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Case Studies

Introduction

Viruses are known to contribute significantly to the devel-
opment of acute otitis media (AOM) and AOM patients 
with some concurrent viral infections have higher severity 
of symptoms compared to those without.1 A prior case 
series of adults with COVID-19 and concurrent AOM sug-
gests that severe AOM symptoms and hearing loss may be 
more common among COVID-19 associated AOM than 
typical AOM.2,3 The association of SARS-CoV-2 (the virus 
that causes COVID-19) with AOM, the frequency of this 
co-infection and presenting symptoms of COVID-19 asso-
ciated AOM in children are poorly understood. We describe 
7 cases of children with AOM and SARS-CoV-2 detected 
that were followed for 30 days post diagnosis and com-
pleted comprehensive laboratory evaluations for other 
otopathogens.

Methods

Cases were identified as a subpopulation of children enrolled 
in the NO TEARS prospective AOM study at Denver Health 
(DH), Denver, CO from March to December 2020 (enroll-
ment was halted April-September due to the pandemic). The 
NO TEARS study aims to improve care for children with 
AOM by evaluating the clinical failure rate of amoxicillin 
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and assessing the correlation of nasopharyngeal (NP) organ-
isms with clinical outcomes. The study enrolls children 6 to 
35 months of age with uncomplicated AOM who are pre-
scribed amoxicillin. Patients with complicated infections 
defined as: tympanic membrane rupture at diagnosis, more 
than 2 doses of systemic antibiotics in the preceding 30 days, 
concurrent competing bacterial diagnosis that could neces-
sitate a systemic antibiotic, are immunocompromised, have 
concurrent steroid use, underlying ear abnormality (cleft 
palate, Down syndrome, prior sensorineural hearing loss or 
current tympanostomy tubes), or are not diagnosed during 
an in-person encounter are excluded.

Children who were 6 to 35 months of age with SARS-
CoV-2 detected by polymerase chain reaction assay (PCR) 
and provider-diagnosed AOM were included in the case 
series.

Data, including demographics, clinical symptoms, exam 
findings, and laboratory results were obtained by electronic 
medical record review and from research case report forms. 
All patients enrolled in the study completed surveys on the 
day of enrollment and on days 5, 14, and 30 after enrollment. 
Enrollment, day 5, and day 14 surveys included the Acute 
Otitis Media Severity of Symptom (AOM-SOS©4 scale 
(used with permission of University of Pittsburgh Medical 
Center, Pittsburgh, PA), a method developed for measuring 
symptoms of AOM in young children.

At enrollment (within 24 h of diagnosis) all patients had 
a NP ESwab™ (Copan Diagnostics; Murrieta, CA) 
obtained. From the NP swab, culture for otopathogens 
including Streptococcus pneumoniae, Haemophilus influ-
enzae, Moraxella catarrhalis, and Staphylococcus aureus 
was completed using standard techniques within 24 h of 
enrollment. Qualitative PCR evaluation for S. pneumoniae, 
H. influenzae, M. catarrhalis, S. aureus, and 12 respiratory 
viruses including SARS-CoV-2 (see Table 2) (Quidel Lyra® 
Direct SARS-CoV-2, San Diego, CA) was completed in 
batches on previously frozen extracted aliquots (stored at 
−70°C in Amies media). Testing specimens after extended 
and proper storage has been shown to not negatively impact 
results.5 Samples were tested retrospectively in the research 
laboratory on frozen samples. Of the 7 patients included in 
this case series, 1 had not yet had otopathogen and respira-
tory viral PCR testing completed. Patients enrolled after 
September 2020 also had an oropharyngeal swab collected 
and tested in real-time for SARS-CoV-2 in the DH clinical 
microbiology laboratory (Abbott RealTime® SARS-CoV-2 
Assay, Chicago, IL). Descriptive statistics were used to 
summarize the data. Comparison of AOM-SOS© scores 
between SARS-CoV-2 positive and negative patients were 
completed using or two-sided t-tests with alpha of <.05 
considered statistically significant.

The Colorado Multiple Institute Review Board reviewed 
the study and caregivers provided informed consent prior to 
enrollment.

Results

Demographics and Medical History

A total of 108 patients were enrolled in the NO EARS study 
from May 2019 through December 2020. During the 
COVID-19 pandemic study period (March-December 
2020), 16 patients were enrolled, and 7 (43.6%) had SARS-
CoV-2 detected. All patients enrolled before March 2020 
were negative for SARS-CoV-2. AOM demographic and 
clinical features are shown in Table 1. The median age of the 
patients was 16 months (range 7-30 months). Two patients 
(29%) had prior medical conditions, one had wheezing and 
prenatal drug exposure, the other had prematurity. Five chil-
dren had no prior history of AOM. Four of the children 
(57%) attended daycare.

