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A B S T R A C T 

Objective: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a novel coronavirus, 
causes coronavirus disease 2019 (COVID-19). Otologic surgeries with drilling by powered in- 
struments induce significant aerosols, which may induce SARS-CoV-2 transmission to medical 
staff if SARS-CoV-2 exists in the middle ear and mastoid cavity. During a COVID-19 pandemic, 
therefore, confirming a negative COVID-19 test prior to otologic surgery is recommended. How- 
ever, previous coronavirus studies demonstrated that coronavirus was detected in the middle ear in 
some patients even though the polymerase chain reaction (PCR) test using their nasopharyngeal 
swab was negative. This study aimed to elucidate the probability of a positive SARS-CoV-2 PCR 

test in the middle ear or mastoid specimens from otologic surgery patients in whom SARS-CoV-2 
was not detected by preoperative PCR test using a nasopharyngeal swab. 
Methods: We conducted a prospective, multicenter clinical study. Between April 2020 and 
December 2021, during the COVID-19 pandemic, 251 ears of the 228 participants who under- 
went otologic surgery were included in this study. All participants had no symptoms suggesting 
COVID-19 or close contact with a confirmed COVID-19 patient two weeks prior to the surgery. 
They were also negative in the SARS-CoV-2 PCR tests using a nasopharyngeal swab before 
surgery. We collected mucosa, granulation, bone dust with mucosa or fluid from the middle ear 
or mastoid for the SARS-CoV-2 PCR tests during each otologic surgery. 

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID-19, coronavirus disease 2019; RT-PCR, reverse transcription poly- 
merase chain reaction; AOM, acute otitis media; OME, otitis media with effusion. 
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. Introduction 

Severe acute respiratory syndrome coronavirus-2 (SARS-
oV-2), a novel coronavirus, causes coronavirus disease 2019

COVID-19), an infectious disease that shows the upper respi-
atory system symptoms such as fever, cough, tiredness, loss
f taste or smell, and sore throat. SARS-CoV-2 is transmit-
ed mainly by respiratory fluids, especially aerosol particles
rom people infected by this virus [1–3] . The middle ear
nd mastoid connect to the nasopharynx via the Eustachian
ube, and the middle ear mucosa is anatomically classified as
 respiratory epithelium [4] . Therefore, the middle ear and
astoid are considered part of the upper airway. Virologi-

al studies revealed that common respiratory viruses, such as
hinovirus, respiratory syncytial (RS) virus, or coronavirus,
ere detected from a middle ear specimen in 48% of chil-
ren with acute otitis media (AOM) and 30% of children with
titis media with effusion (OME), respectively [5 , 6] . Among
hese viruses, coronavirus was identified in 8% and 3% of
he AOM and OME populations, respectively [5 , 6] . Consid-
ring that SARS-CoV-2 belongs to the family Coronaviridae
7] , it is plausible that COVID-19 patients have SARS-CoV-
 virus in the middle ear and mastoid. Otology guidelines
ecommended postponing non-urgent mastoid surgeries dur-
ng the COVID-19 pandemic [8 , 9] because mastoid drilling
y powered instruments induces significant bone and other
issue aerosols [10] , which may contain a viable virus when
he SARS-CoV-2 virus infects the patients. Autopsy studies of
eceased COVID-19 patients proved the SARS-CoV-2 virus
n the middle ear [11 , 12] and mastoid [13] , indicating that
his recommendation is reasonable. The guidelines also rec-
mmend that if ear surgery is required during a COVID-19
andemic, a negative test for COVID-19 should be confirmed
efore surgery [8 , 9 , 14] . Reverse transcription PCR (RT-PCR)
sing nasopharyngeal or oropharyngeal swabs are the gold
tandards for identifying the SARS-CoV-2 in the upper res-
iratory system [15 , 16] . It should be noted that in a previous
arge cohort study, 2-3% of patients with AOM tested pos-
tive for coronavirus in PCR of middle ear specimens, but
o coronavirus was detected in concurrent PCR of nasopha-
yngeal specimens [6 , 17] . Considering that coronaviruses are
etected in middle ear specimens in 8% of patients with AOM
Please cite this article as: H. Yamazaki, N. Yamamoto, T. Sonoyama et al., A m
ear and mastoid specimens from otologic surgery patients, Auris Nasus Larynx, 
the participants at surgery was 31.5 years old. Mastoidectomy using
onducted in 180 of 251 otologic surgeries (71.8%). According to
e inflammation in the middle ear or mastoid cavities was evident
0%), while minor inflammation was observed in 77 (30.7%). All
otologic specimens showed a negative result. No patient suffered
 months after otologic surgery. Furthermore, no hospital-acquired
ologic surgery occurred in our institutions 
owed that PCR testing did not detect SARS-CoV-2 in middle ear
esting that the risk of transmission of SARS-CoV-2 is not high in

