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Introduction: Asthma exacerbation is among the commonest causes for pediatric emer-
gency room visits, and respiratory viruses are frequent triggers of such exacerbations. Few
studies have evaluated the consequences of the novel human coronavirus that causes the
illness currently known as COVID-19, in the pediatric population.

Purpose: The objective of this study was to analyze the impact of the COVID-19 pandemic
and lockdown measures on the emergency department in the pediatric asthmatic patient.
Patients and Methods: This retrospective observational study evaluated pediatric patients
treated at the Pediatric Emergency Service for wheezing episodes. Changes in the number
and characteristics of these patients over the same period of 2019 as compared to 2020
during the month following the alarm declaration (March 14 to April 15) were evaluated.
Results: In total, data of 30 asthma patients managed in the period after the declaration of
the coronavirus pandemic and of 158 asthma patients managed in the pre-COVID-19 period
were included. In 2020, patient visits decreased by 82% in 2019. No statistically significant
differences among age, sex, oxygen saturation, fever status, or number of severe bronchos-
pasm episodes were found. Nebulized medication usage was reduced significantly since the
alarm declaration. No significant increase in requests for complementary testing in the
COVID-19 period was found. No patient requiring hospital admission was found to be
PCR SARS-CoV-2 positive. Median time spent in the emergency department decreased
from 180 minutes in 2019 to 85 minutes in the COVID-19 era.

Conclusion: The COVID-19 pandemic and ensuing lockdown measures have led to an
extraordinary reduction in emergency visits to the pediatric service. The ongoing pandemic
has also led to improvements in the approach to asthma exacerbations and wheezing, to
reduce the risk of exposure to the virus, such as increased use of pressurized metered dose
inhaler and decreased time in the Emergency Department.
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Introduction

Acute respiratory pathology is among the most frequent causes for patient visits to
the emergency room.' Wheezing in early life is a common disorder, with approxi-
mately 50% of children suffering wheezing episodes in the first year of life.
Recurrent wheezing is estimated to occur in one-third of preschool-age children
and results in significant morbidity, more frequent utilization of health care ser-
vices, and significant economic cost.>* Although causes of wheezing are various,
recurrent wheezing is typically brought about by asthma. Respiratory viruses are

well-known triggers of asthma exacerbations.”® Coronaviruses are respiratory
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viruses that have been implicated in both upper respiratory
infections and asthma exacerbations. Seven coronaviruses
are currently known to cause disease in humans. The
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a novel human coronavirus, is understood to
cause the illness currently referred to as COVID-19.”*

The rapid global increase in COVID-19 cases
prompted the World Health Organization (WHO) to
declare pandemic status on March 11, 2020. Faced with
a public health crisis of enormous magnitude a state of
alarm was declared in Spain on March 14. As a result,
strict measures such as mandatory house confinement and
closure of schools were introduced.

As the main pathology of SARS-CoV-2 is an acute
respiratory syndrome, its pathophysiological aspects,
including influences on other disease processes, are extre-
mely complex. Both the incidence and severity of SARS-
CoV-2 infection in the pediatric population have been less
as compared to the adult population. Although this phe-
nomenon has implied a low demand for urgent care and
hospitalizations due to the virus, an increased theoretical
risk of pneumonia or acute respiratory disease due to
COVID-19 infection in a child suffering from asthma has
been established.”!' There has also been speculation
regarding possible increased risk in patients receiving
inhaled corticoids alone or in combination. However, few
studies have studied the impact of this pandemic and
confinement measures on pediatric patients suffering
wheezing, seen in the emergency room.

We aimed to analyze the impact of the ongoing coro-
navirus pandemic as well as lockdown measures on the
pediatric asthmatic population in the emergency depart-
ment. Changes between the number and characteristics of
these patients for the month following the alarm declara-
tion in 2020 and of patients for the same time period in
2019 were evaluated by analysis of data from the pediatric
service of a tertiary hospital.

Patients and Methods

Study Design

A retrospective, observational study of pediatric patients
treated at the pediatric emergency unit for wheezing epi-
sodes was carried out at the Son Espases University
Hospital, the only tertiary hospital in the Balearic Islands
(of Spain). The facility has 92 pediatric hospital beds and
serves a population of approximately 180,000 children less
than 15 years of age.

The first month since the declaration of the state of
alarm in Spain (Royal Decree 463/2020 of March 14,
2020) was selected and compared with the same time
period of 2019. Two patient groups were thus studied:
one, which included patients seen from March 14 to
April 15, 2019 (pre-COVID-19 era) and a second, which
included patients seen from March 14 to April 15, 2020
(COVID-19 era).

