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Children with asthma exposed to COVID-19 implies decrease in severity
from its baseline: Systematic review from March 2020-September 2022.
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Abstract

Introduction: During the COVID-19 pandemic, children have been severely affected by SARS-
CoV-2 infection which primarily affects the respiratory system. Children with chronic respiratory
diseases such as asthma, emphysema, and chronic bronchitis can experience an exacerbation
of the preexisting conditions. This systematic review aims to identify the severity of asthma in
COVID-19-exposed children aged 4-12 years.

Methods: A systematic review of the literature was performed to gain an understanding of
children with asthma exposed to COVID-19. Data were extracted from the PubMed database
between March 2020 and September 2022. During the COVID-19 pandemic, 169 PubMed-
published articles involving children aged 4-12 years were identified. Children underwent testing
for SARS-CoV-2 and positive test results were included in the study. We screened 28 articles out
of 169 PubMed articles. Finally, 7 articles out of 28 articles were included in the study.

Results: The number of children with asthma hospitalized owing to COVID-19 across the world
was 1% to 2.7%. Incidence was 12.8 times less frequent in children than in adults. Increased
expression of the angiotensin-converting enzyme-2 gene in the bronchial epithelium of patients
with type 2-low or T1-high asthma tended to have higher known risk factors for COVID-19
including hypertension, and lymphopenia. Among school-age children (N=277,285), 1.2%
were hospitalized, 0.1% had intensive care unit admissions, and <0.1% died. Of those patients
(hospitalized, ICU admissions, and those who died from COVID-19), each had at least one
underlying medical condition and 55% of the underlying conditions were accounted for by
chronic lung disease including asthma.

Conclusion: Childhood asthma outcomes were improved during the COVID-19 pandemic.
This could be due to reduced exposure to asthma triggers. Parents, caregivers, and children are
advised to continue proper asthma management.

Keywords: Asthma, Children, Healthcare, SARS-CoV-2, Systematic review.

diversion of healthcare resources to the care of patients
affected by COVID-19 [6].

Introduction

Coronavirus disease 2019 (COVID-19) was declared a
pandemic on March 11th, 2020 [1]. The World Health
Organization (WHO) and Center for Disease Control and
Prevention (CDC) have issued health alerts and prevention

Patients with asthma are hypothesized to have a high
susceptibility to and increased severity of, SARS-CoV-2
infection due to their impaired immune response. The

guidelines for people at increased risk for severe health
outcomes and death due to COVID-19 [2,3]. Chronically
diseased patients are particularly vulnerable to severe
complications of this disease, so need special attention to
help prevent increased morbidity and mortality [4]. Asthma
is a chronic disease requiring long-term medical monitoring,
and individuals with asthma are particularly vulnerable to
the changes resulting from COVID-19 infection [5]. Asthma
patients may experience decreased access to healthcare due
to restrictions on public movements, during lockdowns and

likelihood of respiratory exacerbation increases when infected
with respiratory viruses. But only limited evidence has
supported this theoretical risk [7]. It was reported that the risk
of severe illness and death from COVID-19 was increased for
people with severe asthma and those prescribed high-dose
Inhaled Corticosteroids (ICS) [8-11]. An online survey of
caregivers of children with asthma from 27 countries and 5
continents revealed that during the COVID-19 pandemic, 47%
of asthmatic children had limited access to healthcare services
and 20% (10%-40%) experienced better disease control
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[12]. It was also reported that medication adherence among
patients with asthma increased during this pandemic [12,13].
Furthermore, lockdown restrictions, school cancellations,
and social distancing have had significant implications for
movement and play behaviors, limiting children’s Physical
Activity (PA) and reducing exposure to environmental
triggers [14,15]. These changes in health-seeking behaviors,
medication management, and the environment may
potentially impact asthma control [15]. With the virus so
easily transmitted, effects on the pediatric community were
inevitable, and the very first reported case was encountered in
January 2020 in a 10-year-old boy who contracted the virus
in Wuhan [16]. Since then, a multitude of pediatric cases has
been reported globally. To date, the data reveal that the course
of the disease is milder in children than in adults, but it is
unclear what the role of type-2 inflammation is in the outcome
of asthmatic children infected by SARS-CoV-2. Therefore,
we performed a systematic review on children with asthma
exposed to COVID-19 that showed a decrease in severity
from its baseline during the pandemic period.

