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Abstract 

Background:  The coronavirus disease 2019 (COVID-19) has become a serious global health issue, especially for peo-
ple with pre-existing health conditions. Patients dealing with asthma are presumed to be at higher risk as COVID-19 
may cause severe respiratory distress.

Main body:  From the initial stage of the pandemic, several clinical trials and studies have assessed the association 
between COVID-19 and asthma; however, no significant association was reported. This may be due to the fact that 
most of the asthma cases remained undiagnosed and overlapping respiratory features make it difficult to differenti-
ate between these two diseases. The pathomechanism of the conditions and the immune response generated in 
response to the conditions suggest that the presence of any of the conditions is very likely to influence the presence 
or severity of the other condition. So far, no specific treatments are known for COVID-19; however, the use of plasma 
therapy and broad-spectrum antiviral drugs during the initial phase of the pandemic and widespread vaccination 
during the latter phase has given positive outcomes in reducing COVID-19 cases as well as disease severity.

Short conclusion:  Taking asthma as an increased risk factor for COVID-19 morbidity, this article aims to provide com-
prehensive insights into the risk and proper management of asthma patients during this COVID-19 pandemic. The 
common medications of asthma patients suppress their respiratory immune response that might facilitate cytokine 
storm in COVID-19 patients. Similarly, there are risks of viral-induced asthma exacerbations. Besides, different social 
issues such as shortage of medicines, SDOH, and delayed clinical trials put asthma patients through inconvenience. 
The primary focus at this point should be to reduce probable asthma attacks and severity to prevent hospitalization 
of asthma patients. Moreover, for better management of asthma patients maintaining an asthma action plan and 
healthy lifestyle, ensuring a nutritious diet, and developing self-management interventions can play a crucial role.
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1 � Background
The pandemic coronavirus disease 2019 (COVID-19) 
caused by severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) has become a serious public health 
issue all over the world [1]. Until today, nearly 320 mil-
lion people in 213 countries around the globe have been 
affected and 5,539,421 have died due to this disease [2].
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The zoonotic virus SARS-CoV-2 generally infects 
the susceptible human body through nasal discharge, 
sneezes, coughs, or droplets of saliva from an infected 
person. Primarily, the virus targets the human respira-
tory system but often can target other organs causing 
multiple organ failures. Patients infected with COVID-
19 have been found to have higher levels of plasma 
pro-inflammatory cytokines and an increased number 
of leukocytes [3, 4]. Although all categories of people 
are at risk of contracting the viral infection, people with 
pre-existing lung diseases like asthma, chronic obstruc-
tive pulmonary disease (COPD), and other comorbidi-
ties such as diabetes, hypertension, cancer, rheumatic 
diseases, and cardiovascular disorders appear to be 
more vulnerable to the disease severity and mortality 
[5, 6]. Among the COVID-19 infected elderly popula-
tion, comorbidities associated with ageing and immu-
nosenescence have also raised major concerns as such 
conditions are not only considered to increase suscep-
tibility to the disease but also reduce the effectiveness 
of vaccines [7, 8]. Upon its emergence, COVID-19 had 
raised several burning questions including whether or 
not asthma patients are at increased risk during the 
pandemic. In this review, we have addressed the patho-
logical aspects of asthma patients as well as discussed 
their probable management strategies during this 
pandemic.

2 � Clinical features of COVID‑19 and asthma
2.1 � Symptoms and prognosis of COVID‑19
During the initial four days of COVID-19 infection, 
patients may experience increased body temperature 
above 100°F with difficulty in breathing. Besides, patients 
may also experience mild muscle pain, constant fatigue, 
runny nose, and sore throat [9, 10]. During the next five 
to eight days, the patients may face greater difficulty in 
breathing, especially older people with pre-existing 
health conditions are likely to experience extreme dis-
comfort. Sore throat and runny nose are two of the 
more common symptoms at this stage. If the condition 
deteriorates, the patient needs to be hospitalized [9–11]. 
During the late nine to fourteen days, patients may find 
it challenging to receive a sufficient amount of oxygen, a 
condition referred to as silent hypoxia [12]. As a result, 
patients can develop acute respiratory distress syndrome 
(ARDS), which can induce significant damage to the 
lungs. Abdominal pain and loss of appetite are also prev-
alent throughout this phase. Patients may even need to 
be transferred to the intensive care unit (ICU) during this 
phase [9–11]. In addition to the symptoms listed above, a 
patient may also encounter diarrhea, dyspnea, and some 
other symptoms as mentioned in Table 1[13–16].

2.2 � Symptoms, causes, and classification of asthma
Asthma is a complex, multifactorial, and chronic non-
communicable disease caused by a combination of 
genetic, environmental, and occupational factors. It is 
characterized by inflammation and narrowing down of 
the oxygen-carrying airways [17–20]. Inflamed air pas-
sages are extremely sensitive to environmental triggers, 
producing extra mucus and increasing the difficulty in 
airflow to the lungs. In response of the airway to these 
triggers, a person may experience an "asthma flare-up" or 
"asthma attack" [20], characterized by intensive coughing, 
wheezing, chest tightness, and breathing difficulty [21]. 
Asthma displays heterogeneity in clinical features due 
to multiple drivers such as age, sex, race, socioeconomic 
status, and environment [22]. According to the World 
Health Organization (WHO), symptoms of asthma can 
be pointed as recurrent attacks of breathlessness, wheez-
ing, sleeplessness, fatigue, and reduced activity [18, 
23]. Although several epigenetic considerations deter-
mine asthma susceptibility and severity, this condition 
has been reported to be more prevalent in children and 
young adults, putting this age group at increased risk.

