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Abstract
Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infects both children and adults but epidemiological and 
clinical data demonstrate that children are less likely to have a severe disease course or die. Furthermore, asthmatic children 
show less severe disease manifestations when infected with SARS-CoV-2 comparing to adults. This review focuses on SARS-
CoV-2 and childhood asthma interaction and aims at summarizing the current knowledge of the potential mechanisms that 
ameliorate disease symptomatology in asthmatic children.
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Introduction

The end of 2019 was the beginning of an unprecedented 
time for humanity. An outbreak of the coronavirus disease 
(COVID-19), which is caused by the severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2), emerged in 
the city of Wuhan, China [1]. In March 2020, the World 
Health Organization (WHO) declared COVID-19 to be a 
global pandemic [2].

SARS-CoV-2 is the newest member of the coronavirus 
family. Coronaviruses cause various human diseases involv-
ing the respiratory system, nervous system, and gastroin-
testinal tract. These viruses preferentially target the nose 
and lungs, leading to diseases such as the common cold, 
bronchitis, and pneumonia [3]. They represent the second 
most frequent cause of symptoms of the common cold in 
humans [4].

Coronaviruses are “spiky invaders” in that they use a 
spike protein (S) to attach to human cell membranes, and the 
entire process is activated by specific cell enzymes. SARS-
CoV-2 is more infectious than members of this family of 
viruses due to its unique spike protein activation by a host 

cell enzyme called furin. Furin resides in multiple human 
tissues, including the lungs, liver, and gastrointestinal tract, 
thus enabling the virus to attack multiple organs simultane-
ously. Furthermore, furin activation promotes the stability 
and transmission of the virus. These properties have enabled 
the rapid spread of SARS-CoV-2 worldwide [5].

With the virus being 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 [6]. Since then, a 
multitude of pediatric cases have been reported globally. To 
date, the data reveal that the course of the disease is milder 
in children than adults, but it is unclear what the role of 
type-2 inflammation is in the outcome of asthmatic children 
infected by SARS-CoV-2.

Why Asthmatic Children were Initially 
Thought to have a Gloomy Outcome During 
the Pandemic

COVID-19 has resulted in uncharted challenges for clini-
cians, who have had to act and prescribe treatments based 
on limited data. This is why the pediatric community has 
feared about the future of asthmatic children infected by 
the virus. These fears were based on the following data:

1. The pathophysiology of asthma includes mucus hyper-
secretion, damaged epithelium, and airway obstruction. 
Additionally, the inhaled corticosteroids that are the cor-

 * Grigorios Chatziparasidis 
 gchatziparasidis@gmail.com

1 Primary Cilia Dyskinesia Unit, School of Medicine, 
University of Thessaly, Thessaly, Greece

2 Pediatric Asthma and Cough Centre, Instituti Ospedalieri 
Bergamaschi, University and Research Hospitals, Bergamo, 
Italy

http://orcid.org/0000-0003-4308-4710
http://crossmark.crossref.org/dialog/?doi=10.1007/s00408-021-00419-9&domain=pdf


8 Lung (2021) 199:7–12

1 3

nerstone of asthma treatment promote viral replication, 
delay viral clearance, and result in local immunosup-
pression, thus theoretically creating the perfect host for 
SARS-CoV-2 [7].

2. A 2002 Lancet study emphasized that people with 
asthma have an increased risk of more severe outcomes 
when infected with common cold viruses. As previously 
mentioned, coronaviruses are the second most common 
cause of colds in humans [8]. Other studies underscore 
the direct relationship between virus-induced exacerba-
tion severity and the degree of lack of control in asth-
matics [9].

3. At the tissue level, the innate anti-viral immune response 
is delayed and deficient in asthmatics when they are 
infected with respiratory viruses. Particularly, they 
mount a suboptimal response of interferon (IFN)-α, 
IFN-β, and IFN-λ, of which the latter is associated with 
increased severity of asthma exacerbation [10–12].

Thus, it would seem prudent for physicians to include 
pediatric asthma under the umbrella of high risk factors 
for severe COVID-19 outcomes. Fortunately, however, the 
current literature does not support this view. A systematic 
review by Castro-Rodriguez [13] found only two studies 
alleging that recurrent wheezing or asthma is a potential 
risk factor for COVID-19 in children. More importantly, 
in large epidemiological studies, asthma was not included 
among the risk factors for either SARS-CoV-2 infection 
or COVID-19 severity [14].

Recent large studies focusing on the course of asth-
matic children during the pandemic revealed that they are 
not disproportionately affected by the virus, and surpris-
ingly, they appear to have improved outcomes [15]. This 
was attributed to reduced exposure to asthma triggers, 
increased steroid prescriptions, and better treatment adher-
ence during the pandemic. Another possible contributing 
factor is the timely adaptation of the clinical services to 
the pandemic by replacing physical appointments with 
virtual ones [16].

