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How did COPD pose a lower risk than expected for COVID-19?
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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a res-
piratory disease characterized by progressive airflow re-
striction affecting more than 5% of the world's popula-
tion. The disease progresses with exacerbation attacks,
leading to worsening of the patient's respiratory symp-
toms and drug change. 70% of these exacerbations are
caused by viral and bacterial infections. At the beginning
of the pandemic, the expectation of all chest disease spe-
cialists worldwide was that COPD patients would be
hospitalized for more frequent exacerbations and pneu-
monia, and mortality would be higher in these patients
due to developing complications. However, in the fol-
lowing days, COPD patients were not as high as ex-
pected in patient groups admitted to the hospital. In this
article, we wanted to share possible reasons for this.
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KOAH, COVID-19 i¢in nasil beklenenden daha diisiik
bir risk olusturdu?

OZET

Kronik obstriiktif akciger hastalig1 (KOAH), diinya niifusu-
nun %5'inden fazlasini etkileyen ilerleyici hava akimi kisit-
lamast ile karakterize bir solunum hastaligidir. Hastalik, has-
tanin solunum semptomlarinin kétiilesmesine ve ilag degi-
sikligine neden olan alevlenme ataklari ile ilerler. Bu alev-
lenmelerin %70'i viral ve bakteriyel enfeksiyonlardan kay-
naklanir.

COVID-19 pandemisi ilk basladiginda diinya genelindeki
tiim gogiis hastaliklari uzmanlarmin beklentisi, KOAH has-
talarinin daha sik alevlenmeler ve pndmoni nedeniyle hasta-
neye yatirtlmasi ve bu hastalarda gelisen komplikasyonlar
nedeniyle mortalitenin daha yiiksek olmasrydi. Ancak iler-
leyen giinlerde hastaneye bagvuran hasta gruplarinda KOAH
hastalar1 beklendigi kadar yiiksek ¢tkmadi. Bu yazimizda
bunun olasi nedenlerini paylasmak istedik.

Anahtar kelimeler: COVID-19, KOAH, alevlenme, pan-
demi

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
condition that is characterized by pulmonary inflam-
mation in the presence of irritants, and smoke in par-
ticular. Both structural and inflammatory cells secrete
proinflammatory mediators, thereby causing the in-
flammation to continue in response to etiological
agents. Chronic inflammation, on the other hand, con-
tributes to the development of recurrent respiratory
tract infections by affecting innate and adaptive im-
mune responses. During these periods, defined as ex-
acerbation in COPD patients, the patient can experi-
ence increased respiratory symptoms, impaired res-
piratory function, a reduction in quality of life and de-
creased physical performance.

Lower respiratory tract infections can affect the
course of a disease in two ways. The first occurs with
viral and bacterial respiratory tract infections, in
which more infections occur as the airway obstruc-
tion increases and the disease progresses; and the sec-
ond relates to especially to bacterial colonization in
the airway due to infection, which increases the fre-
quency of infective attacks. For all these reasons,
COPD patients would be expected to be a significant

risk group during a viral pandemic and this expecta-
tion is supported by the increased expression of angi-
otensin converting enzyme 2 (ACE2), which plays a
role in the pathogenesis of not only COPD, but also
several other pulmonary diseases [1-4].

COPD, somewhat surprisingly, has not emerged as a
high-risk factor during the pandemic, despite the
usual susceptibility to lower respiratory tract infec-
tions. In this review, we tried to discuss why COPD
patients were admitted to the hospital less often than
expected during the coronavirus disease 2019
(COVID-19) pandemic. Below, we have tried to ex-
plain the possible reasons for this in the form of sub-
headings such as ACE gene expression, inhaled ther-
apies, immune disorders and altered colonization bal-
ance in COPD.

