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Definition



• Initially flu-like symptoms 

• Exacerbation of dyspnea, hypoxemia; newly developed diffuse pulmonary infiltrates 

• Negative microbiological test including BAL

• Surgical biopsy showing ALI pattern on UIP

• Improvement after steroid therapy (1000mg x 3 days, then tapering)

Chest. 1993 Jun;103(6):1808-12.



2007 definition of AE-IPF

• Previous or concurrent diagnosis of IPF

• Unexplained worsening or development of dyspnea within 30 days

• HRCT with new bilateral GGO and/or consolidation superimposed on a background 

reticular or honeycomb pattern consistent with UIP pattern

• No evidence of pulmonary infection by endotracheal aspirate or bronchoalveolar 

lavage 

• Exclusion of alternative causes, including the left heart failure, pulmonary embolism, or 

identifiable cause of acute lung injury

Am J Respir Crit Care Med. 2007 Oct 1;176(7):636-43.



Exacerbation of other lung diseases

• Bronchiectasis

• Antibiotics targeting the causative or presumptive pathogen (with Haemophilus
influenzae and P. aeruginosa isolated commonly) should be administered in acute 

exacerbations

• COPD

• A variety of stimuli may result in the final common pathway of airway inflammation

• Viral respiratory infections had been thought to be a less common cause of COPD 

exacerbations than bacterial infection

• Other inciting factors include air pollution, allergens

Harrison’s Principles of Internal Medicine, 22nd edition



Idiopathic exacerbation?

• No evidence of pulmonary infection by endotracheal aspirate or bronchoalveolar 

lavage

• → Evaluation of samples should include studies for routine bacterial organisms, 

opportunistic pathogens, and common viral pathogens

• Exclusion of alternative causes, including the left heart failure, pulmonary embolism, 

or identifiable cause of acute lung injury

• → Causes of acute lung injury: sepsis, aspiration, trauma, reperfusion pulmonary edema, pulmonary 

contusion, fat embolization, inhalational injury, cardiopulmonary bypass, drug toxicity, acute pancreatitis, 

transfusion of blood products, and stem cell transplantation

Am J Respir Crit Care Med. 2007 Oct 1;176(7):636-43.



Am J Respir Crit Care Med. 2016 Aug 1;194(3):265-75.

Pathobiology of AE-IPF



Revised definition in 2016

Am J Respir Crit Care Med. 2016 Aug 1;194(3):265-75.



Revised definition in 2016

Am J Respir Crit Care Med. 2016 Aug 1;194(3):265-75.



Exacerbation of ILD other than IPF

N Engl J Med. 2019 Oct 31;381(18):1718-1727.



Nat Rev Rheumatol. 2022 Feb;18(2):85-96.



Similarity with ARDS

Am J Respir Crit Care Med. 2024 Jan 1;209(1):37-47.



Infection and Exacerbation



Seasonal variation

27/37 (78%) of exacerbations occurred 

between December and May

Respiration. 2012;83(1):28-35.



Immunosuppressant use

N Engl J Med. 2012 May 24;366(21):1968-77.

Prednisone + Azathioprine + NAC

- More acute exacerbation

- More serious respiratory adverse event



Autopsy study

15 deaths were attributed to 

bronchopneumonia

In 3 cases, infectious lesions were 

not diagnosed until autopsy

Respir Res. 2014 Sep 1;15(1):109.



Role of virus

Numerically higher virus detection rates in 

AE-IPF patients than stable IPF

Similar detection of TTV in AE-IPD and ALI

Am J Respir Crit Care Med. 2011 Jun 15;183(12):1698-702.



Role of virus

Virus detected in 3 of 5 AE-IPF pts

Virus detected in 1 of 3 AE-NSIP pts

Braz J Med Biol Res. 2013 Nov 18;46(11):985–992.



Role of virus

Respir Med. 2018 Mar:136:88-92.

Detection of any virus in 20% of patients 

with AE-ILD

Mostly, CMV and HHV7



Role of bacteria

Respir Res. 2017 Feb 1;18(1):29.

BAL fluid sample from AE-IPF vs stable IPF

No clinical infection of virus and bacteria

Higher bacterial burden in AE-IPF group

Difference in microbiota



Role of bacteria

BMC Pulm Med. 2022 Feb 11;22(1):60.

Nasopharyngeal and BAL sample

DNA array and PCR for virus and bacteria detection

Higher rate of AE-IPF in coinfection group



Role of bacteria

Thorax. 2021 Mar;76(3):239-247.

Increased bacterial burden in AE-IPF compared to chronic IPF



Role of virus - con

Chest. 2020 May;157(5):1175-1187.

Viral infection was not associated with AE-IPF (OR, 0.99; 95% CI, 0.47-2.12; P = 0.988)



Acceleration of intrinsic process

Two-fold increase of fibrosis related 

gene in stable IPF vs control

Similar gene expression between 

stable IPF and AE-IPF

Am J Respir Crit Care Med. 2009 Jul 15;180(2):167-75.



Acceleration of intrinsic process

Increased expression of CCNA2 gene

Increased production of CCNA2

Localization of CCNA2 in pulmonary 

epithelium
*CCNA2: cell cycle regulation

No changes in inflammation related 

genes between AE-IPF and stable IPF

✓ AE-IPF as a result of enhanced 

epithelial injury and proliferation

Am J Respir Crit Care Med. 2009 Jul 15;180(2):167-75.



