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ARTICLE INFO ABSTRACT

Keywords: Introduction: One of the causes of congenital hearing loss are infections suffered by the mother
COVID-19 during pregnancy. The objective of this study was to investigate the effects on hearing in new-
SARS-CoV-2

borns to SARS-CoV-2 seropositive mothers during pregnancy. We also studied the hearing impact
in the first year of life of the newborns to investigate whether neonatal infection produced a risk
of infantile sensorineural hearing loss.

Material and methods: All children born in our center whose mother had been infected with SARS-
CoV-2 positive COVID were included and were audiologically studied at two and a half months
and at one year of life. All infants were evaluated by brainstem evoked response audiometry
(BERA) and auditory steady-state responses (ASSR).

Results: The range of the latencies for BERA founded were inside the desired ranges of normality
both at two and a half months and at one year of life No significant differences by sex and ears
were found in the BERA performed (p > 0,05). The mean ASSR values were found to be signif-
icantly below 30 dB in all frequencies studied both at two and a half months, and at one year of
life (p < 0,05).

Conclusion: There is no association between COVID-19 infection during pregnancy and neonatal
hearing loss. Further studies are needed to clarify this field since it is still unclear whether
pregnant women infected with SARS-CoV-2 can produce hearing alterations in their newborns
according to the current evidence in the literature.

Hearing loss

1. Introduction

Coronavirus disease 2019 (COVID-19) is an emerging infectious disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1]. Since the first outbreak that took place in Wuhan, the COVID-19 pandemic continues to date; despite 11 billion
doses of vaccines, we find more than 500 million confirmed cases and more than 6 million deaths worldwide [2].

SARS-CoV-2 infection mainly presents symptoms such as fever, cough, sore throat, headache, myalgia, diarrhea, and dyspnea. It
predominantly affects the respiratory system of the human body, but can also cause damage to the central nervous, cardiovascular,
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gastrointestinal, hepatobiliary and renal systems [3]. In addition, COVID-19 causes alterations in the otolaryngology area such as
anosmia, taste alterations and sudden deafness [4,5].

Some infections during pregnancy can affect the fetus and cause abnormalities. Sensorineural hearing impairment is one of the
most serious complications of intrauterine exposure to certain pathogens such as toxoplasma, cytomegalovirus, herpes, syphilis,
measles, rubella, varicella or zika [6-10]. Thus, infection timing is also an important, the sooner the mother becomes infected, the
higher the risk of developing an abnormality; being the first trimester the one with the highest risk to develop an abnormality.

COVID-19 has been compared to a TORCH infection as it demonstrates a similar incidence [11,12]. Both COVID-19 and TORCH
infections show higher infection rates in the third trimester [13]. Hematogenous spread of SARS-CoV-2 to the central nervous system is
via angiotensin-converting enzyme 2 (ACE2) receptors [14-16]. Viruses can directly damage inner ear structures, (hair cells, support
cells or the organ of Corti) or cause induction of immune-mediated damage [16,17].

SARS-CoV-2 virus can infect both the central and peripheral nervous system, resulting in neurological disorders [14,18,19]. Middle
ear, Eustachian tube and cochlea tissue susceptibility to SARS-CoV-2 have been confirmed in several papers [20-22].

The aim of this study was to investigate the possible effects on the hearing of newborns to mothers with gestational SARS-CoV-2
infection during pregnancy. In addition, the potential audiological impact in the first year of life of the newborns was also studied.

The secondary objective was to analyze whether there is some evidence of abnormality to contemplate that COVID-19 should be
included as a risk factor in the universal screening for neonatal hearing loss, include the diagnosis of this virus in the Spanish Com-
mission for the Early Detection of Hearing Loss (CODEPEH) recommendations [18] (Table 1).

The primary hypothesis was that newborns to mothers with COVID-19 do not differ significantly from normal clinical data. The
secondary hypothesis derived was that it is not necessary to add COVID-19 infection in pregnancy as a risk factor for childhood hearing
loss since the values obtained are not significantly different from normal. The secondary objective was researched by making suc-
cessive auditory studies until one year of newborns life and comparing with normal children’s data.

