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Definition

• Typically results from an immune-mediated reaction provoked by an 
overt or occult inhaled antigen in susceptible individuals

• Inflammatory and/or fibrotic disease affecting the lung parenchyme
and small airways

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)

Hypersensitivity Pneumonia



Classification of HP

Acute Subacute Chronic

Factors Frequency, intensity, duration of exposure and host/other factors

Onset
2-9 hours (Onset)
6-24 hours (Peak)

Hours to days (Last)
Gradual 

(over days and weeks)
Insidious 

(over months)

Symptoms

Influenza-like Sx
(fever, chills, sweating, 

myalgias, lassitude, 
headache, nausea, cough, 

dyspnea)

Cough, dyspnea 
(may progress to severe 
dyspnea with cyanosis)

Cough, exertional dyspnea
fatigue, weight loss

HRCT Multifocal and diffuse GGO
Multifocal and diffuse GGO

Centrilobular nodules
Air-trapping

Features of subacute HP
Presence of fibrosis 
(reticular opacities, 

bronchiectasis)

Pathology
Peribronchial inflammation

Interstitial and intra-alveolar 
inflammation

Chronic peribronchiolar 
lymphocytic inflammation

Poorly formed non-
necrotizing granuloma

Focal organizing pneumonia

Chronic fibrosis (may 
resemble UIP or NSIP 

pattern)

BAL Increased neutrophils
Lymphocytosis (24-72 hr)

Lymphocytosis
CD4/CD8 < 1

Lymphocytosis
CD4/CD8: variable

Richerson HB et al. J Allergy Clin Immunol. 1989; 84
Broaddus VC et al. Murray and Nadel’s Textbook of Respiratory Medicine. 6th ed. 2016



Guidelines for Evaluation of HP

• Clinical history
 Symptoms (fever, chill, sweating, myalgia, headache, cough etc.)
 Environmental exposure

• Radiologic evaluation (Chest radiography)
 Acute phase: Poorly-defined diffuse uniform nodularity
 Chronic phase: Interstitial infiltrates (accentuated linear elements)

• Pulmonary function
 Typically restrictive pattern (Decreased compliance, Low DLco)

• Serum antibody (Inciting Antigen)
 Important part of diagnostic evaluation
 Serum precipitin reactions
 “Simple” marker for exposure 
 Caution: Not available for many antigens or possibility for false-negative

Richerson HB et al. J Allergy Clin Immunol. 1989; 84



Guidelines for Evaluation of HP

• Additional potential aids

 General laboratory tests
 In-vitro tests for cell-mediated immunity (Not available)
 Skin testing (Not commercially available)
 Inhalation challenge  (No standardized Ag or techniques)
 Bronchoalveolar lavage 

 Lymphocytosis, Decreased CD4/CD8 ratio
 Insufficient information to evaluate efficacy

 Lung biopsy
 May be indicated in patients without sufficient clinical criteria
 Open lung biopsy > TBLB
 Distinctive features (plasma cells and lymphocytes accumulation in alveolar 

space, granuloma formation, bronchiolitis etc.)
 Therapeutic trial (Antigen avoidance)

Richerson HB et al. J Allergy Clin Immunol. 1989; 84



Difficulties in Diagnosis of HP

• Clinical history / Lung function

 Nonspecific symptoms and signs (esp. chronic HP)

• Inciting antigen

 Numerous antigens

 Absence of confirmatory method for antigen identification

 Absence of validated questionnaires

 Variability in performances of serum IgG test (not confirmatory)

 Low rate of antigen identification (40%~70%)

• Radiologic evaluation

 Resemblance to other ILDs (IPF, NSIP etc.)

 Low agreement rate [(κ=0.27) compared to IPF(κ=0.46)] Fernandez Perez ER et al. Chest. 2013; 144(5)
Varone F et al. Lung. 2020; 198

Morell F et al. Lancet Respir Med. 2013; 1(9)
Nunes H et al. Eur Respir J. 2015; 45(3)

Walsh SL et al. Lancet Respir Med. 2016; 5(4)



Known Sources of HP

Selman M et al. Am J Respir Crit Care Med. 2012; 186(4)



Low Identification Rate of Antigen

Fernandez-Perez ER et al. Chest. 2013; 144(5)

• 142 HP patients from ILD single center cohort (National Jewish MRC)
• Inciting Ag (Known cause of HP/Serum precipitant antibodies and 

