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Abstract
As the world faces the coronavirus disease 2019 (COVID-19) pandemic due to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, concerns have been raised that asthma patients could be
at increased risk of SARS-CoV-2 infection and disease severity. However, it appears that asthma is not an
independent risk factor for both. Furthermore, asthma is not over-represented in hospitalised patients with
severe pneumonia due to SARS-CoV-2 infection and there was no increased risk of asthma exacerbations
triggered by SARS-CoV-2. There is accumulating evidence that asthma phenotypes and comorbidities are
important factors in evaluating the risk for SARS-CoV-2 infection and disease severity, as findings suggest
that Th2-high inflammation may reduce the risk of SARS-Cov-2 infection and disease severity in contrast
to increased risk in patients with Th2-low asthma. The use of inhaled corticosteroids (ICS) is safe in
asthma patients with SARS-CoV-2 infection. Furthermore, it has been proposed that ICS may confer some
degree of protection against SARS-CoV-2 infection and the development of severe disease by reducing the
expression of angiotensin converting enzyme-2 and transmembrane protease serine in the lung. In contrast,
chronic or recurrent use of systemic corticosteroids before SARS-CoV-2 infection is a major risk factor of
poor outcomes and worst survival in asthma patients. Conversely, biological therapy for severe allergic
and eosinophilic asthma does not increase the risk of being infected with SARS-CoV-2 or having
worse COVID-19 severity. In the present review we will summarise the current literature regarding asthma
and COVID-19.

Introduction
Respiratory viruses are major drivers of acute exacerbations of asthma [1, 2]. As the world faces the
coronavirus disease 2019 (COVID-19) pandemic due to the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection, concerns have been raised regarding a possible increased risk of asthma
exacerbations and COVID-19 severity in people with asthma. During the months following the beginning
of the pandemic, studies were conducted in order to understand the relationship between asthma and the
risk of SARS-CoV-2 infection, disease severity and prognosis. In the current review we will summarise the
current literature regarding asthma and COVID-19.

Does asthma increase the risk for SARS-CoV-2 infection?
Angiotensin-converting enzyme-2 (ACE2) is the major receptor mediating the entry of SARS-CoV-2 into
cells via its structural spike glycoprotein. The spike protein of SARS-CoV-2 is primed by transmembrane
protease serine 2 (TMPRSS2), which allows fusion of viral and cellular membranes into host cells [3–6].
ACE2 expression is highly enriched in nasal epithelial cells and type II alveolar epithelial cells, and the
expression of ACE2 in airways is regulated by airway inflammation and environmental stimuli, such as
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allergens and viruses [6–8]. An increased ACE2 expression exposes the lung to increased SARS-CoV-2
infectivity and COVID severity [9].

