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Introduction
The novel strain of Coronavirus SARS-CoV-2, which emerged in 

late December 2019, has been found to be both highly infectious 
and virulent [1]. To the present day, SARS-CoV-2 has infected over 
244 million people and caused nearly 5 million deaths worldwide 
[2]. The emergence of the SARS-CoV-2 strain causing the COVID-19 
pandemic has caused the worldwide healthcare sector to face 
unusual clinical challenges in terms of caring for the patients 
while protecting the healthcare workers from catching the virus. 
Otolaryngologists are one of the most vulnerable and susceptible 
among the health professionals, with a higher risk of becoming 
infected with the coronavirus whilst conducting daily routine 
surgical and outpatient procedures due to exposure to the virus-
carrying anatomical sites such as nasal mucosa, nasopharynx and 
oropharynx. 

Rationale
We already know that other viruses can reside in the middle 

ear cleft. The presence of coronavirus (SARS-CoV-2) in the middle 
ear cleft could have a significant impact on otology practices as the 
presence of the virus might result in viral spread/shedding during 
otological procedures i.e., middle ear surgery, drilling of mastoid 
cavity suctioning through tympanic membrane perforation and 
intratympanic injections. 

Objectives
Our study aims to review the available evidence regarding the 

presence of coronavirus (SARS-CoV-2) in the middle ear cleft.

Methods
We undertook a review of the current literature.

Abstract
Introduction: The presence of new coronavirus in middle ear cleft can have significant safety implications on ENT practice 

(e.g., viral shedding during ENT procedures including middle ear/mastoid surgery, ear micro-suction or intratympanic injections).
Objective: This review aims to analyse all available studies providing objective evidence about the presence or absence of 

coronavirus (SARS-CoV-2) in the middle ear.
Methods: Standard search methodology was used to retrieve all studies dealing with the testing for the presence of coronavirus 

(SARS-CoV-2) in the middle ear. Databases searched were PubMed, CINAHL, Cochrane Library and Embase. Only articles providing 
objective evidence of SARS-CoV-2 in middle ear cleft were included i.e., where confirmation of viral presence was available through 
a diagnostic test. Studies merely reporting middle ear symptoms without a diagnostic test were excluded.

Results: A total of 167 articles were obtained during the literature search, out of which a final 6 studies were included and 
analysed. The presence of SARS-CoV-2 in the middle ear cleft was reported in 4 out of the 6 studies (10 out of a total of 20 patients 
tested). Surprisingly, in one patient SARS-COV-2 was identified in the middle ear by PCR testing with a negative oropharyngeal swab 
and no systemic features of SARS-CoV-2.

Conclusion: SARS CoV-2 was reported in the middle ear cleft of 50% (n=10/20) of patients included in our study. Based on our 
study findings, SARS-CoV-2 should be suspected in every patient undergoing ontological procedure during covid-19 until proven 
otherwise. The virus can be present in the middle ear in asymptomatic patients or/and patients with a negative oropharyngeal/
nasopharyngeal swab. Hence all necessary precautions must be undertaken during the otological procedures.
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Eligibility criteria: Studies included in this review fulfilled the 
following eligibility criteria:

a)	 Patient with confirmed coronavirus (SARS-CoV-2) systemic 
infection. 

b)	 Presence of coronavirus (SARS-CoV-2) in middle ear cleft 
confirmed by a diagnostic test.

c)	 English language studies

We excluded the studies which only stated middle ear symptoms 
subjectively in patients with COVID-19 infections but failed to 
confirm the presence or absence of SARS-CoV-2 in the middle ear 
based on a diagnostic test. 

Study design: A literature review.

Search strategy: The literature search was based on two major 
concepts: 1) middle ear cleft (middle ear and mastoid cavity) 2) 
SARS-CoV-2 virus. Search terms included keywords, synonyms, and 
subject headings. Synonyms used were “middle ear” OR “mastoid” 
OR “ear” and “corona” OR “covid 19” OR “SARS-CoV-2”. A literature 
search was performed on 24thOctober 2021. During the literature 
search, no limitations/ filters were applied i.e., language, date, study 
design, full text (appendix 1 literature search strategy PubMed).  

Information sources: Databases searched were PubMed, CINAHL, 
Cochrane Library and Embase. 

Study selection

The first and second author (WJ and FN) conducted the 
literature search individually. Both the reviewers screened through 

the title, abstract separately. Full articles were reviewed where 
needed. Final articles were selected independently based on the 
eligibility criteria of the study. 

Data collection process

The data collected included: 

a.	 year and month study published 

b.	 the total number of patients 

c.	 study design 

d.	 country 

e.	 setting 

f.	 diagnostic methods used 

g.	 study findings. 

