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abstRaCt
Asthma, chronic obstructive pulmonary disease (COPD) and asthma-COPD overlap syndrome (ACOS) sig-
nificantly affect the patient’s respiratory system, which requires individualised treatment and professional 
control. During the SARS-CoV-2 pandemic, all respiratory diseases were taken into consideration as risk 
factors for severe COVID-19. ACE2 and TMPRSS2 genes, which are crucial for SARS-CoV-2 to enter the 
host cell, have different expression in the occurrence of asthma or COPD. Also, comparing the severity and 
mortality of patients with coexistence of asthma or COPD and COVID-19, only COPD patients had worse 
outcomes of COVID-19, and their mortality was significantly higher. Although ACOS is also a potential risk 
factor for hospitalisation and mortality in COVID-19 patients, the condition still requires further studies. This 
overview presents the current state of knowledge on the relationship between the diseases mentioned above 
and COVID-19.

Key wORDs
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stReszCzenie
Astma, przewlekła obturacyjna choroba płuc (POChP) oraz zespół nakładania astmy i POChP (ACOS) zna-
cząco wpływają na układ oddechowy pacjentów, co wymaga indywidualnego leczenia oraz specjalistycznej 
kontroli. W czasie pandemii SARS-CoV-2 wszelkie choroby związane z układem oddechowym zostały wzięte 
pod uwagę jako czynniki ryzyka ciężkiego przebiegu COVID-19. Potwierdzono, że geny ACE2 i TMPRSS2, 
kluczowe dla infekcji SARS-CoV-2, wykazują różną ekspresję w przypadku astmy i POChP. Ponadto, porów-
nując ciężkość przebiegu COVID-19 oraz śmiertelność pacjentów cierpiących jednocześnie na COVID-19 
i astmę lub POChP, tylko u chorych na POChP stwierdzono istotnie zwiększoną śmiertelność. Również ACOS 
jest potencjalnym czynnikiem ryzyka hospitalizacji i śmiertelności pacjentów z COVID-19, jednak nadal wy-
maga on dalszych badań. W niniejszej pracy przedstawiono aktualny stan wiedzy na temat związku między 
wspomnianymi chorobami a COVID-19.
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The pathogenesis of COVID-19 is based on the 
pro-inflammatory responses to viral infection while for 
example cytokines and chemokines, such as tumour ne-
crosis factor (TNF), interleukin 2 (IL-2), IL-7, IL-10 or 
granulocyte colony-stimulating factor (G-CSF) and more, 
are released by the infected cell. During SARS-CoV-2 
infection one is likely to observe rapidly developing in-
flammation caused by the “cytokine storm” (Figure 1). 
Although this kind of immune response is common dur-
ing viral infections, in some cases SARS-CoV-2 can lead 
to excessive cytokine release in cells of an infected organ. 
Prolonged and intensive inflammation results in organ 
damage or even failure [6]. Depending on the intensity 
of inflammation occurring among COVID-19 patients, 
symptoms can be diverse, from mild to moderate or even 
severe. The more proinflammatory molecules released 
during the infection, the more severe is the disease man-
ifestation observed [6, 7].

EPIDEMIOLOgy 

Coronavirus disease-19 (COVID-19) was identi-
fied for the first time in China in December 2019 when 
a huge pneumonia outbreak was observed. Researchers 
found out that COVID-19 is caused by the novel severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection transmitted through the respiratory tract [4]. 
According to World Health Organization data to date, the 
only continent which has no identified COVID-19 cases 
is Antarctica. So far, new COVID-19 cases and deaths 
among COVID-19 patients are increasing day by day [8]. 
COVID-19 is observed among every possible age group 
and its frequency is not age-dependent. Although any-
one can be infected with SARS-CoV-2, the mortality of  
COVID-19 is significantly higher among patients aged 
60 and older [9]. On the other hand, coexisting chron-
ic diseases such as cardiovascular diseases, diabetes, and 
chronic obstructive pulmonary disease (COPD) increase 
the disease severity and death rate among COVID-19 

intRODuCtiOn

Asthma affects 339 million people, while patients 
suffering from chronic obstructive pulmonary disease 
(COPD) are estimated to number over 329 million world-
wide [1, 2]. Also, these two conditions may occur simul-
taneously, as asthma-COPD overlap syndrome (ACOS). 
It is hard to estimate the precise occurrence of these 
diseases due to the similarity of the symptoms. ACOS is 
an even more serious condition than asthma or COPD 
alone, meaning that the exacerbations may be more fre-
quent and severe. SARS-CoV-2 infection, being the rea-
son behind COVID-19, similarly to asthma and COPD 
focuses on the lungs. Currently, researchers are trying to 
investigate the relationship between these conditions and 
the severity of COVID-19. In this paper, the diseases are 
briefly characterized along with their overlap, including 
the risk of severe COVID occurrence [3]. 