Methods
Study design and setting

A systematic review of the literature was performed as per
the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) to identify the
severity of asthma in COVID-19-exposed children aged 4-12
years in three phases. In the first phase, we searched and
identified 169 PubMed articles, including Clinical Trials,

Children with asthma ::l.:pn:cd to COVID-19 im|.:|II|.-5 decrease in severity from
its baseline: Systematic Review from March 2020 to September 2022

| Review of literature through PubMed database

Meta-Analysis, Randomized Controlled Trials, Reviews, and
Systematic Reviews. Secondly, we reviewed and screened 28
out of 169 PubMed articles on asthmatic children aged 4-12
years who underwent testing for SARS-CoV-2 and the test
results were positive. Finally, we included 7 articles out of
28 full-text articles in the study. Data were extracted from the
PubMed database between March 2020 and September 2022.
Out of 169 articles, 42 PubMed articles have been published in
2020, 72 articles have been published in 2021 and 55 articles
have been published as of September 2022 [Figure 1].

Search terms related to COVID-19 infection and asthma in
children aged 4 to 12 years were used. Quality was assessed
using the modified Assessment of Multiple Systematic
Reviews (AMSTARS) criteria and data were extracted.
The inclusion criteria for enrollment were children who had
experienced asthma in the age group of 4-12 years. Children
who had undergone testing for SARS-CoV-2 tested positive.
Children who had comorbidities such as cardiovascular
disease, diabetes, cancer, immunosuppression and obesity
before COVID-19 infection were excluded. Both hospitalized
and community settings were included in the study. Children
with asthma: Clinical Asthma Score (CAS) values were
grouped into three categories: mild (0-4), moderate (5-8) and
severe (9-12) were included [17,18].

Study selection and inclusion criteria

Study types considered were Clinical Trial, Meta-Analysis,
Randomized Controlled Trial, Review, and Systematic
Review that reported on COVID-19 among children with
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Figure 1. PRISMA flow diagram of the study selection process.
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asthma. We extracted only studies that included a combined
report of COVID-19 among children with asthma. We
excluded studies that used empirical data that was not original,
asthma exacerbations in children, COVID-19 co-morbidities
such as diabetes, cancer, immunosuppression and obesity and
not confirmed tests for COVID-19. Studies that described
or applied a severity score that could be utilized to measure
asthma conditions, in patients from 4 to 12 years of age, were
included. The “severity score” must have had a numeric value
associated with each measured parameter to allow variation
in severity to be assessed. Studies that assessed dyspnea in
relation to other conditions such as bronchiolitis and rhinitis
and articles that used a predictive score (looked at the need
for hospitalization) were excluded. The title, the abstract, and
the full-text screening process were systematically followed
for the final selection of the study. Duplicate records were
excluded and misunderstandings regarding the inclusion of
this study were resolved through discussions with colleagues
in the same department.

Data extraction

The required data for the systematic review were extracted
and inconsistencies were solved through discussion with
colleagues. Data were gathered on publication date, study
type, age group, gender and children with asthma mild (0-
4), moderate (5-8) and severe (9-12), and pediatric asthma
exacerbation in children. Data has been extracted for COVID-
19-related clinical symptoms and other comorbidities. The
severity of COVID-19 disease was classified as mild (i.e.,
non-pneumonia and mild pneumonia), severe (i.e., dyspnea,
respiratory frequency > 30/min, blood oxygen saturation <
93%, and/or lung infiltrates>50% within 24-48 h) and critical
(i.e., respiratory failure, septic shock, and/or multiple organ
dysfunction or failure) [19]. Admission to the Intensive Care
Unit (ICU) and recovery status (cured, died, still in hospital)
was also assessed and reported.

