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ABSTRACT
Objective: The aim of this study is to reveal the effects of coronavirus disease 2019 infection on newborn hearing screening test results and to 
determine the feasibility of the newborn hearing screening program during the epidemic.
Methods: The files of pregnant women who gave birth in our hospital were retrospectively reviewed. Infants were divided into 2 groups accord-
ing to whether they were born to mothers with or without coronavirus disease 2019. Two groups were compared in terms of newborn hearing 
screening test results.
Results: There was no significant difference between the 2 groups in terms of second screening test results in both ears (P = .472 and P = .699). 
The rate of refer from the second screening test in the right ear was found to be significantly higher in those who had coronavirus disease 
2019 infection during delivery, compared to those who had it in the second and third trimesters. The rate of refer from the second screening test 
in the severe coronavirus disease 2019 infection patients was found to be significantly higher than the mild coronavirus disease 2019 infection 
patients. 
Conclusions: The timing and severity of coronavirus disease 2019 infection during pregnancy may affect the newborn hearing screening test 
results. Also, not only directly but also indirectly the coronavirus disease 2019 epidemic may affect hearing screening test applicability, causing 
children with hearing loss to be overlooked.
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Introduction

The clinical spectrum of coronavirus disease 2019 (COVID-19) 
can vary from asymptomatic infection to acute respiratory 
distress syndrome to cause the patient to be hospitalized in 
the intensive care unit. In symptomatic patients, pneumonia 
is the most common clinical feature, but mainly sore throat, 
fever, cough, myalgia, and dyspnea are the most common 
findings.1

Pregnant women and fetuses also represent a high-risk popu-
lation during such epidemics. Newborns born to mothers with 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) are often asymptomatic. However, SARS-CoV-2 can 
bind to the angiotensin-converting enzyme 2 receptor (ACE-2) 
and cause severe hypoxemia. The effects of ACE-2 deficiency 

and hypoxia on placental oxygen supply in pregnant women 
can cause serious perinatal complications.2 The cochlea is also 
supplied with endarter and is vulnerable to ischemic damage 
due to lack of anastomosis. It is also known that some viral 
infections cause hearing loss by directly damaging the inner 
ear structures or indirectly by causing inflammation. In such 
cases, hearing loss may be congenital or acquired, unilateral or 
bilateral, mild or severe.3,4 We have 2 aims in this study. The 
first one is to reveal the effects of COVID-19 infection on 
newborn hearing screening test results by examining newborn 
hearing screening test results of babies born to mothers who 
had COVID-19 infection during pregnancy or delivery. Our sec-
ond aim is to determine the feasibility of the newborn hearing 
screening program by determining the participation rates of 
families in the newborn hearing screening program during the 
epidemic.
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Methods

The files of pregnant women who gave birth in our hospital 
between April 1, 2020, and December 31, 2020, were reviewed 
retrospectively. Participants were divided into 2 groups: 
patients who had COVID-19 infection during any period of 
pregnancy or delivery as the COVID-19 group and pregnant 
women who did not have this disease as the control group. 
From the files of the patients, maternal age, gender, baby birth 
weight, birth week, delivery type (cesarean section/normal), the 
day the baby was brought to the hearing test (newborn appli-
cation time, day), hearing screening test result (refer/pass), in 
which gestational period COVID-19 infection was experienced 
(first to third trimester or during delivery), and the severity 
of the COVID-19 infection (outpatient treatment, inpatient 
treatment) were recorded.

Before the hearing screening test, the otoscopic examination 
was routinely performed on each newborn. During hearing 
testing, attention was paid to national COVID-19 pandemic 
recommendations. All newborns were evaluated bilaterally 
while asleep without sedation. The newborn hearing screen-
ing test was performed in a quiet and well-ventilated room 
with the screening auditory brainstem responses (ABR) device 
(MADSEN AccuScreen ABR). Screening ABR result automati-
cally reported as “pass” or “refer.” The hearing of the babies 
whose test results were reported as “pass” through both ears 
was considered normal. Babies who received a “refer” result 
in 1 or both ears from the test were called for a repeat test 
2 weeks later. While the hearing of the babies who passed 
the second ABR test was considered normal, the babies with 
the result of “refer” in 1 or both ears were referred to another 
center specialized in hearing with the prediagnosis of hearing 
loss. In addition, it was recorded how many days after birth 
the babies were brought to the hearing screening test, and 
how many of the babies born in our hospital during the speci-
fied period were not brought to the first or second screen-
ing test.

