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Immunomodulation and immunity from vaccination 
and natural infection have reduced mortality from 
coronavirus disease 2019 (COVID-19). However, there 
are ongoing concerns regarding emerging variants and 
residual pulmonary sequelae in survivors, given that 
the lungs are the principal site for the triumvirate of 
infection, inflammation and injury. The initial waves of 
acute, severe COVID-19 were profoundly inflammatory, 
usually manifest as organising pneumonia ± acute 
respiratory distress syndrome (ARDS). The extent of the 
fibrogenic potential of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) and the modifiability 
of the pathogenic processes and disease course are 
unclear. Interestingly patients can develop ‘post-COVID 
interstitial lung disease’ (PC-ILD) irrespective of having 
ARDS during the acute phase. Here, we describe our   
evolving understanding of PC-ILD and the critical need 
to identify risk factors, including within the critical care 
setting. We also discuss immunopathomechanisms that 
may facilitate early intervention to prevent, slow or arrest 
progression of lung damage e.g. with immunomodulatory 
and/or anti-fibrotic agents.

Post‑COVID ILD (PC‑ILD): a new disease entity
Approximately 1-in-7 hospitalised patients with COVID-
19 in the United Kingdom (UK) required critical care 

admission, the majority for management of ARDS 
[1]. The onset of COVID-ARDS in the second week 
post-symptom-onset (at declining  viral loads) and 
response to immunomodulation, suggests pathogenic 
immune dysregulation. Survivors often required 
protracted mechanical ventilation, with associated risk 
of developing ventilator-induced lung injury (VILI). It 
is well-described that a sub-group of patients with all-
cause ARDS can develop persistent and non-progressive 
pulmonary fibrosis with enduring physiological and 
radiological abnormalities and considerable impact on 
quality of life [2]. Risk factors for ARDS-related fibrosis 
include increasing age, acute illness severity and duration 
of mechanical ventilation [2]. Lung protective pulmonary 
strategies have reduced the incidence of ARDS-related 
fibrosis. It is unclear whether similar approaches might 
apply to PC-ILD, and whether COVID-ARDS and 
PC-ILD overlap or represent two poles of a pathogenic 
continuum. Notably, PC-ILD may occur without prior 
ARDS or mechanical ventilation [3].

Pulmonary fibrosis may complicate viral pneumonitis 
[4]. Given the unprecedented scale of the COVID-19 
pandemic, even a low event rate may have significant 
population-level impact (morbidity, late mortality). 
Most descriptions of post-COVID syndromes stipulate 
symptom duration for > 3  months [5]. Clinically 
significant ILD refers to > 10% lung parenchymal changes 
on chest computed tomography (CT). A consensus 
definition and the true burden of PC-ILD have not 
yet been determined. PC-ILD should be considered in 
patients with persistent respiratory symptoms (e.g. cough 
and dyspnea) 3  months post-COVID-19 symptom-
onset and patients with > 10% CT changes should be 
monitored. Accumulating data suggest that while the 
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majority of scans show improvement, at 12  months 
the prevalence of (non-progressive) fibrosis is ~ 10% in 
hospitalised patients, particularly in severe disease and 
older age [6]. In a meta-analysis of 46 studies, within a 
12-month follow-up  period, inflammatory radiological 
sequelae (ground glass, consolidation) reduced at a faster 
rate than fibrosis-like changes including reticulation, 
honeycombing  and traction bronchiectasis [4]. This 
supports a hypothesis of resolving inflammatory and 
persisting fibrotic-like changes.

