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Abstract

Objective The objective of this study is to look for
evidence based or scientific guidelines for selection of
newborns with congenital cytomegalovirus (CMV) infec-
tion that might benefit from treatment with ganciclovir.
Materials and methods A literature search was conducted
involving the MEDLINE database and the Cochrane
Collaboration Library. Abstracts were reviewed to select
pertinent articles dealing with ganciclovir therapy in neo-
nates. References from selected articles as well as from
reviews were screened for additional relevant articles. In
total, 13 case reports (16 patients in all), three descriptive
uncontrolled studies (20 patients in all), two randomized
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dose-comparative studies (54 patients in all) and one
randomized controlled study (42 patients) were identified.

Observations All reported patients presented with central
nervous system manifestation of CMV infection. Only the
randomized controlled study showed a reduction of hearing
deterioration in the treated group. Published predictors of
hearing loss in congenitally CMV infected children allow
identification of candidates that might benefit from treat-
ment. Studies so far are promising but of insufficient
number to make evidence based recommendations about
indications for treatment of congenital CMV. As such,
studies are very difficult to conduct and treatment of infants
at high risk of hearing loss may appear justified. There is
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scientific data to help clinicians in selecting a subgroup of
infants that is at higher risk of hearing deterioration and
therefore might benefit the most from ganciclovir therapy.

Keywords Ganciclovir- Congenital cytomegalovirus
infection - Treatment - Sensorineural hearing loss

Abbreviations

BERA Brainstem evoked response audiometry
CMV  Cytomegalovirus

CASG Collaborative antiviral study group

CI Confidence interval

CNS Central nervous system

CT Computerized tomography
OR Odds ratio
SNHL Sensorineural hearing loss

Introduction

Cytomegalovirus (CMV) infection is the most common
congenital infection in the developed world, affecting 0.5 to
1.3% of live born infants [21]. Approximately 10% of those
children will be symptomatic at birth. Outcome of these
infants is poor: there is substantial mortality and most
survivors suffer from severe neurologic sequelae [23]. Five
to seventeen percent of clinically asymptomatic patients may
develop late sequelae including sensorineural hearing loss
(SNHL), making congenital CMV infection as the probable
leading non-genetic cause of SNHL in childhood [12, 31,
38]. Over the past ten years, ganciclovir, a nucleoside
analogue used in transplant recipients and patients infected
with human immunodeficiency virus, has been evaluated in
the treatment of infants with congenital CMV infection. In
vivo, ganciclovir is converted to ganciclovir triphosphate,
which inhibits CMV DNA polymerases by competitively
inhibiting the incorporation of deoxyguanosine triphosphate
into elongating viral DNA [8]. After the release of
pyrophosphate, ganciclovir monophosphate is incorporated
into the end of a growing chain of viral DNA, slowing
replication. The drug can be monophosphorylated to a
certain extent by normal, uninfected or non-transfected cells,
possibly explaining its cytotoxic side effects (myelosuppres-
sion) in human patients [39].

The aim of this study is to review the evidence for the
treatment of congenital CMV infection with ganciclovir and
to present, on behalf of the Flemish Society of Pediatrics’
Neonatology and Perinatal Epidemiology Working Group,
a proposal of consensus regarding the antiviral management
of congenital CMV infection in Flanders. The Working
Group, basically consisting of neonatologists, general
pediatricians and representatives of Child & Family, was
for the purpose of the study expanded to include three
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otorhinolaryngologists (BA, DI, SI) specialized in hearing
disorders, two neonatologist-infectiologists (CV, ML) and
one pediatrician (SL) specialized in follow-up care of
children with hearing disabilities.

Methods

Literature search involved the MEDLINE database and the
Cochrane Collaboration Library. We used the basic search
terms “ganciclovir”’, “novel antivirals”, “congenital cyto-
megalovirus”, “hearing loss”, “treatment”, “antiviral thera-
py”, “congenital infection”, and “outcome”. Abstracts were
reviewed to select pertinent articles dealing with ganciclovir
therapy in neonates. Reference lists from selected articles as
well as from reviews were hand searched for additional
relevant literature.

The selected articles were grouped according to their
quality of evidence in case reports, descriptive uncontrolled
studies, randomized dose-comparative studies and random-
ized controlled trials, and were summarized and discussed
by the members of the Working Group. Review articles

were not retained for further analysis.

