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Abstract
The restrictive measures required to face the recent outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) may impact patterns of healthcare utilization. Our aim was to provide an insight into the change in the use of a pediatric
emergency department (ED) during the SARS-CoV-2 pandemic. The medical records of the children seen in our pediatric ED
duringMarch and April 2020 were retrospectively reviewed. Consequently, these were compared to the medical records of 2018
and 2019 from the same time period and from other control periods (January–February 2019 and 2020, and July–August 2018
and 2019). The total number of ED visits declined by 73% from 2019 to 2020 (3051 vs 818). Significant variations were observed
in the distribution of children between triage categories: the proportion of patients who was given a green-code showed a 0.59-
fold decrease in comparison to 2019 (95% CI 0.5–0.69), while a relative increase in the proportion of yellow codes was observed
(OR 1.46, 95% CI 1.2–1.78).

Conclusion: Quarantinemeasures significantly impacted on the total number of patients and on the reasons for visiting them in
our pediatric ED. This substantial decrease in pediatric care may either be due to lower rates of acute infections because of social
distancing, or to parents’ or caregivers’ reticence to risk exposure to SARS-CoV-2 in a health-care setting.

What is known:
• A recent outbreak of a novel coronavirus responsible for a severe acute respiratory syndrome is spreading globally.
• Restrictive measures may impact patterns of healthcare utilization, as observed in other previous outbreaks.

What is new:
• This study shows significant variations in the distribution of children among triage categories during the COVID-19 pandemic.
•Discharge diagnosis was significantly different as well, in particular a relative increase in the proportion of children presenting with traumatic injuries
and a decrease of viral infections were observed.
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COVID period 1 March–30 April 2020
Spring 2019—Sp19 1 March–30 April 2019
Spring 2018—Sp18 1 March–30 April 2018

Winter 2020—W20 1 January–29 February 2020
Winter 2019—W19 1 January–28 February 2019
Summer 2019—Su19 1 July–31 August 2019
Summer 2018—Su18 1 July–August 2018
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COVID-19 2019 coronavirus disease
CoV Coronavirus
ED Emergency department
PCPs Primary care physicians
SARS-CoV-2 Severe acute respiratory

syndrome coronavirus-2
WHO World Health Organization

Introduction

A novel type of coronavirus of unknown origin was recently
identified in Wuhan (China) [1] in subjects affected by pneu-
monia. The virus was named severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) and the associated dis-
ease was called 2019 coronavirus disease (COVID-19) [2].
SARS-CoV-2 rapidly spread worldwide, forcing the World
Health Organization (WHO) to recognize the outbreak as a
pandemic on 11 March, 2020 [3].

Italy was one of the first countries to be hit in the world,
with a large number of confirmed COVID-19 cases [4].
Children, however, represented less than 3% of the total num-
ber of patients [5, 6]. As a response to the growing pandemic
of COVID-19 in the country, on the 8 of March, the Italian
Government imposed a national quarantine, restricting the
movement of all citizens except for necessities, work, or
health circumstances. Social distancing has proved to be ef-
fective in lowering the incidence of new SARS-CoV-2 infec-
tions [7, 8]. However, implementing sanitary measures at a
national level may also impact several social and economic
aspects of people’s routine life [9]. In particular, they can
modify the patterns of healthcare utilization, as observed in
other previous infectious disease outbreaks [10, 11].

As largely described, emergency department (ED) services
are usually overwhelmed by an inappropriately high number
of admissions of patients with non-urgent conditions, ranging
from 24 to 40% of total visits [12]. Reasons for this behavior
may be identified in the difficulties to access primary care
providers [13], or in parents’ misperception of the severity
of the illness [14]. However, some recent preliminary data
estimated a reduction in the number of visits to pediatric
EDs by more than 50% during the SARS-CoV-2 outbreak
[15–18].

The aim of this retrospective study was to provide an in-
sight into the changing pattern of patients’ use of a pediatric
ED during the SARS-CoV-2 outbreak, comparing the number
of admissions and hospitalizations to other control periods.

