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ABSTRACT

Purpose: The aim of this study was to investigate whether auditory pathways at the brainstem level are affected in
volunteers with normal hearing infected with SARS-CoV-2 virus, which is thought to localize in the brainstem and cause
symptoms such as loss of smell and taste.

Methods: A total of 60 volunteers (120 ears), 30 (21 females and 9 males; M: 24.5+5.5) infected (study group) and 30
(18 females and 12 males; M: 20.7+2) never infected (control group), aged 17-45 years, were included in the study. The
study group consisted of individuals who had Covid-19 and had at least one of the symptoms known to occur with the
localization of the virus in the brainstem, such as nausea-vomiting, loss of smell-taste, weakness-fatigue.

The latency and amplitude values of auditory brainstem responses elicited at 80 dB nHL with LS-CE chirp stimuli were
compared between the two groups. I, lll, and V-wave latencies, I-IlI, IlI-V, and |-V interpic latencies, I, Ill, and V-wave
amplitudes, and V//l amplitude ratio parameters were evaluated in the ABR test.

Results: Although no statistically significant difference (p>0.05) was observed between the study group and the control
group in all parameters, it was found that the amplitudes of the waves were lower in the study group compared to the
control group.

Conclusion: Although the findings did not show any significant results, the study group’s worse amplitudes may indicate
the presence of brainstem damage.

Keywords: Covid-19, Auditory Brainstem Responses, LS-CE-Chirp, SARS-CoV-2.

OZET

Amag: Bu calismanin amaci, beyin sapinda yerleserek koku ve tat kaybi gibi semptomlara neden oldugu diisiiniilen
SARS-CoV-2 viriisii ile enfekte olan normal isitmeye sahip gdniilliilerde beyin sapi seviyesindeki isitsel yolaklarin etkilenip
etkilenmedigini arastirmaktir.

Yontemler: Calismaya yaglan 17-45 arasinda dedisen 30 (21 kadin ve 9 erkek; Ort: 24.5+5.5) enfekte (calisma grubu) ve
30 (18 kadin ve 12 erkek; Ort: 20.7+2) hig enfekte olmamis (kontrol grubu) olmak iizere toplam 60 goniillii (120 kulak)
dahil edildi. Calisma grubu Covid-19 gegiren ve viriisiin beyin sapinda lokalizasyonu ile ortaya ¢iktigi bilinen bulanti-
kusma, koku-tat kaybr, halsizlik-yorgunluk gibi semptomlardan en az birine sahip bireylerden olusmustur.

LS-CE chirp uyaranlarla 80 dB nHLde ortaya ¢ikan isitsel beyin sapi yanitlaninin latans ve amplitiid degerleri iki grup
arasinda karsilastirildi. ABR testinde I, Il ve V dalga latanslar, I-ll, IlI-V ve I-V interpik latanslar, I, Il ve V dalga
amplitiidleri ve V/I amplitiid orani parametreleri degerlendirildi.

Sonuglar: Calisma grubu ile kontrol grubu arasinda tiim parametrelerde istatistiksel olarak anlamli bir fark (p>0.05)
gozlenmemesine ragmen, calisma grubunda dalga amplitiidlerinin kontrol grubuna gére daha diisiik oldugu saptand.
Sonug: Bulgular anlamli sonuglar gostermemekle birlikte, calisma grubunun daha kétii amplitiidlere sahip olmasi beyin
sap! hasarinin varligina isaret edebilir.

Anahtar Kelimeler: Covid-19, isitsel Beyin Sapi Yanitlan, LS-CE-Chirp, SARS-CoV-2.
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evere Acute Respiratory Syndrome Coronavirus

2- SARS-CoV-2 (1), which emerged in Wuhan,

China, in December 2019, caused an illness with
symptoms such as fever, fatigue, dry cough, sore throat,
and nasal congestion, with a clinical picture similar to that
of influenza and the common cold: Coronavirus Disease-19
(Covid-19) (2). Over time, SARS-CoV-2 was observed to
affect not only the respiratory center but also the central
nervous system, causing neurological symptoms such as
loss of taste and smell, headache, nausea, and vomiting (3).

