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affected survivors, a trail of devastating pulmonary fibrosis 
which physicians will need to urgently address and 
manage. While fibrosis is a physiologic response to any 
pulmonary infection, chest physicians across the globe are 
encountering vast number of patients who have recovered 
from their acute COVID‑19 pneumonia only to be left with 
severe residual lung fibrosis and oxygen dependence. 

“One woe doth tread upon another’s heel, so fast they’ll 
follow”. William Shakespeare, Hamlet. Act 4, Scene 7.

INTRODUCTION

In the space of 7 short months, the SARS‑COV‑2 virus 
has acutely infected more than 50 million people and 
killed over 1.2  million. It has left in its wake, in severely 
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Figure 1: Postulated mechanism of SARS‑CoV‑2 induced fibrosis 
stressing the pivotal role of Angiotensin 2
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This review attempts to draw attention to the problem 
of post‑COVID‑19 interstitial lung disease (PC‑ILD), a 
condition likely to be ever‑more frequently encountered as 
this virus continues its relentless march across the globe.

PATHOGENIC MECHANISMS

Any infection, bacterial or viral, has the potential to 
cause airway epithelial injury and apoptosis and both 
have the capacity to modulate the host response to injury. 
Extensive information supporting a clear correlation 
between respiratory viral infections and the development 
of pulmonary fibrosis exists.

The mechanism of postviral lung fibrosis has been extensively 
studied in other related viral epidemics like influenza and 
SARS, and a knowledge of the past might educate us as 
we head into an unknown future. Looking first at severe 
H1N1, a study from China of 16 patients hospitalized with 
pneumonia caused by the 2009 H1N1 influenza showed high 
levels of transforming growth factor‑beta 1 (TGF‑β1).[1] This 
cytokine is known to induce fibrosis by various mechanisms 
which include increased deposition of extracellular matrix 
proteins, stimulation of fibroblast chemotactic migration, 
and fibroblast to myofibroblast transition.

Animal studies by Jolly et al.[2] using a mouse model 
showed that the influenza virus stimulates toll‑like 
receptor 3, which activates TGF‑β1 in the lungs, 
resulting in augmented levels of collagen deposition. In 
their experiments, they were able to demonstrate large 
increases in collagen 1, 111, 1V, and V1, as early as 5 days 
postinfluenza infection.

In the earlier SARS‑CoV‑1 outbreak in 2002, high levels of 
TGF‑β1 were also observed in serum, bronchial epithelial 
cells, and alveolar epithelial cells.[3]

In the current SARS‑CoV‑2 pandemic, the molecular basis 
of progression to pulmonary fibrosis and PC‑ILD is still 
unclear but is believed to be multifactorial [Figure 1]. 

Direct viral effects, the upregulating effect of the virus on 
cytokines like TGF‑β1, and increased oxidative stress have 
all been postulated.[4] The role of the renin–angiotensin 
system has also been looked at with great interest as the 
high‑affinity binding between the SARS‑CoV‑2 viral spike 
protein and the angiotensin‑converting enzyme‑2 (ACE‑2) 
receptor has been shown to downregulate the level of the 
ACE2 receptor.[5] ACE‑2 is believed to have a protective 
role in lung fibrosis. The decreased ACE‑2 expression, in 
turn, leads to high angiotensin 2 (ANG II) levels. ANG II 
is a potent vasoconstrictive peptide directly involved in 
the development of inflammation and fibrosis. In addition 
to its role in regulating blood pressure, ANG II plays 
a pivotal role in the fibrotic process signaling cellular 
and molecular events that lead to the development of 
aberrant wound healing and pulmonary fibrosis. These 
include (i) production of pro‑inflammatory cytokines 
such as interleukin‑6 (IL‑6) and IL‑8, (ii) production of 
reactive oxygen species among infected alveolar cells, 
and (iii) activation of TGF‑β 1 which, in turn, leads to 
proliferation, migration, and differentiation of fibroblasts 
to myofibroblasts with resultant deposition of collagen 
and fibronectin [Figure 1].