COviD-19

MOLECULAR bAsIs 

Severe acute respiratory syndrome coronavirus 2  
(SARS-CoV-2) is an RNA virus with positive single-strand-
ed genomic RNA and two characteristic envelope proteins 
– the spike glycoprotein (S) and the transmembrane gly-
coprotein (M). The S glycoprotein is necessary to bind 
to the human angiotensin-converting enzyme 2 (ACE2), 
which provides the entry point for the virus by being 
an attachment site for the virus. On the other hand, the  
M glycoprotein is responsible for envelope formation and 
virion assembly [4]. During viral entry, presence of human 
transmembrane serine protease 2 (TMPRSS2) is also cru-
cial. TMPRSS2 activates the internalization of the virus by 
cleavage of the spike protein. TMPRSS2 and ACE2 are nec-
essary for the SARS-CoV-2 virus to enter the host cell. Ac-
cording to this fact, it is thought that the expression level of 
these proteins can influence the course of COVID-19 [5].
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patients [10]. These observations indicate that older pa-
tients and those suffering from chronic diseases should 
be urgently hospitalized in case of being infected with 
SARS-CoV-2.

syMPtOMs

Symptoms of COVID-19 are very similar to those 
observed among patients with seasonal flu. The most 
frequently occurring are fever, cough, tiredness and 
shortness of breath [4]. Their manifestation occurs ap-
proximately 5 days after the infection, which is a period 
of SARS-CoV-2 incubation [11]. In most COVID-19 pa-
tients, symptoms are from mild to moderate and they do 
not require any urgent medical help. Unfortunately, some 
patients require hospitalization because of the severity 
of occurring symptoms such as chest pain and difficul-
ties with breathing [4]. Considering that SARS-CoV-2 
spreads mainly through the respiratory tract, the lungs 
are the most exposed organs during this viral infection. 
Among hospitalized patients with COVID-19 acute lung 
injuries were observed during lung biopsy [9, 12].

It is also reported that when the infection lasted 
shorter than 10 days, symptoms were less severe. Dur-
ing longer-lasting infection, for example acute broncho-
pneumonia, organizing pneumonia or type II hyperplasia 
developed among COVID-19 patients. To date, the most 
frequently reported are mid-sized pulmonary endothelial 
damage, pulmonary infarcts and vascular fibrin thrombi 

[13]. COVID-19 symptoms do not involve only pulmo-
nary tissues. It is also observed that other tissues can be 
damaged during SARS-CoV-2 infection due to excessive 
inflammatory processes. High levels of serum cytokines 
are correlated with extrapulmonary organ failure among 
COVID-19 patients [6].

DIAgnOsIs

The diagnosis of COVID-19 is performed using two 
tests which are the RT-PCR test as a molecular diagnostic 
method and the serological test. The RT-PCR test allows 
viral genetic material to be detected in specimens taken 
from the upper and lower respiratory tract. The sensitiv-
ity of this test seems to be high, but it is still possible to 
obtain false-positive and false-negative results depending 
on the tested specimens. This method is currently the best 
diagnostic tool to detect early infection and active viral 
shedding, which helps to identify infected patients and 
allows one to take measures to limit further spread of the 
virus [4, 12].

