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ABSTRACT

The most common type of idiopathic intersti-
tial pneumonia is idiopathic pulmonary fibrosis
(IPF), an irreversible, progressive disorder that
has lately come into question for possible asso-
ciations with COVID-19. With few geographical
exceptions, IPF is a rare disease but its preva-
lence has been increasing markedly since before
the pandemic. Environmental exposures are
frequently implicated in IPF although genetic
factors play a role as well. In IPF, healthy lung
tissue is progressively replaced with an abnor-
mal extracellular matrix that impedes normal
alveolar function while, at the same time,

natural repair mechanisms become dysregu-
lated. While chronic viral infections are known
risk factors for IPF, acute infections are not and
the link to COVID-19 has not been established.
Macrophagy may be a frontline defense against
any number of inflammatory pulmonary dis-
eases, and the inflammatory cascade that may
occur in patients with COVID-19 may disrupt
the activity of monocytes and macrophages in
clearing up fibrosis and remodeling lung tissue.
It is unclear if COVID-19 infection is a risk fac-
tor for IPF, but the two can occur in the same
patient with complicating effects. In light of its
increasing prevalence, further study of IPF and
its diagnosis and treatment is warranted.
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Key Summary Points

The incidence and prevalence of
idiopathic pulmonary fibrosis (IPF) are
increasing globally. This trend predates
the COVID-19 pandemic.

Although once considered a rare disorder,
IPF may lose this distinction soon.
Adjusted prevalence rates in North
America are 2.40 to 2.98 per 10,000
persons. The world’s highest prevalence
occurs in South Korea, 4.51 per 10,000
persons.

IPF is an irreversible condition in which an
abnormal extracellular matrix disrupts the
normal lung function and seems to
involve a series of micro-injuries to the
aging alveolar epithelium which triggers
fibrogenic growth factors, producing
myofibroblasts that build up extracellular
matrices.

Risk favors for IPF are older age, smoking,
Caucasian race, lower body mass index,
exposure to particulate matter, working
around livestock, and genetic
predispositions. The role of COVID-19
and other chronic viral factors in current
IPF epidemiology is unclear.

Treatments are largely supportive care as
IPF is both progressive and irreversible.
Lung transplant may be considered in
appropriate patients.

INTRODUCTION

The respiratory system interfaces between the
internal and external environments, making it
particularly vulnerable to infection. Idiopathic
pulmonary fibrosis (IPF), the most common
form of idiopathic interstitial pneumonia [1], is
a progressive, irreversible, incurable lung dis-
ease that qualifies as a rare disease in all nations
of the world except South Korea, which has the

world’s highest incidence and prevalence of the
disease [2]. The rarity of the disorder means that
there are few physicians with extensive experi-
ence in treating these conditions and limited
guidance for managing new cases [3]. The
symptoms of IPF include dyspnea, coughing,
reduced energy and exercise capacity, and
functional deficits [2]. Left untreated, the med-
ian survival after IPF diagnosis is 2–3 years [4].
Diagnosis is made on the basis of clinical
examination, high-resolution chest imaging,
and—for about 21% of patients—a lung biopsy
[3, 5].

Prevalence ranges from 0.33 to 4.51 per
10,000 persons with lowest rates in Asia–Pacific
nations with the exception of Korea and higher
rates in North America [2], but IPF may be
underdiagnosed in the USA [6]. Rates of IPF
have increased markedly since around 2000
[7, 8]. While it can be tempting to associate the
COVID-19 pandemic and viral infection with
these rising rates of IPF, the increased preva-
lence of IPF has long preceded the pandemic.
Our objective was to better understand the
epidemiology and pathogenesis of IPF and to
explore the relationship of IPF to COVID-19
apart from seeing COVID-19 as its driver.

