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KEY POINTS

� Severe acute respiratory syndrome coronavirus 2 infection targets the respiratory epithelium.

� Patients with chronic lung disease (CLD) are at risk of more severe coronavirus disease 2019
(COVID-19).

� Patients with CLD should continue with standard therapy, although patients receiving immunosup-
pression, particularly rituximab, are at higher risk of infection and severe disease.

� Patients with CLD do not seem at higher risk of adverse vaccine reactions and therefore should be
offered vaccination, which reduces the chance of severe COVID-19.
Severe acute respiratory syndrome coronavirus 2 MECHANISMS OF SEVERE ACUTE

(SARS-CoV-2) is a novel coronavirus that leads
to an acute respiratory tract infection, and for the
first couple of years of the pandemic, it lead to
acute lung injury in a substantial proportion of peo-
ple. The combination of improved therapy, vacci-
nation, and mutant strains with a lower trophism
for alveolar epithelium seem to have reduced the
number of people overall with severe respiratory
complications of severe coronavirus disease
2019 (COVID-19). However, patients with a preex-
isting chronic lung disease (CLD) may have an
increased risk of acquiring SARS-CoV-2 infection
and also have an increased risk of COVID-19
following with poor outcomes.1–3 It is therefore
crucial to understand the interaction between
SARS-CoV-2 and the respiratory tract, especially
in patients with compromised pulmonary physi-
ology, to understand the pathogenesis of severe
COVID-19 and complications such as “long
COVID.”
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RESPIRATORY SYNDROME CORONAVIRUS 2
INFECTION IN THE LUNG

SevereCOVID-19 has been associatedwith SARS-
CoV-2 infection of the lower respiratory tract with
the primary site of infection being type II alveolar
epithelial cells (AT2) in the distal lung.4 Early in
February 2020, it was reported that the major
mechanism for SARS-CoV-2 viral entry into cells
was through angiotensin-converting enzyme 2
(ACE2) expressed on the cell surface.5 Yet,
single-cell RNA-sequencing and protein atlas
assessment of ACE2 determined low ACE2 gene
expression and rare ACE2 protein expression in
the airway epithelium and alveoli of control and
CLD groups.4,6 The low level of ACE2 expression
at the major site of infection within the lungs sug-
gests that it is likely that alternative non-ACE2–
mediated mechanisms of cell infection exist in the
lung and that these might be responsible for the
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worse outcomes of patients with CLD. The virus
has been shown to use several coreceptors
including CD147/Basigin/BSG; NRP1 (Neuropilin-
1); GRP78 (78 kDa glucose-regulated protein)/
HSPA5 (Heat Shock Protein Family A (Hsp70)
Member 5); and proteases Transmembrane serine
protease 2 (TMPRSS2), Cathepsin L/CTSL
(cathepsin L), FURIN (Furin), and ADAM17 (A disin-
tegrin and metalloprotease 17) to facilitate infec-
tion.1,4,7–13 Difference in these coreceptors
explain the different pathogenicity of the newer
Omicron variants14; however, the overall differ-
ences in SARS-CoV-2 entry factors are minimal in
CLD, suggesting that viral entry alone does not
explain the variation in disease severity observed
between patients with and without CLD.4 More
recently, it has been hypothesized that in addition
to increased susceptibility to infection, CLD pa-
tients have altered expression profiles of antiviral
and immune response genes, altering their alveolar
microenvironment and ability to fight infection.
Having impaired innate immunity reduces the anti-
viral defense, whichmay promote host permissive-
ness and an increase in viral replication. As a result,
they may be predisposed to severe lung injury.4

Although CLD has been cited as a risk factor for
severe COVID-19, the different types of CLD have
distinct pathologic mechanisms and treatment
modalities. Subsequently, the molecular charac-
teristics influencing SARS-CoV-2 severity differ
between the groups.
ASTHMA

