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Abstract: Management of patients with asthma during the coronavirus disease 2019 (COVID-19)
pandemic is a concern, especially since asthma predisposes patients to respiratory problems. Interest-
ingly, asthma characterized by type 2 inflammation, also known as T-helper type 2-high endotype,
displays a cellular and molecular profile that may confer protective effects against COVID-19. The
results of experimental and clinical studies have established the actions of immunoglobulin E (IgE)
in inducing airway hyperreactivity and weakening an interferon-mediated antiviral response fol-
lowing respiratory viral infection. Robust evidence supports the beneficial effect of the anti-IgE
biologic treatment omalizumab on reducing respiratory virus-induced asthma exacerbations and
reducing the frequency, duration, and severity of respiratory viral illness in patients with asthma.
Indeed, accumulating reports of patients with severe asthma treated with omalizumab during the
pandemic have reassuringly shown that continuing omalizumab treatment during COVID-19 is
safe, and in fact may help prevent the severe course of COVID-19. Accordingly, guidance issued
by the Global Initiative for Asthma recommends that all patients with asthma continue taking their
prescribed asthma medications, including biologic therapy, during the COVID-19 pandemic. The
impact of biologic treatments on patients with asthma and COVID-19 will be better understood as
more evidence emerges.
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1. Introduction

Globally, the coronavirus disease 2019 (COVID-19) pandemic has inflicted enormous
health and societal impact, and will likely continue to do so into the foreseeable future.
Not only has COVID-19 directly caused morbidity and mortality at historic levels, it
has also been attributed to significant consequences in the management of patients with
chronic diseases. COVID-19 is caused by the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), and can lead to respiratory failure and death, similar to novel
coronavirus diseases that have occurred in the past, such as the severe acute respiratory
syndrome (SARS) and the Middle East respiratory syndrome (MERS) [1]. Understandably,
there has been concern that patients with chronic respiratory diseases, such as asthma,
may be at an increased risk of poorer outcomes if infected with SARS-CoV-2, which
has led to considerations of adjustments to the standard management of these patients
during the pandemic. Fortunately, clinical data accumulated thus far have revealed that
people with asthma do not seem to suffer a markedly increased risk of SARS-CoV-2
infection or burden from COVID-19 compared to people without asthma [2–5]. However,
as the manifestation of COVID-19 clearly shows a high degree of variation among those
affected, it can still be reasonably expected that COVID-19 may have a variable impact
across patients with different asthma types. Specifically, it has been hypothesized that the
cellular and molecular profile of type 2 inflammation confers to a reduced susceptibility to
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COVID-19 in patients exhibiting this asthma endotype [6,7]. The immunoglobulin E (IgE)
blocking agent omalizumab is a biologic therapeutic agent widely used as an adjunctive
treatment in patients with persistent moderate-to-severe asthma, and markers of type 2
inflammation are used as predictors of anti-IgE treatment response [8]. However, the effects
of immunomodulation with anti-IgE biologic treatment on COVID-19 have not been fully
elucidated. With the aim of improving the understanding of the relationship between
asthma, COVID-19, and asthma treatments including anti-IgE biologic therapy, current
evidence regarding plausibly linked underlying mechanisms and potential implications in
the management of patients with asthma during the COVID-19 pandemic are explored in
this review.

2. Asthma Classification into Phenotypes and Endotypes

In all asthma patients, the disease manifests as an obstruction of airflow due to airway
hyperresponsiveness, leading to symptoms of wheezing, shortness of breath, cough, and
chest tightness. However, recent revelations in pathophysiology of asthma have uncovered
underlying heterogeneity, and “asthma” is no longer considered a single disease entity
but rather an umbrella term used to describe a collection of various phenotypes and
endotypes [9]. While phenotyping categorizes asthma patients according to observable
clinical characteristics, endotyping differentiates patients according to disease mechanisms
at a molecular level, and thereby serves as an essential basis for an individualized treatment
in precision medicine [10]. Traditionally, phenotyping of asthma has grouped patients into
the broad categories of atopic/extrinsic asthma and non-atopic/intrinsic asthma based
on clinically observable variables such as age at onset, exacerbating factors, concomitant
comorbidities, and response to treatment [11–13]. However, experience has revealed that
traditional phenotyping does not adequately reflect the diversity of the disease nor account
for the varying responses to therapies [9,13]. Urged by the advent of a multitude biologic
therapies that target specific inflammatory mediators, a shift toward an endotype-driven
asthma treatment paradigm has occurred in recent years.

