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It is known that sensorineural deafness
is a polyetiological disease, and quite often,
the cause of its occurrence can be inflamma-
tion, intoxication, viral and bacterial infec-
tions. As a result of the COVID-19 pandemic,
a significant number of patients encountered
various clinical manifestations of the disease,
including lesions of the auditory analyser [3,
10, 19, 20, 22] and neurological manifesta-
tions [2, 13, 14, 23, 24, 27-29]. The share of
persons in whom hearing disorders and tinni-
tus may be associated with the transferred
COVID-19 is, respectively, ~3% and ~5%
among all cases of this infectious disease [23].
According to some data, hearing impairment
against the background of COVID-19 affects
the high-frequency region of the acoustic
spectrum [9, 26]. It may also be caused by the
ototoxic side effects of drugs used to treat
COVID-19 [10, 11, 12, 16, 26] or even using
some protective respirators [1]. All this actu-
alizes detailed studies of the condition of the
auditory analyser against the background of
COVID-19 and the development of optimal
diagnostic and treatment algorithms for this
pathology segment.
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The study aims to assess the state of au-
ditory function based on subjective audiometry
data in an extended frequency range in patients
with COVID-19.

Materials and methods

An analysis of subjective audiometry da-
ta was conducted on 32 patients with COVID-
19 who complained of hearing impairment
after the disease. The examination was con-
ducted with audiometers AS-40 ("Interacous-
tics", Denmark). The methods of mathematical
variational statistics were used using licensed
software (STATISTICA v.13.3) according to
generally accepted recommendations to ana-
lyse the obtained results. The average statistical
value of indicators — (M) and its error (*m)
were calculated. The reliability of the obtained
results was assessed by the Student's t-test.

Results and their discussion

In patients who fell ill with COVID-19
and complained of hearing loss, we performed
an examination of auditory function by the
method of subjective audiometry. We mainly
observed perceptual disorders of hearing func-
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tion during the clinical and instrumental exam-
ination of patients who fell ill with COVID-19
and complained of deterioration of hearing
function after the disease. This work considers
just such cases of sensorineural disorders of
auditory function. Patients complained of tinni-
tus, ear congestion, decreased hearing acuity,
poor tolerance to loud sounds, unpleasant sen-
sations in the ears (feeling of pressure, tingling,
dull pain), and deterioration of speech intelligi-
bility.

Most patients did not notice signs of im-
paired hearing during the disease with COVID-
19 but noted that such manifestations occurred
later, after complete recovery, gradually pro-
gressing. According to the data of subjective
audiometry in patients with COVID-19 with
sensorineural disorders of auditory function, in
most cases, we observed a gently descending
type of tonal audiometric curve with the most
significant increase in hearing thresholds for
tones in the area of high frequencies of the
conventional range and disorders in the high-
frequency zone. These data are published in
our previous work [28].

Here is an example of a typical audio-
gram of a patient with sensorineural deafness
after COVID-19 (Fig. 1).

Fig. 1. Data of subjective audiometry in a pa-
tient after COVID-19.

Omopunonapuneonoeis, Ne4(6), 2023

Analysis of hearing threshold data for
tones of an extended frequency range in those
patients who were found to have perceptual
impairment of auditory function according to
subjective audiometry showed the following.

According to the values of quantitative
indicators of tonal audiometry, there was a
significant (p<0.01) increase in hearing thresh-
olds to tones of the entire studied frequency
range in the examined patients with COVID-19
compared to the individuals of the control
group. The average statistics of thresholds of
auditory sensitivity to tones of the extended
range of the extended frequency range in the
patients examined by us are shown in Table.

As can be seen from the data presented
in the table, in patients with COVID-19, there
is a significant (p<0.01) increase in hearing
thresholds to tones of the entire studied range
compared to controls. The most pronounced
increase was at frequencies of 12, 14 and 16
kHz, with 57.6+2.3, 59.2+2.4 and 61.2+2.1 dB,
respectively.

These data are more clearly presented in
Fig. 2.
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Fig. 2. Average statistical indicators of hearing
thresholds for tones of the extended frequency range
in patients with COVID-19 and persons in the control
group (dB).

It should be noted that in some of the pa-
tients with COVID-19, who complain of a de-
crease in hearing function, we did not detect any
violations according to the data of subjective
audiometry in the conventional range, but only a
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decrease in hearing sensitivity in the zone of the
extended frequency range. In addition, in 12
patients who did not complain of disturbances
from the auditory system, we found an increase

in hearing thresholds to tones in the 9-16 kHz
zone. Such patients were not included in the
study presented in our work, and the detected
violations require further analysis.

