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Abstract: Factors associated with COVID-19 presentation in children with asthma are poorly defined.
Our study aimed to assess the clinical course of COVID-19 in children with asthma, with particular
attention to possible risk factors for severe disease and long-term sequelae in this group of patients.
We assessed the occurrence of SARS-CoV-2 infection in children with asthma six months before their
regular outpatient visit to the asthma clinic. Characteristics of patients presenting with signs of SARS-
CoV-2 upper (URTI) or lower respiratory tract infection (LRTI) were compared. We focused on factors
previously associated with COVID-19 severity. Twenty-seven percent of patients (57/210) reported
exposure to SARS-CoV-2 infection. In the symptomatic group, 36% (15/42) reported symptoms of
LRTI and 64% (27/42) of URTI. Poorer asthma control was observed in patients with LRTI compared
to URTI (80% vs. 7%, p < 0.001). In addition, children with poorer asthma control had a higher risk of
presenting with SARS-CoV-2 LRTI in a multiple logistic regression analysis. COVID-19 disease course
was not associated with regular ICS use and asthma severity. However, patients on regular ICS had
better asthma control (p = 0.026). We found no PFT deterioration post-COVID-19 in either group of
patients. Our results suggest good asthma control and treatment adherence prior to infection are
associated with better COVID-19 outcomes in children with asthma.
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1. Introduction

Asthma is the most prevalent chronic lung condition in childhood [1]. The outbreak of
COVID-19, caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
thus provoked a major concern among parents of affected children and their healthcare
providers. As SARS-CoV-2 is a respiratory virus and predominantly affects the lungs, it was
initially feared it could trigger severe asthma attacks. Asthma was also early recognized
among pre-existing conditions with a higher risk for severe COVID-19 [2].

Several epidemiologic studies have shown that COVID-19 is usually less severe in
children than adults [3,4]. Moreover, children with asthma do not appear disproportion-
ately affected by COVID-19 [5-11]. Asthma control was reported to be better during the
pandemic, with less frequent attacks, probably due to several reasons, including better
treatment adherence and reduced exposure to asthma triggers [12].

Although the knowledge about COVID-19 is gradually growing, the published studies
on pediatric asthma are still predominantly limited to an epidemiological approach [11,13,14].
Therefore, the role of asthma in susceptibility to COVID-19 and the risk factors for severe
disease in children with asthma remain to be elucidated.

The aim of our study was to assess the clinical course of COVID-19 in children with
asthma and evaluate potential risk factors for severe disease course with particular attention
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to their disease control, phenotype, and maintenance treatment. We assessed the long-term
consequences of COVID-19 in affected patients, including the impact on lung function.

2. Materials and Methods
2.1. Study Subjects

We assessed the occurrence of COVID-19 in patients with asthma younger than
18 years in a six-month period before their regular outpatient visit to the asthma clinic at
University Children’s Hospital Ljubljana from 1 December 2020 to 31 March 2021. Our
hospital is the largest children’s referral hospital in Slovenia.

2.2. Study Design

We performed a retrospective observational study. The main objective was to assess
the presentation of COVID-19 in the affected patients with asthma, with particular attention
to possible risk factors for severe disease course and long-term sequelae in this group of
patients. Data on age, gender, body mass index (BMI) Z-score, atopy status, asthma treat-
ment, asthma control at the time of COVID-19, presentation of COVID-19, with attention
to symptoms and signs of upper (URTI) or lower respiratory tract infection (LRTI), and
the need for treatment escalation, COVID-19 vaccination status, pulmonary function tests
(PFTs) before and after COVID-19, and persistence of postinfection complaints unexplain-
able by uncontrolled asthma were collected in all patients. We compared epidemiological
and clinical data of patients presenting with URTI or LRTI symptoms. The clinical impact
was assessed by comparing several potential factors for severe disease course, including
BMI Z-score, asthma phenotype, regular asthma treatment, and disease control. To assess
the possible long-term effect of SARS-CoV-2 infection, we compared PFTs before and after
COVID-19. This was an observational study. Since no additional examinations other than
regular evaluation were needed and only data regularly collected during a visit to an
asthma clinic were used, the study was deemed low risk, and the need for additional ethical
permission from the National Medical Ethics Committee was waived. The patients were
registered with an encrypted number code. Therefore, individuals could not be matched
with their epidemiological and clinical data. The study was conducted according to the
principles expressed in the Declaration of Helsinki, the Oviedo Convention on Human
Rights and Biomedicine, and the Slovene Code of Medical Deontology.