Based on severity, asthma can be divided into four cate-
gories or stages: mild intermittent, mild persistent, mod-
erate persistent, and severe persistent (Table 2) [24–27]. 
In each of these stages, a gradual drop-in respiratory rate 
and lung function can be observed.

2.3 � Overlapping features between COVID‑19 and asthma
Proper understanding of distinct clinical features of 
COVID-19 and asthma is crucial to avoid any misinter-
pretation and ensure an accurate diagnosis. Patients of 
both COVID-19 and asthma show overlapping features 
including coughing, fatigue, and shortness of breath, 
which makes diagnosis and proper management of both 
diseases quite challenging. However, literature studies 

Table 1  Common symptoms associated with COVID-19 
infection

Symptoms Percentage References

Cough 59–82 [13–16]

Fatigue 44–70

Headache 13.6

Fever 83.99

Diarrhea 10

Sputum production 28–33

Shortness of breath 31–40

Myalgia 11–35

Anorexia 40–84
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reveal that some symptoms such as diarrhea, myalgia, 
loss of smell and taste, headache, and prolonged fever are 
the distinctive features of COVID-19 and are not evident 
in asthma. On the other hand, an asthma patient may 
experience wheezing, which is not evident in COVID-19. 
The comparative features of COVID-19 and asthma are 
presented in Table 3 [28–31].

3 � Pathophysiology
3.1 � Pathophysiology of COVID‑19
SARS-CoV-2 follows a lytic replication cycle and employs 
the host metabolic machinery to replicate itself. The virus 
invades human respiratory host cells in five steps: attach-
ment, penetration, biosynthesis, maturation, and release 
(Fig. 1) [32, 33].

SARS-CoV-2 enters the host cell using angiotensin-
converting enzyme-2 (ACE-2) receptors, which are 
highly expressed in the apical mucosal membranes of the 
lung, kidney, heart, ileum, small intestine, and bladder 
of mammals [34]. The virus primarily attacks the ACE-2 
receptors in the respiratory tract using their Spike pro-
tein, but it has the potential to invade other host cells 
that can drive multi-organ damage. ACE-2 is also used by 
SARS-CoV to invade host cells, but the affinity appears 

to be much more robust in SARS-CoV-2 due to the pres-
ence of a unique furin cleavage site in their S-protein. 
Besides, reports imply that the virus can associate with 
a transmembrane glycoprotein named CD147 that is 
highly expressed among tumor tissues and pathogen-
infected cells, revealing another novel route for the virus 
to invade the host cells [35]. Once the virus releases 
its genomic RNA into the host cytoplasm, the dsRNA 
evokes an immune response by triggering toll-like recep-
tors (TLR), such as TLR-3 and TLR-4. TLR-3 stimulates 
type-1 interferon (IFN) by signaling pathway cascade, 
which in turn drives the expression of interferon-stimu-
lated genes (IFGs). On the other hand, TLR-4 activates 
pro-inflammatory cytokines and recruits immune cells to 
the site of infection (Fig. 1) [36, 37]. After digestion, the 
antigenic parts of the virus are presented to the T cells in 
the secondary immune organs through the antigen-pre-
senting cells (APCs), and the T cells start to divide [36]. 
This process is crucial for viral clearance but may some-
times lead to an over-activated inflammation known as 
"cytokine storm".

Evidence from severe COVID-19 patients suggests the 
mechanism of "cytokine storms" are due to exceptionally 
high levels of interleukin (IL)-1β, IL-1Rα, IL-7, IL-8, IL-9, 

Table 2  Correlation between asthma types and respiratory system function

Types Respiratory rate 
(based on age)

Lung function Symptom 
frequency

Severity Night time 
awakening

Pulse rate References

Mild intermittent No change or 
slightly increased

Almost normal May happen 
2 days a week

Does not affect 
regular activities

2 or fewer times 
each month

< 100 [25–27]

Mild persistent Increased 80% of normal or 
greater

More than twice 
a week

Minor impact on 
regular activities

3 or 4 times 100–120

Moderate persis-
tent

Increased 
often > 30

Between 60–80% On a daily basis Limits daily activi-
ties somewhat

More often than 
once a week

> 120

Severe persistent Normal or 
decreased

Less than 60% Symptoms will 
arise throughout 
the day

Significantly limits 
daily activities

Every night Bradycardia

Table 3  Overlapping symptoms between COVID-19 and asthma

Symptoms Presence in COVID-19 Presence in asthma References

Fever Yes (very often) No (rarely) [28–31]

Wheezing No Yes

Weariness Yes No

Zoonotic origin Possibly yes No

Sore throat Yes No

Muscle pain Yes No

Diarrhea Yes No

Myalgia Yes No

Loss of smell or taste Yes No

Confusion headache Yes No



Page 4 of 14Tabassum et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:20 

IL-10, basic fibroblast growth factor (FGF), granulocyte-
colony stimulating factor (G-CSF), granulocyte–mac-
rophage colony-stimulating factor (GM-CSF), IFN-γ, 
interferon-γ-inducible protein (IP-10), monocyte chemo-
attractant protein (MCP-1), macrophage inflammatory 
protein 1 alpha (MIP-1α), macrophage inflammatory 
protein 1 beta (MIP-1β), platelet-derived growth factor 