Clinical Manifestations of COVID‑19 
in Children

A review study examined 1124 pediatric cases and stratified 
COVID-19 symptoms based on their severity and frequency. 
According to the study, once infected with SARS-CoV-2, 
a child might follow one of the following clinical patterns 
[17]:

1. Asymptomatic infection (14.2% of cases). These chil-
dren have no clinical symptoms, and the infection is 
confirmed by a positive nucleic acid test.

2. Mild disease (36.3% of cases). A child develops the 
symptoms of an illness of the upper respiratory tract, 
and the most common is fever. Other symptoms include 
cough, myalgia, sore throat, nasal catarrh, and sneez-
ing. Fewer children might present with gastrointestinal 
symptoms, such as abdominal pain, nausea, emesis, and 
diarrhea. The results of chest auscultation are unremark-
able.

3. Moderate disease (46% of cases). This group of children 
presents with pneumonia.

4. Severe disease (2.1% of cases). The initial manifesta-
tions might be a combination of symptoms of the res-
piratory and digestive tracts, followed by dyspnea and 
central cyanosis within a week. Oxygen desaturation 
below 92% is a striking feature.

5. Critical cases (1.2% of cases). A minority of infected 
children progress to acute respiratory distress syndrome 
with or without multiple organ dysfunction.

Concordantly, a review paper emphasizes that the major-
ity of children with COVID-19 either remain asymptomatic 
or develop a less severe phenotype. Notwithstanding, some 
infants might be seriously ill, and some older children might 
develop a multisystem inflammatory syndrome necessitating 
admission to intensive care. Three deaths were also reported, 
and the authors mentioned that “although most pediatric 
COVID-19 patients were not severe, a serious COVID-19 
illness could result in severe outcomes including an ICU 
admission and even death in children” [18].

Why is SARS‑CoV‑2 Milder in Children?

Children seem to elude severe COVID-19 manifestations 
and face a better outlook than adults. This is likely due to the 
way that SARS-CoV-2 invades human cells. The virus’s S 
protein binds the host cell’s angiotensin converting enzyme 
(ACE) 2 receptor, facilitating its attachment to host cell 
membranes [19]. Thus, it seems that the renin angiotensin 
system, which plays a key role in the regulation of arterial 
blood pressure, is actively involved in the viral attachment 
and activation of an inflammatory process in multiple organ 
systems, including the lungs, kidneys, heart, and brain. ACE 
converts angiotensin (AT)-I into AT-II, which in turn is con-
verted to AT by activated ACE2. Surprisingly, AT-II can 
induce pro- inflammatory actions in these organs by binding 
to the AT1 receptor, which seems to occur in COVID-19 
cases [20–22].

In humans, the nose is the first site of viral invasion into 
the body by the SARS-CoV-2 virus. After penetrating the 
nose, the virus attaches to ACE2 receptors, kicking off a cas-
cade of events that lead to COVID-19. Children may be less 
likely to experience this first step for two possible reasons: 
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first, children have lower expression of ACE2 receptors in 
their nasal epithelium and lower airways than adults [23] 
as the expression in the respiratory tract increases with age 
[24, 25]. Second, children are more likely to have acquired 
immunity to common coronaviruses since they are more 
commonly exposed to a wide variety of pathogens. These 
include the coronaviruses that cause mild illnesses of the 
upper respiratory tract, such as the common cold, or more 
severe illnesses such as bronchiolitis and croup. These ill-
nesses could potentially be associated with the downregula-
tion of ACE2 expression in respiratory epithelial cells and 
antibodies that potentially cross-react to SARS-CoV-2 [23, 
26, 27].

Therefore, in children carrying ACE2 downregulating 
viruses (e.g., human coronavirus NLg3), this decreased 
expression might interfere with the replication of SARS-
CoV-2. This phenomenon, where one virus interferes with 
the replication of a second virus, is called viral interference 
[28]. Additionally, children experience higher mucosal colo-
nization by viruses and bacteria, resulting in interactions 
and competition, which limits the colonization and growth 
of SARS-CoV-2 [27].

Despite these deterrents, SARS-CoV-2 still infects chil-
dren by sticking its spike into the respiratory epithelial cells 
via ACE2, thus entering the cell. Cell entry is facilitated by 
proteolytic cleavage involving two proteases: transmembrane 
protease serine 2 (TMPRSS2) and cathepsin L (CTSL) [29, 
30]. SARS-CoV-1 utilizes a similar method to infect human 
respiratory cells, and it has been shown that TMPRSS2 
activity reduces viral recognition by human defense mecha-
nisms. However, whether the same applies to the SARS-
CoV-2 virus is still unclear [31].