Epidemiological studies on the influenza A (H1N1) pandemics demonstrated that H1N1 infection was
closely associated with asthma in both children and adults [10–12]. Furthermore, patients with asthma were
more susceptible to asthma exacerbation and among patients hospitalised with pH1N1 virus infection in
2009, asthma was the most common underlying medical condition. Most of the asthmatic patients had an
uncomplicated course of illness; however, severe disease, including intensive care unit admission and
death, occurred in asthma patients who presented with pneumonia [10–12]. This experience led to a major
concern that asthma would be one of most common risk factors for SARS-CoV-2 infection and COVID-19
severity and poor outcome. However, initial epidemiological studies reported that the incidence of
COVID-19 in people with asthma was relatively low and that there was no apparent increased risk of
SARS-CoV-2 infection those patients. Nevertheless, the reported prevalence of COVID-19 in people with
asthma was diverse in different parts of the world (table 1) [13–27, 38, 46]. While early studies from
China reported a relatively low prevalence of asthma among COVID-19 patients [13–17], some US data
suggested a higher prevalence of COVID-19 in people with asthma when compared to the adult population
(14.4% versus 7.8% respectively) [18]. In an analysis of 22254 patients tested for SARS-CoV-2 (13442 of
them with a positive PCR test for SARS-CoV-2), the prevalence of asthma patients among positive
patients was 7%, as compared to 11% in those with a negative PCR result [19]. Another analysis of 5700
patients hospitalised with COVID-19 in the New York City area, the prevalence of asthma and COPD
were 9% and 5%, respectively [20]. In Europe, the prevalence of asthma varied from country to country. In
the UK, several studies reported higher asthma prevalence among patients with COVID-19 compared to
the general population. In a large observational, population-based prospective cohort study using the
International Severe Acute Respiratory and emerging Infection Consortium World Health Organization
clinical characteristic protocol, the prevalence of asthma among 20133 hospitalised patients with
COVID-19 was 14.5% [21]. Two studies that analysed data from the UK Biobank reported that the
prevalence of asthma among patients with COVID-19 was 17.9% and 13%, respectively [22, 23]. In
contrast, in Italy and Sweden, epidemiological studies reported low asthma prevalence among patients with
COVID-19 compared to the prevalence in the general population [24, 25]. In Latin America, an analysis of
89756 laboratory-confirmed COVID-19 cases from Mexico [26] reported low prevalence of asthma of
3.6%; the reported prevalence in Brazil was even lower (1.6%) [27]. Two recent real-life studies Korea and
Spain reported a higher frequency of asthma in the COVID-19 population compared to the general
COVID-19 population (2.9% versus 1.6–2.2% and 1.41% versus 0.86%, respectively) [28, 29]. Recently, a
large cohort study from Israel reported that biologics approved for asthma and systemic corticosteroids
(SCS) were not associated with increased risk of SARS-CoV-2 infection in asthma patients [30].

Several reasons may explain these differences in epidemiology. The method of asthma diagnosis is
different between the studies, which may result in over or under diagnosis. Further, not all studies only
included PCR-confirmed COVID-19 cases. Another possible explanation is different levels vulnerability to
SARS-CoV-2 infection in different races or ethnic groups. PETERS et al. [31] found a higher expression of
ACE2 in African Americans, which may be related to increased rate of SARS-CoV-2 infection.
Furthermore, the prevalence of asthma in different counties is different, which may be related to

TABLE 1 Estimated asthma prevalence (%) among patients with coronavirus disease 2019 (COVID-19) in
comparison with the general population asthma prevalence in various countries [13–27, 38, 46]

Country National asthma prevalence (%) Asthma prevalence among SARS-CoV-2
positive patients (%)

China ∼1.5–6.5 ∼1–1.5
USA ∼8 ∼10–18
UK ∼12–18 ∼14–18
Australia ∼20 ∼10–14
Spain ∼6–7 ∼5
Italy ∼6 ∼1
Ireland ∼9 ∼11
Switzerland ∼5 ∼6.5
Germany ∼7–8 ∼10–11
Israel ∼7.5–8.5 ∼5
Mexico ∼2.5 ∼2–3
Brazil ∼12.5–13.0 ∼5–6
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differences in environmental exposure, socioeconomic level and genetic predisposition. Furthermore, the
prevalence among different ethnic groups is known to be different. In the US, for instance, the prevalence
of asthma in African Americans is 10.6% while it is 7.6% in white Americans. Moreover, some authors
hypothesised that the use of ICS could have a protective and therapeutic effect on COVID-19 [32]. ICS
were found in in vitro studies to inhibit SARS-CoV-replication 2 in infected epithelial cells and reduced
the expression of ACE2 and TMPRS in sputum epithelia cells [31–33]. Lastly, differences in local
shielding recommendations, the obedience of the asthmatic population, different infection rates and the
local policy of PCR testing may all affect the reported asthma prevalence among patients infected with
SARS-CoV-2.

Overall, the current evidence supports the notion that asthma does not increase the risk of SARS-CoV-2
infection.