(PDGF), tumor necrosis factor (TNF-α), and vascular 
endothelial growth factor (VEGF) [38]. Critical patients 
have also exhibited deficient levels of natural killer (NK) 
cells, memory T cells, T regulatory cells, along thrombo-
cytopenia and lymphocytopenia [39]. Besides, the lymph 
node and spleen atrophy indicate an impaired immune 
response [38]. The two probable causes for such extensive 

Fig. 1  The pathophysiology of SARS-CoV-2 and allergic asthma. SARS-CoV-2 binds to the ACE2 receptor and injects its RNA inside the host cell. The 
dsRNA triggers TLR3 and TLR4 leading to ISG activation and recruitment of immune cells. In severe conditions, the immune cells lead to cytokine 
storms which can trigger asthma symptoms. On the other hand, allergens can form complexes with high-affinity IgE and low-affinity IgE, which can 
trigger immune cells to release cytokines and other mediators that lead to the formation of mucus plugs, bronchoconstriction, airway remodeling, 
and other asthma symptoms. In SARS-CoV-2 patients with asthma, the recruitment of immune cells and the release of cytokines from both 
pathways can lead to severe organ damage and other harmful effects. This picture was created with BioRender and downloaded with a premium 
subscription
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damage to the immune system might be through direct 
viral attack or by a cytokine storm. Direct viral infection 
on the immune cells is a possible phenomenon, as a lim-
ited number of ACE-2 receptors are found in dendritic 
cells (DCs) and alveolar macrophages.

3.2 � Pathophysiology of asthma
The application of new molecular and biological tech-
niques allowed the evaluation of phenotypic aspects and 
complex interacting pathways in asthma, revealing a vari-
ety of factors incurring the recurrent airflow limitation of 
the condition [40].

Bronchoconstriction is a prominent feature in asthma, 
which leads to the narrowing of the airway. Allergy-spe-
cific immunoglobulin E (IgE) reacts to stimuli like aller-
gens and irritants, mediating the release of histamine, 
tryptase, prostaglandins, and leukotrienes that causes 
bronchoconstriction (Fig.  1). Some nonsteroidal anti-
inflammatory drugs may also evoke mediator release, 
resulting in bronchoconstriction [41]. The mechanism of 
such IgE-dependent and non-IgE-dependent pathways 
is not well described but appears to be associated with 
underlying inflammation.

Asthma is mostly mediated by type-2 immune response 
comprising type-2 B cells, group 2 innate lymphoid cells, 
helper T cells, NK cells, basophils, eosinophils, mast 
cells, and NKT cells [42]. Evidence suggests tremendous 
expression of TH2 cytokine in asthmatic patients that 
explain the overproduction of high-affinity IgE mol-
ecules, eosinophils, hyperresponsiveness in the air tract, 
increase in NK cells, and subsequent decline in regula-
tory T cells [43].

Besides, mucosal mast cells in the airway are activated 
by the allergens. These immune cells release cytokines 
and other mediators to promote inflammation and acute 
bronchospasm. The severity of this situation correlates 
with an increased number of eosinophils, releasing a wide 
range of pro-inflammatory cytokine and inflammatory 
enzymes [44]. However, the role of eosinophils in asthma 
is being reconsidered. A recent study shows an anti-IL-5 
treatment that can reduce the number of eosinophils in 
the air tract cannot manage the disease [45]. Neutrophils 
also increase in the airway of severe asthma patients, but 
their pathophysiological role remains uncertain [46]. All 
these inflammatory cells and mediators like chemokines 
and cytokines do not only affect the airway smooth 
muscles but also in severe cases, lead to airway dysfunc-
tion, obstructive lesions, and other injuries [47]. As the 
inflammation worsens, factors like increased mucus 
secretion, edema, and the formation of inspissated plugs 
cause hyperplasia of the airway smooth muscles and air-
way remodeling, rendering the person less responsive to 
drug or therapy. These physiological changes lead to the 

recurrent occurrence of wheezing, dry cough, and short-
ness of breath [48].

4 � Prevalence of asthma in COVID‑19 patients
Numerous studies have claimed that COVID-19 is not a 
significant threat to asthma patients, while some research 
has shown that asthma patients might be under increased 
risk of contracting COVID-19 [49]. According to the 
Centers for Disease Control and Prevention (CDC), 
COVID-19 can be perilous to people with moderate to 
severe asthma [15]. UK Biobank-based study estimated 
that non-allergic asthma can increase the risk of SARS-
CoV-2 infection by 48% [50]. Another observational 
study reports that 14% of the 16,749 hospitalized patients 
with COVID-19 had asthma [51]. A large cohort Eng-
lish study had found that asthma could increase the risk 
of in-hospital death from COVID-19 significantly [52, 
53]. CDC study in March 2020 on hospitalized patients 
of the USA has reported that 27.3% of the hospitalized 
COVID-19 patients with the age range of 18–49  years 
had a history of asthma [28, 54]. 13.2% of the hospital-
ized COVID-19 patients aged 50–64 years and 12.9% of 
the hospitalized COVID-19 patients aged 65 and more 
have asthma [54, 55]. It is thereby certain that people in 
18–49 years might be susceptible to have asthma during 
the viral pandemic. Although increasing evidence shows 
that children are less likely to be affected by COVID-19 
[56], there is a possibility of viral-induced asthma exacer-
bation if a child with asthma is infected with COVID-19 
[54, 57]. Evidence in the USA showed 3 out of 24 criti-
cally ill COVID-19 patients in Washington State had pre-
existing asthma [58].