Chronological plausibility )

47%
53%

Identified

Unidentified

Bird

Mold

Farms/Animals

Hot tub

Auto mechanics

Gardeners

Others



Chronic HP (UIP pattern)

• 46 consecutive IPF patients, prospectively followed (Spain)
• Uniform questionnaire, specific IgG test, BAL, bronchial challenge tests

Morell F et al. Lancet Respir Med. 2013; 1(9)



Chronic HP (NSIP pattern)

• 127 pathologically-proven NSIP patients
• Multicenter retrospective study in France

Nunes H et al. Eur Respir J. 2015; 45(3)

12%

40%
25%

23%

Chronic HP

Idiopathic

UCTD

CTD



Low Agreement rate in HRCT

• 70 ILD patients (IPF, NSIP, CTD-ILD, HP)
• Multicenter MDTM of ILD patients

Walsh SL et al. Lancet Respir Med. 2016; 5(4)



Difficulties in Diagnosis HP

• Bronchoalveolar lavage (BAL)

 Lymphocytosis

 Usually >30-40% in acute HP / May be lower in chronic HP (>20%)

 May be elevated in sarcoidosis, NSIP, or OP

 CD4/CD8 ratio

 CD4/CD8 ratio < 1 in acute HP

 CD4/CD8 ratio: variable in chronic HP

 Diagnostic value is not determined

• Histopathology

 Typical histopathology (diffuse interstitial inflammation, chronic bronchiolitis, 
granulomas)

 Modality: TBLB/TBLC vs. SLB

 Complications (May not be possible for all patients)
Soumagne T et al. Exp Rev Respir Med. 2018; 12(6)

Meyer KC et al. Am J Respir Crit Care Med. 2012; 185
Ohshimo S et al. Am J Respir Crit Care Med. 2009; 179

Myers JL et al. Mold Pathol. 2012; 25(1)
Grunes D. J Clin Pathol. 2013; 66



Demand for New Guidelines of HP

• Need for new diagnostic guidelines

 Practical guideline which can be readily applicable to clinical practice

 Uniform diagnostic guideline for data interpretation and future research

• Suggested diagnostic algorithms

 Hypersensitivity pneumonitis: Perspectives in diagnosis and management (Vasakova M et 
al. AJRCCM. 2017)

 Diagnosis and treatment of fibrotic hypersensitivity pneumonitis. Where we stand and 
where we need to go (Salisbury ML et al. AJRCCM. 2017)

 Hypersensitivity pneumonitis. A perspective from members of the pulmonary pathology 
society (Miller R et al. Arch Pathol Lab Med. 2018)

 Identification of diagnostic criteria for chronic hypersensitivity pneumonitis: An international 
modified Delphi survey (Morriset J et al. AJRCCM. 2018)



Diagnostic Algorithm for HP (Vasakova et al.)

Vasakova M et al. Am J Respir Crit Care Med. 2017; 196(6)



Diagnostic Algorithm for HP (Salisbury et al.)

Salisbury ML et al. Am J Respir Crit Care Med. 2017; 196(6)



Diagnostic Criteria of HP (Miller et al.)

Miller R et al. Arch Pathol Lab Med. 2018; 142

Criteria Specifics

1. Exposure to offending agent A. Exposure history
B. Aerobiologic or microbiologic investigations of the environment 

confirming presence of the agent
C. Presence of specific IgG Ab against the identified agent

2. Clinical, radiographic, physiologic 
findings compatible with HP

A. Respiratory Sx/signs appearing/worsening after antigen exposure
B. Reticular, nodular, or GGO on Chest CT/X-ray
C. Altered spirometry and/or lung volumes, reduced DLco, altered gas 

exchange
3. BAL with lymphocytosis A. Low CD4/CD8 ratio

B. Specific immune response to the Ag by lymphocyte transformation 
testing

4. Positive inhalation challenge test A. Re-exposure to environment
B. Inhalation challenge to suspected Ag

5. Compatible pathology A. Vague/poorly formed granulomas
B. Mononuclear cell infiltrates

Definite

Probable

Subclinical

1,2,3 / 1,2,4A / 1,2A,3,5 / 2,3,5

1,2A,3

1,3A

Criteria

Criteria

Criteria



Morriset J et al. Am J Respir Crit Care Med. 2018; 197(8)