Results

A systematic review of the literature was performed to gain
insight into children with asthma exposed to COVID-19 during
the pandemic. Data were extracted from the PubMed database
between March 2020 and September 2022. We searched and
identified 169 PubMed articles. We screened 28 articles out of
169 PubMed articles. Finally, we included 7 articles out of 28
articles in the study.

COVID-19 and prevalence, incidence and risk of
asthma among children

The number of children with asthma hospitalized owing to
COVID-19 across the world is low, with incidence reported
from 1% to 2.7% [20]. An online questionnaire sent to 91
pediatric practitioners in 27 countries attempted to estimate
the incidence of clinically relevant COVID-19 in pediatric
patients with asthma. They noted that incidence was 12.8 times
less frequent in children than in adults [12]. A retrospective
study of a large cohort in Israel also showed that patients with
asthma have a lower susceptibility to COVID-19 in pediatric
and adult patients. The study did not find any difference in
the rate of hospitalization in patients with COVID-19 with or

without asthma [21]. A nationwide study in Japan examining
asthma during the COVID-19 outbreak found decreased asthma
admissions in 2020 compared with previous years for children
and adults [22]. Similarly, 212 children with allergic asthma
in Spain reported no significant difference in asthma control
or severity between patients with and without COVID-19
[23]. The early data from Wuhan regarding hospitalized
pediatric patients and those with severe COVID-19 do
not list asthma as a risk factor [24,25]. The study included
1,054 children with asthma and 505 control subjects, from
25 pediatric departments in 15 countries globally. A higher
proportion of males (62.8% vs 51.9%) were observed in the
asthma group compared to the controls, which is consistent
with epidemiological characteristics of the disease in this age
group [26]. A total of 297 parents/caregivers participated and
their response rate was 79%. Most children (188 of 63%) were
male. Three age groups were defined: 4-6, 7-12, and 13-17
years with 50% aged 7-12 years. The majority, 104 (35%),
were diagnosed with asthma between the ages of 6 and 12
years [27]. In another study, 39 (65.0%). Out of 60 patients
with asthma were male [28]. Treatment and asthma control
data for 475 children were analyzed from 18 May to 15 June
2020. The median age was 5.6 years and 60.6% were males
[29].

Effect of COVID-19 pandemic on adherence and
asthma control

Various studies from around the world, including China,
Brazil, Italy, Switzerland and the United States, reveal that
asthma is not associated with an increased risk of mortality
in adult patients with COVID-19 [20]. The Morbidity and
Mortality Weekly Report from October 2020 that evaluated
COVID-19 trends among school-age children (N= 2,77285)
noted that 1.2% were hospitalized, 0.1% had Intensive Care
Unit (ICU) admissions and less than 0.1% died. Amongst them
(hospitalized, ICU admissions and deaths due to COVID-19),
each had at least one underlying medical condition, and 55%
of the underlying conditions were accounted for by chronic
lung disease including asthma and emphysema [30].

Cough, shortness of breath, vomiting and diarrhea was
significantly more common in the asthma group than in the
control group. Hospitalization was significantly higher in the
asthma group and hospitalization duration was significantly
longer in the control group. There were no statistically
significant differences between the asthmatic and control
groups in terms of needing oxygen treatment and laboratory
findings [31]. Among respondents, 181(61%) (95% CI 55.1%
to 66.5%) reported improved compliance with medications
during the lockdown, with the majority of respondents
194(65%) (95% CI 59.6% to 70.7%) reporting ongoing use
of preventers at prescribed doses. More than 75% of the
children used their bronchodilator <2 days/week 227 (76%)
(95% CI 71.2% to 81.1%). Only 23(8%) of the patients
required a reliever inhaler <5 days/week. Around one-third of
103 (35%), parents or caregivers reported reduced controller
dosing during the lockdown. The majority 81(79%) indicated
this was due to their children’s asthma stability and 22% of
parents decreased the dose of inhalers because of fear of drug
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shortages. A small number mentioned their inability to reach
the hospital [27].