Does asthma increase the risk of severe COVID-19?
Older age and comorbidities, such as obesity, cardiovascular disease and diabetes, are considered as
independent risk factors for severe COVID-19 and increased mortality [34]. Whether asthma should also
be considered as an independent risk factor is less clear. The different studies included non-uniform
asthmatic populations; therefore, diverse asthma severity, different asthma phenotypes and different
background therapies such as ICS and SCS may explain the different levels of COVID-19 susceptibility
and severity in asthma patients.

BEURNIER et al. [35] reported that, among hospitalised patients with severe pneumonia due to SARS-CoV-2
infection, asthma patients were not over-represented and patients with major comorbidities had worst
outcomes. AVDEEV et al. [36] described a low prevalence of asthma (1.8%) among 1,307 intensive care unit
patients with SARS-CoV-2 pneumonia who required mechanical ventilation. Based on prevalence data
from 150 studies conducted worldwide, TERRY et al. [37] found that there was no clear evidence of
increased risk of COVID-19 diagnosis, hospitalisation, severity or mortality due to asthma. In a systemic
review and metanalysis of 131 studies (410382 patients) LIU et al. [38] suggested that asthma was not
associated with more severe COVID-19 phenotypes and poor outcomes. In addition, patients with asthma
showed a tendency of lower death risk compared with patients without asthma, and no increase in the need
for intubation/mechanical ventilation. In contrast, SCHULTZE et al. [39], using the OpenSAFELY platform,
reported an increased risk of death from COVID-19 among asthma patients who had been prescribed
high-dose ICS; however, the authors concluded that the observed increased risks of COVID-19-related
death could be plausibly explained by unmeasured confounding factors such as disease severity and history
of exacerbations, among other clinical factors which were not taken into account and might have
influenced the results of the study. BLOOM et al. [40] found that patients with asthma were more likely to
receive critical care than patients without an underlying respiratory condition. In patients aged 16 years and
older, severe asthma was associated with increased mortality compared to non-severe asthma.

A study in Korea included 7590 COVID-19 patients and reported that the mortality rate for COVID-19
patients with underlying asthma (7.8%) was significantly higher than that of other patients (2.8%;
p<0.001) [28]. However, after adjustment to other comorbidities, asthma was not found to be an
independent risk factor for the clinical outcomes of COVID-19 [28]. A study from Spain also found an
increased risk of hospitalisation due to COVID-19 in patients with asthma but it was largely associated
with age and related comorbidities and mortality mainly affected elderly patients [29].

Severe asthma and COVID-19
The data on severe asthma and COVID-19 are scarce. A recent study from the Belgian Severe Asthma
Registry reported a relatively low incidence of COVID-19 in patients with severe asthma and no
association with a higher risk of SARS-CoV-2 infection or poor outcome [41]. HEFFLER et al. [42]
described the data from 1504 patients included in the Severe Asthma Network in Italy (SANI) and
conclude that in patients with severe asthma COVID-19 was infrequent and was not an independent factor
for severe COVID 19.

Consequently, based on the results of these and other studies, we may conclude that asthma including
severe asthma is not and independent factor for increased COVID-19 severity and mortality.

Asthma phenotype and COVID-19
The epidemiological findings that asthma is not associated with increased risk for SARS-CoV-2 infection
or severe COVID-19 raised the question whether a different asthma phenotype, mainly Th2-high and
Th2-low, might have a different susceptibility to SARS-CoV-2 infection and severity. CAMIOLO et al. [43]
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reported that in a subset of patients with asthma which exhibits a high Th1 and a low Th2 epithelial gene
expression signature in the bronchial epithelium, there is an increased expression of ACE2 receptor
overlapped with type 1 and 2 interferon signatures, normally induced by viral infections [43]. These
patients had other known risk factors for severe COVID-19, including male sex, history of hypertension
and lymphopenia. The authors suggest that people with asthma with Th2-low inflammation may be at
increased risk for adverse outcomes from COVID-19 [43]. In bronchial brush airway epithelial cells from
asthmatic patients, BRADDING et al. [44] identified a positive correlation between ACE2 gene expression
and a previously described interleukin (IL)-17-dependent gene expression signature, with an inverse
association with Th2-high gene expression. In a Korean nationwide cohort, YANG et al. [45] reported that
patients with non-allergic asthma had a greater risk of SARS-CoV-2 test positivity and severe clinical
outcomes of COVID-19 than those with allergic asthma, supporting the idea that the Th2-low phenotype
may be associated with an increased risk of severe COVID-19.