g powered instruments when both clinical and laboratory tests are
 COVID-19. 
of Otorhinolaryngology-Head and Neck Surgery, Inc. Published by

Elsevier B.V. All rights reserved.

6] , as mentioned above, these studies imply that PCR test-
ng of the nasopharyngeal swab alone may not be sufficient
o prove the absence of coronaviruses, including the SARS-
oV-2, in the middle ear and mastoid cavity. 

This study aimed to elucidate the probability of a pos-
tive SARS-CoV-2 result in PCR test using the middle ear
r mastoid specimens in otologic surgery patients in whom
ARS-CoV-2 was not detected by preoperative PCR test using
asopharyngeal swabs. We included otologic surgery patients
ho met the following criteria: (1) no COVID-19 symptom
or close contact with a confirmed COVID-19 patient for two
eeks before ear surgery and (2) negative SARS-CoV-2 PCR

est of nasopharyngeal swabs on the day or a couple of days
efore surgery. Our results will be valuable in establishing
uidelines for safe otologic surgery if the COVID-19 pan-
emic persists for a long time. 

.1. Participants and methods 

We conducted a prospective, multicenter clinical study in-
olving three tertiary hospitals from different regions in Japan.
mong the patients who underwent otologic surgery under
eneral anesthesia at our hospitals between April 2020 and
ecember 2021, we recruited 228 patients who gave writ-

en consent to this study by themselves or their guardians.
his study period was determined because COVID-19 out-
reaks, including those in healthcare institutions, have started
ince January 2020 in Japan. Three of 228 patients (1.3%)
ad suffered from COVID-19 more than one month prior to
he surgery. Before hospital admission for otologic surgery,
ll participants were clinically and laboratory-confirmed to
e negative for COVID-19. That is, we performed SARS-
oV-2 real-time RT-PCR testing using a nasopharyngeal swab

18] on the admission day or 1-2 business days before ad-
ission, in addition to confirming the absence of any symp-

oms suggesting COVID-19 nor close contact with a con-
rmed COVID-19 patient in the two weeks prior to admis-
ion. The N2 primer-probe set defined by the CDC was used
n our SARS-CoV-2 real-time RT-PCR testing [19] . In one
f our hospitals (Kobe City Medical Center General Hos-
ital (KCGH)), during the same period as this study, all pa-
ients scheduled for surgery in any departments underwent the
ame examinations for COVID-19 symptoms and SARS-CoV-
ulticenter study to investigate the positive rate of SARS-CoV-2 in middle 
https:// doi.org/ 10.1016/ j.anl.2022.07.007 
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Fig. 1. Results of SARS-CoV-2 PCR tests. (A) In one of our hospitals, 14,266 scheduled surgical patients in any departments underwent a SARS-CoV-2 PCR 