Based on the landmark study conducted by Wenzel et al. over 20 years ago, the most
widely recognized inflammatory endotypes of severe asthma are currently the T-helper
type 2 (Th2)-high endotype and Th2-low endotype [12]. The Th2-low endotype is charac-
terized by neutrophilic or paucigranulocytic non-allergic airway inflammation associated
with the elevation of the inflammatory mediators interleukin (IL)-1β, IL-6, IL-17, interferon
(IFN)-G, and tumor necrosis factor (TNF)-α [14]. In the Th2-high endotype, Th2 cells gen-
erate high levels of IL-4, IL-5, and IL-13, which drive IgE production and the recruitment
of eosinophils. More recently, evidence has shown that group 2 innate lymphoid cells
(ILC2s) are also producers of Th2-related cytokines in airway tissues and contribute to
the initiation and propagation of airway inflammation [15,16]. Concordantly, Th2-high
inflammation is also termed type 2 (or T2) inflammation to reflect that both adaptive immu-
nity and innate immunity play important roles in asthma pathophysiology [9]. Although
the presence of type 2 inflammation is more accurately determined by an assessment of
key cellular effectors via tissue biopsy and induced sputum analysis, these invasive proce-
dures are infeasible in routine clinical practice and are generally reserved for research [10].
Alternatively, measurement of fractional exhaled nitric oxide (FeNO), free and total IgE con-
centrations in serum, and eosinophil count in blood and sputum have been linked to type 2
cytokine involvement, and these biomarkers are currently utilized to approximately predict
responsiveness to type 2 inflammatory pathway-targeted biologic therapies, including
omalizumab (anti-IgE agent); mepolizumab, reslizumab, and benralizumab (anti-IL-5/IL-5
receptor agents); and dupilumab (anti-IL-4/IL-13 agent) [8].

3. Asthma, COVID-19, and ACE2 Interrelationship

Compared to individuals without asthma, patients with asthma are known to be at
an increased risk for common viral respiratory infections as well as at an increased risk
for infection-related complications such as virus-induced asthma exacerbations and viral



Life 2022, 12, 153 3 of 13

respiratory infection requiring intensive care [17–19]. The United States Centers for Disease
Control and Prevention has cautioned that people with moderate-to-severe asthma may be
at an increased risk for SARS-CoV-2 infection and more severe COVID-19 [20]. Interestingly,
however, asthma has not been consistently shown to be a clear risk factor for SARS-CoV-2
infection, and in fact, most studies have reported similar if not lower rates of asthma among
patients with COVID-19 compared to the general population [21–24]. Asthma has also not
been consistently shown to be a risk factor for severe clinical outcomes of COVID-19 [23–26].
A review of 150 studies conducted worldwide found comparable prevalence rates of asthma
between patients with COVID-19 who were hospitalized vs. not hospitalized between
patients with severe COVID-19 vs. not severe COVID-19, and between patients who died of
COVID-19 vs. those who survived [23]. Furthermore, reported rates of hospitalization for
COVID-19-related asthma exacerbations and asthma exacerbation during hospitalization
for COVID-19 have been low [4,27].