The cellular target of SARS-CoV-2 is angiogensin
converting enzyme 2 (ACE-2)(4). The immune system
damage caused by SARS-CoV-2 has led to many theories,
including vascular invasion, ischemia, infection of the
auditory pathway, and that neurons and glia contain the
ACE-2 receptor (5). Consistent with these theories, studies
have suggested that the SARS-CoV-2 virus may affect the
auditory and vestibular systems (6). It was thought that it
may be possible to use the auditory brainstem response-
ABR to assess brainstem damage caused by SARS-CoV-2
using auditory pathways (7). Our study was designed to
investigate the impact of ABR testing on the hearing of
Covid-19 survivors at the brainstem level, which causes
significant neurological symptoms such as nausea and
vomiting, muscle pain, headache, fatigue, and taste and
smell disturbances.

Materials and Methods

Our cross-sectional study was conducted in the laboratory
of the Department of Audiology, Faculty of Health
Sciences, Uskiidar University with the approval of Uskiidar
University Ethics Committee with decision number 2021-
34 and date of 25.02.2021. Inclusion criteria;

- Age between 18-45 years to minimize the possible
effects of aging on the hearing system(8),

- Bilateral type A (9) and 0.3-14 cc compliance;
tympanogram with +50 daPa values (10)

- Obtaining ipsilateral and contralateral reflexes in the
range of 500-4000 Hz bilaterally was considered
normal (11),

- Bilateral pure tone average (500-4000 Hz) obtained as <
15dBHL(12),

- Normal Distortion product otoacoustic emissions (DPOAE)
test results (13)

- No diagnosed neurological, genetic, or systemic disease,

Different from the control group;

- The study group had a history of at least 1 “PCR test
positive” in the previous 3 months,

- Mild to moderate illness and not hospitalized

- Experienced at least one of the symptoms of nausea-
vomiting, muscle pain, headache, weakness, loss of
taste and smell, which are thought to occur with the
involvement of the brainstem pons region in the
disease (14),

- Voluntary subjects who agreed to participate in the
study were included in the study.

Data Collection Tools

A detailed medical history was obtained from all
participants, and otoscopic examination, immittance
evaluation, pure tone audiometry test, otoacoustic
emission measurement (DPOAE), and ABR test were
performed.

Acoustic Immittancemetry

Otoscopic control was performed prior to tympanometric
assessment. Tympanometry and acoustic reflex testing
were performed using the Interacoustics® Titan Handheld
(Denmark). Bilateral type A tympanogram (0.3-1.6 cc
compliance; £100 daPa) (9) and bilateral ipsilateral and
contralateral reflexes between 500-4000 Hz (10) were
considered normal.

Pure Tone Audiometry Test

Participants’ air conduction thresholds at frequencies of
125-8000 Hz were measured with supraaural headphones
AC40 clinical
(Denmark). For all air conduction thresholds between
125-8000 Hz, it was ensured that there was no difference
of 15 dB or more between consecutive thresholds and
that all thresholds were within normal hearing limits (-10-
15 dB). Bilateral pure tone averages (500-4000 Hz) < 15 dB
HL were considered normal (12).

using an Interacoustics® audiometer

Distortion Product Otoacoustic Emissions

The functionality of the receptor cells in the inner ear was
assessed by DPOAE measurement using the Otodynamics/
Echoport ILO292 USB=2 device. The result was considered
normal if the signal-to-noise ratio was 6 dB or greater at 4
of the measured frequencies (13)
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Auditory Brainstem Response

The ABR test was performed in all participants with the
lights off, with the patient in a calm supine position and/
or in natural sleep. In the test using Ambu NeurolineTM
720 electrodes, the resistance difference between the
electrodes was 2 kQ or less and the resistance value
at each electrode was 3 kQ or less. The ER-3A insert
headphones were placed in the ear canal, and a LS-CE-
Chirp stimulus was sent at an intensity of 80dB nHL. The
responses were recorded as a minimum of 3000 sweeps at
the rate of 21.1 per second in alternating polarity. Double-
trace records were taken in order to ensure the reliability
of the response. Absolute latencies of waves |, lll and V,
inter-wave latencies, amplitudes of wave | and V, and the
amplitude ratios V/I were determined.