Clinical Course

The most commonly reported symptoms in children with 
SARS-CoV-2 identified were ear pain/tugging (6, 86%), 
runny nose (6, 86%), increased fussiness/irritability (6, 
86%), cough (5, 71%), and not eating or drinking normally 
(5, 57%). Fever was only present in 3 children (29%). No 
child had AOM treatment failure or recurrence as defined 
by a need for a new antibiotic within 3 to 14 or 15 to 
30 days, respectively. Two children (29%) reported diaper 
rash and diarrhea as adverse events from antibiotics. 
Previous studies have shown that mean AOM-SOS© scores 
when AOM is diagnosed can range from 3.71 to 6.39, 
compared with 0.96 at visits when AOM is not diag-
nosed.6,7 In this case series, mean AOM-SOS© scores were 
similar among the SARS CoV-2 positive and negative 
patients: 13.6 (±4.5) versus 14.2 (±4.9) at enrollment, 1.4 
(±1.8) versus 4.2 (±4.9) on Day 5, and 0.6 (±0.9) versus 
2.5 (±6.1) on Day 14. Differences in mean AOM-SOS© 
scores between SARS-CoV-2 positive and negative 
patients were not statistically significant with two-sided 
t-tests.

Microbiology Results

Of the 7 patients with SARS-CoV-2 identified, only 2 
patients were identified as part of routine clinical care. 
SARS-CoV-2 was retrospectively identified by testing of 
research samples in the remaining 5 patients (71%). Five 
patients had testing completed only in the research labora-
tory, 1 had testing completed in both the research and clini-
cal laboratories, and 1 had testing completed only in the 
clinical laboratory. The 5 patients identified exclusively by 
the study were enrolled in March 2020 when clinical testing 
availability for SARS-CoV-2 was limited. Culture and PCR 
results are shown in Table 2. Concurrent bacterial patho-
gens were identified in all children, except the child whose 
NP swab had not yet had otopathogen and respiratory viral 
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Table 1. Clinical Features of Children With Concurrent SARS-CoV-2 and AOM.

Category Characteristic Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Demographics Age (months) 30 29 16 8 11 7 24
Gender-Male + + + + +
Race other than white +a +b  
Hispanic + + + + +  
Public Insurance + + + + + +

Medical 
history

Past medical problems +c +d  
2+ doses PCV + + + + +
Smoke exposure + +  
Breastfeeding + + + + +
Daycare attendance + + + +

Clinical 
presentation

Ear pain/tugging + + + + + +
Nasal congestion + + + + + +
Fussiness/irritability + + + + + +
Cough + + + + +
Reduced oral intake + + + +
Eye redness/pain/discharge + +  
Fever- subjective or over 100.4 + + +  
Vomiting +  
Diarrhea +  
Reduced urine output +  
Bilateral infection +  

Outcomes AOM-SOS©,e  
Diagnosis 10 6 10 18 15 18 18
Day 5 0 0 0 4 4 0 2
Day 14 0 0 2 2 0 0 0
Treatment failure No No No No No No No
Recurrence No No No No No No No

PCR testing completed in the research laboratory. Additional 
viral pathogens were identified in 3/6 (50%) children tested.

Discussion

AOM and SARS-CoV-2 can coexist and a diagnosis of 
either should not be used to exclude the other. Children in 
this case series with concurrent AOM and COVID-19 did 
not have a higher severity or more prolonged symptoms 
than SARS-CoV-2 negative children with AOM. Only 2 
patients had SARS-CoV-2 testing as part of routine clinical 
care bringing to question whether providers are under-test-
ing for SARS-CoV-2. Consistent with prior studies, most 
children had multiple pathogens identified by their NP swab 
tests.8,9 This occurred during a period where few other cir-
culating respiratory viruses were identified. And since 
viruses tend to precipitate bacterial growth, it may be plau-
sible that SARS-CoV-2 contributed to AOM in these 
children.

Though infection prevention measures including mask-
ing, hand hygiene, and social distancing during the COVID-
19 pandemic have resulted in a significant reduction in the 
frequency of common pediatric infections including AOM, 

these cases demonstrate that SARS-CoV-2 is evident in chil-
dren with AOM.10,11 The clinical presentations of these chil-
dren with AOM and SARS-CoV-2 were similar to the typical 
presentations of either AOM or mild COVID-19 disease. No 
child identified in this case series had complications from 
either infection. However, children with complicated AOM 
were excluded from the primary prospective study so we 
cannot make generalized conclusions regarding severity of 
symptoms in children with concurrent SARS-CoV-2 and 
AOM.

Importantly, only 2 patients had SARS-CoV-2 testing 
completed as part of routine clinical care, all other patients 
were exclusively tested as part of the research. The lack of 
testing may be explained by limited testing capacity during 
the early phases of the pandemic; however, robust testing 
systems were quickly established and available. This has sig-
nificant public health impact, particularly since 4 of these 
patients were enrolled in daycare, which could have resulted 
in increased community transmission of SARS-CoV-2. Thus, 
providers should not use a diagnosis of AOM to exclude 
COVID-19. This also applies to other common pediatric bac-
terial and viral infections like influenza and conjunctivitis, 
which can occur concurrently with COVID-19.12 Additionally, 
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oropharyngeal Group A Streptococcus carriage is common 
and could be incidentally detected in a child with COVID-
19.13 Because the clinical presentation of COVID-19 and 
other common pediatric infections have significant overlap,12 
health care staff should exercise caution by using personal 
protective equipment and testing symptomatic patients for 
SARS-CoV-2, even if other diagnoses are suspected.