Risk of bias and quality assessment

All studies included were assessed for risk of bias and quality. 
A methodological quality assessment tool, by Murad et al. was used 
for quality assessment of the included studies. Following areas 
were explored during quality assessment process 

a)	 clarity of patient selection method 

b)	 exposure and outcome ascertained 

c)	 other confounding factors excluded

d)	 enough case details given to ascertain external validity 
[3].

Results and Analysis
Study selection

Figure 1: Study selection flow diagram.
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A total of 167 articles were found during the literature search. 
149 articles were obtained after removing duplicates. These 149 
articles were then screened by performing title and abstract 
reading (plus review of the full article when needed), out of which 
142 articles were excluded (Figure 1). Full text of the remaining 7 
articles was reviewed, out of which a further 1 were excluded based 
on eligibility criteria of our review. The remaining 6 articles were 
included in this review (Figure A). Raad et al. reported 8 covid -19 
cases with middle ear effusion. Out of eight, only one patient fulfilled 
our study criteria i.e., diagnostic testing (PCR testing on middle ear 
fluid) was performed to check for the presence of coronavirus in 
middle and no testing was performed in the remaining 7 patients. 
Therefore, only one patient from this study is included in our 

review [4]. Similarly, Kurabi et al. reported 10 cases in which 6 had 
COVID-19 infections, whereas the rest 4 were control subjects with 
no Covid-19 infection. Therefore, our study included only 6 patients 
who met our inclusion criteria i.e., must have a covid-19 infection 
and diagnostic testing performed for middle ear virus detection [5].

Study characteristics

A total of 6 studies met the eligibility criteria of our review, 
reporting a total of 20 cases. All 6 studies included the patients 
who had suffered from COVID-19 infection and were tested for the 
presence of the SARS-CoV-2 virus in the middle ear and/or mastoid 
region. The age range was 20-91 years, 10 females and 10 male 
patients were included in the study. Two studies were case series, 
while the other two studies were case reports (Table 1). 

Table 1: Shows an overview of included studies.

Study Country Study 
design Setting Population Diagnostic method Findings

1 Jeican et al. [6] Romania Case 
series

Dept of Pathology of 
County Emergency 

Hospital Deva
Adult qPCR assay

SARS-CoV-2 isolated in 4 
out of 8 cases in middle 

ear cleft

2 Kurabi et al. [5] USA Case 
Series

University of California 
San Deigo School of 

Medicine
Adult RT-PCR analysis

SARS-CoV-2 isolated in 3 
out of 6 cases in middle 

ear cleft

3 Frazier et al. [7] USA

Research 
letter/ 

case 
series

Johns Hopkins Hospital 
research autopsy 

program
Adult Autopsy reverse transcriptase–

polymerase chain reaction

SARS-CoV-2 isolated in 2 
out of 3 cases in middle 

ear cleft

4 Wanna et al. [8] USA Case 
report Single centre study Adult

Middle ear cleft swab and 
biopsy -e Genmark ePlex® 
(Carlsbad, California) and 
Roche Cobas 6800 (Basel, 
Switzerland) SARSCoV-2 

testing platforms

SARS- CoV 2 not isolated

5 Mohan et al. [9] USA Case 
report Single Centre Study Adult Roche Cobas® 6800 assay. PCR 

Test
SARS-CoV-2 was not found 

in the middle ear fluid.

6 Raad et al. [4] Iran Case 
series 2 tertiary care hospitals Adult Polymerase Chain Reaction & 

Oropharyngeal Swab

SARS-CoV-2 was found in 
the middle ear fluid of one 

patient

Results of individual studies

Jeican et al. reported 8 patients with COVID-19 infection. The 
tissue samples were collected from the ear (middle ear) and nose 
(nasal mucosa-ethmoidal curettage)12 hours after death. Out of 
8 patients, SARS-CoV-2 in the middle ear was found positive in a 
total of 4(2 male and 2 female) covid-19 patients. However, lower 
viral load was reported in the middle ear samples. Additionally, 
none of the patients was reported to have any otological symptoms 
during the hospital admission. Also, no sign of inflammation and 
cytopathology was observed in the middle ear mucosal samples [6]. 
Kurabi et al. reported 6 patients who died of Covid-19 complications 
(ARDS) (see above). An autopsy was performed to obtain nose and 
middle ear mucosal samples via endoscopy to perform the qPCR test 
for virus detection. SARS-CoV-2 was found positive in the middle 
ear of 3 out of 6 COVID-19 patients (2 males,1 female). It further 
revealed that viral load was higher in the nasal mucosa sample than 

in the middle ear sample. Besides, no new otological symptoms 
were reported in patients with covid-19 during admission [5]. 