Two iatrogenic factors potentially contributing to the 
fibrosis encountered in survivors of severe COVID‑19 
pneumonia are oxygen toxicity and ventilator‑induced 
lung injury (VILI). Patients who develop post‑COVID 
fibrosis are invariably those who are more sick, have 
extensive, bilateral involvement initially, and hence 
are more likely to have required high concentrations of 
oxygen, often for prolonged periods of time during the 
acute stage of their illness. Extended exposure to high 
concentrations of oxygen is known to result in heightened 
production of oxygen‑derived free radicals which can 
damage the pulmonary epithelium.[6] The sickest patients 
with acute respiratory distress syndrome (ARDS) from 
COVID‑19 pneumonia are also more likely to have required 
prolonged mechanical ventilation, often with generation 
of high plateau pressures in attempts to ventilate their 
stiff, noncompliant lungs. The role of mechanical stress 
as an inciting factor for lung injury is also well recognized 
and it is likely that VILI may also be contributing to the 
pulmonary fibrosis encountered in these patients.[7]

THE NATURAL HISTORY OF POST‑COVID 
INTERSTITIAL LUNG DISEASE

More than 50 million people have already been infected by 
SARS CoV 2 globally. While the vast majority have mild 
or moderate infections, about 10% will develop severe 
COVID‑19 pneumonia and 5% will develop ARDS, leaving 
a few million with significant pulmonary involvement. 
While the majority will resolve without residual lung 
damage, it is likely that a sizeable number will be left with 
residual fibrotic sequelae. It is known that a substantial 
proportion (about 25%) of patients who developed ARDS 
in the pre‑COVID era, irrespective of etiology, experienced 
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Figure 2: Rapid progression of COVID‑19 to end‑stage post‑COVID 
interstitial lung disease in <30 days
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residual and long‑term impairment of their pulmonary 
function, with radiographic evidence of pulmonary 
fibrosis on computed tomography (CT).[8] If we focus again, 
specifically on other influenza pneumonias, H1NI is only 
occasionally complicated by fibrosis,[9] whereas as many 
as 22% of patients with H7N9 pneumonia[10] were left with 
fibrosis at 6 months. There is even more limited data from 
other coronavirus infections such as SARS and Middle East 
respiratory syndrome (MERS). In both disease outbreaks, 
fibrosis was relatively rare. A study by Chang et al.[11] in 
patients with SARS showed that when a second CT scan 
was repeated 4–6 months after the initial scan in patients 
with these two viral pneumonias, the parenchymal bands, 
traction bronchiectasis, and even honeycombing had 
regressed in significant numbers. Although progressive 
fibrosis was reported in some survivors, it was rare. The 
only long‑term longitudinal data on MERS come from a 
study by Zhang et al. which followed up 81 health‑care 
workers with MERS from Beijing Peoples Hospital for a 
period of 15 years.[12] They found that only 5% of patients 
had residual interstitial fibrosis at 15 years. At serial 
follow‑up, changes regressed over the initial 2 years in most 
patients and then seemed to stabilize. However, COVID‑19 
is different from these other coronaviruses, mainly because 
of the scale of the pandemic and the huge numbers affected. 
Despite steroids now being the standard of care in most 
severely ill hospitalized COVID‑19 patients, the usual doses 
most receive do not seem sufficient to prevent some of them 
being left with residual lung shadows. Follow‑up data on 
survivors of SARS‑CoV‑2 infection are just beginning to 
emerge. A study of Italian COVID‑19 pandemic survivors 
found that as many as 45% still complained of dyspnea at 
a follow‑up visit conducted a mean of 60 days (SD, 13.6) 
after the initial onset of this symptom. A follow‑up study 
by Zhao et al.[13] of pulmonary function and radiology in 
55 COVID‑19 survivors 3 months after recovery showed 
that 71% had residual CT abnormalities, including 
evidence of interstitial thickening in 27%. Abnormal 
lung function (i.e., reduced diffusion capacity, restrictive 
abnormalities, and small airways obstruction) has also 
been identified at the time of discharge from the hospital 
and 2 weeks after discharge.[14‑17] In discharged survivors 
with COVID‑19, impairment of diffusion capacity was seen 
in up to 47% cases, being the most common abnormality 
of lung function followed by restrictive ventilatory defects, 
seen in about 25% of cases, the pulmonary function 
abnormalities being worse in those with severe acute 
disease. Importantly TLco/alveolar volume (Kco) was 
found to be significantly lower in severe disease compared 
to those with mild‑to‑moderate disease, implying a degree 
of pulmonary vasculopathy.[15]