Newborns with the following risk factors were excluded from 
the study: syndromic babies, craniofacial anomalies, history of 
familial hearing loss, birth weight <1500 g, history of intensive 
care unit, ototoxic drug use, consanguineous marriage, history 
of toxoplasma, rubella, cytomegalovirus and herpes infec-
tions during pregnancy, prematures (<37 weeks), and neonatal 
hyperbilirubinemia. Approval was obtained for this study from 
the Karatay University with the number 2021/039. Since this 
study was a retrospective file review, informed consent was 
not obtained.

Statistical Analysis
Continuous variables were expressed as mean ± standard 
deviation or median (minimum–maximum), and categori-
cal data were expressed as numbers and percentages. In 
the intergroup analysis of continuous variables, normal-
ity analyses were performed with the Kolmogorov–Smirnov 
Goodness of Fit Test. In the evaluation of continuous vari-
ables between the 2 groups, the t-test was used if it was in 
normal distribution, and the Mann–Whitney U-test was used 
if it did not. Chi-square test (Fischer’s exact test when nec-
essary) was used to compare categorical data. Multivariable 
(binary) logistic regression analysis (backward: LR) was per-
formed to determine the factors affecting passing the hear-
ing screening test. Hosmer–Lemeshow test was used for 
model fit. Analyses were performed with IBM’s Statistical 
Package for the Social Sciences Program version 22.0 (IBM 
Corp., Armonk, NY, USA). The statistical significance level 
was considered as P < .05.

Results

This study consisted a total of 312 patients, with 156 patients 
in each group. The demographic, pregnancy, and birth data of 
the groups are shown in Table 1. While there was no significant 
difference between the 2 groups in terms of maternal age, 
baby gender, and birth week (P > .05), there was a significant 
difference in newborn application time (day), birth weight, and 
delivery type (P < .05). While the median value of the newborn 
admission time to screening test was 2 days in both groups, 
this period was a maximum of 20 days in the control group and 
120 days in the COVID-19 group. Although there was a sig-
nificant difference in birth weight between the 2 groups, the 
mean birth weight was sufficient (>3000 g) in both groups. 

Main Points

•	 This is the largest study examining the effect of coronavi-
rus disease 2019 (COVID-19) infection on newborn hearing 
screening tests. 

•	 The timing and severity of COVID-19 infection during preg-
nancy may affect the newborn hearing screening test results. 

•	 Coronavirus disease 2019 epidemic may affect hearing 
screening test applicability, and this may cause children with 
hearing loss to be overlooked.

Table 1.  Comparison of Sociodemographic Variables and 
Clinical Parameters According to Groups

Parameters

Control 
Group 

(n = 156)

COVID-19 
Group 

(n = 156) P

Mother age (age) 
(mean ± SD)

27.33 ± 
5.61

27.00 ± 
5.19

.579*

Newborn application 
time (day) (median 
[min-max ± SD])

2 (1-20) 2 (1-120) .033**

Gender (n, %) 1.000***

Female 73 (46.8) 73 (46.8)

Male 83 (53.2) 83 (53.2)

Birth weight (g) 
(mean ± SD)

3294.48 ± 
375.62

3187.73 ± 
451.78

.024**

Birth week (median 
[min-max ± SD])

39 (37-42) 38 (37-42) .097**

Type of birth (n, %) .005***

Normal 107 (68.6) 83 (53.2)

Cesarean section 49 (31.4) 73 (46.8)
*Independent samples t-test.
**Mann–Whitney U-test.
***Chi-square test.
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The cesarean section birth method was significantly higher in 
the COVID-19 group than in the control group.