Material and methods

We retrospectively reviewed the medical records from the
computerized database system of a tertiary level pediatric

ED at the University Hospital of Central Friuli in Udine,
northeastern Italy, which covers an area of 530,000 residents
(Supplementary Fig. 1). It is the only pediatric ED in the city
with a volume of 20,000 patients/year between the age of 0
and 16.

All visits performed during the strict lockdown phase (be-
tween 1 March and 30 April, 2020—SARS-CoV-2 period)
were compared to those performed over the same time period
of the two previous years (Spring 2018—Sp18 and Spring
2019—Sp19). In order to limit possible confounding effects
due to yearly or seasonal changes in total attendances, we also
compared the data to that of the two previous Winter (1
January–29 February 2020, W20; 1 January–28 February
2019, W19) and Summer periods (1 July–31 August 2019,
Su19; 1 July–31 August 2018, Su18).

The total and daily number of visits and the hospital admis-
sion rate (defined as the number of admissions from the ED
relative to the total number of visits) were identified as
outcome-relevant patient statistics. We also examined demo-
graphic and clinical characteristics of the enrolled patients,
including initial triage scoring (white and green codes were
classified as non-urgent/delayable emergencies and yellow
and red codes were classified as non-delayable urgencies/
emergencies and were treated immediately—see
Supplementary Table 1 for details) and discharge or admission
diagnosis. Two authors extracted the data independently.

Both discharge and admission diagnoses were codified ac-
cording to ICD-9-CM nomenclature [19].

Clinical features and diagnoses were grouped into different
categories: (1) children presenting with acute infectious symp-
toms (e.g., fever, respiratory, or gastrointestinal symptoms),
(2) traumatic injuries, (3) underlying or chronic diseases (e.g.,
febrile neutropenia in immunosuppressed children, seizures in
epileptic children, newly diagnosed diabetes), (4) surgical ur-
gencies (e.g., acute appendicitis, testicular torsion), (5) mental
health disorders, and (6) other illnesses. Elective and planned
hospital admissions were not included in the analysis.

The study was approved by the local Institutional Review
Board (Prot. N. 017/2020_IRB, tit. III, cl. 13, fasc 32).

Statistical analysis

Continuous variables were expressed as mean (SD), while
categorical variables were expressed as percentages or fre-
quencies. The differences between groups were evaluated by
t test. Fisher’s and χ-square tests were used to compare fre-
quencies and percentages. Simple linear regression models
were used to describe the trend of daily admissions of the first
4 months of 2020, 2019, and 2018 (time as independent var-
iable). The predictive factors for assigning an urgent code
(yellow or red) were identified by binomial logistic regression
(standard regression analysis, probability of stepwise entry
0.05 and removal 0.1). The variables to enter in the
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multivariate model were chosen on the basis of the univariate
analysis results (p < 0.25). The model calibration was assessed
by Hosmer–Lemeshow goodness-of-fit test. The differences
were presented as odds ratio (OR) with 95% confidence inter-
val (95% CI). p value ≤ 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using GraphPad
Prism version 8.4.2 for Windows (GraphPad Software, La
Jolla, CA, USA, www.graphpad.com).

Results

A total of 818 children (457 males, 55.9%; mean age 5.6 ±
4.8 years) were visited in our pediatric ED during the SARS-
CoV-2 period. The main clinical and demographic character-
istics of the enrolled children are shown in Table 1. No sig-
nificant difference was found between the study population
and the control groups (Sp18, Sp19, W19, W20, Su18, Su19)
(Supplementary Table 2).

Only one child who was admitted to our pediatric ED was
diagnosed with SARS-CoV-2 infection and then transferred to
another hospital.

Total number and distribution of triage-scoring
categories

During the SARS-CoV-2 outbreak, the total number of visits
declined by 73.2% in comparison to the previous year (N =
3051). The proportion of green codes showed a 0.59-fold
decrease (95% CI 0.5–0.69), while white and yellow codes
showed a 1.76-fold (95% CI 1.38–2.24) decrease and a 1.46-
fold (95% CI 1.2–1.78) decrease respectively (Supplementary

Table 3). No significant changes over time were shown in the
proportion of red codes (Supplementary Table 3).
Comparisons with winter periods confirmed these results
(Supplementary Table 3).