Whether PC-ILD should be dichotomised into 
binary “inflammatory” and “fibrotic” categories based 
on radiological patterns remains contentious, given 
the ambiguity of some features (e.g. irregular lines), 
absence of histological correlates, uncertain trajectories 
and likelihood of reversibility. Persistent ground-glass 
changes may indicate fine/immature fibrosis rather than 
inflammation, and fibrotic-like changes may be capable 
of regression and remodelling, albeit at a slower rate. 
Idiopathic pulmonary fibrosis (IPF) is the archetypal 
fibrotic ILD (f-ILD), but most existing ILD syndromes are 
thought to reside on an overlapping fibroinflammatory 
spectrum, e.g. hypersensitivity pneumonitis, an 
exaggerated aeroantigen-induced immune response and 
rheumatic-associated ILD. This arbitrary stratification 
into predominant fibrotic or inflammatory phenotypes 
may have therapeutic and prognostic implications 
(although targeted treatments may be used concurrently), 
with potential extrapolation to PC-ILD.

Aetiopathogenesis of post‑COVID ILD
Mechanistic hypotheses of post-COVID syndromes, 
potentially applicable to PC-ILD, include direct 
tissue damage/injury and autoimmunity (exposure 
of neoantigens, break of tolerance and generation of 
(currently unidentified) antibodies. In the absence of 
pre-COVID imaging or serology, it is unclear whether 
PC-ILD (i) unmasks and accelerates pre-existing 
undiagnosed or asymptomatic ILD, (ii) serves as a 
provocation challenge triggering de novo classifiable 
ILD, or (iii) whether any detected antibodies (e.g. anti-
synthetase) represent a virally induced epiphenomenon, 
rather than being pathogenic [7]. Other hypotheses 
include viral persistence and immune evasion with 
sustained immunostimulation and microthrombi, 
although predominant microvasculopathy is likely when 
CT scans are normal [8].

PC-ILD probably results from a complex interplay 
between immunogenetic susceptibility, injury (epithelial 
and endothelial from direct viral infection and 

mechanical ventilation), ARDS and/or VILI, macrophage 
infiltration and activation, hyperinflammation and 
hypercoagulability on a background of cellular 
senescence and stem cell exhaustion. This creates a 
profibrotic milieu (niche) and triggers a fibroproliferative 
cascade. An aberrant wound healing response with 
recruitment and differentiation of fibroblasts into 
myofibroblasts results in deposition of excessive 
extracellular matrix in the interstitial space, impaired 
gas exchange and destruction of lung microarchitecture 
culminating in fibrosis (Fig. 1).

Although IPF is a progressive, irreversible f-ILD and 
available evidence (pending longer follow-up data) 
suggests that PC-ILD is non-progressive with revers-
ible components, there are shared epidemiological and 
molecular features suggesting a common fibrotic path-
way. Viruses can trigger acute exacerbations of IPF and 
progressive fibrosis. Risk factors for both severe COVID-
19 and IPF include increasing age, male sex and co-
morbidities, smoking and genetic polymorphisms (e.g. 
DPP9) [9]. Intriguingly, the strongest associated IPF vari-
ant (MUC5B), appears to be negatively associated with 
COVID-19 severity [10] similar to the survival benefit 
observed  in IPF [11], although this apparent protective 
effect may be confounded by shielding behaviours [12]. 
There are also molecular similarities to IPF. Emerging 
data at single-cell resolution of bronchoalveolar lav-
age (BAL) fluid from acute COVID-19 patients suggest 
that SARS-CoV-2 (unlike influenza A) induces a profi-
brotic transcriptome and proteome in CD163-expressing 
monocyte-derived macrophages in the lung (comparable 
to IPF), with pronounced fibroproliferative ARDS [13]. 
The BAL proteomic immune landscape signature at 
3–6  months’ follow-up differs according to radiological 
pattern [3]. Increased BAL cytotoxic T cells associate 
with epithelial damage and airways disease, while mye-
loid and B cell numbers correlate with the degree of chest 
CT abnormality [3]. Peripheral blood mononuclear cell 
signatures in COVID-19 lung disease and IPF have simi-
lar transcriptional signatures and prognostic value [14].