test using a nasopharyngeal swab before their hospital admission during the study period. (B) The temporal changes in the positive rate of the pre-admission 
PCR test. Seventeen out of the 14,266 patients (0.12%) had no symptoms suggesting COVID-19 but tested positive in the SARS-CoV-2 PCR. (C) The number 
of new COVID-19 cases in Japan, released by the Ministry of Health, Labour and Welfare ( https://www.mhlw.go.jp/ stf/ covid-19/ kokunainohasseijoukyou.html). 
The white arrowhead, black arrowhead, gray arrow, and black arrow indicate the 2nd, 3rd, 4th, and 5th waves of COVID-19, respectively. Each wave was 
synchronized with each peak in Fig 1 B, indicated by the same type of arrowhead or arrow. 
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 PCR of nasopharyngeal swab before their hospital admis-
ion ( Fig. 1 A). Except for patients immediately after COVID-
9 recovery, 17 out of the 14,266 scheduled surgical patients
0.12%) had no symptoms suggesting COVID-19 but showed
ositive for the SARS-CoV-2 PCR test. These 17 positive pa-
ients were scheduled non-otologic surgeries, and all surgeries
xcept for urgent ones were postponed. The temporal changes
Please cite this article as: H. Yamazaki, N. Yamamoto, T. Sonoyama et al., A m
ear and mastoid specimens from otologic surgery patients, Auris Nasus Larynx, 
n the positive rate of the pre-admission PCR test are closely
elated to waves of COVID-19 in Japan [20] ( Figs. 1 B and C).
ne of these 17 PCR-positive patients developed COVID-19

oon after the test, and four complained of minor symptoms,
uch as rhinorrhea, fatigue, or sore throat. The remaining 12
atients had no symptoms throughout two weeks after the
CR. 
ulticenter study to investigate the positive rate of SARS-CoV-2 in middle 
https:// doi.org/ 10.1016/ j.anl.2022.07.007 
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Table 1. Details in otologic surgeries and patients. 

Number of Ears Number of Patients Median Age at Surgery (y.o.) (Min-Max) With Mastoidectomy 

Cochlear Implantation 119 99 9 (0-91) 119 (100.0%) 
Tympanoplasty 109 109 51 (3-81) 52 (47.7%) 
Stapes Surgery 8 8 50 (7-70) 0 (0.0%) 
Tympanostomy Tube Insertion 7 4 7 (1-39) 1 (14.3%) 
Others 8 8 20 (1-78) 8 (100.0%) 
Total 251 228 31.5 (0-91) 180 (71.7%) 
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The 251 ears from the 228 participants underwent oto-
ogic surgeries in our hospitals. All medical staff in the oper-
tion room used the standard personal protective equipment
gainst aerosol-generating interventional procedures, includ-
ng an N95 mask, goggle or face shield, gown, and double
loves [21] . In some cases, standard surgical masks were used
ue to an insufficient supply of N95 masks. We investigated
ypes of surgeries, the age at operation, with and without

astoidectomy, and the degree of inflammation of the middle
ar and mastoid cavity based on the intraoperative findings.
n each otologic surgery, we collected a PCR test specimen
rom the tympanic or mastoid cavity. We selected PCR spec-
mens according to previous studies [12 , 13] . Mastoidectomy
sing a powered instrument is considered the highest risk of
erosol production. Therefore, when mastoidectomy was per-
ormed, otologic specimens were collected from the mastoid.

ucosa and granulation around the aditus of the antrum were
ur first choice, and if these were not available, the mucosa
nd granulation in the mastoid air cells were usually col-
ected. A mixture of bone dust and mucosa fragments after
rilling was obtained as otologic specimens in a few cases.
he mucosa, granulation, or fluid in the tympanic cavity was
ollected as PCR specimens in patients without mastoidec-
omy. The method for the SARS-CoV-2 PCR test of these
tologic specimens was the same as for the PCR test of na-
opharyngeal swabs. The PCR tests were performed in the
ame institute where the specimens were collected. 

