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A B S T R A C T   

Purpose: The pandemic related to the novel coronavirus (COVID-19) has led to a decrease in communicable 
diseases due to social distancing and mask-wearing. How have the prevalence of otitis media (OM) and its 
associated procedures changed during the pandemic? 
Study design: Retrospective Cohort Study. 
Methods: This is a retrospective cohort study using the Pediatric Health Information System® (PHIS) database, 
which consists of 48 children’s hospitals. Regions were defined according to PHIS rules. We compared proportion 
of OM to total diagnoses codes, and collected mastoiditis, and MT placements from all encounters through 
January 1, 2019-June 31, 2021. 
Results: In April 2020, there was a decrease in mean proportion of OM cases per 100 hospital visits (7 v. 2, p <
0.0001) and this was sustained through 2020 and until June 2021 (6–7 v. 2–4, p < 0.05; p < 0.05). Compared to 
2020, the months of April and June 2021 showed an increase in mean proportion of OM cases (6–7 v. 3–4, p <
0.05) while May did not. This relative increase in OM cases through April–June were primarily driven by the 
South, the Midwest, and the Northeast in April and the South and the Midwest in June. MT procedures followed 
similar trends. In 2020, there was no difference in mastoiditis as a proportion of OM cases compared to 2019 
however there was a statistically higher rate of mastoiditis in 2020 compared to 2021. 
Conclusions: The COVID-19 pandemic led to declines in OM and MT case volumes that have started to increase. A 
geographic relationship may exist, and this connection could be influenced by mask mandates and social 
distancing.   

1. Introduction 

Otitis Media (OM) is a common reason for medical visits in children. 
OM is characterized by inflammation of the middle ear with presence of 
an effusion (MEE) [1]. Acute otitis media (AOM) is the presence of acute 
middle ear inflammation, sudden onset effusion, and systemic symptoms 
which can be recurrent [1]. AOM is a common infection, affecting an 
average of 8 million children per year [2]. By age three, 60% of children 
experienced at least one episode of AOM, and 24% experienced >3 
episodes [3]. Otitis media with effusion (OME) is the presence of MEE 

without constitutional symptoms like fevers and otalgia [1]. Chronic 
OME, defined as effusion lasting longer than three months, is associated 
with conductive hearing loss, speech delay, and poor school perfor-
mance [1,4]. Persistent effusion often leads to ear tubes, especially in 
children with risk factors [1]. 

Risk factors for OM include male sex, eustachian tube dysfunction, 
adenoid hypertrophy, day care attendance, exposure to secondhand 
smoke, and siblings with OM [2–7]. Incidence of OM increases during 
winter whereas breastfeeding during the first 6 months of life has a 
protective effect [3,7]. Complications of untreated OM include tympanic 
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membrane perforation, acute mastoiditis, subperiosteal abscess, men-
ingitis, and facial paresis—among others [8]. Though these complica-
tions are rare, they can cause morbidity. 

The high prevalence of OM in children has been linked to increased 
health care utilization. Children with recurrent OM have higher outpa-
tient pediatrician visits, emergency department (ED) visits, and anti-
biotic prescriptions [1,9]. The outpatient health care costs of managing 
these children with OM ranged from $300 to $500 per child annually 
with total medical expenditure estimated to be $4 billion annually [2,9]. 

In terms of healthcare burden, the COVID-19 pandemic appears to 
have reduced rates of OM and subsequent medical and surgical in-
terventions. In Italy, a mandatory lockdown has led to decreased rates of 
OM, otorrhea, antibiotic utilization, and OME in the first half of 2020 
[10,11]. Similarly, McBride et al. found decreased rates of pharyngitis 
and AOM during the initial lockdown in Dade County, Wisconsin [12]. 
The largest study to date on the impact of the COVID-19 pandemic 
examined Vizient claims data and found that April 2020 Otolaryngology 
outpatient surgical volumes were 18% compared to pre-pandemic levels 
with rates of recovery varying by geographic regions [13]. To date, no 
studies have investigated the effect of the COVID-19 pandemic on the 
incidence rates of pediatric OM and cases volumes of Myringotomy Tube 
placement (MT) in the United States. 