Results

The National Institute of Allergy and Infectious Diseases
Collaborative Antiviral Study Group (CASG) conducted
the first and, until now, only randomized, controlled trial of
ganciclovir therapy in children with symptomatic congen-
ital CMV disease [15]. All children had one or more of the
following consequences of central nervous system (CNS)
involvement: microcephaly, intracranial calcifications, ce-
rebrospinal fluid abnormalities, chorioretinitis, impaired
hearing. Ganciclovir was started within the first month of
life at 12 mg/kg/day IV for 6 weeks. The primary endpoint
was improved brainstem evoked response audiometry
(BERA) between baseline and follow-up, or, for patients
with normal baseline hearing, normal BERA at both time
points. The results were subdivided in functional evaluation
(results with the best ear) and biological evaluation (results
with each individual ear), the latter representing the
biological effects of ganciclovir therapy. Functional evalu-
ation at six months and one year showed significantly less
hearing deterioration in treated infants (0% and 21%
respectively) than in non-treated infants (41% and 68%
respectively) (P<.01 at both ages). Biological evaluation
showed significantly more ears of infants in the treated
group that maintained normal hearing or improved their
hearing compared to ears of non-treated infants. There is no
subgroup analysis within the treated group to identify those
babies who would most likely benefit from ganciclovir
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treatment. Among the ganciclovir recipients, a higher
percentage of nonevaluable patients were born prematurely.
This might have favoured a good outcome in the treatment
group. Neutropenia occurred more frequently (63%) in the
treated group than in control patients (21%). As the authors
pointed out, the large proportion of unevaluable patients
(58 of 100 subjects enrolled) raises concerns about follow-
up bias and weakens the strength of their conclusions.

We further identified 13 case reports, comprising 16
children in all [1, 3, 11, 13, 14, 18, 26, 29, 30, 32, 34-36],
three case series [19, 28, 33] together including 20 patients,
and present data from two larger studies, comparing
different treatment regimens.

Nigro et al. [22] compared two regimens of ganciclovir
treatment started within the first 2 weeks of life in two small
groups of neonates with congenital CMV infection. From the
12 children included in the study, seven had microcephaly
(five of whom showed periventricular calcifications), five
had chorioretinitis, five showed hypotonia, whereas four
presented with hypertonia, and three babies suffered from
convulsions. Group 1 (six children) was treated with
ganciclovir 5 mg/kg twice daily for two weeks. Group 2
(six children) was treated with ganciclovir 7.5 mg/kg twice
daily for 2 weeks, followed by 10 mg/kg three times a week
for 3 months. In group 1 viral shedding disappeared in 3/6
infants, where in group 2 all six infants showed cessation of
viruria. In all babies viral shedding reappeared after
treatment was discontinued. In group 1, two out of six
babies showed a normal neurologic development at the age
of 18 months; they both had become CMV-negative during
treatment. In group 2, four out of six babies showed normal
neurological outcome at age 18 months. In one of them
microcephaly had disappeared; it is not mentioned if at birth
that baby was a truly microcephalic appropriate for
gestational age baby or a small for dates baby with
symmetrically small head circumference. Two babies with
initial chorioretinitis had normal eye examination at
18 months. Patients in the low-dose-short-duration regimen
showed no side-effects. Side-effects in the higher-dose-
longer-duration regimen were neutropenia (2/6 patients),
elevated liver enzymes (2/6 patients) and difficulties for
venous access (1/6 patients). Hematological side-effects
were all transient. Long term complications related to the
use of ganciclovir were not mentioned. Three patients (two
in group 1 and one in group 2) had hearing loss on follow-
up, but there were no data on hearing before treatment.

A larger phase II study compared two 6-weeks-regimens
(8 mg/kg/day versus 12 mg/kg/day, in 14 and 28 babies,
respectively) for toxicity, virologic response and clinical
outcome [37]. Clinical evidence of CNS disease was one of
the enrollment criteria. The 12 mg/kg/day group showed a
more pronounced antiviral effect in urine. However, in all
children viral shedding in urine reappeared following