Pediatric patients 15 or less years of age suffering
wheezing, cough or respiratory distress assessed in the
emergency department were studied. Patients diagnosed
with bronchitis, bronchiolitis or asthma as per ICD-10
guidelines were included in this study. Patients affected
by other respiratory pathologies not accompanied by
wheezing on auscultation were excluded.

Utilizing the Hospital Sant Joan de Deu score for
patients younger than 2 years and the pulmonary score
for those older than 2 years, a severity level was assigned
to each patient.'>'? Severity levels were also established
according to oxygen saturation as defined by the Global
Initiative for Asthma (GINA), where episodes with oxygen
saturation <90% in patients older than 5 years and <92%
in patients younger than 5 years are classified as severe.'*

During the period analyzed there have been no pro-
blems of access to medication or discontinuation of asthma
medications due to lack of supply in this country.

This study was approved by the Balearic Islands Ethics
Committee (CEI-IB number IB 4230/20 PI). The research
was carried out in compliance with the Declaration of
Helsinki, and respecting the confidentiality and anonymi-
zation of patient data. Given the retrospective nature of the
data and the number of patients, and in accordance with
national legislation, the ethics committee approved the
study with the waiver of informed consent.

Data and Variables Analyzed

Demographic and epidemiological characteristics, clinical
data, treatments administered, and results of complemen-
tary tests were obtained from the electronic medical record
system of our hospital. Episode severity was scored as
described above. Duration and rate of hospitalization
were also considered.

Statistical Analyses

A descriptive analysis of the study group was carried out
using frequencies and percentages to detail qualitative
variables and measures of central tendency and dispersion
to detail quantitative variables. Normally distributed
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quantitative variables were expressed as mean + standard
deviation, and variables without normality were described
using median and interquartile ranges. Differences
between groups were analyzed using the Student’s #-test
(in case of normality) or Mann Whitney U-test (in case of
non-normality) for quantitative variables and the chi-
squared test or Fisher’s exact test for qualitative variables.
A value of p <0.05 was considered to indicate statistical
significance. Data were analyzed using SPSS v.26

software.

Results

Visits and Diagnoses

A total 0of 484 COVID-19 era patients attended our pediatric
emergency service, over the course of the study period as
compared to 2972 patients over the same pre-COVID-19
era time period of 2019. In total, 128 COVID-19 era
patients suffered respiratory pathology (26.4% of total vis-
its) as compared to 644 pre-COVID-19 era patients (21.7%
of total visits). Of the 128 COVID-19 era patients, 30
suffered asthma/bronchospasm (6.2% of all emergency
room visits), and 2 suffered bronchiolitis (0.4% of total
visits). In the pre-COVID-19 era, 158 patients suffered
asthma/bronchospasm (5.3% of all emergency room visits)
and 16 suffered bronchiolitis (0.5% of total visits) of
patients seen. Over the month after the alarm declaration,
patient visits reduced by 82% when compared to the same
period of 2019; visit rates decreased from 100 visits per
100,000 inhabitants in the pre-COVID-19 period to 18
visits per 100,000 inhabitants in the COVID-19 period.
Visit frequency decreased significantly in the first week
but remained stable over the following 3 weeks. Similarly,
a 75% decrease in the patient admission rate was found
when compared to the pre-COVID-19 era, with 3 patients
admitted in 2020 as compared to 12 in 2019 (Figure 1).

Demographic Characteristics and Clinical

Presentation

Analysis of demographic characteristics of both groups,
detailed in Table 1, revealed no statistically significant
differences in age, sex, oxygen saturation on arrival,
fever status or number of patients with severe bronchos-
pasm. Patients less than 3 years of age constituted the
majority in both periods in ED visits (44.3% in 2019 vs
36.7% in 2020; no statistically significant differences in
both periods, p = 0.372). Admission was more frequent in
children of this age, less than 3 years of age (50% in the

pre-COVID-19 era vs 100% in the COVID-19 era; without
statistically significant differences, p = 0.287). Most
patients attending hospital suffered mild or moderate
exacerbations.

Controller Treatment for Asthma

The majority of these patients, who were seen in the ED,
were not taking controller treatment for asthma previously
(70.7% in the pre-COVID-19 era vs 78.1% in the COVID-
19 era). In the pre-COVID-19 period, asthmatic patients
were managed with either inhaled corticosteroids (ICS;
21.8%) alone, ICS in combination with a long-acting
B2-agonist (LABA; 0.6%), a leukotriene receptor antago-
nist (LTRA; 1.7%), ICS in combination with LTRA
(2.3%), or ICS in combination with LABA and LTRA
(2.8%). In the COVID-19 era, 12.5% of patients were
managed with ICS, 3.1% were managed with ICS in
combination with a LABA, 3.1% were managed with an
LTRA, and 3.1% were managed with ICS in combination
with an LABA and an LTRA. No statistically significant
differences were observed in the controller treatment for
asthma between the period 2019 and 2020.