On the contrary, several studies have debunked the 
idea of asthma patients being at increased risk during the 
COVID-19 pandemic. The prevalence of asthma patients 
with COVID-19 is most likely to be lower than expected 
from population levels based on the data from both USA 
and China [59]. Data from Korea also disapprove of the 
relevancy of asthma as comorbidity [60]. A study from 
552 hospitals across 30 provinces in China revealed 
that asthma was not a pre-existing condition [11, 61]. 
In another cohort, only 0.9% of COVID-19 patients 
were reported with asthma [62]. Moreover, The New 
York Times has reported that only 5% of the COVID-19 
patients who have died had asthma in New York [63].

Moreover, asthma is not listed in the top ten comorbid 
health conditions present in COVID-19 patients [64]. 
Many of the studies have not reported chronic pulmo-
nary diseases like asthma, and bronchiectasis in their 
COVID-19 cohort [65, 66]. Since it is difficult to differ-
entiate between COVID-19 infection and asthma, this 
underrepresentation and underreporting can be the 
result of the poor diagnosis. So, there is a possibility that 
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asthma patients could still be at increased risk during 
the pandemic. To understand the relationship between 
asthma and COVID-19 infection comprehensive diagno-
sis and efficient differentiation between both conditions 
is mandatory.

5 � Impacts of asthma in COVID‑19 infestation
5.1 � Correlation of asthma and COVID‑19 pathomechanism
Although there is mixed opinion on the impact of asthma 
in COVID-19, some of the reported results together 
with the previous SARS-CoV outbreak suggested that 
asthma may have a potential impact on the susceptibility 
and severity of COVID-19 due to the impaired immune 
response against viral infection in asthmatic patients [67]. 
Since the pathological aspects of all the human coronavi-
ruses are similar, it is assumed that predisposal to aller-
gens might weaken the anti-viral response in asthmatic 
patients and increase their susceptibility to COVID-19 
[42].

As of now, studies suggesting a probable associa-
tion between asthma and ACE2 expression are insuf-
ficient; however, there are several studies on the impact 
of lessened ACE-2 expression in asthmatic COVID-19 
patients. These studies suggested that the expression of 
ACE2 is most likely regulated reciprocally by IFN levels 
and type-2 cytokines in the blood, especially in allergic 
asthma [68]. This could partly explain the reason why 
asthma was not associated with extensive damage and 
poor consequences such as respiratory failure and death. 
Besides, ACE-2 receptors might be down-regulated due 
to controlled allergen exposures in asthmatic patients 
[69]. Studies show that type-1 IFN and type-2 IFN regu-
late ACE-2 expression in cells but due to their deficiency 
in asthma expression of these receptors will be low, par-
tially limiting the viral invasion on target cells. It is also 
possible that an elevated amount of type-2 cytokines in 
asthma may counteract the pathogenesis of the virus 
and accumulation of pro-inflammatory cytokines [47]. 
Another vital inflammatory T2 cytokine that is account-
able for the ACE‐2 down‐regulation in SARS-Cov-2 
patients is IL‐13 [70]. These shreds of evidence suggest a 
probable protective role of type-2 immune responses in 
asthma patients against COVID-19 infection.

Eosinophil plays a central role in asthma and has a 
potential role in antiviral host defense [42]. A recent 
study demonstrated that 78% of the hospitalized asth-
matic patients had no detectable levels of eosinophil 
during admission, presenting severe eosinopenia as a 
prognostic marker among the critical asthmatic COVID-
19 patients [71]. It is suggested that eosinopenia is the 
result of rapid immune cell destruction caused by direct 
SARS-Cov-2 targeting or cytokine storm. However, 
eosinophilia in asthma may counter this condition in 

COVID-19 patients, which might provide a substantial 
benefit to asthmatic patients [47].

Human coronaviruses can inhibit IFN signaling, a sig-
nificant pathway to activate the host innate immune sys-
tem [47]. Several studies on severe atopic patients have 
demonstrated a defective production of IFNs by plasma-
cytoid DC and epithelial cells [72] that may be correlated 
to delayed and insufficient anti-viral activity and may 
lead to poor outcomes in asthmatic patients.

5.2 � Asthma medication and COVID‑19 infestation
A significant dilemma for COPD patients is whether 
or not to continue consuming their regular prescribed 
asthma medications during the pandemic. Since SARS-
CoV-2 is a respiratory virus, patients are concerned about 
their prescribed medicines [67].

5.2.1 � Nebulizer and inhaler
Nebulization therapy directly transfers drugs in the form 
of mists or droplets to the site of action in the lung, but 
a portion of this aerosol might return to the reservoir 
tube [73], increasing the risk of transmission of COVID-
19 [74]. These nebulized droplets might contaminate 
the device if it is used by a COVID-19 patient, further 
increasing the risk of spreading the virus [28]. Studies 
show that about 50% of these generated aerosols can per-
sist in the air for hours that increasing the risk of trans-
mission to susceptible bystander hosts [73].

The National Institute for Health and Care Excellence 
(NICE) states that the fluid inside the nebulizer chamber 
will not have any virus particles from patients. Still, it is 
recommended to avoid the use of nebulizers and con-
sider alternatives such as metered-dose inhalers (MDIs), 
dry powder inhalers (DPIs), or spacers. However, asthma 
patients with COVID-19 might be allowed to use a nebu-
lizer under three conditions: (1) if they are suffering from 
life-threatening conditions; (2) if they have an inadequate 
response to the alternatives while using minimal oxygen 
flow rate to drive the nebulizer; and (3) if the patient is 
unable to manage alternatives other than nebulization 
[52].