2. Materials and methods

A single-center prospective analytical study was made from May 2020 to May 2021. All children born in the hospital whose mother
had been infected with SARS-CoV-2 positive COVID were included as our single study cohort and were audiologically studied at two
and a half months and at one year of life. Newborns to coronavirus-positive mothers with other risk factors for late hearing loss or
multiple births were excluded to avoid bias. The babies who were not full term from week 38-41 were excluded, as well as children
who associates pathology in the middle ear such otitis media with effusion diagnosed by otoscopy, in order to not to interfere in the
interpretation of the potentials due to their delay in the latencies.

Functional hearing measurements were performed on all newborns whose mothers were positive for SARS-CoV2 infection during
gestation from May 2020 to May 2021.

COVID-19 infection was diagnosed by COVID-19 reverse transcription-polymerase chain reaction (RT-PCR) test obtained from
nasopharyngeal swab.

Due to the emergence of SARS-CoV-2 and the lack of knowledge of hearing impairment in newborns born to mothers who passed
COVID-19, these children will be followed up in the same way as if they were a risk factor for the development of late-onset hearing
loss.

Our study dependent variables were brainstem evoked response audiometry (BERA) and auditory steady-state responses (ASSR)
with INTERACOUSTISC equipment model ECLIPSE serial number 862985. All infants were evaluated with both tests and were always
performed by same qualified team in the same room. The performance of these tests is not invasive, the direct collaboration of the
patient is not necessary, but it is preferable for the patient to be relaxed and asleep.

Table 1
Risk factors of late-onset hearing loss according to CODEPEH.

First and second degree family history of hearing loss

Craniofacial malformations
Low birth weight (under 1500 g)
Maternal infections during pregnancy (toxoplasma, syphilis, rubella, cytomegalovirus, herpes, HIV, zika)
Severe hyperbilirubinemia (over 20 mg/dl)
Ototoxic drugs
Uncontrolled pregnancy
Bacterial meningitis
Head injury
Perinatal hypoxia
Mechanical ventilation
ICU admission for more than 5 days
Features or alterations corresponding to syndromes usually associated with hypoacusis
- Neurological pathology and neurodegenerative disorders
- Waardenburg syndrome
- Retinitis pigmentosa
- Prolonged Q-T interval
- Osteogenesis imperfecta
- Mucopolysaccharidosis
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BERA allows us to obtain an objective idea of hearing, the intensity of the hearing loss and the location of the lesion after recording
the electrical activity of the brain following a click-type stimulus. Wave I, III and V at 30, 40, 60 dB intensity in both ears and their
latencies were recorded and compared between the first BERA at two and a half months and the second BERA at one year of life.

ASSR are brain response obtained by repetitive acoustic stimulus, allowing us to establish the auditory threshold objectively and
specifically at all frequencies of the audiogram. It can establish a reliable audiometry in the whole frequency range, not only in the high
frequencies. The threshold in the normal range was considered above 30 dB at frequencies 500, 1,000, 2000 and 4000 Hz. A com-
parison between the auditory thresholds in the first ASSR at two and a half months with the ASSR at one year of life was made and
analyzed.

The University Hospital of Torrejon is a 300-bed center, the number of births in a year is 1792 on average. Screening tests are
performed on all newborns according to the protocol described in Fig. 1. All children born in the first 48 h of life by performing
automatic brainstem evoked response audiometry (a-BERA) in the pediatric room prior to discharge home. All children who pass the
test and have no risk factors for late hearing loss are monitored by their pediatrician. All children who do not pass the test will have a-
BERA repeated at 15 days of life and only those who do not pass the test again will have a urine sample taken for cytomegalovirus
detection and an appointment in ENT office for diagnostic brainstem evoked response audiometry (d-BERA) at two and a half months
of life. In addition, all children who pass the automatic potentials but have risk factors for late-onset hearing loss, will also undergo d-
BERA at two and a half months (Fig. 1).

The ethics committee of hospital university of Torrejon with reference CE83/2022 approved the study and informed consent was
obtained from all parents of children participating in the study. Confidentiality and data protection were maintained throughout the
study.

Statistical analyses on the data collected were carried out using R software (version 4.2.3.) BERA data were summarized for
quantitative variables by mean + standard deviation and PEEE data by median (and interquartile range). The approximation to the
normal distribution was studied using the Shapiro-Wilk test and Lilliefors (Kolmogorov-Smirnov) test. The difference of central
measures by sex was estimated using Mann Whitney test and by ear it was estimated using paired Wilcoxon test. A two-sided p-value of
0.05 was considered statistically significant.