A possible protective effect of a Th2-high asthma endotype against poor clinical
outcomes of COVID-19 has been suggested (Figure 1). A nationwide study in Korea
showed that among patients with asthma, those with allergic asthma were at a lower
risk of COVID-19 morbidity and mortality than patients with non-allergic asthma [24].
According to experimental studies, eosinophils may have a role in promoting respiratory
virus clearance and antiviral host defense, which leads to the postulation that asthma
patients with type 2 inflammation characterized by an increased number of eosinophils in
the airway might be protected against severe COVID-19 outcomes [28,29]. In a retrospective
cohort study conducted in Wuhan, China including 59 patients with confirmed COVID-
19 and underlying chronic respiratory disease (chronic bronchitis, chronic obstructive
pulmonary disease, or asthma), 73% of patients suffering severe COVID-19 had a low
blood eosinophil count of less than 0.2 × 109 cells/L compared to 24% of patients who had
non-severe COVID-19 (p < 0.001) [30]. In a retrospective study including 951 patients with
asthma and COVID-19 conducted in the United States, pre-existing eosinophilia defined as
a blood eosinophil count of ≥150 cells/µL was associated with reduced COVID-19-related
hospitalization and mortality [6]. In the same study, among patients who had eosinopenia
(absolute eosinophil count of 0 cells/µL) at the time of hospitalization, those in whom the
eosinophil count increased to above ≥150 cells/µL during admission were significantly less
likely to die (mortality rate 9.6%) compared to patients whose eosinophil count remained
<150 cells/µL throughout hospitalization (mortality rate 25.8%) (odds ratio [OR], 0.006; 95%
confidence interval [CI], 0.0001–0.64; p = 0.03). In contrast, Th2-low endotype of asthma
is characterized by neutrophilia, which is associated with a neutrophil extracellular trap
formation and promotion of tissue injury, as well as an increased level of IL-17, which
results in the propagation of proinflammatory cytokines [31].

Rhinoviruses are picoronaviruses that gain entrance into host airway epithelial cells
via intracellular adhesion molecule 1 (ICAM-1), a low-density lipoprotein receptor (LDLR),
and cadherin-related family member 3 (CDHR3) [32,33]. In patients with chronic allergic
asthma, epithelial barrier disruption may lead to increased accessibility of rhinoviruses to
CDHR3, which is mainly localized on cell surfaces along intercellular junctions [33]. In
contrast, angiotensin-converting enzyme-2 (ACE2) has been identified as the receptor for
the SARS-CoV-2 spike protein that provides the entryway for the virus into host cells [34].
Studies have reported a correlation between increased ACE2 expression and increased
infectivity of SARS-CoV-2 [35,36]. Compared to airway cells of patients with non-allergic
asthma, cells of patients with allergic asthma show lower ACE2 expression [7]. Exposure
to the type 2 cytokines IL-4 and IL-13 was shown to reduce ACE2 expression in airway
epithelial cells [37]. Furthermore, using a blood eosinophil count as a biomarker for
type 2 inflammation, cut-off values of 150 and 300 cells/µL effectively identified patients
with differential expression levels of ACE2 [38]. Therefore, evidence suggests that type 2
inflammation characteristic of the Th2-high asthma endotype is associated with lower ACE2
expression in the airway, thus potentially conferring a protective effect against COVID-19.
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Conversely, ACE2 expression has been shown to be upregulated by IL-17, which is elevated
in the Th2-low asthma endotype [39].

Figure 1. Characteristics of the Th2-high endotype asthma vs. Th2-low endotype asthma that may con-
fer different effects against COVID-19. ACE2, angiotensin-converting enzyme 2 receptor; COVID-19,
coronavirus disease 2019; IL, interleukin; NETs, neutrophil extracellular traps; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; Th2, T-helper type 2.