Many patients with Th2-low asthma are usually older with comorbidities such as obesity and diabetes and
have a chronic subclinical inflammation due metabolic dysregulation. These priming factors of the immune
system might expose those infected by SARS-CoV-2 to severe COVID-19 with a cytokine storm [46].

FERNANDO et al. [47] have suggested that a higher risk of hospitalisation in asthmatic women compared to
asthmatic men could be due to a Th2-low immunological skewness, a predisposition towards more severe
asthma, structural lung parenchymal differences and hormonal differences, which might increase asthmatic
women’s susceptibility to severe COVID-19, and in turn hospitalisation. However, ADIR et al. [48]
analysed a large database of 214013 people with asthma indicating that the higher number of
hospitalisations seen among asthmatic women was in fact due to a higher prevalence of comorbidities
known to be independent risk factors for COVID-19 severity. Furthermore, subgroup analyses suggest that
asthmatic women might have a lower risk of hospitalisation due to COVID-19 in the setting of
hypertension, diabetes and obesity, when compared to asthmatic men [48].

Regarding Th2 inflammation, the current data are controversial. The immune responses to viruses are
characterised by initial activation of innate immunity and production of interferons (IFN)-α/β and -λ [49, 50].
Interestingly, a defective production of IFN by plasmacytoid dendritic and epithelial cells has been
described in severe atopic patients with a consequent delayed and inefficient antiviral defence [51]. An
important link was found between immunoglobulin E (IgE) levels and suppression of Toll-like receptor
(TLR) 9-induced plasmacytoid dendritic cell IFN-α responses suggesting that in plasmacytoid dendritic
cells, antiviral responses might be suppressed similarly in the setting of atopy [51, 52]. Furthermore,
surface expression of the high affinity IgE receptor (FcεRI) on plasmacytoid dendritic cells significantly
correlates with serum IgE concentrations and is associated with diminished virus-induced IFN-α [53–55].
Interestingly. treatment with anti-IgE monoclonal antibody (omalizumab) may reduce plasmacytoid dendritic
cell FcεRI expression, suggesting improved antiviral responses [55].

JACKSON et al. [56] reported that ACE2 expression was significantly reduced in nasal and bronchial
epithelial cells of patients with allergy and asthma. Furthermore, it was associated with allergen exposure,
allergen sensitisation and high IgE levels. Conversely, nonatopic asthma was not associated with reduced
ACE2 expression. Other studies reported that IL-4 and IL-13, which are characteristics of Th2-high/
eosinophilic asthma, can downregulate ACE2 expression in airway epithelial cells whereas tumour necrosis
factor (TNF), IL-12 and IL-17A, which are cytokines highly produced in Th17/neutrophilic asthma, can
upregulate ACE2 expression in vitro. Moreover, circulating soluble ACE2, which is upregulated in asthma,
could act as a competitive interceptor, limiting the ability of SARS-CoV-2 to bind to airway cell
membranes. In patients with Th2-high inflammation, ACE2 gene expression is downregulated [4, 57, 58].
Analysis of nasal airway transcriptome data from 695 children demonstrated that TMPRSS2 is highly
upregulated by Th2 inflammation through the action of IL-13 [59]. However, there are very few cells
co-expressing ACE2 and TMPRSS2 simultaneously. Therefore, it is questionable whether this increased
TMPRSS2 expression favours SARS-CoV-2 infection in patients with allergic asthma [59]. Interestingly,
WARK et al. [60] demonstrated reduced ACE2 expression in in lower bronchial epithelial cells in patients
with asthma but did not find a difference in ACE2 expression with atopy or bronchial lavage eosinophil
count. Furthermore, a reduced ACE2 expression was found to be associated with reduced furin expression
in subjects with asthma in concert with increased expression of ADAM-17, which may suggest that IL-13
may downregulate ACE2 expression via ADAM-17 prior to infection with SARS-CoV-2.

