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Pneumonia mortality trends

Marshall et al. Respiratory Research (2018) 19:8119 European countries



Survivors of low respiratory infection

•Chronic respiratory symptoms
• Secondary pulmonary infections
•Death



Infection-related lung injury

Pathogen-mediated 
tissue destruction 

Accompanying 
host response

Host immune response  

• Local tissue destruction
• Chronic inflammation
• Aberrant remodeling and fibrosis



Post-infectious pulmonary complications (PIPCs)

Potential therapeutic interventions
Ann Am Thorac Soc 2024, 21:9. 1219–1237



Anatomic locations of postinfectious pulmonary 
complications

Ann Am Thorac Soc 2024, 21:9. 1219–1237



COVID-19 patients surviving ARDS increased fibrotic changes 
compared to non-COVID pneumonia ARDS patients     

• Demographics

Scientific Reports (2023) 13:6554

• Outcomes



One-year quality of life post-pneumonia diagnosis

Clin Infect Dis 2021;73:283–290.

in Japanese adults
QALY, 삶의 질 보정 생존연수(quality-adjusted life-year)

Average adjusted QALY Average adjusted survival curves
Average adjusted survival 
weighted QALY score curves 

QALYS lost due to pneumonia



Min J et al. Tuberc Respir Dis. 2025;88(3):606-609. 



Residual respiratory disability after successful Tx for TB

J Taylor et atl., eClinicalMedicine 2023;59: 101979



One year after mild influenza A subtype H1N1

W. Liu et al., PLoS ONE 10(7): e0133698. 



Is our current management right ?

Management of 
acute pulmonary infections

Management of 
chronic pulmonary disease

Pathogen elimination The amelioration of 
persistent symptoms

?
Acute pulmonary infections Chronic pulmonary disease



Parenchymal injury and repair after pulmonary infection

• Parenchymal fibroproliferative response to acute insults

: ARDS → fibroproliferative (FP) ARDS 

• Severity of ARDS – degree of fibroproliferation

: Extent of fibroproliferation - poor prognosis 



Eur Respir J 2021;57: 2003690



Radiological changes of a patient with severe sequelae
(3 month after COVID-19 pneumonia) 

• Classic feature of lung fibrosis

• Architectural distortion

• Reticulations

• Honeycombing

• Traction bronchiectasis  

Eur Respir J 2021;57: 2003690



Repair of the alveolar epithelium occurs when AT2 cells 
proliferate and differentiate into AT1 cells

Nabhan et al., Science 359, 1118–1123 (2018)



Repeated injured alveolar epithelial cells

Accumulated DNA damage / endoplasmic reticulum stress

Alveolar type 2 (AT2) cells → AT1 cells

Transitional-state cells ↑ (aberrant tissue repair and remodeling)



A model of alveolar regeneration

NATURE COMMUNICATIONS | (2020) 11:3559 

aberrant tissue repair and remodeling
FP-ARDS  

& IPF

Senescent transitional cell 
Persistent injury: loss of capacity for AT1 differentiation 

Upregulation fibrogenic signal to promote fibrosis (TGF-beta)



Severe, but non-fibrotic ARDS

Am J Pathol 2022 Mar;192(3):454-467

KRT8+ transitional cell

Collagen deposition (-) 

Myofibroblast (-)



Am J Pathol 2022 Mar;192(3):454-467

Not simply the existence of transitional cells, but 
whether they carry senescence markers.



A model of alveolar regeneration

NATURE COMMUNICATIONS | (2020) 11:3559 



Development of fibrosis

Monocyte-derived interstitial macrophages ↑
Monocyte-derived alveolar macrophages (MoAMs) ↑

Fibroblast proliferation and differentiation ↑

Lung injury



Tissue-resident 
macrophages

Monocyte-derived 
macrophages

Distinct roles of macrophages

J Clin Invest. 2019;129(7):2619-2628



Monocyte-derived AMs in asbestosis-induced pulmonary fibrosis

Eur Respir J 2020; 55: 1900646

Recruitment of monocyte-derived alveolar 
macrophages (MoAMs)

Deletion of MoAMs attenuates asbestos-induced PF



Inhibition of monocyte recruitment with anti-CCR2 

Inflammatory monocytes drive influenza A virus-mediated lung injury in juvenile mice 

J Immunol 2018;200:2391–2404



Cell-cell interactions following tissue injury

iScience 2020:23, 100841



PASC: Post-acute sequelae of severe acute respiratory syndrome coronavirus 2

C. Yao et at., AJRCCM 2023: 208: 2

Cell–cell communication network of the TGF-b pathway



Proposed concept for a continuum of lung fibrosis

C. Yao et at., AJRCCM 2023: 208: 2



Residual Lung Abnormalities after COVID-19 Hospitalization 

UKILD post-COVID-19 study AJRCCM (2023) 207: 6: 693–703

Progress to IPF ?



Fibroproliferative ARDS vs. IPF 

• Similarities and differences

• Biomarkers

• Therapeutic strategies to stop or reverse fibroproliferation

• Time points (before/after)



Post-COVID-19 ILD

Lancet Respir Med 2023; 11: 709–25



Summary

• Infection-related lung injury
• Pathogen-mediated tissue destruction 
• Host immune response

• Post-infectious pulmonary complications

• Parenchymal injury and repair after pulmonary infection
• Fibroproliferative ARDS – IPF
• Senescent transitional cells
• Aberrant macrophage-fibroblast circuit

• New approaches needed in managing pulmonary infection



Thank you for your attention
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