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Background: The Bronx has the highest prevalence of asthma in the United States (US), and was also an early
COVID-19 epicenter, making it a unique study location. Worldwide reports describe significant declines in pedi-
atric emergency department (PED) visits during COVID-19. The ongoing impact of COVID-19 on all PED presen-
tations, including asthma, at an early epicenter has not been studied beyond the pandemic peak and into the
early phases of state re-opening.
Objectives: To compare PED health-seeking behaviors and clinical characteristics during the 2020 pandemic and
subsequent initial New York State (NYS) phased re-opening to the same period in 2019.
Methods: Retrospective chart review of children <21 years utilizing the PED at a high-volume quaternary
children's hospital in The Bronx, NY fromMarch 15th 2020 – July 6th 2020 (pandemic cohort) and the same in-
terval in 2019 (comparison cohort). Visits were assigned to pre-determined diagnostic categories. Demographic
and clinical data were compared.
Results: 19,981 visits were included. Visits declined by 66% during 2020. Proportions of asthma visits (2% vs. 7%,
p< 0.0001) and minor medical problems (61% vs. 67%, p< 0.0001) had significant declines in the pandemic co-
hort, whilemajormedical problems (13% vs. 8%, p<0.0001), appendicitis (1% vs. 0.4%, p<0.0001) and other sur-
gical complaints (1% vs. 0.5%, p < 0.0001) had proportional increases in the pandemic cohort. No significant
proportional changes were noted among psychosocial and trauma groups between the two cohorts.
Conclusion: The pandemic cohort experienced a substantial decrease in PED volume, but an increase in acuity and
admission rates, which was sustained through the NYS phase-II re-opening. Despite being located in an asthma
hub, the incidence of asthma-related PED visits declined appreciably in the pandemic cohort. Future studies ex-
amining the effects of indoor allergens in isolation on pediatric asthma are warranted.

Published by Elsevier Inc.
1. Introduction

The novel coronavirus, SARS-CoV-2, and the disease it causes,
COVID-19, were first reported in December 2019 in Wuhan, China [1]
and declared a pandemic by the World Health Organization (WHO) in
March 2020 [2]. Reports from sites affected early in the pandemic,
mainly China and Europe, showed a relative sparing of children from se-
vere morbidity and mortality associated with COVID-19 [3-7]. As US
grew to have the highest number of confirmed cases, similar favorable
d Prevention; ESI, Emergency
stem inflammatory syndrome
te; PED, Pediatric Emergency
nization.
ergency Medicine, Children's

x, NY 10467, United States of
pediatric prognosis patterns were observed [3]. Even after the US Cen-
ters for Disease Control and Prevention (CDC) released a May 2020
health advisory reporting a multisystem inflammatory syndrome in
children (MIS-C) associated with COVID-19, children continued to
have a favorable prognosis consistent with previous reports [8-10].

Efforts to mitigate disease transmission, such as social-distancing
measures, state lockdowns and school and recreational space closures
also altered the pediatric medical landscape [11,12]. All aspects of pedi-
atricmedical care experienced a decrease in volumeworldwide [13], in-
cluding a significant reduction in PED visits [14-18]. At the same time,
an increase in patient acuity was reported, [4,15,17-19]. While some
studies have attributed this to a possible delay in seeking care due to in-
tentional avoidance of health care facilities during the pandemic
[16,19], Dean et al. found a large absolute decrease in PED critical care
patients during the pandemic period, despite representing a high pro-
portion of overall visits [20]. Recently, Chaiyachati et al. described the
clinical profile of patients presenting to the PED at the Children's
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Table 1
Diagnostic category classifications and definitions.

Diagnostic category Definition

Asthma-related Illness • Any diagnosis or disposition mentioning asthma or
reactive airway disease of any severity

COVID-19-related
Illness

• Any diagnosis or disposition mentioning COVID-19

Major Medical Problems • Any exacerbation of chronic disease, (e.g. diabetes,
epilepsy, lupus, cancer, sickle cell disease, etc.),
excluding asthma.