4. Role of Airway Epithelium in COVID-19 and Asthma

Previously, airway epithelium was considered to simply serve as a mechanical barrier
enabling gas exchange. It is now understood that airway epithelium is a complex tissue
that performs a multitude of crucial functions, including the mediation of immune mecha-
nisms [40]. The sinonasal airway epithelium is the initial site of SARS-CoV-2 infection and
viral replication, and at this stage of infection, ciliated and mucus-secreting goblet cells that
express ACE2 are the primary targets [41]. Early stages of COVID-19 are typically associ-
ated with relatively mild symptoms, likely related to the dampening of interferon-driven
innate immune response to SARS-CoV-2 in nasal and bronchial epithelium [42,43]. Follow-
ing the initial stage, the disease extends down the respiratory tract to the gas exchange
portion of the lung where ACE2-expressing alveolar type II cells become the primary target
of viral entry and replication [41]. Whereas in the nasal epithelium, damaged ciliated and
secretory cells are replaced by progenitor basal cells that are spared from viral destruc-
tion [44], damage to alveolar type II cells results in much more dire consequences. Not only
do alveolar type II cells secrete functional surfactant, they are also the progenitor cells for
epithelial cells, and their destruction leads to gas exchange dysfunction, alveolar flooding
from disrupted epithelium, and initiation of an innate immune response which further
propagates alveolar damage due to inflammation [41].

In the context of asthma, the coordinated protective mechanisms of airway epithelium
are disturbed differently in Th2-high (type 2 inflammation) and Th2-low (non-type 2 in-
flammation) asthma endotypes/phenotypes. The dysfunction of ciliated and secretory cells
is observed in both asthma types; however, in Th2-high asthma the key early activators
released by epithelial cells in response to allergens are IL-25, IL-33, and thymic stromal lym-
phopoietin (TSLP), whereas in Th2-low asthma, TNF-α, IL-6, IL-8, and IL-1β are the main
inflammatory mediators released in response to environmental factors [45]. Importantly,
in both asthma types, viruses are among the external factors that can instigate asthma
pathogenesis at the epithelium, likely in part due to epigenetic mechanisms by which
gene expression is modulated by DNA methylation, histone modulation, or translation
modification by microRNAs in response to external stimuli [40,46]. How all of these factors
are influenced by COVID-19 requires further study.
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5. Therapeutic Management of Asthma Patients during the COVID-19 Pandemic

As asthma has not been clearly shown to be a significant risk factor for SARS-CoV-2
infection or poor outcomes in COVID-19, major modification to established guideline-
recommended standard asthma treatment during the COVID-19 pandemic has not been
deemed necessary. According to the Global Initiative for Asthma (GINA) guidance about
COVID-19 and asthma updated in March 2021, it is important to continue good asthma
management in order to maintain optimal symptom control, to reduce the risk of severe
exacerbations, and to minimize the need for oral corticosteroids, thus reducing the need
to seek urgent medical care and consequential potential exposure to SARS-CoV-2 [47].
In a nationwide health insurance claims data-based study conducted in Korea, which
included 218 patients with confirmed COVID-19 and underlying asthma, in univariate
analyses, use of short-acting beta agonists was a significant risk factor for intensive care
unit admission and use of long-acting beta agonists was a significant protective factor for
hospital admission duration, though these factors were no longer significant in multivariate
analyses [48]. In terms of the total medical cost burden associated with COVID-19, use of
oral short-acting beta agonists in the past year was an independent risk factor for increased
cost burden. Furthermore, compared to patients with GINA step 1 asthma (mild asthma not
requiring maintenance treatment), patients with GINA step 5 asthma (moderate-to-severe
asthma that is difficult to control despite a medium/high dose inhaled corticosteroid plus
long-acting beta agonist) required a longer duration of hospitalization for COVID-19 in
both univariate and multivariate analyses. These findings support that optimal asthma
control with an adequate use of maintenance therapies may improve prognosis in patients
with asthma who contract COVID-19; therefore, patients should be advised to continue
taking their prescribed asthma medications, including biologic therapy and inhaled or
oral corticosteroids, as is recommended by GINA. In addition, all patients should have a
written asthma action plan that advises on controller and reliever medication use in case of
worsening asthma symptoms. In addition, GINA guidance recommends the avoidance of
nebulizer use as a precaution against virus transmission via airborne particles, and that
switching to pressurized metered dose inhalers (with a spacer if needed) is preferable.
Similarly, avoidance of spirometry during healthcare visits is also recommended as a
transmission-based precaution.