Another unresolved question is whether Th2 inflammation affects the risk of severe COVID-19. Th2
inflammation downregulates the production of pro-inflammatory cytokines such as IL-1β, TNF-α and IL-6,
which are important in the defence against viral infections but also have a role in the late-phase
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hyper-inflammation that is a typical phase in COVID-19 leading to severe disease [51]. A recent study by
ZHU et al. [23] based on data from the UK Biobank reported that adults with nonallergic asthma had a
higher risk of severe COVID-19, whereas the risk of severe COVID-19 was not significantly elevated in
patients with allergic asthma. Based on a nationwide database from Korea, YANG et al. [45] also reported
that patients with nonallergic asthma had a greater risk of SARS-CoV-2 test positivity and severe clinical
outcomes of COVID-19 than those with allergic asthma.

Interestingly, hospitalised patients with COVID-19 usually did not have asthma exacerbations, contrasting
with findings in patients infected with other respiratory viruses which are important causes of asthma
exacerbations [35]. One of the possible explanations for this is a high prevalence of Th2 inflammation,
mainly in children, which has a protective effect on SARS-CoV-2 infectivity and disease severity.

Asthma medications and the risk for SARS-CoV-2 infection and disease severity
The COVID-19 pandemic raises important questions regarding the use of ICS, SCS and biologics in
asthma patients and the risk of increased SARS-CoV-2 infectivity or disease severity (figure 1).

ICS
ICS are used as anti-inflammatory controller therapy given either alone or in a combination with
long-acting bronchodilators. The potential immunosuppressive effects of ICS, which may promote viral
replication, delayed viral clearance and increased risks of secondary infections, raised concern regarding
their use in asthma patients with COVID-19 [61, 62]. Furthermore, in vitro studies reported that ICS led to
decreased rhinovirus elimination and decreased immune response to rhinoviral infection [61, 62]. In
contrast, there are evidence to suggest that ICS may be beneficial in viral infections, specifically those due
to coronavirus [63]. Previous studies have demonstrated that ICS reduced inflammatory cytokines levels
such as IL-6 and IL-8 [64, 65]. In a retrospective analysis of data on 1520 patients hospitalised due to A/
H1N1, MYLES et al. [66] found that asthma patients were less likely than non-asthma patients to have
severe outcomes, which might be explained by pre-admission ICS use in asthma patients. In addition,
pre-treatment of human respiratory epithelial cells in vitro with budesonide, in combination with
glycopyrronium and formoterol, has inhibitory actions on coronavirus HCoV-229E replication and
cytokine production [64]. MATSUYAMA et al. [33] reported that ciclesonide suppressed SARS-CoV-2
replication in cultured cells and inhibits SARS-CoV-2 cytopathic activity. In an analysis of gene expression
for ACE2 and TMPRSS2 in sputum cells from 330 well-defined asthma patients, PETERS et al. [31] found
a significantly lower expression of ACE2 and TMPRSS2 in patients treated with ICS. Most of the
epidemiological studies have reported that there is no evidence that the use of ICS either increases
SARS-CoV-2 infectivity and COVID-19 severity or has a beneficial effect on outcome. Using big-data
analytics and artificial intelligence through the SAVANA Manager clinical platform, IZQUIERDO et al. [29]
analysed clinical data from 71182 patients with asthma. They concluded that ICS showed a safe profile.
Compared to asthma patients who required hospitalisation due to COVID-19, a significantly higher
percentage of non-hospitalised patients used ICS [26]. CHOI et al. [28] reported that ICS treatment was not
found to be an independent factor for poor clinical outcomes of COVID-19. In contrast, using the

