International Journal of /
* Environmental Research m\DP|
and Public Health Z

Article
SARS-CoV-2 Pandemic Impact on Pediatric
Emergency Rooms: A Multicenter Study

1 2

Luigi Matera 1 Raffaella Nenna 1(2, Valentina Rizzo 1, Francesca Ardenti Morini 2,
Giuseppe Banderali 3, Mauro Calvani 4, Matteo Calvi %, Giorgio Cozzi °, Elisabetta Fabiani 7",
Raffaele Falsaperla 8, Ahmad Kantar ?, Marcello Lanari 1, Riccardo Lubrano ',

Beatrice Messini 12, Antonio Augusto Niccoli 13, Pietro Scoppi 14, Vincenzo Tipo 5,

Fabio Midulla ** and on behalf of the CICERO Group *

1 Department of Maternal, Infantile and Urological Sciences, Sapienza University of Rome, 00161 Rome, Italy;

luigi.matera91@gmail.com (L.M.); raffaella.nenna@uniromal.it (R.N.); valentina.rizzo@hotmail.it (V.R.)

Pediatric Unit, Sant’Eugenio Hospital, 00144 Rome, Italy; francesca.ardentimorini@aslroma?2.it

3 Department of Clinical Paediatrics, San Paolo Hospital, University of Milan, 20142 Milan, Italy;
giuseppe. banderali@unimi.it

4 Operative Unit of Pediatrics, San Camillo-Forlanini Hospital, 00151 Rome, Italy; mi5660@mclink.it

5 Pediatric Emergency Department, Papa Giovanni XXIII Hospital, 24127 Bergamo, Italy; mcalvi@asst-pg23.it

6 Institute for Maternal and Child Health Burlo Garofolo, 34137 Trieste, Italy; giorgio.cozzi@burlo.trieste.it

7 Department of Pediatric Emergency, Gaspare Salesi Hospital, Azienda Ospedaliera Ospedali Riuniti,
60123 Ancona, Italy; elisabetta.fabiani@ospedaliriuniti.marche.it

8 General Pediatrics and Pediatric Acute and Emergency Unit, Vittorio Emanuele University Hospital,
95121 Catania, Italy; raffaelefalsaperla@hotmail.com

9 Pediatric Unit, Istituti Ospedalieri Bergamaschi, Gruppo Ospedaliero San Donato,
24059 Ponte San Pietro, Italy; kantar@centropediatricotosse.com

10 Ppediatric Emergency Unit, Scientific Institute for Research and Healthcare, Sant'Orsola Hospital,
40138 Bologna, Italy; marcello.lanari@unibo.it

11" Department of Maternal and Child Health, Pediatric Unit, Santa Maria Goretti Hospital, Sapienza University
of Rome, 04100 Latina, Italy; riccardo.lubrano@uniromal.it

12 pediatric Unit, San Giovanni Battista Hospital, 06034 Foligno, Italy; bmessini@alice.it

13 Ppediatric Unit, Fabrizio Spaziani Hospital, 03100 Frosinone, Italy; dr.aniccoli@gmail.com

14 Pediatric Unit, San Matteo degli Infermi Hospital, 06049 Spoleto, Italy; p.scoppi@icloud.com

15

Pediatric Emergency Department, Santobono-Pausilipon Hospital, 06049 Napoli, Italy; enzotipo@libero.it
*  Correspondence: midulla@uniromal.it; Tel.: +39-0649979363
t  Membership of CICERO Group is Provided in the Acknowledgments.

Received: 28 October 2020; Accepted: 21 November 2020; Published: 25 November 2020 ﬁr:,e(fgtz);