The purpose of this study is to examine the effect of COVID-19 on 
pediatric OM diagnoses, OM complications, and MT cases in the US in 
2020 and into the beginning of 2021 compared to 2019. Secondarily, 
certain ethnic populations have been incongruently affected by COVID- 
19 with 3.5 times higher rates of hospitalization among Hispanics 
compared to non-Hispanic Whites, according to the CDC [14]. Hence, 
the second objective of this study is to investigate the impact of socio-
economic and racial/ethnic factors on OM and MT trends. COVID-19 
remains ongoing so identification of any implications in equity of care 
will be crucial to mitigate the impact of the pandemic and strategize 
ways to provide optimal care. 

2. Methods 

2.1. Data collection 

This study is a retrospective database review of associated OM ICD- 
10 diagnoses codes, CPT/PCS codes for MT, and mastoiditis ICD-10 di-
agnoses codes from January 1st, 2019-June 31st, 2021, which includes 
the most recent data available at the time of this analysis. Total pediatric 
hospital encounters for all diagnoses during the same time were 
collected as a denominator for OM diagnoses. Socioeconomic and de-
mographic factors, such as age, median household income based on zip 
code, race, and ethnicity as well as payer type, were included. All data 
was collected through the Pediatric Health Information System® (PHIS) 
database. The PHIS hospitals are comprised of over 48 of the largest and 
most advanced children’s hospitals in USA. Clinical data for the 
following encounter types were included: clinic, inpatient, ambulatory 
surgery, emergency department, and observation unit. Regions were 
defined according to PHIS rules with at least five children’s hospitals 
defined per region. We submitted to both Memorial Hermann Institu-
tional Review Board and The University of Texas Health Science Center 
at Houston’s Institutional Review Board and were granted exemption 
status. 

2.2. Data analysis 

The primary outcome was monthly count of individual patient visits 
with an OM diagnosis code which we defined as an OM case. Monthly 
counts of OM cases were standardized by monthly count of total hospital 
visits and reported as distinct cases per 100 hospital visits. The sec-
ondary outcome was monthly count of MT placement in individual pa-
tients which was reported as total combined inpatient and outpatient 
monthly procedures as well as inpatient and outpatient procedures 

separately. Monthly summary statistics across all hospitals were 
compared for all outcomes between 2019, 2020, and the first half of 
2021 by Wilcoxon Rank-Sum test. All analyses were completed in R with 
two-sided Type I error threshold of 0.05. 

When a hospital was missing data, missing values were generated as 
the median value of the region to which the hospital belonged to. OM 
and mastoiditis data were further analyzed using fitted linear regression 
and multilevel negative binomial regression models, respectively. 

3. Results 

3.1. Trends of otitis media between 2019 and 2020 as a proportion of the 
Total ICD codes 

We compared the trends of OM cases as a proportion of total di-
agnoses codes from all encounters at each hospital (Fig. 1a–c and Sup-
plemental Materials 1–2). Throughout the months of January through 
March 2019 and 2020, mean OM cases as a proportion of total hospital 
ICD codes were unchanged from the year prior (6–7 cases per 100 
hospital visits). Starting in April 2020, however, there was a sharp 
decrease in proportional OM cases compared to 2019 (7 v. 2, p <
0.0001) and this decrease was sustained throughout the rest of 2020, 
with April having the largest relative decrease (Fig. 1a–c and Supple-
mental Materials 1–2). Geographically, there were no significant dif-
ferences between the four major regions when comparing 2020 and 
2019. 