2.3. Methods

Following the National Institute of Public Health, the diagnosis of COVID-19 was met
in a symptomatic subject who tested PCR-positive for SARS-CoV-2 by nasopharyngeal
swab or if a patient was symptomatic and was in close contact with a subject with confirmed
SARS-CoV-2 infection 14 days prior to symptom initiation. We defined SARS-CoV-2 URTI
or LRTI based on the reported symptoms. The degree of asthma control during and before
the pandemic was assessed using the Asthma Control Test (ACT), with patients scoring
19 or fewer regarded as having uncontrolled asthma and those scoring 20 points or more
regarded as having well-controlled asthma [15]. PFTs were assessed by flow—volume
spirometry (Vitalograph, Birmingham, UK). Forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), and the relationship between the two was assessed. Results
were expressed as percentages of standardized values predicted for children according to
sex and height [16].

2.4. Analysis

Categorical variables were described with counts and percentages. Continuous vari-
ables were presented as mean (SD) or median (IQR) for normally or non-normally dis-
tributed data. Continuous variables were compared using the independent samples -test
or Mann-Whitney U-test, where appropriate, whereas categorical variables were compared
using the Pearson chi-square test. A multiple logistic regression analysis was performed to
predict SARS-CoV-2 LRTI based on the patient’s age, gender, atopy status, asthma treatment,
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and asthma control. The paired-samples ¢-test was used to compare PFT measurements
before and after COVID-19. The differences were considered statistically significant when
the p value was less than 0.05.

3. Results

Out of 210 screened patients, 27% (57/210) reported exposure to COVID-19 prior to
the regular asthma clinic visit. None of the patients received a COVID-19 vaccine prior to
the visit in asthma clinic. Forty-two children (74% of all subjects) were symptomatic after
the exposure (mean age 11.8 years, SD 3.6 years, 63% boys). A positive nasopharyngeal
swab RT-PCR test confirmed the diagnosis in 41% (17/42) of patients; the rest were in close
contact with a person with confirmed COVID-19.

The clinical presentation of COVID-19 in our group of symptomatic patients is sum-
marized in Figure 1. The most frequent presentation was fever (50%, 21/42), followed
by asthma attack (33%, 14/42) and upper respiratory tract infection (31%, 13/42). Many
patients reported having additional nonrespiratory symptoms (48%, 20/42), such as loss
of smell or taste (29%, 12/42), headache (24%, 10/42), gastrointestinal symptoms (7%,
3/42), and muscle or joint pain (7%, 3/42). Most patients (60%, 25/42) reported more than
one symptom.

60%

50% B Fever

40% m Upper respiratory tract
infection

30% - I Asthma attack

20% - Pneumonia

10% - m Nonrespiratory
symptoms

0% -
Clinical presentation of COVID-19

Figure 1. Clinical presentation and symptoms of children with asthma and coronavirus disease 2019
(COVID-19). Bars indicate percentages of patients.

Regular asthma treatment at the time of COVID-19 diagnosis is shown in Figure 2.
The majority of patients were receiving Global Initiative for Asthma (GINA) Step 1 (41%,
17/42) or Step 2 treatment (41%, 17/42) [17]. One patient with severe asthma on biological
treatment with well-controlled disease had a mild disease course, experiencing only fever,
with no asthma-related symptoms.

In the symptomatic group, 64% (27/42) reported symptoms of URTI, and 36% (15/42)
of LRTIL Fourteen patients with LRTI reported having a COVID-19-related asthma attack
and one was diagnosed with viral pneumonia. Patients with an asthma attack all improved
on bronchodilator therapy. One patient was seen in an emergency department and received
a course of oral steroids, with good clinical improvement. None of the patients with
asthma attacks required hospitalization or oxygen supplementation. The patient with
pneumonia was hospitalized and received supportive measures only, with no need for
supplemental oxygen.