Abstract: From March 9 to May 3, 2020, lockdown was declared in Italy due to the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. Our aim was to evaluate how the
SARS-CoV-2 pandemic and related preventive strategies affected pediatric emergency rooms (ERs)
during this period. We performed a retrospective cohort multicenter study, comparing the lockdown
period to the corresponding period in 2019. We examined 15 Italian pediatric ERs in terms of visit
rates, specific diagnoses (grouped as air communicable diseases and non-air communicable diseases),
and triage categories. During the lockdown period, ER admissions decreased by 81% compared
to 2019 (52,364 vs. 10,112). All ER specific diagnoses decreased in 2020 and this reduction was
significantly higher for air communicable diseases (25,462 vs. 2934, p < 0.001). Considering the triage
category, red codes remained similar (1% vs. 1%), yellow codes increased (11.2% vs. 22.3%), and
green codes decreased (80.3% vs. 69.5%). We can speculate that social distancing and simple hygiene
measures drastically reduced the spread of air communicable diseases. The increase in yellow codes
may have been related to a delay in primary care and, consequently, in ER admissions.
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1. Introduction

The first SARS-CoV-2 outbreak was described in Wuhan, China, in December 2019. Since then,
SARS-CoV-2 has spread throughout five continents and the WHO declared the condition as a pandemic
on March 11, 2020 [1]. On February 20, 2020, the first SARS-CoV-2 cases were reported in Italy in the
city of Codogno, located close to Milan. Current available Italian data, updated to November 23, 2020,
reported 1,378,394 cases and 48,106 (3.5%) deaths [2]. The first pediatric case of SARS-CoV-2 infection
was described in Shenzhen, China, on January 20, 2020 [3]. Until November 18, 2020, 149,219 (12.1%)
pediatric cases were reported in Italy, with eight fatalities [2].

SARS-CoV-2 transmission primarily occurs through aerosolized droplets [3,4]. Moreover,
a fecal-oral transmission may also occur [5-8]. Thus, the most frequent way that children are
exposed to this condition is through close contact with a sick family or household member [9], even if
in-school transmission has also likely contributed to SARS-CoV-2 outbreaks [10-12]. SARS-CoV-2 has
been also detected in untreated wastewater [13-15].

There is a large consensus that children typically present with a less severe clinical picture
compared to adults and that they appear to have a more favorable prognosis [16-36].

Unfortunately, Italy was one of the most SARS-CoV-2-affected countries in the world, with most
of the cases and fatalities registered in the northern part, particularly in two regions: Lombardy and
Veneto. In order to face the pandemic, the Italian government took several preventive measures that
largely affected children’s lives. On March 9, 2020, the Italian prime minister declared lockdown for
the first time in Italian history: factories, schools, pubs, shopping malls, and restaurants were closed;
only supermarkets remained open, providing daily necessities; smart working was implemented and
leaving home was forbidden except for extreme necessities [37,38]. These measures even affected
children: they were not allowed to go to school, see their friends, or practice their hobbies, which led
to a great shift in their daily habits.

In this multicenter study, we sought to evaluate how the SARS-CoV-2 pandemic and related
preventive strategies, such as social distancing and hygiene measures, affected pediatric emergency
rooms (ERs) in Italy during the lockdown period in terms of ER visit rates, specific ER diagnoses, and
triage categories. As a secondary aim, we evaluated the differences in the SARS-CoV-2 pandemic
impact on ER admissions between high- and low-incidence areas.

2. Materials and Methods

We performed a retrospective multicenter study involving 15 Italian pediatric ERs, belonging to
12 cities throughout 8 different regions, from northern to southern Italy (Figure 1).

We performed a multistage sampling procedure. In the first stage, 9 of the 20 Italian regions were
randomly selected from northern, central, southern, and insular Italian areas. In the second stage,
we randomly selected 15 public hospitals from these regions, thus providing a representative sample
of the entire Italian population. To quantify the contribution of each hospital in our statistical analysis,
we collected the total number of ER admissions in 2019. From January 1 to December 31, 2019, these
hospitals registered a total of 311,412 ER admissions, which represented more than 10% of the total
pediatric ER admissions that year in Italy.
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Figure 1. Pediatric emergency rooms (ERs) included in the study.

We considered the so-called lockdown period in Italy [37,38] as March 9 to May 3, 2020, and we
compared ER admissions during this period with those during the corresponding timeframe in 2019.