PREVALENCE OF COPD IN COVID-19 CASES
Accordingly, the increased susceptibility to viral in-
fections in COPD and the increased ACE2, the entry
receptor of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), in COPD patients led to
predictions of an extreme prevalence and severity of
COVID-19 among COPD patients when the COVID-
19 pandemic broke [5]. Contrary to expectations,

10



however, COPD did not emerge as a common comor-
bidity in COVID-19 patients, and surprisingly, there
were even published studies identifying COPD less
frequently in COVID-19 patients when compared to
the general population of similar age and gender [6—
9]. Studies in China revealed that COPD was a lower
risk (1.4-2.9%) compared to other comorbidities
[10,11]. A systematic meta-analysis including 10
studies examining a total of 3403 patients hospital-
ized with COVID-19 reported that a COPD rate of
0.95%, with hypertension (16%), cardiovascular dis-
ease (12%) and diabetes (8%) recording much higher
rates [6].

We believe that there is a need for further studies of
people of the same ethnicity, age and gender before
conclusions can be drawn regarding the lower preva-
lence of COPD than other comorbidities in COVID-
19 patients. There have also been studies, however,
that report COVID-19 progressing more severely in
COPD patients. A meta-analysis including six studies
and 1592 patients established a 5.69-fold increase in
the incidence rate of severe COVID-19 infection in
COPD patients [12].

Another meta-analysis of 1558 diseases found the
highest odds ratio (OR: 5.97, 95% CI: 2.49-14.29,
P<0.001) for COPD, while it was lower for such com-
mon comorbidities as hypertension (OR: 2.29, 95%
CIL: 1.69-3.10, P<0.001), cardiovascular disease
(OR:2.93, 95% CI: 1.73-4.96, P<0.001), cerebrovas-
cular disease (OR:3.89, 95% CI: 1.64-9.22, P=0.002)
and diabetes (OR: 2.47,95% CI: 1.67-3.66, P<0.001),
among patients with severe COVID-19 infections
[13]. The abovementioned studies defined severe in-
fection as acute respiratory failure and/or intensive
care unit requirement.

Another meta-analysis found the prevalence of
COPD to be 2% in COVID-19 cases in a laboratory
diagnosis, although the study reported a higher rate of
complications with pneumonia (63% vs. 33.4%) and
mortality during disease progression when compared
to non-COPD patients [14].

ACE EXPRESSION IN COPD AND COVID-19
ACE2 regulates renin-angiotensin-aldosterone sys-
tem (RAAS) and so reduced ACE2 function leads to
the dysfunction of RAAS, affecting blood pressure
and fluid/electrolyte balance, and resulting in in-
creased vascular permeability in the respiratory tract
in the presence of COVID-19.

A meta-analysis examining the association between
ACE gene expression and susceptibility to COPD
identified differences in races and ethnicities [15].
The ACE gene is located on the chromosome 17, and
has three different genotypes (DD, ID, and II) with
insertion (I) and deletion (D) polymorphisms. The
DD genotype is associated with a high concentration
in the blood and tissue, and therefore with a high ac-
tivity. A low ACE activity, in turn, is believed to have
a potentially positive effect on COPD prognosis. Sim-
ilarly, it has been demonstrated that the DD genotype
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is more common and increases mortality in patients
with adult respiratory distress syndrome. A meta-
analysis by Ma et al. [15] reported that the homozy-
gous DD genotype was significantly associated with
COPD, but that such an effect was not prominent in
the case of a heterozygous deletion. Additionally, it is
understood that such effect is only applicable to the
Asian population (OR=2.38, p=0.086, 95% CI, 1.34-
4.22), as such an association is not prominent in the
Caucasian population (OR=1.24, p<0.001, 95% CI,
0.89-1.72). A study conducted in Turkey and assessed
in the abovementioned meta-analysis [15] obtained
similar findings [16]. The study by Ulasli et al. [16]
evaluated the relationship between pulmonary hyper-
tension, which can occur due to the pulmonary vas-
cular involvement of COPD, and the ACE gene ex-
pression. The authors concluded that the homozygous
DD genotype in COPD cases with and without pul-
monary hypertension did not significantly differ from
that of the control group. There is a significant nega-
tive relationship between ACE2 gene expression and
percent forced expiratory volume in one second [5],
although it is controversial to assess all these in the
same way with ACE2, as the entry receptor of the vi-
rus. The SARS-CoV-2 infection decreases ACE2 ex-
pression in the lung cells [17-20]. Is it likely that the
disease pathology does not occur because the ACE2
overexpression in COPD patients prevents SARS-
CoV-2 from downregulating ACE2?