Mention must be made of a prospective, multicenter, 
observational study of 86 severe SARS‑CoV‑2 survivors 
already under careful follow‑up in Austria to evaluate 
the extent of cardiopulmonary damage. The preliminary 
prepublication findings reported at the European 
Respiratory Society (ERS) meeting this year[18] found 
that the majority of patients were left with persisting 

dyspnea (37%), reduction in diffusion capacity (28%), and 
CT abnormalities (88%) at 6‑week postdischarge. While 
data from the 24‑week follow‑up is keenly awaited, at 
12 weeks, the CT abnormalities had dropped to 56%, from 
8 points on the 6‑week CT scans to 4 points on the 12‑week 
scans. Reassuringly, the authors report that progressive 
pulmonary fibrosis was not encountered in any of their 
patients. There was also an improvement in lung function 
from 6‑ to 12‑week follow‑up. By contrast, we have been 
struck with the speed of progression to PC‑ILD in several 
of our patients. Figure 2 demonstrates a 45‑year‑old 
nonsmoker at one of our intensive care units (ICUs) with 
severe COVID‑19 ARDS, who progressed within a period of 
28 days to end‑stage fibrotic lung disease, despite receiving 
remdesivir, tocilizumab, dexamethasone, and even 500 mg 
pulses of methylprednisolone [Figure 2].

In keeping with our observations, a retrospective analysis 
with follow‑up imaging after a median of 11.6 days in 42 
COVID‑19 survivors by Xiong et al.[19] showed evidence 
of progression in 83% with progressive opacifications, 
interstitial thickening, and fibrous strips being noted. 
The severity of opacifications assessed on initial CT 
was significantly related to progression on follow‑up 
CT (P = 0.001). A recent autopsy study by Schwensen 
et al.[20] was the first to document findings of widespread 
pulmonary fibrosis, including large areas of disrupted 
architecture with fibromuscular organization and 
collagenized fibrosis. Honeycombing and remodeling akin 
to that encountered in IPF were also seen.

It is too early in the course of the pandemic to be sure what 
the natural history of post‑COVID fibrosis is likely to be. 
Follow‑up of cohorts of post‑COVID survivors are already 
underway at several centers and the pivotal question is: 
Are the changes so frequently seen on CT scan likely to (1) 
persist, (2) gradually improve, or (3) even worsen with the 
passage of time? This has implications not only for patient 
prognosis but also for treatment. Antifibrotics may have an 
important role in those who progress but less if any role 
in the first two scenarios, as we shall discuss [Figure 3].

Radiological manifestations such as fibrotic abnormalities 
of the lung have been detected as early as 3 weeks after the 
onset of symptoms regardless of the severity of the acute 
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Figure 3: The natural history of post‑COVID lung fibrosis is unclear 
with one of three possible courses. Antifibrotic may have a rationale 
in those who progress
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illness.[21‑23] In fatal cases of COVID‑19, organizing diffuse 
alveolar damage (DAD) is the pathological hallmark with 
pulmonary fibrosis of varying severity.[24] Pertinently, many 
patients with COVID‑19 develop ARDS and progressive 
pulmonary fibrosis may be contributing to mortality in a 
substantial proportion of these patients.[25]

Radiologic imaging findings in COVID‑19 pneumonia 
include ground‑glass opacities (GGOs) with or without 
consolidation, crazy‑paving pattern, interstitial thickening, 
and parenchymal bands which are mainly bilateral with a 
predilection for the peripheries of the lower lobes.[17,21,22] 
Similar to other inflammatory pneumonitis, foci of edema, 
organizing pneumonia, and DAD are observed. In a recent 
study comparing CT imaging, interstitial thickening, air 
bronchogram, irregular interface, coarse reticular pattern, 
parenchymal bands, and pleural effusion were seen more 
commonly in the fibrosis group compared to those where 
the fibrosis did not persist.

It has therefore been speculated that interstitial 
thickening, irregular interface, coarse reticular pattern, 
and parenchymal bands manifesting in the course of the 
disease might be predictors of pulmonary fibrosis in these 
patients.[17,26] Rapid progression to honeycombing, though 
rare, has also been reported.[27,28] Long‑term follow‑up will 
be needed to determine whether the reticulation represents 
irreversible fibrosis.[20,29] The extent of reticulation on 
CT correlates with the quality of life (QOL), restrictive 
pattern on pulmonary function test (PFT) and a reduced 
diffusion capacity. However, even a relatively small degree 
of residual fibrosis could result in considerable morbidity 
and mortality in older patients who suffer from COVID‑19, 
many of whom are elderly and may already have lung 
disorders.[21,30]

