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Potentially predictive factors
for hearing function improvement
in pediatric cytomegalovirus infection therapy
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Abstract

Background Symptomatic congenital cytomegalovirus (CMV)
infection has an impact mainly on neurological sequelae, includ-
ing sensorineural deafness. Because of the long-term impact, early
treatment of CMV infection is mandatory. However, predictive
factors for hearing function improvement in CMV infection therapy
remain unexamined.

Objective To evaluate potential predictive factors for hearing
improvement in pediatric CMV infection therapy.

Methods All medical record data of patients aged 0-6 years with
CMYV infection who completed a 6-week course of ganciclovir
therapy or a combination of a 4-week course of ganciclovir and
a 2-week course valganciclovir from January 2013 to December
2017 were collected. Age at onset of therapy, gender, gestational
age, nutritional status, multi-organ involvement, and neurological
symptoms were studied as potential predictive factors of hearing
improvement in CMV therapy. The effectiveness of CMV infec-
tion therapy on improving hearing function was measured with the
brainstem evoked response audiometry (BERA) test.

Results The BERA tests proportion in the right, left, and best
ear showed significant improvement after therapy. All variables
analyzed were not statistically significant as predictive factors for
hearing improvement in CMV infection therapy.

Conclusion Ganciclovir/valganciclovir therapy in CMV in-
fection patients accounted for the improvement of hearing
impairment. However, none of the assessed factors were con-
sidered predictive for improving hearing function in CMV
infection therapy. [Paediatr Indones. 2021;61:235-9 ;
DOI: 10.14238/pi61.5.2021.235-9 ].
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ytomegalovirus (CMV) infection is one

of the most frequent causes of congenital

infection and a significant health problem

globally.! The incidence of CMV infection
in the United States is 20.000-40.000 live births per
year.23 Data on the prevalence of CMV infection in
Indonesia was insufficient. However, as much as 90%
of the general population was reported to be CMV
seropositive.* In the Pediatric Neurology Department,
Dr. Sardjito General Hospital, Yogyakarta, there were
2-3 cases of CMV infection per month.’

The transmission of CMV infection can occur
vertically (from mother to fetus) in three ways: in utero
through trans-placental exposure to viremia of CMV
in maternal circulation, intrapartum during labor when
the fetus is exposed to cervical and vaginal secretions
containing CMV, and post-natally through ingestion
of breast milk containing CMV or blood transfusion
contaminated with CMV.%7 The percentage of viral
transmission from mother to fetus is known to be about
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30%, with 90% of fetuses remaining asymptomatic
during the neonatal period.2® Approximately 60%
of neonates with symptomatic CMV experience
neurological sequelae, such as sensory neural hearing
loss (SNHL), mental retardation, microcephaly,
developmental disorders, seizures, and cerebral palsy.27
About 5-15% of infants with both subclinical and
asymptomatic symptoms experience SNHL. Congenital
CMV infection is the most common non-genetic cause
for SNHL in children, with 6-25% of asymptomatic
congenital CMV infections experiencing the slow onset
of neurological sequelae.?

Detection of the CMV virus from urine and
saliva samples of infants aged one to two weeks is the
gold standard for the diagnosis of congenital CMV
infection. However, the examination is only performed
in symptomatic neonates. Therefore, early detection of
asymptomatic congenital infection is very challenging.’
The sensitivity and specificity of the IgM serology test
(ELISA) are 72.95% and 62.06%, respectively, but
the examination can also be done by antigenemia test,
which has sensitivity >90% and specificity >90%.
The transmission of CMV infection can also occur
horizontally (from one person to another) through close
contact with contaminated body fluids.210:11

Study on predictive factors for hearing function
improvement of CMV infection therapy has been
limited. We aimed to identify some of the risk factors
to determine the best management of CMV infection
in children.

Methods

This case-control study collected data from medical
records in Dr. Sardjito Hospital, Yogyakarta. The
inclusion criteria were children with symptomatic
CMV infection, aged 0-6 years, who had received
ganciclovir with or without valganciclovir therapy
as inpatients between January 2013 and December
2017. CMYV infection was defined by detecting the
CMV virus in body fluids or specimens (plasma, serum,
blood, or urine) in children (positive IgM, positive
antigenemia, or positive PCR). Ganciclovir and
valganciclovir therapy were administered as follows:
intravenous ganciclovir at 12mg/kg/day twice a day
for six weeks, or ganciclovir therapy at the same dose
for two weeks followed by oral valganciclovir for four
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weeks. Incomplete medical record data were confirmed
by phone, but if it remained incomplete, the patient
was excluded.