• Technology based medical problems (e.g.
tracheostomy, gastrostomy, catheter and
ventriculoperitoneal shunt related problems)

• Any ESI Level 1–2 (e.g. anaphylaxis)
• Any presentation requiring admission, not already
meeting criteria for alternate category

Minor Medical
Problems

• Any diagnoses that did not fit into any of the other
categories

• ESI 3–5
• Presentation did not lead to an admission

Psychiatric/Psychosocial • Any diagnosis relating to a psychiatric or behavioral
complaint (e.g. depression, suicidality, aggression)

• Ingestions with a secondary psychiatric diagnosis
• Diagnoses that clearly identify potential abuse (e.g.
physical abuse, suspicion for abuse), eating disorders
and medical screening exams

Surgical, excluding
Appendicitis

• Any surgical related diagnosis or operating room dis-
position (e.g., small bowel obstruction, pyloric
stenosis, volvulus, intussusception, hernias, T&A,
orchiopexy, post-operative complications)

Trauma • Any diagnosis that can be obviously related to an
antecedent trauma, major or minor (e.g. falls, injuries,
lacerations, fractures, sprains, strains, eye injuries,
dental trauma, bite related injuries, nursemaid's
elbow)

Appendicitis • Appendicitis specifically mentioned as a diagnosis
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Hospital of Philadelphia before and during the pandemic peak.With the
exception of increased ingestions, chief complaints remained similar
when compared to the 3 years prior, despite a dramatic decrease in vol-
ume and increase in acuity [15].

The Bronx, New York was one of the earliest epicenters for the
COVID-19 pandemic and as of November 2020, is the county in the US
with the 5th most COVID-19 related deaths [21]. The prevalence and
morbidity of pediatric asthma in the Bronx are the highest in the nation,
[22] including the highest rates of asthma-related hospitalizations and
deaths in New York City (NYC) [23,24]. Prior studies have shown that
genetic and environmental factors play important roles in the patho-
genesis of pediatric asthma. Among the environmental factors, allergens
within the home environment, as well as those associated with inner-
city living, have been shown to contribute towards an asthma diagnosis.
Exposures to cockroaches, mice and mold are well-described asthma
risk factors, along with increased early-in-life tobacco smoke exposure,
decreased breast-feeding exposure and diet [25]. Poor air quality associ-
ated with inner-city living has attributed to the higher incidence of
asthma among inner city children [22]. As COVID-19 is a respiratory
pathogen, there were heightened concerns that children with asthma
in the Bronx would be more susceptible to COVID-19.

To date, most data reported has focused on PED trends before and
during the pandemic peak [14,15,18,26] and a recent study looking be-
yond the height of the pandemic was limited to critically ill children
[27]. Unique to our study, are the reported initial effects of a state
phased re-opening on all PED trends in a known COVID-19 epicenter.
Additionally, though Kenyon et al recently described the effects of
COVID-19 on PED asthma visits [28], this study attempts to describe
these effects beyond the pandemic peak, at a known asthma and
COVID-19 epicenter.

The objectives of this study were to (1) determine the impact of
COVID-19 on PED health-seeking behaviors, volume, acuity and com-
mon presenting ailments, including asthma, at an epicenter, compared
to the same interval 1 year prior; and (2) to determine if any noted
trends correlated with the NYS stay-at-home executive orders and ini-
tial state phased re-opening dates.

2. Methods

2.1. Study design

This was a retrospective chart review at a large urban quaternary ac-
ademic children's hospital in the Bronx, New York during the following
time periods: March 15th 2020 – July 6th 2020 (pandemic cohort) and
the same interval in 2019 (comparison cohort). The dates selected
aimed to capture trends from 1 week before the NYC “shelter-in-
place” order (March 22nd 2020) until the end of NYS phase II re-
opening (July 6th 2020) to show the immediate pre-and post- state
mandate PED trends. This study was reviewed and approved as exempt
by the Albert Einstein College of Medicine Institutional Review Board.

2.2. Study population

Inclusion criteria were age < 21 years and having been evaluated in
the PED during the specified time frame. Exclusion criterion was a dis-
position of “left without being seen.”