5.2.2 � Inhaled corticosteroids
Inhaled corticosteroids (ICS) are the most effective and 
comprehensive asthma controllers. Even in low doses, 
the drug can suppress inflammation and reduce inflam-
mation-mediated lung injury [75].

There is much confusion regarding the use of ICS dur-
ing this pandemic. Some studies have revealed that the 
use of ICS alone or in a combination of bronchodila-
tors can have some positive impact on reducing viral 
infection [75]. However, some other studies showed an 
increased risk of pneumonia, the possibility of change in 
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the lung microbiome, and even delayed viral clearance in 
the lower respiratory tract due to the use of ICS [76].

There is some evidence of ICS being helpful, such as 
pretreatment of human respiratory epithelial cells with 
a combination of medications like glycopyrronium, for-
moterol, and budesonide may inhibit SARS-CoV-2 repli-
cation and reduce cytokine production [77, 78]. A study 
also suggested that ICS therapy can reduce ACE-2 and 
transmembrane protease serine 2 enzyme (TMPRSS2) 
gene expression from sputum [79], which may protect 
against COVID-19 alongside providing therapeutic ben-
efits for asthma. Besides, ICS is known to reduce pro-
inflammatory cytokines and increase anti-inflammatory 
cytokines, which can exert some protection during the 
earlier stages of COVID-19 infection. In  vivo studies of 
inhaled ciclesonide in SARS-CoV-2 replication show 
inhibition of its cytopathic activity [78], suggesting that 
corticosteroids may help treat COVID-19 but the mecha-
nism is still unclear [80].

5.2.3 � Oral corticosteroids
Based on previous experiences with Influenza, SARS, and 
the MERS epidemic, organizations like WHO and CDC 
have recommended stopping the use of oral corticoster-
oids (OCS) to treat COVID-19 patients. It is highly sus-
pected that the use of OCS can prolong viral replication, 
complicate viral clearance, increase the risks of ventila-
tion, cause secondary infections, and raise mortality rates 
[15].

Corticosteroid prednisone, a widespread recom-
mended asthma medication, is not suspected to com-
promise the immune system or increase susceptibility to 
COVID-19 infection when used in a brief course. Thus, 
asthma patients without experiencing COVID-19 symp-
toms should continue to treat their exacerbations using 
the drug. However, if the patient is suspected of being 
infected by the virus, prednisone cannot be considered 
safe as it might prolong viral replication [81]. Front line 
physicians from the Chinese Thoracic Society have set up 
some principles to consider before suggesting oral corti-
costeroids during this pandemic which includes: the ben-
eficial and harmful effects should be evaluated, the drugs 
should be used carefully in COVID-19 patients with 
pneumonia, cautious use of OCS in patients with hypox-
emia or who have been using OCS for a chronic disorder 
like asthma, low to-moderate dose (≤ 0·5–1  mg/kg per 
day, in short duration ≤ 7 days) [82].

On the other hand, a report by WHO shows dexameth-
asone, an OCS used for asthma and some other compli-
cations, can be lifesaving for severe COVID-19 patients. 
The WHO Director-General stated that it was the first 
treatment to be shown to reduce mortality in patients 
with COVID-19 using ventilation support [83].

5.2.4 � Biopharmaceutical agents
Biologics like anti-IgE and anti-IL5 monoclonal antibod-
ies are very useful in reducing the frequency of asthma 
exacerbations. Studies including long-term follow-ups 
indicate no signs of the impaired immune system or 
increased risks of viral infection due to the use of these 
biologics [81]. The use of anti-IgE and anti-IL5 may even 
protect asthma patients from the risks of viral-induced 
exacerbations [84].

Recent studies have reported that blocking IgE can 
reduce the possibility of being infected by respiratory 
viruses because IgE is responsible for weakening anti-
viral response in asthma patients. Besides, anti-IgE 
monoclonal antibodies can upregulate IFN-α signaling 
in dendritic cells and decrease viral infection duration 
along with levels of IL-33 that induce pro-inflammatory 
cytokines [84]. All these compliances suggest a probable 
positive effect of omalizumab on SARS-CoV-2 suscepti-
bility and severity.

5.2.5 � Allergen immunotherapy
Allergen immunotherapy (AIT) has been deemed as 
one of the best approaches to "personalized medicine" 
in allergic diseases [85]. AIT can modify the immune 
response by altering the IgE spectrum. It has a long-term 
effect, which is not found in other allergy treatments [86]. 
AIT modifies T and B cell response, causes degranulation 
of allergy effector cells, and maintains regulatory B and T 
cells. Regulatory T cells can release inhibitory cytokines 
to suppress TH2 responses, playing an essential role in 
controlling cytokine storm, inflammation, and limiting 
lung tissue damage [87]. Considering the role of AIT to 
suppress cytokine storms, AIT may exhibit some protec-
tion against the COVID-19.

5.3 � Impact of drugs and vaccines used for COVID‑19 
treatment in asthma patients

During the initial stage of the pandemic, programs estab-
lished by FDA such as expanded access (EA) and emer-
gency use authorization (EUA) allowed clinicians to gain 
access to investigational therapies to find any drug effec-
tive in reducing COVID-19 severity [88].