The rate of infants in the COVID-19 group who passed 
the first hearing screening test in the right ear (74.4%) 
was found to be significantly lower than the control group 
(85.3%) (P = .017). For the left ear, there was no significant 
difference between the groups in terms of passing the first 
hearing screening test (P = .121). There was no significant 

difference between the groups in terms of second screen-
ing test results in both ears (P = .472 and P = .699, respec-
tively) (Table 2). While there was no significant difference 
in the rate of pass from the first hearing screening test in 
the COVID-19 group according to the gestational period 
(P  >  .05), the rate of refer from the second screening test 
in the right ear was found to be significantly higher in those 
who had COVID-19 infection during delivery (42.9%), com-
pared to those who had it in the second (0.0%) and third 
trimesters (11.5%) (P = .020) (Table 3). While there was no 
significant difference in the rate of pass from the first hear-
ing screening test according to the severity of the infec-
tion (P > .05), the rate of refer from the second screening 
test in the severe (inpatient) COVID-19 infection group was 
found to be significantly higher than the mild (outpatient) 
COVID-19 infection group (Table 4).

Maternal age, gender, birth weight, birth week, type of birth, 
newborn age, and COVID-19 positivity were included in 
the binary logistic regression model, which was created to 
determine the factors affecting passing from the first hear-
ing screening test. Among these, it was determined that the 
variables of maternal age, birth week, and COVID-19 positiv-
ity remained significant in the last step model. However, since 
the 95% confidence interval values of the maternal age and 
week of birth variables included 1, they were not statistically 
significant and the most important factor affecting passing 
the screening test was found to be only COVID-19 positivity. 
The COVID-19 positivity increases the risk of refer from the 
first hearing screening test 2.08 times (odds ratio = 2.087, 
95% CI [4.486-14.323], P = .013) (Table 5). In this study, the 
files of 1817 patients were scanned. Fifty babies who failed 
the first hearing screening test did not come to the second 
hearing screening test and 49 babies were never brought to 
the hearing screening. While the first application time for the 
hearing screening test was 20 days in the control group, it was 
120 days in the COVID-19 group.

Table 2.  Comparison of First and Second Hearing Screening 
Test Results According to Groups
Hearing 
Screening Tests

Control 
Group (n, %)

COVID-19 
Group (n, %) P

First screening 
test (right ear)

.017*

Refer 23 (14.7) 40 (25.6)

Pass 133 (85.3) 116 (74.4)

First screening 
test (left ear)

.121*

Refer 26 (16.7) 37 (23.7)

Pass 130 (83.3) 119 (76.3)

Second screening 
test (right ear)

.472*a

Refer 2 (6.7) 6 (12.8)

Pass 28 (93.3) 41 (87.2)

Second screening 
test (left ear)

.699*a 

Refer 2 (6.7) 5 (10.6)

Pass 28 (93.3) 42 (89.4)
*Chi-square test.
aFisher’s exact test.

Table 3.  Comparison of the First and Second Hearing Screening Test Results of the COVID-19 Group According to the 
Gestational Periods

Hearing Screening Tests
First Trimester 

(n, %)
Second 

Trimester (n, %)
Third Trimester 

(n, %)
Delivery 

(n, %) P

First screening test (right ear) .817*

Refer 0 (0.0) 10 (27.0) 23 (26.7) 7 (22.6)

Pass 2 (100.0) 27 (73.0) 63 (73.3) 24 (77.4)

First screening test (left ear) .638*

Refer 0 (0.0) 11 (29.7) 20 (23.3) 6 (19.4)

Pass 2 (100.0) 26 (70.3) 66 (76.7) 25 (80.6)

Second screening test (right ear) .020*

Refer - 0 (0.0) 3 (11.5) 3 (42.9)

Pass - 14 (100.0) 23 (88.5) 4 (57.1)

Second screening test (left ear) .248*

Refer - 1 (7.1) 2 (7.7) 2 (28.6)

Pass - 13 (92.9) 24 (92.3) 5 (71.4)
*Chi-square test.
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Discussion