Appl. Microbiol. 2023, 3 1207

N=42

Step 5
Step 4
Step 3
Step 2
Step 1

I I I I I I I I I

0 2 4 6 8 10 12 14 16 18

Figure 2. Distribution of children with asthma and coronavirus disease 2019 (COVID-19) in relation
to their basic asthma therapy according to Global Initiative for Asthma (GINA) steps. Bars indicate
absolute numbers.

Comparison of characteristics of children with asthma and COVID-19 presenting as
URTI or LRTI is summarized in Table 1. We observed poorer asthma control in patients with
LRTI compared to URTI. The difference in asthma control remained significant in the group
with PCR-confirmed COVID-19 (x? = 4.23, p = 0.030). Most patients with LRTI required
a step-up in their regular treatment based on the evaluation in the asthma clinic, while
children with URTI rarely required such correction. In addition, patients with LRTI were
older, more frequently girls, and had a nonallergic asthma phenotype. Regular ICS use and
asthma severity were not associated with COVID-19 presentation. However, patients on
regular ICS had better asthma control (80% versus 47%, p = 0.026).

Table 1. Characteristics of children with asthma and COVID-19 presenting as upper or lower
respiratory tract infection. Significant differences (p < 0.05) are highlighted in bold.

SARS-CoV-2 URTI SARS-CoV-2 LRTI

Characteristic (= 27) (1 = 15) Test Statistic, p-Value
Age (y), mean (SD) 12.0(SD 4.1) 14.6 (SD 3.2) t=2.10, 0.042
Male, no. (%) 20 (74%) 6 (40%) x2 = 4.75,0.029
BMI Z-score, median (IQR) 0.40 (IQR —0.40-1.01) —0.24 (IQR —0.91-1.13) U =124.00, 0.431
Atopy, no. (%) 24 (89%) 8 (53%) x2 =5.42,0.020
Regular ICS, no. (%) 18 (67%) 7 (47%) x% = 1.60, 0.206
Daily ICS dose

(budesonide/equivalent) (ug), 200 (IQR 0-400) 160 (IQR 0-200) U =147.50,0.131
median (IQR)

GINA treatment step

Step 1, no. (%) 9 (33%) 8 (53%)

Step 2, no. (%) 13 (48%) 4 (27%) x2 =2.76,0.430
Step 3, no. (%) 4 (15%) 3 (20%)

Step 5, no (%) 1 (4%) 0 (0%)

Well-controlled asthma, no. (%) 25 (93%) 3 (20%) x2 = 22.87, <0.001
ACT score, points, mean (SD) 23.6 (SD 1.9) 19.7 (SD 1.7) t =6.39, <0.001
New referrals, no. (%) 4 (15%) 2 (14%) x2 =0.02,0.895
Therapy step-up, no. (%) 3 (11%) 7 (47%) x% =6.72,0.010

Abbreviations: ACT, Asthma Control Test; BMI, body mass index; ICS, inhaled corticosteroids; IQR, interquartile
range; LRTI, lower respiratory tract infection; URTI, upper respiratory tract infection. Continuous variables were
compared using the independent samples t-test (test statistic t) or Mann—-Whitney U-test (Test statistic U), where
appropriate, whereas categorical variables were compared by using Pearson chi-square test (test statistic x?).
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In a multiple logistic regression analysis, asthma control assessed by the ACT score
had the highest predicted value for SARS-CoV-2 LRTI, with children with poorer asthma
control having a higher risk of presenting with SARS-CoV-2 LRTI (Table 2).

Table 2. Multiple logistic regression analysis for SARS-CoV-2 lower respiratory tract infection in
children with asthma. Significant differences (p < 0.05) are highlighted in bold.

p Value Odds Ratio (OR) 95% CI for OR
Age 0.214 1.22 0.89-1.67
Gender 0.298 0.28 0.03-3.08
Atopy 0.120 9.20 0.56-150.21
Daily ICS dose 0.242 1.01 1.00-1.01
ACT score 0.003 0.39 0.21-0.73

Abbreviations: ACT, Asthma Control Test; CI, confidence interval; ICS, inhaled corticosteroids.

Most patients (93%, 39/42) reported no persisting complaint after COVID-19. How-
ever, three patients reported pronounced exertional fatigue. Their symptoms persisted for
over three months after the infection and entirely resolved by one year after the infection.
They were all characterized as having SARS-CoV-2 URTI. Their symptoms were not associ-
ated with a decline in PFTs. No long-term consequences, such as multisystem inflammatory
syndrome in children (MIS-C), were observed in our group of patients.