It is unclear how often children with SARS-CoV-2 infec-
tions develop AOM. Because young children have diffi-
culty communicating symptoms, it is likely that AOM is 
underdiagnosed during SARS-CoV-2 infections. This is 
particularly likely with the shift to telemedicine during the 
pandemic because AOM cannot be reliably diagnosed with-
out a physical exam. Fortunately, AOM frequently self-
resolves, even if bacterial in etiology, and untreated AOM 
poses minimal risk for complications.14,15 Nevertheless, 
providers who are evaluating children for respiratory ill-
nesses via telemedicine should discuss return-to-clinic 
guidelines for children who are not improving or are wors-
ening, and examine children in-person who are not improv-
ing or when there is concern for AOM that would necessitate 
antibiotic treatment.

It cannot be discerned if SARS-CoV-2 was the organ-
ism responsible for AOM in these cases or if it was 

detected incidentally. Since most AOM episodes follow 
viral upper respiratory infections and the frequency of 
pathogens other than SARS-CoV-2 during this time period 
was low, we suspect that SARs-CoV-2 was directly associ-
ated with the development of AOM in these children. The 
angiotensin-converting enzyme-2 (ACE2) receptor, which 
is the known cellular entry point for SARS-CoV-2 is 
highly expressed among ciliated cells in the Eustachian 
tube and could readily facilitate spread to the middle 
ear.16,17 Similar to other studies, nearly all children had 
bacterial otopathogens detected.8,9 We were limited in that 
testing for otopathogens was only completed on NP speci-
mens and not middle ear fluid and that 1 child had SARS-
CoV-2 testing only completed in the clinical laboratory 
using the Abbott assay (and not the research laboratory) at 
the time of this publication. Prior studies demonstrate a 
correlation between otopathogens detected in the naso-
pharynx and those present in middle ear fluid during AOM 
episodes (negative predict value 92%, positive predictive 
value 37%-67%).8 However, up to half of healthy children 
will have one or more otopathogens detected in the naso-
pharynx. Therefore, we cannot say definitively if SARs-
CoV-2 or bacterial otopathogens detected by the NP swabs 
were present in the middle ear.

Table 2. Laboratory Findings of Children With Concurrent SARS-CoV-2 and AOM.

Laboratory 
testa Specific pathogen Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

SARS-CoV-2 
PCR

Clinical SARS CoV-2 PCR (Abbott) + +
Research SARS-CoV-2 PCR (Quidel) + + + + + + NYTb

Respiratory 
Viral PCR

Adenovirus + NYT
Influenza A NYT
Influenza B NYT
Parainfluenza 1 NYT
Parainfluenza 2 NYT
Parainfluenza 3 NYT
RSV NYT
Human Metapneumovirus + NYT
Rhinovirus +c + NYT
Coronavirus spp. (not SARS-CoV-2 or MERS) NYT
MERS NYT
Enterovirus + NYT

Bacterial PCR S.pneumoniae + + + + NYT
H. influenzae + + + + + NYT
M. catarrhalis + + + NYT
S. aureus + + NYT

Culture S. pneumoniae + + + +  −d

H. influenzae + + + + +  −
M. catarrhalis +  −
S. aureus +  −

aAll testing completed using NP swabs collected at enrollment.
bNYT- not yet tested.
cInconclusive.
dCulture completed after receiving 1 dose of antibiotics.
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In contrast to prior findings in adult patients, we found 
that children in this case series with SARS-CoV-2 detected 
and AOM did not have higher severity of symptoms on 
presentation compared to other children with AOM who 
were negative for SARS-CoV-2.3 Though not statistically 
significant given the small sample size, AOM-SOS© scores 
were lower on days 5 and 14 for those with SARS-CoV-2, 
compared to those without and were consistent with a nor-
mal state of health by day 5.4 No child with AOM and 
SARS-CoV-2 had treatment failure, recurrence, or compli-
cations from either COVID-19 or AOM. Thus, the primary 
role of testing for SARS-CoV-2 in children with AOM is 
likely to advise families on isolation and quarantine 
requirements to reduce virus transmission rather than to 
guide clinical management.

Though the long-term effects of the COVID-19 pan-
demic remain to be seen, it is likely that as children return 
to daycare and school we will increasingly observe respira-
tory illnesses that include COVID-19, other viral patho-
gens, and common childhood infections such as AOM, at 
times simultaneously. Though this study is small, it points 
to the need for future studies to better characterize the fre-
quency and characteristics of SARS-CoV-2 and other co-
infections in order to guide clinical care and testing.
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