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ABSTRACT

Background: ED data are an important source of surveillance data for monitoring many conditions of public health
concern and are especially useful in describing trends related to new, or unusual public health events. The COVID-
19 pandemic led to significant changes in emergency care seeking behavior. We described the trends in all-cause
emergency department (ED) visit volumes by race, ethnicity, and age using ED data from the National Syndromic
Surveillance Program (NSSP) during December 30, 2018-April 2, 2022.
Methods: We described total and race, ethnicity, and age group-specific ED visit volumes during the COVID-19
pandemic by comparing quarterly visit volumes during the pandemic period to the relevant quarters in 2019.
We quantified the variability of ED visits volumes by calculating the coefficient of variation in mean weekly ED
visit volume for each quarter during Q1 2019-Q1 2022.
Results: Overall ED visits dropped by 32% during Q2 2020, when the COVID-19 pandemic began, then rebounded
to 2019 baseline by Q2 2021. ED visits for all race, ethnicity, and age groups similarly dropped in Q2 2020 and
adults of all race and ethnicity groups rebounded to at or above pre-pandemic levels while children remained
at or below the pre-pandemic baseline except during Q3 2021. There was larger variation in mean weekly ED
visits compared to the respective quarter in 2019 for 6 of 9 quarters during Q1 2020-Q1 2022.
Conclusions: ED utilization fluctuated considerably during the COVID-19 pandemic. Overall ED visits returned to
within 5% of 2019 baseline during Q2 2021, however, ED visits among children did not return to the 2019 base-
line until Q3 2021, then again dropped below the 2019 baseline in Q4 2021. Trends in ED visit volumes were sim-
ilar among race and ethnicity groups but differed by age group. Monitoring ED data stratified by race, ethnicity
and age can help understand healthcare utilization trends and overall burden on the healthcare system as well
as facilitate rapid identification and response to public health threats that may disproportionately affect certain
populations.

Published by Elsevier Inc.

* Corresponding author.

1. Introduction

The COVID-19 pandemic led to significant changes in emergency
care seeking behavior, with weekly volume of overall emergency de-
partment (ED) visits dropping by 42% in spring 2020 compared to
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mained 25% lower than during the same time period a year prior [2].
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Despite the overall declines, hospital systems and clinicians have
described increases in visits for higher acuity conditions such as
cardiac arrest during weeks with COVID-19 surges [3]. Changes in
all-cause ED visit volume throughout the course of the COVID-19
pandemic by race, ethnicity and age have not been well quantified
at the national level.

ED data are an important source of surveillance data for monitoring
many conditions of public health concern and are especially useful in
describing trends in acute conditions such as myocardial infarction
or stroke, or trends related to new, or unusual public health events
not identified using existing surveillance systems, such as the
E-Cigarette, or Vaping, Product Use-Associated Lung Injury (EVALI)
response [4]. ED data also provide a complimentary data source to
identify ED visits related to conditions of concern, such as adverse
events following the roll-out of the COVID-19 vaccine [5]. Under-
standing the overall changes in ED visit volumes during the COVID-
19 pandemic is imperative when describing trends of any condition
because of the large fluctuations in the denominator of total ED
visits. Further, understanding how overall ED visit volumes fluctu-
ated by race, ethnicity and age group during the COVID-19 pandemic
provides important context that is necessary when describing
demographic-specific trends in events of public health concern
during the pandemic and in the future.

This work aims to describe the changes in overall ED visit vol-
umes by race, ethnicity, and age using ED data from the National
Syndromic Surveillance Program (NSSP) during December 30,
2018-April 2, 2022. We describe how all-cause ED visit volume
changed by the demographic characteristics during the COVID-19
pandemic by comparing quarterly visit volumes for each group
during the pandemic period (Q1 2020-Q1 2022) to the relevant
quarters in 2019. We also quantified the large fluctuations in ED
visit volumes observed during the COVID-19 pandemic by calculat-
ing coefficient of variation in mean weekly ED visit volumes for
each quarter during Q1 2019-Q1 2022.