When evaluating PFTs before and after COVID-19, we found no decline in lung
function among children in our study group (Table 3). In addition, there was no difference
in PFTs results between the URTI and LRTI group of patients.

Table 3. Lung function before and after the diagnosis of COVID-19. Lung function measurements are
shown as mean (SD).

All Patients

SARS-CoV-2 URTI SARS-CoV-2 LRTI

(1 = 37) p Value (1 = 27) p Value (1 = 10) p Value
Iljz]e?ég)\?lf];r169dided % (12) 0.30 94 (1) 0.36 100(12) 0.62
Ezs(t:_' g"o‘\)/flllf’jr_‘gi“ed 94 (14) 92 (13) 99 (16)
;fevcljo/v?rf)plr; dicted 103 (11) 0.32 10z (11) 0.62 104 (13) 0.17
}lj E;i_léé"\?lfg_rfgdided 101 (12) 101 (13) 101 (13)
Efe\-/clz/onVICD/-l/; 88 (7) 0.95 8® 0.72 870 0.42
FEV1/FVC, % 88 (5) 89 (5) 86 (3)

post-COVID-19

Abbreviations: FEV1, forced expiratory volume in one second; FVC, forced vital capacity; LRTI, lower respi-
ratory tract infection; URTIL, upper respiratory tract infection. Continuous variables were compared using the
independent samples t-test.

4. Discussion

We performed a retrospective observational study to assess the impact of SARS-CoV-2
on children with asthma. Due to a high number of individuals with confirmed COVID-
19 in our country [18], a high percentage of children with asthma reported exposure to
SARS-CoV-2 prior to their regular visits to the asthma clinic. Nevertheless, almost a third
of those children remained asymptomatic, although they were in close, daily contact with
a person with confirmed COVID-19. None of our patients received a COVID-19 vaccine;
thus, vaccination status did not affect the severity of the disease course. Forty-two children
were diagnosed with COVID-19. Interestingly, although boys were affected by COVID-19
almost twice as often as girls, a more severe disease course was more frequently reported in
girls. Even though our hospital is our country’s primary referral pediatric hospital, treating
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patients with the most severe lung disease, most patients experienced mild disease, most
frequently presenting as fever and URTI, similar to previous studies [11,19,20]. Almost
half of the patients reported nonrespiratory symptoms, most frequently losing smell or
taste. A third of symptomatic patients reported symptoms of LRTI. Among patients with
LRTI, the majority reported a COVID-19-related asthma attack. They all improved on
bronchodilator therapy with no need for hospitalization or oxygen supplementation. We
observed a significant difference in asthma control between patients with URTI and LRTI,
with the latter having poorer ACT results. Moreover, patients with severe LRTI were older,
more frequently girls, with a nonallergic asthma phenotype. The level of asthma control
assessed by ACT score affected the presentation of COVID-19 also based on the logistic
regression analysis results, with children with poorer asthma control having a higher risk
for SARS-CoV-2 LRTI. We observed no significant change in PFTs results before and after
the acute infection, independent of disease severity.

Previous multicenter studies mainly focused on the prevalence of SARS-CoV-2 infec-
tion among patients with asthma and the presentation of the disease, with no consideration
of possible factors associated with severe disease course and the long-term consequences of
SARS-CoV-2 infection in this group of patients [11,21]. Similar to our study, recent research
showed that children with poorly controlled asthma are at increased risk of unfavorable
COVID-19 outcomes [22]. While this study focused on children with asthma requiring
COVID-19 hospitalization, our study showed that the clinical course of COVID-19 also
differs in nonhospitalized children with asthma. Therefore, the results of our study stress
the importance of special attention to asthma control, as severe disease course was rare in
children with well-controlled disease. These results also support findings from previous
studies indicating that asthma control influences the risk of future exacerbations and the
need for unscheduled healthcare utilization for exacerbations, irrespective of asthma sever-
ity and treatment status [23,24]. However, studies assessing asthma control are limited, as
only patients with well-controlled asthma are usually included in studies due to ethical
reasons [25].