Remdesivir, an inhibitor of the viral RNA-dependent 
RNA polymerase, was the most widely used drug to treat 
COVID-19 patients due to its promising outcome against 
the SARS-COV-1 and MERS-CoV [89–91]. Clinical tri-
als aimed at evaluating the efficacy of the drug showed 
shorter recovery time of hospitalized COVID-19 patients 
compared to the placebo group [91]. Since this drug tar-
gets the RNA polymerase that is unique to certain RNA 
viruses, it is expected that this drug does not have any 
impact on asthma, although there are controversies sur-
rounding clinical trials assertive of such a claim [92].
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Chloroquine (CQ) and hydroxychloroquine (HCQ), 
two of the synthetic drugs used in the treatment of acute 
attacks of malaria, can inhibit glycosylation of the ACE-2 
receptor and interrupt the binding of SARS-CoV-2 to 
the host cell [93]. Besides, both of these drugs can also 
increase endosomal pH to inhibit viral fusion with the 
host membrane and block the transport of SARS-CoV-2 
from early endosomes to endolysosomes preventing viral 
genome release [94, 95]. Since both of the drugs are anti-
inflammatory agents, the administration of these drugs is 
expected to bring positive outcomes in asthma patients. 
In some cases, CQ is also used as a steroid-sparing agent 
in severe asthma patients [96], suggesting no major harm 
of these medications in asthma. Although there are stud-
ies confirming that CQ and HCQ have antiviral activity 
on SARS-CoV-2 in  vitro [97], the effectiveness of these 
synthetic molecules and these being devoid of toxicity are 
still questioned by a portion of the scientific community 
[98].

The anti-inflammatory drug azithromycin has been 
widely evaluated for its efficacy against COVID-19 [99]. 
The immunomodulatory property of the drug can sig-
nificantly downregulate cytokine production, main-
tain epithelial cell integrity, and prevent lung damage in 
COVID-19. The use of this drug has been associated with 
a reduction in mortality and severity of SARS-CoV-2 
infection [100]. Considering its immunomodulatory 
potentials, it is also considered to be a safe medication for 
treating asthma exacerbations and poses no potent threat 
to asthma patients being treated for COVID-19 with this 
drug.

There is an ongoing debate regarding the possibil-
ity of worsening asthma symptoms while receiving the 
COVID-19 vaccines; however, no evidence to support 
such a hypothesis exists as of now. The effect of COVID-
19 vaccination in asthma patients is entirely unexplored, 
raising concerns regarding the probable long-term effect 
such vaccines can induce in asthmatic patients. There are 
also concerns that asthma might increase the chances of 
allergic reaction to the COVID-19 vaccines; however, no 
such evidence has been found.

The rates of allergic reactions to COVID-19 vaccines 
are extremely low and there is no evidence of asthma 
patients being more susceptible to such allergic reactions. 
As per a weekly report of CDC, among the recipients of 
the Pfizer vaccine, 11.1 out of 1 million doses reported 
the case of anaphylaxis, the most severe type of allergic 
reaction. The rate of Moderna-induced anaphylaxis was 
2.5 per 1 million doses. Among the 8 million doses of the 
Janssen vaccine, 4 anaphylaxis cases could be reported 
[101, 102].

Some studies have reported that mRNA vaccines are 
likely to induce IFN-1 production [103]. Hyperactive 

IFN-1 production has also been reported in viral-induced 
asthma exacerbations [104], indicating a probable nega-
tive impact of mRNA vaccines on asthma patients. How-
ever, further confirmation is required for such claims.

As of now, it is suggested that asthma patients should 
receive the full doses of COVID-19 vaccines if no sig-
nificant side effect is reported after the first dose of the 
vaccine. According to the American College of Allergy, 
Asthma, and Immunology (ACAAI), even asthma 
patients prescribed with ICS or OCS must receive the 
vaccine if no severe side effect is reported [105].

6 � Challenges of asthma patients 
during the COVID‑19 outbreak

6.1 � Shortage of medications
The current pandemic has severely affected the produc-
tion and supply chain of medicine. Besides, stocking 
medicine much more than needed is creating artificial 
scarcity and increasing price [106]. In some cases, asthma 
medications like albuterol are being employed in 
COVID-19 treatment, furthering a decrease in the sup-
ply of this essential drug [107]. Previously salbutamol 
nebulizer solution was commonly used in hospitals, but 
due to the risk of spreading of virus through nebuliza-
tion, the practice shifted to albuterol inhalers [52]. Due 
to the shortage of this commonly used asthma controller, 
patients are more likely to get severe asthma attacks and 
may even need to be hospitalized, which increases the 
risk of viral contamination.

6.2 � Impact of social determinants of health
Financial distress, physical environment, food and hous-
ing insecurity, and inability to access health care ser-
vices, all these social determinants of health (SDOH) are 
being influenced due to the current pandemic situation. 
Especially for low-income families with no permanent 
job security or insurance benefits, it is difficult to main-
tain necessary physical distancing as there are concerns 
regarding food arrangements for the family. In such situ-
ations, taking care of an asthma patient becomes chal-
lenging, as they cannot afford to stockpile medicines or 
access telehealth programs [108]. Although some of these 
SDOH cannot be improved, proper planning and care 
may help reduce some of the impacts, such as reducing 
second-hand exposure to smoke, avoiding asthma trig-
gers, and maintaining good hygiene [28, 109].