At Kyoto University, the otologic specimens were soaked
n RNA stabilization solution (RNAlater R ©, Invitrogen, Carls-
ad, USA) immediately after their collection and stored at
 

◦C up to 4 days before RNA purification. In the other
wo institutes (Hiroshima University and KCGH), the col-
ected otologic specimens were stored at 4 

◦C in normal saline
r in a sealed sterile container to prevent drying up to 24
ours before RNA purification. Viral RNA was purified by
ucleoSpin 

R © RNA Virus (Takara Bio Inc., Shiga, Japan) at
yoto University, Takara SARS-CoV-2 Direct PCR detection
it (Takara Bio Inc., Shiga, Japan) at Hiroshima University,
nd Maxwell RSC Viral Total Nucleic Acid Purification Kit
Promega, Madison, USA) at KCGH. Tissue specimens such
s mucosa and granulation were minced and incubated in ly-
is buffer containing proteinase K at 56 

◦C for 10-30 minutes
t the first step of the RNA purification, equal to or longer
han that for the nasal swab. Then, RT-PCR products ampli-
ed by One Step PrimeScript TM III RT-qPCR Mix (Takara
io Inc., Shiga, Japan) with the N2 primer-probe set were
uantified by Bio-Rad CFX96 Touch Real-Time PCR Detec-
Please cite this article as: H. Yamazaki, N. Yamamoto, T. Sonoyama et al., A m
ear and mastoid specimens from otologic surgery patients, Auris Nasus Larynx, 
ion System (Bio-Rad, Hercules, USA) at Kyoto University
nd KCGH. At Hiroshima University, Takara SARS-CoV-2
irect PCR detection kit with the N2 primer-probe set was
sed for RT-PCR, and the amplified PCR products were quan-
ified by Thermal Cycler Dice R © Real Time System III (Takara
io Inc., Shiga, Japan). The cut-off cycle threshold value for

eal-time RT-PCR was determined as 40 cycles in all insti-
utes. 

The ethics committees of each institute approved the study
rotocols (zn200719 for KCGH, E-2105 for Hiroshima Uni-
ersity, and R2600 for Kyoto University). 

. Results 

At the median age of 31.5 years old, 228 patients under-
ent 251 otologic surgeries, including 119 cochlear implanta-

ions, 109 tympanoplasties, eight stapes surgeries, seven tym-
anostomy tube insertions, and eight other types of surgeries.
ochlear implantation and tympanostomy tube insertion were
erformed simultaneously at both sides in 20 and 3 patients,
espectively. Most cochlear implantation and tympanostomy
ube insertion were done in pediatric patients. Therefore, the

edian ages of these surgeries were less than ten years old.
n the other hand, the median ages of tympanoplasties and

tapes surgeries are around 50 years old, indicating that these
ere mainly for adults. All cochlear implantations and 52
f the 109 tympanoplasties (47.7%) were performed concur-
ently with mastoidectomy. In total, mastoidectomy using a
owered instrument was conducted in 180 of 251 otologic
urgeries (71.7%) ( Table 1 ). 

Intraoperative findings showed that active inflammation
as evident in 20 otologic surgeries (8.0%), while minor

nflammation, including post-inflammatory changes, such as
ucosal edema, granulation, or microabscesses, was observed

n 77 surgeries (30.7%). This active or minor inflammation
as found in 17 of 119 cochlear implantations (14.3%), 68
f 109 tympanoplasties (62.4%), 7 of 7 tympanostomy tube
nsertions (100%), and 5 of 8 other types of surgeries (62.5%)
 Table 2 ). 

Regarding otologic PCR specimens, mucosa and granu-
ation, fluid, and bone dust with mucosa fragments during
astoidectomy account for 239 (95.2%), 10 (4.0%), and 2

0.8%), respectively. All SARS-CoV-2 PCR tests for middle
ar and mastoid specimens showed a negative result. No pa-
ient suffered from COVID-19 at least within one month after
tologic surgery. Furthermore, no hospital-acquired infections
ssociated with otologic surgery occurred in our institutions. 
ulticenter study to investigate the positive rate of SARS-CoV-2 in middle 
https:// doi.org/ 10.1016/ j.anl.2022.07.007 
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Table 2. Inflammation observed during surgery. 

