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Evaluation of Middle Ear and Mastoid Cells of COVID-19 Patients

COVID-19 Hastalarinin Orta Kulak ve Mastoid Hucrelerinin Degerlendirilmesi
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Abstract

Objectives: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is isolated as the cause of coronavirus disease-2019 (CoviD-19). Middle
ear and mastoid air cells are covered with the airway mucosa. In COViD-19, an involvement occurs in the airway mucosa; however, although the
involvement of eustachian tube covered with this mucosa, middle ear, and mastoid is not known, there can be an intervention. The aim of the study
is to investigate the findings of temporal tomography and evaluate the middle ear and mastoid in COViD-19.

Materials and Methods: A retrospective observational study was planned. Patients with a positive polymerase chain reaction (PCR) test for SARS-
CoV-2 and diagnosed with COVIiD-19 were included in the study. COViD-19 patients, who had temporal bone tomography scans (CT), were evaluated.
One hundred twenty-nine COVID-19 patients with positive PCR, who also had temporal bone scans, were included in the study. A grading system
was used to evaluate the effusion in the middle ear and mastoid cells. According to this grading system, left and right middle ear and mastoid were
evaluated separately. In the grading system, the scores were evaluated as O=no effusion, 1=partial effusion, and 2=100% effusion. The maximum
score was accepted as 8. Bilateral tympanic membranes of all the patients were normal.

Results: Involvement was observed in three patients. Bilateral partial effusion and middle ear involvement were observed in two patients. In one
patient, bilateral partial mastoid and unilateral partial middle ear involvement was detected. Temporal CTs of other patients were normal.
Conclusion: No specific finding was found regarding temporal bone involvement from the temporal CT. Three patients had effusion in the middle
ear and mastoid. SARS-CoV-2 generally does not affect the temporal bone; however, it rarely causes effusion in the mastoid and middle ear.
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Amac: Siddetli akut solunum yolu sendromu koronavirisii-2 (SARS-CoV-2), koronaviriis hastaligi-2019 (COVID-19) hastaliginin nedeni olarak izole
edilmistir. Orta kulak ve mastoid hiicreler hava yolu mukozasi ile 6rtiltdiir. COVID-19'da hava yolu mukozasinda tutulum meydana gelir, ancak bu
mukoza ile ortiilli Ostaki tiipl, orta kulak ve mastoid tutulumunun oldugu bilinmemekle birlikte etkilenme olabilir. Calismada amacimiz COVID-
19'daki temporal kemik tomografisini inceleyerek orta kulak ile mastoid bollimin durumunu incelemektir.

Gereg ve Yontem: Retrospektif gézlemsel bir ¢alisma planlandi. SARS-CoV-2 polimeraz zincir reaksiyonu (PCR) testi pozitif olup, COVID-19 tanisi
olan hastalar calismaya dahil edildi. COVID-19 hastalarindan temporal tomografisi (BT) olanlar degerlendirildi. Calismaya temporal BT'si olan 129
PCR pozitif COVID-19 hasta dahil edildi. Orta kulak ve mastoid hiicrelerdeki eflizyonu degerlendirmek igin bir evreleme sistemi kullanildi. Bu
evreleme sistemine gore sag ve sol orta kulak ile mastoid ayri ayri degerlendirildi. Sifir puan=efiizyon yok, 1 puan=parsiyel efiizyon ve 2 puan=%100
eflizyon olarak degerlendirildi. Maksimum skor 8 olarak degerlendirildi. Hastalarin iki tarafli kulak zari normaldi.

Bulgular: Ug hastada tutulum izlendi. iki hastada bilateral parsiyel efiizyon ve orta kulak tutulumu izlendi. Bir hastada ise bilateral parsiyel mastoid
ve tek tarafl parsiyel orta kulak tutulumu izlendi. Diger hastalarin temporal BT'leri normaldi.