Infection with SARS-CoV-2

Previous treatment

with SCS

No increased risk No increased risk

ICS
Biologics

No increased risk

No increased risk

No increased risk

No increased risk

No increased risk

Increased risk

Increased risk

Asthmatic patients with positive

PCR for SARS-CoV-2

COVID-19 severity

COVID-19 mortality

FIGURE 1 Asthma medications and the risk for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and disease severity. COVID-19: coronavirus disease 2019; ICS: inhaled corticosteroids; SCS: systemic
corticosteroids.
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OpenSAFELY platform, SCHULTZE et al. [39] reported an increased risk of death from COVID-19 among
people with asthma prescribed high-dose ICS. However, the authors suggest that this association could
readily be explained by unmeasured confounders [39]. Interestingly, a large multi-centre prospective cohort
study by BLOOM et al. [40] reported that the use of ICS in patients aged 50 years and older within 2 weeks
of admission was associated with decreased mortality. One major difference between the studies which
may explain the discrepancy in the results is that in some of them the ICS treatment was taken as a whole
and was not stratified to assess the effect of different doses of ICS.

As discussed, ICS have anti-inflammatory effects in the lungs, reduce expression of ACE-2 and TMPRSS2
in bronchial epithelial cells, and may reduce replication of SARS-CoV-2 in epithelial cells in vitro.
Therefore, it was thus hypothesised that ICS might have a protective role in SARS-CoV-2 infection. In the
Steroids in COVID-19 (STOIC) trial, an open-label, parallel-group, phase 2, randomised controlled trial,
inhaled budesonide, when given to adults with early COVID-19, reduced the likelihood of requiring urgent
care, emergency department consultation or hospitalisation, with faster symptom resolution [67]. This led
to the PRINCIPLE trial in order to try to establish whether inhaled budesonide reduces time to recovery
and COVID-19-related hospital admissions or deaths among people at high risk of complications in the
community [68]. Inhaled budesonide reduced symptom burden and time to recovery, with a high
probability of also reducing the need for hospital admission, albeit just below the prespecified superiority
threshold in the primary analysis population.

Altogether, it seems that ICS are not an independent risk factor for increased SARS-CoV-2 infectivity or
COVID-19 severity. ICS may have a role in the treatment of early COVID-19 in the community; however,
larger studies are needed to better understand the effect of ICS on COVID-19 pathophysiology, the
effectiveness of other ICS and the effect on fully vaccinated people with COVID-19.

SCS (figure 2)
The RECOVERY trial clearly showed that oral or intravenous administration of dexamethasone (at a dose
of 6 mg once daily; equal to prednisone 40 mg), for up to 10 days (or until hospital discharge if sooner),
significantly reduces 28-day mortality among patients admitted to hospital with COVID-19 receiving
invasive mechanical ventilation or oxygen [69]. The data on COVID-19 in patients receiving chronic or
regular SCS therapy for asthma remain scarce. Using the OpenSAFELY platform to examine factors
associated with COVID-19-related death, WILLIAMSON et al. [34] reported that severe asthma defined by

No OCS (reference) No OCS (reference) None (reference)

1 Prescription

2 Prescriptions

>3 Prescriptions

OCS use

a) b) c)

Recent OCS use

Former OCS use

1.0 1.0 1.2 1.3

HR (95% CI) HR (95% CI)

1.4 1.5 1.6 1 2 0.8 1 2

HR (95% CI)