In comparison to the previous summer period, the number
of children evaluated in the pediatric ED decreased by 66.6%
(818 vs 2449) (Supplementary Table 3). Green codes showed
a 0.66-fold decrease (95% CI 0.55–0.77), while yellow codes
showed a 1.67-fold increase (95% CI 1.36–2.05). No differ-
ence was shown for white and red codes (Supplementary
Table 3).

Binomial logistic regression analysis showed that the prob-
ability of assigning an urgent code (defined as yellow or red
code) was 1.46 higher (95%CI 1.2–1.77) in 2020 compared to
2019 (Table 2). Children aged < 6 years (OR 1.23 95% CI
1.04–1.46) had a higher probability of receiving an urgent
code, while no difference was shown for the older ones (OR
0.83; 95% CI 0.53–1.28) or between males and females
(Table 2).

Daily visits and time-trend overview

A significant decrease in the mean number of daily visits
(14.6 ± 6.5/day) was observed in comparison to the same
time-interval in 2019 (50.9 ± 9.6/day, p < 0.001) and 2018
(54.4 ± 10.8/day, p < 0.001). Linear regression analysis was
performed on the daily admissions to our pediatric ED in the
first 4 months of 2020, 2019, and 2018 which showed a sta-
tistically significant decreasing tendency in 2020 (− 3.5 visits/
day, 95% CI − 3.98 to − 3.05) (Fig. 1).

Discharge diagnosis

The distribution of ED discharge diagnosis during the SARS-
CoV-2 period showed a significant reduction of acute infec-
tious diseases in comparison to Sp19 and Sp18 (Table 3).
Conversely, a relative increase in traumatic injuries and men-
tal health disorders was observed, but no case of child abuse
was registered during the lockdown phase (Table 3). The
number of children with a chronic or underlying disease
remained stable. Similar results were shown for other control
periods (Supplementary Table 4). The distribution of specific
discharge diagnosis for acute infectious disease and traumatic
injuries was also analyzed to highlight the differences between
2020, 2019, and 2018 (Supplementary Table 5). In particular,
during SARS-CoV-2 period, children were less frequently
diagnosed with acute gastroenteritis (p = 0.007), otitis (p =
0.006), and other viral infections (p = 0.044) in comparison
to Sp19 and Sp18 (Supplementary Table 5). A higher propor-
tion of children with urinary tract infections (UTI) was also
observed in comparison to previous years (p < 0.001)
(Supplementary Table 5). Domestic accidents, such as minor
wounds (p < 0.001), ingestion/inhalation of foreign bodies

Table 1 Demographic, triage scoring, and number of admissions of
children seen in the pediatric emergency department (ED) in the months
of March and April 2020

March–April 2020

No. of patients 818

Males: n (%) 457 (55.9%)

Mean age ± SD (years) 5.6 ± 4.8

Triage scoring: n (%)

• White 103 (12.6%)

• Green 540 (66%)

• Yellow 169 (20.7%)

• Red 6 (0.7%)

No. of admission: n (%) 64 (7.8%)

• General pediatric ward 59 (92%)

• Neonatal intensive care unit 3 (5%)

• Intensive care unit 1 (1.5%)

• Surgical ward 1 (1.5%)
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(p = 0.042), and burns (p = 0.014), were diagnosed more fre-
quently in children who were admitted to our pediatric ED
during the pandemic period compared to 2019 and 2018.
However, bone fractures were less frequently observed (p =
0.007) (Supplementary Table 5).