It also was estimated the size effect of that differences by Wilcoxon R. The calculated statistical power was 0,1.

In order to evaluate the normality of the BERA’s latencies, it was compared by Wilcoxon test for one sample the medians of each
condition (Wave, dB, Ear and Moment) with the average of the maximum and minimum values of each normality intervals criterion.
Confidence intervals obtained were compared with the clinical reference normality intervals. Finally, the normality of the ASSR
obtained values was studied comparing the values of each condition (Hz, Ear and Moment) with the criterion 30 dB by Wilcoxon test
for one sample. Differences between the sexes and between the two ears were also studied.

Referral to ENT
Referral to infectious

diseases
|| Pos“ive CMV -

Referral to Referral to
ENT ENT

I Negative CMV I

| Normal Pathologic

Diagnostic algorithm *

RF (ototoxic
medications)

Pathologic
BERA

High-risk factors **

Normal
BERA

[

Follow-up

Discharge

Consider prosthetic adaptation before

6 months of life

Prosthetic adaptation if necessary

Fig. 1. Universal hearing screening protocol. ASSR: auditory steady-state responses; a-BERA: automatic brainstem evoked response audiometry;
CMV: Citomegalovirus; DPOAE: Distorsion products of otoacoustic emission; ENT: Ear nose and throat doctor; RF: Risk Factors. * Tympanometry,
Stapedial reflex, Distortion products of Otoacoustic Emission (DPOAE), Genetic study, computerized tomography (CT) and nuclear magnetic
resonance (NMR) with sedation, referral to early Hearing Impairment Care Center.** See risk factor in table 1
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3. Results

Initially, 116 patients were included but we have found difficulties in following up until the first year of life by 19,5 % of families
who throughout the study have refused to continue with the study due to the lack of data on possible hearing damage in the literature
and to see an evolutionary development within the normality of the acquisition of physiological items in children.

From the initial sample studied we also excluded the only case of neonatal hypoacusis that we found with a V wave at 60 dB
bilaterally and delayed latencies in the first BERA at two and a half months because it was associated with a cleft lip malformation.

All newborns underwent nasopharyngeal COVID-19 test at birth. Only 4 infants had a positive swab in the absence of COVID-19
symptomatology.

Finally, a sample of 90 newborns was studied between May 2020 and May 2021, among which we found a sex distribution of 38
boys (42,2 %) and 52 girls (57,7 %). Representing 5,02 % of all newborns born in our hospital in this time interval. The null hypothesis
of normal distribution was rejected (p < 0.05) for almost all observations, so non-parametric tests were applied.

3.1. BERA/PEACT

3.1.1. Descriptive analyses

We analyzed the latency of wave I, III, V of the BERA performed at two and a half months and at one year of life, finding a tendency
to progressively increase the latencies until the appearance of wave V, always in the normal range.

In the first BERA, wave I at 60 dB is found at an average of 2,4s + 0,4 in the right ear and 2,3 s & 0,4 in the left ear and wave III at
4,8 + 0,4 and 4,7 £ 0,4 respectively. The V wave is studied at different intensities we found a mean of 6,8s + 0,4 at 60 dB, 7,3s + 0,7 at
40 dB and 7,9s + 0,4 at 30 dB in the right ear and 6,7s + 0,4 at 60 dB, 7,3s + 0,8 at 40 dB and 7,8s + 0,5 at 30 dB in the left ear.

In the second BERA, the data are similar to the first ones and wave [ at 60 dB is found at a mean of 2,4s + 0,4 in the right ear and 2,3
s + 0,4 in the left ear and wave IIl at 4,7 + 0,7 and 4,6 + 0,7 respectively. The V wave is studied at different intensities, we found an
average of 6,8 & 0,4 at 60 dB, 7,2s + 1,2 at 40 dB and 7,6s +,3 at 30 dB in right ear and 6,6s + 0,4 at 60 dB, 7,3s & 0,9 at 40 dB and
7,7s + 1,0 at 30 dB in left ear (Table 2).