Possible predictive factors of successful CMV
infection therapy were age at therapy onset, gender,
prematurity status, nutritional status, multi-organ
involvement, and neurological symptoms. The
dependent variable was an improvement in auditory
function, as measured by the brain-stem evoked
response audiometry (BERA) test. Hearing function
was measured in all subject with BERA testing before
and after therapy. It was classified as follows: 0 to 20
dB for normal hearing, 21 to 45 dB for mild hearing
loss, 46 to 70 dB for moderate hearing loss, and 71 dB
or higher for severe hearing loss.!?

All measurement were taken and reviewed by
the same independent audiologist. All audiometry
reports were analyzed and classified based on hearing
thresholds, yielding “total ear” classifications. The
“best ear” was defined as the ear with the best
function between the right and left ear. For example,
if a participant had severe hearing loss in the right ear
and moderate hearing loss in the left ear, the best-ear
classification was moderate hearing loss.

This study was approved by The Medical and
Health Ethics Committee of Faculty of Medicine, Public
Health, and Nursing, Universitas Gadjah Mada. The
purpose and methods of the study, expected effects,
possibility of adverse events, and patient confidentiality
were explained before parents provided written
informed consent.

The data were entered into the EpiData software
program. Statistical analyses were done with SPSS
program version 22.0 (IBM Corp., Chicago). Chi-square
test was done to analyze for relationships between
independent and dependent variables, with 95%
confidence intervals and significance set at P<0.05.

Results

The study involved 206 patients who were diagnosed
with CMV infection and underwent treatment in Dr.
Sardjito Hospital, Yogyakarta, from 2013 to 2017, only
37 patients had BERA testing both before and after
therapy. Baseline characteristics are shown in Table 1.
The mean age of subjects at diagnosis was 13.59 (SD
13.55) months, and at the onset of therapy was 15.18



Agung Triono et al.: Potentially predictive factors for hearing function improvement in pediatric cytomegalovirus infection therapy

(SD 14.04) months. Of the 37 subjects, 19 (51.4%)
were male, and 18 (48.6%) were female. Twenty-one
(56.8%) subjects received two weeks of ganciclovir
therapy followed by valganciclovir therapy for four
weeks, while 16 (43.2%) subjects received ganciclovir
therapy for six weeks. All the patients were survived
and none were admitted to intensive care unit.

The BERA test showed significant improvement
in hearing function after 6 weeks antiviral treatment.
There were persistent/improved hearing function in
29/37 patients in the right ear, 26/37 patients in the
left ear, and 28/37 patients in the best ear (Table 2).

Most of the persistent/improved subjects group
started therapy at > 6 months of age (80%). According
to the gender, the group of persistent/improved subjects
showed similar subjects. The number of male subjects
were 17/30, while the female ones were 13/30. Most
patients in this group were not premature (21/30;
P=0.115) and 22/30 subjects had normal nutritional
status, followed by severely wasted (6/30 subjects) and
wasted (2/30 subjects) (P=0.841). Multiple organs
involvement was found in this group, with different
number of affected organ among the subjects. In this

Table 1. Subjects’ characteristics

N=37
13.59 (13.55)
15.18 (14.04)

Characteristics

Mean age at diagnosis (SD), months

Mean age at therapy onset (SD), months

Gender, n
Male 19
Female 18
Therapy, n
Ganciclovir 16
Ganciclovir + valganciclovir 21
ICU treatment, n
Yes 0
No 37
Qutcomes, n
Survived 37
Died 0

group, 11/30 of the subject was found to have 3 organs
involved and 10/30 with 2 organs involved (P=0.766).
Only 8/30 subjects reported had neurological symptom
in this group (P=0.919). However, none of the possible
factors predictive of successful CMV infection therapy
were statistically significant (Table 3).