6.3 � Interference to care
Medication adherence in asthma includes a variety of 
factors including visits to the health care provider and 
routine follow-ups. The interaction between health care 
providers and asthma patients may boost their treatment 
adherence and eventually have a positive effect on asthma 
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control [110]. Due to the pandemic, most of the follow-
up visits of asthma patients have been either canceled or 
transferred to virtual visits, which may worsen asthma 
control and lead to frequent asthma attacks or exacerba-
tion events.

6.4 � Virus‑induced asthma exacerbations
Asthma exacerbation is defined as a reduction in the 
forced expiratory volume of more than 20% from base-
line, or a decrease in peak expiratory flow of > 30% from 
baseline for two consecutive days at any time frame dur-
ing the course of treatment [111]. It is also described 
as an emergency respiratory attack that is severe and 
needs immediate attention or else might lead to life-
threatening situations. Viral infections are reported to 
cause ~ 60–70% of asthma exacerbations [112]. Although 
there are few reports of viral-induced asthma exacerba-
tion during the SARS and MERS epidemic, it is yet unde-
fined in the COVID-19 pandemic [113, 114].

6.5 � Asthma diagnosis and monitoring
Diagnosis of asthma follows a critical analysis of patient 
history as well as physical, biochemical, and radiological 
examinations, which can be difficult in this current pan-
demic [115, 116]. To monitor asthma during this pan-
demic, several questionnaires based on online platforms 
have been established. These platforms can help monitor 
asthma without the need to visit hospitals and predict 
reasonable asthma control [52]. However, there can still 
be barriers to skills and resources, limiting access to such 
online services. It is also recommended to keep a peak 
flow meter in the house and maintain a peak flow diary to 
keep a better record of asthma.

7 � Strategies to ensure better management 
of asthma during COVID‑19 pandemic

7.1 � Telehealth
Telecommunications and virtual patient encounters 
can be viable alternatives to in-person checkups during 
this SARS-CoV-2 pandemic. Asthma and several other 
COPD patients can be diagnosed using automated com-
puter-based methods. Researchers have suggested the 
diagnosis of asthma and COPD using artificial neural 
networks (ANNs), fuzzy logic (FL), and an expert system 
(ES). Based on these suggestions, some facilities in com-
bination such as a portable spirometer that can be con-
nected to a mobile phone via Bluetooth, a well-developed 
android operating system installed in that mobile phone, 
and an expert system stored on the mobile server could 
provide a precise diagnosis of asthma as well as other 
COPDs [117].

Telemedicine can provide supportive care to 
asthma patients and help them diagnose the disease 

without leaving their houses and also predict any prob-
able asthma exacerbations. Systematic and meta-analysis 
of 2019 found telemedicine could improve asthma con-
trol compared to usual care [52]. However, there are 
multiple challenges regarding the practice of telehealth, 
for example: (1) it might be difficult for the physician to 
understand the disease condition better if the patients 
do not have necessary devices such as thermometer or 
peak flow meter in their house; (2) the patients might 
find it troublesome to cope up with a new system; (3) 
detailed inspection of the throat, nose, and ears to detect 
upper respiratory symptoms will not be possible; (4) the 
patients might want to communicate with their provid-
ers and refuse to communicate with unfamiliar providers; 
and (5) many patients might be unaware of this option or 
not know how to access it [118].

Different online resources from professional societies 
and regulatory agencies are being developed to overcome 
such barriers and make people familiar with the tele-
health program [116]. Since there is a debate about the 
increased risk of COVID infection in asthma patients, 
it is essential to familiarize them with this facility and 
encourage them to practice it. It is also recommended 
to keep essential equipment like thermometers and peak 
flow meters at home. Virtual visits are strongly suggested 
for patients with uncontrolled asthma and immunode-
ficiency, but visiting a healthcare facility can be allowed 
only in extreme situations [28]. As stated by the North 
American guideline on COVID-19 and contingency plan-
ning, "if the allergy/immunology office does not have 
personal protective equipment (PPE) available, it would 
be recommended that no patients with a co-potential for 
an asthma exacerbation and COVID-19 be seen at that 
office; the patient should instead be seen at another facil-
ity capable of COVID-19 isolation which is staffed and 
equipped to assess and manage asthma" [119].

7.2 � Continuation of prescribed medications
Uncontrolled asthma and severe exacerbations can 
be fatal in the current pandemic. Thus, it is highly rec-
ommended to continue taking asthma medications as 
before, even if the person is suspected to be COVID-19 
positive. There is no sufficient data regarding the harmful 
impacts of consuming asthma drugs or contributions of 
asthma medications in COVID-19 susceptibility. Besides, 
several asthma medicines like corticosteroids and bron-
chodilators are being used in coronavirus treatment [73], 
suggesting harmless consequences of consuming these 
medications in asthmatic patients.

7.3 � Follow an asthma action plan
Maintaining an asthma action plan can ensure better con-
trol of asthma and reduce the need to visit the healthcare 
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facilities amidst this pandemic [120]. CDC suggests eve-
ryone with asthma keep an asthma action plan and fol-
low the plan to prevent any severe exacerbations. The 
action plan might include (i) ensuring all the prescribed 
drugs and medications are in stock or within the supply, 
(ii) having a peak flow meter to monitor peak flow rates 
regularly and predict exacerbations, (iii) avoiding smok-
ing or exposure to second-hand smokes, (iv) reducing 
anxiety and stress as they can trigger asthma attacks, (v) 
practicing limited physical activity and breathing exer-
cises, and (vi) continuing medications, including inhalers 
or steroids, and following the treatment plan accordingly.

