JT, ROZELLE J, TUTCICH M, LLORENTE

AM, SELLERS- VINSON S, REYNOLDS A, BALE JF, GERSON P,
YOW MD, HOUSTON CONGENITAL CMV LONGITUDINAL STUDY

GROUP. Early predictors of neurodevelopmental out-
come in symptomatic congenital cytomegalovirus in-
fection. J Pediatr 2001; 138: 325-331. 

62) SHAN R, WANG X, FU P. Growth and development of
infants with asymptomatic congenital cy-
tomegalovirus infection. Yonsei Med J 2009 31;
50: 667-671. 

63) SMITH RJH, BALE JF JR, WHITE KR. Sensorineural hear-
ing loss in children. Lancet 2005; 365: 879-890.

64) CONBOY TJ, PASS RF, STAGNO S, BRITT WJ, ALFORD CA,
MCFARLAND CE. Congenital cytomegalovirus (CMV)
infection and intellectual development. Pediatr
Res 1985; 19: 116A.

65) ECCI. ECCI Recommendations [Internet]. Lon-
don: European Congenital Cytomegalovirus Ini-
t iat ive (ECCI), 2007. Available from: http
⁄⁄:http://www.ecci.ac.uk/Pages/Recommendations.
asp (Accessed 1 December 2010).

931

Congenital cytomegalovirus infection: current strategies and future perspectives



932

66) NUMAZAKI K, FUJIKAWA T. Chronological changes of
incidence and prognosis of children with asymp-
tomatic congenital cytomegalovirus infection in
Sapporo, Japan. BMC Infect Dis 2004; 4: 22.

67) PASS RF. Cytomegalovirus infection. Pediatr Rev
2002; 23: 163-169.

68) FOWLER KB, DAHLE AJ, BOPPANA SB, PASS RF. New-
born hearing screening: will children with hearing
loss caused by congenital cytomegalovirus infec-
tion be missed? J Pediatr 1999; 135: 60-64.

69) SMETS K, DE COEN K, DHOOGE I, STANDAERT

L, LAROCHE S, MAHIEU L, LOGGHE N, COSSEY

V, BOUDEWYNS A. Selecting neonates with congeni-
tal cytomegalovirus infection for ganciclovir thera-
py Eur J Pediatr 2006; 165: 885-890.

70) DAHLE AJ, FOWLER KB, WRIGHT JD, BOPPANA SB, BRITT

WJ, PASS RF. Longitudinal investigation of hearing dis-
orders in children with congenital cytomegalovirus. J
Am Acad Audiol 2000; 11: 283-290.

71) IVARSSON SA, LERNMARK B, SVANBERG L. Ten-year clin-
ical, developmental, and intellectual follow-up of
children with congenital cytomegalovirus infection
without neurologic symptoms at one year of age.
Pediatrics 1997; 99: 800-803.

72) KASHDEN J, FRISON S, FOWLER K, PASS RF, BOLL TJ. In-
tellectual assessment of children with asympto-
matic congenital cytomegalovirus infection. J Dev
Behav Pediatr 1998; 19: 254-259.

73) HANSHAW JB, SCHEINER AP, MOXLEY AW, GAEV L, ABEL

V, SCHEINER B. School failure and deafness after
“silent” congenital cytomegalovirus infection. N
Engl J Med 1976; 295: 468-470. 

74) RIVERA LB, BOPPANA SB, FOWLER KB, BRITT WJ, STAGNO S,
PASS RF. Predictors of hearing loss in children with
symptomatic congenital cytomegalovirus infection.
Pediatrics 2002; 110: 762-767. 

75) BRADFORD RD, CLOUD G, LAKEMAN AD, BOPPANA S,
KIMBERLIN DW, JACOBS R, DEMMLER G, SANCHEZ P,
BRITT W, SOONG S-J, WHITLEY RJ, NATIONAL INSTITUTE

OF ALLERGY AND INFECTIOUS DISEASE COLLABORATIVE AN-
TIVIRAL STUDY GROUP. Detection of cytomegalovirus
DNA by polymerase chain reaction is associated
with hearing loss in newborns with symptomatic
congenital CMV infection involving the central
nervous system. J Infect Dis 2005; 191: 227-233.