Average statistical indicators of hearing perception for tones of an extended frequency range
in patients with COVID-19 and persons in the control group (dB)

Groups Frequency, kHz
of patients 9 10 11.2 12 14 16
K 9,6+0,8 9,9+0,7 9,940,8 10,7+0,7 11,8+0,8 12,1£1,0
1 39,3+1,9 46,8+2,3 52,5422 57,623 59,5+2,4 61,2+2,1
t/p (K-1) 15,12 15,35 18,2 19,51 18,86 21,11
P<0,01 P<0,01 P<0,01 P<0,01 P<0,01 P<0,01

The data we received confirm the con-
clusions of many research groups regarding the
probability of developing auditory function
disorders in the form of perceptual disturb-
ances in the case of COVID-19 [3, 9, 10, 23].
In addition, the results of our study are con-
sistent with the data, which indicate the preva-
lence of hearing impairment in this viral pa-
thology at the level of high-frequency noise [9,
26].

As possible pathophysiological mecha-
nisms of hearing impairment against the back-
ground of COVID-19, disorders of microcircu-
lation and hemoperfusion of the cochlea are
considered [34], for example, thrombotic gene-
sis [6], damage to neurons of the central or
peripheral part of the auditory analyser [34],
including the efferent, olivocochlear link [ 15]
and, of course, direct viral damage to the cellu-
lar elements of the organ of Corti [7]. With a
high probability, COVID-19 can directly affect
the hair cells of the organ of Corti [6] since at
least human vestibular hair cells are character-
ized by the expression of the receptor protein
ACE2 (angiotensin-converting enzyme 2) for
the COVID-19 virus, as well as two cofactors,
TMPRSS2 (transmembrane protease serine 2)
and Furin, necessary for the penetration of viral
particles into the cell [18]. Direct infection of
vestibular hair cells with the COVID-19 virus
on explants of the human inner ear has also
been described [18], as well as ACE2 expres-
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sion by some hair cells of the mouse organ of
Corti [31]. Also, an increase in the concentra-
tion of the protein Prestin, a key element of the
mechanism of amplification of auditory per-
ception by outer hair cells [4], is detected in
blood plasma against the background of
COVID-19 [30]. However, this protein is also
expressed in human cardiomyocytes [33], and
COVID-19 can directly cause the death of
these cells [32]. In addition, for some reason,
lower levels of prestin in serum are characteris-
tic of individuals with a higher level of expo-
sure to acoustic noise [25]. It should also be
noted that the immunologically triggered role
of the endocannabinoid system [5], the molecu-
lar elements of which [5, 17], as well as the
usual elements of the immune system [21], are
detected among the structures of the receptor
apparatus of the inner ear in the pathogenesis
of tinnitus after the transfer of COVID-19.
Finally, the assumptions regarding the impact
of COVID-19 on the central auditory analyser
[8, 15, 34] still need strong direct evidence; the
considered mechanisms of such influence are
similar to those listed above [34] and, in our
opinion, as the final link may include necrotic,
autophagic or apoptotic death of neurons [7,
34]. Apparently, a similar list of mechanisms
of cell death is also characteristic of damage to
the hair cells of the organ of Corti against the
background of COVID-19, which — In case of
confirmation — will mean the possibility of a
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time-differentiated manifestation of the ototox-
ic effects of COVID-19. Elucidation of this
issue requires further thorough research.

In this regard, in our opinion, when ex-
amining patients after suffering from COVID-
19, it is advisable to conduct an instrumental
examination of those who have complaints of
impaired hearing function and, if possible, a
hearing examination in an extended frequency
range.

Conclusions:

1. With COVID-19, auditory function
disorders occur due to damage to the auditory
system, which, in many cases in the early stag-
es of development, can only be detected with
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Abstract

It is known that, quite often, the cause of sensorineural deafness can be inflammation, intoxication, and vi-
ral and bacterial infections. As a result of the COVID-19 pandemic, many patients encountered various clinical
manifestations of the disease, including damage to the auditory analyser. It actualizes detailed studies of the con-
dition of the auditory analyser against the background of COVID-19 and the development of optimal diagnostic
and treatment algorithms.

The study aims to assess the state of auditory function based on subjective audiometry data in an extended
frequency range in patients with COVID-19.

Materials and methods: An analysis of subjective audiometry data was conducted on 32 patients with
COVID-19 who complained of hearing impairment after the disease. The examination was conducted with audi-
ometers AS-40 ("Interacoustics", Denmark).

