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Abstract

Introduction

The SARS-CoV-2 coronavirus pandemic may cause significant morbidity and mortality in
adults, yet severe cases are rare among children. The indirect impact of the pandemic on
health care delivery in general and pediatric emergency department (PED) visits in particu-
lar has been widely reported.

Aims

To assess the impact of the pandemic and the social restrictions imposed in its wake on
PED visits and hospitalization rates in our Israeli medical center. We also sought to track
these data in relation to the variation in pandemic severity and social restrictions over
time. A comparison of this data with that of the adult emergency department was also
performed.

Methods

Data for this study were drawn from the Shaare Zedek Medical Center (SZMC), Jerusalem,
Israel computerized databank. The daily number of PED and adult ER visits as well as hos-
pitalizations resulting from these visits during the months January-July during the years
2018, 2019, 2020 were recorded. We compared the risk ratio for hospitalization in 2019 and
2020, as well as the incidence rate ratio.

Results

During March and April there was a decrease in PED visits from 4,588 visits in 2019 to 2,527
visits in 2020 (ratio = .551, 95%CI [.52,.58]. Despite the drop in PED visits, the rate of hospi-
talizations rose with respect to 2019 (Risk Ratio = 1.31, p <.001, 95%CI [1.17,1.47]). Similar
but more moderate trends were seen in the adult ED. From May-July 2020, after the lock-
down was lifted, PED visits remained 30% below the same time period from 2018 and 2019,
while the hospitalization rate returned to its pre-pandemic level.
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Conclusions

A significant drop in PED visits is seen to extend well beyond the peak of the pandemic and
the lockdown period. This highlights the potential risk of children with serious emergencies
becoming casualties of the pandemic by their not being brought to medical attention. Efforts
should be made to raise public awareness among parents and other caretakers of children
regarding this matter.

Introduction

The first case of COVID-19 in Israel was confirmed on February 21, 2020. The patient’s infec-
tion was contracted overseas. In attempt to stem the tide of contagion within the general popu-
lation which followed, the Israeli government imposed a nationwide lockdown on March 12,
one day after the WHO declared COVID-19 to be a pandemic [1]. All educational institutions,
for children of all ages, were closed.

Thus far, worldwide experience with COVID-19 suggests that while it may be severe in
adults it usually manifests as a minor illness in children [2-4]. Though Multisystem Inflamma-
tory Syndrome associated with COVID-19 has been reported among children in various coun-
tries [5-8], this severe complication is rare.

Since the onset of the pandemic, an increase in morbidity from various illnesses among
adults due to delay or avoidance in seeking medical care has been reported. Fear of contagion
and barriers to transport to the medical facility imposed by regional lockdowns are among the
contributing factors. This phenomenon has even been reported with life-threatening emergen-
cies such as acute myocardial infarction [9], and malignancies [10]. It has been noted as well
among Israeli children with appendicitis [11]. A survey in Germany recently revealed a rise in
cases of diabetic ketoacidosis among children with long-standing diabetes [12]. An increase in
deaths has also been reported among children whose presentation to the emergency depart-
ment was delayed [13]. A recent national U.S. survey published by the Center for Disease Con-
trol indicated a significant decline in visits to emergency departments (ED) among adults, and
an even steeper decline among children [14]. Similar findings were reported from large pediat-
ric emergency departments in the US [15] and Europe [16,17].

The aim of this study was to identify changes in trends of pediatric ED visits and hospitali-
zation rates in our medical center since the onset of the pandemic. This data may allow us to
more accurately project the appropriate sizes of the medical and nursing staff necessary to con-
tinue providing optimal medical care to all children presenting to our emergency department
in the era of COVID-19.

Aims

The principal aim of this study was to assess the number of pediatric ED visits as well as the
hospitalization rates of these visits among children presenting to SZMC since the onset of the
COVID-19 pandemic as compared to similar time frames during previous years. Additional
aims included:

1. To evaluate whether the number of ED visits and hospitalization rates varied with the
changes in the degree of disease burden in the general population and the lockdown status
in the country.

2. To compare pediatric emergency department visits and hospitalization rates with that of
the adult emergency department in our institution during the same time periods.
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3. To assess how prolonged are the effects of COVID-19 on ED visits and hospitalization rates
and how best to adapt to these changes.

Materials and methods

The pediatric ED of SZMC serves Jerusalem and the surrounding areas in which reside
roughly 500,000 children under the age of 18 years and provides care to approximately 35,000
children per year.