3.1.2. Differences between sexes and ears

No significant differences by sex were found in the BERA performed (p > 0.05). Moreover, no significant differences by ears were
found in the BERA performed at two and a half months and at one year of life in 30 db and 40 db W-V for both ears (p > 0.05). The size
of the differences between ears for the 60 db was in all conditions small (r < 0.30).

3.1.3. Comparison with normality averages and intervals

Although significant differences were found between the median obtained and the average of the normal interval in the 30 dB
condition for wave I and 60 db for wave V, the size of these differences was in all cases small (r < 0.30).

In fact, the range of the latencies for BERA obtained from the estimated 99,5 % confidence intervals founded were inside the desired
ranges of normality both at two and a half months and at one year of life (Fig. 2).

Table 2
PEACT comparison with normality averages and intervals.
WAVE Hz Ear Median Average normality criterion value pt Estimated 95 % CI Normality interval
v 30 dB LE 7,84 8,05 <0,05 7,69- 7,96 6,91-9,19
PEACT 1 RE 7,87 <0,05 7,73- 7,99
40 dB LE 7,34 7,45 <0,05 7,23-7,49 6,61-8,29
RE 7,4 0,33 7,27- 7,53
60 dB LE 6,7 6,74 0,23 6,59- 6,80 5,92-7,56
RE 6,8 0,22 6,69-6,90
111 60 dB LE 4,66 4,71 0,103 4,56-4,76 3,71-5,71
RE 2,33 0,225 4,66- 4,83
I 60 dB LE 2,23 2,54 <0,05 2,16- 2,33 1,64-3,44
RE 2,33 <0,05 2,26- 2,43
\% 30 dB LE 7,8 8,05 <0,05 7,63- 7,93 6,91-9,19
PEACT 2 RE 7,8 <0,05 7,63- 7,96
40 dB LE 7,33 7,45 <0,05 7,19- 7,47 6,61-8,29
RE 7,37 0,109 7,26- 7,50
60 dB LE 6,6 6,74 <0,05 6,49- 6,73 5,92-7,56
RE 6,73 0,673 6,60- 6,86
111 60 dB LE 4,6 4,71 <0,05 4,50-4,73 3,71-5,71
RE 4,71 0,987 4,58-4,83
I 60 dB LE 2,3 2,54 <0,05 2,20-2,40 1,64-3,44
RE 2,36 <0,05 2,23-2,47
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Fig. 2. BERA and ASSR at two and a half months and one year of life The latencies for BERA were inside the ranges of normality both at two and a
half months and at one year of life and means of ASSR did not find significant differences with to normality.dB-W: decibels-waves
Hz: Hertz.

3.2. ASSR/PEEE

3.2.1. Descriptive analyses

We found in 5,5 % of the ASSR some threshold alteration at 35 dB almost always in the frequency 2.000 or 4.000 Hz that later was
not maintained when performing the second test at one year of life.

We found in the right and left ear a mean in the normal range al the first time evaluated and a year followed up (Table 3)

3.2.2. Differences between sexes and ears

No significant differences by sex were found in the ASSR performed at two and a half months at one year of life (p > 0.05).

In addition, no significant differences by ears were found in the ASSR performed at two and a half months and at one year of life in
all of the conditions studied. p > 0.05).

3.2.3. Comparison with normality values

The mean ASSR values were found to be significantly below 30 dB in all frequencies studied both at two and a half months and at
one year of life (p < 0.05).

Given these results, we did not find significant differences with to normality, no there seems to be indication that covid is a risk
factor for hearing loss in children (Fig. 2).

Table 3
The table shows the ASSR results at the first time and a year follow-up. *ASSR al one year-old.
500 Hz 1000 Hz 2000 Hz 4000 Hz
Right ear 9,8 £8,1 17,2 +5,8 25,2 + 3,2 25,0 +£2,9
Left ear 9,0+7,1 16,9 £5,1 25,1 +£2,5 25,0 + 2,4
Right ear * 8,9 + 8,2 17,0 £5,5 25,2 + 2,2 24,7 + 2,2
Left ear * 85+78 16,6 + 6, 24,6 + 4,4 24,8 + 34
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4. Discussion

Impact of maternal SARS-CoV-2 infection on the newborn’s hearing threshold is unknown and controversial [23]. Nevertheless,
different pathophysiological mechanisms could explain the hearing effects in the newborn: respiratory distress and hypoxia caused by
the infection in pregnant women, intrauterine placental dysfunction or vertical transmission to the newborn [24,25]. Thus, pregnancy
causes a partial suppression of the immune system, making women susceptible to viral infections. However, studies on the effects of
COVID-19 in pregnant women and newborns are limited.