6. COVID-19 Vaccination in Patients with Asthma

In addition to maintaining optimal symptom control by continuing all prescribed
asthma medications during the pandemic, patients with asthma should be further pro-
tected with COVID-19 vaccination. Patients with chronic allergic and atopic diseases,
including those treated with biologic agents, have not exhibited increased risk for hypersen-
sitivity reactions after a COVID-19 vaccination [49]. Based on presently understood risks
and benefits, GINA guidance recommends that people with asthma undergo COVID-19
vaccination, and the Pfizer/BioNTech and Moderna COVID-19 vaccines were specifically
mentioned in the GINA guidance document released in October 2021 [47]. The safety
and tolerability of the mRNA COVID-19 Pfizer/BioNTech vaccine in 253 patients with
severe asthma were evaluated in a survey study conducted in Italy [50]. According to
patient-reported results collected via a vaccination-related adverse events questionnaire,
over 80% of patients did not report adverse events after receiving the first and second doses
of the vaccine. Among patients who did report experiencing adverse events following
vaccination, the reported effects were mostly very common effects such as injection site
pain and swelling, weakness, fever, myalgia, arthralgia, and headache, reported by 80%
of patients after the first dose and 95% after the second dose, and no patient reported
experiencing a rare post-vaccination side effect, including facial asymmetry or severe
allergic reaction. In this population of severe asthma patients, 220 (87%) patients were
receiving ongoing biologic treatment, and proportions of patients experiencing adverse
events following the first and second vaccine doses were comparable across biologic agents
(benralizumab 16.9–23.1%, mepolizumab 19.3–20.7%, omalizumab 21.8–22.8%, dupilumab
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11.1%). According to GINA guidance, patients with asthma should continue to receive the
annual influenza vaccine, with a separation of at least 14 days between COVID-19 and
influenza vaccinations. Finally, guidance suggests that biologic therapy and a COVID-19
vaccine should not be given on the same day to allow adverse effects of either to be more
easily distinguishable.

7. Impact of Oral and Inhaled Corticosteroids on COVID-19

Compared to patients with asthma of Th2-low endotype, those with Th2-high endo-
type show higher responsiveness to corticosteroid treatment [51]. As corticosteroids have
immunosuppressive effects, the impact of corticosteroids on COVID-19 outcomes may be
concerning for many clinicians [52]. Previous studies of corticosteroid treatment during
respiratory viral illness, including SARS, have generally shown a lack of effectiveness in
reducing morbidity and instead, possible harm [53,54]. Earlier in the pandemic, when
COVID-19-specific evidence relating to corticosteroid use was still largely lacking, the
World Health Organization (WHO) initially recommended against the use of systemic
corticosteroids to treat COVID-19 in its clinical management guidance document released
in March 2020 [55]. However, as studies evaluating various treatments, including corti-
costeroids, in patients with COVID-19 have rapidly accumulated, the WHO changed its
stance in a guidance document released in September 2020, which stated a strong rec-
ommendation for the use of systemic corticosteroids in the treatment of patients with
severe and critical COVID-19 based on the most current evidence [56]. The updated WHO
guidance specifically referenced the preliminary report of the now published RECOVERY
multicenter, randomized controlled trial, which included 6425 hospitalized patients with
COVID-19 who were randomized to receive oral or intravenous dexamethasone 6 mg once
daily in addition to usual care or usual care alone [57]. Final results of the RECOVERY
study showed that dexamethasone-treated COVID-19 patients had a significantly lower
risk of the primary outcome of 28-day mortality compared to those who received usual
care alone (age-adjusted rate ratio, 0.83; 95% CI, 0.75–0.93; p < 0.001) [57]. However, in the
subgroup analysis according to respiratory support at randomization, mortality risk was
significantly reduced in patients requiring invasive mechanical ventilation or oxygen only,
but was not significantly reduced in patients who did not require respiratory support. In
the PRINCIPLE study [58], which is a randomized controlled trial, older non-hospitalized
patients with COVID-19 (65 years of older or 50 years or older with comorbidities) who
received inhaled budesonide 800 µg twice daily for 14 days in addition to usual care had
a significantly shorter time to recovery by approximately 3 days compared to those who
received usual care alone.