Sonuc: Temporal kemik tutulumuna ait temporal tomografide spesifik bir bulgu saptanmadi. Ug hastada orta kulak ve mastoidde efiizyon saptandi.
SARS-CoV-2 genellikle temporal kemigi etkilememektedir, ancak nadir olarak mastoid ve orta kulakta efiizyona neden olmaktadir.
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Introduction

A novel coronavirus, called as severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), was identified as the
cause of an acute respiratory disease in Wuhan, China. The
number of cases had increased, and the disease spread all around
the worldwide. World Health Organization (WHO) named this
new disease as coronavirus disease-2019 (COVID-19). COVID-19
was declared as a pandemic by WHO in March 2020.

The frequently observed symptoms are fever, cough, and as a
result of pneumonia, difficulty in breathing but there is a lot of
obscurities regarding the disease. The disease generally settles in
the lungs; however, the nose and nasopharynx are shown to be
the reservoirs for high concentrations of the SARS-CoV-2 (1,2).

Middle ear and mastoid air cell system are covered by
respiratory mucosa. In COVID-19, an involvement occurs in
the airway mucosa, however, although the involvement of
eustachian tube covered with this mucosa, middle ear, and
mastoid is not known, there can be an intervention (3,4).

Rhinovirus, respiratory syncytial virus, and coronavirus as
respiratory viruses have been implicated as potential agents
of acute otitis media. Acute otitis media is an inflammatory
process of the middle ear associated with an effusion. Middle
ear and mastoid air cell inflammation result effusion, and the
effusion can be detected via computed tomography (CT) (5-7).

Viral infections can cause congenital or acquired, unilateral
or bilateral hearing loss. They can directly damage inner ear
structures, can stimulate inflammatory responses, cause inner
ear damage, or can result in secondary bacterial or fungal
infection that leads to hearing loss. In general, the viruses cause
sensorineural hearing loss, but conductive and mixed hearing
loss can also be seen. In a study, it was shown that cochlear hair
cells can get damaged in COVID-19; however, the mechanism is
unclear (8-11).

There is limited information about the effect of SARS-CoV-2
virus on ear, such as does the virus effect mastoid cells and
middle ear like other coronaviruses, does it cause otitis media
or effusion, or is there any radiological finding in mastoid or
middle ear or cochlea?

In the present study, the temporal scan of the COVID-19
positive patients is investigated.

Materials and Methods

The study was a retrospective observational study. The study
group consisted of 129 patients. The patients with COVID-19
infection via a positive polymerase chain reaction (PCR) test were
evaluated. One hundred twenty-nine subjects were included in
the study, who were decided by the pandemic infection control

committee due to the accompanying symptoms. Temporal bone
scan was applied for all the patients. This scan did not add any
extra radiation or cause any extra time in the tomography.
Ethical approval was obtained from Ankara City Hospital No.1
Clinical Research Board with number EI-20-726.

The patients with a history of chronic otitis media, ear
surgery, other active infections besides COVID-19, hearing loss,
smoking, or vertigo were excluded from the study. A grading
system for evaluating the effusion in middle ear and mastoid
was used to evaluate the images (12).

These scores were applied for left or right mastoid cells and
left or right middle ear separately and in a validating grading
system, the scores were defined as O=no effusion, 1=partial
effusion, 2= and 2=1000% effusion. Maximum total score was 8.

The patients were divided in two groups according to the
chest CT findings. Group 1 (78 patients) had typical radiological
signs for COVID-19 and group 2 (51 patients) had negative signs
of COVID-19. Groups were compared for grading scores.

Statistical Analysis

Data were analyzed by using the SPSS version 21.0 software
program (Statistical Package for Social Sciences v.21, IBM,
Chicago, IL). Paired simple t-test was used for the comparison
of group 1 and group 2 in terms of grading score. P<0.05 was
considered statistically significant.

A total of 129 hospitalized patients who were confirmed
PCR positive for COVID-19 and had a temporal CT scans were
included to this study.

The mean age was 43.3 (standard deviation+18.51; min-
max 19-83 years). Of 129 patients, 78 (60.5%) were male and
51 (39.5%) were female. Patients were divided into two groups
according to their chest CT findings. Group 1 had specific chest
CT findings and included 78 patients, group 2 had no findings in
chest CT and included 51 patients. There was no difference in the
female/male proportion between groups (p=0.611). There was
no difference between the groups regarding comorbid diseases
except obesity. Group 1 had a statistically high obesity (Table
1). There was no difference between the groups for the onset
symptoms of disease except postnasal drip (Table 2). Postnasal
drip was significantly high in group 2.