2.3. Data collection

Demographic data, Emergency Severity Index (ESI) level based acu-
ity, disposition (admission, discharge, left against medical advice,
eloped after medical assessment or transferred to another medical cen-
ter), and clinical diagnosis were collected through electronic chart re-
view (EPIC® VX.X) with a query for arrival at the CHAM Emergency
Department, age < 21 during the aforementioned times, assigned diag-
nosis and no LWBS disposition. Definitions for eight broad diagnostic
110
categories were created prior to data collection by the authors (RL, DF,
JJ, HK). Categories included: Asthma, COVID-19 related illness, Minor
Medical Problems, Major Medical Problems, Psychosocial, Surgical, Ap-
pendicitis and Trauma (Table 1).

To maintain a high inter-rater agreement when assigning diagnoses
into eight categories, two investigators (RL and JJ) independently
reviewed the same 2 days of data outside of the study date range,
using the predetermined guide. An inter-rater agreement of 98.5%
(279/283 sample charts) was reached between the two investigators
for the two sample days. The same two investigators (RR, JJ) then inde-
pendently assigned diagnostic categories to each visit in the study
dataset based on the chief complaint and admission/discharge diagno-
ses. The investigators alternated between days to avoid additional bias.

2.4. Statistical analyses

Frequency distributions for demographics and patient disposition
were examined. Patients assigned ESI level 1 or 2 were considered
high acuity and ESI levels 3–5 were low acuity. Categorical data (e.g.
disposition, ESI, and diagnosis classification) were summarized as pro-
portions and compared by time period (2020 vs. 2019) using Pearson's
chi-square test. Age was reported as medians with interquartile ranges
(IQR) and age between both years was compared using the nonpara-
metric Mann-Whitney U test.

3. Results

A total of 19,981 visits were included and analyzed: 14,996 PED
visits from the 17-week period in 2019 and 4925 visits from the corre-
sponding 17-week period in 2020 (Fig. 1). The 2020 pandemic cohort
was significantly older than the 2019 cohort, (median ages = 7 yr. vs.
6 yr., p< 0.0001) and therewas no difference in the gender distribution



Fig. 1. Flow diagram of patient chart inclusion.
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between the two cohorts. Pandemic PED visits were more likely to be
categorized as having high acuity (24% vs. 17%, p < 0.0001) and had
higher admission rates (17% vs. 11%, p < 0.0001) (Table 2). There was
an overall decline of 66% in the total number of PED visits in the pan-
demic cohort compared to the 2019 comparison cohort. This decrease
wasmost pronounced on April 6th, 2020, where the lowest daily census
in the pandemic cohort corresponded with the extension of the NYS
stay-at-home and school closure order (Fig. 2). The overall volume de-
crease continued throughout the pandemic and was sustained through
the early stages of NYS phased re-openings,with thedaily census during
the phase I and II re-opening dates remaining nearly half of what it was
at the same time the year prior (Fig. 2).

The proportion of major medical problems (13% vs. 8%, p< 0.0001),
appendicitis (1% vs. 0.4%, p< 0.0001) and other surgical complaints (1%
Table 2
Comparison of patient characteristics between pandemic and comparison cohort.

2019 Cohort
n = 14,966

2020 Cohort
n = 4925

p-Value

Age, median (IQR) years 6 (2−13) 7 (2–16) <0.0001
Gender, Female n (%) 7280 (49) 2459 (50) 0.082
High Acuity (ESI 1 & 2) n (%) 2577 (17) 1175 (24) <0.0001
PED Disposition Admission n (%) 1673 (11) 832 (17) <0.0001

The bold p-values represent those of statistical significance
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vs. 0.5%, p<0.0001),were higher in 2020,while declineswere observed
inminormedical problems (61% vs. 67%, p<0.0001) and asthma (2% vs.
7%, p < 0.0001) presentations (Table 3). No significant proportional
changes were noted among psychosocial and trauma groups (Table 3).
There were no differences in gender or acuity level between the
2 years in patients who presented with asthma; however, the asthma
group from the pandemic cohort was significantly older (7 vs. 5,
p < 0.008) and more likely to be admitted (18% vs. 12%, p < 0.002)
(Table 4). PED COVID-19 related visits represented 4% (196/4925) of
the total patients seen in 2020 cohort. Of that group, 30%were admitted
to the hospital (58/196) and 12%were admitted directly to the Intensive
Care Unit from the ED (7/58).
4. Discussion