Diagnostic Test and Treatment

Diagnostic test and treatment data are shown in Table 2. No
significant increase in requests for complementary tests was
detected in the COVID-19 period. The median time spent in
the emergency room was 180 minutes in 2019 compared to
85 minutes in the COVID-19 era (p = < 0.001). In the pre-
COVID-19 period, 7% of patients were required to stay in the
short-stay observation unit as compared to 3.3% in the
COVID-19 era. Twelve patients were admitted to hospital
(4 of them to the intensive care unit) as compared to three
patients in the COVID-19 era (no intensive care unit admis-
sions). Of the 12 pre-COVID-19 patients, 7 underwent chest
radiography, 8 underwent blood tests, and 8 underwent spu-
tum culturing. Of the three COVID-19 era patients, two
underwent chest radiography, two underwent blood tests,
three underwent sputum culturing, and three underwent
SARS-CoV-2 PCR testing (Table 3).

During the COVID era study period, five patients with
positive SARS-CoV-2 PCR tests were admitted to our
hospital, although none presented with wheezing. The
SARS-CoV-2 PCR test was performed on one patient in
our sample population and not on the remaining 26
patients seen in the emergency department. All three
patients who required inpatient admission over the course
of the study period were tested and all were negative.
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Visits rate for wheezing per 100,000 inhabitants, by group and year
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Figure | (A) Visit rate, (B) number of patients and patients with positive SARS-CoV-2 PCR. (A) the diagnoses asthma-emergency department, asthma-hospitalization and
bronchiolitis are compared with these diagnoses of the previous year, but not between them. (B) ED: emergency department.

All patients diagnosed with asthma/bronchitis were
treated with salbutamol. In the COVID-19 era, there
was a notable decrease in emergency room salbutamol
administration, with at-home regimens markedly more
common in patients who had not been previously admi-
nistered salbutamol in hospital (40% indicated directly at
home). In the pre-COVID-19 era 84.2% of patients were
treated with nebulized salbutamol while only 23.3% were

in the COVID-19 era (p = < 0.001). Ipratropium

administration was reduced from 49.4% in the pre-
COVID-19 period to 23.3% in the COVID-19 period
(p = 0.009), although no changes were found concerning
the use of other treatments or modes of respiratory sup-
port (Table 2).

Bronchiolitis
Hospital attendance by patients diagnosed with bronch-
iolitis decreased by 88% from the pre-COVID-19 period
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Table 1 Demographic and Clinic Characteristics

Pre-COVID-19 COVID-19 P
Age
(median — interquartile range) 3.8 (1.4-7.5) 4.1 (1.7-8.7) 0.593
Group of age (n and %) 0.372
<3 years 70 (44.3%) Il (36.7%)
3-6 years 34 (21.5%) 10 (33.3%)
>6 years 54 (34.2%) 9 (30%)
Sex (n and %) 0.907
Male 93 (58.9%) 18 (60%)
Female 65 (41.1%) 12 (40%)
FeveR (n and %) 73 (46.2%) 16 (53.3%) 0.473
Previous inhaler treatment (n and %) 51 (29.3%) 7 (21.9%) 0.390
Oxygen saturation % 0.437
(median — interquartile range) 96 (94-98) 96.5 (95-98)
Score (HS)D/PS) (n and %) 0.523
Mild 93 (59.6%) 14 (50%)
Moderate 55 (35.3%) 13 (46.4%)
Severe 8 (5.1%) I (3.6%)

to the COVID-19 period. Median patient age was 6 saturation >95% (median oxygen saturation 98% vs
months in the pre-COVID-19 era (68.8% male) as com-  96.5%; p = 0.772). No patients required oxygen therapy,
pared to 3.6 months in the COVID-19 era (100% male). and the majority remained in the emergency department
Illness severity was similar in both groups with oxygen for 1-4 hours.