METHODS

This is a narrative review. The keywords ‘‘idio-
pathic pulmonary fibrosis,’’ ‘‘pulmonary fibro-
sis,’’ and ‘‘idiopathic pulmonary fibrosis
epidemiology’’ were searched in PubMed in
June 2022. Delimited to articles published in
the past year, this achieved 1373 results (with-
out temporal restrictions, 13,804 results). We
also searched Google Scholar and Cochrane
library.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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RESULTS

Increasing Incidence and Cumulative
Prevalence of IPF

The incidence and prevalence of IPF are rising
all over the earth and this has been attributed
anecdotally to any number of potential causes.
The population, particularly in developed
nations, is ‘‘graying’’ and older individuals are
more susceptible to IPF [2]. Improved diagnostic
tools and awareness of IPF may increase the rate
of diagnosis [2]. Greater awareness of IPF among
clinicians may also contribute to increased case
numbers. In addition, people who have IPF
today are living longer than before, increasing
prevalence statistics.

In a retrospective study based on a national
cohort of US veterans, the incidence, preva-
lence, and geographic distribution of IPF were
evaluated from 2010 through 2019 among vet-
erans [9]. During this time period, approxi-
mately 10.7 million veterans sought care from
the Veterans Health Administration (VHA) ser-
vices and about 1% of them were diagnosed
with IPF [9]. However, prevalence increased
from 276 cases per 100,000 in 2010 to 725 cases
per 100,000 in 2019. The annual incidence
likewise increased from 73 per 100,000 person-
years in 2010 to 210 cases per 100,000 person-
years in 2019 [9]. It should be noted that there
were also significant differences in incidence
and prevalence by geographical regions
although regionally specific environmental
influences on IPF statistics have not been elu-
cidated [9]. This increase in IPF incidence and
prevalence may be particularly pronounced in
the veteran population. Using an administrative
claims database from Medicare beneficiaries and
the years 2000 to 2011 as the range, Raghu et al.
reported that the annual incidence of IPF
remained constant over time with an overall
estimate of 93.7 cases per 100,000 person-years
with an increased cumulative prevalence from
202.2 cases per 100,000 persons in 2001 to
494.5 cases per 100,000 persons in 2011 [10].
The subjects in that database were mostly
female (54%) with a mean age of 79.4 years [10].
Globally, the incidence of IPF is increasing over

time when comparing data from the 1980s to
twenty-first century data [11]. The reasons for
this are not clear.

Epidemiology of IPF

The incidence of IPF increases with advancing
age [12], and the mean age of patients at diag-
nosis is around 65–70 years [5, 13]. It is so rare
in individuals under 50 that age itself can be a
diagnostic criterion [13]. An aging respiratory
system is more vulnerable to fibrosis and age is
associated with stem cell depletion and aberrant
intracellular communications [14]. IPF is more
common in men than women [6]. Adjusted
prevalence estimates range from 0.33 to 2.51
per 10,000 persons in Europe and 2.40–2.98 per
10,000 persons in North America [2]. The
highest prevalence in the world was in South
Korea with 4.51 per 10,000 persons, but the
reasons for this have not been elucidated [2].

The incidence of IPF is increasing to the
point that current cumulative prevalence
threatens its status as a rare disorder [1].
Although it is tempting to associate increased
rates of IPF with the COVID-19 pandemic since
they share much in common, IPF rates started
to increase prior to the pandemic [2]. The evi-
dence that viral infection in general may elevate
a patient’s risk for pulmonary fibrosis is mixed
and inconclusive [15]. Chronic viral infection
has been associated with IPF but acute viral
infection has not [15]. However, pulmonary
fibrosis may occur following acute respiratory
distress syndrome (ARDS) which occurs in a
subset of patients with COVID-19 [16]. The
highly atypical inflammatory responses in
COVID-19 have complicated analysis of the
relationship of this viral infection to IPF [17].
While COVID-19 may not be the driver of the
increasing incidence and prevalence of IPF, it is
not necessarily unrelated.

Environmental exposures are often blamed
for IPF. Environmental factors associated with
IPF include smoking cigarettes, exposure to dust
and metal particulates, dust from stone or silica,
and various factors associated with agriculture,
ranching, and farming [1]. Genetic factors also
play a role with numerous gene variants
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associated with IPF [18]. At least a dozen gene
loci are thought to contribute to an individual’s
risk for IPF and these familial associations sug-
gest that IPF may be on a spectrum with familial
interstitial pulmonary fibrosis rather than a
distinct and separate disease [19, 20].