7.4 � Self‑care and management
COVID-19 pandemic has changed our lifestyle and pat-
tern of daily activities. The practice of isolation and 
lockdown has put a drastic impact on our day-to-day 
life, as well as our physical and mental health. This sud-
den change in surroundings can provoke uncontrolled 
asthma in patients. It has been reported that the most 
common barriers to asthma self-management include 
mood disorders and anxiety, social support, and access to 
health care [52]. Such factors must be taken into consid-
eration to prevent any potential exacerbation during the 
pandemic.

Potential asthma triggers including allergens, irritants, 
pet dander, and dust should be avoided as much as pos-
sible. Exercising every day can be good practice and may 
help reduce breathing difficulties, but strenuous exercise 
should be avoided due to the chance of getting exercise-
induced bronchoconstriction. A nutritious and balanced 
diet can improve overall health and asthma control. A 
healthy diet plan can also help to maintain body weight, 
which is essential as asthma tends to be worse in over-
weight patients. Especially for immune-compromised 
asthma patients, a well-balanced meal can boost immu-
nity and significantly expand the body’s ability to fight 
against COVID-19 [121].

8 � Summary and recommendations
The global pandemic caused by SARS-CoV-2 has affected 
all classes of people from all over the world, but patients 
with COPD including asthma were presumed to be the 
worst sufferers. In addition, overlapping representations 
of asthma and COVID-19 make these conditions dif-
ficult to distinguish. However, some unique features of 
COVID-19 including fever, muscle pain, loss of smell and 
taste, myalgia, and diarrhea can be used to make differ-
entiate from asthma, but asymptotic COVID-19 patients 
make it more complex. In addition, wheezing is com-
monly present in asthma but rarely found in COVID-19 
patients. Thus, examining symptoms can play a crucial 
role in differentiating asthma from COVID-19.

It has been an ongoing debate if asthma patients are 
at increased risk of getting infected with COVID-19. 
Asthma patients suppress their immune system by tak-
ing different drugs to avoid allergens stimulation. This 
immune suppression might facilitate viral-induced dam-
age to the airway. The majority of the sources suggest 
that asthma is not among the risk factors of COVID-19 
and might even have a positive influence on this disease 
susceptibility. However, it should be noted that asthma 
is under-diagnosed and under-reported due to this pan-
demic, and also differentiation of symptoms is fierce 
between the two.

Although there is another debate regarding the possi-
ble adverse impact the COVID-19 vaccines may have on 
asthma patients, no such evidence to such claim is pre-
sent and it is recommended that in absence of any serious 
complication or side effects after the first dose everyone 
must receive the vaccines to ensure protection against 
the virus.

Different ongoing challenges during the pandemic like 
shortage of medicines, impact of SDOH, delayed clinical 
trials are likely to put asthma patients through inconven-
ience. The primary focus should be to reduce probable 
asthma attacks as uncontrolled asthma may lead to hos-
pitalization and increase the risk of viral infection. There 
are also risks regarding the possibility of viral-induced 
exacerbations, but most of the evidence related to this 
information comes from human rhinoviruses and no 
other viruses.

Whether or not to continue consuming asthma medi-
cations has been a significant issue as asthma drugs 
can suppress the airway immune response. There is 
no certainty to the risks associated with the consump-
tion of such medicines; thus, it is recommended to con-
tinue consuming the prescribed medications to manage 
asthma. However, it is suggested to stop the practice of 
nebulization, which can increase the risk of viral con-
tamination in both the asthma patients and the bystander 
hosts. It is also recommended to keep a peak flow meter 
in the house to diagnose asthma from home and main-
tain a peak flow diary for better asthma management. 
Necessary apparatus like thermometers should also be 
kept in every house so that health care providers can bet-
ter understand the condition through telehealth facili-
ties. Although there are some barriers to be addressed for 
better telehealth facilities, most of the organizations are 
working to reduce such lacking and promote telehealth 
practice among patients. Moreover, it is recommended 
that all the clinical trials be shifted to virtual visits, and 
visiting a hospital should only be considered in extreme 
conditions.

Management of asthma is the most crucial need dur-
ing this pandemic. Uncontrolled asthma can be even 
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more dangerous than COVID-19 infection. It is recom-
mended to follow the individualized asthma action plan 
and to develop self-management interventions to avoid 
the potential asthma triggers. Additionally, it is extremely 
important to avoid potential maintain a healthy lifestyle 
and practice safe hygiene to avoid getting asthma exac-
erbations from our surroundings and lifestyle choices. 
A healthy lifestyle and a nutritious diet plan may further 
boost the immune response to fight off COVID-19 as 
well as help to manage asthma attacks better.

9 � Conclusions
COVID-19 has created challenges for regular treatment 
including asthma. As the COVID-19 is the highest pri-
ority and is a threat for other patients to be infected; 
lockdown, break of the medicine supply chain may 
cause asthma patients at higher risk. However, there 
are overlapping respiratory features between asthma 
and COVID-19, but the modifying effect of asthma in 
increasing severity of COVID-19 remained unclear. 
Asthma patients should continue their existing treatment 
and arrange some small diagnostic devices for a routine 
check. It is also advised to take telehealth care if neces-
sary, and follow an asthma action plan. Further, self-care 
and management with a healthy diet and exercise can 
ensure good immune health of asthma patients during 
the COVID-19 pandemic.
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