From the nose, the SARS-CoV-2 virus travels to the lower 
airways and finally the alveoli, where it attaches to ACE2 
receptors located on both type I and II alveolar cells, which 
also express TMPRSS2. There are reports that children have 
fewer of these molecules in their alveolar cells than adults 
[24]. Most importantly, cells expressing both ACE2 and 
TMPRSS2 are quite rare in children but increase with age. 
These so-called “double-positive cells” overexpress inter-
leukins IL-6 and IL-6R, leading to overactivation of the 
immune system and the possible initiation of the cytokine 
storm that occurs in adults [25].

These data cast light on why children are not only less 
affected by COVID-19 but are also less likely to progress 
to acute respiratory distress syndrome (ARDS). Of 2143 
Chinese pediatric patients with confirmed (n = 731) or 
suspected (n = 1412) COVID-19, more than half had mild 
disease, and < 1% developed severe or critical symptoms 
[32]. A hospital-based US study involving 60 adult and 65 
“pediatric” COVID-19 patients (aged < 24 years) attempted 
to explain the differences in the disease outcome. Of the 
pediatric patients, 20 had novel multisystem inflammatory 

syndrome (MISC), which occurs in a minority of children 
infected with COVID-19. The symptoms include fever, 
laboratory evidence of inflammation, serological evidence 
of recent SARS-CoV-2 infection, and any combination of 
cardiac, renal, hematological, dermatological, neurological, 
gastrointestinal, or respiratory disease [33, 34].

Twenty-two adults (37%) and five children (8%) required 
mechanical ventilation, and no deaths occurred among 
the MISC pediatric patients. The authors speculated that 
children with COVID-19 have better outcomes because of 
their stronger innate immunity (higher lymphocyte count, 
higher absolute numbers of T and B cells, and more natural 
killer cells), which is capable of producing higher levels of 
cytokines, particularly IL-17A. This cytokine appears essen-
tial in protecting children from developing ARDS. Humoral 
immunity is recruited in both adult and child patients, but 
at different strengths, and both mount an antibody response 
against the S protein (including neutralizing antibodies that 
block cell invasion) (Tables 1 and 2).

Counterintuitively, the levels of neutralizing antibodies 
were higher in adult patients who needed ventilation assis-
tance or died of the disease than in patients who recovered, 
but the levels were notably higher than those in pediatric 
patients. This indicates that the over-vigorous adaptive 
immune response reported in adult patients can lead to an 
over-inflammatory state and eventually ARDS or death [35]. 
Childhood is also characterized by a lower prevalence of 
co-morbidities that are considered risk factors for a severe 
course of COVID-19, such as arterial hypertension, diabetes 
mellitus, and chronic heart, lung, and kidney diseases [36].

Do Asthmatic Children Perform Differently 
When Infected by SARS‑CoV‑2?

The exact way in which SARS-CoV-19 behaves in asthmatic 
children seems to be different than in asthmatic adults. Data 
from the UK associate severe asthma with worse outcomes 
in adult COVID-19 cases [37]. A potential answer for the 
differing severity between asthmatic adults and asthmatic 
children might lie in the asthmatic phenotype. The incidence 
of allergic asthma peaks in early childhood and steadily 
decreases with age. Non-allergic asthma has a low preva-
lence in childhood and peaks in late adulthood [38].

We previously mentioned that ACE2 and TMPRSS2 
expression mediates SARS-CoV-2 infection of host lung 
cells. Notably, the expression of ACE2 and TMPRSS2 is 
higher in patients with diabetes, who are at a higher risk 
of mortality and complications from COVID-19 [39]. One 
study reported that asthma with allergic sensitization is 
characterized by lower ACE2 expression in children’s nasal 
epithelia, but not in non-allergic asthmatic children [40].
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Moreover, type-2 inflammation seems to regulate the 
expression of ACE2 and TMPRSS2 in the nasal epithelia 
of asthmatic children [41]. Specifically, the Th2 response 
is mediated by IL-4, IL-5, and IL-13 [42]. These cytokines’ 
action potentially reduces ACE2 in respiratory cells, lead-
ing to a better outcome in asthmatic children with COVID-
19. In isolation, IL-13 also acts on TMPRSS2, increasing 
airway mucus production. This countervailing effect from 
increased expression of TMPRSS2 is overridden by the syn-
ergistic effect of IL-4, IL-5, and IL-13 on ACE2 receptors. 
Furthermore, eosinophils (the end-product of IL-5 action 
on the bone marrow) seem to play a role in attenuating the 
COVID-19 burden in asthmatic children. Notably, low levels 
of eosinophils were observed in elderly patients who died 
of COVID-19 [41]. This seems to be supported by a large 
population-based cohort study, which reported that adults 
with non-allergic asthma had a higher risk of severe COVID-
19 than those with allergic asthma [43].