Pathogenesis

In patients with IPF, healthy lung tissue is
replaced with an abnormal extracellular matrix
which disrupts normal alveolar function. That,
in turn, leads to decreased respiratory compli-
ance, a disordered gas exchange, and poten-
tially life-threatening respiratory failure [1].
Medical experts have long struggled to under-
stand the complex pathophysiology of IPF,
which was once considered a chronic inflam-
matory disorder, then an immune disorder, and
finally today a complex disorder caused by
several interacting genetic and environmental
risk factors [1].

IPF seems to involve repeated micro-injuries
to the aging alveolar epithelium. These micro-
injuries trigger the secretion of fibrogenic
growth factors, cytokines, and coagulants,
which can trigger miscommunications between
the epithelium and the body’s network of
fibroblasts. This, in turn, causes excess myofi-
broblasts to be produced, which then produce
extracellular matrices that accumulate to the
point that aberrant remodeling of the intersti-
tium of the lungs occurs [1].

The damage is irreversible, because the lung’s
natural repair mechanisms become dysregu-
lated in IPF, particularly those of the type 2
alveolar epithelial cells (AEC2s). AEC2 cells are a
type of stem cell in the pulmonary system that
can help renew type 1 alveolar epithelial cells
(AEC1s) following lung injury [21]. Patients
with IPF typically exhibit both loss of AEC1 cells
and abnormal AEC2 cells [1].

There is no evidence of the direct pathogenic
association between fibrotic growth and the
SARS-CoV-2 virus, but it is plausible, because
viruses are capable of inducing fibrogenesis.
Such viral infections might act by predisposing
lung tissue to fibrosis or by advancing pre-ex-
isting fibrosis. Viral infections, such as the

herpes virus, have been associated with IPF
[15, 22, 23]. However, viruses are more often
associated with asthma and chronic obstructive
pulmonary disease (COPD) than IPF, which
overall is considered ‘‘noninfectious’’ [24].
However, viral or bacterial infections have been
linked to acute exacerbations of IPF [25]. The
bilateral ground-glass opacities on radiographs
and diffuse alveolar damage typical of COVID-
19 suggest viral infection [26, 27].

Further study of the lung microbiome may
aid in the elucidation of IPF and development
of other respiratory diseases [28]. The micro-
biome has a potential role in modification of
the viral infection as well as being on the front
lines of an immune response [28]. The bidirec-
tional activity of respiration makes the lung
microbiome more dynamic and transient than
other microbiota in the body. In healthy lungs,
microbial density is low but microbial diversity
is high; the opposite is true for damaged or
diseased lungs [28]. In cases of pneumonia, the
lung microbiota can be reflective of the cause
and course of the pneumonia [29], and the
lungs give evidence of an elevated microbial
mass with low microbial diversity [30]. It is not
determined if this occurs with IPF as well. In
terms of COVID-19, the limited evidence from
the study of lung microbiota in patients with
COVID-19 suggests that the lung (and gut)
microbiota are markedly altered in patients
with COVID-19 and that such changes might be
associated with disease severity [28].

The alveolar surface is most vulnerable to
external pathogens and has as a defensive bar-
rier composed of a continuous layer of pul-
monary epithelial cells. This barrier is buttressed
by a mucus coating, proteolytic enzymes,
defensive proteins such as immunoglobulins
and defensins, and lysozymes in the fluids
around the alveoli as well as on its surface [31].
The epithelium of the lungs secrete multiple
different types of cytokines and chemokines
[31]. When the epithelium is injured, for
example during infection, it can trigger the
inflammatory cascade, which can culminate in
lung disease [31]. Healthy lung microbiota can
effectively fend off harmful pathogens by a
variety of mechanisms, including limiting
nutrients to them or secreting growth inhibitors
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[32]. This is not the case for diseased or dam-
aged lungs.