During the pandemic, children with asthma experienced
fewer upper respiratory tract infections, episodes of pyrexia,
emergency Vvisits, hospital admissions, asthma attacks and
hospitalizations due to asthma, in comparison with the
preceding year. Nearly 66% of asthmatic children had improved
asthma control while in 33% the improvement exceeded the
minimal clinically relevant difference. Pre-bronchodilatation:
Forced Expiratory Volume in 1 second (FEV1) and peak
expiratory flow rate were improved during the pandemic.
When compared to non-asthmatic controls, children with
asthma were not at increased risk of Lower Respiratory Tract
Infections (LRTIs), episodes of pyrexia, emergency visits, or
hospitalizations during the pandemic. However, an increased
risk of Upper Respiratory Tract Infections (URTIs) emerged
[26]. According to this study, these 14 children showed a
tendency to escalate their treatment (11.8% vs 4.2%), but the
difference was not statistically significant. Eleven children
(64.7%) received reliever treatment and two (11.8%) required
further escalation. Two of these children needed relief and
escalation treatment. Seven patients were assisted in the
emergency department. Two of these children needed relief
and escalation treatment, requiring hospital admission for
supplementary oxygen therapy; one of them was admitted
to the Pediatric Intensive Care Unit (PICU). Regarding the
symptoms they presented, the most frequent was cough/
respiratory distress (41.2%), followed by fever (29.4%),
headache (17.6%), gastrointestinal problems (17.6%), sore
throat (5.9%) and (35.3%) were asymptomatic. No significant
differences were observed in the frequency of symptoms
compared to children with negative IgG SARSCoV-2 [20].

Decreased willingness and inability to seek medical care

Nearly all caregivers reported that they were reluctant to seek
healthcare if their children had mild asthma symptoms. In
addition, they did not visit the asthma clinic regularly, only if
symptoms persisted and worsened. The caregivers expressed
that they were unwilling to put themselves and their children
at higher risk of exposure to the virus and feared being
quarantined, which led to delayed hospital visits during the
COVID-19 outbreak [32]. Almost one-third (103 (35% of
parents/caregivers) reported reduced controller dosing during
the lockdown. The majority 81 (79%) indicated this was due
to their children’s asthma stability [27].

Use of telemedicine during the COVID-19 lockdown

During the pandemic, due to isolation at home and fear of
being admitted to the hospital for diagnosis and treatment, the
caregivers chose to access healthcare through virtual online
or telephone consultations with professional doctors who had
treated their children before and knew their conditions well to
enable the continuation of treatment. Of the 64 parents who
contacted their child's medical team, 87 percent described it
as convenient and easy to access. The child’s medical team
was contacted by 76 (26%) at least once. Methods were most
commonly WhatsApp 45(152%) and phone 45(15%), with
more than one option possible [27]. Nevertheless, several

caregivers had some concerns about virtual consultation
and regarded it as a suboptimal clinical encounter in which
doctors could not comprehensively assess their children’s
situations [32]. Most of the parents (91.6%) did not need to
be apart from their children during the COVID-19 pandemic
period and more than half of the parents (66.6%) seemed to
have adapted to the new normal and adjusted their lives to the
changing conditions [28].

