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The impact of COVID-19 public health interventions on
pediatric illnesses nationwide is unknown. We performed
a multicenter, cross-sectional study of encounters at

44 children’s hospitals in the United States to assess
changes in healthcare utilization during the pandemic.
The COVID-19 pandemic was associated with substantial
reductions in encounters for respiratory diseases; these

large reductions were consistent across illness subgroups.

Although encounters for nonrespiratory diseases

n the United States, respiratory illnesses are the most

common cause of emergency department (ED) visits

and hospitalizations in children.’ In response to the on-

going COVID-19 pandemic, several public health inter-
ventions, including school and business closures, stay-at-
home orders, and mask mandates, were implemented to
limit transmission of SARS-CoV-2.23 Studies have shown that
children can contribute to the spread of SARS-CoV-2 infec-
tions, especially within households.** Recent data suggest
that COVID-19, and the associated public health measures
enacted to slow its spread, may have affected the transmis-
sion of other respiratory pathogens.” Similarly, the pandemic
has likely affected healthcare utilization for nonrespiratory
illnesses through adoption of social distancing recommen-
dations, suspension and delays in nonemergent elective
care, avoidance of healthcare settings, and the effect of
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decreased as well, reductions were more modest and
varied by age. Encounters for respiratory diseases among
adolescents declined to a lesser degree and returned to
previous levels faster compared with those of younger
children. Further study is needed to determine the
contributions of decreased illness and changes in care-
seeking behavior to this observed reduction. Journal of
Hospital Medicine 2021;16:XXX-XXX. © 2021 Society of
Hospital Medicine

decreased respiratory disease on exacerbation of chronic
illness.® The objective of this study was to examine associa-
tions between the COVID-19 pandemic and healthcare uti-
lization for pediatric respiratory and nonrespiratory illnesses
at US pediatric hospitals.

METHODS

Study Design

This is a multicenter, cross-sectional study of encounters at 44
pediatric hospitals that reported data to the Pediatric Health
Information System (PHIS) database maintained by the Chil-
dren’s Hospital Association (Lenexa, Kansas).

Study Population

Children 2 months to 18 years of age discharged from ED or in-
patient settings with a nonsurgical diagnosis from January 1 to
September 30 over a 4-year period (2017-2020) were included.

Exposure

The primary exposure was the 2020 COVID-19 pandemic time,
divided into three periods: pre-COVID-19 (January-February
2020, the period prior to the pandemic in the United States),
early COVID-19 (March-April 2020, coinciding with the first re-
ported US pediatric case of COVID-19 on March 2, 2020), and
COVID-19 (May-September 2020, marked by the implementa-
tion of at least two of the following containment measures in
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TABLE. Observed-to-Expected Encounter Ratios During COVID-19 Pandemic

Full study period

Jan-Sep 2020

O:E ratio (95% CI)
Overall 0.69 (0.67-0.71)
Nonrespiratory illness 0.69(0.67-0.71)

All respiratory illness 0.68 (0.65-0.70)

Asthma 0.46 (0.44-0.48)
Bronchiolitis 0.58 (0.54-0.63)
Croup 0.44 (0.41-0.46)
Influenza 1.53(1.32-1.74)
Pneumonia 0.56 (0.53-0.59)

Unspecified influenza-like illness 0.65(0.61-0.68)

Other respiratory illness® 0.88 (0.78-0.98)

?Includes 2020 COVID-19 diagnoses.
Abbreviation: O:E, observed-to-expected.

every US state: stay-at-home/shelter orders, school closures,
nonessential business closures, restaurant closures, or prohibi-
tion of gatherings of more than 10 people).?

Outcomes

Respiratory illness diagnoses were classified into mutually ex-
clusive subgroups following a prespecified hierarchy: influen-
za, pneumonia, croup, bronchiolitis, asthma, unspecified influ-
enza-like illness, and “other respiratory diagnoses” (Appendix
Table 1). To assess the impact of COVID-19 after its Interna-
tional Classification of Diseases, Tenth Revision code was es-
tablished on March 25, 2020, the “other respiratory” subgroup
was divided into other respiratory illnesses with and without
COVID-19. Nonrespiratory illness diagnoses were defined as
all diagnoses not included in the respiratory illness cohort.

