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Background: Congenital Cytomegalovirus infection is the main non-genetic cause
of hearing loss in infants. The immune assay enzyme is used to detect the specific
immunoglobulin M Cytomegalovirus. The Auditory Brainstem Response (ABR) is used to
detect the V wave.

Objective: To determine the relationship between the dB of the V wave and
Cytomegalovirus specific immunoglobulin M (IgM) levels in patients with congenital
Cytomegalovirus infection.

Methods: This study used a cross-sectional design at Dr. Sardjito General Hospital,
Yogyakarta, between early January 2014 until the end of December 2018. The inclusion
criteria were;

a) Child patients with a diagnosis of congenital Cytomegalovirus infection
b) Performed ABR, and

c¢) Performed Cytomegalovirus specific immunoglobulin tests. The exclusion criteria
were the subjects who refused to participate in this research. All subjects underwent
examination for IgM levels and detection of the appearance of V waves. Total sample size
was 47 subjects.

Results: There were 16 (34%) female and 31 (66%) male research subjects who
participated in this research. The average V wave detected in the right ear was 73.7234 +
28.46562 dB, while the left ear was 71.80851 + 27.78852 dB, which was not statistically
significant. The average IgM CMV titer for all samples was 0.282553 + 0.068832 1U/
mL. Correlation coefficient between right and left ear with IgM level was 0.57 and 0.58,
respectively.

Conclusion: It can be concluded that there is a strong correlation between dB V wave
appearance from ABR examination with Cytomegalovirus-specificlevels ofimmunoglobulin
M (IgM) in patients with congenital Cytomegalovirus infection.

Introduction

Cytomegalovirus (CMV) infection in humans usually involves
a complex balance between viruses and hosts, which results in

persistent and dormant infections. CMV in humans encodes various

types of protein genes that can affect the activation of host cells,
leukocytes, inflammatory responses, as well as active and passive

immunity defenses that causes persistent infection of CMV in
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the human body [1]. Women with primary CMV infection during
pregnancy have a greater risk of giving birth to children with
congenital CMV infection, which has an incidence of around 40%.
Autopsy studies of fetuses and newborns with congenital infections
show that CMV infects various types of cells and causes damage to
organs, including defects in the cochlea, vestibular, and auditory
canal causing hearing loss in infants [2]. Some population-based
research in Sweden, America and Canada reported that between
9.3-17% of newborns with congenital CMV (cCMV) infection will
suffer from sensorineural hearing loss (SNHL). The incidence of
SNHL is 22-41% in infants with clinical symptoms, and 6-16% in
infants who are asymptomatic or have subclinical symptoms [2,3].
The Immune assay enzyme is often used to detect IgG and IgM
CMV. IgG serum can be used to determine the history of previous
CMV infections, namely for knowing the risk of viral (blood
and organ donor) transmission, and the risk of reactivation in
immunocompromised patients. [gM serum is used to determine the
presence of primary infection in patients [4]. Otoacoustic Emission
(OAE) procedure is an examination option that can be done for the
purpose of screening cochlear function. The Auditory Brainstem
Response (ABR) can be tested as an auditory nerve function test
[5]. This study aimed to determine the relationship between
the dB emergence of the V wave in the ABR examination results
and Cytomegalovirus specific immunoglobulin M (IgM) levels in
patients with congenital Cytomegalovirus infection.

Methods

This study used a cross-sectional study design. The study was
conducted at the Otorhinolaryngology Department and Pediatric
Department Faculty of Medicine Universitas Gadjah Mada/ Dr. Sard-
jito General Hospital Yogyakarta from early January 2014 until the
end of December 2018. The study started after receiving approval

Table 1: Characteristics of research subjects.

from the Medical and Health Research Ethics Committee (MHREC)
Faculty of Medicine, Public Health and Nursing, Universitas Gad-
jah Mada, Yogyakarta, Indonesia under number KE/FK/0352/
EC/2019. The research subjects of this study were all patients with
a diagnosis of congenital cytomegalovirus infection (cCMV). Sample
size was calculated using a hospital-based study sample size formu-
lation for cross-sectional study with error type I (o) 5% one-tailed
hypothesis, and error type II () 20%. The recommended sample
size was 47 samples. Characteristics data of research subjects are
presented as proportion, mean, standard deviation and correlation.
The study began by identifying the cCMV infected groups and then
comparing immunoglobulin M levels and the dB emergence of the V
wave in the results of the ABR examination. Inclusion criteria were:

a) Child patients with a diagnosis of congenital Cytomegalo-
virus infection

b) Performed ABR examination, and

c) Performed Cytomegalovirus specific immunoglobulin
tests. The exclusion criteria were parents of the subjects who
refused to participate in this research. The minimum number
of samples was 47 samples of patients with cCMV infection.

Results

Table 1 shows there were 16 (34%) female and 31 (66%) male
research subjects who participated in this research. Based on the
dB emergence of the V wave in results of the ABR examination in
right ear, the average was 73.7234 + 28.46562 dB, while in left
ear it was 71.80851 + 27.78852 dB, which was not statistically
significant. The average IgM CMV titre for all samples was 0.282553
+ 0.068832 IU/mL. From all 47 subjects, 39 (82.96 %) subjects
were determined as symmetrical abnormal, and 8 (17.04 %) were
asymmetric abnormal.