The serological test is based on the detection of anti-
bodies against viral proteins. Unfortunately, this type of 
test will give reliable results approximately 2 weeks af-
ter the SARS-CoV-2 infection, when specific antibodies 
are produced. It means that the serological test cannot 
be used as a diagnostic tool at early stages of infection 
and cannot be used to prevent viral shedding. Both tests 
combined together seem to have the highest sensitivity 

Inflammation
figuRe 1. Molecular mechanism of SARS-CoV-2 infection
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of diagnosis. The RT-PCR test is the best method for 
rapid detection of SARS-CoV-2 at the early stage of in-
fection, which is highly important to prevent dissem-
ination of the disease. Immune tests do not play a key 
role during epidemic prevention but can be important 
during the second recurrence of this virus among pa-
tients [4].

tREAtMEnt

From the very first day of the coronavirus epidemic, 
researchers have been looking for the best treatment for 
COVID-19. Most of the currently used treatment meth-
ods are focused on reducing the level of proinflammatory 
cytokines. Some of them are corticosteroids, IFN-g, IL-1 
family antagonists, IL-6 antagonists, ulinastatin and even 
stem cell therapy or blood purification treatment [6].

Anti-viral drugs also seem to have potential as a ther-
apeutic approach in COVID-19 treatment and the most 
promising are for example remdesivir, chloroquine, hy-
droxychloroquine, ribavirin. The foregoing potential drugs 
(which are only a small amount of possible drugs for SARS-
CoV-2 infections available on the market) are not accepted 
as effective approaches to treat COVID-19 patients. There 
is still a need to develop an appropriate medical treatment 
or preventive vaccinations for COVID-19 [14].

thE AssOCIAtIOn bEtWEEn sMOKIng AnD COVID-19

At the outset of the SARS-CoV-2 pandemic, smoking 
was expected to be a risk factor increasing the suscepti-
bility to infection with the virus [15].

To evaluate these suspicions, a huge cohort study was 
conducted where researchers tested the correlation be-
tween active smoking with susceptibility to infection and 
clinical outcomes of patients with COVID-19. They ob-
served that a substantial majority of tested smokers were 
diagnosed negative to SARS-CoV-2 in comparison to 
positive cases (4734 (13.45%) vs. 103 (4.55%), p < 0.001). 
This observation may indicate that active smoking has 
a protective role during SARS-CoV-2 infection. Probably, 
in this case, the nicotinic acetylcholine receptor (nAChr) 
plays an important role in the pathogenesis of COV-
ID-19. Considering that possibility, pharmacological nic-
otine could be supplemented as a preventive agent against 
SARS-CoV-2 infection [16]. Another study conducted by 
Usman et al. also showed that current smokers are less 
susceptible to SARS-CoV-2 infections, and suggested that 
nicotine can activate anti-inflammatory pathways [17].

Some studies have proposed that active smoking dur-
ing COVID-19 may increase its severity and mortality 
rate, but further studies are needed to obtain more precise 
and reliable data [18].

AsthMA

Bronchial asthma is a heterogeneous disease of chron-
ic airway inflammation, with characteristic symptoms of 
wheezing, dyspnoea, cough, shortness of breath and chest 
tightness. One of the most vital risk factors triggering 
asthma is inhaled particles provoking allergic reactions, 
e.g. pollens, moulds, dust, tobacco smoke or other chem-
ical irritants. About 339 million people had asthma and 
the disease caused over 400 hundred deaths globally in 
2016 [19]. 

Chronic inflammation of the lower respiratory tract 
is dependent on the tilt of the Th2 lymphocyte balance. 
There are two most typical endotype groups in asthma 
categorization – Th2 high and non-Th2. Th2 high group 
contains atopic, late-onset and aspirin-exacerbated res-
piratory disease (AERD) phenotypes, while non-Th2 en-
dotype consists of non-atopic, obesity-related and smok-
ing-related phenotypes [20]. Atopic asthma characterized 
by a type 2 eosinophilic inflammation is present in more 
than 50% of diagnosed patients [21]. Allergic asthma has 
a Th2 profile of chronic lower respiratory tract infection, 
in which, by tilting the balance towards CD4 + lympho-
cytes having the Th2 phenotype, bronchial epithelium 
produces cytokines of this profile, which is characteristic 
of type I hypersensitivity – allergy.

At the beginning of the SARS-CoV-2 pandem-
ic, asthma was one of the first diseases mentioned as  
a COVID-19 risk factor, as were other respiratory illness-
es. Mild coronavirus strains frequently appear during an 
asthma exacerbation. In approximately 8.4% of the pa-
tients (95% CI, RR = 5.1, 13.6), mild coronavirus strains 
were present, which justified its inclusion in the risk factor 
list [22]. It is not clear if SARS-CoV-2 causes asthma ex-
acerbation and how the mechanism exactly works [23]. 
Based on present knowledge, 9% of mortality among pa-
tients with COVID-19 had asthma history [24]. The Green 
et al. cohort study with over 37 000 subjects showed lower 
COVID-19 susceptibility in asthmatic patients – 6.75% 
of patients with asthma had a positive SARS-CoV-2 test, 
while 9.62% were in the SARS-CoV-2 negative group  
(p < 0.001) [16]. Previous studies have found no difference 
in hospitalization or mortality rate between COVID-19 
patients with and without asthma [25, 26].