discontinuation of antiviral therapy. The clearance of virus
in urine correlated with normal neurologic examinations at
1 year (=.63, P=.036). It is not mentioned if this cor-
relation persisted at the age of 2 years and beyond.
Audiologic data were available for 30 of 42 children and
did not differ by treatment group. From 13 babies with
normal baseline hearing, 11 became abnormal despite
treatment. Details on the degree of deterioration are not
mentioned. From 17 babies with abnormal baseline hearing,
three had normal hearing on follow-up. It is not mentioned
to which treatment group they belonged. Of 14 children
with retinitis at baseline (two in the 8 mg/kg group, 12 in
the 12 mg/kg group) eight had complete normalization at
6 months. Three babies developed retinal detachment; it
was not specified whether retinopathy of prematurity was
involved or not. Although this complication was not seen in
the larger, randomized trial which was conducted later [15],
it is still of concern in neonates with CMV retinitis. Of the
children with normal ophthalmologic evaluation at baseline,
three developed retinal scarring attributed to CMV. Eight
(24%) of 33 children evaluated at >2 years met all devel-
opmental milestones and showed no neurologic impair-
ment. Neurologic status did not differ by medication dose.
The most significant aberrant laboratory parameters during
therapy were abnormalities in neutrophil and platelet
counts. Absolute neutropenia was more frequent with low
dose (63%) than with high dose (19%). A moderate
increase of creatinine (values >2 mg/dl did not occur) was
noted in 32%. Significant rise of liver enzymes (aspartate
aminotransferase >250 IU/dl; alanine aminotransferase >
150 TU/I) was noted in 36% in both groups.

Discussion

The problem when trying to interpret the results of the
different reports published on the treatment of congenital
CMV infection with ganciclovir is that they use different
regimens of ganciclovir treatment (different dosages and
different durations of therapy), different endpoints and
different durations of follow-up. With these limitations in
understanding the role of antiviral therapy one might want
to restrict treatment to patients with severe or life- or sight-
threatening end organ disease or with recurring or persisting
disease [9].

All treated infants reported in literature presented with
symptomatic congenital CMV infection, including in all
cases at least one of the following consequences of CNS
involvement: microcephaly, seizures, cerebrospinal fluid
abnormalities, CNS imaging abnormalities (calcifications,
periventricular echolucencies, cortical atrophy, dilated
ventricles, echogenic enhancement in the caudothalamic
grooves), SNHL, chorioretinitis. Other sonographic find-
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ings in fetal cytomegalovirus infection of the brain include
cystic leukomalacia, cerebellar vermis hypoplasia with
large cisterna magna, intraventricular adhesions, and ab-
normal sulcation with or without hypoplastic corpus
callosum [17]. There are no data on treatment of children
without CNS manifestations, except for four patients who
were treated for severe CMV pneumopathy [14, 34, 35].
However, 5% of asymptomatic congenitally infected chil-
dren will present with SNHL, with a cumulative rate of
7.2% in the first 6 years of life [12]. Asymptomatic patients
at increased risk for neurodevelopmental sequelae in
general [16] and SNHL in particular [4] can be identified
by measuring viral load in urine and/or blood. However, at
this time antiviral treatment in this population cannot be
recommended, but should be made part of a randomized
clinical trial.

The one randomized controlled trial showed a clinically
meaningful beneficial effect of ganciclovir treatment of
symptomatic congenitally infected infants on hearing
deterioration [15]. As no other studies have confirmed this
finding, we feel the need for additional studies. However,
conducting such studies is extremely difficult [24]. Eigh-
teen centres took part in the enrollment in the trial of the
National Institute of Allergy and Infectious Diseases CASG
and it took them 8 years to complete the study [15].

For the individual patient, weighing of benefits and
harms is necessary. Potential harms include hematological
abnormalities, especially neutropenia, and catheter related
problems, such as infection and catheter malfunction [15,
19, 22, 35, 37]. However, besides being a possible
consequence of ganciclovir therapy, neutropenia and in-
creased aminotransferase levels may be associated with
active CMV infection, which causes neutrophil infection
and liver involvement. Hematologic abnormalities are
transient, but may necessitate dose adjustment or therapy
interruption. Animal experiments with high doses of
ganciclovir showed that short-term exposure induces
testicular damage, affects sperm variables and may have
carcinogenic effects [10, 39]. Thus, potential human
toxicity is a real concern and plays a part in the
consideration of whether or not to treat with ganciclovir.
Kimberlin and colleagues are currently recruiting patients
in a study to document pubertal development and cancer
histories of study subjects enrolled in the CASG studies [2].
In the light of these potential complications, it would be of
interest to identify a subgroup that is at high risk of hearing
loss.