Coronavirus disease 2019 disease, which has been at the cen-
ter of our lives for the last 2 years, mainly affects the respi-
ratory tract, but its effects on other organism systems have 
also been the area of interest of researchers. Symptoms such 
as hearing loss, vertigo, and tinnitus may develop in COVID-
19 patients.3,5 This subject, which was initially treated as case 
reports, has gradually started to be supported by case series. 
In one of the first studies in this field conducted by Mustafa,6 
it was reported that even if the COVID-19 infection is asymp-
tomatic, it may have harmful effects on cochlear hairy cell 
functions. In this study, which compared 20 asymptomatic 
COVID-19 patients with the control group, it was reported that 
the results of the patient group were worse than the control 

group in both transient evoked otoacoustic emission (TEOAE) 
amplitudes and high-frequency pure tone audiometry aver-
ages. In a study on hospitalized patients with moderate-to-
severe COVID-19 infection, it was reported that COVID-19 
patients had worse average auditory thresholds at 1000 Hz 
and higher frequencies compared to controls.3 Chern et  al7 
also reported that a patient who applied with the complaints 
of bilateral sudden hearing loss, aural fullness, and vertigo was 
found to have positive COVID-19 immunoglobulin G antibody 
a few weeks after the onset of his complaints. A bilateral intra-
labyrinthine hemorrhage was detected in the magnetic reso-
nance examination of the patient. In a systemic review, it was 
claimed that SARS-CoV-2 virus may cause common ear infec-
tions and sensorineural hearing loss due to the spread of the 
virus to the middle ear and related neural structures.8

Many theories have been put forward to explain the mecha-
nism of hearing loss after COVID-19 infection. Various viral dis-
eases can cause congenital or acquired, unilateral or bilateral 
hearing loss. These viral agents can cause hearing loss directly 
to the inner ear structures or by activating the inflammatory 
process. It has been claimed that COVID-19 infection may lead 
to pathologies such as labyrinthitis and vestibular neuronitis, 
which occur mostly with viral agents.1,7 Severe acute respira-
tory syndrome coronavirus-2 is known to bind to the ACE-2 
receptor, which has recently been found to be expressed in 
the middle ear, spiral ganglion, and stria vascularis. It has been 
reported that ACE-2 receptors are detected in glial cells and 
neurons in the human brain, so the human brain, including the 
temporal lobe, is a potential target of COVID-19. In other words, 
the hearing center may also be affected due to these inflam-
matory mediators.1,3 In addition, in a study, it was claimed that 
the prevalence of neurological manifestations was found to be 
72.1% among those with COVID-19 infection, so this agent 
may have a neurotropic character.9

In the first study by Celik et al,10 examining the cochlear func-
tions of newborns exposed to SARS-CoV-2 in the intrauter-
ine period, which included 37 infants born to mothers with 
COVID-19 infection during pregnancy, the authors found low 
TEOAE amplitude at high frequencies (3-4 kHz) and weak 
contralateral suppression activity, especially at high frequen-
cies (2.3.4 kHz). They stated that there may be insufficiency in 
the medial olivocochlear efferent system in babies exposed to 
intrauterine SARS-CoV-2, so the cochlear functions of these 
babies should be evaluated. Alan and Alan,11 in which they 

Table 4.  Comparison of the First and Second Hearing 
Screening Test Results According to the Severity of 
Infection in the COVID-19 Group

Hearing 
Screening Tests

COVID-19 
Severity Mild 
(Outpatient) 

(n, %)

COVID-19 
Severity Severe 

(Inpatient) 
(n, %) P

First screening 
test (right ear)

.727*

Refer 23 (26.7) 17 (24.3)

Pass 63 (73.3) 53 (75.7)

First screening 
test (left ear)

.820*

Refer 21 (24.4) 18 (22.9)

Pass 65 (75.6) 54 (77.1)

Second screening 
test (right ear)

Refer 0 (0.0) 6 (30.0) .004*a

Pass 27 (100.0) 14 (70.0)

Second screening 
test (left ear)

.010*a

Refer 0 (0.0) 5 (25.0)

Pass 27 (100.0) 15 (75.0)
*Chi-square test.
aFisher’s exact test.