Discussion

A comparison of BERA test results before and after
administration of ganciclovir with and without
valganciclovir therapy revealed significantly improved
auditory function in CMV patients post-treatment
(Table 2). Twenty-eight from 37 (76%) of our patients
had significantly persistent or improved hearing
function in the best ear. Similarly, some studies showed
modest benefits that valganciclovir treatment for either
six weeks or six months effectively improved hearing
impairment and preserved the level of hearing in infants
with congenital CMV infection, except in those with
the severe form of hearing loss.»!3 While another study
by found that there was an improvement in hearing
function up to 55% in moderate or severe impairment.!4

The pathogenesis of hearing loss in CMV
infection is not widely known, but there are studies
that hypothesize that the CMV virus can damage the
endolymphatic structure and stria vascularis causing
degeneration of the neural structure. Antivirals are
thought to reduce the endolymphatic CMV load which
may regenerate the endolymphatic potential.!> Twenty-
one out of 37 subjects received 2 weeks of ganciclovir
therapy followed by valganciclovir therapy for 4weeks,
while 16/37 subjects received ganciclovir therapy for
six weeks. A study in 2008 showed that 16 mg/kg/dose
of valganciclovir twice daily gave the same systemic
exposure and plasma concentrations as intravenous
ganciclovir in the disease.” Consistent with study in

Table 2. Proportions of hearing improvement after therapy

Assessments Frequency  Proportion 95% Cl P value

BERA AD Persistent/improved 29 0.78 0.65t0 0.92 <0.001
Worsen 8 0.22 0.08 to 0.35

BERA AS Persistent/improved 26 0.70 0.56 to 0.85 0.02
Worsen 11 0.30 0.15to 0.44

Best ear Persistent/improved 28 0.76 0.62to 0.90 0.003
Worsen 9 0.24 0.10to 0.38

Notes: BERA = brain evoked response audiometry, AD=auricula dextra, AS=auricula sinistra
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Table 3. Analysis of possible predictive factors for successful CMV infection therapy based on auditory evaluation

Subjects’ characteristics Persistent/improved (n=30) Worsen (n=7) P value
Age at therapy onset, n 0.701
<1 month 1 0
1-6 months 5 2
>6 months 24 5
Gender, n 0.181
Male 17 2
Female 13 5
Prematurity, n 0.115
Yes 8 0
No 21 7
Nutritional status, n 0.841
Above -2 (normal) 22 4
Between -2 and -3 (wasted) 2 1
Under -3 (severely wasted) 6 1
Multi-organ involvement, n 0.766
1 organ 0
2 organs 10 3
3 organs 11 2
>3 organs 2
Neurological symptoms, n 0.919
Yes 8 2
No 22 5

CMV-infected murine populations, it showed that
treatment with ganciclovir would decrease viral load,
ameliorate CMV-induced hearing loss, and attenuate
outer hair loss.! Besides improvement in hearing
function, valganciclovir has been effectively improved
neurological outcomes too. In this study, viral load was
decreased but not eliminated.!®

Studies on predictive factors for successful
ganciclovir therapy have been limited. One study
showed that age at enrollment/starting therapy was
a significant predictive factor for successful CMV
infection therapy (P=0.08).1° Other studies showed
that symptomatic congenital CMV infection who
achieve complete viral suppression (defined as <2.5
logs) by day 14 of valganciclovir therapy and maintain it
until the next four months are statistically more likely to
have improved hearing function in the first two years of
life.!” However, our analysis of all potentially predictive
factors did not show any statistical significance for any
of these factors (Table 3). Interestingly, the earlier age
of initial therapy was not predictive factor for hearing
function improvement in CMV infection therapy.

The lack of predictive factors may have been
due to several limitations, such as the small sample
size or the limited number of predictor factors
analyzed. Only 37 of 206 patients diagnosed with

238 * Paediatr Indones, Vol. 61, No. 5, September 2021

CMV infection underwent BERA tests before and
after administration of ganciclovir and valganciclovir.
Only a few cases of CMV infection who receive therapy
because ganciclovir and or valganciclovir therapy for
congenital CMV infection have not been approved
by government health insurance worldwide, including
Indonesia.!® Nonetheless, a recommendation from the
International Congenital Cytomegalovirus Conference
showed that valganciclovir twice daily for six months to
treat moderate to severe symptomatic CMV infection
is beneficial.1?

Moreover, not all of these patients underwent the
examination at 6 and 12 months after therapy. However,
many previous studies measured the outcomes at those
time intervals. On the other hand, this result was
expected because most of the symptomatic CMV
patients' outcomes were severe due to multiorgan
involvement. Another limitation was the absence of
a control group for comparison. While all patients
had been diagnosed with CMV, the diagnosis did not
distinguish between symptomatic vs. asymptomatic,
congenital vs. acquired CMV, or maternal presence vs.
absence of CMV, although those criteria were almost
always used in previous CMV related studies.
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