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Abstract. Congenital cytomegalovirus (congenital CMV) infection is a leading factor of non-
genetic sensorineural hearing loss in children. Hearing loss caused by CMV infection does not
have a pathognomonic configuration hence further research is needed. The development of
knowledge on hearing loss caused by congenital CMV infection is progressing in many
countries. Due to a lack of research in the context of Indonesia, this study assesses hearing
impairment in children with congenital CMV infection in Indonesia, more specifically in the
Cipto Mangunkusumo Hospital. Our objective was to profile hearing impairment in children 0-
5 years of age with congenital CMV infection using Distortion Product Otoacoustic Emissions
(DPOAE) and Brain Evoked Response Audiometry Stimulus Click (BERA Click) examinations.
This cross-sectional study was conducted in the Cipto Mangunkusum Hospital from November,
2015 to May 2016 with 27 children 0-5 years of age with congenital CMV infection. Of
individual ears studied, 58.0% exhibited sensorineural hearing loss. There was a significant
relationship between developmental delay and incidence of sensorineural hearing loss. Subjects
with a developmental delay were 6.57 times more likely (Cl 95%; 1.88-22.87) to experience
sensorineural hearing loss. Congenital CMV infection has an important role in causing sen-
sorineural hearing loss in children.

1. Introduction

Congenital cytomegalovirus (congenital CMV) infection is a non-genetic disease that causes most
cases of sensorineural hearing loss in babies and children. It is currently one of the main causes of
deafness in children. CMV became a lead cause of non-genetic etiology hearing impairment in the
United States [1,2]. Globally, congenital CMV infection occurs in 0.2-2.5% of neonatal babies. The
prevalence of this infection in developed countries is 0.64-0.70%, while the prevalence in developing
countries is 1-5% of every child born [3,4]. Cases of congenital CMV infection can be symptomatic
(10-14% of all cases) or asymptomatic (86-90% of all cases).

Literature has stated that the prevalence of hearing loss caused by CMV infection is around 10-
15%, with hearing loss starting at birth or within the few years after birth [2,5,6]. Around 20,000-
40,000 babies suffer from congenital CMV in the United States every year, and around 5-10% of these
cases are asymptomatic. Between 40% and 50% of asymptomatic cases is resulting in sensorineural
hearing loss [7]. Gabrielli et al. [8], found that symptomatic congenital CMV infections in newborn
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babies have a 30-65% likelihood of causing sensorineural hearing loss, but that asymptomatic
infections causing hearing loss in only 7-15% of cases. Misono et al. [9], found in their case study that
of 1.3% of children with congenital CMV infection, around 15% of these children experienced
sensorineural hearing loss. Of those experiencing sensorineural hearing loss, around 40% experienced
unilateral hearing loss and 60% experienced bilateral hearing loss [9]. Of these cases, 54% were
progressive [9]. It is estimated that 8.9% of hearing loss cases in children in Washington DC are
caused by congenital CMV infection. In this study, Furutate et al. [1], stated that sensorineural hearing
loss occurred in 22-65% of children with symptomatic congenital CMV infection and in 6-23% of
children with asymptomatic infection [1].

Numerous studies have recommended frequent audiology examinations by an ears, nose, and throat
(ENT) specialist for children with congenital CMV infection. These children, who might have normal
hearing at birth, run the risk of progressive hearing loss in the following months or years [10,11].
Hearing loss due to congenital CMV infection doesn’t have a pathognomonic configuration.
Therefore, studies on the relationship between congenital CMV infections and hearing impairment are
still needed [12]. In this study, hearing impairment of children with congenital CMV infection was
investigated in the context of Indonesia, more specifically, in Cipto Mangunkusum Hospital. This
study is a descriptive study with a cross sectional design which aims to obtain an image of hearing
impairment in children 0-5 years of age with congenital CMV based on Distortion Product
Otoacoustic Emissions (DPOAE) and Brain Evoked Response Audiometry Stimulus Click (BERA
Click) examinations [13].

2. Materials and Methods

The subjects of this study were all pedodontic patients with congenital CMV infection diagnosed by
the Department of Pediatrics and confirmed by the supervisor of the Neurology Division of the
Department of Pediatrics of the Cipto Mangunkusumo Hospital. This study was conducted at the Ear
Nose Throat Department of the hospital and lasted for six months (November, 2015 through May,
2016). Primary data were collected via questionnaires and ENT clinical examinations. These data were
supplemented with secondary data, obtained via medical records from January 2010 until November
2015. Examinations were preceded by filtration of mid-ear disturbances using tympanometry. All
subjects filled the hearing criteria questionnaire and their parent or guardian provided informed
consent. DPOAE and BERA click examinations were administered to the subjects. The results were
recorded and processed using SPSS Statistics for Windows 20.0. Chi-square test was used for all
categories except for gestation age, which required a Fisher’s Exact test.