The burden of COVID-19 among patients with chronic respiratory diseases has not
been shown to be increased, and indeed was shown to be decreased in some studies, com-
pared to the general population [59]. This rather unexpected finding has been hypothesized
to be attributed to potential protective effects of respiratory disease treatments against
SARS-CoV-2 infection and severe disease. Observational studies have shown that inhaled
corticosteroid use in patients with asthma was associated with the increased prevalence of
non-COVID-19 upper and lower respiratory tract infections [60,61]. In contrast, inhaled cor-
ticosteroid treatment has been associated with a reduced expression of ACE2, the entryway
of SARS-CoV-2 into host cells, thereby potentially reducing SARS-CoV-2 susceptibility and
morbidity [62,63]. Results of an in vitro study have shown that pre-treatment of human
nasal and tracheal epithelial cells with budesonide, glycopyrronium, and formoterol inhib-
ited coronavirus HCoV-229E replication and cytokine production [64]. An in vitro study
has revealed that the corticosteroids mometasone and ciclesonide suppressed replication of
SARS-CoV-2 in a culture medium of infected cells, and that ciclesonide was particularly
effective in a concentration-dependent manner [65]. Furthermore, a study that screened
a panel of 48 United States Food and Drug Administration-approved drugs identified
ciclesonide as an inhibitor of SARS-CoV-2 cytopathic viral activity [66]. In addition to the
inhibitory effects on viral replication, treatment with corticosteroids might also reduce
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the severity of COVID-19 by inhibiting virus-induced cytokine release and dampening
the exaggerated inflammatory response responsible for severe symptoms [67]. Overall,
the effects of the appropriate use of oral and inhaled corticosteroids is expected to lean
toward being beneficial rather than harmful for patients with asthma during the pandemic,
and adherence to all maintenance asthma medications to ensure good symptom control
and to prevent exacerbation should be emphasized, as is consistently recommended by
professional organizations worldwide [68].

8. Role of IgE in the Response to Respiratory Viral Infection

Robust evidence supports the impairment of antiviral response and occurrence of
the exacerbation-inducing effect of viral infection in patients with atopic diseases such
as asthma [69–73]. Inflammatory mediators released in allergic inflammation result in
epithelial barrier disruption and airway remodeling, which may increase susceptibility to
respiratory viral infection, and viral infection further induces pro-inflammatory cytokine
activity [74,75]. Moreover, atopic asthma with allergic sensitization has been associated
with reduced viral clearance, reduced virus-induced IFN responses, and increased viral
shedding [18]. Early after respiratory virus infection, myriad cytokines and chemokines
activate and attract mast cells, dendritic cells, granulocytes, and monocytes at the infection
site [76,77]. Although mast cells are important players in the front-line defense against
antigens, the acute hypersensitivity reaction caused by the overactivation of mast cells
in highly pathogenic viral infections can be detrimental [77]. In the respiratory tract,
mast cell degranulation increases vascular permeability, edema, and mucus production,
which lead to airway constriction, congestion, and cough [78–80]. Binding of antigen-
specific IgE to the high-affinity IgE receptor (FcERI) activates mast cells, enhances mast
cell survival, and sensitizes mast cells to subsequent encounters with the antigen [81].
Notably, high concentrations of free IgE has been shown to activate mast cells similarly to
antigen-bound IgE, thus propagating the immune response even in the absence of antigen
stimulation [82]. The anti-IgE therapy omalizumab, which impedes IgE-dependent cellular
events by binding to free IgE, prevents binding of IgE to FcERI, and reduces the expression
of FcERI, was the first biologic therapy to be licensed as an add-on treatment for patients
with moderate-to-severe asthma [14].