Statistical Analysis

SPSS 25.0 package programme was used for statistical
data analysis in the study. In this study, G*Power 3.1.9.4

program was used to calculate the sample size. According
to the program, assuming an effect size = 0.8, significance
level = 0.05 and power = 0.80, the minimum sample size
was found to be at least 21 for each group.

The normality analysis of the distributions of I, Ill. and
V. wave latency and amplitude values and I-lll, lll-V and
I-V interpic latency measurements was performed with
the Kolmogorov-Smirnov test and it was found that
they did not fit the normal distribution. Therefore, Mann
Whitney U test was used in the comparisons between
the experimental and control groups. Significance level
(0=0.05) was accepted in statistical comparisons (15).

Results

Gender differences were not analyzed due to non-
homogeneous data distribution. Figure 1 presents the
observed symptoms in the study group.
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Figure 1: Frequency of neurological symptoms and other symptoms in the study group
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Table 1: Latency and interpic latency values of ., lll. and V. waves in the study and control groups

Parameter Latency (ms) Control Group (M = SD) (N:30) Test Group (M £ SD) (N:30) P-value**

Right Left Right Left Right Left
Wave | 145+0.13 148 £0.14 1.41+0.18 1.44 £ 0.09 0.224 0.213
Wave llI 3.57£0.16 3.59+0.17 3.53+0.13 3.54+0.15 0.438 0.311
Wave V 5.19+0.20 5.21+£0.28 5.14+£0.19 5.16 £0.18 0.522 0.322
I-1ll interpeak latency 2.11+£0.19 2.10+£0.13 2.11+£0.20 2.07 £0.22 0.970 0.382
11I-V interpeak latency 1.63£0.16 1.62+0.17 1.67+0.17 1.69 £0.19 0.342 0.447
I-V interpeak latency 3.74+£0.22 3.72+0.25 3.79+0.21 3.77+£0.16 0.527 0.958
Mann Whitney U test SS: standard deviation N: number of individuals **Significant difference (p<0.05).

Table 2: Amplitude values of I., lll. and V. waves in the study and control groups

Parameter Control Group (M = SD) (N:30) Test Group (M + SD) (N:30) P-value**

Right Left Right Left Right Left
Wavell 0.32+0.12 0.31+0.12 0.29+0.13 0.28 £0.11 0.387 0.280
Wave lll 0.37£0.11 0.33+0.11 0.33+0.13 0.31+£0.11 0.135 0.496
Wave V 0.80+0.23 0.74+0.19 0.77+£0.13 0.78+0.14 0.988 0.171
v/ 285+ 1.34 291 +147 3.30+1.61 3.51+1.85 0.379 0.257
Mann Whitney U test SS: standard deviation N: number of individuals **Significant difference (p<0.05).

In ABR test; latency values of L., lll. and V. waves, I-ll, 11I-V,
I-V interpic latency values, amplitudes of |, lll. and V. waves
and V/I amplitude ratio parameters were evaluated (see
Table 1 and Table 2). No statistically significant difference
was observed between the study group and the control
group (p>0.05).

However, lower results were obtained in the I.and Ill. wave
amplitudes in the right and left ears and in the V. wave
amplitude in the right ear in the study group compared to
the control group.

Discussion

Viral infections affect the peripheral hearing and vestibular
system by involving the corti, stria vascularis and spiral
ganglia (16). Viral infections such as cytolamegalovirus,
rubella and measles can cause both acquired and
congenital hearing loss (17). There have been many
studies suggesting that coronaviruses can also cause
hearing loss (18,19). However, most of the studies are
related to peripheral hearing and vestibular system.