IPF may be the result of dysfunctional
changes in the alveolar epithelium triggered by
age-related alterations in cellular function.
Shorter-than-normal telomeres have been doc-
umented in the alveolar epithelia of patients
with IPF, which are possibly related to poly-
morphisms affecting the telomerase enzyme
[33]. Telomerase adds telomere repeats at the
ends of chromosomes; telomeres shorten with
each cell division until the point that they
trigger a DNA ‘‘damage message’’ that can lead
to apoptosis. Telomere shortening has been
observed in various diseases associated with old
age [34]. In a murine study, it appears that it is
the shortest telomere length that is most crucial
to cellular survival, rather than the average
length of telomeres [35]. While this might
explain the increased prevalence of IPF in older
individuals, mutations in telomerase do not
account for the majority of cases of IPF [33].

Clinical Course

Patients with IPF usually present with diffuse
symptoms of dyspnea upon exercise and a dry
cough; they may also complain of being tired all
of the time and abnormal fatigue upon exertion
[36]. While dyspnea is the predominant symp-
tom of IPF, it is often preceded, sometimes by
years, by a persistent cough [36]. In a study of
19 patients with IPF, it was found that patients
had a median cough frequency per day of 9.4
(range 1.5–39.4) with coughing much more
frequent in daytime than at night [37]. Few
patients with IPF report sleep interrupted by
coughing [37]. Chronic IPF-associated cough is
likely multimechanistic in origin and can be
exacerbated in the presence of gastroesophageal
reflux disease [38]. Cough may be particularly
distressing to patients, because it can be a mar-
ker of disease severity and progression [36]. It is
thought that cough may be caused by structural
changes to the lungs, an increased sensitivity of
the natural cough reflex, inflammation of the
pulmonary airways, and changes in mucus
production [36]. However, cough may have an

independent etiology, such as a comorbid dis-
ease, use of medications, or other causes [36].

The presenting symptoms of IPF may be
erroneously attributed to the aging process,
being out of shape, obesity, or comorbidities, so
diagnostic delays are not uncommon. In more
unusual cases, patients may present with flu-
like symptoms. A differential diagnosis must
rule out the many forms of interstitial lung
disease [1]. High-resolution computer tomogra-
phy (CT) scans are needed and in some cases, a
surgical lung biopsy may be advisable [1].
Histopathology will often show patterns that
resemble interstitial pneumonia with interstitial
fibrotic growth at intervals; there will be regions
with marked fibrosis and microscopic honey-
comb-like patterns (cystic spaces filled with
mucin). Fibroblastic foci with a myxoid-like
matrix will appear where the normal lung tissue
abuts fibrotic growths [39]. See Fig. 1.

The clinical course of IPF varies widely
among patients with some patients progressing
far more rapidly than others. Flares or sudden
exacerbations are not unusual and patients may
experience acute respiratory deterioration, par-
ticularly with advanced disease [39]. Risk mod-
els have been created to account for
demographic, clinical, and physiological vari-
ables that may affect prognostication. These
have led to the recognition of three stages of the
disease with the mortality risk 6% for stage 1,
16% for stage 2, and 39% for stage 3 [1]. The
prognosis of IPF is poor and median survival
after diagnosis is about 3–5 years [40]. Most
patients with IPF exhibit a progressive albeit
gradual deterioration of pulmonary function
which typically spans years, but a subset of
patients may maintain a stable condition for
years, while others show a rapid and abrupt
decline [39].

Risk Factors and Comorbidities

Smoking, older age, Caucasian race, lower body
mass index (BMI), environmental factors such
as inhalation of dust or metal particles, working
around livestock, genetic predisposition, and
disease-related factors such as impaired pul-
monary function, greater extent of fibrosis, and
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the presence of severe comorbidities may wor-
sen prognosis of IPF and shorten survival time
[5, 9, 39, 41–44]. IPF is more prevalent in rural
than urban areas [45]. A retrospective study
using a Medicare administrative claims database
reported that older age and male sex were
associated with shorter survival time following
IPF diagnosis [10]. While IPF is a terminal dis-
ease, survival times are increasing. People diag-
nosed with IPF in 2001 had a median survival of
3.3 years compared to 4.0 years in 2007 [10].