MEDICATIONS OF COPD PATIENTS AND
COVID-19

Another factor that could explain the low number of
COPD patients being affected by COVID-19 pneu-
monia than expected around the world is the medica-
tions used for treatment. The treatment involves in-
haled corticosteroids combined with short-/long-act-
ing anticholinergic and short-/long-acting beta-adren-
ergic drugs as bronchodilators. The effects of inhaled
corticosteroids on viruses are varied and controver-
sial. Several in vitro studies have shown that inhaled
steroids impair antiviral innate immune response [21]
and delay the viral clearance [4]. Most of these stud-
ies were conducted on rhinoviruses, while studies of
other viruses have produced different results [22]. An
in vitro study showed that human respiratory epithe-
lial cells pretreated with budesonide, formoterol and
glycopyrronium (long-acting beta2-agonist/long-act-
ing muscarinic antagonist/inhaled corticosteroid
[ICS]) prevented the replication of SARS-CoV-2 and
the associated cytokine production [23]. In another in
vitro study, it was established that bronchial epithelial
cells incubated with budesonide and formoterol could
affect the replication of the virus encountered 24
hours later, as well as interferon production [24]. A
more recent in vitro study found that ciclesonide and
mometasone inhibited SARS-CoV-2 replication by
targeting the non-structural protein 15 of the virus
[25].
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Despite these in vitro studies, there is a lack of clini-
cal study data reporting the effects of inhaled steroids
since the pandemic outbreak. Although inhaled ster-
oids are likely to have an effect on viruses, and coro-
navirus in particular, the dose and duration for the oc-
currence of such an effect are unknown. Research
should thus be conducted involving large-scale pa-
tient series. Previous clinical studies conducted in our
country, however, indicate that inhaled steroids are
prescribed more frequently than recommended by the
guidelines, and so the frequent use of ICSs, whether
indicated or not, may lead to difficulties in creating
an ICS-native group for comparison.

IMMUNE DYSFUNCTION IN COPD PA-
TIENTS AND COVID-19

The predominant pathological changes in COPD oc-
cur in the respiratory tract, although changes also oc-
cur in the parenchyma and pulmonary vascular struc-
ture. An individual with COPD may experience
pathological changes depending on individual sus-
ceptibility, disease severity and the underlying dis-
ease (e.g., chronic bronchitis, emphysema, and alpha-
1 antitrypsin deficiency) [26]. The airway abnormal-
ities in COPD include chronic inflammation, in-
creased numbers of goblet cells, hyperplasia of the
mucous glands, fibrosis, and small airway narrowing
[27,28]. Chronic hypoxemia results in intimal hyper-
plasia and smooth muscle hypertrophy/hyperplasia in
small pulmonary arteries [29]. A series of papers have
been published reporting increased numbers of mac-
rophages, neutrophils, CD4+ and CD8+ T cells in the
small airway in COPD [30,31]. Additionally, eosino-
phils, which were mostly a subject for the pathogen-
esis and treatment goal of asthma, have recently been
identified as being involved in the pathogenesis of
COPD phenotypes with frequent exacerbations and
asthma-COPD overlap syndrome. The presence of
eosinophils above 3% in the peripheral blood has
been shown to be associated with exacerbation fre-
quency in COPD. Thus, a high level of eosinophils is
used as a measure for the use of inhaled corticoster-
oids. As there have been studies reporting that eosin-
ophils, as a component of allergic inflammation, can
prevent viral infections [32], their effect also in
COPD should be studied.