76) KYLAT RI, KELLY EN, LEE FORD-JONES E. Clinical find-
ings and adverse outcome in neonates with symp-
tomatic congenital cytomegalovirus (SCCMV) in-
fection. Eur J Pediatr 2006; 165: 773-778.

77) BOPPANA SB, FOWLER KB, VAID Y, HEDLUND G, STAGNO

S, BRITT WJ, PASS RF. Neuroradiographic findings in
the newborn period and long-term outcome in chil-
dren with symptomatic congenital cytomegalovirus
infection. Pediatrics 1997; 99: 409-414.

78) ANCORA G, LANARI M, LAZZAROTTO T, VENTURI V, TRIDAPALLI

E, SANDRI F, MENARINI M, FERRETTI E, FALDELLA G. Cranial
ultrasound scanning and prediction of outcome in
newborns with congenital cytomegalovirus infection.
J Pediatr 2007; 150: 157-161.

79) LANARI M, LAZZAROTTO T, VENTURI V, PAPA I, GABRIELLI

L, GUERRA B, LANDINI MP, FALDELLA G. Neonatal Cy-
tomegalovirus blood load and risk of sequelae in
symptomatic and asymptomatic congenitally in-
fected newborns. J Pediatr 2006; 117: 76-83.

80) BOPPANA SB, FOWLER KB, PASS RF, RIVERA

LB, BRADFORD RD, LAKEMAN FD, BRITT WJ. Congeni-
tal cytomegalovirus infection: association be-
tween virus burden in infancy and hearing loss. J
Pediatr 2005;146: 817-823.

81) NOYOLA DE, DEMMLER GJ, WILLIAMSON WD, GRIESSER

C, SELLERS S, LLORENTE A, LITTMAN T, WILLIAMS

S, JARRETT L, YOW MD. CONGENITAL CMV LONGITUDI-
NAL STUDY GROUP. Cytomegalovirus urinary excre-
tion and long-term outcome in children with con-
genital cytomegalovirus infection. Pediatr Infect
Dis J 2000; 19: 505-510. 

82) GANDHI RS, FERNANDEZ-ALVAREZ JR, RABE H. Manage-
ment of congenital cytomegalovirus infection: an
evidence-based approach. Acta Paediatr 2010;
99: 509-515.

83) CHEERAN MC, LOKENSGARD JR, SCHLEISS MR. Neu-
ropathogenesis of congenital cytomegalovirus
infection: disease mechanisms and prospects for
intervention. Clin Microbiol Rev 2009; 22: 99-
126.

84) STRAUSS M. Human cytomegalovirus labyrinthitis.
Am J Otolaryngol 1990; 11: 292-298.

85) DAVIS LE,  JOHNSSON LG, KORNFELD M . Cy-
tomegalovirus labyrinthitis in an infant: morpho-
logical, virological, and immunofluorescent
studies. J Neuropathol Exp Neurol 1981; 40: 9-
19.

86) STRAUSS M. A clinical pathologic study of hearing
loss in congenital cytomegalovirus infection.
Laryngoscope 1985; 95: 951-962.

87) BAUER PW, PARIZI-ROBINSON M, ROLAND PS, YEGAPPAN

S. Cytomegalovirus in the perilymphatic fluid.
Laryngoscope 2005; 115: 223-225.

88) SUGIURA S, YOSHIKAWA T, NISHIYAMA Y, MORISHITA

Y, SATO E, HATTORI T, NAKASHIMA T. Detection of hu-
man cytomegalovirus DNA in perilymph of pa-
tients with sensorineural hearing loss using real-
time PCR. J Med Virol 2003; 69: 72-75.

89) SCHRAFF SA, SCHLEISS MR, BROWN DK, MEINZEN-DERR

J, CHOI KY, GREINWALD JH, CHOO DI. Macrophage
inflammatory proteins in cytomegalovirus-related
inner ear injury. Otolaryngol Head Neck Surg
2007; 137: 612-618.

90) FAGERHEIM T, NILSSEN O, RAEYMAEKERS P, BROX

V, MOUM T, ELVERLAND HH, TE IG E, OMLAND

HH, FOSTAD GK, TRANEBJAERG L. Identification of a
new locus for autosomal dominant non-syn-
dromic hearing impairment (DFNA7) in a large
Norwegian family. Hum Mol Genet 1996; 5:
1187-1191.