In some cases, asthma exacerbation is challenging to 
distinguish from COVID-19 acute respiratory distress 
syndrome (ARDS) because both conditions initially 
share common symptoms – dyspnoea and dry cough. 
These diseases are easier to differentiate without testing 
when patients experience loss of smell or taste, fever, or 
attenuation present among COVID-19 patients. The oc-
currence of wheezing is also common mostly in patients 
with asthma [27].
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There is a hypothesis that tilting the balance in Th2 
profile in allergic asthma may have a protective influence 
against severe COVID-19 because of the cross-regula-
tion between allergic and interferon-mediated immune 
responses [20]. Th2 lymphocytes, which are specific for 
the allergen, arise from allergen presentation by dendritic 
cells, evolving from Th0 cells through the action of inter-
leukin 4 (IL-4) produced by mast cells. IL-4 also regulates 
IgE production and the movement of eosinophilia into 
tissues, and also affects mast cells, making it a leading cy-
tokine in the pathogenesis of allergies [28]. Even though 
asthmatics have a greater susceptibility to respiratory viral 
infections which may be a trigger for exacerbations, the 
Th2-dominant environment might be protective, particu-
larly in the case in SARS-CoV infections [20]. 

AsthMA, ObEsIty AnD COVID-19

It has been proved that obesity is a high-risk factor 
in hospitalization and mortality from COVID-19 infec-
tion, but the association strictly between asthma, obesity 
and COVID-19 is not fully discovered. Around 58% of 
asthmatic individuals are obese [29]. Even though 26% 
of asthmatic patients require hospital admission due to 
poor prognosis after COVID-19, it is mostly associated 
with the main risk factors, including obesity, hyperten-
sion, diabetes and dyslipidaemia [30]. In patients aged 
40 or older, the frequency of obesity was slightly higher 
among the group with asthma and a COVID-19-positive 
test (33.99%) than those with a COVID-19-negative test 
(29.58%) (p = 0.002) [24].

The excess of adipose tissue and the adipokines it 
produces, such as IL-6 and TNF-α, may contribute to the 
formation of certain diseases and pathological conditions. 
Both of these factors increase the signal of inflammation 
in atopic asthma and lower symptoms control. There is 
a hypothesis that a high ACE2 concentration in visceral 
adipose tissue present in large amount in obese individuals 
may predispose to COVID-19 infection and development 
[16]. It seems clear that obesity increases the risk of mor-
tality and hospitalization after SARS-CoV-2 infection, not 
just among asthmatic patients, but all individuals.

bAsIC AsthMA tREAtMEnt

The best treatment for asthmatics is proper medica-
tion and avoiding asthma triggers. The basic medication is 
pharmacotherapy based on the treatment of inflammation 
and minimizing the symptoms of asthma. For this pur-
pose, two types of drugs are used: control and anti-inflam-
matory drugs (e.g. inhaled or systemic corticosteroids) 
and symptomatic drugs with a bronchodilator (e.g. β2-ag-
onists). There are also other types of medication, e.g. leu-

kotriene receptor antagonists (LTRAs), which reduce the 
frequency of exacerbations and the severity of symptoms, 
but with weaker anti-inflammatory functionality than in-
haled corticosteroids (ICS). Another type of treatment is 
biological therapy, which, by targeting specific inflamma-
tory factors and reducing symptoms, provides more inno-
vative solutions for the treatment of asthma [31]. 

tREAtMEnt OF PAtIEnts WIth AsthMA  
AnD COVID-19

The risk of severe COVID-19 gets higher when asth-
ma is under control, so it is crucial to treat asthmatic pa-
tients with convenient medication, e.g. ICS, β-mimetics, 
LTRAs and biologicals.