Chronic viral infections have been impli-
cated as a risk factor for IPF, in particular the
Epstein–Barr virus (EBV) and the hepatitis C
virus [46–48]. The EBV protein and DNA have
been found in the alveolar epithelial tissue of
patients with IPF, including EBV rearrange-
ment, which is associated with viral replication
[49]. In a study of 33 patients with IPF, one or
more types of herpes viruses were identified in
most lungs of infected patients compared to
about one-third of lungs of control patients

[50]. The association with other viruses, such as
SARS-CoV-2, has not been established. More-
over, these findings must be put into context.
Patients with IPF are likely taking immunosup-
pressive drugs, which elevates their risk for viral
infections and one study found the presence of
EBV in the lungs of control patients to be 71%
[51]. Thus, this may be correlation rather than
causation. Some of the risk factors for poor
outcomes with COVID infection overlap with
risk factors for IPF: increasing age, male sex, and
comorbidities [52]. On the other hand, while
smoking is a strong risk factor for IPF, it may
confer a pulmonary protective effect for acute
COVID-19 infections [53]. A clinical conun-
drum is that diagnosis can be complicated by
interstitial lung disease. In order the truncate
the diagnostic process, many algorithms have
been proposed [54]. Following a patient history,
examination, and spirometry, if it is determined
there is a probable cause for interstitial lung
disease, the patient should first undergo high-

Fig. 1 Axial computed tomography (CT) image (a) shows
diffuse irregular interstitial thickening with extensive
honeycombing, more evident in the subpleural region of
the right lower lobe; there is evidence of bronchiectasis,ir-
regular pleural and fissural surfaces; and reduced volume of

the right lung. Coronal CT reconstruction (b) shows that
fibrotic changes are more widespread in the subpleural
region of the lower lobes, especially in the right lung with
reduced right-lung volume
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resolution CT imaging and, if this is inconclu-
sive, surgical lung biopsy or cryobiopsy may be
needed. If usual interstitial pneumonia in typi-
cal or atypical presentation is detected, then IPF
may be diagnosed. If tomography or biopsy is
inconclusive a multidisciplinary discussion
panel may be necessary [54].

Treatments

A meta-analysis of 26 studies (n = 12,956) found
that antifibrotic treatment reduced all-cause
mortality with a pooled risk ratio (RR) of 0.55
(95% confidence interval 0.45–0.66) [55]. This
RR was consistent across subgroups, including
those defined by age, bias risk, duration of fol-
low-up, and antifibrotic subtype. Antifibrotic
therapy with pirfenidone and nintedanib
reduced acute exacerbations [55]. In a retro-
spective review of 199 records of patients with
IPF, both drugs were similarly effective but pir-
fenidone was associated with fewer adverse
events than nintedanib [56].

In the early stages of the disease, lifestyle
modifications (smoking cessation, treating
comorbid conditions), education, and disease-
modifying antifibrotic therapy with nintedanib
or pirfenidone are recommended [57–59]. Pul-
monary therapy and oxygen assessment may be
needed as the disease progresses. As the patient
nears end of life, supplemental oxygen and
palliation are required. A lung transplant can be
considered, although many patients are not
suitable candidates [1]. Even in appropriate
candidates, the 5-year survival rate following
lung transplantation in patients with IPF is
approximately 50% [60].

There are no approved treatments for IPF
cough and a paucity of clinical studies on the
subject. In a 24-week double-blind crossover
study of 98 patients with IPF, thalidomide was
effective in significantly improving scores on
the cough quality of life questionnaire (CQLQ)
and the visual analog score (VAS) of coughing
compared to placebo [61].

Since latent transforming growth factor beta
(TGFb) and its binding protein-2 (LTBP2) play a
key role in the accumulation of the extracellular
matrices, they might be targets for drug

development [62]. Such a drug target might
reduce the myofibroblast proliferation and cre-
ation of extracellular matrix. LTBP2 is a bio-
marker for IPF [63]. Extracellular matrix
proteins include hyaluronan, fibronectin, and
interstitial collagens.