Diagnostic Criteria of HP (Morriset et al.)
- Diagnostic Items -



Morriset J et al. Am J Respir Crit Care Med. 2018; 197(8)

Diagnostic Criteria of HP (Morriset et al.)
- Diagnostic Algorithm -



Diagnosis of HP in Adults
An Official ATS/JRS/ALAT Clinical Practice Guidelines



New Classification of HP

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)

Hypersensitivity 
Pneumonitis

Radiologic/Pathologic
Fibrosis

(Dominant feature)

Nonfibrotic HP Fibrotic HP



Nonfibrotic

Typical HP Compatible with HP Indeterminate

- Parenchymal
1) GGO
2) Mosaic attenuation

- Small airway
1) Ill-defined, centrilobular nodules
2) Air trapping

- Distribution 
1) Diffuse

- Parenchymal
1) Uniform and subtle GGOs
2) Airspace consolidation
3) Lung cysts

- Distribution 
1) Diffuse

N/A

Fibrotic

Typical HP Compatible with HP Indeterminate

- Lung fibrosis
1) Irregular linear opacities/coarse 

reticulation with lung distortion
2) Traction BE/HC (No predominate)

- Distribution (Lung fibrosis)
1) Random both axially or craniocaudally
2) Mid lung zone-predominant or relatively 
spared in the lower lung zone
- Small airway

1) Ill-defined, centrilobular nodules, GGO        
2) Mosaic attenuation, three-density

pattern, and/or air trapping 

- Variant lung fibrosis
1) UIP pattern
2) Extensive GGOs c subtle fibrosis

- Distribution (Variant)
1) Axial: Peribronchovascular, subpleural
2) Craniocaudal: Upper lung zones

- Small airway
1) Ill-defined, centrilobular nodules and/or 

GGOs
2) Three-density pattern, air trapping 

1) UIP pattern

2) Probable UIP

3) Indeterminate UIP pattern

4) Fibrotic NSIP pattern

5) Organizing pneumonia-like pattern

6) Truly indeterminate HRCT pattern

HRCT Pattern of HP



Histopathologic Criteria (Nonfibrotic HP)

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)



Histopathologic Criteria (Fibrotic HP)

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)



Diagnosis of HP (Combination of Evaluation)

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)



Diagnosis of HP (MDD)

Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)

Clinical history and/or
IgG tests (potential Ag)
Inhalation challenge test (if possible)

TBLB is suggested for potential
nonfibrotic HP

SLB is infrequently considered in 
nonfibrotic HP



Summary of Recommendations for Tests

Non-fibrotic HP Fibrotic HP

Questionnaire
No recommendations for or against

(Thorough history for potential 
exposures and sources)

No recommendations for or against
(Thorough history for potential 

exposures and sources)

Serum IgG testing
Suggestion 

(very low confidence)
Suggestion

(very low confidence)

BAL Lymphocyte
analysis

Recommendation
(very low confidence)

Suggestion
(very low confidence)

TBLB
Suggestion

(very low confidence)
No recommendations for or against

TBLC No recommendations for or against
Suggestion

(very low confidence)

SLB
Suggestion, only when all other 

diagnostic testing has not yielded Dx
(very low confidence)

Suggestion, only when all other 
diagnostic testing has not yielded Dx

(very low confidence)
Raghu G et al. Am J Respir Crit Care Med. 2020; 202(3)



BAL Lymphocytes for HP

Fibrotic HP vs. IPF Non-fibrotic HP vs. 
IPF

Fibrotic HP vs. 
sarcoidosis

Non-fibrotic HP vs. 
sarcoidosis

Lymphocyte Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

> 20% 69% 61% 95% 61% 69% 26% 95% 26%

> 30% 55% 80% 88% 80% 55% 43% 88% 43%

> 40% 41% 93% 76% 93% 41% 61% 76% 61%

AUC AUC 0.54 
(95% CI 0.51 – 0.58)

AUC 0.75
(95% CI 0.71 – 0.78)

AUC 0.44
(95% CI 0.41 – 0.47)

AUC 0.71
(95% CI 0.67 – 0.74)

N 1238 1202 2565 2529

Patolia S et al. Annals ATS. 2020; Article in press



Treatment of HP

• Avoidance of antigen
 Initial step of treatment (RCT is not available)

 Improvement of lung function (DLco)

 Identification of Ag is associated with survival

 Unidentified Ag / Unavoidable Ag or unwillingness to avoid (occupational etc.)