Discussion

We performed a systematic review in children with asthma
exposed to COVID-19 suggesting a decrease in severity from
its baseline during the pandemic period. A primary goal of this
study was to provide updated evidence that high-risk children
require medical care and support from their families when
vulnerable groups like those with COVID-19 are infected. For
children with asthma to attend school safely, attention should
be paid to asthma control, risk stratification and compliance
with medication [33]. However, during the pandemic period,
the treatment of chronic diseases may be interrupted for
various reasons. Parental anxiety is one of them, especially
for immunotherapy [34]. One of every five patients with
asthma reported that their treatment was disrupted during
the pandemic period, and some of them gave up admitting
to the hospital due to the risk of COVID-19 despite having
complaints [35].

During the pandemic, children with asthma experienced
improved disease control (two-thirds of the patients), as
evidenced by improved scores in validated asthma control
measures, fewer asthma attacks, fewer hospitalizations, and
better pulmonary function. The multifaceted etiology of this
observation may include the avoidance of major asthma
triggers including outdoor allergens, viral infections, physical
exercise and air pollution, due to social distancing, home
sheltering, and reduced school days [36-41]. It shows that the
childhood asthma cohort showed improved asthma activity
and health during the COVID-19 pandemic, likely as a result
of decreased exposure to asthma triggers and increased
adherence to treatment. It also demonstrated that during the
pandemic, children with predominantly mild to moderate
atopic asthma did not suffer from an increase in the frequency
of acute episodes that could represent COVID-19 infection
[26].

During the COVID-19 pandemic, children have been greatly
affected by the sudden withdrawal from school, social life
and outdoor activities. Several studies have shown that
prolonged school closure and home confinement negatively
affect children's psychological and mental states, cause
behavioral problems and increase stress in children [42-44].
It shows that high rates of anxiety and depressive symptoms
occur in children and adolescents due to the pandemic itself,
social isolation and parental stress [45]. Some children may
also have experienced increased domestic violence during
this period [46]. It is thought that with adequate and timely
intervention, the damage caused by this pandemic to mental
health can be reduced [46]. Irregular sleep pattern is one of
the most significant factors affecting mental health [47,48].
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A study conducted in Italy showed that children have a
significant delay in sleep timing and worsening sleep quality
during the lockdown due to COVID-19 [49]. It showed that
the COVID-19 pandemic affects mental health more in young
people with asthma/allergies than those without asthma/
allergies. It was determined that asthmatic patients with
changes in their sleep patterns had a higher fear of COVID-19
infection in our study [50].

The majority of caregivers perceived that their children’s
level of asthma control was maintained or even improved
during the epidemic. The maintenance or improvement of
asthma control was probably partly mediated by increased
medication adherence, which is critical to optimal asthma
control [51], driven by enhanced awareness of asthma control
and reduced exposure to asthma triggers [52], most notably
respiratory infections [53,54] and outdoor allergens [55], due
to the COVID-19 outbreak. These results indicated that even
under the pressure of lockdown, children should continue
good asthma management. They should adhere to medication
treatments and avoid environmental triggers to control and
prevent asthma symptoms and attacks [56]. They conducted
an online survey in 27 countries and 5 continents and reported
that 20% (10%-40%) of children with asthma had improved
asthma control with no apparent deterioration compared
with that before the epidemic. Medication adherence among
patients with asthma during the COVID-19 epidemic reported
a 14.5% increase in adherence [57].

Conclusion

The SARS-CoV-2 pandemic has caused severe illness and
a high death rate worldwide. Lower rates of COVID-19
disease than had been expected among children. During the
COVID-19 lockdown, most of the children with asthma and
recurrent wheezing maintained their preventive treatments
unchanged, showing effective therapeutic adherence.
Therefore, their underlying disease remained well controlled.
The severe lockdown due to the COVID-19 pandemic
was associated with a significant decrease in Emergency
Department presentations and hospitalizations among children
with asthma. Among children with asthma, those receiving
subcutaneous immunotherapy are the ones whose treatments
are most affected. Increased medication adherence driven by
enhanced awareness of asthma control and reduced exposure
to asthma triggers, most notably respiratory infections and
outdoor allergens, due to the COVID-19 outbreak might result
in improved asthma control.
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