We evaluated 16 ER specific diagnoses, based on the primary discharge diagnoses ruled out in ER
according to the ICD9-CM codes. These diagnoses were grouped into two different categories as follows:
air communicable and non-air communicable diseases. In the group of air communicable diseases, we
included upper and lower respiratory infections, gastroenterological infections, and exanthematous
diseases, and we assumed that these conditions were related to airborne transmission. Non-air
communicable diseases included accidents, cardiovascular, dermatological diseases, endocrinological
disorders, fever, and surgical pathologies, as well as hematological, nephrological, neurological,
neuropsychiatric, oncological, ophthalmological, and rheumatological diseases because we assumed
that these conditions were not related to airborne transmission. Fever was included in this second
category because, if it occurs without any other signs or symptoms, it is more likely related to
non-airborne infections, such as urinary tract infections.

We recognized four different triage categories, from the least to the most severe: white, green,
yellow, and red [39]. Since the end of 2019, some regions, including Lazio, adopted new triage colors
and defined five new triage categories with different priority codes: red (immediate access), orange
(access in 15 min), blue (access in 60 min), green (access in 120 min), and white (access in 240 min) [40].
To standardize our data, we combined the orange and blue codes as yellow codes.

We divided our Italian cohort into two different groups. We defined high- and low-incidence
areas based on the Italian government’s Decree of the President of the Council of Ministers (Decreto
del Presidente del Consiglio dei Ministri) published on March 11, 2020 [37,38] and the Italian National
Institute of Health (Istituto Superiore di Sanita (ISS)), which reports Italian SARS-CoV-2-related data
daily [2]. This document identified three Italian regions, Emilia-Romagna, Lombardy, and Veneto, as red
zones (high-incidence areas) for COVID-19. These were the regions that first experienced the lockdown
measures in Italy, including schools’ closure and the ban on people leaving their homes [37,38]: three
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cities (Bergamo, Milan, and Bologna) were considered high-incidence areas, the red zones; the other
nine cities (Rome, Naples, Trieste, Catania, Latina, Frosinone, Spoleto, Foligno, and Ancona) were
considered low-incidence areas.

We used IBM SPSS Statistics to analyze our data. We compared the ER admission rate, ER specific
diagnoses in terms of air communicable diseases and non-air communicable diseases, and triage
categories in 2019 vs. 2020 with chi-square tests.

A p value < 0.05 was considered as statistically significant.

3. Results

Comparing total ER admissions from March 9 to May 3, 2019, with those from March 9 to May 3,
2020, we observed a reduction rate of 81% (52,364 vs. 10,112 admissions, respectively) (Table 1).

Table 1. ER admissions reduction between March 9 and May 3, 2019, and the same period in 2020.

Hospitals 2019 2020 Decrease
Umberto [—Rome 3735 674 —82%
San Camillo—Rome 2240 400 —82%
Sant’Eugenio—Rome 1744 90 —95%
Santa Maria Goretti—Latina 1321 220 -83%
Burlo-Garofolo—Trieste 4127 1111 -73%
Vittorio Emanuele—Catania 2000 208 -90%
Gaspare Salesi—Ancona 4044 895 ~78%
San Paolo—Milan 2234 189 -92%
Ponte San Pietro—Bergamo 1814 169 -91%
Papa Giovanni XIII—Bergamo 4191 762 —82%
Sant’Orsola Malpighi—Bologna 3893 1083 =72%
Santobono—Naples 16,797 3869 —77%
San Matteo degli Infermi—Spoleto 247 57 =77%
Fabrizio Spaziani—Frosinone 2757 262 -90%
San Giovanni Battista—Foligno 1220 123 -90%
Total 52,364 10,112 —81%

We encountered a significant reduction in all 16 clinical categories in the 2020 period compared to
2019 (Supplementary Tables). Nevertheless, for some categories, we observed a relative increase in
percentage when compared with the total number of admissions per reference periods (Figure 2).

The decrease in air communicable diseases was significantly higher compared to non-air
communicable diseases (25,462 vs. 2934 and 26,902 vs. 7178, p < 0.001) (Table 2).

Table 2. Air communicable vs. non-air communicable diseases.