FIGURE 2 Association of oral corticosteroids use and outcomes in asthmatic patients with coronavirus disease 2019 (COVID-19). Reproduced from
ADIR et al. [30]. a) Adjusted# hazard ratios (HRs; 95% CI) for the association oral corticosteroids (OCS) use in the prior year and the composite of
moderate to severe COVID-19 or all-cause mortality within 90 days following PCR date among adult asthmatic patients with positive PCR for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (n=8242). OCS use refers to any use in the year before baseline with no OCS use serving as
reference category. b) Adjusted# HRs (95% CI) for the association recent and former OCS use and the composite of moderate to severe COVID-19 or
all-cause mortality within 90 days following PCR date among adult asthmatic patients with positive PCR for SARS-CoV-2 (n=8242). c) Adjusted# HRs
(95% CI) for the association between the number of filled steroids prescriptions in the prior years and the composite of moderate to severe
COVID-19 disease and all-cause mortality within 90 days following PCR date among adult asthmatic patients with positive PCR for SARS-CoV-2
(n=8242). #: adjusted for age, sex, ethnicity, diabetes, hypertension, ischaemic heart disease, obesity, smoking and biologics use.
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recent SCS use (less than 1 year from the day of SARS-CoV-2 infection, no details of the form or dose of
the SCS were given), was associated with increased mortality. In a smaller group of 15 asthma patients
who received SCS (13 of them in the 2 weeks before COVID-19 diagnosis), CHHIBA et al. [70] reported
that SCS (short course of prednisone, doses are not mentioned), was not associated with COVID-19-related
hospitalisation. A recent large nationwide study of 80602 adult asthma patients in Israel, reported that
chronic SCS use (oral prednisone 5–40 mg per day) as well as recent use (defined as within less than
120 days) and more than two prescriptions of SCS (up to 40 mg a day) for 3 days or more for asthma
exacerbation during the last year were all an independent risk factor for worst COVID-19 severity and
all-cause mortality [30]. Conversely, SCS use did not increase the likelihood of being infected with
SARS-CoV-2 [30]. There is no clear explanation why treatment with SCS is found to be an independent
risk factor for disease severity and mortality. The evidence supporting the use of SCS in other causes of
viral pneumonia are weak, mainly due to differences in the dose of SCS used, disease severity and medical
condition [71–73]. In the RECOVERY trial [69], the positive effect of SCS on mortality may be explained
by the later stage of SCS administration where the inflammation process is dominant and active viral
replication is low. On the other hand, the need for SCS to treat and/or prevent exacerbations and to
improve asthma control define a group of patients with severe uncontrolled asthma which are at increased
risk for severe COVID-19 and poor outcome. In conclusion, the use of SCS, whether for chronic, recent or
for recurrent exacerbations, is a clear risk factor for increased COVID-19 severity and mortality.

Biologics
Biological therapy approved for asthma include anti-IgE, anti-IL-5/anti-IL-5R and anti-IL4Rα which are
indicated for patients with uncontrolled severe allergic/eosinophilic asthma, with recurrent exacerbations
[74]. These biologics block pathways of Th2 inflammation, which might have a protective effect against
COVID-19 as indicated above. Therefore, concerns have been raised whether the use of biologics may be
associated of increased risk of SARS-CoV-2 infection or increased COVID-19 severity [51, 56].

Eosinophils have a role in fighting viral infections, especially against RNA viruses [75–77]. TLR7, which
recognises viruses and single-stranded RNA, is one of the most important viral receptors in eosinophils,
underscoring the role of eosinophils in virus recognition [78]. Eosinopenia was found in patients
presenting with moderate-to-severe COVID-19 and is typically accompanied by reductions in peripheral
lymphocyte, platelet and monocyte counts [79–82]. Furthermore, eosinophil counts have been included in
several algorithms used to predict disease severity [83, 84]. FERASTRAOARU et al. [85] found that
pre-existing eosinophilia (⩾150 cells·μL−1) in asthmatic patients was protective from COVID-19-associated
admission, and development of eosinophilia (⩾150 cells·μL−1) during hospitalisation was associated with
decreased mortality. HO et al. [86] reported that blood eosinophils greater than or equal to 200 cells·mL−1,
both in those with and without asthma, may be associated with reduced mortality risk. Eosinophils are the
major target of the three anti-IL5/IL5R asthma biologics, mepolizumab, reslizumab and benralizumab,
which cause either reduction or depletion of tissue and peripheral blood eosinophils. Therefore, the major
concern is whether reducing the number of eosinophils and their products may affect the susceptibility or
severity of SARS-CoV-2 infection.

However, the clinical evidence shows that the use of biologics is safe [73]. In a study by ADIR et al. [30], a
significantly lower eosinophil count (42±39·μL–1) in patients treated by biologics was not found to be
associated with increased COVID-19 severity and mortality.