If the asthmatic patient was infected with SARS-
CoV-2 and developed COVID-19, the medication should 
be consulted with an allergist or immunologist wheth-
er the present treatment is appropriate for each specific 
case. Experts of the Polish Allergy Society recommend 
that asthma patients should continue ICS treatment, re-
gardless of whether the patient is infected or not. Dis-
ruption of the long-term use of glucocorticosteroids can 
only aggravate the patient’s condition. Due to incomplete 
asthma control, coughing attacks support the spread of 
the virus among asymptomatic patients [23]. Treatment 
methods should not be changed among asthma patients 
who are COVID-19-positive. The Global Initiative for 
Asthma (GINA) recently stated that the suggestions about 
avoiding glucocorticosteroids during the COVID-19 
pandemic apply mostly to the administration of systemic 
glucocorticosteroids, but not to inhaled ones. It is also 
recommended not to change treatment plans prescribed 
by the doctors and that patients should continue taking 
corticosteroids even if they are inhaled corticosteroids. In 
the case of acute asthma attacks, patients should use oral 
corticosteroids because inhaled corticosteroids may in-
tensify COVID-19 exacerbation. Such administered corti-
costeroids should be used at the lowest possible dose [32].

Systemic corticosteroids are used chronically in 
around 5% of asthmatic patients and also in case of ex-
acerbation of the disease. The World Health Organiza-
tion recommends systemic corticosteroids rather than 
no corticosteroids if the patient is in a severe state of  
COVID-19, but not using this type of treatment of a pa-
tient in a mild state [33]. Because there is a small amount 
of data about COVID-19 treatment, it is not known 
whether the discouragement of oral corticosteroid treat-
ment is due to the potential for harm to the patient or 
insufficient COVID-19 treatments [34].

Biologics are mostly recommended for patients with 
severe asthma for whom basic treatment has no positive 
effect. Most recommendations from the respiratory or-
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ganizations see no contraindications for using biologics 
in patients with COVID-19 and severe asthma. However, 
some patients may need a direct interaction for the ad-
ministration of biologics [35]. 

ChROnIC ObstRUCtIVE PULMOnARy DIsEAsE 

Chronic obstructive pulmonary disease (COPD) is 
a common worldwide disease whose symptoms can be 
treated to some point but is still a major cause of death. 
It is estimated that around 329 million people suffer from 
COPD, which accounts for almost 5% of the population [2].

The disease is characterized by developing a reduction 
of the expiratory airflow, which is coupled with chronic 
inflammation. The airflow limitation is not completely re-
versible and depends on the patient’s age and the number 
of disease exacerbations. These events are usually a result of 
exposure to harmful particles and compounds contained in 
inhaled air. The most common example is tobacco smoke, 
but also several other risk factors can lead to development 
of the disease. These include indoor and outdoor air pollu-
tion, dust and chemicals in the workplace, as well as infec-
tions and existing medical conditions. It is estimated that 
about 20% of smokers suffer from COPD [36–38].

Development of COPD is associated with local in-
flammatory reactions in the lungs as a response to the 
inhalation of harmful substances. These events lead to di-
rect damage of the lungs and progression of emphysema 
and fibrosis of the small airways, resulting in impaired gas 
exchange. The changes in the lungs include an increased 
amount of neutrophils, macrophages, T lymphocytes and 
B lymphocytes in the lumen. These inflammatory cells 
produce mediators enhancing the reaction and causing 
morphological remodelling of the surrounding tissues. 
The mediators involved in the pathogenesis include li-
pids, free radicals, cytokines and chemokines, as well as 
growth factors. In this case, blocking a single mediator 
would have no clinical impact [39].

As a result of impaired gas exchange, the most com-
mon symptoms of COPD are chronic shortness of breath 
(observed in more than 70% of cases), chronic cough (ob-
served in around 60% of cases) and excess sputum pro-
duction (observed in around 63% of cases). These may 
occur even during walking or performing everyday ac-
tivities. Less common symptoms include loss of appetite, 
loss of weight and swollen ankles [40].

bAsIC ChROnIC ObstRUCtIVE PULMOnARy 
DIsEAsE tREAtMEnt

Similarly to the treatment of asthma, in COPD the 
key point of the treatment for people suffering from the 
disease is proper medication and avoiding the triggers, 

like smoking cessation. Another analogy is the use of cor-
ticosteroids and bronchodilators. In addition, mucolytics, 
which have been suggested to be more effective in cases 
with higher disease severity, could also be useful [41–43]. 
There is also limited evidence that influenza vaccination 
may be beneficial in the patients, mainly because of low-
ering the risk of exacerbations. In addition, physical in-
activity is linked with an increased chance of hospitaliza-
tion and mortality. It is recommended to perform at least 
walking every day, coupled with pulmonary rehabilitation 
for exercise tolerance. Moreover, patients with disabilities 
such as severe resting hypoxaemia, pulmonary hyperten-
sion, polycythaemia or possible heart failure are likely to 
benefit from long-term oxygen therapy [44].