91) FORTUNATO EA, DELL’AQUILA ML, SPECTOR DH. Specif-
ic chromosome 1 breaks induced by human cy-
tomegalovirus. Proc Natl Acad Sci USA 2000; 97:
853-858.

92) EUDY JD, WESTON MD, YAO S, HOOVER DM, REHM

HL, MA-EDMONDS M, YAN D, AHMAD I, CHENG

JJ, AYUSO C, CREMERS C, DAVENPORT S, MOLLER

C, TALMADGE CB, BEISEL KW, TAMAYO M, MORTON

CC, SWAROOP A, KIMBERLING WJ, SUMEGI J. Mutation
of a gene encoding a protein with extracellular
matrix motifs in Usher syndrome type IIa. Science
1998; 280: 1753-1757.

D. Buonsenso, D. Serranti, L. Gargiullo, M. Ceccarelli, O. Ranno, P. Valentini



93) SUMEGI J, WANG JY, ZHEN DK, EUDY JD, TALMADGE

CB, LI BF, BERGLUND P, WESTON MD, YAO SF, MA-ED-
MONDS M, OVERBECK L, KELLEY PM, ZABAROVSKY E,
UZVOLGYI E, STANBRIDGE EJ, KLEIN G, KIMBERLING WJ.
The construction of a yeast artificial chromosome
(YAC) contig in the vicinity of the Usher syndrome
type IIa (USH2A) gene in 1q41. Genomics 1996;
35: 79-86. 

94) SULLIVAN V, TALARICO CL, STANAT SC, DAVIS M, COEN

DM, BIRON KK. A protein kinase homologue con-
trols phosphorylation of ganciclovir in human cy-
tomegalovirus-infected cells. Nature 1992; 358:
162-164.

95) LITTLER E, STUART AD, CHEE MS . Human cy-
tomegalovirus UL97 open reading frame encodes
a protein that phosphorylates the antiviral nucleo-
side analogue ganciclovir. Nature 1992; 358: 160-
162.

96) KIMBERLIN DW. Antiviral therapy for cytomegalovirus
infections in pediatric patients. Semin Pediatr Infect
Dis 2002; 13: 22-30.

97) ERICE A. Resistance of human cytomegalovirus to
antiviral drugs. Clin Microbiol Rev 1999; 12: 286-
297.

98) BLACKMAN SC, LURAIN NS, WITTE DP, FILIPOVICH

AH, GROEN P, SCHLEISS MR. Emergence and com-
partmentalization of fatal multi-drug resistant cy-
tomegalovirus (CMV) infection in a patient with
autosomal-recessive severe combined immune
deficiency (SCID). J Pediatr Hematol Oncol 2004;
26: 601-605. 

99) LALEZARI JP, FRIEDBERG DN, BISSETT J. High dose oral
ganciclovir treatment for cytomegalovirus retinitis.
J Clin Virol 2002; 24: 67-77.

100) BIRON KK. Antiviral drugs for cytomegalovirus dis-
eases. Antiviral Res 2006; 71: 154-163.

101) PLOTKIN SA, STETLER H. Treatment of congenital cy-
tomegalic inclusion disease with antiviral agents.
Antimicrobial Agents Chemother 1969; 9: 372-
379.

102) FEIGIN RD, SHACKELFORD PG, HAYMOND MW, DEVIVO

DC. Floxuridine treatment of congenital cytome-
galic inclusion disease. Pediatrics 1971; 48: 318-
322.

103) KRAYBILL EN, SEVER JL, AVERY GB, MOVASSAGHI N.
Experimental use of cytosine arabinoside in con-
genital cytomegalovirus infection. J Pediatr
1972; 80: 485-487.

104) MCCRACKEN GH JR, LUBY JP. Cytosine arabinoside
in the treatment of congenital cytomegalic inclu-
sion disease. J Pediatr 1972; 80: 488-493.

105) HOCKER J, COOK LN, ADAMS G, RABALAIS G. Ganci-
clovir therapy of congenital cytomegalovirus
pneumonia. Pediatr Infect Dis J 1990; 9: 743-
745.

106) ATTARD-MONTALTO SP, ENGLISH MC, STIMMLER L, SNOD-
GRASS GJ. Ganciclovir treatment of congenital cy-
tomegalovirus infection: a report of two cases.
Scand J Infect Dis 1993; 25: 385-388.