Asthma is an inflammatory condition of the airways
occurring in all age groups but is more common in
younger patients and is commonly associated with
allergic diseases such as rhinosinusitis. Exacerba-
tions of asthma are frequently caused by viral in-
fections including rhinovirus and influenza and
may be life-threatening. Asthma patients have
impaired type-I interferon (IFN-I) responses, yet
the risk of severe COVID-19 differs between the
2 main asthma endotypes: type-2 (allergic and
eosinophilic) versus non-type-2 (neutrophilic and
paucigranulocytic).15

In type-2 asthma, the proinflammatory cytokines
interleukin (IL)-4, IL-5, and IL-13 are secreted to
drive a Th2-type immune response, which perhaps
modulatesSARS-CoV-2 infectivitywith IL-13 shown
to downregulate ACE2 expression by airway epithe-
lial cells (AECs).16–18 In addition, type-2 cytokines
and IgE cross-linking have previously been shown
to suppress toll-like receptor (TLR) expression,
possibly preventing an IFN-driven upregulation of
ACE2.19,20 Yet IL-13 increases TMPRSS2 expres-
sion, although a low frequency of dual ACE21/
TMPRSS21 expressing cells are present for viral
entry.18 It has been suggested that the preventative
inhaled corticosteroid (ICS), ciclesonide, may even
have inhibitory effects on viral replication by binding
to the SARS-CoV-2 viral endonuclease NSP15.21,22

In a randomized trial, patients treated with cicleso-
nide had reduced hospital attendance, although
symptom duration was not reduced.23 Additional
protective factors in type-2 asthma patients include
eosinophilia contributing to antiviral immunity and
preexisting ICS usage for the long-term manage-
ment of asthma.24 Preexisting eosinophilia
(>150 cells/mL) was protective against hospital
admission, and the development of eosinophilia
duringadmissionwasprotective againstmortality.25

Consequently, concerns are raised regarding the
use of biologic agents that directly interfere with
Th2 inflammation and eosinophil function, yet their
use is lifesaving in those with the worst forms of
asthma. Reassuringly, a large cohort study did not
find higherprevalenceorworseoutcomes inasthma
patients on biologic therapy.26

By comparison, it has been suggested that indi-
viduals with non-type-2 asthma have an increased
risk of severe COVID-19. In non-type-2 asthma,
there is a greater involvement of Th1 and Th17 re-
sponses, predominantly through the cytokines IL-
1b, IL-8, IL-6, and IL-17, many of which play a cen-
tral role in the “cytokine storm.”15 Non-type-2 cy-
tokines have been associated with an increased
expression of ACE2 in epithelial cells, which may
increase SARS-CoV-2 infection and similarly these
individuals have low eosinophil levels, which usu-
ally have a protective role in viral infection.27 Add-
ing to this, IL-17 induces neutrophil migration
during asthma onset, and these neutrophil levels
(%) have been shown to significantly associate
with FURIN gene expression in sputum.28

The different responses of eosinophilic and
neutrophilic phenotypes may be the cause of con-
flicting data from studies of asthmatic patient.
Early large-scale studies concluded that there
was a higher incidence of COVID-19 in patients
with asthma that there was a higher risk of severe
COVID-19 (although asthma was not an indepen-
dent risk factor) and that asthma treatment
including biologic therapy did not influence dis-
ease course.29,30 However, a more recent meta-
analysis found that the risk of contracting
COVID-19 was lower in patients with asthma
versus nonasthmatics, and importantly, there
were no significant differences in hospitalization,
intensive care admission, or mechanical ventila-
tion requirements.31 Although once intubated,
asthma patients are more likely to require longer
periods of mechanical ventilation, which has
been identified as an independent risk factor.32
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Few cases of asthma exacerbation after COVID-
19 vaccination have been reported.33 However,
the overall benefit of vaccination against SARS-
CoV-2 outweighs the extremely low overall risk of
an allergic reaction should not discourage the
vaccination.
CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