Consistent with national [14-16,18] and international reports [29],
we observed a substantial decrease in the total volume of pediatric pa-
tients seeking emergency care during the 2020 pandemic period. This
decrease was observed from the start of the COVID-19 pandemic in
the Bronx and continued through the NYS phase II re-opening, despite
an eventual decrease in city and state COVID-19 related illness and
deaths. Althoughwe cannot fully explain the trend that we observed lo-
cally, or that reported worldwide, it is likely multifactorial. Firstly, the
SARS-CoV-2 virus has a relatively predictable pattern in children, with
minimal to no symptoms [3]. Even with more severe presentations,



Fig. 2. PED daily census in the pandemic vs. comparison cohorts.
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children continue to have a favorable prognosis [9] and were relatively
spared from significant morbidity and mortality during this pandemic.
Second, “shelter-in-place” orders and school closures greatly reduce ex-
posure risk and common seasonal virus spread. Spread of all infectious
agents, including COVID-19, was likely reduced even further with the
emphasis placed on simple self-protective measures, such as mask
wearing, frequent hand washing and social distancing.

Despite the decrease in volume, there were significant increases
in patient acuity and admission rates during the 2020 pandemic.
Congruent with this was a significant increase in the proportion of
visits in the major medical problem diagnostic category (13% vs. 8%,
p < 0.0001), which other studies have reported as well [15,18,26]. Al-
though firm conclusions regarding these trends cannot be established
at this time, we think that they likely reflect a multifactorial change in
healthcare seeking behavior among pediatric patients and their care-
givers during the pandemic. It is possible that intentional avoidance of
the PED may have lead to a delay in seeking care, thereby increasing
overall morbidity [19,29]. Likewise, the lack of contact with primary
care physicians and pediatric subspecialty office closures may have in-
creased acuity. In contrast, the relative proportional increase in acuity
may in fact be due to a significant absolute decline among lower acuity
Table 3
Comparison of visit numbers and percentages per diagnostic category between pandemic
and comparison cohort.

Diagnostic category 2019 2020 p-Value

n = 14,966 n = 4925

Asthma-related Illness n (%) 987 (7%) 119 (2%) <0.0001
COVID-19-related Illness n (%) 0 (0%) 199 (4%) <0.0001
Major Medical Problems n (%) 1258 (8%) 641 (13%) <0.0001
Minor Medical Problems n (%) 9980 (68%) 2984 (61%) <0.0001
Psychiatric/Psychosocial n (%) 607 (4%) 197(4%) 0.863
Surgical, excluding Appendicitis n (%) 68 (0.5%) 46 (1%) <0.0001
Trauma n (%) 2000 (13%) 671 (14%) 0.642
Appendicitis n (%) 66 (0.4%) 68 (1%) <0.0001

The bold p-values represent those of statistical significance
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patients [27], possibly resulting from an increase in self-management of
non-emergent minor medical complaints at home.

The Bronx borough of NYC has the highest asthma prevalence and
morbidity in the country [30], with pediatric asthma in the Bronx
being nearly twice the national average [22]. Given that COVID-19 is a
respiratory pathogen, we anticipated an increase in asthma exacerba-
tions and newpresentations. However, instead,we observed an impres-
sive decline in the relative proportion of PED asthma presentations,
similar to the recent findings reported by Kenyon et al [28] in other re-
gions of the country. While we cannot conclude if patients self-treated
at home or did not have exacerbations at all, we suspect that the same
aforementioned factors influencing volume decline played a role in re-
ducing asthma presentations. School closures and social distancing
measures decreased exposures to common pathogens that cause pedi-
atric illness [2] and trigger asthma exacerbations. Improved air quality,
in part due to reduced road and air traffic,may have positively impacted
asthmatics. Furthermore, “shelter-in-place” orders during high pollen
season, likely reduced external allergen exposure in the early spring,
possibly reducing allergy induced reactive airway disease. Home
aeroallergens such as cockroaches, mice and mold have long been de-
scribed as known triggers for asthma exacerbation [22]. Given the dra-
matic increase in time spent indoors due to the pandemic, there was
concern that this may negatively impact asthmatics; yet, our data re-
flects the opposite. Like that suggested by Kenyon et al., we suspect
that indoor aeroallergens may have less of an impact on asthma
Table 4
Comparison of PED asthma presentations between pandemic and comparison cohort.