Future directions
The prevalence, severity and impact on healthcare 
systems of PC-ILD are currently unknown. The 
influence of viral load, new variants (with varying 
lung tropism), vaccination, ventilatory strategies, 
systemic hyperinflammation and immunomodulation 
[15] (e.g. corticosteroids or cytokine blockade (e.g. 
interleukin-6 antagonism) in the acute phase of PC-ILD 
are unknown. The role of immunomodulatory or anti-
fibrotic therapies in PC-ILD is currently unresolved. It is 
tempting to speculate that immunomodulation (used 
for autoimmune ILD) may have a role in accelerating 
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reversal of “inflammatory” changes, and anti-fibrotics 
(e.g. nintedanib used in progressive-fibrosing ILD) may 
attenuate “fibrotic-like” changes. However   thus far 
PC-ILD appears to be non-progressive  and clinical trial 
outcome data are eagerly awaited (Fig. 1).

Systematic, longitudinal data capture and deep 
phenotyping of patients with  both  persisting and 
resolving respiratory symptoms post-COVID are 
critical to unpick the aetiopathogenesis of PC-ILD. This 
should include clinical, physiological and radiological 
correlates with paired bio-sampling of both the lung 

microenvironment (e.g. BAL) and peripheral blood 
compartments to enable comparison to established 
f-ILDs. Serial CTs (ideally with in- or pre-hospital 
baselines) quantifying the extent and character of 
parenchymal change are needed to understand the 
relationship, reciprocity and evolution of radiological 
regions of inflammation and fibrosis. Understanding 
PC-ILD has global public health implications, but is also 
a unique opportunity to better understand molecular 
and cellular mechanisms of initiation, propagation 
and resolution of lung fibrosis. This may uncover novel 

Fig. 1 Aetiopathogenesis of ILD idiopathic pulmonary fibrosis (IPF) and post-COVID ILD. In an immunogenetically at-risk individual, repetitive tissue 
injury may trigger a fibroproliferative cascade with an aberrant wound healing response, fibroblast proliferation and differentiation of TGF-β into 
myofibroblasts with deposition of collagen-rich ECM in the interstitial space. This culminates in destruction of lung microarchitecture and fibrosis. A 
In IPF, resident cell populations are altered with loss of AEC I and a new subpopulation of ‘aberrant transitional cells’. In both IPF (A) and Post-COVID 
ILD (B), AEC type I and II undergo apoptosis. B In Post-COVID ILD, SARS-CoV-2 can directly infect AEC II, via the ACE2 receptor and the TMPRSS2 
co-factor. ARDS and VILI may also contribute to injury. Macrophage activation and recruitment of immune cells results in sustained production of 
pro-inflammatory cytokines (e.g. “localised cytokine storm” IL-6, IL-1β, IL-18, TNF) with systemic impact and local release and action of ROS). Alveolar 
epithelial cell and endothelial cell damage triggers activation of fibroblasts which deposit collagen. Endothelilitis with expanded populations 
of activated T cells and hypercoagulability also increases the risk of thrombosis. Potential therapeutic options being explored in clinical trials for 
Post-COVID ILD include antifibrotics e.g. nintedinib (already licensed for IPF), mTOR inhibitors (e.g. sirolimus) and immunomodulation e.g. Janus 
Kinase (JAK) or IL-6 inhibitors. GERD Gastro-(o)esophageal reflux disease; IHD ischaemic heart disease; TGF-β transforming growth factor beta; ECM 
extracellular matrix; IPF idiopathic pulmonary fibrosis; ARDS acute respiratory distress syndrome; VILI ventilator associated lung injury; AEC I alveolar 
epithelial type I cells; AEC II alveolar epithelial type II cells; ACE2 angiotensin converting enzyme 2; TMPRSS2 transmembrane protease serine 2; TNF 
tumour necrosis factor; IL interleukin; ROS reactive oxygen species
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therapeutic targets of wider relevance for multi-organ 
fibrotic diseases.
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