Data for this study were drawn from the SZMC computerized databank. The daily number
of PED and adult ER visits as well as hospitalizations resulting from these visits during the
months January-July of 2018, 2019, 2020 were recorded. This data was compared between
three time periods: March-July 2019, March-July 2020, and May-July 2020. Data analysis was
performed using SPSS v.25 (Aurora, NY). We compared the risk ratio (RR) for hospitalization
the two years as well as the Incidence rate ratio (IRR). PED and adult ER visits for all three
years were analyzed by the Poisson distribution within a Generalized Linear Modeling (GLM)
followed by a monthly pairwise comparison (simple main effect; with Bonferroni correction
for multiple comparison. Marginal means are plotted with uncorrected 95% Confidence Inter-
vals as error bars. Monthly comparisons were calculated across years (year comparisons within
each month) based on an IRR of hospitalizations to PED and adult ER visits between years. A
logistic transformation was applied to the monthly comparisons in a similar form. Each plot
was complemented by a table of significance for those months in which counts or percentages
were different and the percent point change, i.e. the net change in year 2020 compared to years
2018 and 2019 (e.g., N2018/N2020-1)*100.

This study was approved by the institutional review board of SZMC (0134-20-SZMC).

Results

During the years 2018 and 2019 approximately 35,000 children between the ages 0-18 years
were treated in the pediatric emergency department of SZMC. As expected, the patient volume
per month varied over the course of this 24-month period. A comparison of 3 time periods,
January and February 2020 (prior to the pandemic), March and April 2020 (peak months of
the epidemic in Israel accompanied by lockdown), and May-July 2020 (months with a decrease
in disease prevalence in Israel accompanied by the opening of schools and commerce), with
the same time periods in 2018 and 2019 revealed that the number of pediatric ED visits and
hospitalization rates during January and February of 2018, 2019 and 2020 were similar. A dra-
matic decline in ED visits (>50%) occurred in March and April of 2020, followed by a signifi-
cant rise from May-July. Nevertheless, ED visits in July 2020 were 28% less than in July of the
two preceding years (Fig 1).

Analysis of three specific developments during the first 5 months of the pandemic in Israel;
the documented spread of COVID-19 in the general population (March 1*), the nationwide
lockdown (March 12%™) and the re-opening of schools (May 3"%) and their effects on ED visits
and hospitalization rates in comparison to 2018-2019, revealed a slight decrease in ED visits
during the first half of March followed by a maximum decline of over 60% during the lock-
down period until the school system re-opened (Fig 2). The decline in ED visits correlated
with an increase in hospitalization rates (Fig 3). This was most evident during the lockdown
period when the rate was 23-25% as compared to 15-18% (p <0.001) during the same time
frame of the previous two years (Fig 4). The rise in ED visits during the May-July period from
the nadir of March-April to 30% below the previous years, was accompanied by a parallel
decline in the hospitalization rate to 18-19%, close to the pre-pandemic level (Figs 1 and 2).
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Fig 1. Mean daily PED visits by month and year.

https://doi.org/10.1371/journal.pone.0251003.9001

A decrease in the number of ED visits during comparable time periods was observed as well
in the adult ED of our medical center, though more moderate in magnitude. Adult ED visits
during March and April declined by 30-40%, compared to 50-60% in pediatric ED visits (p<
0.001) (Fig 5). By July, adult ER visits rose to just 17% below July of the two previous years, in
comparison to 28% in the pediatric ED (Fig 3). Hospitalization rates among adults before and
after the pandemic began were 33% and 40%, respectively (p<0.001), similar to the trend we
found in children (Fig 6).

Table 1 summarizes our data. Three time periods are represented: 1. March-July (the entire
study period); 2. March-April (onset of pandemic and full lockdown period); 3. May-July
(period during which restrictions were eased). A drop in pediatric ED visits is seen throughout
the entire study period. The nadir occurred during March and April, with a significant IRR
between 2019 and 2020. A concurrent rise in hospitalization rates is also observed (RR), which
is less dramatic during the May-July period (P = 0.016). The drop in ED visits is greater among
children than for adults (IRR) though the risk ratio is similar.

Discussion

In this study we observed a steep decline in our pediatric ED visits since the COVID-19 pan-
demic began, a finding reported by other pediatric EDs in different parts of the world. Fear of
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Fig 2. PED and adult ED mean daily visits, March and April 2018-2020, half-month periods. The decline in PED and adult ED mean daily visits started in the
second half of March and continued significantly during the next three periods. The comparison of IRR for PED and adult ED visits between 2019 and 2020, shows
that the decline in visits in the late three periods was higher in PED than in adult ED.
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002

contagion with the coronavirus, a reduction in prevalence of other infectious diseases due to
infection control barriers imposed because of COVID-19 [18-20], adaptive changes in HMO
practices which then generate less ED referrals and an increased emphasis and availability of
telemedicine as a diagnostic tool [21-23], all are likely contributors to this phenomenon.

In light of this, a critical question to be asked is whether or not the decline in ED visits
applies as well to patients whose medical or surgical problems are potential life-threatening
emergencies. Wise [13] reported cases of death resulting from avoidance of seeking medical
care since the onset of the pandemic. Two different medical centers observed that the percent-
age of severely ill patients presenting to the PED had risen [17,24].