Trends in hospitalizations

Significant differences were also shown in the number of hospi-
talizations. The hospital admission rate increased from 3% (91/
3202 ED visits) in the months of March–April 2019 to 7.8% (64/
818) during the same period in 2020 (p< 0.001), with a relative
2.7-fold increase (95% CI 1.9–3.8). Similar results were shown
for other control periods. A relatively lower number of patients
with infectious diseases was observed compared to the same time
period in 2019 and in 2018 (p= 0.019) (Table 4), but no differ-
ence in the distribution of specific diagnosis was visible
(Supplementary Table 6). Comparisons with winter periods were
similar, while no difference in the distribution of hospitalization
diagnosis with summertimewas shown (Supplementary Table 4).

Notably, during the COVID-19 pandemic, among the chil-
dren discharged (n = 18) and admitted (n = 4) for UTI, 23%
(5/22) were diagnosed with pyelonephritis, in comparison to
0% in 2019 and 10% (3/30) in 2018 (p = 0.015).

Discussion

This study showed a significant decline in the number of pediatric
ED visits and a substantial increase in the rate of hospitalizations
during the SARS-CoV-2 outbreak and national lockdown when
compared to the two previous years. The reduction in ED visits
was more prominent for low-acuity diseases (scored as green
codes) rather than for higher triage scores (yellow and red codes).

Total number and distribution of triage-scoring
categories

In recent years, overcrowding has been reported in EDs from
several different countries. Moreover, one-fifth of the children
under the age of 5 were reported to have been admitted to an
ED at least once in their lifetime [20]. In Italy, where the
national healthcare system provides free admission to the
ED for children under the age of 14, non-urgent visits (name-
ly, white and green codes) accounted for 27.6% of all ED
patients and 58.2% of total pediatric attendance episodes
[21]. The decrease in the number of visits during the SARS-
CoV-2 period has been observed in other studies as well [15,
17, 18, 22] and it may be related to the adoption of national
restrictive measures. With the closure of schools and sports

Table 2 Multivariate analysis for defining predictive factors associated
to urgent triage code (yellow and red) of children seen in the pediatric
emergency department (ED) during the months of March–April 2020

(SARS-CoV-2), compared to the same time intervals of the two
previous years (Sp19–Sp18)

SARS-CoV-2 vs Sp19 SARS-CoV-2 vs Sp18

OR 95% CI p OR 95% CI p

All patients 1.46 1.2–1.77 < 0.001 1.68 1.39–2.04 < 0.001

Age group (≤ 6 years) 1.23 1.04–1.46 0.017 0.86 0.73–1.03 0.1

Gender (male) 1.53 0.98–1.69 0.366 1.31 1–1.7 0.457

All values presented in italics: p<0.05

Fig. 1 Linear regression
comparing the trend in the
number of daily visits in the
pediatric emergency department
(ED) during 2020 (blue line) 2019
(green line) and 2018 (red line)
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activities on the 1st March, 2020, acute infections such as
gastroenteritis, otitis, and other viral infections significantly
decreased in comparison to previous years. A significant re-
duction in the mean number of episodes of acute otitis,
otorrhea episodes, and prescriptions of antibiotics was also
observed in a retrospective study that was recently published
[23]. Similarly, French colleagues [24] documented a sharp
decrease (over 70%) in the cases of acute gastroenteritis, com-
mon cold, and bronchiolitis compared to expectancy. The
drop in the incidence of acute infections might seem to con-
trast the increased number of visits usually observed during
seasonal influenza epidemics [25, 26]. However, SARS-CoV-
2 does not affect children with the same frequency and sever-
ity as adults [27]. According to one of the largest study on the
prevalence of COVID-19 in European children, only 8% of
the patients with a confirmed infection required admission to
an ICU [28].

In our study, during the SARS-CoV-2 period, a higher
proportion of white codes was recorded compared to the same
period over the two previous years (Sp19 and Sp18) and the
winter periods. This may be explained by the fact that most of
our outpatient activities were cancelled or markedly reduced;
therefore, many minor procedures and non-urgent medical
consultations took place in the pediatric ED and were classi-
fied as white codes. A proper reorganization of the pediatric
services became necessary during the first wave of COVID-19
pandemic: national and local protocols were developed ac-
cording to theWHO guidelines to provide dedicated pathways

for suspected COVID-19 cases and guarantee appropriate
healthcare to other patients [29, 30].

