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A B S T R A C T
Background and Aim:  Inner ear infection with some viruses may be one of the possible 
causes of Sensorineural Hearing Loss (SNHL). This study aims to determine the frequency 
of Herpes Simplex Virus 1 and 2 (HSV-1, HSV-2) and Cytomegalovirus (CMV) in perilymph 
and peripheral blood samples of cochlear-implanted children.

Methods: In this cross-sectional study, 30 children with severe-to-profound SNHL (aged 
1.1–5 years) underwent cochlear implantation surgery. During surgery, their perilymph 
and peripheral blood samples were collected. The samples were analyzed separately for 
the presence of herpes HSV-1, HSV-2, and CMV by real-time Polymerase Chain Reaction 
(PCR) method. The load of IgG and IgM antibodies against these viruses was determined 
using the Enzyme-Linked Immunosorbent Assay (ELISA) method.

Results: The frequency of CMV in perilymph samples was 16.7% (5 patients) and in 
peripheral blood samples was 3.3% (1 patient). The IgG antibody against CMV and HSV-
1 was positive in 80% and 46.7% of the patients, respectively. The IgM antibody against 
CMV was positive in 10%. The mean IgM serum antibody load against HSV-1, HSV-2, and 
CMV was 2.70, 1.70, and 5.47, respectively, and the mean IgG antibody load against these 
viruses was 56.07, 2.50, and 23.67, respectively.

Conclusion: The IgG test is positive in cochlear-implanted children with CMV in their 
perilymph samples, and the CMV genome is not present in their peripheral blood. This may 
indicate the previous presence of this virus in the ear and its role in hearing loss.
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             Introduction

S ensorineural Hearing Loss (SNHL) 
is a common type of hearing loss and 
can cause severe disability and social 
problems in the effected individuals and 
impose a cost burden on the individual 

and the society [1]. Viral infections are among the 
causes of SNHL. Recently, studies have been conducted 
on the role of Cytomegalovirus (CMV) in causing 
congenital and acquired hearing loss [2-4]. Although the 
presence of viruses in the inner ear may be related to 
the hearing loss, it is more important to find the viruses 
that remain in the inner ear after the initial infection and 
can be caused by gradual destruction or reactivation 
of the causes. Possible SNHL [5, 6]. After genetic 
diseases, infections are the most important cause of 
SNHL in children, and viruses such as Herpes Simplex 
Virus (HSV) and CMV not only cause infection and 
damage to the inner ear during the perinatal period, but 
also they can cause progressive or sudden SNHL [7-9]. 
Viruses cause hearing loss through various mechanisms, 
including direct damage to hair cells and the organ of 
Corti and even to the immune system [10, 11].

Reaching the inner ear to confirm the presence and 
tendency of viruses is not easy. Few studies have 
been done in this field [12]. CMV and HSV viruses 
are from the human Herpesviridae family that have a 
high tendency to involve nervous organs. CMV is the 
largest member of the family and has double-stranded 
DNA [13]. After the initial infection, which usually 
occurs at the beginning of life or during the embryonic 
period, CMV is hidden in the tissues and can become 
active again later, especially in immunocompromised 
patients and cause tissue damage. Hearing loss caused 
by congenital infection with is usually bilateral and 
severe and is accompanied by other neurological 
symptoms. Probably, infection with this virus after birth 
can lead to severe and profound hearing loss, even in 
adulthood. Treatment of CMV infection with drugs such 
as Ganciclovir can stop the process of inner ear damage 
and even improve hearing [10]. Hearing loss caused by 
HSVis unilateral or bilateral and is usually moderate 
to severe. HSV-1 is more associated with hearing loss 
and neurological complications than HSV-2. Congenital 
HSV infection can be prevented by avoiding delivery 
through an infected birth canal and taking medications 
such as acyclovir [11, 14]. In SNHL, the inner ear is the 

most important site of involvement, which is usually not 
accessible in living people; however, during cochlear 
implantation surgery, perilymph fluid sampling is 
possible without any additional damage [15, 16].

Recently, some studies have been conducted on the role 
of CMV in causing congenital and acquired hearing loss, 
but there is scant research to isolate viruses from the 
inner ear of living patients [17, 9]. Thus, this study aims 
to elucidate the role of congenital CMV infection in 
hearing loss with unknown etiology in children without 
genetic abnormalities.