All patients had normal tympanic membrane. Bilateral partial
middle ear and mastoid cavity involvement were observed in the
temporal bone scan of two patients. The score of these patients
was 4. One patient had bilateral partial mastoid and unilateral
middle ear involvement. The score of the patient was 3.

One patient, who had a score of 4, was in group 1 and
other two patients were in group 2. Other patients had normal
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temporal bone CT images. Findings of the temporal bone scans
were compared according to the grading system between the
groups and there was no significant difference between the
groups (p=0.258) (Table 3).

SARS-CoV-2 virus is found in high concentrations in the
nose and nasopharynx. Nasopharynx has a close relationship
with mastoid cells and middle ear. Airway mucosa is involved
in COVID-19. Middle ear, eustachian tube, and mastoid cells are
covered by airway mucosa that is involved in COVID-19. Due to
these findings, ear might be contaminated, but further evidence
is required (1,13,14).

It is known that coronaviruses have a role in acute otitis
media and upper respiratory tract infections. Effusion is often
seen in acute otitis media and upper respiratory tract infections.
This effusion can be seen in the radiological examination of the
middle ear and mastoid cells. There is limited information about
the middle ear involvement of SARS-CoV-2. Virus involvement

Table 1: Additional diseases of the study population
Group 1 (Positive CT)

n=78

Additional disease

Diabetes mellitus 14
Hypertension 14
Coronary artery disease 3
Malignancy 4
Obesity 24
Chronic heart failure 4

*Student t-test, CT: Computed tomography

Table 2: Symptoms of the study population
Group 1 (Positive CT)

n=78
Symptoms
Fever 26
Cough 36
Postnasal drip 15
Rhinorrhea 3
Myalgia 43

*Student t-test, CT: Computed tomography

Table 3: Comparison of the temporal grading of the study population
Group 1 (Positive CT)

n=78
Temporal CT findings Mean
Temporal grading 0.051

*Student t-test, CT: Computed tomography
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might cause otitis media similar to other coronaviruses and
this can be observed in radiological scan (6,14,15). Recently, a
cadaver study was published, and it was seen that SARS-CoV-2
virus was isolated from the middle ear and mastoid of the
cadavers with COVID-19 (16).

The evaluation of the hearing loss pathogenesis of COVID-19
draws attention and needs further studies and more evidence.
Middle ear and mastoid cavity may be an important route of
infection. Virus may affect the middle ear, inner ear, or mastoid
cells and cause hearing loss which may be detected by temporal
bone scan. However, there is no study regarding the temporal
bone scan of COVID-19.

In the present study, middle ear and mastoid condition
was evaluated by using temporal bone tomography scans
of COVID-19 patients. The current study is the first study
investigating middle ear and mastoid from the temporal CT's
in COVID-19.

No specific involvement was found from the temporal
CTs. Two patients had bilateral partial effusion in middle ear

Group 2 (Negative CT)
n=51 P

0.202*
0.965%
0.581*
0.155*
0.012%*
0.152%

O oo O w © o

Group 2 (Negative CT)

n=51 P

19 0.648*

19 0.316*

18 0.041%

6 0.084*

27 0.807*
Group 2 (Negative CT)
n=51 P
Mean
0.13 0.258*
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and mastoid and one patient had bilateral mastoid cells, and
unilateral middle ear effusion. Other patients had normal and
healthy temporal CT scans.

Limitations of the study are the retrospective design, limited
number of patients in the study groups, and the lack of the
hearing tests of the patients. The reason that COVID-19 is very
contagious, a prospective study, which performs the temporal
bone tomography scan together with a hearing test for all the
patients, could not be designed.

There were three patients with the signs of effusion in
mastoid air cells or middle ear. There was no specific sign in
the temporal CTs. We found that SARS-CoV-2 rarely affects the
ear but further studies with larger population groups, detailed
hearing tests, cochlear and inner ear evaluations will be useful
for the evaluation of the etiology of hearing loss in COVID-19
and ear involvement.
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