107) STRONATI M, REVELLO MG, CERBO RM, FURIONE

M, RONDINI G, GERNA G. Ganciclovir therapy of
congenital human cytomegalovirus hepatitis. Ac-
ta Paediatr 1995; 84: 340-341.

108) VALLEJO JG, ENGLUND JA, GARCIA-PRATS JA, DEMMLER

GJ. Ganciclovir treatment of steroid-associated cy-
tomegalovirus disease in a congenitally infected
neonate. Pediatr Infect Dis J 1994; 13: 239-241.

109) JUNKER A, MATHESON D, TINGLE A, THOMAS E. Im-
mune responses after ganciclovir and im-
munoglobulin therapy of infants. Pediatr Infect
Dis J 1991; 10: 256-258. 

110) REIGSTAD H, BJERKNES R, MARKESTAD T, MYRMEL H. Gan-
ciclovir therapy of congenital cytomegalovirus dis-
ease. Acta Paediatr 1992; 81: 707-708.

111) MICHAELS MG, GREENBERG DP, SABO DL, WALD ER.
Treatment of children with congenital cy-
tomegalovirus infection with ganciclovir. Pediatr
Infect Dis J 2003; 22: 504-509.

112) NIGRO G, SCHOLZ H, BARTMANN U. Ganciclovir ther-
apy for symptomatic congenital cytomegalovirus
infection in infants: a two-regimen experience. J
Pediatr 1994; 124: 318-322.

113) CROWLEY B. Ganciclovir treatment of symptomatic
congenital cytomegalovirus infection. J Antimi-
crob Chemother 2002; 50: 435-436.

114) NIGRO G, KRZYSZTOFIAK A, BARTMANN U, CLERICO

A, PROPERZI E, VALIA S, CASTELLO M. Ganciclovir
therapy for cytomegalovirus-associated liver dis-
ease in immunocompetent or immunocompro-
mised children. Arch Virol 1997; 142: 573-580.

115) FISCHLER B, CASSWALL TH, MALMBORG P, NEMETH A.
Ganciclovir treatment in infants with cy-
tomegalovirus infection and cholestasis. J Pedi-
atr Gastroenterol Nutr 2002; 34: 154-157.

116) TRANG JM, KIDD L, GRUBER W, STORCH G, DEMMLER

G, JACOBS R, DANKNER W, STARR S, PASS R, STAGNO S,
AND THE NIAID COLLABORATIVE ANTIVIRAL STUDY

GROUP. Linear single-dose pharmacokinetics of
ganciclovir in newborns with congenital cy-
tomegalovirus infections. Clin Pharmacol Ther
1993; 53: 15-21.

117) ZHOU XJ, GRUBER W, DEMMLER G, JACOBS R, REUMAN

P, ADLER S, SHELTON M, PASS R, BRITT B, TRANG

JM, WHITLEY RJ, SOMMADOSSI JP, AND THE NIAID COL-
LABORATIVE ANTIVIRAL STUDY GROUP: Population phar-
macokinetics of ganciclovir in newborns with con-
genital cytomegalovirus infections. Antimicrob
Agents Chemother 11996; 40: 2202-2205.

118) WHITLEY RJ, CLOUD G, GRUBER W, STORCH

GA, DEMMLER GJ, JACOBS RF, DANKNER W, SPECTOR

SA, STARR S, PASS RF, STAGNO S, BRITT WJ, ALFORD C
JR, SOONG S, ZHOU XJ, SHERRILL L, FITZGERALD

JM, SOMMADOSSI JP. Ganciclovir treatment of
symptomatic congenital cytomegalovirus infec-
tion: results of a phase II study. National Institute
of Allergy and Infectious Diseases Collaborative
Antiviral Study Group. J Infect Dis 1997; 175:
1080-1086. 

119) KIMBERLIN DW, LIN CY, SÁNCHEZ PJ, DEMMLER

GJ, DANKNER W, SHELTON M, JACOBS RF, VAUDRY

W, PASS RF, KIELL JM, SOONG SJ, WHITLEY

RJ; NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS

DISEASES COLLABORATIVE ANTIVIRAL STUDY GROUP. Ef-
fect of ganciclovir therapy on hearing in sympto-
matic congenital cytomegalovirus disease involv-
ing the central nervous system: a randomized,
controlled trial. J Pediatr 2003; 143: 16-25. 