2019 Cohort:
Asthma

2020 Cohort:
Asthma

p-Value

n = 987 n = 119

Age, median (IQR) years 5 (3−10) 7 (3–15) <0.008
Gender, Female n (%) 392 (40) 55 (46) 0.172
High Acuity (ESI 1 & 2) n (%) 465 (47) 48 (49) 0.752
PED Disposition Admission n (%) 122 (12) 27 (18) <0.002

The bold p-values represent those of statistical significance
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exacerbations than previously thought [28]. Overall, our findings sup-
port the significant role environmental factors contribute towards
asthma pathogenesis, as even in a well-known asthma hub, we report
a dramatic decline in asthma PED visits that occurred simultaneously
with drastic behavioral and environmental modifications as public
health initiatives.

Given the pandemic's high mortality and morbidity and the associ-
ated anxiety this yields, health care providers anticipated the need for
increased mental health services; yet, our data did not show a signifi-
cant difference in the proportions of patients presenting with psychiat-
ric/psychosocial complaints between the two cohorts. This may be
explained by the fact that significant portions of pediatric mental health
evaluations come from school referrals with school-related stress
[31,32]. Studies have demonstrated a direct correlation betweenmental
health visits to the PED and school attendance [32-34], though pan-
demic related stress, which will continue to be part of our new normal,
may have different referral patterns. Our study period is likely not long
enough to reflect any long term changes in patterns of utilization of
mental health services. The proportion of patients utilizing the PED for
surgical conditions was significantly higher in 2020, including appendi-
citis presentations. Other NYC Children's Hospitals reported similar
findings [35], possibly demonstrating that COVID-19 may have had
less of a collateral effect on surgical diagnoses, juxtaposed to asthma.
The Bronx experienced a significant increase in ill adults due to
COVID-19 [21], to the point that our Children's Hospital was converted
to care for adults [36]; however, the pediatric volume of those seeking
care due to COVID-19 remained comparatively low. Nonetheless,
similar to previous reports, those presenting with COVID-19 related
complaints had high overall admission rate, including direct ICU admis-
sions from the ED [37,38]. This suggests that although typically mild,
COVID-19 and resultant complications such as MIS-C, should not
be taken lightly in those sick enough to be brought to the PED for
evaluation.

Since the onset of this pandemic, the PED volume has dropped pre-
cipitously with themost pronounced drop occurring during the peak of
thepandemic inNYC in early April 2020 (Fig. 3.) As of July 2020, NYC ap-
pears to be slowly recovering, with many New Yorkers returning to
work and the resumption of non-essential services; yet, the PED visit
volume remains low compared to the year prior. The emphasis placed
on self-protection with face coverings, frequent hand washing and so-
cial distancing are likely to extend beyond the pandemic and may re-
duce subsequent viral exposure [39], having a lasting effect on the
wellbeing of children.

5. Limitations

Our study had several limitations: First, as is the naturewith all chart
review retrospective studies, our data is limited by incomplete and inac-
curate data; however, limiting the cohort to charts with complete elec-
tronic records mitigated this. Secondly, this was a chart review at a
single academic center; however, recently published data from other
single institutions reflects similar pediatric emergency department uti-
lization patterns [15] suggesting our results may be generalizable to
other institutions.

6. Conclusion

Our data showed a substantial decrease in overall PED volume, but
increased acuity and admission rates that persisted throughout the
NYS phase II re-opening, which helps describe the effects of school clo-
sures, “shelter-in-place” orders and initial state phased re-openings in a
COVID-19 epicenter on pediatric illness patterns. Efforts at all levels of
the healthcare system directed at educating patients and caregivers of
the need for appropriate health seeking behavior should be addressed.
The observed significant reduction of emergency care utilization
among pediatric asthmatics in the Bronx, where asthma prevalence is
113
three times the national average, not only highlights the complex
interactive nature of various allergens on asthma exacerbations, but
also provides an optimistic outlook on the modifiable external factors
that play significant roles in the wellbeing of children with asthma. Fu-
ture studies examining the effects of indoor allergens in isolation on pe-
diatric asthma are warranted.
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