Several reports suggest a significant association between
abnormalities detected on cerebral imaging and SNHL in
symptomatic and asymptomatic children [5, 23, 27, 38]. In
our personal experience some babies with congenital CMV
infection show lenticulostriate vasculopathy or periventric-
ular pseudocysts on cerebral ultrasound. Although these
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findings can have other causes, in babies with proven
congenital CMV infection we and others consider it as a
manifestation of CNS involvement [17, 20, 40]. In the
retained articles we found no babies with striatal vasculo-
pathy who were treated with ganciclovir. Periventricular
pseudocyst was reported in one article, but that baby also
showed periventricular calcifications [13]. In the study of
Williamson et al. [38], asymptomatic babies with periven-
tricular radiolucencies on computerized tomography (CT)
scan suffered significantly more from SNHL (4/13) than
asymptomatic babies with normal CT scan (2/40). These
data do not support the attitude to consider isolated striatal
vasculopathy or an isolated single pseudocyst in a baby
with congenital CMV infection as an indication to
recommend ganciclovir therapy.

Logistic regression analysis of the data of 180 children
with symptomatic congenital CMV infection showed that
the presence of petechiae (OR: 2.8; 95% CI: 1.2-6.0) and
intrauterine growth retardation (OR: 2.2; 95% CI: 1.4-6.2)
were independently associated with the development of
hearing loss [27]. Likewise, in a study of Bradford et al. [6],
the presence of petechiae and viremia were independently
associated with hearing loss. This suggests that children
with disseminated disease regardless of whether they have
CNS involvement could be candidates for antiviral therapy.

Microcephaly, after adjustment for weight deficit, has a
100% specificity (95% CI 84.5-100) for the prediction of
mental retardation (intelligence quotient/developmental
quotient <70) and/or major motor deficits (presence of
motor abnormalities, such as hypertonia and spasticity,
impairing the ability of the patient to perform tasks of daily
living) [23]. On the other hand, it is not independently
associated with an increased risk for SNHL [27]. There are
no literature data suggesting that ganciclovir therapy would
substantially improve prognosis in those patients. Even
after cochlear implantation, children with motor and/or
cognitive delay are significantly slower than other children
in the development of speech perception skills [25].
Although we do not know this, perhaps treatment with
ganciclovir might lead to better hearing in those severely
neurologically impaired babies.

Until now, only two case reports provided pharmacoki-
netic data of oral treatment with valganciclovir, the valine
ester of ganciclovir [18, 30]. The authors noted that
continuous adaptation of dose was needed to achieve stable
target plasma levels and to keep the viral load in urine at
undetectable levels. Prospective studies to evaluate safety,
efficacy and pharmacokinetics of valganciclovir in neonates
are needed.

In conclusion, the Working Group proposes the follow-
ing consensus: the major benefit from ganciclovir treatment
in babies with congenital CMV might be a preservation of
hearing, at least in the intermediate term. Evidence based
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recommendations can not be extracted from literature.
However, it seems possible to create a profile of the baby
that might benefit the most from ganciclovir treatment.
There is no literature data on treatment of asymptomatic
children; this should only be done within the setting of a
clinical trial. Such trial should preferably include asymp-
tomatic babies with high viral load, as they are at higher
risk of hearing loss. Babies with CNS manifestations of
CMV infection (excluding isolated striatal vasculopathy
and isolated single periventricular pseudocyst) and
newborns with growth retardation and/or petechiae might
be candidates for ganciclovir therapy. Those babies present
with signs of disseminated disease, the latter two groups
(growth retardation, petechiae) being clearly at higher risk
of hearing loss. The Working Group members feel that
newborns with severe hearing loss who repeatedly reach
thresholds of >100 dB at BERA audiometry should not be
treated with ganciclovir. Even with some improvement in
hearing abilities, they are very likely to need cochlear
implants anyway. We apply the treatment regimen as used
by the CASG: ganciclovir 6 mg/kg/dose IV ¢
12 hoursx6 weeks [15, 37]. Uncontrolled case series
advocate a more prolonged course of therapy for optimal
outcome, partially with oral valganciclovir and apparently
without higher risk of side effects [7, 19, 22, 28]. At this
time, however, by lack of controlled trials, there is no
evidence for longer treatment. Oral treatment with valgan-
ciclovir should be limited to clinical trials, which should
include pharmacokinetic data gathering and viral load
determination in urine as a marker of drug efficacy.

We accept that there is no strong evidence base for our
opinion, so ideally all babies should be included in
prospective randomized trials. Given the progressive nature
of sequelae associated with congenital CMV infection,
long-term follow-up is mandatory. Such studies should be
conducted preferably in a multicentre fashion in order to get
results within an acceptable period of time. When patients
are treated outside such trials, careful follow-up and
communication of gathered data still may contribute to the
evolving body of knowledge about ganciclovir therapy for
congenital CMV infection.
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