Children 0-5 years of age were chosen based on literature stating that children with congenital
CMV infection experience hearing loss between the ages of 1 month and 70 months [14,15]. For
medical record subjects, the questionnaires were filled out based on the medical records and status
from the ENT Department of the hospital. Subjects that went through examinations were first asked
for their anamnesis. They filled out the questionnaires before the ENT examinations, tympanometry,
DPOAE and BERA Click examinations. All of the data needed for this study were included in the
medical records of the hospital and also in the status of the ENT Department. Microcephaly,
intracranial calcification and other intracranial anomalies were categorized as intracranial
abnormalities.

3. Results and Discussion

3.1 Results

There number of children with congenital CMV infection aged 0-12 months was 17 (63.0%). This was
the age group with the highest frequency of congenital CMV infection. There were seven subjects
diagnosed before 6 months of age. There were only 6 (22.2%) children in the 12-36 months age group,
and 4 (14.8%) children in the 36-60 months age group. The frequency of subjects with icterus was
high in this study. Of subjects with icterus, 17 ears showed evidence of sensorineural hearing loss. The
relationship between icterus and hearing loss was not significant (p = 0.183). Disturbance in fetus
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growth in this study was recorded in two variables, which were birth weight (normal and low birth
weight) and gestational age (normal and premature). In subjects with low birth weight, 6 ears showed
evidence of sensorineural hearing loss. This relationship was not significant (p > 0.05). In premature
subjects, 8 ears showed evidence of sensorineural hearing loss. This relationship was also not
significant (p > 0.05). Icterus was seen in 16 subjects (59.3%) in this study.

Table 1. Subject distribution based on gender, age, symptoms, and determinant

factors
Subject Characteristics Frequency %

Age

0-12 months 17 60.0

12-36 months 6 24.0

36-60 months 4 16.0
Gender

Male 16 59.3

Female 11 40.7
Symptoms

Asymptomatic 1 3.7

Symptomatic 26 96.3
Icterus

Yes 16 59.3

No 11 40.7
Fetal growth disturbances

Yes 9 33.3

No 18 66.7
Gestational Age

Normal 21 77.8

Premature 6 22.2
Weight at birth

Normal 23 85.2

Less than normal 4 14.8
Intracranial abnormalities

Yes 17 63.0

No 10 37.0
Head Circumference

Normal 10 40.7

Microcephalic 16 55.6

Hydrocephalus 1 3.7
Delay in Growth and Development

Yes 15 55.6

No 12 444
Other Disturbances

Cholestasis 6 22.2

Eye anomalies 4 14.8

Other anomalies 16 22.2

None 1 3.7
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Table 2. The results of DPOAE and BERA click examinations (n = 50 ears)

ENT Examination Frequency %
DPOAE Examination
Pass 36 72.0
Refer 14 28.0
BERA Click Examination
Normal 21 42.0
Sensorineural 29 58.0

Table 2 shows that 14 ears were referred in the DPOAE ear examination, and the number of
sensorineural cases was 29 ears. According to the BERA Click examination, the number of ears that
referred in the DPOAE examination should be 29 ears. This unsynchronized data is because some ears
that passed the DPOAE examination only did so with an intensity of >20 dB in the BERA Click
examination. Therefore, sensorineural hearing loss has been attributed using the BERA Click results.

Table 3. The relationship of the determinant and sensorineural factors (n = 50 ears)

Determinant Factors Sensorineural P OR 95% ClI
Yes No Min Max

Gender

Male 15 14

Female 14 7 0.291 1.87 0.58 5.98
Symptoms

Symptomatic 29 20

Asymptomatic 0 1 0.420 2.45 1.75 3.43
Fetal Growth Disturbances

Yes 12 6

No 17 15 0.352 1.765 0.53 5.87
Icterus

Yes 17 14

No 12 7 0.335 0.71 0.22 2.28
Delayed Growth and Development

Yes 21 6

No 8 15 0.002 6.57 1.88 22.87
Intracranial abnormalities

Yes 19 12

No 10 9 0.547 1.43 0.45 4.23
Weight at Birth

Yes 6 2 0.441
Gestational Age**

Preterm 8 4 0.485

Aterm 21 17 1.62 0.42 6.31
Head Circumference

Abnormal 19 11

Normal 10 10 0.349 1.73 0.55 5.45

Between November, 2015 and May, 2016, there were 27 children 0-5 years of age that presented with
congenital CMV. Of these subjects, 50 individual ears were examined. The data of 11 subjects were
taken from medical records, and the data from 16 subjects were collected through examinations. In our
study, the Fisher’s Exact Test showed that there was no significant difference in hearing loss between
symptomatic and asymptomatic infection.
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3.2 Discussion