Statistical Analysis

Categorical variables were summarized using frequencies and
percentages and compared using chi-square tests. Continu-
ous variables were summarized as median and interquartile
range (IQR) and compared using Wilcoxon rank sum tests.
Weekly observed-to-expected (O:E) ratios were calculated for
each hospital by dividing the number of observed respiratory
illness and nonrespiratory iliness encounters in a given week in
2020 (observed) by the average number of encounters for that
same week during 2017-2019 (expected). O:E ratios were then
aggregated over the three COVID-19 study periods, and 95%
confidence intervals were established around mean O:E ratios
across individual hospitals. Outcomes were then stratified by
respiratory illness subgroups, geographic region, and age. Ad-
ditional details can be found in the Supplemental Methods in
the Appendix.
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Pre-COVID-19 Early COVID-19 CovID-19
Jan-Feb 2020 Mar-Apr 2020 May-Sep 2020
O:E ratio (95% CI) O:E ratio (95% Cl) O:E ratio (95% CI)
1.07 (1.03-1.10) 0.55(0.53-0.57) 0.58 (0.54-0.61)
1.03(1.01-1.06) 0.54 (0.52-0.56) 0.62 (0.59-0.66)
1.13(1.07-1.19) 0.57 (0.54-0.60) 0.38(0.35-0.41)
0.94 (0.89-0.99) 0.46 (0.42-0.49) 0.24(0.22-0.27)
0.93(0.86-1.00) 0.50 (0.46-0.55) 0.09 (0.08-0.11)
0.95(0.89-1.02) 0.42 (0.39-0.46) 0.16(0.14-0.18)
1.96 (1.68-2.24) 0.75(0.66-0.83) 0.13(0.05-0.22)
1.06 (0.99-1.13) 0.59 (0.54-0.65) 0.19(0.17-0.21)
1.01(0.95-1.07) 0.60 (0.56-0.65) 0.42 (0.38-0.46)
1.05(0.99-1.12) 0.65 (0.58-0.71) 0.92 (0.74-1.09)

RESULTS

Study Population

A total of 9,051,980 encounters were included in the study,
6,811,799 with nonrespiratory illnesses and 2,240,181 with re-
spiratory illnesses. Median age was 5 years (IQR, 1-11 years),
and 52.7% of the population was male (Appendix Table 2 and
Appendix Table 3).

Respiratory vs Nonrespiratory lliness During

the COVID-19 Pandemic

Over the study period, fewer respiratory and nonrespiratory
illness encounters were observed than expected, with a larg-
er decrease in respiratory illness encounters (Table, Appendix
Table 4). The initial decrease occurred between March 12 and
April 9, 2020, with relative stability until a subsequent rise in en-
counters between May 28 and July 9. After July 9, respiratory
illness encounters decreased compared with a relatively stable
trend in nonrespiratory illness encounters (Figure). The O:E
ratios for respiratory illnesses during the study periods were:
pre-COVID-19, 1.13 (95% Cl, 1.07-1.19); early COVID-19, 0.57
(95% Cl, 0.54-0.60); and COVID-19, 0.38 (95% Cl, 0.35-0.41).
Comparatively, the O:E ratios for nonrespiratory illnesses were
1.03 (95% Cl, 1.01-1.06), 0.54 (95% Cl, 0.52-0.56), and 0.62 (?5%
Cl, 0.59-0.66) over the same periods (Table, Appendix Table 4).

Respiratory Subgroup Analyses

The O:E ratio decreased for all respiratory subgroups over the
study period (Table, Appendix Table 4). There were significant
differences in specific respiratory subgroups, including asthma,
bronchiolitis, croup, influenza, and pneumonia (Appendix Fig-
ure 1A). Temporal trends in respiratory encounters were con-
sistent across hospital settings, ages, and geographic regions
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FIG. Respiratory and Nonrespiratory lliness at Children’s Hospitals During the COVID-19 Period. Trends in respiratory and nonrespiratory encounters over time are
shown. The first statistically significant decrease in the observed-to-expected ratio of respiratory illnesses occurred on March 17, 2020.

(Appendix Figure 1B-D). When comparing the with and with-
out COVID-19 subgroups in the “other respiratory illnesses”
cohort, other respiratory illness without COVID-19 decreased
and remained lower than expected over the rest of the study
period, while other respiratory illness with COVID-19 increased
markedly during the summer months and declined thereafter
(Appendix Figure 2).

All age groups had reductions in respiratory illness encoun-
ters during the early COVID-19 and COVID-19 periods, al-
though the decline was less pronounced in the 12- to 17-year-
old group (Appendix Figure 1B). Similarly, while all age groups
experienced increases in encounters for respiratory illnesses
during the summer months, only children in the 12- to 17-year-
old group experienced increases beyond pre-COVID-19 levels.
Importantly, this increase in respiratory encounters was largely
driven by COVID-19 diagnoses (Appendix Figure 3). The trend
in nonrespiratory illness encounters stratified by age is shown
in Appendix Figure 4.