3.2. Trends of otitis media between 2021 vs. 2020 and 2021 vs. 2019 as 
a proportion of the Total ICD codes 

Compared to 2019, every recordable month of 2021 had less OM 
cases as a proportion of overall hospital cases in comparison to 2019 
(3–4 v. 6–7, p < 0.05; Fig. 1a–c and Supplemental Materials 1–2). 
However, OM cases as a proportion of overall hospital diagnoses started 
to increase from April–June 2021. Compared to 2020, the months of 
Jan-March 2021 had a statistically lower proportional OM cases 
compared to 2020 (Fig. 1a–c and Supplemental Material 1). Yet, April 
and June had a statistically higher proportional rate of OM cases while 
May had no difference (Figs. 1d, 2a–b and Supplemental Material 1). 
The Midwest, the Northeast, and the South all had elevated relative rates 
of OM in April compared to 2020 while the South and the Midwest had 
elevated relative rates of OM in May and June (Figs. 1d, 2a–b and 
Supplemental Material 1). 

3.3. Trends of MT procedures between 2019, 2020, and the first half of 
2021 

We compared the trends of MT procedures at each hospital and 
further analyzed regionally (Fig. 3a–b and Supplemental Material 2). 
Throughout the months of January through February 2019 and 2020, 
mean OM cases as a proportion of total hospital ICD codes were un-
changed from the year prior (163–177 v. 180–187). Starting in March 
2020, however, there was a sharp decrease in MT procedures compared 
to 2019 (186.54 v. 119.73, p < 0.0001) and this decrease was sustained 
throughout the rest of 2020, with April having the largest decrease 
(196.85 v. 28.80, p < 0.0001; Fig. 3a–b and Supplemental Material 2). 
Compared to 2019, every recordable month of 2021 had less MT pro-
cedures in comparison to 2019 (163–199 v. 94, p < 0.05). However, MT 
procedures started to increase from May–June 2021. The months of 
Jan–March 2021 had lower proportional OM cases compared to 2020 
however April had a higher rate of OM cases while May and June 
showed no difference. Interestingly, in 2019 and 2020, the West had a 
lower rate of MT procedures compared to the other three regions how-
ever in 2021, the West and the Northeast had a lower MT procedure 
volume in comparison to the other two regions. 
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3.4. Trends of mastoiditis between 2019 and 2021 

We compared the trends of mastoiditis codes at each hospital as a 

proportion of overall OM codes and performed further analysis region-
ally (Fig. 4a–b). Across all regions, 2020 had a higher rate on average 
compared to 2019, but the difference was not significant. Similarly, 

a b

c d

Fig. 1. a–d. a. Multi-layered box plot with standard error bars that represent 
the monthly trends of distinct OM cases as a proportion of all hospital visits 
through the years of 2019, 2020, and 2021. b. Line graph that represents the 
monthly trends of distinct OM cases as a proportion of all hospital visits through 
the years of 2019, 2020, and 2021. c. Line graph that shows the estimated 
marginal mean of distinct OM cases per 100 hospital visits in 2019 compared to 
2020. d. Line graph that shows the estimated marginal mean of distinct OM 
cases per 100 hospital visits in 2019 compared to 2021.   

a b

Fig. 2. a–b. a. Line graph that shows the regional trends of distinct OM cases per 100 hospital visits in 2021 compared to 2020. b. Line graph that shows the 
estimated marginal mean of distinct OM cases per 100 hospital visits in 2021 compared to 2020. April 2021 and June 2021 had a statistically significant increase in 
distinct OM cases per 100 hospital visits while May had no difference between the years. 

a b

c

Fig. 3. a–c. a. Multi-layered box plot with standard error bars that represent the monthly trends of ear tube procedures through the years of 2019, 2020, and 2021. b. 
Multi-layered box plot with standard error bars that represent the monthly trends of ear tube procedures through the years of 2019, 2020, and 2021 as separated out 
by region. c. Estimated marginal mean of ear tube procedures grouped by 2019, 2020, and 2021 and separated out by region. 
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there was no difference between 2019 and 2021. However, the pro-
portion of mastoiditis to OM was higher in 2020 compared to 2021 (p <
0.05). Importantly, the West had a higher rate compared to other regions 
(Fig. 4a–b). 