In comparison to all control periods, a relative reduction of
green codes and a simultaneous increase of yellow codes were
reported. The decrease of common childhood viral infections
due to social distancing may partially explain this finding. In
fact, this trend was observed in comparison to summer periods
too, when schools are similarly closed and fewer people cir-
culate in urban areas.

In 2011, Brousseau et al. conducted a survey on parents’
perspectives on the correct utilization of pediatric ED services
[14]. Parents reported feeling anxious about their children and
they did not consider non-urgent ED visits a misuse of the
healthcare system, as the ED offered firsthand evaluations
within the time-frame requested [14]. However, patients are
likely to be more afraid than before to visit healthcare facilities
due to the risk of contracting SARS-CoV-2 [31, 32], but no
pediatric study has specifically addressed this point yet.

The incidence of pediatric red codes and children diag-
nosed with chronic/underlying diseases was not significantly
affected during the COVID-19 pandemic. However, this may
be in contrast with a recent case series of 12 children who
received delayed hospital care [16]. Half of them were admit-
ted to an ICU and four died. In all cases, parents reported
avoiding accessing hospital services because of fear of
contracting SARS-CoV-2 [16]. This was a preliminary report
and the data could not be directly compared with those of
previous years nor it allowed to confirm whether there was a

Table 3 Distribution of discharge
diagnosis in children who were
seen in the pediatric emergency
department (ED) during the
SARS-CoV-2 period (March–
April 2020) in comparison to the
same time intervals of the two
previous years (Sp19–Sp18)

SARS-CoV-2

N = 796

Sp19

N = 3094

Sp18

N = 3388

p

Acute infectious diseases 250 (31%) ↓ 1580 (51%) 1657 (49%) < 0.001

Traumatic injuries 318 (40%) ↑ 740 (24%) 865 (26%) < 0.001

Underlying diseases 27 (3%) = 85 (3%) 99 (3%) 0.623

Mental health disorders 16 (2%) ↑ 24 (0.8%) 28 (0.8%) 0.004

Other illnesses 185 (24%) = 665 (21%) 739 (22%) 0.187

Differences between groups were tested by χ-square test

All values presented in italics: p<0.05

Table 4 Total number of
hospitalizations according to
diagnostic categories in children
who were evaluated in the
pediatric ED during the SARS-
CoV-2 period (March–April
2020) in comparison to the same
time period in the two previous
years

SARS-CoV-2 Sp19 Sp18 p

Admission rate 64/818 (7.8%) ↑ 91/3051 (3%) 110/3266 (3.4%) < 0.001

Acute infectious diseases 22/64 (34%) ↓ 51/91 (56%) 58/110 (53%) 0.019

Traumatic injuries 14/64 (22%) 15/91 (17%) 15/110 (14%) 0.371

Underlying diseases 12/64 (19%) 8/91 (8.5%) 15/110 (14%) 0.194

Acute surgical conditions 7/64 (11%) 8/91 (8.5%) 5/110 (4%) 0.262

Mental health disorders 3/64 (5%) 2/91 (2%) 3/110 (3%) NA

Other illnesses 6/64 (9%) 7/91 (8%) 12/110 (10%) 0.6

Differences between groups were tested by χ-square test

All values presented in italics: p<0.05
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systematic delay in accessing care for severely ill children.
Therefore, even though the current findings on this issue re-
main controversial, it appears speculative to generalize these
results. According to the Italian Diabetes Study Group, com-
pared with the same period in 2019, during the pandemic,
there were 23% fewer new diabetes cases, no differences in
the incidence of acute complications, and a slightly higher
frequency of severe ketoacidosis (DKA) among those who
presented with DKA [33]. A recent German study [34] report-
ed similar findings.