933

Congenital cytomegalovirus infection: current strategies and future perspectives



934

120) OLIVER SE, CLOUD GA, SÁNCHEZ PJ, DEMMLER

GJ, DANKNER W, SHELTON M, JACOBS RF, VAUDRY

W, PASS RF, SOONG SJ, WHITLEY RJ, KIMBERLIN

DW; NATIONAL INSTITUTE OF ALLERGY, INFECTIOUS DISEASES

COLLABORATIVE ANTIVIRAL STUDY GROUp. Neurodevelop-
mental outcomes following ganciclovir therapy in
symptomatic congenital cytomegalovirus infections
involving the central nervous system. J Clin Virol
2009; 46(Suppl 4): S22-26.

121) ADLER SP, NIGRO G, PEREIRA L. Recent advances in
the prevention and treatment of congenital cy-
tomegalovirus infections. Semin Perinatol 2007;
31: 10-18.

122) SYGGELOU A, IACOVIDOU N, KLOUDAS S, CHRISTONI

Z, PAPAEVANGELOU V. Congenital cytomegalovirus
infection. Ann N Y Acad Sci 2010; 1205: 144-
147.

123) SHOJI K, ITO N, ITO Y, INOUE N, ADACHI S, FUJIMARU

T, NAKAMURA T, NISHINA S, AZUMA N, SAITOH A. Is a
6-week course of ganciclovir therapy effective for
chorioretinitis in infants with congenital cy-
tomegalovirus infection? J Pediatr 2010; 157:
331-333.

124) FISCHLER B, RODENSJO¨ P, NEMETH A, FORSGREN M,
LEWENSOHN- FUCHS I. Cytomegalovirus DNA detec-
tion on Guthrie cards in patients with neonatal
cholestasis. Arch Dis Child Fetal Neonatal Ed
1999; 80: F130-134.

125) COATS DK, DEMMLER GJ, PAYSSE EA, DU LT, LIBBY C.
Ophtalmologic findings in children with congeni-
tal cytomegalovirus infection. J AAPOS 2000; 4:
110-116.

126) GERNA G, BALDANTI F, PERCIVALLE E, ZAVATTONI

M, CAMPANINI G, REVELLO MG. Early identification
of human cytomegalovirus strains by the shell
vial assay is prevented by a novel amino acid
substitution in UL123 IE1 gene product. J Clin
Microbiol 2003; 41: 4494-4495. 

127) BURRI M, WILTSHIRE H, KAHLERT C, WOUTERS G, RUDIN

C. Oral valganciclovir in children: single dose
pharmacokinetics in a six-year-old girl. Pediatr
Infect Dis J 2004; 23: 263-266.

128) MEINE JANSEN CF, TOET MC, RADEMAKER CM, VERVERS

TF, GERARDS LJ, VAN LOON AM. Treatment of symp-
tomatic congenital cytomegalovirus infection
with valganciclovir. J Perinat Med 2005; 33: 364-
366.

129) SCHULZKE S, BUHRER C. Valganciclovir for treatment
of congenital cytomegalovirus infections. Eur J
Pediatr 2006; 165: 575-576.

130) WILTSHIRE H, PAYA CV, PESCOVITZ MD, HUMAR

A, DOMINGUEZ E, WASHBURN K, BLUMBERG

E, ALEXANDER B, FREEMAN R, HEATON N, ZUIDEVELD

KP; VALGANCICLOVIR SOLID ORGAN TRANSPLANT STUDY

GROUP. Pharmacodynamics of oral ganciclovir
and valganciclovir in solid organ transplant recip-
ients. Transplantation 2005; 79: 1477-1483.

131) EINSELE H, REUSSER P, BORNHÄUSER M, KALHS P,
EHNINGER G, HEBART H, CHALANDON Y, KRÖGER N,
Hertenstein B, Rohde F. Oral Valganciclovir
leads to higher exposure to ganciclovir than in-
travenous ganciclovir in patients following allo-
genic stem cell transplantation. Blood 2006; 107:
3002-3008.