Table 2 Complementary Tests and Treatment

Pre-COVID-19 COVID-19 P
Complementary tests
|. Chest Radiography 36 (24.7%) 5 (18.5%) 0.625
2. Blood test 2 (1.4%) 0 (0%) [
3. Pharyngeal or nasopharyngeal culture 4 (2.7%) 1 (3.7%) 0.577
4. SARS-CoV-2 PCR test 0 (0%) 1 (3.7%)
Treatment
1. Salbutamol <0.001
Nebulizer 133 (84.2%) 7 (23.3%)
Inhaler 5 (3.2%) 11 (36.7%)
Direct at home 20 (12.7%) 12 (40%)
2. Ipratropium 78 (49.4%) 7 (23.3%) 0.009
3. Steroids 89 (56.3%) 18 (60%) 0.710
4. Antibiotic therapy 31 (19.6%) 7 (23.3%) 0.891
5. Respiratory support
With respiratory support: 16 (10.1%) 2 (6.67%) 0.743
Oxygen (nasal or Ventimask) 12 (7.59%) 2 (6.67%)
OAF 4 (2.53%) 0 (0%)
VNI/VM 0 (0%) 0 (0%)
Journal of Asthma and Allergy 2021:14 submit your manuscript 105
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Table 3 Results of Sputum Culturing and Chest Radiography

Pre-COVID- COVID-
19 19
Cultures Number of 12 3
cultures
Positive 9 2
Coinfection 5 |
Results Rhinovirus 3 |
Parainfluenza 3 0
virus type 3
Adenovirus 2 |
Coronavirus 2 0
NLé63
Metapneumovirus | 2 0
Enterovirus 2 |
Bocavirus | 0
Chest Radiography Emergency 18/36 4/5
(number abnormal/total department
radiography) Hospitalization 3/4 12
Bronchiolitis 172 0
Discussion

This study analyzed respiratory episodes diagnosed with
asthma/bronchitis in children who required hospital care
after the implementation of coronavirus quarantine measures.
During Spain’s national lockdown, or the period from
March 14 to April 15, significant decreases in pediatric emer-
gency department visits and admissions for asthma/bronchitis
episodes were found. Although it has not been analyzed in this
study, in the following months a downward trend has also been
noted, despite not being so marked, both in visits to the
emergency room for asthma and in admissions for this reason.
The impact of the ongoing pandemic on ED in our
hospital, of any cause, was also evaluated.'> During the
first month of confinement, patient visits were reduced by
81.7% in the 3 healthcare areas: ED, pediatric hospitaliza-
tion (PH) and pediatric intensive care unit (PICU), com-
pared to the pre-COVID-19 period. Visit rates decreased
from 188.8 visits per 10,000 children in the pre-COVID-19
era to 34.5 visits per 10,000 children in the COVID-19 era.
ED was the service with the most marked reduction
(—83.7%), where all diagnostic categories were reduced.
Despite this review in our hospital, studies investigating
pediatric emergency care throughout this ongoing pandemic
are scarce, as are studies concerning pediatric asthma man-
agement in the COVID-19 era.'® One prior study reported the
effects of the COVID-19 pandemic on pediatric asthma, but
it did not detail demographic characteristics or management

strategies.!” The study reported a 76% drop in emergency
department visits for patients suffering asthma of various
severities in an American hospital since the declaration of
pandemic status.

Similar 32% and 42.3% reductions in emergency
department visits were also observed during the SARS
(2003) and MERS (2012) outbreaks, but neither was as
marked a change as that observed in the currently ongoing
pandemic.'®'? Asthma exacerbations were reported to
have decreased during that time; this was attributed to
improvements in hygiene measures.”’ However, other non-
epidemic coronaviruses cause infection of the respiratory
tract and frequently result in asthma exacerbation.?!

Regarding pediatric risk factors, the available case series to
date from Wuhan evaluating hospitalized pediatric cases did
not detail asthma as a pre-existing risk factor for morbidity or
mortality.”* Although at the beginning of the pandemic there
were no data, in recent months, studies have been appearing in
the adult population. Mufioz et al found results in their study
that support the idea that asthma does not appear to be a risk
factor for the development of COVID-19, at least in hospita-
lized patients with more serious forms of infection.*

There are a number of potential explanations for the low
asthma morbidity observed in the COVID-19 period.
Throughout the currently ongoing pandemic, strict social
distancing measures, school closures, and cessation of sport
activities were implemented. In non-epidemic periods, com-
mon viruses were reported to cause 80-85% of reported
asthma exacerbations in children aged 9-11 years old.*' It is
thus understandable why the numbers of acute infections
among children during the national lockdown were lower.
On the other hand, the substantial decrease in visits to our
emergency room may reflect the unwillingness of parents
and caregivers to risk exposure to SARS-CoV-2.