Results and their discussion: By clinical and instrumental methods, we examined patients who became ill
with COVID-19 and complained of deterioration of auditory function after the disease. We observed perceptual
disorders of auditory function. Patients complained of tinnitus, ear congestion, decreased hearing acuity, poor
tolerance to loud sounds, unpleasant sensations in the ears (feeling of pressure, tingling, dull pain), and deteriora-
tion of speech intelligibility.

Most patients did not notice signs of impaired hearing during the disease with COVID-19 but noted that
such manifestations occurred later, after complete recovery, gradually progressing. According to the data of sub-
jective audiometry in patients with COVID-19 with sensorineural disorders of auditory function, in most cases, we
observed a gently descending type of tonal audiometric curve with the most significant increase in hearing thresh-
olds for tones in the area of high frequencies of the conventional range and disorders in the high-frequency zone.

The analysis of data on hearing thresholds for tones of an extended frequency range based on subjective
audiometry data in patients with COVID-19 with perceptual disorders of auditory function showed that there was
a significant (p<0.01) increase in hearing thresholds for tones of the entire studied population compared to the
control range The most pronounced such increase was at frequencies of 12, 14 and 16 kHz, where the values were
57.6+2.3, 59.2+2.4 and 61.242.1 dB, respectively.

Conclusions:

1. With COVID-19, auditory function disorders occur due to damage to the auditory system, which, in
many cases in the early stages of development, can only be detected with the help of subjective audiometry in an
extended frequency range.

2. The most pronounced reliable (p<0.01) increase in hearing thresholds to tones of an extended frequency
range in patients with COVID-19 with complaints of hearing impairment compared to the control occurs at fre-
quencies of 14 and 16 kHz, where the values in the subjects were 57.6+2.3 and 61.24+2.1 dB, respectively.

3. For patients with COVID-19 who complain of auditory dysfunction, it is advisable to conduct an instru-
mental audiological examination, particularly tonal threshold audiometry in an extended frequency range, to de-
tect early signs of sensorineural deafness.

Key words: COVID-19, auditory function, perceptual hearing disorders, sensorineural deafness, subjective
audiometry, hair cell apoptosis.
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Anomauyis

Bigomo, mo 10cHTh 9acTo MPUYMHOIO BUHUKHEHHS CEHCOHEBPAJIBHOI NMPUTITyXyBaTOCTI MOXYTh OyTH 3a-
MajeHHs, IHTOKCHKamii, BipycHi Ta GakTepianpHi iH¢ekmii. Bracrainox manmemii COVID-19 3HauHa KinbKicTh
XBOPHX 3ITKHYJIHCS 3 PI3HOMAHITHUMH KJIIHIYHHMH IIPOSIBAMH 3aXBOPIOBAHHS, Y TOMY YHCHI 3 YPOKEHHSIMH CIIy-
X0BOro anaiizatopa. Lle akryanizye aeTanbHI DOCHIIKEHHS CTaHy ClIyxoBoro asamizatopa Ha T COVID-19 i
PO3pOOKy ONITHMANBHUX MiarHOCTUYHUX Ta JIKYBAJIBHUX aJTOPUTMIB.

Mema 0ocnidrcennsn: ONIHKA CTaHy CIYXOBOi (PYHKIIIi 32 JaHUMU Cy0’€KTUBHOT ayiOMETpii y po3IIupe-
HOMY Jliama3oHi 9acToT y xBopux Ha COVID-19.

Mamepianu i memoou: IIpoBeneHo aHani3 1aHuX cy0’ekTUBHOI ayniomerpii y 32 xBopux Ha COVID-19,
SIK1 CKapIKHJIKCSL Ha TOTIpLICHHS ciyxoBoi QyHKIIT micist 3axBoproBaHHs. OOCTeXEHHS MPOBOAMIOCS 32 JIOTIOMO-
roro ayniomeTpiB AC-40, («Interacoustics», Janis).

Pezyromamu ma ix 062060pennsn: Ilpu 00CTeKCHHI KIIHIYHUMH Ta IHCTPYMEHTABHUMH METOIaMH TIalli-
€HTiB, sKi mepexBopinmy Ha COVID-19 Ta ckap>KUiIucst Ha TOTIPIIEHHS CITYXOBOi (DYHKIIIT MICHIsT 3aXBOPIOBAaHHS,
MU CIIOCTEpiraiy NeplenTHBHI HOPYIIEeHHs ciyxoBoi pyHkuii. [TarieHTH cKap>KUIIMCS Ha IIyM y ByXaX, 3aKiaje-
HICTh BYX, 3HIDKEHHS TOCTPOTH CIyXY, MIOTaHy MEPEHOCHMICTh TYYHUX 3BYKiB, HEPUEMHI BITIYyTTA y Byxax (Bif-
YyTTsI TUCKY, TOKOJFOBAHHS, TYIAN OLTh), HOTIPIIEHHS po30ipIMBOCTI MOBH.