We found significant differences in the changes in ED visits and hospitalization rates
between the pediatric and adult departments since the onset of the pandemic. A 30-40%
decrease in adult ED visits occurred during March and April as compared to 40-60% in the
pediatric ED. (P<0.001) This likely reflects the difference in the nature of the medical prob-
lems which present at either site. As children more commonly suffer from infectious diseases,
the various protective barriers imposed to control the COVID-19 outbreak likely reduce the
spread of other communicable infections. Additionally, since the coronavirus causes more sig-
nificant disease in adults [25], the number of ED visits for COVID-19 related illness among
adults was substantially greater than for children who only rarely presented to the ED because
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Fig 3. Plot of daily admission and hospitalization counts during 2018 to 2020. Vertical lines mark critical time points during
the pandemic crisis: 1 March 2020, for first case discovered; 12 March 2020 for first lockdown; 1 May 2020 for lockdown release;
Bold arrow shows a drop in PED admissions due to the pandemic.

https://doi.org/10.1371/journal.pone.0251003.9003

of COVID-19. During the months March-July 2020 approximately 3000 COVID-19 PCR tests,
20% of which were positive, were performed in the adult ED as opposed to 150 and 7% respec-
tively, in the pediatric ED.

Parallel to the marked drop in pediatric ED visits during March and April 2020, the hospi-
talization rate increased. This was likely due to less children with mild illnesses being brought
to the ED and perhaps as well due to a delay in bringing children during this period to the
emergency room which resulted in some of them presenting in a more advanced stage of their
illness.

This study’s focus was to understand the effects of the COVID-19 epidemic on the number
of our pediatric ED visits as well as on hospitalization rates. Three months after the ease of
many restrictions and the re-opening of schools, the patient volume in our department
remained 28% less than that of prior years. After rising to 25% at the peak of the pandemic
here, the hospitalization rate from our PED dropped to 18% during the following 3-month
period, close to the pre-COVID-19 rate. This suggests that the distribution of disease severity
among children presenting to the ED has now begun to return to the pre-COVID-19 pattern.
These particular phenomena have not been previously reported. Increased hospitalization
rates among children during the COVID-19 pandemic was reported in Philadelphia [24] and
Italy [15,17].

The yearly number of children treated at the PED of SZMC accounts for greater than 50%
of all PED visits in Jerusalem. Approximately 100 children are seen daily in our PED. In addi-
tion to its retrospective nature therefore, another limitation of this study is that its findings
may not reflect the realities of different regions of Israel nor those of other countries. Varying
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access to HMO care in the community and varied policies of different HMOs regarding indica-
tions and insurance coverage for ED visits may alter regional ED visit patterns. Similarly, non-
uniformity in access to care via telemedicine between different regions would also contribute to
varying trends in ED visits [21]. Lastly, as the prevalence of COVID-19 in any given community
changes with time, our findings can only teach us what was, but not what lies ahead.

Limitations of the electronic data system of our medical center and the retrospective design
of this study did not allow us to compare the level of disease severity among children present-
ing to the ED before and after the pandemic began. The hospitalization rate of ED visits was
instead used as a surrogate marker.

COVID-19 has profound effects, both direct and indirect, on child healthcare. Among the
indirect, of chief concern is that children with serious emergencies not become casualties of the
pandemic by their not being brought to medical attention. Efforts should be made to raise pub-
lic awareness among parents and other caretakers of children regarding this matter. Further,
prospective studies would aid in understanding the scope of this phenomenon. As pediatric
EDs grapple with new issues relating to triage and patient isolation, among others, it would also
be important to specifically determine for which medical conditions there now are more ED vis-
its, and for which there are less. As the pandemic continues, necessary resources including
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Table 1. Incidence rate ratio and risk ratio between 2019 and 2020; PED and adult ED.

March-
April
Year C3 C4 Risk: C3/C4
H v
PED R1: 2019 14 824 75 4,588 0.180 [0.17,0.19]
| Count
R2: 2020 10 594 40 2,527 0.235 [0.22,0.26]
| Count
IRR: R2/ 0.721 0.551 Risk Ratio 1.31, p
R1 [0.65,0.80] [0.52,0.58] | <.001 [1.17,1.47]
Adult R3: 2019 62 3,790 18511,261 | 0.337[0.32,0.35]
ED Count
R4: 2020 50 3,077 125 7,647 0.402 [0.39,0.42]
| Count
IRR: R3/ 0.812 0.679 Risk Ratio 1.20, p
R R4 [0.77,0.85] [0.66,0.70] | < .001 [1.13,1.26]
Risk R 1.10, p =.075
Chﬂd/RiSk [0.96,1.25]
Radult

C1-Cé6: Daily mean and total count; In squared brackets, 95% confidence interval; H = Hospitalization, V = ED visits; C1/C2, C3/C4 and C5/C6 = Percentage of daily
hospitalizations (RISK percent); IRR = Incidence rate Ratio; Risk Ratio = Riskypz0/Risksz010; R2/R1 and R3/R4 are the ratio between daily mean for 2019 and 2020 of
PED and adult ED, respectively. Daily mean was calculated taking two decimal points.

https://doi.org/10.1371/journal.pone.0251003.t001

human, technical, financial, and medical uniquely relevant to each pediatric ED should be cal-
culated and made available to meet the various challenges which these times present.
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