In the immune response to acute viral infections, plasmacytoid dendritic cells recruited
to the respiratory tract produce large quantities of type I IFN, mediated by toll-like recep-
tors, which stimulates T cells and drives antiviral responses (Figure 2) [83]. In a case-control
study of patients with allergic asthma, when exposed to the virus, plasmacytoid dendritic
cells purified from the whole blood of patients with allergic asthma exhibited significantly
reduced expression of IFN-α compared to the plasmacytoid dendritic cells of healthy con-
trols, suggesting a delayed and inefficient antiviral immune response [71]. Expression of
FcERI on plasmacytoid dendritic cells was significantly increased in patients with allergic
asthma compared to controls, and both FcERI expression and serum IgE concentration were
significantly inversely correlated with IFN-α secretion upon viral exposure. Importantly,
the cross-linking of IgE bound to FcERI was found to diminish the IFN-α antiviral response
of plasmacytoid dendritic cells in a dose-dependent manner. Therefore, findings suggest
that elevated serum IgE level and FcERI expression are associated with an excessive inflam-
matory response to viral infection as well as a weakened antiviral response. Furthermore,
respiratory viruses are known to evade innate type 1 immunity to increase the opportunity
for viral replication, which in turn promotes a stronger and more sustained subsequent
type 2 inflammatory response [84–86].
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Figure 2. Role of IgE and effects of IgE blockade with omalizumab in antiviral response. Cross-linking
of IgE bound to FcERI on pDCs, which are mainly located in lung interstitium, diminishes IFN-α
antiviral response. Anti-IgE therapy omalizumab binds to free IgE, prevents binding of IgE to FcERI,
and reduces the expression of FcERI, thereby increases IFN-α antiviral response. FcERI, high-affinity
IgE receptor; IFN-α, interferon-α; IgE, immunoglobulin E; and pDC, plasmacytoid dendritic cell.

The critical role of IgE in instigating the inflammatory response to respiratory viral
infection has been further supported by the results of multiple randomized trials [87–91].
Notably, studies have demonstrated a reduction in viral infection-induced exacerbations
in pediatric asthma patients treated with omalizumab. In the landmark PROSE (Preven-
tative Omalizumab or Step-up Therapy for Severe Fall Exacerbations) study, 478 urban
school-aged children with allergic asthma were randomized to receive placebo or oma-
lizumab as an add-on treatment to guideline-based standard asthma care [89,90]. Com-
pared with placebo, treatment with omalizumab significantly decreased the risk of respi-
ratory virus-associated exacerbations in children with severe persistent asthma (OR, 0.35;
95% CI, 0.15–0.85). Ex vivo experiments using nasal mucus samples obtained from partici-
pants in this study showed that in the presence of IgE cross-linking, omalizumab signifi-
cantly increased the IFN-α response to rhinovirus by over three-fold compared to placebo
(p = 0.03) [90]. Further experiments carried out on the nasal mucus samples showed that
omalizumab significantly decreased weekly rhinovirus detection rates (OR, 0.74; 95% CI,
0.60–0.92), indicating a reduced duration of viral infection, and significantly reduced peak
viral shedding (p < 0.04), suggesting decreased severity of viral illness [89]. These ex
vivo results were echoed in the significant reduction in the frequency of rhinovirus illness
observed with omalizumab compared with placebo (risk ratio, 0.64; 95% CI, 0.49–0.84).
These findings provide strong support that blocking IgE reduces the frequency, duration,
and severity of respiratory viral illness in patients with asthma.