3.5. Socioeconomic and demographic differences between OM patients in 
2019–2021 

No clinically significant socioeconomic or demographic differences 
were found between patients who sought care during 2020 or 2021 
compared to 2019 in terms of age, median household income, payer 
type, race, or ethnicity (Table 1). 

4. Discussion 

Our study sought to understand national trends in OM diagnoses and 
changes in MT case volume during the COVID-19 pandemic. We found a 
decline in OM diagnoses starting in April 2020 compared to April 2019 
and this decline continued throughout the rest of 2020 and until April 
2021. The Midwest and the South had elevated rates of OM throughout 
April–June 2021 compared to 2020 but was still lower than 2019. The 
trend of MT procedures generally followed the same trend however the 

statistically significant decline in procedures started in March 2020. 
However, the number of mastoiditis cases as a proportion of OM cases 
increased in 2020 compared to 2021 however was not statistically 
significantly to 2019. There were no clinically significant socioeconomic 
or demographic differences in OM patients between 2019 and 2020. 

Response to the COVID-19 pandemic varied across the US. The 
Northeast, specifically New York City, was an epicenter of the COVID-19 
pandemic. This was due to higher population density, international 
airports, and reliance of public transportation in major Northeastern 
cities. In response, New York and New Jersey declared a state of emer-
gency in early March 2020 with mandatory quarantines [15]. By mid- 
March 2020, the Surgeon General of the US and US centers for Medi-
care and Medicaid Services (CMS) put forth recommendations that all 
healthcare institutions across the country should cease elective pro-
cedures in an effort to conserve critical healthcare resources and limit 
the spread of SARS-CoV-2 virus [15,16]. States like New York and New 
Jersey postposed elective cases beginning mid-late March 2020 [15]. In 
the south, stay-at-home mandates lagged behind the NE and did not 
begin until late-March to early April and, interestingly, these states were 
among the first to lift mandatory stay at home orders or change to an 
advisory order whereas New York and New Jersey continued its 
mandatory quarantine orders through May 2020 [14]. The stay-at-home 

a b

Fig. 4. a–b. a. Boxplot depicting the proportion of mastoiditis cases to OM distinct cases throughout the years of 2019, 2020, and 2021 and grouped by region. b. 
Boxplot again depicting the estimated marginal mean rate of mastoiditis in a logarithmic fashion with standard error bars and grouped separately by region and by 
year. The rate of mastoiditis in 2020 had a significantly higher rate compared to 2021 (p < 0.05). 

Table 1 
Demographics of patients with otitis media related diagnoses.  

Demographics 2019 (N = 446,325) 2020 (N = 236,279) 2021 (N = 99,556) Total (N = 782,160) p-value 

Race      <0.001 
Other 61,699 (13.8%) 32,279 (13.7%) 11,055 (11.1%) 105,033 (13.4%)  
Asian 11,246 (2.5%) 5479 (2.3%) 2300 (2.3%) 19,025 (2.4%)  
Black 92,167 (20.7%) 44,905 (19.0%) 20,129 (20.2%) 157,201 (20.1%)  
Multi-Racial 7713 (1.7%) 4501 (1.9%) 2128 (2.1%) 14,342 (1.8%)  
Unknown 23,260 (5.2%) 8471 (3.6%) 3085 (3.1%) 34,816 (4.5%)  
White 250,240 (56.1%) 140,644 (59.5%) 60,859 (61.1%) 451,743 (57.8%)  

Ethnicity      <0.001 
Hispanic/Latino 100,995 (22.6%) 51,064 (21.6%) 19,483 (19.6%) 171,542 (21.9%)  
Not Hispanic/Latino 306,851 (68.8%) 169,339 (71.7%) 77,487 (77.8%) 553,677 (70.8%)  
Unknown 38,479 (8.6%) 15,876 (6.7%) 2586 (2.6%) 56,941 (7.3%)  