2. Methods
2.1. Study population

The National Syndromic Surveillance Program (NSSP) is a collabora-
tion among CDC, local and state health departments, and healthcare
facilities to monitor a wide variety of health conditions by collecting
electronic health data in near real-time [6]. NSSP receives de-
identified records from 71% of EDs in the United States, including
facilities in all 50 states and the District of Columbia [7]. To reduce
artifactual impact from changes in reporting patterns, analyses were
restricted to facilities with a coefficient of variation <40 for total visit
volume and > 75% complete information on race and ethnicity
throughout 2019-2022. Thirty-four percent (1595) of EDs enrolled
in NSSP from 38 states met the data quality thresholds and were in-
cluded in this analysis. ED visits were binned into age groups (0-17,
18-64, and 65+ years) and non-mutually exclusive race and ethnic-
ity categories [American Indian or Alaska Native; Asian; Black or
African American; Hispanic or Latino; Native Hawaiian or Other
Pacific Islander; or White]. Visits with multiple race or ethnicity
codes were counted in each relevant race or ethnicity group. For ex-
ample, if a person identifies as Hispanic or Latino and American
Indian or Alaska Native, that ED visit will be counted as Hispanic or
Latino and American Indian or Alaska Native or if a person identifies
as multiple race groups, then that ED visit will be counted in each
identified race group. If a visit has a valid race but is missing ethnic-
ity, itis counted as that race; if a visit indicated Hispanic or Latino for
ethnicity but race is missing, that visit is counted as Hispanic or
Latino, and if the ethnicity is Not Hispanic or Latino but does not
have a valid race code it was not included in our analysis.
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2.2. ED visit volume by race, ethnicity, and age

Total all-cause weekly ED visit totals were calculated during Decem-
ber 30, 2018-April 2, 2022 and were stratified by race, ethnicity and age
group (Fig. 1). Weeks were defined as Sunday-Saturday following Mor-
bidity and Mortality Weekly Report (MMWR) week formatting [8].
Quarterly mean weekly ED visits and 95% confidence intervals [95%
CI = mean weekly visits +/— 1.96 * (standard deviation / square root
of the number of weeks)] for each race, ethnicity, and age group were
calculated for Jan 1, 2019-April 2, 2022 [quarter 1(Q1): MMWR weeks
1-13; quarter 2(Q2): weeks 14-26; quarter 3(Q3): 27-39; and quarter
4(Q4): 40-52]. Because 2020 was a leap year, there is an additional
week, MMWR week 53, that is counted in Q4 2020. Percent change in
mean weekly ED visits was calculated for each quarter compared to
the equivalent quarter in 2019 [((mean weekly visit count for analysis
quarter - mean weekly visit count for comparison quarter in 2019) /
mean weekly visit count for comparison quarter in 2019)*100]. Percent
change in weekly ED visits was classified into three categories: 1. De-
creased: >10% below 2019 baseline; 2. Stable: between —10% below
and + 10% above 2019 baseline; 3. Increased: >10% above the 2019
baseline.

2.3. Quarterly variation in weekly ED visit volumes

Variation in ED visit volume was assessed by calculating the coeffi-
cient of variation (CoV) of mean weekly ED visits for each quarter dur-
ing quarter 12,019-quarter 12,022. CoV was calculated by dividing the
mean weekly ED visit volume by the standard deviation for each quar-
ter. Higher CoV corresponds to larger variation in weekly ED visit
volumes.

3. Results

Total ED volume decreased (—32.0%) compared to 2019 at the be-
ginning of the COVID-19 pandemic in Q2 2020 and remained decreased
through Q1 2021 (range: —18.3%- -15.4%; Fig. 1, Table A.1). Total ED
volume rebounded to within +10% (range: —3.9%- +3.7%) of the
2019 baseline in Q2 2021-Q4 2021 (Fig. 1, Table A.1). When ED visits
were stratified by race, ethnicity, and age group, ED visit volumes
dropped dramatically for all groups in Q2 2020 (range: <18 years:
—65.5% - -54.8%; 18-64 years: —29.0% - -17.7%; and > 65 years:
—28.9% - -19.7%) (Fig. 1, Table A.1). Adults of all race and ethnicity
groups rebounded to or above pre-pandemic levels by Q2, 2021 and re-
mained at or above the pre-pandemic baseline during Q3 2021-Q4
2021 (Table A.1). Notably, children of all race and ethnicity groups
only rebounded to or above pre-pandemic levels during Q3 2021, then
visits for children of all race and ethnicity groups except Asian again
dropped below pre-pandemic levels during Q4 2021-Q1 2022.