Number of Ears Inflammation 
Active Minor No 

Cochlear Implantation 119 2 15 102 
Tympanoplasty 109 10 58 41 
Stapes Surgery 8 0 0 8 
Tympanostomy Tube Insertion 7 4 3 0 
Others 8 4 1 3 
Total 251 (100.0%) 20 (8.0%) 77 (30.7%) 154 (61.4%) 
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. Discussion 

In this study, during the COVID-19 pandemic, we focused
n 251 otologic surgeries on patients who had no symp-
oms suggesting COVID-19 and were confirmed negative for
ARS-CoV-2 PCR tests using a nasopharyngeal swab. Our
esults showed that RT-PCR did not detect SARS-CoV-2 in
ny middle ear and mastoid specimens, implying that the risk
f SARS-CoV-2 transmission via aerosols is not high in oto-
ogic surgeries with powered instruments when both clinical
nd laboratory tests are confirmed to be negative for COVID-
9 before surgery. 

Cochlear implantations and tympanoplasties consisted of
ost of the 251 otologic surgeries. In particular, cochlear im-

lantations accounted for the highest percentage at 47.4%, al-
hough tympanoplasties had been more common than cochlear
mplantations before the COVID-19 pandemic in our insti-
utes. As indicated by the categories of otologic surgical pri-
rities after the first peek of the pandemic [14] , cochlear im-
lantations for pediatric patients with pre-lingual deafness,
ochlear implantations for patients with post-lingual deaf-
ess, and tympanoplasty without complications of acute or
hronic otitis media were prioritized in this decreasing order,
hich resulted in a high proportion of cochlear implantation

n this study. In 71.7% of the otologic surgeries, we per-
ormed mastoidectomy with powered instruments ( Table 1 ),
hich might increase the risk of SARS-CoV-2 transmission
ia aerosols [8 , 9 , 14] . Therefore, if the possibility of the ex-
stence of SARS-CoV-2 in the middle ear or mastoid cavi-
ies is not negligible, otologic surgeries with mastoidectomy,
specially cochlear implantation, should be performed with
he appropriate protection against viral transmissions, such as
ersonal protective equipment, a protective drape tent, and a
owered air-purifying respirator [22 , 23] . 

A couple of decades ago, virological studies showed that
oronavirus PCR tests showed inconsistent results between
asopharyngeal and middle ear specimens. That is, in 2-3%
f ≤ 7-year-old children with AOM, the coronavirus PCR
est showed negative for nasopharyngeal swabs but positive
or middle ear specimens [6 , 17] . Although the populations
f the participants in this study and these previous studies
re different, there is some overlap. Among our 251 otologic
urgeries, 72 were performed in ≤ 7-year-old children, and 97
howed some inflammation. It is, therefore, noteworthy that in
he present study, all otologic specimens were tested negative
y PCR, as were the nasopharyngeal specimens. In previous
tudies, all patients suffered from acute otitis media, while
Please cite this article as: H. Yamazaki, N. Yamamoto, T. Sonoyama et al., A m
ear and mastoid specimens from otologic surgery patients, Auris Nasus Larynx, 
nly 8% of the ears in the present study had active inflamma-
ion. Coronaviruses may be transiently present in the middle
ar only during the acute phase of otitis media. Alternatively,
he inclusion criteria for our study may have lowered the pos-
ibility of SARS-CoV-2 infection because each patient had no
linical symptoms suggestive of COVID-19 and no close con-
act with COVID-19 patients in the two weeks before admis-
ion. The combination of clinical and laboratory-based PCR
ests may help to minimize the possibility of SARS-CoV-2
nfection in the middle ear and mastoid cavity. 

Mucosa and granulation accounted for 95.2% of the middle
ar and mastoid specimens that we collected for PCR testing.
reviously, SARS-CoV-2 was detected from bone and mucosa

n confirmed COVID-19 patients by RT-PCR [13] . The trans-
ission electron microscopy study identified structures sug-

estive of SARS-CoV-2 in the epithelial cells of middle ear
ucosa obtained from deceased COVID-19 patients. There-

ore, we thought epidermal cells might carry the SARS-CoV-2
or a long time in the middle ear and used mucosal tissue for a
CR test. Since the accuracy of the PCR test for SARS-CoV-
 using mucosal tissue specimens has not been investigated, it
annot be ruled out that our PCR results with otological tissue
ere false-negative, which may be considered a limitation of

his study. We emphasize here that all patients who underwent
tologic surgery in this study did not develop COVID-19 at
east within one month after surgery. In addition, no hospital-
cquired infections related to otologic surgery occurred in our
nstitutions. Therefore, although the accuracy of the test to
etect SARS-CoV-2 has not been proven, the probability of
he existence of SARS-CoV-2 in the middle ear and mastoid
s sufficiently low in patients without symptoms who show
egative PCR test of nasopharyngeal swabs before surgery. 