Insurance      <0.001 
Miscellaneous 2047 1002 100 3149  
Private 162,288 (36.5%) 87,982 (37.4%) 37,828 (38.0%) 288,098 (37.0%)  
Government 262,291 (59.0%) 138,789 (59.0%) 57,988 (58.3%) 459,068 (58.9%)  
Other 19,699 (4.4%) 8506 (3.6%) 3640 (3.7%) 31,845 (4.1%)  

Admission age in months      <0.001 
Median 28.000 31.000 28.000 29.000  
Q1, Q3 14.000, 60.000 15.000, 68.000 15.000, 64.000 14.000, 63.000  
Range 0.000–1060.000 0.000–1083.000 0.000–903.000 0.000–1083.000  
N 446,325 236,279 99,556 782,160  

Median household income      <0.001 
Median 41,696.000 41,696.000 41,961.000 41,725.000  
Q1, Q3 33,231.000, 54,031.000 33,297.000, 54,016.000 33,814.000, 54,295.000 33,311.000, 54,057.000  
Range 6320.000–196,032.000 6320.000–196,032.000 6320.000–196,032.000 6320.000–196,032.000  
N 437,937 231,798 97,519 767,254   
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orders led to cessation of in-person school/day care and transition to 
virtual classes for all ages that continued through most of 2020. School 
closures and quarantine practices not only led to decreased COVID-19 
incidence and mortality [17], but also reduced infectious diseases 
stemming from close personal contact that contribute to OM. 

These quarantine mandates and postponement of elective surgeries 
coincided with the drop in both inpatient and ambulatory MT cases 
found in our study between March 2020 and April 2020 across the 
country. The recovery of case volumes observed in this study beginning 
in late April 2020 through May and June 2020 can be attributed to an 
announcement by CMS on April 16, 2020, outlining a pathway to 
reopening facilities for non-emergent procedures, which was followed 
by the reversal of many executive orders prohibiting elective surgical 
procedures [18]. While case volumes did recover from May 2020 to 
September 2020 compared to the lowest levels that were observed, these 
volumes remained lower than the numbers observed during these same 
months in 2019. This is likely due to a lower overall incidence of OM and 
fewer outpatient visits. 

Social distancing mandates and school/daycare closures across the 
US likely played a role in the decreased OM rates and lower MT case 
volume observed in this study. Day care attendance is a risk factor for 
OM as children are exposed to viruses from sick day care attendees [7]. 
Though OM rates increase during winter, this study shows a decline in 
OM diagnoses starting in March 2020 that persisted through the sum-
mer. Proportion of OM in August and September 2020 is still 40% less 
than the same time in 2019 suggesting that other factors play a role. As 
the OM rate declined, children likely no longer met criteria for MT 
placement [19]—another reason explaining the drop in MT cases. 

The expansion of telemedicine and decreased outpatient physician 
visits likely led to declining trends in OM and MT cases. According to 
The Commonwealth Fund, outpatient visits to ambulatory practices 
declined by nearly 60% compared to pre-pandemic levels, and while 
outpatient visits partially recovered, the total number of visits in May 
2020 were more than one third lower compared to before the pandemic 
[20]. Interestingly, this report also found that visits to both pediatricians 
and surgical specialists, particularly Otolaryngologists, declined during 
the early stages of the pandemic. Moreover, outpatient visits to Pedia-
tricians and Otolaryngologists did not recover to the same degree as non- 
surgical specialists [20]. In the emergency setting, DeLaroche et al. 
found that emergency department (ED) visits at 27 US children’s hos-
pitals declined more than 45% between March 15, 2020 to August 31, 
2020 compared to prior years [21]. The sharpest decline was for OM 
(75.1%) followed by URIs (69.6%) [21]. These findings may explain the 
lower referrals to Pediatricians and Otolaryngologists for further 
assessment of OM. While this suggests a reluctance to seek medical care, 
it is plausible that children just became “healthier” due to the ongoing 
pandemic restrictions. OM pathology, for example, appears to have high 
rate of self-resolution during periods of lockdown as noted by Torreta 
et al. who found over 80% of children with recurrent OM having 
improvement in their practice [10]. 