Frazier et al. reported autopsy findings in three patients who 
had died of COVID-19. All three patients underwent bilateral 
mastoidectomy and sampling from the middle ear and mastoid 
cavities. The first patient showed positive test results from both 
the mastoid cavity and middle ear, while the second patient 
showed negative test results in all samples from the mastoid and 
middle ear. The third patient in this study had positive middle ear 
effusion in one ear which tested positive for SARS-CoV- 2, while 
the remaining three samples were negative in the same patient 
[7]. Only one case from Raad et al. was included in this review 
as discussed above. A 20-year-old lady with close contact with a 
COVID-19 patient presented with unilateral otalgia and hearing 
loss secondary to middle ear effusion. PCR on the middle ear fluid 
confirmed the presence of coronavirus (SARS-CoV-2) in the middle 
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ear. This patient had no systemic features of coronavirus (SARS-
CoV-2) infection, no radiological evidence of lung involvement 
based on CT chest findings and a negative oropharyngeal swab [4]. 
Wanna et al. reported a case of SARS-CoV- 2 pneumonia, where the 
patient also developed ear symptoms comprising ear pain, aural 
fullness, and purulent discharge subsequently (patient had a pre-
existing mastoid cavity from previous surgery). The patient was 
given topical ear drops (ofloxacin otic) for ear symptoms after a 
video consultation. The patient was reviewed in ENT outpatient 

once symptoms of pneumonia were resolved, and samples were 
sent from the middle ear and mastoid cavity. However, all the test 
results from these samples taken came back negative [8]. The case 
report by Mohan et al. presented a case of a COVID-19 patient who 
developed acute otitis media with tympanic membrane perforation 
and facial paresis. A nasopharyngeal sample and ear drainage fluid 
sample was taken for SARS-CoV-2 PCR testing. The results revealed 
positive findings of COVID-19 in the patient but, no corona virus 
(SARS-CoV-2) was detected in the ear fluid samples [9] (Table 2). 

Table 2: Details of examination findings, testing site and patient outcome in included studies.

Study Total 
patients Examination findings Testing Site Patient outcome

Jeican et al. [6] 8 SARS-CoV-2 isolated in the middle ear of 4 
out of 8 Covid-19 patients

Dept of pathology at County 
emergency hospital Deva Deceased with Covid-19

Kurabi et al. [5] 6 SARS-CoV-2 isolated in the middle ear of 3 
out of 6 Covid-19 patients

University of California San 
Deigo School of Medicine Deceased with ARDS due to Covid-19

Frazier et al. [7] 3
1 patient had unilateral OME which tested 

positive for SARS COV2, rest of examination 
findings not reported

Autopsy site Death from systemic COVID-19

Wanna et al. [8] 1 Pre-existing mastoid cavity with cholesteato-
ma and otorrhea ENT OPD Survived from COVID-19 pneumonia 

and treated for ear infection

Mohan et al. [9] 1
Ear drum perforation, discharge and uni-

lateral partial (House-Brackmann III) facial 
weakness.

ENT OPD
Fully recovery of ear infection and facial 

weakness (No report of developing 
systemic features)

Raad et al. [4] 8 Middle ear effusion, air fluid levels and sev-
ered bulging of tympanic membrane. Not recorded Myringotomy and drainage of middle 

ear fluid

Result synthesis
Presence of corona virus (SARS-CoV-2) was reported in 4 out of 

6 studies. In total, 10 out of 20 cases were found to be positive for 

presence of SARS-CoV-2 in the middle ear and/ or mastoid region 
(Table 3). 

Table 3: Showing SARS-COV-2 virus testing results in middle ear cleft.

Patient 
Number

Age/ 
Sex Systemic Infection Timing of Testing Site of middle ear/

mastoid testing Testing Method
Testing results

Right Left

1 56, M Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

2 75, M Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

3 87, M Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

4 68, F Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

5 80, M Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

6 58, M Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

7 82, F Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

8 78, F Died of SARS COV2 Autopsy 12hrs Middle ear Trans tympanic 
curettage +qPCR Not mentioned Not mentioned

9 88, F Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned

10 65, M Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned
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11 57, M Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned

12 44, F Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned

13 91, F Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned

14 64, M Died of SARS COV2 Autopsy within 3 hrs Middle ear Endoscopically 
harvested Not mentioned Not mentioned