This study is a descriptive study with a cross-sectional design that captures hearing impairment in
children 0-5 years of age with congenital CMV. This study included 16 boys (59.3%) and 11 girls
(40.7%). A previous study by Misono et al. [9] included 19 boys (54.3%) and 16 girls (45.7%).
Previous study found a similar proportion of males and females, with 55 boys and 45 girls.
Furthermore, boys might be more susceptible. A setback in this study was a difficulty in finding
children 0-5 years of age with congenital CMV infection that fit the inclusion criteria. This is because
CMV testing is not a routine examination for newborns. Sample size also has implications for the
robustness of your results.

Previous studies on congenital CMV infection have focused on newborn babies who had urine or
CMV blood examinations 2-3 weeks after birth. Therefore, this study is one of the few studies on
congenital CMV in children. Congenital CMV infections are not always symptomatic. In this study,
there were 25 subjects (96.3%) with symptomatic congenital CMV infection and only one subject
(3.7%) with an asymptomatic infection. Previous studies have reported greater numbers of subjects
with asymptomatic infections than symptomatic infections at birth. Vries et al. [16] reported that of
37,800 newborns with congenital CMV infection at birth, 12.7% of them were symptomatic and
87.3% were asymptomatic. A study by Boppana et al. [5] also reported a higher number of
asymptomatic cases (85 subjects) than symptomatic cases (18 subjects).

The results of this study differed from previous studies, which may be due to the difference in
population and subjects. CMV infection during pregnancy may affect the reticuloendothelial system
and central nervous system [11]. Impacts on the reticuloendothelial system include icterus,
hepatomegaly, sphlenomegaly, thrombocytopenia, and petechiae [11]. Impacts on the central nervous
system include intracranial calcification, microcephaly, and sensorineural hearing loss [11]. Bale [17]
reported that the manifestations usually found in patients with congenital CMV infections were icterus
(70%) and thrombocytopenia (70%) followed by microcephaly, intracranial calcification, and
hepatomegaly and sphenomegaly, each at 50%.

Previous studies have found that 50% of periventricle calcifications are found in congenital CMV
patients, making this a characteristic symptom of the infection [17-19]. In this study, intracranial
abnormalities were present in 17 subjects (63%), with microcephaly present in 15 subjects (55.5%).
The presence of periventricle calcification, on the other hand, was only seen in 2 subjects. However,
this may be because not all subjects went through full examinations (such as ultrasonography,
computed tomography, or magnetic resonance) of the head/cranium. Other disturbances seen in
congenital CMV infections that were analyzed in this study include cholestasis and chorioretinitis. In
this study, there were 6 subjects (22.2%) who experienced cholestasis and enlargement of the heart.
Chorioretinitis is expected in 10% of patients with congenital CMV infection. In this study,
chorioretinitis was seen in 4 subjects (14.8%), which is consistent with previous studies.

CMV infection of pregnant women may impair the growth of the fetus, causing premature birth or
low birth weight [18,20]. One study found that premature birth was present in 34% of 106 patients
with symptomatic congenital CMV infection. Boppana et al. [21], reported that a third of subjects with
symptomatic congenital CMV infections were premature or had a low birth weight [21]. Congenital
CMV infection may also result in cognitive and motor deficiencies that can cause a delay in growth
and development [13,22]. In our study, deficiency in growth and development were seen in 6 subjects
(22.2%), and there were 4 subjects (14.8%) with low birth weight. An additional 15 subjects (55.6%)
experienced deficiency in growth and development. Rivera et al. [13] stated that the clinical
manifestation seen in patients with congenital CMV infection may be the predicting factor of
sensorineural hearing loss. Therefore, the relationship between these factors and hearing loss needs to
be studied further [13].

Assessment of hearing function cannot be done by one examination. The examinations
recommended by the Joint Committee on Infant Hearing (JCIH) in 2007 were assessment of the
function of the cochlea with otoacoustic emissions (OAE) and an assessment of auditory pathway with
a BERA Click examination. Examination of the cochlea in this study was conducted using DPOAE
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and the assessment of the auditory pathway was conducted using BERA Click. Foulon et al. studied
the hearing threshold in patients with congenital CMV infection. The examination was conducted
using BERA Click at intensities 20 dB, 40 dB, 60 dB, 80 dB, and if needed, 100-110 dB. The results
showed that 16 children (23.5%) experienced sensorineural hearing loss. In the age group 0-12
months, there were 13 ears out of 31 ears (41.9%) with sensorineural hearing loss, 8 ears out of 11
(72.7%) in the 12-36 months age group, and 8 ears out of 8 (100%) in the 36-60 months age group
[15].