Discharge diagnosis

Discharge diagnosis was significantly different among studied
periods. In particular, a relative increase in the proportion of
children presenting traumatic injuries was observed during the
SARS-CoV-2 outbreak. This finding appears in contrast with
preliminary data on adult patients, showing a significant re-
duction in the number of injury-related admissions [35].
However, since outdoor activities were banned starting with
the beginning of the quarantine, children were forced to stay at
home. Therefore, in children who were admitted to our pedi-
atric ED during the pandemic period, domestic accidents (mi-
nor wounds, ingestion/inhalation of foreign bodies, and burns)
were more frequently diagnosed rather than bone fractures.
Currently, domestic accidents represent one of the most fre-
quent causes of morbidity in patients under the age of 14, and
nearly half of them typically happen during play-time [36]. In
particular, other reports [37] show that, in 2020, the number of
accidental ingestions was higher than previous years. These
data may support the hypothesis that, following stay-at-home
orders, children’s environments shifted, making them face
new, modifiable risks. This identifies an important area of
public health education and intervention.

During the SARS-CoV-2 period, a slightly higher propor-
tion of children with mental health disorders was diagnosed in
the pediatric ED. The quarantine imposed may have worsened
existing mental health problems because of the unique com-
bination of public health crisis, social isolation, and economic
recession [38]. In particular, with the closure of schools, the
mental health services for adolescents with lower family in-
comes, who were likely to receive support especially in school
settings [39], may have been disrupted. However, in many
mental health centers, psychological consultations continued
to be run in an urgent setting and telemedicine was set up to
support patients at home. Moreover, 10/16 (62%) of the pa-
tients who were discharged with a diagnosis of mental health
disorder were newly diagnosed patients, not previously eval-
uated by any mental health professional.

Several concerns were raised on the possibility of
intrafamilial abuse during lockdown [40]. In our cohort, no
case of abuse was observed, but a number of reports on this
problem are emerging from different countries [41, 42]. A

preliminary survey from the UK showed that there was a
1493% increase in cases of abusive head trauma [41].
Mental health issues, substance misuse, and difficult socioeco-
nomic circumstances are often interdependent and cannot be
effectively addressed in isolation.

Trends in hospitalizations

The rate of hospitalizations increased significantly too, but
different patterns of admission diagnosis were observed only
in comparison to spring and winter periods. This was probably
due to the lower number of patients with infectious diseases,
as previously discussed.

Surprisingly, in comparison to previous years, our results
also showed a higher proportion of pyelonephritis among chil-
dren diagnosed with UTI. In the study by Angoulvant and
colleagues, UTIs were the only infection that did not decrease
during the lockdown [24]. In these cases, fever, usually report-
ed as the first and the only symptom of UTI in infants, may
have been erroneously treated as a possible sign of SARS-
CoV-2 infection, forcing children in quarantine and delaying
further evaluation. However, more detailed data are needed to
clarify this finding.

Our study has several limitations. It was a single-center
retrospective analysis, and therefore the generalizability of
these findings may be limited to comparable institutions.
Therefore, multinational studies on this issue are needed to
properly understand what really affected ED flows.
Moreover, we could not evaluate the possible role of factors
influencing people’s perceptions and utilization of healthcare
facilities, such as family structure and socioeconomic status,
scholarship, distance between the children’s house and the
ED. However, despite the retrospective design, data were col-
lected prospectively in a standardized way, with detailed clin-
ical and epidemiological information for each patient from
hospital software.

In conclusion, during the national lockdown period, our
pediatric ED experienced significantly reduced volumes of
children presenting low-acuity problems. This decrease in
the number of visits may either be due to a reduction in the
incidence of acute infectious diseases or to the fear of the
potential nosocomial transmission of SARS-CoV-2 infection.
However, even though parents were possibly more afraid to
access healthcare facilities, red codes were not likely to be
affected and urgent conditions were evaluated as usual. This
study not only provides information for future SARS-CoV-2-
related public health preparedness policies, but it may also
provide a foundation for further research into alternative strat-
egies to address non-urgent pediatric medical issues and alle-
viate emergency services.

Supplementary Information The online version contains supplementary
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