Chronic obstructive pulmonary disease (COPD) is
a common respiratory disease characterized by
airway inflammation and alveolar destruction.34

Expiratory airflow limitation with an FEV1/FVC ratio
of less than 0.7 is diagnostic and the condition is
associated with former smoking, current smoking,
or noxious fume exposure. Pharmacotherapy in-
cludes bronchodilators and in certain cases
ICS.35 Acute exacerbations of COPD are charac-
terized by worsening symptoms relative to the sta-
ble state, which frequently cause hospitalization
and lung function deterioration in this patient
group. An exacerbation is commonly triggered by
infection, particularly viruses.36 Subsequently,
the emergence of SARS-CoV-2 raised concerns
about the deleterious influence COVID-19 may
have on the “clinically extremely vulnerable” pa-
tients with COPD with an increased risk of mortal-
ity.37–39 Patients with COPD are at higher risk of
hospitalization and have 4-fold higher risk of
developing severe COVID-19.38,40

Patients with COPD have dampened IFN-I re-
sponses, which may consequently increase the
risk of SARS-CoV-2 infection in the airway epithe-
lium.41 Recent evidence has implicated a reduc-
tion in the expression of the pattern recognition
receptors (PRRs) retinoic acid-inducible gene
I-like receptors and melanoma differentiation-
associated protein 5.41 These PRRs are a part of
the innate immunity defense and recognize
pathogen-associated molecular patterns and/or
damage-associated molecular patterns to induce
an antiviral IFN-I response. In addition, the expres-
sion of the type-I interferon IFN-b and its transcrip-
tion factor IRF-7 are also decreased in patients
with COPD.41,42 In contrast, TLR2 and TLR4 ex-
pressions are increased in patients with COPD,
which may be driving inflammation and an IFN-
driven upregulation of the interferon-stimulated
gene ACE2.42–44 Alongside the dysregulation of
these immune factors, TMPRSS2 protein expres-
sion is upregulated in COPD lung homogenates
and NRP1 expression slightly upregulated in
COPD macrophages.4,45 Whether ACE2, CD147,
and FURIN are upregulated in COPD to facilitate
viral entry remains to be determined.4,6,45–49
To date, the overall prevalence of COVID-19
does not seem to be increased in patients with
COPD. The impact of smoking on COVID-19 out-
comes remains a topic of debate, although never
smokers are likely to have better outcomes than
current or former smokers.39 There are several
factors that may increase the risk of severe dis-
ease with poor outcomes in patients with COPD.
Impaired lung function including air flow limitation,
hyperinflation with poor inspiratory reserve,
reduced gas transfer and impaired host defense
blunt the ability to compensate for the vast patho-
logic condition, which affects the lungs in COVID-
19 pneumonitis (inflammatory infiltrates, interstitial
edema progressing to ARDS, and thromboembo-
lism/in situ thrombosis).50,51

Similar to asthma, patients with COPD have
continuedwith their establishedmanagement ther-
apies and have not adjusted, withdrawn, or esca-
lated treatment during the COVID-19 pandemic.
No harm has been reported with inhaled broncho-
dilator therapy although ICS is a more contentious
issue. It has been demonstrated by in vivo and
in vitro studies that ICS attenuate ACE2 receptor
expression, yet a large cohort of patients with
COPD receiving ICS were reported to be at
increased risk of death from COVID-19 compared
with those on Long Acting Beta Agonist and Long
Acting Muscarinic antagonist (LABA/LAMA) ther-
apy.52,53 However, there was likely significant un-
measured confounding from disease severity,
given that most patients on ICS tend to experience
frequent exacerbations and/or have more severe
airflow obstruction. The consensus is that inhaled
treatment should be continued unaltered in stable
patients.54