Role of infection in AE-IPF

Korean J Intern Med. 2025 Jul;40(4):634-644.

Increased risk of AE-ILD 

30-days after COVID-19 

infection



Nat Rev Rheumatol. 2022 Feb;18(2):85-96.



Diagnosis



Expert consensus for AE-IPF

Eur Respir J. 2020 Apr 3;55(4):1901760.

509 pulmonologists from 66 countries



Expert consensus for AE-IPF

Eur Respir J. 2020 Apr 3;55(4):1901760.

Echocardiography in 66%

N-terminal pro-BNP in 72%

Screening for atypical bacteria 61%

Screening for Pneumocystis 58%



Respirology. 2017 Feb;22(2):352-359.

Bronchoscopy is necessary?

119 Bronchoscopy done

Positive findings in 16 pts

Management change in 4 pts

: 2 died, 2 survived



Respirology. 2017 Feb;22(2):352-359.

Bronchoscopy is necessary?



BMC Pulm Med. 2015 Jul 10:15:70.

Bronchoscopy is necessary?

29 BAL performed in 77 pts

23 received antibiotics before BAL

6 of 14 pts with infection underwent BAL

Infection identified in one patient: PJP and CMV



Opportunistic infection

Nat Rev Rheumatol. 2022 Feb;18(2):85-96.



Ann Rheum Dis. 2023 Jun;82(6):742-753.



Opportunistic infection

Increased risk of IFI (PJP) in CTD pts 

with ILD and immunosuppressant

Semin Arthritis Rheum. 2023 Dec:63:152257.



Opportunistic infection

J Rheumatol. 2019 Mar;46(3):251-258.

BAL performed in 27 pts SLE-DAH

CMV or PJP detected in 8 pts (30%)

Higher mortality in CMV/PJP (+) pts



Opportunistic infection

Bacteria is the most common cause of 

trigger in both IPF and non-IPF ILD

PJP is the second most common cause 

of trigger in non-IPF ILD

Sci Rep. 2021 Mar 11;11(1):5762.



Treatment



Expert consensus for AE-IPF

Eur Respir J. 2020 Apr 3;55(4):1901760.



Steroid

No significant difference between steroid 

pulse group vs non-pulse group among 

patients with AE-IPF after PSM

Respirology. 2024 Mar;29(3):235-242.



Steroid

Respirology. 2020 Jun;25(6):629-635.

58% of pts were triggered AE-IPF such as procedure, 

infection, drug, or aspiration

Steroid was not associated with mortality?



Steroid

Sci Rep. 2021 Mar 11;11(1):5762.



Steroid

Sci Rep. 2021 Mar 11;11(1):5762.

AE of non-IPF ILD AE of IPF

Improved 90-day survival with high dose steroid 

in pts with AE of non-IPF ILD 

No difference in 90-day survival according to 

steroid dose in pts with AE-IPF



Steroid in triggered AE-ILD

Sci Rep. 2021 Mar 11;11(1):5762.

A trend toward improved survival with high 

dose steroid in triggered AE-ILD (p = 0.074)

No difference in survival according to steroid 

dose in non-triggered AE-ILD

Triggered AE Non-triggered AE



Steroid in triggered AE-ILD

Am J Respir Crit Care Med. 2012 Mar 1;185(5):587-8.
Crit Care Med. 2024 May 1;52(5):e219-e233.



Adjustment of treatment

N=34

N=22

BMC Pulm Med. 2024 Aug 20;24(1):400.



Adjustment of treatment

BMC Pulm Med. 2024 Aug 20;24(1):400.

Additional microorganisms were detected 

by mNGS in infectious AE-ILD patients

Antimicrobial therapies were adjusted





Adjustment of treatment

BMC Pulm Med. 2024 Aug 20;24(1):400.

Steroid and/or other 

immunosuppressants were increased or 

added in non-infectious AE-ILD patient 

with negative mNGS



Prognosis



Prognosis is similar?

Respirology. 2010 Aug;15(6):909-17.

Patients with fibrotic ILD 

Respiratory failure due to infection vs exacerbation

- No difference between CT findings

- No difference between survival



Prognosis is similar?

2007 definition

In-hospital mortality of AE-IPF: 32.8%

2016 revised definition

In-hospital mortality of AE-IPF: 29.5%

In-hospital mortality of idiopathic AE: 32.8%

In-hospital mortality of triggered AE: 14.3%

(p=0.211)

Sci Rep. 2022 May 25;12(1):8817.



Prognosis is different?

Respir Res. 2019 Dec 18;20(1):287.



Prognosis is different?

Pneumonia

Idiopathic AE

Triggered AE

Infection triggered

Idiopathic

Non-infection triggered

Respir Res. 2019 Dec 18;20(1):287.



Prognosis is different?

Respir Res. 2019 Dec 18;20(1):287.



Summary

• Infection may play a role in exacerbation of ILD

• BAL may be useful in patients at risk of opportunistic infection

• Steroid may be useful in patients with triggered exacerbation of ILD

• Prognosis of infection-triggered exacerbation of ILD may be better than 

idiopathic exacerbation
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