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ARTICLE INFO ABSTRACT

Keywords: Objective: The current study aimed to investigate possible association of maternal SARS-CoV-2 with newborn
SARS-CoV-2 hearing loss. We compared hearing screening outcomes in neonates born to women with positive SARS-CoV-2
Hearing loss PCR test results during pregnancy with healthy controls.

ES:ZEZ:CZ Methods: Neonates born between April and December 2020 in our hospital to mothers with positive SARS-CoV-2
Neonate PCR test results during pregnancy were included in this study. Neonates with risk factors for universal newborn

hearing screening (NHS) were excluded. Neonates born to mothers with positive SARS-CoV-2 PCR test results
during pregnancy were compared with healthy controls in terms of newborn hearing screening results and in-
dependent variables.

Results: Neonates in the COVID-19 group were more likely to have a “refer” result in auditory brainstem re-
sponses (ABR) compared with the control group (53/118 and 28/118, respectively; p = 0.001). The second ABR
test results did not differ significantly between the groups (p = 0.618). Logistic regression revealed that birth
week and type of birth were not associated with the “refer” result. PCR positivity in the second trimester was
more likely to produce the “refer” result in the first ABR test (p = 0.014).

Conclusion: SARS-CoV-2 PCR positivity in pregnancy is significantly associated with an increased risk of
abnormal NHS results. Also, the timing of PCR positivity in pregnancy (trimester) may be related to abnormal

NHS results.

1. Introduction

Since the coronavirus disease 2019 (COVID-19) outbreak started as
an epidemic in Wuhan, Hubei province, China, there have been more
than 82,000,000 confirmed cases and more than 1,800,000 deaths
worldwide as of January 1, 2021, according to the World Health Or-
ganization [1]. SARS-CoV-2 infection mainly presents symptoms such as
fever, cough, sore throat, headache, nonspecific taste and smell distur-
bances, myalgia, diarrhea, and dyspnea [2]. Globally, population studies
to date have identified several patient characteristics and reported that
COVID-19 vertical transmission is highly likely, but data on pregnant
patients are limited [1,3].

Hearing loss is one of the most common abnormalities present at
birth. Several intrauterine infectious risk factors (toxoplasma, cyto-
megalovirus, herpes, syphilis, measles, mumps, rubella, varicella, and
other febrile illnesses) associated with congenital sensorineural hearing
loss (CSNHL) have been described [4-6]. Viruses can directly damage

inner ear structures, including inner ear hair cells and the organ of Corti,
or cause the induction of host immune-mediated damage [7]. Cyto-
megalovirus infection is the most common nongenetic cause of CSNHL,
and the most common sequela of congenital rubella infection (58%) is
CSNHL [8].

The coronavirus is an enveloped positive-sense single-stranded RNA
virus belonging to the coronaviradae family [9]. Coronaviruses are
neurotropic viruses that can reach the cranial nervous system by
anterograde and retrograde transport with the help of motor proteins
(kinesins and dyneins) through sensory and motor nerve endings. Also,
ACE-2 receptors are expressed on glial tissues, neurons, and the brain
vasculature, making the receptors a SARS-CoV-2 target [9]. Therefore,
intrauterine SARS-CoV-2 infection may affect inner ear structures. To
our knowledge, the possible association of SARS-CoV-2 with CSNHL has
not been reported. This study aimed to compare the newborn hearing
screening (NHS) outcomes of infants born to women who were
SARS-CoV-2 positive during pregnancy with those of infants born to
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healthy women.
2. Materials and methods

This is a retrospective study of neonates who were born between
April 2020 and December 2020 in Necmettin Erbakan University Meram
Faculty of Medicine and Konya City Hospital (Konya, Turkey). The study
was approved by the Necmettin Erbakan University Ethics Committee
(No: 2021/3005). Women who had positive SARS-CoV-2 PCR test results
during pregnancy, from the first delay of the menstrual period to de-
livery, and delivered between April and December 2020 were selected.
Their neonates were then enrolled in the study according to the
following inclusion criteria: single gestation, neonates with no risk
factor for hearing loss, and neonates whose auditory brainstem response
(ABR) results were available on the Turkish National Newborn Hearing
Screening Database. Neonates with risk factors for hearing loss indicated
by the American Academy of Pediatrics Joint Committee on Infant
Hearing 2007 were excluded from the study. The risk factors are:
asphyxia; a family history of hereditary childhood sensorineural hearing
loss; in utero infection such as CMV, rubella, syphilis, herpes simplex,
toxoplasma; craniofacial abnormalities; birth weight under 1500 g;
hyperbilirubinemia that requires exchange transfusion; ototoxic medi-
cations; more than five days’ stay in the neonatal intensive care unit;
Apgar scores of 0—4 at the first or 0-6 at the fifth minute of birth; and
stigmata or other findings associated with a syndrome [10-12].