PREDICTORS OF POST‑COVID INTERSTITIAL 
LUNG DISEASE AND FIBROSIS

As data regarding post‑COVID fibrosis emerge, a number 
of predictors have been putatively identified. These have 

included advanced age, severe illness, prolonged ICU/
hospital stay and mechanical ventilation, a history of 
smoking, and chronic alcoholism.[17,31] The severity of the 
lung injury and the inflammatory response are known 
to correlate with the extent of fibroblastic response 
required to repair the injury.[32] Higher levels of CRP and 
IL‑6 during illness might lead to the formation of fibrosis 
during recovery.[17] High LDH levels during acute illness 
were also found to significantly correlate with the risk of 
pulmonary fibrosis following other coronavirus infections 
like MERS‑CoV infection[33] and SARS.[34] Patients with 
COVID‑19 who developed PC‑ILD had also received pulsed 
steroid therapy and antivirals for more prolonged periods 
of time compared to the nonfibrosis group, suggesting that 
those who develop fibrosis after discharge generally have 
more serious disease during hospitalization.[17]

It is too soon to determine which patients with COVID‑19 
are at greatest risk for developing long‑term pulmonary 
abnormalities and if such sequelae will resolve, improve, or 
become permanent, and how the pulmonary abnormalities 
might be affected by therapeutics. Those with a history of 
moderate or severe disease, with persisting symptoms or 
with radiological abnormalities, require clinical review and 
further investigation. An accurate biomarker that would 
predict which patients with COVID‑19 infection are likely 
to progress to fibrosis would be invaluable.

TREATMENT OF POST‑COVID FIBROSIS

1. Steroids: Most patients who develop PC‑ILD are 
hypoxic, and after the results of the RECOVERY trial[35]

were announced on June 16, steroids became the 
standard of care in hypoxic patients in ICUs across 
the world. We would like to stress that the doses of 
steroids recommended in COVID‑19, in the acute stage, 
were modest doses of 4–6 mg dexamethasone for no 
more than 10 days. Despite most patients currently 
receiving steroids in equivalent or higher doses, 
steroids alone do not seem to be sufficient to prevent 
the development of fibrosis. There are initial reports 
of patients with COVID‑19 pneumonia going on to 
develop well‑marked PC‑ILD and fibrosis despite being 
on moderately high doses of steroids through their 
illness [Figure 4].[27] Steroids should, in our opinion, 
be continued on discharge if the CT scan prior to 
discharge continues to show significant GGOs and the 
patient remains hypoxic. At this stage again, we would 
caution against the use of large doses of oral steroids 
as they could worsen hyperglycemia and contribute 
to proximal myopathy which in turn would retard the 
patients’ mobility and rehabilitation. We recommend 
using no more than 20–30 mg of prednisolone at 
discharge and tapering it on follow‑up depending on 
the patient’s response

2. Role of antifibrotic agents: The role of antifibrotic 
drugs in the prevention and treatment of post‑COVID 
fibrosis is unclear at present. There is, however, a clear 
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rationale for their potential usefulness.[8] Both COVID 
and IPF share many common demographic factors, 
disproportionately affecting males, the elderly, and 
smokers. These drugs are also believed to be useful in 
patients with acute exacerbations of ILD (both IPF and 
other fibrotic ILDs). Finally, fibrosis with fibroblasts 
and honeycombing has clearly been demonstrated 
in autopsies and explanted lungs of patients with 
SARS‑C0V‑2. For all these reasons, it is reasonable to 
assume that antifibrotic drugs may have a potentially 
valuable role in this setting

The choice of which drug should be used is less clear. 
There is a sound biological rationale for the use of both 
perfenidone and nintedanib in COVID‑ILD. These two 
agents, established to be useful in IPF and other progressive 
fibrotic ILDs, are known to inhibit experimental lung injury 
and inhibit IL‑6, IL‑1, and IL‑1B. It is worth noting that 
both these antifibrotic drugs take at least 1–3 months to 
demonstrate an effect. This was the time period at which 
the FVC started to improve compared to placebo in the 
INBUILD, INPULSIS, and ASCEND trials.[36‑38] Thus, adding 
them at a late stage in patients already needing ventilator 
support may not be ideal. We would recommend any 
antifibrotic drug be used responsibly, carefully monitored 
for toxicities in this critically ill patient population and 
ideally within the context of trials. We propose that they 
be reserved for certain groups of patients with COVID‑19. 
Since it is patients with the most severe ARDS that are most 
likely to end up with fibrosis, this might be the group to 
consider their use in. Such patients will generally require 
prolonged ventilation with high oxygen requirements, 
and perhaps antifibrotics along with steroids (that have 
already become the standard of care) might have a role 
in preventing or retarding the fibrosis that many of these 
patients will develop.