Additionally, a survey exploring data from 147 centers 
found 49 asthmatic children who tested positive for SARS-
CoV-2. All children were admitted, but 29 required no treat-
ment, 19 received supplemental oxygen, and only 4 required 
mechanical ventilation and admission to the pediatric inten-
sive care unit (PICU). The authors speculated that the 29 
untreated children were admitted purely for safety reasons. 
Regarding the 4 PICU admissions, the authors speculated 
that seasonal factors might have played a role. The study 

took place between March and April, when tree-pollen sea-
son had started, meaning pollen exposure could be the real 
reason for the PICU admissions with SARS-CoV-2 infec-
tion being coincidental [44]. Since the majority of asthmatic 
children belong to the allergic phenotype, this might explain 
their lower risk of severe COVID-19.

Another possible explanation of why the allergic 
asthma phenotype is protective against COVID-19 may 
be the drug that is mainly used to treat allergic asthmatics, 
namely steroids. The premise is that steroids may have a 
binary way of action against COVID-19. First, in a large 
cohort of well-characterized patients with asthma, inhaled 
steroid use was associated with lower sputum cell expres-
sion of ACE2 and TMPRSS2 [45]. Second, budesonide 
suppresses IL-6 and IL-8 production in vitro. Increased 
levels of IL-6 are a surrogate marker of worse outcomes 
in cases of severe COVID-19 pneumonia [46, 47].

However, despite downregulating cytokine production, 
budesonide failed to suppress the replication of SARS-
CoV-2. This was achievable only with the use of cicleson-
ide and mometasone, which managed to halt viral replica-
tion in a manner comparable to lopinavir [48]. Thus, we 
could hypothesize that although the allergic phenotype is 
protective in young patients, it could be detrimental in 
elderly patients, leading to a severe disease course. More 
studies are needed to elucidate the role of Th2 response in 
children and adults with COVID-19.

Table 1  Potential mechanisms of milder COVID-19 in children

TMPRSS2 transmembrane protease serine 2
ACE2 angiotensin converting enzyme 2

Hypothetical factors Plausibile modes

1. Immunological memory Past exposure to common coronaviruses leads to cross-reaction antibodies formation
2. Viral interference Existing colonization of nasal mucosa with ACE2 downregulating viruses interferes with SARS-CoV-2 repli-

cation
3. Fewer co-morbidities Disease aggravating factors (e.g., heart disease, diabetes, arterial hypertension) are less common in children
4. Distinct immune response More effective innate immunity and less strong humoral immunity counteracts SARS-CoV-2 more successfully
5. ACE2 and TMPRSS2 recep-

tors topography
Decreased expression in respiratory epithelium decreases viral attachment

Table 2  Potential mechanisms 
of milder COVID-19 in 
asthmatic children 

TMPRSS2 transmembrane protease serine 2
ACE2 angiotensin converting enzyme 2
Th2 T helper 2
IL interleukin

Hypothetical factors Plausible modes

Th2-driven inflammation IL-4, IL-5 and IL-13 lead to lower ACE2 expression in respiratory cells
Eosinophils Reduction of viral load with subsequent attenuation of COVID-19
Inhaled corticosteroids as the 

main treatment
Downregulation of ACE2 and TMPRSS2 gene expression. Addition-

ally, IL-6 and IL-8 suppression
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Conclusion

Clearly, our understanding of the relationship between 
SARS-CoV-2 infection and pediatric asthma is still 
explorative. Current data support a favorable outlook for 
asthmatic children infected by the new coronavirus. The 
way in which the innate and acquired immunity responds 
to the virus, a decreased number of virus host-receptors, 
and a downregulation of these receptors by Th2 inflam-
mation and steroid treatment may all play roles in the way 
in which SARS-CoV-2 infects asthmatic children. Nev-
ertheless, it is unclear whether we really have the whole 
picture. More studies are needed to clarify certain impor-
tant details. For example, more knowledge is needed on 
whether the decreased number of admissions of asthmatic 
children with acquired COVID-19 is purely because of 
the mentioned features or whether there other contribut-
ing parameters.

During the quarantine period, we have shifted from 
one-to-one medical examination/consultation to telemedi-
cine, schools have closed, and children have been taught 
how to maintain social distancing. We need to quantify 
the contribution of all these measures to the favorable out-
come of asthmatic children infected by the virus. Papa-
dopoulos et al. shed some light on this, but more studies 
are still needed. Moreover, we need to understand the way 
in which the virus behaves in asthmatic children treated 
with long-term oral steroids or one of the new biological 
drugs. Until the day when an effective vaccine and efficient 
treatment are available, we must follow the guidelines of 
the Centers for Disease Control to prevent viral spread, as 
well as those of the Global Initiative for Asthma (GINA) 
for treating asthmatic patients [49].
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