When patients were stratified by hospital setting, there were
no differences between those hospitalized and those dis-
charged from the ED (Appendix Figure 1C). Patterns in respira-
tory illnesses by geographic location were qualitatively similar
until the beginning of the summer 2020, after which geograph-
ical variation became more evident (Appendix Figure 1D).

DISCUSSION

In this large, multicenter study evaluating ED visits and hos-
pitalizations for respiratory and nonrespiratory illnesses at US
pediatric hospitals during the 2020 COVID-19 pandemic, we
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found a significant and substantial decrease in healthcare en-
counters for respiratory illnesses. A rapid and marked decline
in encounters for respiratory illness in a relatively short period
of time (March 12-April 2) was observed across all hospitals and
US regions. Declines were consistent across common respira-
tory illnesses. More modest, yet still substantial, declines were
also observed for nonrespiratory illnesses.

There are likely multiple underlying reasons for the observed
reductions. Social distancing measures almost certainly played
an important role in interrupting respiratory infection transmis-
sion. Rapid reduction in influenza transmission during the early
COVID-19 period has been attributed to social distancing mea-
sures,® and influenza transmission in children decreases with
school closures.? It is also possible that some families delayed
seeking care at hospitals due to COVID-19, leading to less fre-
quent encounters but more severe illness. The similar decrease
in O:E ratio for ED visits and hospitalizations, however, is incon-
sistent with this explanation. It is also possible that nonurgent
conditions cared for in the hospital settings were diverted to
other care settings. For example, during this pandemic, tele-
health and telephone visits for pediatric asthma increased by
61% and 19%, respectively, while ED and outpatient visits de-
creased concurrently.”® Similar changes in location of care may
also contribute to the decline in nonrespiratory illness encoun-
ters. Decreased use of hospital resources for nonurgent care
diagnoses during the pandemic would suggest that, prior to
COVID-19, there was overutilization of ambulatory services at
children’s hospitals. Therefore, the pandemic may be driving
care to more appropriate settings.
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We also found relative differences in changes in encounters
for respiratory illness by age. Adolescents’ levels of respiratory
healthcare use declined less and recovered at a faster rate than
those of younger children, returning to pre-COVID-19 levels by
the end of the study period. The reason for this age differen-
tial is likely multifaceted. Infections, such as bronchiolitis and
pneumonia, are more likely to be a source of respiratory illness
in younger than in older children. It is also likely that dispro-
portionate relaxation of social distancing measures among ad-
olescents, who are known to have a stronger pattern of social
interaction, contributed to the faster rise in respiratory illness—
related encounters in this age group.'” Adolescents have been
reported to be more susceptible to, and more likely to trans-
mit, SARS-CoV-2 compared to younger age groups.'? More
modest, albeit similar, age-based changes were observed in
encounters for nonrespiratory illnesses. It is possible that pan-
demic-related stressors resulted in a subsequent increase in
mental health encounters among this age group.” While the
reason for this also is likely multifactorial, adolescent behavior,
as well as transmission of infectious illness that can exacerbate
nonrespiratory conditions, may be a factor.

Emerging evidence suggests that school-age children may
play an important role in SARS-CoV-2 transmission in the com-
munity.*"* Our finding that, compared to younger children,
adolescents had significantly fewer reductions in respiratory
illness encounters is concerning. These findings suggest that
community-based efforts to help prevent respiratory illnesses,
especially COVID-19, should focus on adolescents, who are
most likely to maintain social interactions and transmit respira-
tory infections in the school setting and their households.

This study is limited by the inclusion of only tertiary care chil-
dren’s hospitals, which may not be nationally representative,
and the inability to assess the precise timing of when specific
public health interventions were introduced. Moreover, pre-
vious studies suggest that social distancing behaviors may
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have changed even before formal recommendations were
enacted.” Future studies should investigate the local impact
of state- and municipality-specific mandates on the burden of
COVID-19 and other respiratory illnesses.

The COVID-19 pandemic was associated with substantial re-
ductions in encounters for respiratory diseases, and also with
more modest but still sizable reductions in encounters for non-
respiratory diseases. These reductions varied by age. Encoun-
ters among adolescents declined less and returned to previ-
ous levels faster compared with those of younger children.
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