Contrary to asthma, the positive influence of ICS 
usage in COPD patients is obscure and should not be 
implied unless the situation is urgent with frequent and 
symptomatic exacerbations. Compared to inhaled cor-
ticosteroids coupled with long-acting β2-agonists, dual 
long-acting bronchodilators may exhibit a more signif-
icant reduction of exacerbation frequency, while bearing 
a lower risk of pneumonia. However, sometimes it may 
be necessary to continue ICS-including therapy in case 
of good symptoms control [45]. 

COpD/COviD-19 COexistenCe

Because of the nature of COPD, patients suffering 
from the disease are more vulnerable to respiratory tract 
infections, including SARS-CoV-2. Similarly as in asth-
ma, coronaviruses tend to be a periodic cause of acute 
COPD exacerbations (AECOPD). Currently, opinions di-
verge as to whether the exacerbations should be attribut-
ed to the COPD in a COVID-19 patient. Probably, in case 
of COVID-19/COPD coexistence, it should be considered 
as a different condition than a typical AECOPD, since 
the pathophysiological process differs. It is observed that 
among hospitalized patients, the occurrence of COPD is 
significantly correlated with higher severity of COVID-19 
symptoms, leading to a worse clinical outcome. The mor-
tality rate was also significantly increased in the case of 
co-occurrence of COVID-19 and COPD. Every fourth 
patient who died during COVID-19 was diagnosed with 
COPD, while only 2.8% of patients diagnosed with both 
diseases survived [46, 47].

tREAtMEnt OF PAtIEnts WIth COPD  
AnD COVID-19

Studies indicate that severe COVID-19 has a higher 
chance of occurrence in COPD patients. Thus, the prop-
er management of both diseases is of great importance. 
Symptoms which are valuable in distinguishing COPD 
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exacerbation from SARS-CoV-2 infection include fever, 
anorexia, myalgias and gastrointestinal problems, which 
are usually not present in COPD [48].

Because corticosteroids are often prescribed for 
COPD patients, it is important to evaluate the risk asso-
ciated with the administration of the drugs in COVID-19 
coexistence. The WHO has recently warned about the use 
of corticosteroids in COVID-19, due to the poor effec-
tiveness coupled with the risk of a potentially harmful 
outcome, as it was reported in past literature according 
to other viral pneumonia outbreaks such as SARS-CoV.

In COPD patients, using short-acting β-agonists is 
valid when the symptoms become intensified. If the pa-
tients experience acute exacerbation due to COVID-19 
existence, there is no need to immediately apply a diverse 
medication approach. Similarly, as in asthma, every pa-
tient should follow an individual, personalized treatment, 
which may also include the use of corticosteroids. In the 
presence of COVID-19, patients should consult a doc-
tor, as it is not recommended to introduce oral corticos-
teroids into the treatment by the patient alone, even in 
short-term therapy. Delaying the therapy is not recom-
mended, as severe exacerbations may occur in this time. 
Short-term use of oral corticosteroids is favourable in the 
resolution of more severe disease symptoms and can be 
abandoned suddenly, as the exacerbations vanish [45].

Summing up, treatment methods have not changed 
among COPD patients who are COVID-19-positive. The 
Global Initiative for Chronic Obstructive Lung Disease 
(Gold) recommended to keep taking drugs as prescribed 
and not to change their administration type [49].

aCOs – asthma anD ChROniC ObstRuCtive 
pulmOnaRy Disease OveRlap

Asthma and chronic obstructive pulmonary disease 
(COPD) have been recognized for years as two separate 
diseases. Due to the similarity of symptoms, the differ-
entiation between asthma and chronic obstructive pul-
monary disease is still a problem in clinical practice. In 
fact, the main differentiating factor between COPD and 
asthma is the lack of complete reversibility of airflow limi-
tation in the airways, regardless of the presence of chronic 
cough, excessive sputum and the presence of emphysema. 
In the case of asthma, the obstruction is usually revers-
ible. However, if not treated properly, chronic asthma 
inflammation can lead to irreversible narrowing of the 
airways due to changes in their structure.