Table 5.  Determination of the Factors Affecting Passing the First Hearing Screening Test by Logistic Regression Analysis
Variables B SE Wald df Exp(B) 95% CI P

Mother age −0.047 0.028 2.787 1 0.954 (0.902-1.008) .095*

Birth week 0.198 0.118 2.824 1 1.219 (0.968-1.536) .093*

COVID-19 positivity (1) 0.736 0.296 6.188 1 2.087 (1.169-3.725) .013*

Constant −80.205 40.671 3.085 1 0.000 .079*
CI, confidence interval; Exp(B), odds ratio; SE, standard error.
*Multivariable (binary) logistic regression analysis (backward: LR).
**Hosmer–Lemeshow test = 0.780.
***Nagelkerke R Square = 0.058.
****Omnibus tests of model coefficients (P = .009).
aVariable(s) entered on step 1: mother age, gender, birth weight, birth week, type of birth, newborn age, and COVID-19 positivity.
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examined 118 newborns, stated that infants born to a mother 
who had COVID-19 were more likely to fail the ABR test than 
the control group and that SARs-CoV-2 PCR positivity during 
pregnancy was associated with increased abnormal newborn 
hearing test results. Although there was a significant differ-
ence in the rate of failing from the first hearing test between 
the COVID-19 and control groups in our study, there was no 
significant difference in the rate of pass/refer from the sec-
ond screening test. However, when the screening test results 
were analyzed according to the gestational period in which the 
mother had the COVID-19 infection, we found that the babies 
born to mothers who had the COVID-19 infection at the time 
of birth had a higher rate of failure from the second screen-
ing test from the right ear compared to the mothers who had 
the infection in the second and third trimesters. In addition, we 
found that infants born to mothers receiving inpatient treat-
ment due to COVID-19 had a higher rate of refer from the sec-
ond screening test compared to infants of mothers receiving 
outpatient treatment. Also, we revealed that COVID-19 posi-
tivity in pregnancy increases the risk of failing the first hearing 
screening test by 2.08 times.

Early diagnosis of hearing loss in the neonatal period is very 
important for language development. Generally, it is known that 
newborn hearing screening should be performed in the first 
month, hearing loss should be diagnosed in the first 3 months, 
and intervention should be performed up to 6 months.12,13 
However, due to the current COVID-19 epidemic, existing 
health resources have been tried to be used effectively in order 
to meet the urgent health needs of people. For this purpose, 
routine patient examinations and elective surgeries were can-
celed. Due to the epidemic, many patients either did not want 
to go to the hospital or applied to the hospital when their com-
plaints reached the last stage. In our study, the files of 1817 
patients were scanned on the dates specified. Fifty babies who 
failed the first hearing screening test did not come to the sec-
ond hearing screening test. We found that 49 babies were never 
brought to the hearing screening test. In addition, we found 
that the application period for the hearing screening test may 
extend up to 20 days in the control group and up to 120 days 
in the COVID-19 group. The reluctance of families to apply to 
health institutions due to the epidemic may have played a role 
in the prolongation of this application period. In other words, we 
think that COVID-19 infection may cause hearing loss not only 
with its direct effects on the organism, but also with indirect 
effects such as not participating in hearing screening tests.

The main limitation of this study is its retrospective nature. 
Since some patients in both the control group and the COVID-
19 group did not apply for hearing screening tests, these 
patients were excluded from the study. This has the potential 
to affect our results.

Conclusion

This is the largest study examining the effect of COVID-19 
infection on newborn hearing screening tests. The timing and 
severity of COVID-19 infection during pregnancy may affect 
the newborn hearing screening test results. In addition, the 
COVID-19 epidemic may cause families to go to the hospital 
less. Therefore, COVID-19 epidemic may lead to a decrease 
in participation in newborn hearing screening test, which may 

cause children with possible hearing loss not to be diagnosed 
or to be diagnosed late.
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