Initially, concerns were raised regarding the
management of COPD acute exacerbations with
oral corticosteroids. Early in the pandemic, there
was significant anxiety over their use, especially
given previous data from the Middle East respira-
tory syndrome coronavirus (MERS-CoV)
pandemic.55 This has now been superseded by
the findings of the RECOVERY trial, which demon-
strated amortality benefit of dexamethasone for all
patients requiring supplemental oxygen therapy;
this is now accepted standard of care for severe
COVID-19.56 Surprisingly, there has been a 50%
reduction in hospital admission from COPD exac-
erbations in prepandemic versus pandemic times.
This is likely reflective of patients isolating from the
general public resulting in reduced viral transmis-
sion (not limited to SARS-CoV-2). Although these
observations may guide important public health
strategy, significant depression and anxiety asso-
ciated with social isolation is likely to result.57

Currently, there is neither evidence of an adverse
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effect of COVID-19 vaccines in patients with
COPD nor evidence of diminished efficacy.
BRONCHIECTASIS

Bronchiectasis is a condition of abnormally dilated
airways and impaired mucociliary clearance.
There are various causes including genetic (cystic
fibrosis [CF] and primary ciliary dyskinesia), post-
infectious (bacterial pneumonia, whooping cough,
and tuberculosis), autoimmune (rheumatoid
arthritis and inflammatory bowel disease), and im-
mune dysfunction. The architectural distortion of
the airways causes chronic sputum production
and increased susceptibility to pulmonary infec-
tion. In comparison with some other forms of
CLD, patients with bronchiectasis have a higher
risk of contracting COVID-19, more severe dis-
ease, and poorer outcomes.58 This may relate to
the structural pulmonary abnormalities and
impaired host defense response causing a greater
risk of infection and respiratory failure. Corticoste-
roid treatments (inhaled or oral) are less commonly
used in the chronic management of bronchiectasis
or exacerbation management compared with
asthma and COPD. Similar to patients with
COPD and CF, studies demonstrate a significant
decrease in the frequency of reported exacerba-
tions during the COVID-19 pandemic.59
CYSTIC FIBROSIS

CF is an autosomal recessive disease affecting the
lungs, digestive system, sweat glands, and repro-
ductive tract. The primary abnormality is in chlo-
ride and sodium transport across secretory
epithelia causing thickened viscous secretions in
the bronchi, biliary tract, pancreas, intestines,
and reproductive system. Although the disease is
systemic, progressive lung disease continues to
be the major cause of morbidity and mortality for
most patients.60 The thick airway secretions cause
chronic airway obstruction, which gets progres-
sively colonized by pathogenic bacteria. Once
infection is established, neutrophils are unable to
control the bacteria and release elastase, which
overwhelms the antiproteases of the lung and con-
tributes to tissue destruction.61 In addition, large
amounts of DNA and cytosol matrix proteins are
released by degranulating neutrophils, contrib-
uting to the increased viscosity of the airway
mucus. Chronic infection and an ineffective inflam-
matory response seem to be the major stimulus for
an exuberant, which subsequently results in
bronchiectasis.62,63

Although the sputum levels of IL-6 are lower in
patients with CF, which may protect against
severe COVID-19, CF patients are still categorized
as a high-risk group.64 ACE2 messenger RNA
(mRNA) level is elevated in CF AECs when
compared with non-CF cells but TMPRSS2
mRNA level is decreased.65 CF cells also display
elevated FURIN activity, which has been shown
to increase TGF-b1 production.66 Cystic fibrosis
transmembrane conductance regulator (CFTR)
modulators administered for CF treatment are
thought to be protective against severe COVID-
19.67

To date, the literature suggests that CF individ-
uals seem to be contracting SARS-CoV-2 viral
infection at a lower rate compared with the general
population. Lower rates of SARS-CoV-2 infection
in CF individuals are likely explained by the
increased awareness of infection, prevention,
and control practices including frequent hand hy-
giene, mask wearing, and continued social
distancing. Although the hospitalization rates are
higher in CF than in the general population, individ-
uals with CF seem to have better outcomes than
initially anticipated, when compared with other
respiratory viral infections. There are no specific
concerns regarding the safety of mRNA vaccines
in patients with CF. A small cohort study showed
that CF patients mounted sufficient antibody re-
sponses after immunization irrelevant of CFTR ge-
notype, related comorbidities, or treatment type.68
INTERSTITIAL LUNG DISEASE