Previous reports predicted that ICS, the cornerstone of asthma treatment, could in-
fluence the disease course in children with asthma infected with SARS-CoV-2 [26]. They
were shown to promote viral replication, delay viral clearance, and result in local immuno-
suppression, which could lead to a more severe COVID-19 course. Fortunately, current
literature and the results from our study do not support this view [27]. We found no
association between the use of ICS as well as their dose and COVID-19 outcome. Moreover,
patients with a milder disease course, presenting as URTI, were on regular ICS treatment
more often than those with LRTIL. In addition, patients on regular ICS had better asthma
control, which stresses the need for adherence to regular asthma treatment. In addition,
a patient on biological treatment with well-controlled asthma had a mild course of acute
infection in our study. Current guidelines on the management of allergic disease during
the pandemic recommend that inhaled or oral corticosteroids should be continued for asth-
matic patients without SARS-CoV-2 infection to maintain asthma control [17,28]. Moreover,
oral corticosteroids and biological treatment should be continued to treat severe asthma
exacerbations [28]. Current evidence suggests that treatment with biologicals targeting
type 2 inflammation does not increase the risk of SARS-CoV-2 infection, and COVID-19
severity and may have beneficial effects [28]. Therefore, biological treatment may be con-
tinued during COVID-19 for asthmatic patients without SARS-CoV-2 infection [17,28].
Moreover, biologicals were associated with lower susceptibility to SARS-CoV-2 infection in
asthmatic patients [28]. Omalizumab has been shown to promote the capacity of plasmacy-
toid dendritic cells to produce interferon vy (IFN-y), promoting their antiviral activity and
potentially contributing to the observed lower susceptibility to COVID-19 [28]. However, it
is suggested that allergen immunotherapy (AIT) should be temporarily discontinued until
recovery for SARS-CoV-2 positive asthmatic patients or in contact with confirmed cases
of COVID-19 [28]. Switching from subcutaneous to sublingual immunotherapy may be
considered for AIT during COVID-19 [28].
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Interestingly, children with asthma appear to have improved outcomes during the
pandemic [12,29-31]. This is likely attributed to reduced exposure to asthma triggers, better
treatment adherence during the pandemic, wearing of facemasks, and timely adaptation
of clinical services by replacing in-person appointments with virtual ones [10,12]. The
COVID-19 pandemic has shaped how medical services are conducted to accommodate
the social distancing measures and imposed lockdown. Consequently, telemedicine was
adopted by many physicians to guide the treatment and follow-up of allergic patients [28].
The results from our study stress the importance of regular follow-up of patients in asthma
clinics to maintain and improve asthma control. Moreover, children with asthma tend
to have poorer disease control at the time of the initial referral to the dedicated clinic.
Therefore, we stress the importance of timely referrals during pandemic times.

Our results support previous reports on the possible preventive influence of atopy
on COVID-19 infection and shielding against severe disease. In our study, the allergic
asthma phenotype was more frequent in children presenting with symptoms of URTI. This
could be explained by the lower expression of angiotensin-converting enzyme 2 (ACE2),
a SARS-CoV-2 cellular receptor, in the nasal epithelia in asthma patients with allergic
sensitization [32]. Since most children with asthma belong to the allergic phenotype, this
could explain the lower risk of severe COVID-19. The different prevalence of the allergic
phenotype in children and adults with asthma could explain the different susceptibility
to severe COVID-19 between these two groups. The incidence of allergic asthma peaks in
early school age and gradually decreases after that. On the other hand, nonallergic asthma
has a low prevalence in childhood and peaks in late adulthood [33]. The protective effects
of allergic asthma may have been partly attributed to the antiviral effect of eosinophils
as well [28]. Studies demonstrated that Th2-high inflammation may be associated with
reduced risk, while Th2-low inflammation may be associated with increased risk, for SARS-
CoV-2 infection and the severity of COVID-19 [28]. Eosinopenia was associated with worse
outcomes of COVID-19, including more prolonged duration of hospitalization, higher
severity, and mortality [28]. Monitoring of eosinophils counts as well as other laboratory
indices, such as neutrophil-to-lymphocytes ratio, lymphocytopenia, and D-dimer, may be
used as predictive biomarkers of the outcomes of COVID-19 [28].