The neonates in the control group with birth dates that matched
those of the study group were randomly selected from the hospital
database. NHS was performed in the first two weeks after birth using the
ABR test. If a neonate did not pass the ABR test, the second ABR test
(ABR refer) was performed after two weeks. The neonates were evalu-
ated bilaterally while sleeping with no sedation. Before the ABR test, an
otoscopic examination was performed by a specialist on all the neonates.
Neonates who did not pass the second ABR test were referred to a sec-
ondary otolaryngology center.

As a precaution for COVID-19, NHS was performed in a well-
ventilated room by an audiometrist with personal protective equip-
ment. Disposable probs and electrodes were used for each test, while
nondisposable instruments were disinfected after each use. After
screening each neonate, the test room was ventilated for a minimum of
15 min. Neonates born to women who had positive SARS-CoV-2 PCR test
results within 14 days before birth were observed in terms of well-being,
respiratory status, and signs of illness.

The study and control groups were compared in terms of the
described variables; gender, type of delivery, gestational week of PCR
positivity (trimester), and ABR results were recorded as noncontinuous
variables, while birth weight, maternal age, and birth week were cate-
gorized as continuous variables.

Statistical analyses were performed with SPSS 22.0 for Windows
(IBM SPSS Statistics, Chicago, IL, USA). All the continuous variables
were assessed for normality using the Kolmogorov-Smirnov test. Pear-
son chi-square or Fisher’s exact test was used to compare the patient
characteristics and outcomes. An independent samples test or the Mann-
Whitney U test was used to analyze the continuous variables. Binary
logistic regression analysis was used to identify the associations of the
independent variables with the ABR test results. A p-value < 0.05 was
considered to indicate a statistically significant difference for all the
statistical tests.

3. Results
3.1. Patient demographics

During the study period, 4663 pregnant women were screened for
SARS-CoV-2 PCR positivity, and only 141 (3%) were positive. Twenty-

three neonates born to these women were excluded from the study. Of
these 23 neonates, 14 needed neonatal intensive care unit >5 days, 4
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were multiple gestations, while 5 were <1500 g. Thus, both the control
and the COVID-19 groups consist of 118 neonates. Maternal age, birth
weight, and gender did not differ significantly between the groups (p =
0.801, p =0.975, p = 0.602, respectively). Compared to the controls, the
neonates in the COVID-19 group were more likely to be born earlier (p
= 0.004) and cesarean section was done more often in the COVID-19
group (p = 0.001). Table 1 summarizes the patient demographics and
clinical characteristics.

3.2. Newborn hearing screening outcomes

Before the ABR tests, otoscopic examination showed no difference
between the study group and the control group or between the right ear
and the left ear. In the COVID-19 group, 37 neonates (31.4%) showed
“bilateral refer” on the ABR test, 11 (9.3%) showed “right unilateral
refer,” 5 (4.2%) showed “left unilateral refer,” while 65 (55.1%) showed
“bilateral pass.” In the control group, 16 neonates (13.6%) showed
“bilateral refer,” 4 (3.4%) “right unilateral refer,” 8 (6.8%) “left uni-
lateral refer,” and 90 (76.2%) “bilateral pass” on the ABR test. The ne-
onates in the COVID-19 group were more likely to show “bilateral refer”
compared to those in the control group (p < 0.001).