binburicts XBOpHX HE BiZMiYain 03HAKH MOPYILIEHb CIyX0BOi (YHKIIIT mij yac 3axBoproBanHs Ha COVID-
19, a 3a3Havanm, MO TaKi MPOSBH MAJIA MICIE 3r0JI0OM, ITCIII IOBHOTO OIY)KaHHS, IIOCTYIIOBO MPOTPECyour. 3a
JaHUMHU cy0’ eKTHBHOT ayaiometpii y xBopux Ha COVID-19 3 ceHCOHEeBpaIbHUMH MOPYLIEHHSIMH CITyX0BOT (hyHK-
1ii B OLTBIIOCTI BUNIAIKIB MH CITOCTEPIraiy MOJIOTOHMU3XITHUHN THIT TOHAJIBHOIT ayAIOMETPHYHOT KPUBOi 3 HalO1Th-
MM MBUILEHHAM HOPOTIB CIIyXy Ha TOHHM Yy 00JacTi BUCOKMX YacTOT KOHBEHLIOHAJIBHOTO AiaraszoHi i mopy-
HICHHSIMU Y BUCOKOYACTOTHIN 30HI.

Amnai3 1aHuX MOPOTIB CIyXY Ha TOHH PO3IMIMPEHOTO Jiana3oHy 4acTOT 32 JIAHUMH Cy0’€KTUBHOI ayaioMe-
Tpii y xBopux Ha COVID-19 3 nepuenTuBHUMU MOPYIICHHSIMH CIYXOBOi (YHKIIIT OKa3aB, 10 Y HUX CIIOCTepira-
erbest nocroipHe (p<0,01) MOPIBHAHO 3 KOHTPOJIEM ITiABUIICHHS ITOPOTIB CIYXY IO TOHIB YCHOTO JOCTIHKYBaHO-
ro nmiarmazony. HaifOuipIn BUpaXeHUM Take MiIBUIICHHS Oyiio Ha YacToTtax 12; 14 Ta 16 x['1, Ae 3HAYCHHS CTaHO-
Bunu 57,6+2,3; 59,2+2,4 ta 61,2+2,1 b, BiAMOBIIHO.

Bucnoeku:

1. IIpu COVID-19 maroTh Miclie MOpYLISHHS CIIyX0BO1 (DYHKIIIT BHACTIJOK Ypa)KEeHHsI CIIyXOBOI CHCTEMH,
AKi B 0araThOX BHITaJKaX HAa PaHHIX CTAHisIX PO3BUTKY MOXKYTh OYTH BHSABIICHI JIMIIIE 32 TOTIOMOTOI0 Cy0’ €KTHBHOL
ayAioMeTpii y po3IIHPEHOMY Jiana3oHi 4acToT.

2. Haii6inpm Bupaxene nocrosipae (p<0,01) mopiBHSHO 3 KOHTPOJIEM MiIBUIIEHHS MMOPOTIB CIyXy 10 TO-
HIB PO3IIMPEHOTO Jiana3oHy 4acToT y xBopux Ha COVID-19 3i ckapramu Ha HOpYIIEHHS CIyXy Mae Micle Ha
yacroTax 14 ta 16 k', Ae 3HaYEHHS Y TOCTMKYBaHUX CKiianu 57,642,3 ta 61,2+2,1 ab, BianoBigHO.

3. XBopum Ha COVID-19, siki npexa’sIBISIOTh CKapry HA HOPYLIEHHS CIIyX0BO1 QyHKIIi, JOIIIBHO MPOBO-
JUTH IHCTPYMEHTAJILHE ayIi0JIOTIYHE 0OCTEKEHHS, 30KpeMa TOHAIbHY IIOPOTOBY ayIiOMETPII0 Y PO3MIUPEHOMY
Ziarma3oHi 9aCTOT 3 METOO BHUSIBIICHHS PaHHIX O3HAK CEHCOHEBPAIBHOT MPHUTITYXyBAaTOCTI.

Karouosi cioBa: COVID-19, cyxoBa (yHKIis, IEpLENTHBHI MOPYIIEHHS CIyXy, CCHCOHEBpalbHa IIPHT-
JTyXyBaTiCTh, Cy0 €KTHBHA ayJiOMETpPis, allONTO3 BOJOCKOBHX KIIITHH.
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