COVID-19 and IPF

The increased incidence and prevalence of IPF
predated the pandemic, but it is still appropriate
to explore the potential links that may exist
between COVID-19 and IPF, for which cases
continue to increase. The presenting symptoms
and clinical profile of acute COVID-19 infection
are similar to those of IPF [64]. IPF has been
reported in at least one study as a risk factor for
COVID-19 [52]. IPF has also been reported as a
COVID-19 complication as well as a symptom
of long COVID [65].

Fibrosis can occur with chronic inflamma-
tion and COVID-19 is associated with inflam-
matory processes that in some cases were both
aberrant and extreme [66]. In studies comparing
COVID-19 with the other coronavirus outbreaks
for which longer-term data exist, namely severe
acute respiratory syndrome (SARS) and Middle
Eastern respiratory syndrome (MERS), it was
found that all of these infections could cause
bilateral pneumonia with similar basic lesion
patterns and the involvement of the lower lobes
and the subpleural region [67].

About 5% of those infected with COVID
develop ARDS, a life-threatening condition and
a hallmark of the SARS and MERS epidemics as
well as this most recent pandemic [68]. ARDS is
characterized by bilateral opacities on radiog-
raphy plus acute hypoxemia not explained by
other dysfunctions and which typically occurs
within a 7-day window of new-onset respiratory
symptoms or a known clinical insult [69]; ARDS
is not unique to COVID-19 infections. ARDS
occurs in three phases. In the first phase, exu-
date is produced, there is diffuse alveolar dam-
age caused by myeloid cells, there is barrier
breakdown in the pulmonary system, and
edema. In the next or proliferative phase, there
is repair of the epithelial cells and alveolar cells
and reabsorption of fluid. The third phase,
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involving life-threatening respiratory failure,
does not occur in all patients [70]. In the case of
COVID-19, ARDS paradoxically develops as the
viral load diminishes, usually in the second
week [71]. This has been interpreted as evidence
that ARDS in patients with COVID-19 may be
driven by a secondary cause, such as a dysreg-
ulated immune response [72, 73].

Macrophages play an important role in both
the development and progression of inflamma-
tory lung conditions [74]. Macrophages are
most associated with phagocytosis, but in the
process they can also eliminate pathogens [75].
In fact, macrophages may be considered front-
line responses against pathogenic invasion and
infection [76, 77]. In ARDS, the macrophages of
the alveolar system differentiate into M1 or M2
macrophages and are active in the exudative
phase, the rehabilitation phase, and the fibrotic
phase of lung disease [76]. In the initial phase,
M1 macrophages exert a pro-inflammatory
response which transitions as the macrophages
become M2 types after the pathogen is
removed. M2 macrophages then drive the
rehabilitative phase and exert an anti-inflam-
matory effect and inhibit pro-inflammatory
mediators. At this point, M2 macrophages help
repair pulmonary damage [78, 79]. Pulmonary
fibrosis is to some extent shaped by the ratio of
M1 to M2 macrophages. M1 macrophages are
associated with matrix degradation and the
inhibition of fibrotic growth [76], while M2
macrophages are associated with myofibroblast
proliferation and extracellular matrix deposi-
tion [80, 81]. However there is much about this
process that remains unknown, including the
role of macrophages in ‘‘cytokine storm’’ [74].
Thus, the inflammatory cascade and hyperin-
flammatory state observed in certain severe
cases of COVID-19 appears to be largely medi-
ated by monocytes and macrophages, which
play a role in fibrosis and remodeling [82, 83].
While the mechanisms of this pulmonary injury
are not entirely elucidated, gene studies and
computational analysis suggest that these
COVID-19 macrophage populations are similar
to the profibrotic macrophage populations of
IPF, which explains why ARDS in patients with
COVID-19 bears a clinical and radiological
resemblance to pulmonary fibrosis [22].