Though the rate of communicable disease like URIs and OM 
decreased during the pandemic, one cannot ignore the possibility that 
parents are reluctant to seek healthcare for their children for less urgent 
conditions. However, a retrospective study by Pines et al. showed that 
emergency visits for serious conditions like appendicitis or septice-
mia—which warrants hospitalization and intervention—were lower 
during the early-mid pandemic in 2020 [22]. While this may suggest 
lack of health care utilization, there was also decreased rates of children 
presenting dead on arrival or URIs (which can act as precursors severe 
medical pathologies) [22]. 

Interestingly, near the middle of the 2021 year both the OM and the 
MT rates started to increase, which could be associated with social 
distancing “fatigue” due to less of a concern of the pandemic. Public 
polling around this time elicited the highest rate of people “not at all” 
concerned and the least amount of people “very” concerned in over a 
year [23]. However, healthcare utilization was still lower than prior 

years [24]. There also may be a geographic tilt in our data, with the 
Midwest and the South having the higher relative rates of OM 
throughout April 2021–June 2021 compared to the Northeast and the 
West. This could be due to expiring pandemic related mandates and lax 
restrictions in the Southern and Midwestern states [25]. Another theory 
that could be influencing OM transmission rates could be voluntary 
mask utilization, which varies geographically [26]. In the paper refer-
enced by Fischer et al., during that period of time, eight states reported 
at least a 75% mask adherence rate and one of them was either a 
southern or midwestern state [26]. This increased mask adherence 
representative in the West and the Northeast could be a factor associated 
with less increase in OM and MT cases in the April–June 2021 months. 
Furthermore, March 2021 was when the Delta variant was detected in 
the US; this more contagious variant led to a surge in pediatric COVID 
infections [27]. Other respiratory viruses such as RSV have also risen, 
especially in the South in summer 2021, which is atypical given that RSV 
is traditionally a winter virus [28]. 

Our study showed a non-statistically significant increase in 
mastoiditis cases as a proportion of OM in 2020 and 2021 compared to 
2019 however 2020 did have a higher relative rate of mastoiditis in 
comparison to 2019. This may suggest a shift in OM pathology with a 
changing disease severity or case mix index (CMI). Similar findings were 
shown in the presentation given by Kory Kittle and Dr. Matt Hall from 
the PHIS team, who found that as low severity patients dropped out 
during the pandemic, the 2020 CMI increased more than expected [29]. 
Since mastoiditis is often progression of disease from untreated acute 
otitis media, factors such as delay in care due to the pandemic may play 
a role. 

4.1. Limitations 

This study has limitations. First, this data reflects the experience of 
48 Children’s hospitals in 25 states and one district (Washington, DC), 
which may limit generalizability to local, state, regional, national, or 
international scales. Due to pandemic restrictions, caregivers may have 
sought care closer to home in centers not reflected in the PHIS. Addi-
tionally, data entry is subject to errors, although PHIS utilizes data 
quality checks and updates. Explanations for how the COVID-19 
pandemic has affected declines in OM and MT cases are multifactorial 
and do not offer causality. Additional studies may distinguish new 
pathologic changes. Finally, the newest change in 2021 has been 
availability of COVID vaccines for children. However, vaccine uptake 
has been suboptimal with 46% of children being fully vaccinated [30]. 
Time will tell how vaccination rates will change as eligibility expands. 

5. Conclusions 

OM is a common childhood illnesses and MT placement remains the 
most common childhood surgery. The COVID-19 pandemic has led to a 
decline in OM and MT cases which may reflect a shift in pediatric 
population health. Pandemic-related behavioral may play a role in the 
increasing rates of OM and MT procedures. Additionally, the relative 
increase in mastoiditis seen in 2020 could represent changing case 
severity. Further investigation is warranted to delineate the factors 
responsible. 
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