The long-term consequences of COVID-19 are still mainly unknown [28,34]. Many
patients recovering from COVID-19 may suffer from long-term complications of COVID-19,
including a large variety of symptoms, defined as “post-acute COVID-19 syndrome” or
“long COVID-19” [28,34]. In addition, a unique challenge of the COVID-19 pandemic has
been the emergence of MIS-C, a rare, recently recognized pediatric hyperinflammatory
disorder affecting patients several weeks after infection with SARS-CoV-2 [35]. MIS-C is
characterized by overwhelming systemic inflammation, fever, hypotension, and cardiac
dysfunction. It has been observed that patients with asymptomatic COVID-19, as well
as those with severe COVID-19 illness, have been diagnosed with MIS-C. The majority
of patients with MIS-C have detectable antibodies against SARS-CoV-2 in contrast to
exhibiting detectable virus via reverse-transcriptase polymerase chain reaction PCR [35].
This suggests that postinfectious immune dysregulation plays a significant role in the
pathogenicity of MIS-C rather than a process intrinsic to the acute viral infection [35]. The
exact pathophysiology of MIS-C remains unknown. However, postinfectious immune
dysregulation, particularly involving the innate immune system, is implicated, given that
most patients improve drastically with immunomodulatory agents [35]. A “cytokine storm”
plays an important role, with activation of the interleukin 1 (Il-13) pathway and elevation
in levels of proinflammatory cytokines, such as IL-6, IL-8, IL-18, tumor necrosis factor (TNF-
o), and IFN-y, having been reported in patients. This leads to the multiorgan involvement
noted in MIS-C patients, particularly cardiac injury [35]. It remains unclear which risk
factors predispose some children to develop MIS-C after COVID-19 infection more than
others. Few studies have previously assessed possible long-term sequelae of COVID-19 in
children with asthma [36,37]. Results from current studies do not indicate an increased risk
of long COVID-19 or MIS-C in asthmatic patients, although further, more extensive, studies
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are warranted [28]. The majority of patients in our study did not report any long-term
consequences of COVID-19. However, a few subjects reported significant exertional fatigue
several months after the infection, which entirely resolved by one year after the infection.
Interestingly, they all had URTI at the time of COVID-19. The observed complaints could
be partially associated with children with asthma being less active and spending more time
indoors during the COVID-19 pandemic, as observed in some studies [37]. Fortunately, we
found no deterioration in PFTs in our group of patients. Similar clinical findings have been
reported in previous studies [34,36,38,39].

Our study has several limitations, including not all patients having PCR-confirmed
SARS-CoV-2 infection. However, although not all subjects were tested during the pandemic,
they exhibited symptoms and signs of COVID-19. In addition, they were in close, daily
contact with a person with confirmed COVID-19, usually a household member. Studies also
show that COVID-19 is underdiagnosed in most countries due to the limited availability of
diagnostic tests, which led most countries to recommend home isolation without testing
in case of nonsevere symptoms consistent with COVID-19, as was often the case in our
study [10]. In addition, because we were limited to data from a single center, our sample
was relatively small, and therefore, one should be careful with interpreting the results.
Nevertheless, our sample is still one of the largest to date, and the results are consistent with
the expectation that people with better asthma control have a milder disease course. Further,
our results show that children with asthma do not seem to require hospital treatment if
infected or are predisposed to severe COVID-19, especially if their asthma is well-controlled.
The impact of SARS-CoV-2 on children with asthma will need to be further evaluated in
more extensive multicenter studies, with particular attention to asthma phenotype, severity,
baseline therapy, and concurrent asthma control.

5. Conclusions

Our results indicate favorable outcomes in children with asthma infected by the
new coronavirus. The majority experienced a mild disease course. The allergic asthma
phenotype, the most prevalent in pediatric age, could potentially shield these patients from
severe disease courses.

Good asthma control prior to COVID-19 was associated with a favorable COVID-19
clinical course in children with asthma not requiring hospitalization because of COVID-
19. Most children with well-controlled asthma presented with URTI, while children with
poorly controlled asthma usually presented with LRTI. Therefore, regular visits to asthma
clinics, disease control optimization, and treatment adherence are paramount in asthma
management—even more so during the pandemic.
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