Nevertheless, IPF differs from ARDS in
patients with COVID-19 in important ways.
First, IPF is a chronic, irreversible, and progres-
sive and often gradual disorder, whereas the
pulmonary remodeling that occurs in patients
with COVID-19 is rapid and, for many patients,
reversible [22]. Observational study data con-
firms that approximately 90% of hospitalized
patients with COVID-19 experience certain
sequelae of COVID-19, including lung tissue
damage, diminished exercise capacity, and res-
piratory problems, but these resolved in about a
third of all hospitalized patients within
120 days of acute infection [84].

Normally, myofibroblasts would launch the
process of healing damaged lung tissue after
underlying tissue has healed by remodeling the
extracellular regions of the lungs to help pro-
mote replacement of parenchymal cells [85].
With COVID-19 infection, this adaptive process
becomes maladaptive as the extracellular matrix
accumulates, myofibroblast activity ramps up,
and an environment of chronic inflammation is
created, allowing for the release of pro-inflam-
matory cytokines, which activates fibrosis-
friendly pathways, such as the TGFb signaling
pathway [85]. Aberrant activity of the lung’s
myofibroblasts is evident in the differentiation
between fibroblast and myofibroblast.

Pulmonary disorders have been misdiag-
nosed as COVID-19 infections during the pan-
demic, and certain conditions such as
interstitial lung diseases closely mimic the viral
infection; differential diagnosis may require a
battery of tests [86]. Post-inflammatory pul-
monary fibrosis may occur after COVID-19
infection with presenting symptoms of dyspnea
upon exertion, usual interstitial pneumonia, or
nonspecific interstitial pneumonia apparent on
a CT scan [87]. The clinical course of this
postviral illness has not been well studied.

The association between IPF and COVID-19
is intriguing but there are gaps in our current
understanding. For example, patients with pre-
existing IPF may be at lower risk for COVID-19
infection than those without IPF, because
patients with IPF have a higher expression of
AT2 cells [88]. However, fibrosis is more likely to
develop in those with severe COVID-19 infec-
tions, particularly those involving
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inflammatory cascades [89]. Viral infections of
any kind can drastically exacerbate IPF symp-
toms [90].

A Mendelian randomization (MR) study for
IPF causality in COVID-19 was conducted using
genetic variants associated with susceptibility to
IPF found in early genome-wide association
studies (GWAS). Using 4336 cases and 623,902
controls, investigators could make a positive
genetic correlation of IPF with the severity of
COVID-19 infection. When outlier data were
removed, the MR results showed that a geneti-
cally increased risk for IPF had a causal effect on
the severity of acute COVID-19 infection [91].
However, rs35705950 at MUC5B, an important
genetic risk factor for IPF, was protective against
COVID-19, whereas the combined effects of all
of the other IPF risk loci increased the patient’s
risk for COVID-19 [91]. In a study of the 188
differentially expressed genes (DEG) common
to both IPF and COVID-19, 117 were upregu-
lated and 71 downregulated. The upregulated
genes were associated with cytokine modula-
tion while the downregulated genes were asso-
ciated with the dismantling of the extracellular
matrix [85].

The commonalities between IPF and COVID-
19 infection are intriguing and likely play a role
in infection severity rather than susceptibility.

CONCLUSIONS

IPF is a rare lung disorder that may not be rare
much longer; incidence and prevalence are
increasing around the world, although the rea-
sons for this are not entirely clear. IPF may have
genetic associations but it can also be caused by
environmental factors, such as inhaling dust or
metal particles. COVID-19 infections can cause
fibrotic damage to the lungs similar to that of
IPF, but COVID-19-related pulmonary remod-
eling is often abrupt and reversible compared to
the more gradual but irreversible and progres-
sive changes of IPF. Associations between
COVID-19 and IPF suggest that the SARS-CoV-2
infection may exacerbate IPF symptoms but
does not appear to be a causative agent in trig-
gering IPF. IPF is a devastating and severe dis-
ease and further and deeper study is warranted,

both from the pathophysiologic and therapeu-
tic points of view.
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