Methods

This is a cross-sectional study. Thirty children with 
severe to profound bilateral SNHL (aged 1.1–5 years 
old) referred to Be’sat Hospital in Hamadan, Iran, 
during 2018–2019 were included in the study. The 
exclusion criteria were SNHL following meningitis, 
SNHL following direct trauma, hearing loss at low 
frequencies, and being candidates for electric-acoustic 
stimulation using a short electrode array. After obtaining 
written consent from the patients or their parents, blood 
and perilymph samples were taken during the cochlear 
implantation surgery (no fees were charged from for 
the surgery). Perilymphatic fluid was collected under 
the microscope and before electrode placement by 
inserting a spinal needle (with a diameter of 0.4 mm 
and a length of 90 mm) into the round window. The 
perilymph and blood samples were transported to the 
virology laboratory of Hamadan University of Medical 
Sciences, and kept at a temperature of 2–8°C for 30 
minutes before performing real-time PCR. The samples 
were prepared after treatment with a suitable buffer to 
remove blood in the perilymph fluid, as well as citrated 
plasma after separation to extract the genetic material 
and genome. After this step, the DNA extraction was 
carried out according to the manufacturer’s instructions 
using the high pure viral DNA/RNA commercial kit 
(Roche Diagnostics, Switzerland). In this regard, 400 
μL of binding buffer was added to 200 μL of samples 
in a microtube. The mixture was transferred to a filter 
tube and centrifuged at 8000 xg for one minute. 500 
μL of binding buffer was added again and the tube was 
centrifuged. Then, 450 μL of wash buffer was added in 
two steps with centrifugation at 8000 xg for one minute 
after each step. Finally, 50 μL of elution buffer was 
added, followed by a final centrifugation at 8000 xg for 
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one minute. The eluted DNA was stored at –80°C for 
PCR. DNA purity was determined using a NanoDrop 
(Thermo, USA) by assessing the ratio of absorbance at 
260 nm and 280 nm, which usually ranges from 1.8 to 2. 
Furthermore, the AmpliSens diagnostic kit was used to 
detect each HSV-1, HSV-2, and CMV separately using 
real-time PCR. We assessed two qualitative variables: 
one was the PCR result of perilymph for CMV (positive 
or negative), and the other was the IgM or IgG test 
result using Enzyme-Linked Immunosorbent Assay 
(ELISA) method (Euroimmune, Germany) (positive or 
negative). We examined the relationship between these 
two variables using Fisher’s exact test.

Results

Of 30 cochlear-implanted children who underwent the 
surgery in this study, 14 were male (46.67%) and 16 
(53.33%) were female. Their mean age was 2.83 years, 
ranging from 13 months to 5 years. Nine patients (30%) 
had<2 years of age, 15 (50%) had 2–4 years of age, and 
6 (20%) were 5 years old. By performing the PCR on the 
perilymph fluid of the patients, CMV was observed in 5 
cases (16.7%), but HSV-1 and HSV-2 were not observed 
in the inner ear of any patients. Also, by performing PCR 
on patients’ serum samples, one case (3.3%) of CMV 
was reported; HSV-1 and HSV-2 were not observed in 
the peripheral blood samples of any patients. According 
to the results, the mean IgM serum antibody load against 
HSV-1, HSV-2, and CMV in patients was 2.70, 1.70, and 
5.47, respectively, and the mean serum IgG antibody 

load against these viruses was 56.07, 2.50, and 67.23, 
respectively (Table 1).

In examining the patients’ serum levels, 14 patients 
(46.7%) had IgG antibodies against HSV-1, 24 patients 
(80%) had IgG antibodies against CMV, and three 
patients (10%) had IgM antibodies against CMV. None 
of the patients were positive for IgG and IgM antibodies 
against HSV-2. In all 5 patients whose CMV genome was 
found in their perilymph, the IgG was positive for this 
virus. Moreover, due to the non-parametric distribution 
of antibody load and that only in five patients, the PCR 
test was positive for CMV on the perilymph fluid, Mann-
Whitney test was used to compare the average load of 
IgM and IgG antibodies and no significant difference 
was observed between the two groups. Moreover, 
the Fisher’s exact test results showed no significant 
relationship of IgM (p=0.433) and IgG (p=0.553) with 
PCR of perilymph for CMV (Table 2, Figures 1 and 2).