• Corticosteroid
 Improvement of lung function (DLco) and early resolution of symptoms

 Improvement in radiological extent

 No RCT is available

 Optimal dose and duration is not known

Cormier Y et al. Can Respir J. 1994; 1(4)
Miyazaki  Y et al. Expert Rev Clin Immunol. 2016; 12(9)

Varone F et al. Lung. 2020; 198(3)



Prognosis of HP 
- Fibrosis matters (HRCT) -

• 69 consecutive HP patients (26 Fibrotic, 43 Nonfibrotic)
• Single center retrospective study
• Fibrosis: Irregular linear opacities, Traction BE, or HC in HRCT

Hanak V et al. Chest. 2008; 134



Hanak V et al. Chest. 2008; 134

Prognosis of HP 
- Fibrosis matters (HRCT) -



Hanak V et al. Chest. 2008; 134

Prognosis of HP 
- Fibrosis matters (HRCT) -



• 119 pathologically-proven Chronic HP patients
• Single center longitudinal cohort (UCSF)

Wang P et al. Chest. 2017; 152(3)

Prognosis of HP 
- Fibrosis matters (Pathology) -



Wang P et al. Chest. 2017; 152(3)

Prognosis of HP 
- Fibrosis matters (Pathology) -



• 202 patients with HP (93 nonfibrotic + 109 fibrotic)
• Retrospective observational study (Univ. of Leuven)
• Fibrosis determined by HRCT (Reticulation, traction BE, HC)

Prognosis of HP (Fibrosis vs. No fibrosis)

De Sadeleer LJ et al. J Clin Med. 2019;8



De Sadeleer LJ et al. J Clin Med. 2019;8

Prognosis of HP (Fibrosis vs. No fibrosis)

Nonfibrotic HP

Fibrotic HP



Potential Treatment for Fibrotic HP

• Immunosuppressive agents

 Mycophenolate mofetil

 Azathioprine

 Rituximab

• Antifibrotic agents

 Nintedanib

 Pifenidone

Morriset J et al. Chest. 2017; 151(3)
Adegunsoye A et al. ERJ Open. 2017; 3

Flaherty KR et al. N Engl J Med. 2019; 381(18)
Guenther A et al. ERS Abstract. 2019



Mycophenolate mofetil and Azathioprine

• 70 CHP patients (51 MMF and 19 AZA)
• Retrospective study (4 Cohorts of UCSF, UBC, CHUM, UCalgary)
• Outcome: Changes in lung function (adjusted for age, gender, smoking, 

corticosteroid use), Tolerability

Morriset J et al. Chest. 2017; 151(3)



Mycophenolate mofetil and Azathioprine

Morriset J et al. Chest. 2017; 151(3)

-0.12%/month (regardless of steroid use)

-0.10%/month (regardless of steroid use)



Mycophenolate mofetil in CHP

Morriset J et al. Chest. 2017; 151(3)



Azathioprine in CHP

Morriset J et al. Chest. 2017; 151(3)



Tolerability of MMF and AZA

Morriset J et al. Chest. 2017; 151(3)

All (N=70) MMF (n=51) AZA (n=19)

Side effect 10 (14.3) 7 (13.7) 3 (15.8)

Nausea 3 (4.3) 3 (5.8) 0

Diarrhea 2 (2.9) 1 (1.9) 1 (5.3)

Transaminitis 2 (2.9) 1 (1.9) 1 (5.3)

GI upset 1 (1.4) 1 (1.9) 0

Bloating 1 (1.4) 1 (1.9) 0

Fatigue 1 (1.4) 0 1 (5.3)

Management of Side Effect

Dose reduction 3 (4.3) 3 (5.8) 0

Discontinuation 2 (2.9) 2 (5.8) 2 (10.5)



Mycophenolate mofetil and Azathioprine

• 131 CHP patients [93 (71%) receiving immunosuppressant; 41 PD alone, 

24 PD + AZA, 28 PD + MMF]

• Retrospective study (University of Chicago ILD Registry)

• Outcome: Treatment-emergent adverse event, Changes in lung function

• External validation (National Jewish Hospital, U Kanasas MC, Columbia UH, 

UC Davis)