In many autopsy studies, it has been reported that RNA
residues of the virus are found intensively in the brainstem
region (14). The same studies have emphasized the

brain stem damage’s potential lethality level. However,
our observations of brainstem damage in patients with
varying degrees of disease with today’s technological
capability reveal multiple queries requiring resolution.

The extensive damage to the brainstem raises the
probability of impacted central auditory pathways in
the area. In this study, our aim was to exclude cochlear
pathologies and concentrate solely on the brainstem
by incorporating the requirement of normal DPOAE
outcomesin ourinclusion criteria. Although no statistically
significant difference in latencies of |, lll, and V waves and
latencies between I-lI, llI-V, and |-V waves was observed
between the experimental and control groups in ABR
testing studies conducted in individuals with Covid-19
(20), Groiss et al.,, (2020) argued that the patient should be
evaluated for brainstem involvement even if the disease is
asymptomatic (21). One of the studies conducted before
the Covid-19 pandemic stated that brainstem function
can be assessed with ABR. Gedik et al., (2021) evaluated |,
Il and V wave latencies, I-lll, llI-V, I-V inter-wave latencies, |
and V wave amplitude values and V/I amplitude ratio (22)
. Significant difference was found only in prolongation
of -V inter-wave latency (p<0.05). On the other hand,
although they did not find a statistically significant
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difference, they stated that there were prolongations in
the latency values of the study group compared to the
control group.In our study, latencies of |, lll, and V waves,
latencies between I-llI, lI-V, I-V waves, amplitudes of |, Ill,
and V waves, and V/I amplitude ratios were examined.
Although no statistically significant difference was
observed between the two groups (p>0.05), the study
group had lower amplitudes of | and Ill waves in the right
and left ears and of V wave amplitude in the right ear
compared to the control group.

It was thought that the lack of significant differences
between groups may be due to the fact that individuals
in the study group survived the disease without any
medical intervention and support (such as the need for
intensive care and the use of ototoxic drugs). Although
not significant, this difference in amplitudes suggests the
presence of brainstem damage, albeit not at a significant
level, in participants whose cochlea was considered
healthy by DPOAE. A study evaluating otoacoustic
emissions after COVID-19 infection reported that the
absence of symptoms does not guarantee that the cochlea
is functioning properly (23) while another of the following
studies also confirmed damage to the cochlea using
otoacoustic emissions testing (24). Another study showing
prolongation of latency in brainstem evoked potentials in
people who developed sensorineural hearing loss after
Covid-19 attributed this to neuronal damage caused by
the disease. Oztiirk et al. (2022), also reported a similar
association (8). Celesia, (2015) reported that in the case of
brainstem dysfunction, wave morphology, amplitude, and
latency may be affected, and outcomes associated with
a weak (<0.5) amplitude ratio between V/I waves may be
observed (24). In our study, no significant difference was
observed in the V/I amplitude ratio between individuals
in the study group with symptoms that can be considered
neurological symptoms, such as loss of taste and smell,
and individuals in the control group. This, as well as other
results of the ABR, suggests that the study group may
have survived the disease at a mild to moderate level.

Conclusion

This study investigated the effect of possible damage
in the pons region of the brainstem, where the auditory
pathways and nuclei are located, on ABR responses in
individuals with Covid-19. The biggest difference of our
study from other studies in the literature is the presence
of at least one neurological symptom thought to
originate from the pons region in all individuals included
in the study. As a result, it was revealed that the auditory

brainstem responses of adult volunteers who had
undergone Covid-19 with neurological symptoms were
not different from those of people who had not previously
undergone Covid-19. However, the low amplitudes of the
study group suggest the onset of brainstem damage.
The study may be supported by other studies with more
participants and may allow us to have an idea about the
brainstem of people who have had Covid-19 with ABR
scanning.

Limitation

The emergence of new variants of the virus causing
the disease every day causes changes in the diversity
and frequency of symptoms. In this study, since the
variants that the study group was infected with were not
questioned, no comparison between variants was made.
In addition, since the distribution was not homogeneous,
comparison between genders was not analysed.
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