The accuracy of the SARS-CoV-2 PCR test using a na-
opharyngeal swab has been investigated in COVID-19 pa-
ients [24] but not in asymptomatic people infected by SARS-
oV-2. Fig. 1 B shows that in one of our hospitals, 17 out of

he 14,266 surgical patients, including those from departments
ther than otolaryngology, were positive in the SARS-CoV-2
CR test using nasopharyngeal swabs before admission. Since
o patients with negative PCR test developed COVID-19
ithin two weeks after the test, the negative predictive value
f our SARS-CoV-2 PCR of a nasopharyngeal swab in people
ithout COVID-19 symptoms is high enough. Five of the 17
CR-positive patients later developed COVID-19 or showed
inor upper respiratory symptoms. On the other hand, the

emaining 12 showed no symptoms related to COVID-19,
uggesting asymptomatic infection or a false positive of our
ulticenter study to investigate the positive rate of SARS-CoV-2 in middle 
https:// doi.org/ 10.1016/ j.anl.2022.07.007 
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ARS-CoV-2 PCR test. Since the positive rate of the pre-
dmission PCR test is clearly synchronized with the waves
f new COVID-19 cases ( Figs. 1 B and C), it is reasonable to
ssume that our SARS-CoV-2 PCR test successfully detected
symptomatic SARS-CoV-2 infection or colonization in the
asopharynx. 

The results of the present study suggest that a consider-
bly low rate of SARS-CoV-2 PCR positivity in the middle
ar cavity would be expected in patients with no symptoms
uggestive of COVID-19 and a negative nasal swab SARS-
oV-2 PCR test prior to the surgery. However, these findings
o not guarantee the absence of SARS-CoV-2 infection in the
iddle ear. Thus, in the aerosol-generating otologic surgery

uring the COVID-19 pandemic, it is preferable to use the
ersonal protective equipment, including an N95 mask, gog-
le or face shield, gown, double gloves, and microscope drape
ent, to minimize the risk of infection to medical staff, espe-
ially the surgeon [22 , 23] . However, goggles and face shields
an reduce the surgeon’s field of vision, and microscope drape
ents can interfere with fine surgical manipulation. Thus, ex-
essive infection protection against minimal infection risk can
otentially disadvantage the patient due to longer operating
ime and inaccurate surgical manipulation. Therefore, in pe-
iods when the number of SARS-CoV-2 infection patients is
aintained low, otologic surgery using conventional infection

rotection techniques prior to the COVID-19 pandemic may
e acceptable if the patient and surgical staff have received
ultiple doses of vaccine against SARS-CoV-2 and the pa-

ient shows no symptoms suggestive of COVID-19 and neg-
tive SARS-CoV-2 PCR test using a nasal swab. However,
hen downgrading infection protection protocols, we need

areful monitoring for the emergence of a COVID-19 patient
mong the surgical staff. 

. Conclusion 

This prospective multicenter clinical study recruited 228
atients who underwent otologic surgery during the COVID-
9 pandemic. These patients had no symptoms suggesting
OVID-19 and were confirmed negative for SARS-CoV-2
CR tests using a nasopharyngeal swab. Our results demon-
trated that RT-PCR did not detect SARS-CoV-2 in any mid-
le ear or mastoid specimens, suggesting that the risk of trans-
ission of SARS-CoV-2 is not high in otologic surgeries even

sing powered instruments when both clinical and laboratory
ests are confirmed to be negative for COVID-19 preopera-
ively. 
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