During Q2 2020, ED visits by all race and ethnicity and age groups
decreased (>10% decrease) compared to the corresponding quarter in
2019 (Fig. 1, Table A.1). During Q4 2020, visits by American Indian or
Alaska Native and White adults 18-64 years and Black adults
>18 years remained decreased compared to the Q4 2019 baseline,
while all other adults had returned to within 4+-10% of the Q4 2019 base-
line. Visits among children aged <18 years from all race/ethnicity
groups remained decreased compared to the Q4 2019 baseline volume
of ED visits (range: —59.0% - -48.2%).

Despite the dramatic decrease in ED visits during Q2 2020, some
race, ethnicity, and age groups experienced a > 10% increase in ED visits
compared to 2019. In Q2 2021, ED visits among Native Hawaiian or
Other Pacific Islander adults (18-64 and > 65 years) increased com-
pared to Q2 2019. During Q3 2021, ED visits among Asian children
<18 years (+10.5%) and Asian adults 18-64 years (+15.8%), Hispanic
or Latino adults [18-64 (+14.4%) and > 65 years (+12.6%)], and Native
Hawaiian or Other Pacific Islander persons of all age groups (<18:
+16.0%; 18-64: +21.3%; 265: +12.4%) increased compared to Q3
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2019. During Q4 2021, ED visits among Asian (+16.5%) and Native
Hawaiian or Other Pacific Islander (+10.0%) adults aged 18-64 years
increased compared to Q4 2019.

During Q1 2022, ED visits among Asian and Native Hawaiian or
Other Pacific Islander adults aged 18-64 years and American Indian or
Alaska Native, Asian, Hispanic or Latino, and Native Hawaiian or Other
Pacific Islander adults aged >65 years were increased compared to the
2019 baseline.

Variation in weekly mean ED visit volumes was reported as the coef-
ficient of variation (CoV) for each quarter (Fig. 2). There was greater
variation in quarterly mean weekly ED visits during quarters 1, 2 and
4, 2020 (CoV range: 3.7-14.5) than during all quarters in 2019 (CoV
range: 1.1-3.6) (Fig. 2). Interestingly, the CoV was 2.0 for both Q3
2019 and Q3 2020, however because the mean weekly visit was lower
in 2020, the standard deviation in Q3 2020 was higher than during Q3
2019. All quarters in 2021 and Q1 2022 had larger variation in mean
weekly ED visits compared to the respective quarters in 2019 (CoV
Q1: 2019: 3.5, 2021: 4.0, 2022: 6.8; Q2: 2019: 1.1, 2021: 2.1; Q3:
2019: 2.0, 2021: 2.9; and Q4: 2019: 3.6, 2021: 5.8) (Fig. 2).

4. Discussion

This analysis describes total and race, ethnicity, and age-specific
changes in all-cause ED visit volumes throughout the COVID-19 pan-
demic, which have not been previously well described. Total ED visits
dropped dramatically in Q2 2020 and remained >10% below the 2019
baseline until Q2 2021. At the beginning of the COVID-19 pandemic,
during Q2 2020, all race, ethnicity and age groups experienced dramatic
decreases in overall ED visits, mirroring the total ED visit trends. Adults
of all race and ethnicity groups rebounded to at or above pre-pandemic
levels while trends among children diverged and generally remained at
or below the pre-pandemic baseline. For children aged <18 years, Q3
2021 was the only quarter where any race and ethnicity groups experi-
enced an increase in overall ED visits since the beginning of the COVID-
19 pandemic (Q2 2020). Specifically, during this time, Black or African
American and Hispanic or Latino children experienced increased ED
visits and Asian and Native Hawaiian or Other Pacific Islander children
experienced increased overall ED visits compared to Q3 2019. The
increases in pediatric ED visits during Q3 2021 mirrors increases in
pediatric hospitalizations for COVID-19 observed when the Delta
SARS-CoV-2 variant was the domain circulating variant [9].