Variable N %
Gender:
Male 31 66
Female 16 34
Minimum Maximum Mean SD P value (95% CI)
ABR: dB
Wave V:
Right ear 30 105 73.7234 28.46562 0.742
Left ear 30 105 71.80851 27.78852 (-9.61-13.44)
IgM CMV titre 0 2.28 0.282553 0.068832
(IU / mL)
Symmetrical 39 82.96 %
Asymmetric 8 17.04 %
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Discussion

The sex of the subject in this present study was 31 (66%) male
subjects, and 16 (34%) female subjects. There were considerably
more male subjects than female subjects, with almost 2:1 ratio.
Other studies showed no statistically significant differences in
the incidence of congenital Cytomegalovirus infection by sex [6].
Immunoglobulin M examination conducted in this study sample
obtained 5 patients with positive results (9.6%), namely with
titres 20.70 IU / mL, and 47 (90.4%) patients who were negative
with titres <0.70 IU/mL. With increasing age, the tendency of IgM
production will decrease, and IgG production can be stable or
increase depending on the patient’s own condition. The results
of a low IgM titre examination alone cannot be attributed to the
absence of congenital cytomegalovirus infection in patients, and
conversely diagnosis is difficult to establish if IgM is not detected in
serum [2,7]. In this present study, left and right ear hearing loss was
found in 39 (84.6%) subjects suffering from symmetrical hearing
loss in both ears, while 8 (15.4%) suffered from asymmetrical
hearing loss. Mizuno et al. (2009) stated that asymmetrical hearing
loss is often found in children with cCMV infection, with various
proportions [8]. Another study found that as many as 38% of
children with cCMV infection suffered from asymmetrical hearing
loss. One study with a mouse model found there were varied losses
ranging from 40% to 46% [9]. This asymmetrical hearing loss can
be caused by the dissemination of the meningogenic virus from the
central nervous system to the inner ear at different rates, as well as

the asymmetrical immune response of the two cochleae [8,10,11].

A targeted CMV approach that tests newborns who fail their
newborn hearing screening (NHS) can identify the majority of
infants with CMV-related neonate NHS at birth. However, 43% of
the infants with CMV related sensorineural hearing loss (SNHL) in
the neonatal period and cCMV infants who are at risk for late onset
SNHL who were not identified by NHS [12] Congenital CMV (cCMV)
infection is the main non-genetic cause of sensorineural hearing
loss, implicated in 0.5 per 1000 births, or 8% of cases of hearing
loss and taking into an account all levels of severity together, it
is estimated to be responsible for 20% of cases of hearing loss of
unknown origin. Hearing loss secondary to cCMV infection is not

caused by direct sensorineural involvement but rather impairment
of the homeostasis regulation structures of the inner ear [13]. Some
research was unable to define the timing of virus transmission to
the fetus which limits any definitive interpretation of these studies.
The literature suggests that the role of viral load measurements
in predicting CMV-associated SNHL is unclear at the present time
[14]. Intrauterine CMV transmission may occur in mothers without
preexisting immunity who first acquire CMV infection in pregnancy
(primary infection), or in women with preexisting antibodies to
CMV either by reactivation of a previous maternal infection or
by acquisition of a different viral strain (non-primary infection).
Primary CMV infections are associated with the greatest risk of
in-utero transmission with incidence ranging from 30-35%, while
for non-primary infections the transmission rate is significantly
lower at 1.1-1.7% [15]. There is no pathognomonic configuration
of hearing loss caused by cCMV. Rather, it is characterized by its
unstable nature, with rapid progression and fluctuations [16]. One
study reported that an additional 900 infants with asymptomatic
cCMYV infection are estimated to have SNHL within 8 weeks of life,
although nearly half of these infants are likely missed by NHS [17].

In this present study, the correlation coefficient (r) that was
found in the result of the right ear was 0.57, which means the
higher levels of immunoglobulin M (IgM) specific Cytomegalovirus,
the higher dB wave V the ABR results. This pattern can be seen from
the scatterplot diagram (Figure 1). The result of the left ear ABR
obtained a correlation coefficient of 0.58 which means the higher
the level of specific immunoglobulin M (IgM) Cytomegalovirus, the
higher dB wave V the ABR results (Figure 2). The above patterns
can be explained in the presence of cytomegalovirus infection
which occurs during pregnancy, when the virus has begun to
infect the fetus, so that when the baby is born the examination
will find an increase in IgM levels of Cytomegalovirus. Hearing loss
in patients can be caused by the presence of various factors. The
first factor is the presence of intracerebral infection which causes
brain microcephaly, ventricular calcification, and body weight loss.
The second factor involves a disruption in the hair cell which is
associated with an infection in the cochlea, while the latter is an

immune response to the congenital infection.
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Figure 1: The scatterplot diagram and correlation coefficient (r) between Cytomegalovirus Specific Inmunoglobulin M and dB

wave V right ear.
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Figure 2: The scatterplot diagram and correlation coefficient (r) between Cytomegalovirus Specific Inmunoglobulin M and dB

wave V left ear.

In developing nations with highly seropositive populations,
prevalence ranges between 1% and 6%. This correlationis explained
by the fact that cCMV birth prevalence increases with maternal
seroprevalence [17]. Schachtele et al. stated that when there was a
viral infection in the intracerebellar, infiltration of the cochlea and
surrounding tissue, and immune response can contribute to the
onset of hearing loss caused by cCMV infection. Hair cell disorders
in patients can also be caused by an inflammatory reaction from
the cochlea [10]. Pass et al. mentioned that Cytomegalovirus can
infect nerve progenitor cells and disrupt the process of growth and
differentiation.

Conclusion

Based on the results of this study, it can be concluded that
there is a strong correlation between dB V wave appearance
from ABR examination with Cytomegalovirus-specific levels
of immunoglobulin M (IgM)

in patients with congenital

Cytomegalovirus infection.
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