In addition, the media, the Spanish Pediatrics
Association and the Ministry of Health informed the gen-
eral population in detail concerning a greater possibility of
viral exposure in health centers while also urging people to
avoid all non-essential medical visits.

A reduction in pollution during the lockdown is also
a potential cause of decreased hospital visits by asthmatic
patients.”* A number of studies have reported that monthly
variations in several ambient air pollutants are associated with
respiratory morbidity variations among school-age children.*
A lack of outdoor activities could have additionally resulted
in lower exposure to seasonal allergens, such as pollens.

Despite increases in the severity of a number of pathol-
ogies since the declaration of the pandemic, possibly in
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part due to delays in medical care, wheezing episodes have
not significantly changed in severity.”® In the present
study, respiratory symptoms were not noted to be of
greater severity as compared to prior to the pandemic
period. Oxygen saturations likewise remained similar in
both groups on initial patient presentation.

Several guidelines have been published on the manage-
ment of pediatric asthma in the COVID-19 era.”’” Treatment
of asthmatic children with nebulizers throughout the cur-
rently ongoing pandemic has been suggested to increase the
possibility of patient and caregiver exposure to cross-
infection. Despite the efficacy of the pressurized metered
dose inhaler (pMDI) when used with a spacer, in many
countries, nebulizers continue to be used for the management
of mild or moderate asthma exacerbation. Some guidelines,
however, have suggested limiting aerosolized medications
via nebulizers to mitigate infection risk.'**® Thus, pMDI
use with a spacer chamber should be implemented in hospital
and nebulizer use reserved for administration in status asth-
matics or children who do not respond to pMDI treatment.*’

In this study, pMDI use was greater than that of nebu-
lizers, when considering in-home use. This pandemic has
improved the clinical utilization of the pMDI with spacer,
which until recently was not commonly used in our hospi-
tal despite multiple previous recommendations. The
change from nebulizer to pMDI management should be
an important consideration for pediatricians in the interest
of reducing risk for COVID-19 infection. Ipratropium
administration also decreased in the COVID-19 era in
conjunction with reduced nebulizer use, although its use
with pMDI application in clinic did not increase. This
phenomenon is likely due to attempts to minimize time
and interaction with patients in the emergency room.
A highly significant decrease in the average length of
emergency room stays was also noted.

Despite the fact that a patient with SARS-CoV-2 infec-
tion may present with symptoms mimicking an asthmatic
attack, few such cases undergo PCR testing, which contra-
dicts the recommendations for this purpose.®” It is possible
that some patients could have been infected by SARS-CoV
-2, but no increase in asthma severity was found and no
admitted patients tested positive for this virus.

On the other hand, and although there is controversy con-
cerning the influence of inhaled corticosteroids on the prob-
ability of SARS-CoV-2 infection, no significant impact on
emergency room attendance of patients undergoing this treat-

ment was found.*°

It is important to understand clinical trends and varia-
tions of pediatric asthma exacerbations in the COVID-19
era to make effective patient management in future out-
breaks possible. Our findings thus not only help pediatric
emergency and hospitalization services but also assist
schools, health care professionals, and children better pre-
pare for the fall asthma season.

This study had several limitations. First, it was
a retrospective study and was carried out only in one
center. Second, it is unclear if any pre-existing pathologies
influenced asthma episodes in any way, or if patients had
previously received telephone consultations with other
healthcare professionals. Finally, analytical methods to
address potential selection biases were not able to be used.

Conclusions

The ongoing COVID-19 pandemic, along with measures
imposed to limit its spread, led to an extraordinary reduction
in emergency care provided and admissions to the pediatric
service at our hospital. Such changes have been more signifi-
cant as compared to those arising during prior pandemics. This
general reduction in the ED attendance could also explain the
decrease in the assistance of the pediatric asthmatic patient. It
remains important for asthmatic children to practice strict
physical distancing, regular handwashing, and aeroallergen
avoidance. The pandemic has led to important improvements
in the approach to asthma exacerbations and wheezing in the
emergency room, the application of which, in turn, reduces the
risk of exposure to and infection by the coronavirus, such as
increased use of pMDI and decreased time in the ED.
Recommendations to avoid nebulized medication should be
encouraged with changes in the latest guidelines clearly under-
stood in order to improve patient management.

Abbreviations

ED, emergency department; ICS, inhaled corticosteroids;
LABA, long-acting 2-agonist; LTRA, leukotriene recep-
tor antagonist; pMDI, pressurized metered dose inhaler;

SARS-CoV-2, severe acute respiratory syndrome corona-
virus 2; WHO, World Health Organization.
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