Moreover, in many situations, both conditions may 
occur simultaneously. In such cases, the disease is 
called asthma–chronic obstructive pulmonary disease 
overlap syndrome (ACOS). ACOS is an even more se-
rious condition than asthma or COPD alone, meaning 

that the exacerbations may be more frequent and se-
vere [3, 36].

COPD coexistence in asthma patients suffering from 
COVID-19 was evaluated as a potential risk factor for 
hospitalization and mortality. The study, along with 
COPD comorbidity, also investigated other potential risk 
factors such as age, sex, race, presence of diabetes mellitus 
or cardiovascular diseases and more. In these patients, the 
study suggests that coexistence of COPD may be a po-
tent risk factor for hospitalization (adjusted OR = 1.92,  
CI = 95%, RR = 1.35–2.72, p < 0.001). Moreover, it was 
found to be the only statistically significant value after 
correction for multiple comparisons (p < 0.05). According 
to the study, it is important to distinguish asthma between 
other chronic pulmonary diseases during research, as its 
coexistence with COPD may be of great importance for 
estimation of the risk of severe COVID-19 [50].

Studies reviewing the SARS-CoV-2 infection in the 
ACOS condition also include single cases. One of them, 
analysed by Aksan et al., investigated a case of an obese 
female smoker in her forties with hypertension. The 
COVID-19 symptoms consisted of absence of a sense of 
taste or smell, dry cough, dyspnoea and body aches with 
chills. As the disease progressed, also intense and burning 
pain of the neck and back occurred, which was intensified 
by touch or warmth. However, it is probably not attribut-
able to the presence of ACOS. During the infection, the 
patient was treated with prednisone, ipratropium and al-
buterol for exacerbations caused by COPD and asthma. 
Still, the study reports no intensification of the ACOS ex-
acerbations during the SARS-CoV-2 infection [51].

Another case study, analysed by Lau et al., focuses 
on the SARS-CoV-2 infection in a 77-year-old man with 
ACOS. The patient was diagnosed with progressive cough 
and worsening shortness of breath, with desaturation. In-
tensification of these symptoms during the viral infection, 
along with desaturation, was a sign to perform comput-
ed tomography (CT) of the thorax on the fourteenth day 
of illness. It revealed subpleural interstitial thickening. 
However, no peribronchial thickening correlated with the 
presence of ACOS was observed on CT. Still, the authors 
suggested that the asthma-COPD overlap syndrome par-
tially contributed to the patient’s desaturation [52].

DiffeRenCes in aCe2 anD tmpRss2 
expRessiOn amOng COpD anD asthmatiC 
patients

According to current studies, it is observed that 
COPD patients suffer more severe symptoms of  
COVID-19, while most of the asthmatic patients do not 
demonstrate a significant difference compared to patients 
without any chronic pulmonary diseases [46]. 
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Considering the fact that SARS-CoV-2 needs the 
presence of ACE2 to enter the host cells, expression lev-
els of ACE2 among COPD and asthmatic patients were 
analysed. Two different studies have shown that ACE2 ex-
pression in epithelium of the bronchioles was significantly 
higher among COPD patients and lower or higher among 
asthmatic patients. Both groups were compared to patients 
with no chronic pulmonary disease diagnosed [53, 54]. 

It is hypothesized that different endotypes of asthma 
may modify ACE2 expression differently, thereby affect-
ing COVID-19. Some cytokines typical for particular 
asthma endotypes can lead to upregulation of expression 
of ACE2, such as IL-17, and some can cause downregu-
lation of this receptor, for example, IL-4 and IL-13 [55]. 

Such observations may indicate that viral entry to the 
host cells can be facilitated thanks to higher expression of 
ACE2, which probably leads to more severe COVID-19 
symptoms among COPD patients. The opposite tenden-
cy in the expression of ACE2 among some asthmatic 
patients may have some protective contribution during 
COVID-19 because the viral entry is not as easy as in case 
of the normal expression level of ACE2 [53, 56]. 