Overall, the trends (decreased, stable, or increased) tended to be
similar across race and ethnicity groups for each age group and quarter
and the largest differences among groups in percent change of ED visits
was among age groups rather than among race and ethnicity groups. For
example, during Q2 2021, children from all race and ethnicity groups
remained well below the 2019 baseline, while adults of all race and
ethnicity groups were at or above baseline. While children had only
one quarter during the COVID-19 pandemic with increased ED visits
compared to 2019, adults from certain race and ethnicity groups had
multiple quarters of increased ED visits compared to the 2019 baseline.
Previous research suggests some parents were hesitant to seek emer-
gency care for their children, especially early in the COVID-19 pandemic
and that transmission of many pathogens, as measured by laboratory
test percent positivity, was below pre-pandemic baseline levels
[10,11]. While the trends in all-cause ED visits stratified by race and
ethnicity were largely similar across race and ethnicity group,
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quantifying these stratified trends is important to understand overall
changes in ED visits during the course of the pandemic. These all-
cause trends stratified by race, ethnicity and age reported in this analy-
sis can serve as the denominator when analyzing ED visits for specific
conditions, and understanding how all-cause ED visits changed over
the course of the pandemic provides important context when interpret-
ing trends in ED visits for specific conditions during the course of the
COVID-19 pandemic.

While ED visits may be stable or demonstrate minimal change across
quarters, dramatic fluctuations in ED volume can be observed at the
weekly level. It is important to monitor weekly percent or relative in-
creases in addition to longer-term trends in ED volume because a
rapid relative increase in all-cause ED visits can be an indication of an
event of public health concern and may warrant further investigation.
Additionally, race, ethnicity and age stratified trends in weekly percent
change can be used to determine if specific population groups are being
disproportionately affected. Overall, and race, ethnicity, and age-
stratified ED trends and relative weekly increases are important tools
in the ED surveillance toolkit to monitor for public health threats that
may be disproportionately affecting specific population groups and
could facilitate earlier investigation and response.

ED visit volumes were on the rise prior to the COVID-19 pandemic,
with an estimated 136.9 million visits in 2015 to an estimated 145.6 mil-
lion visits in 2016 [12]. While overall ED visit volumes were generally
higher during 2019 than during many periods of the COVID-19 pan-
demic, the larger variability experienced at times during the pandemic
made planning and resource allocation difficult. These increases in ED
utilization over 2019 baselines, specifically the larger variation in overall
weekly ED visit counts likely increased the burden on an already taxed
system, and as EDs remain the primary portal of entry to healthcare
for acute conditions such as myocardial infarction, stroke, and sepsis
it is imperative that EDs remain staffed and able to provide adequate
care to patients. These dramatic fluctuations in ED visit volumes
make healthcare planning and resource allocation difficult to fore-
cast. Seasonal fluctuations can be factored into the planning, but
these extreme and unpredictable fluctuations cause unforeseen
strains on the health care system. Hospital systems should consider
analyzing fluctuations in ED utilization, and if these fluctuations in
total ED visit volumes exceed the capacity of existing flexible staffing
and resource models, hospital systems could evaluate and revise
flexible plans to account for larger fluctuations, especially during
times on increased community COVID-19 levels. Hospitals could
also consider using ED and wastewater surveillance data to identify
early increases in community COVID-19 levels that can be used for
surge staff planning and resource allocation.