132) ACOSTA EP, BRUNDAGE RC, KING JR, SÁNCHEZ PJ, SOOD

S, AGRAWAL V, HOMANS J, JACOBS RF, LANG D, ROMERO

JR, GRIFFIN J, CLOUD G, WHITLEY R, KIMBERLIN DW;
NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES

COLLABORATIVE ANTIVIRAL STUDY GROUP. Ganciclovir
population pharmacokinetics following intra-
venous administration of ganciclovir and oral ad-
ministration of a liquid valganciclovir formulation.
Clin Pharmacol Ther 2007; 81: 867-872.

133) GALLI L, NOVELLI A, CHIAPPINI E, GERVASO P, CASSETTA

MI, FALLANI S, DE MARTINO M. Valganciclovir for
congenital CMV infection: a pilot study on plas-
ma concentration in newborns and infants. Pedi-
atr Infect Dis J 2007; 26: 451-453.

134) KIMBERLIN DW, ACOSTA EP, SÁNCHEZ PJ, SOOD

S, AGRAWAL V, HOMANS J, JACOBS RF, LANG

D, ROMERO JR, GRIFFIN J, CLOUD GA, LAKEMAN

FD, WHITLEY RJ; NATIONAL INSTITUTE OF ALLERGY AND

INFECTIOUS DISEASES COLLABORATIVE ANTIVIRAL STUDY

GROUP. Pharmacokinetic and pharmacodynamic
assessment of oral valganciclovir in the treat-
ment of symptomatic congenital cytomegalovirus
disease. J Infect Dis 2008; 197: 836-845. 

135) LOMBARDI G, GAROFOLI F, VILLANI P, TIZZONI M, AN-
GELINI M, CUSATO M, BOLLANI L, DE SILVESTRI A,
REGAZZI M, STRONATI M. Oral Valganciclovir treat-
ment in newborns with symptomatic congenital
cytomegalovirus infection. Eur J Clin Microbiol
Infect Dis 2009; 28: 1465-1470.

136) AMIR J, WOLF DG, LEVY I. Treatment of sympto-
matic congenital cytomegalovirus infection with
intravenous ganciclovir followed by long-term
oral valganciclovir. Eur J Pediatr 2010; 169:
1061-1067. 

137) STANGO SE. Cytomegalovirus. In: Remington JS,
Klein JO (eds) Infectious diseases of the fetus
and newborn infant, 5th ed. Elsevier, 2001; pp.
389-424. 

138) HILGENDORFF A, DAIMINGER A, DANGEL V, KREUDER J,
GEIDEL C, REISS I, ENDERS G. Oral Valganciclovir
treatment in a CMV congenital infected infant
with sensorineural hearing loss (SNHL) first de-
tected at 4 months of age. Klin Padiatr 2009;
221: 448-449. 

139) NASSETTA L, KIMBERLIN D, WHITLEY. Treatment of
congenital cytomegalovirus infection: implica-
tions for future strategies. JAC Antiviral 2009; 63:
862-867.

140) BOPPANA SB, FOWLER KB, PASS RF, RIVERA LB, BRAD-
FORD RD, LAKEMAN FD, BRITT WJ. Congenital cy-
tomegalovirus infection: association between
virus burden in infancy and hearing loss. J Pedi-
atr 2005; 146: 817-823. 

141) LACKNER A, ACHAM A, ALBORNO T, MOSER M, ENGELE

H, RAGGAM RB, HALWACHS-BAUMANN G, KAPITAN M,
WALCH C. Effect on hearing of ganciclovir therapy
for asymptomatic congenital cytomegalovirus in-
fection: four to 10 year follow up. J Laryngol Otol
2008; 30: 1-6.

142) TANAKA-KITAJIMA N, SUGAYA N, FUTATANI T, KANEGANE

H, SUZUKI C, OSHIRO M, HAYAKAWA M, FUTAMURA

M, MORISHIMA T, KIMURA H. Ganciclovir therapy for
congenital cytomegalovirus infection in six in-
fants. Pediatr Infect Dis J 2005; 24: 782-785.

D. Buonsenso, D. Serranti, L. Gargiullo, M. Ceccarelli, O. Ranno, P. Valentini



143) MARSHALL BC, KOCH WC . Antivirals for cy-
tomegalovirus infection in neonates and infants:
focus on pharmacokinetics, formulations, dosing,
and adverse events. Paediatr Drugs 2009; 11:
309-321.