2019 2020

Diseases (1 = 52,364) (n = 10,112) p Value
. . . 25,462 2934
Air communicable diseases (48.6%) (29%) p <0.001
26,902 7178

Non-air communicable diseases (51.4%) (71%)
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Figure 2. Proportion of pediatric ER diagnoses from March 9 to May 3, 2019, and the same period

in 2020.

ER admissions in each triage category decreased in 2020. Our data showed 408 vs. 97 red codes,
5678 vs. 1580 yellow codes, 40,707 vs. 7339 green codes, and 5533 vs. 1072 white codes in 2019 vs.
2020, respectively. In contrast, considering the proportion of each category over the total number
of admissions per reference period, while white codes (7.4% vs. 7.1%) and red codes (1% vs. 1%)
remained almost the same, yellow codes increased (11.2% vs. 22.3%), and green codes decreased (80.3%

vs. 69.5%) (Figure 3).
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Figure 3. Triage categories from March 9 to May 3, 2019, and the same period in 2020.

Comparing high- and low-incidence areas, in 2020, we found the same reduction as in total ER
admissions (—81% and —82%, respectively). Results confirmed the decrease in the absolute numbers of
each triage category. According to percentages, no differences were observed in red codes between
high- and low-incidence areas. On the contrary, in high-incidence areas compared to low-incidence
areas, we demonstrated a less pronounced increase in yellow codes (10.4% vs. 12.6% and 10.9% vs.
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16.4%, respectively) and a more marked decrease in green codes (81.0% vs. 73.2% and 76.8% vs. 72.5%,
respectively) (p < 0.001) (Table 3).

Table 3. Comparison in triage categories between high- and low-incidence areas.

Triage Categories High-Incidence Areas = Low-Incidence Areas p Value
RED 2019 (0.761%) (03.2‘;0) 0.79
YELLOW 2019 (11022;0) (1%)%91;0) <0.001
2020 (15_769%) (1163.2"1/0)
GREEN 2019 (8918.(%5;0) (?2'.33‘3 <0.001
o 5%
WHITE 2019 (79.330) (141?2?/0) <0.001
22 0 7%

4. Discussion

To the best of our knowledge, this is the first multicenter study that aimed to understand how the
SARS-CoV-2 pandemic and related preventive strategies affected pediatric ERs in Italy. Evaluating
ER admissions in 15 hospitals throughout Italy, we studied a sample potentially representative of the
entire Italian population, comparing two reference periods: March 9 to May 3, 2019, and March 9 to
May 3, 2020 (the so-called lockdown period) [37,38].