This analysis is subject to at least five limitations. First, although ro-
bust, NSSP ED visit data are a convenience sample and should not be
considered nationally representative as this analysis represents data
from 38 of 50 states. Also, the geographic variation in COVID-19 surges
coupled with the fact that specific race and ethnicity groups may be
over- or under- represented based on where specific race and ethnicity
groups are more highly concentrated and align with EDs that are consis-
tently reporting into NSSP may impact race and ethnicity specific varia-
tion in ED volumes. Second, NSSP data are at the ED visit level rather
than the person level so if a single person visits an ED multiple times,
each visit is counted. Increases in ED visits could be partially attributed
to repeat visits by the same person, however, a single person visiting an

Fig. 1. Weekly trends of total all-cause ED visits (A) and ED visits by age group, race, and ethnicity (B)— National Syndromic Surveillance Program (NSSP)*, United States, December 30,

2018-March 27, 2022.

Abbreviations: ED = emergency department; NSSP = National Syndromic Surveillance Program.

*NSSP is a collaboration among CDC, local, and state health departments, and federal, academic, and private sector partners. To reduce artifactual impact from changes in reporting pat-
terns, analyses were restricted to facilities with a coefficient of variation <40 and > 75% complete information on race and ethnicity throughout 2019-2022. Visit data from 1595 facilities
were included in this analysis. All facilities from Connecticut; District of Columbia; Georgia; Linn County, IA; Maryland; New Jersey; New York City; North Carolina; Ohio; Pennsylvania; San
Mateo, CA; and Texas Region 6/5 were not included in this analysis because they did not meet the inclusion criteria.
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Fig. 2. Weekly Visit Volume Mean, Standard Deviation, and Coefficient of Variation (CoV) by Quarter — National Syndromic Surveillance Program (NSSP)*, United States, December 30,

2018-March 27, 2022.

Abbreviations: ED = emergency department; NSSP = National Syndromic Surveillance Program; CoV = coefficient of variation.

* NSSP is a collaboration among CDC, local, and state health departments, and federal, academic, and private sector partners. To reduce artifactual impact from changes in reporting pat-
terns, analyses were restricted to facilities with a coefficient of variation <40 and > 75% complete information on race and ethnicity throughout 2019-2022. Visit data from 1595 facilities
were included in this analysis. All facilities from Connecticut; District of Colombia; Georgia; Linn County, IA; Maryland; New Jersey; New York City; North Carolina; Ohio; Pennsylvania; San
Mateo, CA; and Texas Region 6/5 were not included in this analysis because they did not meet the inclusion criteria. Coefficient of variation was calculated by dividing the mean weekly ED
visit volume by the standard deviation for each quarter. Higher CoV corresponds to larger variation in weekly ED visit volumes.

ED multiple times still contribute to increased ED volume. Third, we
only included one year of pre-pandemic data as the baseline and 2019
trends may not be representative of trends from prior years. Fourth,
while we can comment on overall ED visit volumes by race, ethnicity,
and age group from our data, we cannot comment on underlying moti-
vations for why people sought care in EDs versus other care settings and
therefore this study is not able to draw conclusions on why changes in
ED volume were observed. Fifth, there is significant variability in how
race and ethnicity data are collected at the facility level. There is a
need for a more standardized approach for collecting race/ethnicity
data, with the emphasis of self-identification rather than race/ethnicity
being assigned by a health practitioner.

In conclusion, quantifying changes in all-cause ED visits overall and
by demographic characteristics is useful to understand variation in
emergency services care utilization, especially during a pandemic. Mon-
itoring ED data by race, ethnicity and age group can be used to inform
outreach efforts to the groups most impacted, ensuring that patients
have access to appropriate levels of care and tools to help them deter-
mine the most appropriate care setting. Using ED data stratified by
race, ethnicity and age for surveillance can facilitate rapid identification
and response to public health threats that may be disproportionately
affecting certain populations.

*To reduce artifactual impact from changes in reporting patterns,
analyses were restricted to facilities with a coefficient of variation
<40 and > 75% complete information on race and ethnicity through-
out 2019-2022. Visit data from 1595 facilities were included in this
analysis. All facilities from Connecticut, District of Columbia,
Georgia, Linn County, IA, Maryland, New Jersey, New York City,
North Carolina, Ohio, Pennsylvania, San Mateo, CA, and Texas Region
6/5 were not included in this analysis because they did not meet the
inclusion criteria.
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