The neonates with a “refer” result for at least one ear were compared
with those with “bilateral pass” results in both the COVID-19 group and
the control group. The neonates in the COVID-19 group were more likely
to show “refer” compared to the control group (p = 0.001). “ABR refer”
test results did not differ significantly between the COVID-19 and the
control groups (p = 0.618). The health system and the National
Newborn Hearing Screening Program in Turkey as well as in the whole
world experienced some drawbacks due to the COVID-19 pandemic.
Therefore, 20 of the 53 neonates in the COVID-19 group who failed the
first ABR test did not undergo the “ABR refer” test (Table 2). “ABR refer”
test results of these 20 neonates were not available in the National
Newborn Hearing Screening Database.

3.3. Findings of the COVID-19 group

Ninety-three (78.8%) of the pregnant women were SARS-CoV-2
positive in their third trimester, 24 (20.4%) were positive in their sec-
ond trimester, and only 1 (0.8%) woman was positive in her first
trimester. Neonates whose mothers had positive PCR results in the
second trimester were more likely to have a “refer” result after the first
ABR test (66.6%) compared with the third trimester (38.7%, p = 0.014).

Table 1
Baseline characteristics of cases and controls.

Variable Maternal Control, n p- OR [95% CI]
Covid-19, n (%) value
(%)

Maternal Age* 27,3 +5,5 27,1 £4,7 0.801° NM

Birth Weight (g)* 3260.6 + 3258.7 + 0.975° NM
441.1 468.6

Birthweek** 38.0 39.0 0.004" 0.999
(33.0-41.0) (31.0-42.0) [0.809-1.235]

Gender female 59 (50.0%) 63 (53.4%) 0.602¢ NM

male 59 (50.0%) 55 (46.6%)
Type of  vaginal 47 (39.8%) 73 (61.9%) 0.001°¢ 1.062

Birth delivery [0.590-1.914]
caesarean

section

71 (60.2%) 45 (38.1%)

*Data are presented as mean + SD or n (%).
**Data are presented as median (min-max) or n (%).
***Any outcomes significant at p < 0.05 were further assessed on logistic
regression analysis in terms of ABR results.
CI = confidence interval; OR = odds ratio; NM = not modeled.
@ P-value for independent samples test.
b p.value for Mann-Whitney U test.
¢ P-value for Pearson Chi-Square test.
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Table 2
Newborn hearing screening outcomes of Covid-19 and control groups.

Covid-19 Control p- OR [95% CI] *
Group, (n) Group, (n) value
ABR pass 65/118 90/118 0.001" 2.612
refer  53/118 28/118 [1.461-4.670]
ABR pass 30/33 27/28 0.618" NM
refer refer  3/33 1/28

*Any outcomes significant at p < 0.05 were further assessed on logistic regres-
sion analysis.
CI = confidence interval; OR = odds ratio; NM = not modeled.

@ P-value for Pearson Chi-Square test.

b p_yalue for Fischer’ s Exact Test.

There were 24 pregnant women who had positive SARS-CoV-2 PCR re-
sults within 14 days before birth. The neonates born to these women had
no symptoms of COVID-19 and thus had no swab test.

None of the pregnant women who had COVID-19 was admitted into
the intensive care unit: 75 (63.6%) women had no symptoms, while 43
(36.4%) had at least one symptom. In symptomatic women, the most
common symptoms were cough (67.4%), myalgia (39.5%), and dyspnea
(32.5%). The ABR results of the symptomatic and asymptomatic women
showed no statistically significant difference (p = 0.294). Most of the
women in the COVID-19 group (n = 78, 66.1%) were followed up with
no medical treatment. “Hydroxychloroquine” was administered to 30
women (25.4%), “favipiravir” to 11 women (9.3%), and “lopinavir/ri-
tonavir” to 8 women (6.7%). There was no statistically significant dif-
ference between the type of medication administered and the ABR test
results (p = 0.815). Whether medical treatment was administered or not,
ABR test results did not differ statistically significantly in the neonates
(p = 0.308).

3.4. Binary logistic regression analysis

Binary logistic regression analysis was performed to identify the
associations of the independent variables with the ABR test results
(Table 1). In Table 2, logistic regression showed that SARS-CoV-2 pos-
itivity in pregnancy was statistically significantly associated with an
increased incidence of “refer” on the ABR test (p < 0.01).