Studies that found no impact on the hearing of newborns [13,23,29-33] as in our case, are majority. Ghiselli et al. and Mostafa et al.
found only one patient with an altered BERA in 63 and 34 newborns respectively whose mothers had been diagnosed with COVID-19
during pregnancy [28,29]. Buonsenso et al. studied newborns whose mothers had COVID-19 at birth, first month and between 3 and 6
months by means of OAE and BERA. Every newborn had normal auditory thresholds [30], just like in our case. Oskovin and Kaplan also
studied otoacoustic emissions and compared the results of 458 newborns born to mothers with a history of COVID-19 infection with
those of 339 newborns before the COVID-19 pandemic and found no statistically significant differences between the groups [13].

There are few case-control studies in the literature that find impact on hearing in newborns to SARS-CoV-2 infected mothers during
pregnancy [21,23,26-28]. Celik et al. found differences between otoacoustic emissions (OAE) results at 3 kHz and 4 kHz in newborns
whose mothers were infected with COVID-19 versus newborns whose mothers were not infected with COVID-19. In addition, they
found a deficit of the medial olive cochlear efferent system [21].Alan et al. and Veeranna et al. observed that newborns to mothers
infected with COVID-19 had more alterations in brainstem potentials than those who were born to uninfected mothers [28,29].

Our study is the only one in the literature until now where BERA and ASSR have been performed comparing their results between
them, without performing OAE since they are not systematically included in the universal screening for neonatal hearing loss in the
Community of Madrid. In our study we have not only limited ourselves to hearing evaluation in newborns, but we have also performed
follow-up hearing evaluations up to 12 months of life in order to rule out the effect of late hearing loss associated with SAR-CoV-2 as
well as other TORCH infections. Tu et al., made a follow up of 1, 3 and 6 months, and they didn’t find also any unexpected disruptions
in hearing loss in newborns to SARS-CoV-2 seropositive mothers [32].

The results showed that there seems to be no effect on newborns of COVID-19 mothers as well as other recent published studies
[31-33]. BERA and ASSR performed at birth were comparable to those described in normal population. There were also no differences
between sexes.

Later follow-up for 1 year showed that no newborns developed late hearing loss to a greater degree than the general population.
Other studies conclude that neonates born to Covid-19 positive mothers do not seem to have an increased risk of hearing los, but reveal
that a longer follow-up of these neonates is mandatory to detect any possible effects of the virus [31,32].

These results demonstrated that maternal SARS-COV-2 infection during pregnancy does not appear to be a risk factor for the
development of infant hearing loss.

There are studies [13,21,28] that analyze the possible hearing effects in newborns according to the stage of pregnancy in which the
mother is infected by SARS-CoV-2, however in our work no association studies have been done according to the trimestral timing of
infection by the mother. Mostafa et al. found 34 Covid-19 positive mothers (17 in the first trimester, 8 in the second and 9 in the third).
Twenty-nine neonates failed the first screening (p < 0.001) but on further testing only one neonate failed (2.9 %) [31].

The effect of taking hydroxychloroquine was not studied because no pregnant woman required it. However, due to its ototoxic
potential, it could cause hypoacusis per se, the study would lose validity, for not studying only the effect of COVID-19 [23].

The limitations of the study are that the results come from a one-year follow up and its necessary more studies to be really sure of
effects of COVID-19 in childhood with a longer follow-up to detect any possible delayed effects of the virus.

5. Conclusion

We have found no neonatal hearing loss despite COVID-19 infection during pregnancy, so there seems to be no indication that
COVID-19 infection has affected neonatal hearing loss. Inclusion of COVID-19 in the risk factor group for universal screening for
childhood hearing loss seems not to be required.

It is known that after maternal SARS-CoV-2 infection, the newborn’s auditory system may be affected due to intrauterine hypoxia
and vertical transmission. But further studies are needed to clarify this field since it is still unclear whether pregnant women infected
with SARS-CoV-2 can produce hearing alterations in their newborns according to the current evidence in the literature.
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