SARS-CoV-2 affects primarily the pulmonary airway
epithelial cells, alveolar epithelial cells, vascular epi-
thelial cells, and macrophages. When the virus begins
to replicate in the infected host cell, it can cause virus-
associated proptosis [33], and programmed cell death
[34].

The release of cytokines and chemokines into sys-
temic circulation results in an intense migration of
monocytes and T lymphocytes to the pulmonary site,
while neutrophils remain in systemic circulation
[35,36]. This results in lymphopenia and an increased
neutrophil-to-lymphocyte ratio in approximately 80%
of patients [37]. In COVID-19, it is the increased in-
flammatory cell infiltration that is responsible for the
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diffuse alveolar damage, including the hypersecretion
of proteases and reactive oxygen radicals, alveolar
cell desquamation, hyaline membrane formation and
pulmonary edema [35].

As another factor worthy of discussion among the
possible reasons for the lower-than-expected rate of
COPD during the pandemic, can the immune dys-
function in COPD patients lead to conflict between
COVID-19’s viral replication and T-lymphocyte re-
sponse?

With the advances in diagnostic technologies, spe-
cific microorganisms are today commonly identified
in the airways in stable COPD and are considered as
“colonizers” in the absence of acute infective symp-
toms [38]. These microorganisms induce airway and
systemic inflammation that cause disease progres-
sion. The presence of permanent stimulus, irrespec-
tive of cigarette smoke, since the airway inflamma-
tion continues despite cessation of smoking, is con-
sistent with bacterial colonization in the COPD path-
ogenesis [39,40]. Pathogenic microorganisms have
been isolated in 74% of stable COPD patients [41].
The most detected bacteria are Haemophilus influen-
zae, Moraxella catarrhalis, Streptococcus pneu-
moniae, Pseudomonas aeruginosa, and Chlamydoph-
ila pneumoniae [42]. Bacterial colonization is a dy-
namic process that results in changes in pathogen
type, load, and strain in time. On the other hand, the
total viral load (influenza, cytomegalovirus, and Ep-
stein-Barr virus) is increased in COPD patients
[43,44]. Colonized COPD patients present with a sys-
temic inflammatory response that can be character-
ized by higher blood concentrations of C-reactive
protein. A chronic microbial colonization contributes
to chronic inflammation and the progressive loss of
pulmonary function [37,45].

The lung microbiota includes multiple bacterial taxa
and bacterial families, and the relationships between
these bacteria are highly likely to influence which
species are dominant in the lower respiratory tract of
COPD patients [46—48]. It is possible that viruses
may affect bacterial colonization and contribute to the
emerging immune response [49]. Can the dominant
bacterial and viral species colonizing in the respira-
tory tract of COPD patients produce an immune re-
sponse that prevents the development of COVID-19?
Other speculative explanations we encountered in
studies with a low COPD prevalence during the
COVID-19 pandemic included a stricter adherence of
such patients to general precautions, such as early
self-isolation at the start of the outbreak, the avoid-
ance of close contact and hand washing [9].

DISCUSSION

Chronic obstructive pulmonary disease, somewhat
surprisingly, has not emerged as a high-risk factor
during the pandemic, despite the usual susceptibility
to lower respiratory tract infections. It would be in-
sightful to investigate the reasons for this situation.
The potential factors that determine the SARS-CoV-
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2 infection in COPD can be listed as chronic inflam-
mation of the airway, the medications used for treat-
ment, and the potential for the colonized microorgan-
isms to have an influence on the virus. The role of
ACE?2 in the COPD pathogenesis should also be in-
vestigated with extensive studies in various geo-
graphical areas. The findings obtained through such
studies could contribute both to the reduction of
COPD exacerbations and a better understanding of
SARS-CoV-2.
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