The term interstitial lung disease (ILD) encom-
passes a group of respiratory diseases affecting
the alveolar parenchyma, with inflammation and/
or fibrosis affecting the alveolar interstitium. These
alterations cause increased morbidity and mortal-
ity. ILDs can have a known etiology such as occu-
pational exposure to mold, metals, chemical
substances or drugs, and autoimmune diseases.
However, a large number of ILDs have no known
cause with idiopathic pulmonary fibrosis (IPF) be-
ing the most well studied.69

ILD patients have an increased frequency of
COVID-19 infection compared with the general
population; however, COVID-19 susceptibility dif-
fers among the ILD subtypes. The incidence of
COVID-19 is higher in patients with IPF; however,
patients with sarcoidosis and chronic hypersensi-
tivity pneumonitis do not show increased suscep-
tibility to the disease.70–73 In addition to increased
susceptibility, patients with ILD have more severe
disease than those without ILD. After COVID-19
infection, they require more oxygen therapy, inten-
sive care admission, and mechanical ventilation.73

In IPF, there is an increase in ACE2 protein
expression, specifically in the small airways.4 There
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are also significantly lower plasma levels of soluble
ACE2 in patients with pulmonary fibrosis, which
normally acts as a decoy protein to neutralize
SARS-CoV-2 infectivity.45 This regional increase in
ACE21 cells in the distal lung alongside an upregu-
lation of the epithelial-restricted avb6 integrin in AT2
cells, may explain the increased severity in IPF pa-
tients despite overall low ACE2 expression levels.4

The integrin avb6 is critical in the pathogenesis of
IPF and is upregulated in the fibrotic regions of an
IPF lung.74 The Arg-Gly-Asp (RGD)-binding integrin
was suggested as a coreceptor for SARS-CoV-2
infectivity as unlike any other coronavirus, the
SARS-CoV-2 spike protein has acquired an RGD
motif.75 The SARS-CoV-2 spike protein S1 subunit
can bind to avb6, and its overexpression has been
shown to augment ACE2-dependent SARS-CoV-2
pseudoviral entry into epithelial cells. The avb6
integrin also mediates TGF-b1 activation in human
epithelial cells, and this enhanced TGF-b1 signaling
can suppress antiviral IFN-I signaling activity by
alveolar macrophages.74,76–78 This may explain
the increased severity in patients with IPF despite
overall low-ACE2 expression levels. A positive cor-
relation between NRP1 and FURIN expression also
exists in IPF AT2 cells, which may facilitate viral en-
try.4 The MUC5B promoter rs35705950 T allele is a
genetic risk factor for IPF development and has
additionally been associated with COVID-19 but
seems to be protective against severe disease,
perhaps because MUC5B forms part of the innate
immune response.79 The 2 antifibrotic therapies
approved for IPF treatment, nintedanib and pirfeni-
done, may also protect against severe COVID-19
by attenuating profibrotic pathways and IL-6 cyto-
kine levels.4 Yet short telomere length is a risk fac-
tor for both familial and sporadic IPF and has been
shown to be associated with increased COVID-19
infection and disease severity.80