15 80s, F Died of SARS COV2 Autopsy 48 hrs post 
death

Middle ear Bone and mucosa 
curettage +qPCR Positive Negative

Mastoid Cytobrush swab Negative Negative

16 60s, F Died of SARS COV2
Autopsy Middle ear Bone and mucosa 

curettage Negative Negative

44 hrs post death Mastoid Cytobrush swab Negative Negative

17 60s, M Died of SARS COV2
Autopsy Middle ear Bone and mucosa 

curettage Positive Positive

16 hrs post death Mastoid Cytobrush swab Positive Positive

18 54, F SARS-COV-2 Pneumo-
nia- recovery

After resolution of 
COVID pneumonia

Middle ear Swab N/A Negative

Mastoid Biopsy cholesteato-
ma matrix N/A Negative

19 23, M
Flu like symptoms 2 

weeks prior to otolog-
ical symptoms

Simultaneous testing 
of ear and nose (nasal 

swab positive)
Middle ear PCR testing Negative Not done

20 20, F No systemic symp-
toms

With the drainage of 
middle ear fluid Middle ear PCR testing Not done Positive

Risk of bias within & across the studies
Timing of corona virus (SARS-CoV-2) testing is important 

because delayed testing can influence results e.g., patient clinically 
asymptomatic for pneumonia when testing performed an autopsy 
delayed for 48 hrs [7,9]. Lack of sensitivity and specificity of 
coronavirus diagnostic tests can be another reason behind negative 
test results [10]. Moreover, it is not clear in Raad et al. as why SARS-
CoV-2 middle ear PCR testing was performed in only one patient 
rather than in all eight patients [4]. 

Discussion
Key findings

To the best of our knowledge, this is the first review, integrating 
all available objective evidence about the presence of SARS-CoV-2 
in the middle ear. We found 4 studies from the USA,1 from Iran and 
1 from Romania (4 case series and 2 case reports), reporting a total 
of 20 patients with COVID-19 infection in which the middle ear was 
also tested to check for the presence or absence of SARS- CoV- 2 
in the middle ear/mastoid region. Altogether, 4 studies confirmed 
the presence of coronavirus (SARS-CoV-2) in the middle ear [4-6]. 
Even patients without otological symptoms were found to have the 
virus present in their ears [4-6].  Interestingly, 1 study reported 
presence of SARS-CoV-2 confirmed by PCR testing in the middle ear 
fluid of a patient with no COVID-19 systemic features and a negative 
oropharyngeal swab [4].

Comparison with previous literature
Viruses are the predominant cause of acute otitis media in 

nearly 70% cases [11,12]. The possibility of Coronaviruses in the 
middle ear and mastoid was already established by previous studies 
during pre-covid era [12]. With the onset of a COVID-19 pandemic, 
studies doubted that SARS-CoV-2 could be a possible cause behind 
the otological problems such as otalgia, AOM and SSNL in COVID-19 
patients [13,10]. The evidence of contemporary research studies 
showed that those doubts were true [7,8]. So far, studies have 
investigated the presence of corona virus (SARS-CoV-2) in external 
ear (cerumen) and middle ear cleft [4-7,14] development of middle 
ear signs/ symptoms in patients with systemic corona virus 
infection [8,15-17] and the probability of viral transmission during 
otological procedures [6,18,19].

Strengths & Limitations
This study investigated for the objective evidence of the 

presence SARS-CoV- 2 in middle ear cleft rather than subjective 
symptoms, which could be due to other pathogens. We only found a 
limited number of studies testing for the presence of SARS-CoV-2 in 
the middle ear cleft [20].

Clinical implications

The included studies suggested that the presence of SARS-CoV-2 
in the middle ear (even in asymptomatic patients) pose a serious 
risk of infection to healthcare professionals during otological 
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procedures [6]. Since virus-contaminated blood and bone particles, 
in the form of aerosol from procedures (e.g, middle ear/mastoid 
surgery, ear micro-suction or intratympanic injections), can be 
dispersed and cause viral transmission to the surgical staff [21,22,6]. 
Therefore, healthcare professionals need to undertake all necessary 
safety precautions and wear personal protective equipment during 
otological procedures irrespective of the patient’s COVID-19 status. 
Similarly, more use of curette and trans-canal endoscopic surgery 
as a possible alternative to traditional mastoidectomy in suitable 
cases can help reduce viral shedding associated with drilling.6 
Vitcom 3D system has been used in the UK to perform otological 
surgery safely during the pandemic to reduce viral spread [22].

Knowledge gaps and directions for future research

So far, we are not aware of a reported case of transmission 
of SARS-CoV-2 during otological procedures. It is thus uncertain 
whether the mere presence of this virus in the middle ear means 
the patient may be infective to health care professionals.  Secondly, 
the survival and shedding period of coronavirus (SARS-CoV-2) in 
the middle ear cleft still needs to be investigated. Whether there 
is a correlation between the severity of systemic disease and the 
probability of (SARS-CoV-2) in the middle ear cleft is yet to be 
ascertained.

Conclusion
Current evidence confirms the presence of coronavirus (SARS-

CoV-2) in the middle ear, even in patients without systemic signs/
symptoms and a negative oropharyngeal swab. Alternatively, 
otological features could be the sole manifestation of COVID-19 
infection, therefore, full personal protective equipment should 
be used by health care professionals during invasive otological 
procedures. 
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