Discussion

In the present study, based on PCR results, CMV genome 
was found in the perilymph fluid of five cochlear-
implanted children (16.7%) and in the peripheral blood 
of one child (3.3%). In Sugiura et al., study, CMV was 
isolated from the perilymph of one (20%) in five patients 
who underwent cochlear implantation [18]. The infection 
with CMV is mostly subclinical and can affect all organs 
of the body, including the inner ear [19]. The virus mainly 
hides in the nervous system, and is reactivated after 

Table 1. Examination of serum IgG and IgM antibodies against herpes simplex viruses 1 and 2 and cytomegalovirus 
in cochlear implanted patients 
 

Variable Mean SD Minimum Maximum 

IgM     

HSV-1 2.70 1.64 1 8 

HSV-2 1.70 1.47 0 7 

CMV 5.47 6.92 0 33 

IgG     

HSV-1 70.56 57.89 1 126 

HSV-2 2.50 2.44 0 9 

CMV 67.32 41.92 1 121 

HSV; herpes simplex virus, CMV; cytomegalovirus 
 
 
 
  

Table 1. Examination of serum IgG and IgM antibodies against herpes simplex viruses 1 and 2 and cytomegalovirus in cochlear implanted 
patients
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congenital infections or under certain conditions, such as 
immune system changes [20]. Viruses are involved in the 
development of some ear diseases, including Meniere’s 
disease [21], otosclerosis [22] and SNHL. CMV is one 
of the viruses that can cause endolymphatic hydrops with 
inner ear damage [23, 24]. In addition, CMV infection is 
one of the possible causes of SNHL and tinnitus [25]. In 

another study by Sugiura et al. in 2004 on the samples 
obtained from the perilymph of 14 patients during 
cochlear implantation surgery, two patients (14.3%) who 
had a history of congenital CMV infection symptoms 
were positive for CMV [26]. Martinez-Gomez et al. in 
a review study reported that 14% of the patients with 
SNHL had a history og CMV infection [27].

Table 2. Releation between IgG and IgM serum antibodies against cytomegalovirus, according to the polymerase 
chain reaction results on the perilymph fluid of the cochlear implanted patients 
 

 PCR of perilymph for cytomegalovirus  

Anti-cytomegalovirus CMV Ab Negative (n=25) Positive (n=5) p 

IgM    

Positive 2 1 

0.433 Negative 23 4 

Total 25 5 

IgG    

Positive 19 5 

0.553 Negative 6 0 

Total 25 5 

CMV; cytomegalovirus, PCR; polymerase chain reaction 
 
 
 

Table 2. Releation between IgG and IgM serum antibodies against cytomegalovirus, according to the polymerase chain reaction results on 
the perilymph fluid of the cochlear implanted patients

 
 
Figure 1. Frequency distribution of IgM antibody load against cytomegalovirus according to polymerase chain 
reaction results on peri-lymph fluid of cochlear implanted patients. CMV; cytomegalovirus, PCR; polymerase chain 
reaction 
 

Figure 1. Frequency distribution of IgM antibody load against cytomegalovirus according to polymerase chain reaction results on peri-
lymph fluid of cochlear implanted patients. CMV; cytomegalovirus, PCR; polymerase chain reaction
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In the current study, 10% of the patients had IgM 
positive against CMV, indicating active infection or a 
recently acquired disease. In addition, 80% of them had 
IgG antibodies against CMV, which indicates having 
a history of disease in the past or congenital infection. 
The PCR results showed that the prevalence of CMV 
infection in peripheral blood and perilymph  fluid 
samples were 3.3% and 16.7%, respectively, while 
the serum of none of five patients with CMV in the 
perilymph was positive for this virus. This may indicate 
a possible role of CMV infection in SNHL. Considering 
that four of five patients with CMV in their perilymph 
fluid had no evidence of new infection with this virus 
(IgM antibodies were negative against CMV), probably 
the inner ear is one of the organs where this virus hides 
and causes further damage. It should be noted that in 
these five patients, serum IgG antibodies against CMV 
was positive, indicating previous history of infection 
with this virus and confirming the PCR result of these 
patients.