TMPRSS2 expression was also analysed among COPD 
and allergic asthma patients. Both conducted studies 
showed that the expression of TMPRSS2 is increased in 
both groups compared to healthy individuals. Knowing 
the function of TMPRSS2 during viral entry to the host 
cells, upregulation of TMPRSS2 expression seems to be 
more crucial during developing more severe COVID-19 
symptoms and the overall course of disease than differ-
ences in expression of ACE2 [57, 58]. 

Considering current data, it seems that patients with 
asthma and patients with COPD may experience a dif-
ferent course of COVID-19. Even though the ACE2 and 
TMPRSS2 expression differs between COPD and asth-
matic patients, changes in biological parameters and 
inflammation developed during SARS-CoV-2 infection 
can worsen symptoms which are already observed in both 
groups (Table 1) [56, 59].

Further studies based on differences in ACE2 and 
TMPRSS2 expression are needed to fully understand the 
underlying mechanism of developing more severe symp-
toms of COVID-19 among COPD and asthmatic patients. 
Such knowledge would help to develop new therapeutic 
approaches during COVID-19 treatment. 

COnClusiOns

According to current knowledge, the co-occur-
rence of chronic respiratory diseases has an impact on  
COVID-19 susceptibility. The leading cause is that occur-
rence of asthma or COPD leads to different expression 
of both genes ACE2 and TMPRSS2 that are crucial for 
SARS-CoV-2 to enter the host cell. Chronic obstructive 
pulmonary disease is one of the factors that significant-
ly increase the risk of infection with SARS-CoV-2, while 
asthma is mainly thought to decrease COVID-19 suscep-
tibility among patients [5, 57]. 

Comparing the severity and mortality of patients with 
co-occurrence of asthma or COPD and COVID-19, only 
COPD patients had worse outcomes of the COVID-19 
and their mortality was significantly higher. Asthma 
seems not to change either mortality or severity among 
patients with COVID-19 [18, 25]. 

Co-occurrence of ACOS and COVID-19 requires fur-
ther studies because asthma/COPD overlap syndrome has 
no efficient and appropriate diagnostic tools to identify 
which patients have ACOS [50]. 

Surprisingly, smokers also seem to be less susceptible to 
SARS-CoV-2 infection according to the studies conduct-
ed by Green et al. Surely we cannot look upon smoking 
as a preventive method against COVID-19 development. 
Nicotine itself is thought to have a protective role during 
SARS-CoV-2 infection, but there are also other methods, 
which can prove better and more efficacious [16].

On the other hand, current smokers may suffer more 
severe symptoms of COVID-19, leading to a higher mor-
tality rate among COVID-19 patients. However, this issue 
has to be studied on a larger cohort to obtain reliable data. 
After all, discontinuation of smoking during COVID-19 
seems to be good advice to avoid any possible severe com-
plications of COVID-19 [18].

According to GINA and GOLD, both asthma and 
COPD patients should maintain their current treatments 
during COVID-19. All necessary changes in the medica-
tion should be consulted with a specialist [32, 49]. 

At present, European data are very scarce, and most 
of the information is derived from Asian research. Giv-
en both social and genetic differences between the two 
populations, Asian data may not be fully mapped to 
the European population. In some European countries, 

table 1. Differences in ACE2 and TMPRSS2 expression in COPD, neutrophilic and eosinophilic asthma [59]

Expression COPD Neutrophilic asthma Eosinophilic asthma

ACE2 Upregulated Upregulated Downregulated 

TMPRSS2 Upregulated Upregulated* Upregulated*
*The more severe the asthma, the higher the expression of TMPRSS2.
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data about the concomitant diseases in COVID-19 pa-
tients are no longer gathered, which can hamper future 
analysis and conclusions. Also, some studies emphasize 
distinguishing asthma and COPD from each other, as 
well as from other chronic pulmonary diseases during 
research, as their coexistence with different pulmonary 
conditions may be of great importance for the severe 
COVID risk estimation. Forthcoming studies should 
focus on identifying the immunopathology of exac-
erbation of these three diseases related to COVID-19. 
These studies would help in the determination of the 
best approaches to the patients’ management. Also, with 
better diagnostic tools and greater conscientiousness in 
diagnosing both of these diseases, we would be able to 
estimate the risk of severe COVID-19 more precisely in 
particular cases.
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