144) MICHAELS MG. Treatment of congenital cy-
tomegalovirus: where are we now? Expert Rev
Anti Infect Ther 2007; 5: 441-448.

145) ADLER SP, NIGRO G. Findings and conclusions
from CMV hyperimmune globulin treatment tri-
als. J Clin Virol 2009; 46(Suppl 4): S54-57.

146) NIGRO G, ADLER SP, LA TORRE T, BEST AM. Congeni-
tal Cytomegalovirus Collaborating Group. Pas-
sive immunization during pregnancy for congeni-
tal cytomegalovirus infection. N Engl J Med
2005; 353: 1350-1362.

147) N IGRO G, TORRE RL, PENTIMALL I H, TAVERNA

P, LITUANIA M, DE TEJADA BM, ADLER SP. Regression
of fetal cerebral abnormalities by primary cy-
tomegalovirus infection following hyperim-
munoglobulin therapy. Prenat Diagn 2008; 28:
512-517.

148) MOXLEY K, KNUDTSON EJ. Resolution of hydrops
secondary to cytomegalovirus after maternal
and fetal treatment with human cytomegalovirus
hyperimmune globulin. Obstet Gynecol 2008;
111: 524-526.

149) SCHLEISS MR. The role of the placenta in the
pathogenesis of congenital cytomegalovirus in-
fection: is the benefit of cytomegalovirus im-
mune globulin for the newborn mediated through
improved placenta health and function? Clin In-
fect Dis 2006; 43: 1001-1003.

150) BIRON KK, HARVEY RJ, CHAMBERLAIN SC, GOOD SS,
SMITH AA 3RD, DAVIS MG, TALARICO CL, MILLER WH,
FERRIS R, DORNSIFE RE, STANAT SC, DRACH JC,
TOWNSEND LB, KOSZALKA GW. Potent and selective
inhibition of human cytomegalovirus replication
by 1263W94, a benzimidazole L-riboside with a

unique mode of action. Antimicrob Agents
Chemother 2002; 46: 2365-2372.

151) KOMAZIN G, PTAK RG, EMMER BT, TOWNSEND LB,
DRACH JC. Resistance of human cytomegalovirus
to the benzimidazole L-ribonucleoside maribavir
maps to UL27. J Virol 2003; 77: 11499-11506. 

152) KROSKY PM, BAEK MC, COEN DM. The human cy-
tomegalovirus UL97 protein kinase, an antiviral
drug target, is required at the stage of nuclear
egress. J Virol 2003; 77: 905-914. 

153) CHOU S, MAROUSEK GI. Maribavir antagonizes the
antiviral action of ganciclovir on human cy-
tomegalovirus. Antimicrob Agents Chemother
2006; 50: 3470-3472.

154) ROSS DS, DOLLARD SC, VICTOR M, SUMARTOJO E,
CANNON MJ. The epidemiology and prevention of
congenital cytomegalovirus infection and dis-
ease: activities of the Centres for Disease Con-
trol and Prevention Workgroup. J Women’s
Health 2006; 15: 224-229. 

155) SCHLEISS MR, HEINEMAN TC. Progress toward an elu-
sive goal: current status of cytomegalovirus vac-
cines. Expert Rev Vaccines 2005; 4: 381-406.

156) LUCK S, SHARLAND M, GRIFFITHS P, JENKINS SM. Ad-
vances in the antiviral therapy of herpes virus in-
fection in children. Expert Rev Anti Infect Ther
2006; 4: 1005-1020.

157) MULLER A, EIS-HUBINGER AM, BRANDHORST G, HEEP

A, BARTMANN P, FRANZ AR. Oral Valganciclovir for
symptomatic congenital cytomegalovirus infec-
tion in an extremely low birth weight infant. J
Perinatol 2008; 28: 74-76.

158) ANAIZI NH, DENTINGER PJ, SWENSON CF. Stability of
valganciclovir in an extemporaneously com-
pounded oral liquid. Am J Health Syst Pharm
2002; 59: 1267-1270.

159) ROJO P, RAMOS JT. Ganciclovir treatment of chil-
dren with congenital cytomegalovirus infection.
Pediatr Infect Dis J 2004; 23: 88-89. 

935

Congenital cytomegalovirus infection: current strategies and future perspectives