4. Discussion

Several viral infections may lead to newborn hearing loss, but it is
still unknown whether COVID-19 has effects on newborn hearing. While
vertical transmission and auditory manifestations of COVID-19 have
been reported, the effect of maternal COVID-19 infection on newborn
hearing remains understudied [1,13]. The specific aim of this study was
to compare the NHS results of infants born to mothers who were
SARS-CoV-2 positive with the results of infants of healthy mothers. Of
note, logistic regression showed that SARS-CoV-2 PCR positivity in
pregnancy is associated with an increased risk of having a “refer” result
after the ABR test, suggesting that SARS-CoV-2 infection might represent
a risk factor for NHS outcomes.

Conversely, recent studies have shown that vertical transmission of
COVID-19 is extremely low [1,14]. Increased rates of fetal growth re-
striction, preterm birth, and perinatal mortality could be caused by
COVID-19 infection in pregnancy [15]. Also, physiological changes due
to pregnancy make women, in addition to the manifestations of an
infection, more susceptible to infectious processes with the risk of
adverse maternal and neonatal complications, such as premature birth,
restriction of intrauterine growth, and hospitalization in an intensive
care unit [16]. Delayed neuromaturation caused by fetal growth re-
striction, preterm birth, and perinatal mortality could increase the
“refer” rate of the first ABR test in the COVID-19 group in our study.
Even if it is a temporary effect, maternal COVID-19 infection could
become a risk factor for hearing loss. Also, in response to viral infection,
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high levels of maternal inflammation can impact several aspects of fetal
brain development, leading to wide-ranging neurological sequelae [17].
However, there was no statistically significant difference between the
groups in terms of “ABR refer” test results. Although birth week and type
of birth statistically significantly differed between the COVID-19 and the
control groups, logistic regression showed that these variables were not
associated with the “refer” result following the ABR test.

In the literature, possible ototoxic effects of chloroquine and
hydroxychloroquine have been reported. Matz et al. reported abnormal
cochleovestibular development in newborns after chloroquine treat-
ment in pregnant women [18]. Also, hydroxychloroquine-induced
ototoxicity in a child was reported first in 2002 [19]. The dose of
chloroquine administered in our study was considerably higher than the
usual dosage for malaria treatment; therefore, the ototoxic effects may
be greater [20]. Hydroxychloroquine was administered 2 x 200 mg/d
for five days to 30 mothers in our study, but we did not find any sta-
tistically significant difference in these neonates’ ABR results in com-
parison with those of the controls.

Exposure to viral infections at different stages of pregnancy can
trigger congenital hearing loss in several cases. However, the molecular
mechanisms by which viruses induce hearing loss have not been
adequately explored [21]. Several studies have shown low rates of as-
sociation between COVID-19 and vertical transmission. In a study by
Chen et al. no evidence of intrauterine infection caused by vertical
transmission was seen in women who developed COVID-19 pneumonia
in late pregnancy [22]. However, there are currently insufficient data on
the perinatal outcome when the infection is acquired in the first
trimester and early second trimester of pregnancy. Kotylar et al. in their
systematic review, underlined that the first and third trimesters of
pregnancy can be considered periods of increased inflammatory activity,
whereas the second trimester is a period of overall decreased immune
activity [1]. Consistent with these studies, COVID-19 in the second
trimester was associated with higher rates of the “refer” result in our
study. This may be attributed to decreased immune activity in the sec-
ond trimester.

This current study is limited by its retrospective nature and the
sample size. We have missing data because of the 20 neonates who did
not undergo the “ABR refer” test in the COVID-19 group. The first ABR
test was performed on all the neonates shortly after birth in the hospital,
but some parents probably did not bring their newborns to the hospital
for a “refer” test because of the anxiety of COVID-19 infection. There-
fore, we believe that NHS test participation decreased due to the COVID-
19 pandemic. Also, only one woman had positive PCR test results in the
first trimester. This may be related to the timing of the first wave of the
virus in Konya, Turkey; it is possible that women with positive SARS-
CoV-2 PCR in the first trimester have not been delivered yet.

5. Conclusion

This study suggests that SARS-CoV-2 PCR positivity in pregnancy has
some temporary effects on NHS outcomes. Also, the timing of PCR
positivity in pregnancy (trimester) may be associated with this effect.
We suggest that COVID-19 may be considered a risk factor for hearing
loss. Future studies should evaluate this association using a larger
sample size.
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