Studies have suggested that COVID-19 vac-
cines may be less effective in immunocompro-
mised patients, who are at increased risk of
severe COVID-19.81 Particularly, those with auto-
immune diseases and associated ILDs may fail
to mount the desired antibody response with
mRNA vaccinations.82 The lower responses corre-
lated with coexistent ongoing treatments, particu-
larly glucocorticoids, mycophenolate mofetil and
rituximab.83 Similarly, patients with IPF did not
mount expected antispike antibody responses to
2 doses of SARS-CoV-2 mRNA, irrespective of
current antifibrotic treatment.84 Anecdotally, acute
exacerbation of IPF has been reported after vac-
cine administration in people with ILD-related
autoimmune diseases and IPF. These episodes
might suggest that the immune response induced
by the vaccine may activate a pathobiological
cascades leading to the acute exacerbation in
susceptible patients. Still, vaccine-associated
exacerbation should be considered a rare event
occurring in a small minority of vaccinated patients
with IPF.83,85,86 These cases do however raise an
important question, which can only be answered
by larger, prospective studies comparing the rate
of ILD exacerbations between vaccinated and un-
vaccinated groups.
PULMONARY ARTERIAL HYPERTENSION

Pulmonary arterial hypertension (PAH) is a vascul-
opathy characterized by remodeling and thick-
ening of the pulmonary arteries with increased
vascular resistance and right heart dysfunction.
Early in the COVID-19 pandemic, there was a sug-
gestion that patients with PAH may be protected
from severe COVID-19.87 Successively, large
cohort studies showed that cumulative incidence
was similar to the general population; however,
outcomes were worse with half of patients
requiring hospitalization and a 12% rate of
mortality.88

A possible pathogenic mechanism explaining
these findings is the reduction of ACE2 in patients
with PAH.89 This downregulation leads to higher
circulating levels of angiotensin II with worsened
ensuing lung.90 PAH-specific therapies, including
the endothelin receptor antagonists and phospho-
diesterase type 5 inhibitors, are also very likely to
be important. Endothelin I stabilizes ACE2 expres-
sion, which may not only enhance viral binding and
replication but also protect against high expres-
sion of angiotensin II. Similarly, some of these
agents may have anti-inflammatory and antithrom-
botic properties. However, most importantly their
vasodilatory effect may worsen V:Q mismatch by
enhancing blood flow to poor ventilated areas of
lung and worsening hypoxemia.91

It is recommended that established PAH ther-
apy is continued unchanged in the face of infection
with COVID-19. However, this patient group may
display a more challenging management
approach regarding oxygen and ventilatory sup-
port. Positive-pressure ventilation (including high
flow nasal oxygen, continuous positive airway
pressure, and bilevel positive airway pressure) is
often used to manage severe hypoxemia, as a
bridge or to delay intubation. However, increased
airway pressure from these modalities may
decrease venous return to the right ventricle and
worsen the already struggling cardiopulmonary
hemodynamic, making these patients unstable.
Similarly, invasive ventilation requires general
anesthesia to manage an anticipated reduction in
vascular tone and worsening right heart failure. In



Calver et al390
these situations, patients may require vasopressor
support, which presents its own challenges.92 No
evidence of contraindication of COVID-19 vac-
cines in patients with pulmonary hypertension
has been reported nor is there evidence of dimin-
ished vaccine efficacy in this group of patients.
SUMMARY

In summary, the presence of some preexisting
CLD may increase the risk of contracting COVID-
19, which frequently leads to worse outcomes
including increased disease severity and mortality.
However, the baseline health status and comor-
bidities also influence the evolution of COVID-19,
and these need to be evaluated in the context of
CLD. No evidence currently supports the change
of chronic therapy, nor is there convincing evi-
dence of an increased risk of adverse reaction to
COVID-19 vaccination thus vaccine uptake should
be encouraged. There continues to be a consider-
able health burden of COVID-19 in patients with
CLD, and health-care policy should prioritize the
use of antiviral therapies in these vulnerable
patients.
CLINICS CARE POINTS
� Patients with Chronic Lung Disease are at
increased risk of severe COVID-19 and its
complications.

� Patients with Chronic Lung Disease should be
prioritised for anti-viral therapy.

� Patients with Chronic Lung Disease are not at
increased risk of adverse reactions to COVID-
19 vaccines and should be encouraged to
have vaccination.
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