Out of 27 ears with sensorineural hearing loss, 15 ears (51.72%) experienced heavy deficiency,
where the V waves were detected at 80 dB or were no longer detected until 80 dB. Instances of heavy
sensorineural hearing loss found in this study was higher compared to levels reported by Grosse et al.
[23], who found that out of the 14% of children with congenital CMV infection experiencing
sensorineural hearing impairment, 3-5% suffered from heavy hearing loss [23]. In this study, 12
children (48.1%) experienced bilateral hearing loss and 5 children (14.8%) experienced unilateral
hearing loss. Barbi et al. [24], found that sensorineural hearing loss due to congenital CMV infection
occurred in 9 out of 87 babies (10%) diagnosed two months after birth [24]. These findings were
supported by Dahle et al. [14] who found that 50% of babies with congenital CMV infection
experienced sensorineural hearing loss in the neonatal period.

This study found that sensorineural deficiency experienced by 29 subjects (59.2%) having
symptomatic and asymptomatic infection did not result in hearing loss. This result is similar to
previous studies that reported the number of subjects with hearing loss as greater in subjects with
symptomatic CMV infection than in subjects with asymptomatic CMV infection. A study by
Smiechura et al. [3] found that 17% of subjects with symptomatic congenital CMV infection
experienced sensorineural hearing loss [3]. Dahle et al. [14] found that 7.4% of children with
asymptomatic congenital CMV infection experienced hearing loss while 40.7% of children with
symptomatic infections experienced hearing loss. Foulon et al. [25], also found a higher percentage of
hearing loss in children with symptomatic infections (33%) than with asymptomatic infections (21%).
The OR score was 2.45 with 95% CI 1.75-3.43, meaning that even if it was significantly different, the
presence of symptoms in children with congenital CMV infection poses a 2.45 times greater risk of
hearing loss than the asymptomatic infection.

This study tried to define the relationship between intracranial abnormality and hearing loss. This
study was supported by an additional autopsy study of the brain and ear by Gabrielli et al. [8], which
aimed to obtain an understanding of the etiology of sensorineural hearing loss in congenital CMV
infection by assessment of the anatomy of the brain and ear. This study found that 30% of fetuses with
intracranial abnormalities had brain damage and positive CMV in their inner ear. The results of our
study showed that 17 subjects had intracranial abnormalities; there were 16 subjects who were
microcephalic and 1 subject who was hydrocephalus. Of these, 2 subjects showed calcification in
multiple periventricle areas, which is a characteristic of congenital CMV infection shown in computed
tomography [17].

This study also showed that out of the 17 subject’s intracranial abnormalities, most subjects
experienced hearing loss. There were 19 ears that experienced sensorineural hearing loss, 12 ears that
were without deficiency, and 3 ears that were excluded. The fact that 12 ears did not have hearing loss
in spite of intracranial abnormalities is in accordance with literature. Sensorineural hearing loss has
not been found to be influenced by head circumference [26,27]. The correlation of intracranial
abnormality and hearing deficiency was not significant in this study (p > 0.05). However, more
patients with intracranial abnormalities in this study showed hearing disturbances compared to those
not experiencing hearing deficiency. Therefore, early examination and routine evaluation and control
are needed.

Children with sensorineural disturbances are likely to have a low birth weight and be born
premature. According to Rivera et al. [13], the clinical manifestations of symptomatic CMV that most
accurately predict sensorineural hearing deficiencies are low birth weight and premature birth [13].
This study also searched for the relationship between growth deficiencies and hearing deficiencies in
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subjects with congenital CMV infection. In subjects with growth deficiencies, 21 ears experienced
sensorineural hearing loss. Our results agree with Rivera et al. [13]. Subjects with growth deficiencies
were 6.57 times more likely to experience sensorineural hearing deficiencies. This may be because
CMV infection causes failure in growth and development of the neural system, including the auditory
nerves. A consequence of CMV infection is cognitive and motor deficiency, which can cause growth
and development deficiencies.

4. Conclusion

An assessment of hearing function disorders in children 0-5 years of age with congenital CMV
infection was conducted via DPOAE and BERA Click examinations. Of individual ears, 58.0%
experienced sensorineural hearing loss. Heavy sensorineural hearing loss was found in 51.72% of all
ears that experienced sensorineural hearing loss. Children with congenital CMV infection and growth
deficiencies are 6.5 times more likely to have sensorineural hearing loss than children with congenital
CMV infection who do not have growth deficiencies. Based on these results, early evaluation of
hearing loss in children with growth deficiencies and congenital CMV infection, especially
symptomatic, is recommended. Routine monitoring should be provided so that the treatment can be
given as soon as signs of hearing loss are evident.
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