In a study by Noorbakhsh et al. on 18 children with no 
observed hearing loss, CMV DNA was detected in the 
perilymph fluid of three patients (16.7%) using the PCR 
method [28]. In de Vries et al.’s study on a perilymph 

samples taken from 29 children during cochlear 
implantation, the CMV genome was obtained in one 
case (3.45%) using the PCR [29]. In Di Nardoa et al.’s 
study on the perilymph fluid of 36 patients undergoing 
cochlear implantation, the CMV genome was found in 
two patients and HSV-1 genome was in one patient. The 
PCR results showed that the serum of all patients was 
negative [11]. The findings of our study regarding the 
frequency of CMV in the perilymph fluid samples are 
consistent with the results of de Vries et al. [29], but it is 
lower than in Noorbakhsh et al.’s study. The reason for 
this discrepancy in the results may be due to the fact that 
the children with cochlear implantation were examined 
in our study, while in the study by Noorbakhsh et al. [28], 
the patients with unexplained hearing loss participated. 
In our study, none of the patients were HSV positive 
in PCR or antibody assay. Regarding HSV-1, the PCR 
results for peripheral blood and perilymph fluid were 
negative, but 46.7% of the patients had IgG antibodies 
against HSV-1, while there was no IgM antibody test 
positive. Consistent with the results of our study, the 
HSV genome was not found in the perilymph of patients 
in the study by Sugiura et al. [26].

Considering that in most of the studies, including our 

 
 
Figure 2. Frequency distribution of IgG antibody load against cytomegalovirus according to polymerase chain 
reaction results on peri-lymph fluid of cochlear implanted patients. CMV; cytomegalovirus, PCR; polymerase chain 
reaction 
 
 

Figure 2. Frequency distribution of IgG antibody load against cytomegalovirus according to polymerase chain reaction results on peri-
lymph fluid of cochlear implanted patients. CMV; cytomegalovirus, PCR; polymerase chain reaction

https://en.wikipedia.org/wiki/Perilymph
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study, CMV has been the most important common 
pathogen isolated from the inner ear of patients with 
SNHL, it seems that infection with this virus is related 
to hearing damage [6]. Probably, this virus hides in 
the inner ear after the initial fetal infection or later and 
causes continued damage to the cochlear.

To our knowledge, this is the first study that 
investigates three viruses of HSV-1, HSV-2, and CMV 
in the perilymph fluid and blood samples of cochlear-
implanted children by the real-time PCR method 
and determines the level of IgG and IgM antibodies 
against these viruses. However, the lack of a control 
group to compare the frequency of infections due to 
methodological problems was one of the limitations 
of this study .Also, since the infants are not routinely 
screened for CMV and HSV presence in Iran, it was not 
possible to properly distinguish congenital infections 
with these viruses from acquired ones. Moreover, 
considering the high costs of genetic testing and the 
unknown nature of some genes involved in disease, it 
was not possible to conduct genetic examination on 
all patients and determine the genetic causes of SNHL 
[30]. It is recommended that the genetic evaluation of 
the children with SNHL was conducted in future studies 
to find the genes involved in SNHL and make a more 
accurate assessment of the impact of infectious virus. 
In addition, considering that conducting a study on the 
perilymph of living people, including patients who are 
candidates for cochlear implantation is not possible, it 
is recommended to systematically review all studies on 
the viruses causing SNHL, including CMV. Considering 
CMV infection in the perinatal period and later, which 
causes irreparable neurological damage, necessary 
measures should be taken to convince the Iranian health 
system to develop screening programs for this virus in 
the country.

Conclusion

In this study, by collecting serological and molecular 
information for three viruses of Herpes simplex virus-1, 
Herpes simplex virus-2, and Cytomegalovirus (CMV) in 
causing hearing loss from perilymph and blood samples 
of cochlear-implanted children, CMV was identified as 
the possible causative agent of this disease. The IgG test 
is positive in cochlear-implanted children with CMV 
genome present in their perilymph, and CMV genome is 

not present in their peripheral blood. This may confirm 
the previous presence of the virus in the ear and its role 
in hearing loss. It may also be related to congenital CMV 
infection in these children.
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