A biomarker to identify which of these patients will 
proceed to develop fibrosis would indeed be invaluable, 
but till one emerges, CT scan evidence of fibrosis with 
traction bronchiectasis and/or honeycombing would be 
useful to identify which patients would potentially benefit 

from antifibrotics. We would also argue that antifibrotics 
should be reserved for those post‑COVID patients who 
demonstrate evidence of progression. Giving these drugs 
to those who are spontaneously improving over time or 
whose fibrosis is static is unlikely to be useful. Of course, 
progression is difficult to ascertain when the patient is first 
seen and is only apparent over time, making the correct 
identification of the subset of patients most likely to 
benefit from antifibrotic therapy a difficult task [Figure 3]. 

3. Combination therapy: We would suggest that there 
is a rationale for using antifibrotics in combination 
with anti‑inflammatory drugs like steroids, so both 
inflammatory and fibrotic limbs of the cascade are 
addressed.

4. Novel agents: Considering the scale and impact of the 
pandemic, there is an urgent need to also evaluate 
newer, experimental drugs which have biological 
rationale and potentially inhibit viral replication. 
George et al.[8] propose some potential candidates 
known to have an impact on the TGF‑β pathway and 
virus‑induced lung injury and are presently in the 
developmental stage. These include BG00011 (Biogen), 
PLN‑74809 (Pliant Therapeutics), and TD‑139 (Galecto 
biotech). Recent network analysis suggests that 
rapamycin could be a useful repurposed drug as mTOR 
is a potential anti‑SARS‑CoV‑2 target. These drugs are 
all at early stages of development, and till their safety 
and efficacy is established, the available antifibrotic 
drugs are those that will continue to be most widely 
used. Thus, the role of antifibrotics in post‑COVID ILD 
remains unclear, with more questions than answers 
being raised. There is an urgent need for the pulmonary 
community to set into motion‑controlled trials with 
currently available or investigational antifibrotic drugs 
in an attempt to answer some of these questions.

5. Oxygen support at home is needed for many patients 
with PC‑ILD and this should be provided via oxygen 
concentrator with patients being instructed to keep 
monitoring their saturations at rest and after exertion.

6. Pulmonary rehabilitation, in our opinion, is also of 
vital importance and must be commenced as soon as 
the patient is shifted out of the ICU and continued at 
home.[39]

7. Anticoagulation: Patients with PC‑ILD continue to be at 
high risk for clotting complications after discharge. Even 
a minor pulmonary embolism at this stage in a hypoxic 
patient would be a major setback. They are not yet fully 
mobile because of muscle wasting and breathlessness 
and should be continued on anticoagulants for a few 
weeks or months post discharge until their mobility 
improves.

8. Vaccination: All patients should receive vaccinations 
against influenza and pneumonia prior to or soon after 
discharge. Seasonal influenza remains a major cause 
of morbidity and mortality and patients who have just 
recovered from SARS‑CoV‑2 are a weak and vulnerable 
population. Co‑infections with both viruses are already 
being reported.[40]

Figure 4: (a) Initial computed tomography chest of a 60‑year‑old lady 
admitted in the intensive care unit showing bilateral ground‑glass 
opacities. (b) Within 3 month of COVID‑19 pneumonia, the patient 
developed fibrosis with traction bronchiectasis and honeycombing 
despite being on steroids through most of her hospital stay

ba
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9. Lung transplantation: There are already reports of lung 
transplantation being successfully offered to patients 
with severe PC‑ILD though this is not practical, and at 
present can only be offered to very select numbers of 
patients with COVID‑19‑related ARDS.[41]

FOLLOW‑UP OF POST‑COVID INTERSTITIAL 
LUNG DISEASE SURVIVORS

Accurate longitudinal studies with serial imaging and 
PFT are the only way to answer the pivotal question of 
the natural course of post‑COVID ILD. Raghu et al.[42] have 
proposed a schema for the follow‑up of these post‑COVID 
survivors with which we concur. An initial baseline visit 
should be established once the patient is polymerase 
chain reaction negative with a baseline noncontrast 
high‑resolution CT scan (HRCT), PFTs (spirometry, lung 
volumes, and diffusion capacity), 6‑min walk test, and 
assessment of QOL with standard questionnaires recorded. 
Thereafter, to better understand the natural course of the 
disease, they suggest follow‑up visits, either remotely or in 
person at frequent visits up to a total duration of 36 months, 
based on the degree and extent of lung involvement. While 
the kind of detailed follow‑up they recommend is beyond 
the scope of many in resource‑strapped countries, we 
would suggest that 6 monthly lung function, walk tests, 
QOL questionnaires, and annual HRCT should be done 
for all patients till clinical, physiological, and radiological 
stability has been documented. It is only through 
meticulous follow‑up of multiple cohorts which include 
large number of patients that the natural history, course, 
and response to therapy of this disease will be elucidated.
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