The main result of our study was that total ER admissions in 2020 decreased by 81%. Our
results are similar to previous studies that have demonstrated the same trend in both child and
adult patients [41-51]. We can speculate that social-distancing measures, the use of face masks, hand
washing, and the complete closure of social activities may have contributed not only to the reduction
of SARS-CoV-2 diffusion [52-63] but also to the reduction of the spread of other diseases, particularly
of acute communicable diseases, as confirmed in a recent study [41]. Acute communicable diseases
represent the most common clinical conditions in children; in fact, up to 11 respiratory tract infections
per year in infancy, 8 episodes per year at pre-school age, and 4 episodes per year at school age could
be considered as normal [64]. Our results are also reinforced by several studies that have shown a
reduction in the exacerbation of chronic conditions during lockdown period [65], such as asthma [66-73]
and cystic fibrosis [74]. The reduction in total ER admissions can be also explained by parents’ fear of
leaving their home and of being infected in the hospital [50,75,76], and the explicit order to avoid going
to the ER unless in cases of extreme medical necessity [37,38]. Considering the rate of single admissions
per reference period, we observed some important differences. The percentage of children with air
communicable diseases, such as acute respiratory, gastrointestinal, and infectious diseases, significantly
decreased in 2020 [41]. On the other hand, the percentage of children with non-air communicable
diseases, such as accidents and neurological, surgical, or urological problems, significantly increased
in 2020 [41]. These results should be considered with relative caution, as they may depict an erroneous
picture of reality. In fact, the percentage reduction of some diseases determined the percentage increase
of others. For this reason, it could seem that the incidence of these diseases has increased. In contrast,
our study showed that all of the 16 clinical categories were reduced during the lockdown period.
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Every year in Italy, approximately 3 million children are admitted to ER [77]. Approximately 0.5-1%
are classified as red codes and 10-12% as yellow codes, meaning that approximately 20,000-30,000
children seek medical advice for life-threatening clinical conditions and about 300,000 children
present with serious conditions each year. Nevertheless, approximately 70-80% of ER admissions
are categorized as green codes. This considerable number of non-urgent patients with acute clinical
conditions, which could be dealt with in an outpatient setting, has necessarily led to the well-known
and harmful overcrowding of ER departments [77]. During the lockdown period, each triage category
decreased. We may justify this decreasing trend, at least in part, because of the significant reduction
in the spread of air communicable diseases [41] and in outdoor accidents, which typically represent
the main clinical presentation in pediatric ERs. Moreover, we cannot rule out the fact that the strict
preventive measures adopted in Italy [37,38] and parents’ fear of exposing their children to SARS-CoV-2
at the hospital [50,75,76] may have played an important role in this reduction. This raises concerns
about what will happen next fall when respiratory viruses will start to circulate again and people
will be even more afraid of the possibility of SARS-CoV-2 infection. Interestingly, the percentage of
infants with yellow codes increased during the lockdown period, which was probably due to delayed
admissions at the ER because of the lack of primary care and parents’ fear of exposing their children
to SARS-CoV-2 [78-82]. Delayed admissions at the ER led to severe consequences for the children’s
health. In a recent report, the most common delayed ER presentations in the UK and Ireland were
diabetes mellitus, sepsis, and malignancies [79]. A total of nine deaths were considered to be causally
related to delayed ER admissions in this survey [79]. Thus, in the past lockdown months, children
with chronic diseases were at a higher risk of developing severe medical complications because of the
inability to access healthcare and medical facilities as usual [78-82]. Another probable consequence
that may have negatively impacted patients” health is inappropriate drug intake due to the lack of
easily available medical assistance [75].

Comparing high- and low-incidence areas, we found that total ER admissions showed the same
reduction between 2019 and 2020 (-81% and —82%, respectively). No differences were found in
red-code percentages. Meanwhile, in high-incidence areas compared to low-incidence areas, yellow
codes showed a less pronounced increase (10.4% vs. 12.6% and 10.9% vs. 16.4%, respectively) and,
on the contrary, green codes showed a more marked decrease (81.0% vs. 73.2% and 76.8% vs. 72.5%,
respectively). We may conclude that fear played a crucial role in this case because the total number of
SARS-CoV-2-infected patients was much higher in the red zones. Presumably, the anxiety of being
infected by SARS-CoV-2 at home was greater than taking the risk of being infected in the hospital.
Thus, children were brought to the ER even in cases of mild but suggestive symptoms of SARS-CoV-2
infection. On the contrary, in low-incidence areas, the fear of being infected in the hospital setting was
greater than that of contracting the infection in their own homes, leading to a delay in ER admissions.

This study has some limitations. First, no direct measures of social distancing or other strategies
were taken in order to evaluate their contribution for reducing the spread of SARS-CoV-2 and other
airborne infections, as other authors have done in previous studies [41,52,63]. Moreover, social
distancing measures, the use of face masks, hand washing, and the complete closure of social activities
were assumed to be followed. Finally, we did not investigate parents’ feelings about keeping their
children at home in spite of medical problems due to the fear of the pandemic. We focused the analysis
on the lockdown period when several social distancing measures were implemented simultaneously
and we compared data to the same time span in 2019. Thus, in evaluating our data, it is clear that the
distancing measures have played a crucial role in limiting the effects of the pandemic.

5. Conclusions

The SARS-CoV-2 pandemic and related preventive measures have heavily influenced pediatric ER
admissions in Italy. We can speculate that social distancing and simple hygiene measures drastically
reduced the circulation of air communicable diseases. It will be interesting to see whether these
measures will be effective during the reopening of social activities.
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The increase in yellow codes during the lockdown period may be related to a lack of primary care
that has consequently resulted in a delay in ER admissions.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/23/8753/s1:
Supplementary Tables.
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