IZQUIERDO et al. [29] reported that the incidence of COVID-19 was higher among those on biologics
compared to the general asthma population (2.3% versus 1.4%), but that the number of COVID-19-related
admissions and mortality in these patients was low. Use of biologic therapy was not associated with
COVID-19 severity in the Severe Asthma Network in Italy and the Belgian Severe Asthma Registry [27,
28]. In a cross-sectional telephone-based survey including 473 patients on biological therapy, MATUCCI

et al. [87] found no increased risk for COVID-19. A Spanish study of 545 patients with severe asthma on
biologics treatment reported no increased risk of COVID-19 infection or greater disease severity and
mortality [88]. Recently, ADIR et al. [30] did not find an increased risk for SARS-CoV-2 infection or
increased COVID-19 severity in a large cohort of 514 asthma patients on biologics.

Previous studies have reported a close association between allergic sensitisation and the risk of acute
virus-induced wheezing episodes [89–91]. Furthermore, allergic inflammation can impair antiviral
responses and in early childhood allergic sensitisation is followed by viral wheezing [53, 92]. These
findings suggest that mechanisms involving IgE might reduce antiviral responses. Indeed, several studies
reported that treatment with anti-IgE-omalizumab was able to reduce the duration of rhinovirus infections,
viral shedding and risk of rhinovirus illnesses [74, 94, 95]. HEYMANN et al. [95] demonstrated that blocking
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IgE with omalizumab resulted in a marked reduction in the percentage of asthma patients who experienced
lower respiratory tract symptoms. In the PROSE study the investigators found that inhibition of IgE
reduced morbidity caused by naturally acquired rhinovirus infections and that these effects include
reductions in viral illnesses, viral asthma exacerbations, and the duration and peak of viral shedding [95].
However, there is no clinical evidence that omalizumab reduced or increased the risk of SARS-CoV-2
infectivity or disease severity [30]. Dupilumab is a humanised mAb directed against the alpha chain of the
IL4 receptor shared by both IL4 and IL13. The study by ADIR et al. [30] included 60 patients on
dupilumab. Again, no increased risk for SARS-COV-2 infection or COVID-19 severity was found.
Overall, the current evidence suggests that biological treatment for severe allergic and eosinophilic asthma
does not increase the risk for SARS-CoV-2 infection or COVID-19 severity.

Conclusion
Although at the beginning of the COVID-19 pandemic there were concerns that asthma patients could be at
increased risk for SARS-CoV-2 infection and disease severity, it appears that asthma is not an independent
risk factor for both. Furthermore, asthma is not over-represented in hospitalised patients with severe
pneumonia due to SARS-CoV-2 infection and there has been no increased risk of asthma exacerbations
triggered by SARS-CoV-2 in that setting. Interestingly, a large difference in the incidence of COVID-19 in
asthma patients was found in different geographical areas. This difference might be explained by several
factors including a different vulnerability to COVID-19 infection and differences in asthma prevalence in
different races or ethnic groups. There is accumulating evidence that asthma phenotypes are important
factors in evaluating the risk for SARS-CoV-2 infection and disease severity, as findings suggest that
Th2-high inflammation may reduce the risk of SARS-Cov-2 infection and disease severity in contrast to
increased risk in patients with Th2-low asthma. Regarding asthma medications, the use of ICS, despite
early concern about immunosuppression, is safe. Furthermore, ICS do not increase infectivity or disease
severity. In contrast, chronic or recurrent use of SCS before SARS-CoV-2 infection is a major risk factor
for poor outcomes and worst survival. Biological therapy for severe allergic and eosinophilic asthma does
not increase the risk of being infected with SARS-CoV-2 or having worse COVID-19 severity. These data
emphasise the need for optimised management of asthma patients in order to achieve asthma control and
avoid whenever possible the need for chronic or recurrent use of SCS. However, further studies are needed
to answer still unresolved questions such as the relation between different asthma phenotypes and
SARS-CoV-2 infection.
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