Adegunsoye A et al. ERJ Open. 2017; 3



Adverse Event of MMF and AZA

Adegunsoye A et al. ERJ Open. 2017; 3



Mycophenolate mofetil and Azathioprine

Adegunsoye A et al. ERJ Open. 2017; 3



Nintedanib for PF-ILD

• Double-blind placebo controlled phase 3 trial (15 countries)
• 663 Progressive fibrosing ILD [173 CHP (84 Nintedanib vs. 89 Placebo)]
• PF-ILD (Progression within 24 months despite standard treatment)

 FVC decline ≥10%
 5% ≤ FVC decline < 10% + Worsening respiratory Sx or Increased fibrosis on CT
 Worsening respiratory Sx + increased fibrosis on CT

• Exclusion
 AZA, CYC, MMF, Tacrolimus, Rituximab, Cytoxan, Steroid (>20mg) within 6 mo
 5% ≤ FVC decline < 10% + Worsening respiratory Sx or Increased fibrosis on CT
 Worsening respiratory Sx + Increased fibrosis on CT

• Protocol
 Nintedanib 150mg bid vs. Placebo for 52 weeks

• Outcome
 Annual rate of FCV decline
 Change of K-BILD, time till 1st AE, and time till death

Flaherty KR et al. N Engl J Med. 2019; 381(18)



Nintedanib for PF-ILD

Flaherty KR et al. N Engl J Med. 2019; 381(18)



Nintedanib for PF-ILD

Flaherty KR et al. N Engl J Med. 2019; 381(18)



Pirfenidone for CHP

• Open-label randomized controlled trial (Single center in Mexico)
• 22 CHP patients [9 patients (PD+AZA) vs. 13 patients (PD+AZA+PFD)]
• Outcome

 Change of FVC at 12 mo
 Change of DLco at 12 mo, 6MWT SaO2 and distance, SGRQ, ATA-IPF score, VAS 

score, HRCT extension score, HRCT GGO score, HRCT fibrosis

Mateos-Toledo H et al. Arch Bronchoneumol. 2019; 381(18)



Pirfenidone for CHP

• Open-label randomized controlled trial
• 22 CHP patients [9 patients (PD+AZA) vs. 13 patients (PD+AZA+PFD)]
• Outcome

 Change of FVC at 12 mo
 Change of DLco at 12 mo, 6MWT SaO2 and distance, SGRQ, ATA-IPF score, VAS 

score, HRCT extension score, HRCT GGO score, HRCT fibrosis

Mateos-Toledo H et al. Arch Bronchoneumol. 2019; 381(18)



Pirfenidone for CHP

Mateos-Toledo H et al. Arch Bronchoneumol. 2019; 381(18)



Pirfenidone for non-IPF Lung Fibrosis

• Double-blind placebo controlled phase 2 trial (RELIEF trial)

• 127 non-IPF lung fibrosis (57 CHP)

• Patients

 CVD-LF, Fibrotic NSIP, Chronic HP, Asbestos-induced lung fibrosis

 Annual absolute FVC decline ≥ 5%

• Protocol

 PFD 800 mg tid vs. Placebo for 24 weeks

• Outcome

 FVC decline rate (48 weeks)

 Change in FVC, DLco, 6MWTD, SGRQ, Adverse event

Guenther A et al. ERS Abstract. 2019



Pirfenidone for PF-ILD

Guenther A et al. ERS Abstract. 2019



Summary (I)

Classification

• Nonfibrotic vs. Fibrotic (Based on radiologic and/or pathologic features)

Diagnosis

• Thorough and detailed history taking including antigen exposure (consider 
Questionnaire or Serum IgG tests)

• HRCT pattern of HP (Nonfibrotic vs. Fibrotic)

• Bronchoalveolar lavage (esp. consider in Nonfibrotic HP)

• Histopatholgic pattern of HP (Nonfibrotic vs. Fibrotic)

 TBLB (Nonfibrotic HP), TBLC (Fibrotic HP), SLB 

 Multidisciplinary discussion



Summary (II)

Treatment

• Antigen avoidance: First step

• Corticosteroid

• Fibrosis is associated with poor prognosis (radiologic or pathologic)

• For fibrotic HP, drugs under investigations are

 Immunosuppressant combination (MMF, AZA etc.)

 Antifibrotic agents (Pirfenidone or nintedanib)
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