9. Anti-IgE Biologic Agent as a Potential Treatment for COVID-19

In the majority of people infected with SARS-CoV-2, the infection follows a mild to
moderate self-limiting course that is not much different from the typical course of common
respiratory virus infections [92–94]. In a subset of patients, however, SARS-CoV-2 infection
evokes a hyperinflammatory immune response characterized by an exaggerated increase in
the release of cytokines (IL-2, IL-6, IL-7, IL-10, IL-12, TNF-α, CXCL10, CCL2, CCL3), aptly
known as “cytokine storm”, and the disproportionate inflammatory activation may lead
to acute respiratory distress, multi-organ failure, and possible death [92,95]. Considering
the well-established role of IgE in atopic diseases, airway hyperreactivity, and antiviral
response, an investigation of anti-IgE as a potential treatment to COVID-19 is warranted.
Among the currently available biologic treatments for severe asthma, omalizumab is the
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only agent with a documented effect in viral respiratory infections [95]. The protective
action of omalizumab against viral infections is multifaceted. Omalizumab directly reduces
levels of free IgE, inhibits cross-linking of IgE-bound FcERI, and inhibits mast cell activation
that can trigger and propagate the hyperinflammatory cascade (Figure 2) [89]. In addition,
omalizumab indirectly reduces the number of FcERI on basophils, mast cells, and dendritic
cells, which helps to prevent the hindrance of an IFN-α-mediated antiviral response [95].
Conversely, as eosinophils have potential antiviral activity, anti-eosinophilic biologic agents
might theoretically be less beneficial in COVID-19, though supporting clinical evidence is
currently sparse [96]. In a case report of a 41-year-old male patient with severe eosinophilic
asthma and a 2-year history of treatment with benralizumab, an anti-IL-5 receptor agent
with eosinophil-depleting activity, the patient experienced a mild course of COVID-19
without a marked loss of asthma control [97].

Although still limited in number, reports describing the use of omalizumab in asthma
patients during the COVID-19 pandemic are accumulating [98–100]. Lommatzsch et al.
reported the results of a 52-year-old German male patient with severe early-onset allergic
asthma treated with omalizumab for 6 months who was infected with SARS-CoV-2 [98].
The patient did not experience dyspnea, worsening of asthma, or need for short-acting
bronchodilator therapy during the course of infection, and omalizumab treatment was
not interrupted. A study conducted in Turkey that surveyed 75 patients with severe
asthma treated with omalizumab or mepolizumab revealed that compared to patients who
continued biologic treatment, risk of COVID-19 was significantly higher in the 12 patients
who interrupted biologic treatment due to a refusal to return to the hospital during the
pandemic (relative risk, 2.71; 95% CI, 1.21–6.06) [100]. Another Turkish study showed
that among 13 patients with severe asthma treated with omalizumab or mepolizumab
who had contracted SARS-CoV-2, five (38.5%) had mild COVID-19, eight (61.5%) had
moderate COVID-19, none suffered severe COVID-19 requiring mechanical ventilation or
intensive care, and all patients fully recovered [99]. These findings provide reassurance
that omalizumab may be safely continued during active COVID-19 infection and may
potentially reduce the risk of severe COVID-19 in patients with asthma. Furthermore,
maintaining good control of asthma with continued biologic treatment during the pandemic
at least reduces the risk of exacerbations requiring medical care and thus reduces the risk
of exposure to SARS-CoV-2.

10. Conclusions

Growing evidence reassuringly supports that asthma and asthma treatments do not
seem to increase the risk of SARS-CoV-2 infection or severe COVID-19 illness. Indeed,
patients with the Th2-high endotype of asthma may be at lower risk for COVID-19 due
to increased eosinophil levels and reduced ACE2 expression. Patients should be urged to
continue all prescribed asthma medications, including inhaled corticosteroids and biologic
treatment, and to receive full COVID-19 vaccination. Th2-high endotype patients treated
with omalizumab might be further protected from COVID-19, as the role of IgE in reduc-
ing an antiviral response and the beneficial effects of an anti-IgE treatment on immune
responses against viral infection are well established. The impact of the different biologic
treatments on COVID-19 will be better understood as more evidence emerges. Finally,
omalizumab as a potential treatment for COVID-19 warrants investigation.
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