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List of abbreviations and acronyms
CT: Computed tomography
DLCO: Diffusion capacity of lung for carbon monoxide
FVC: Forced vital capacity
GERD: Gastroesophageal reflux
HLA: Human leukocyte antigen
HP: Hypersensitivity pneumonitis
IA: Inciting antigen
ILD: Interstitial lung disease
IVD: Isovaleryl-CoA dehydrogenase
MUC5B: Mucin 5B
NSIP: Nonspecific interstitial pneumonia
TNF: Tumor necrosis factor
OBFC1: Oligonucleotide / oligosaccharide-binding folds containing one gene
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Definition
• HP is a complex immunologically mediated form of lung disease that
occurs in susceptible individuals resulting from repeated inhalation of
and sensitization to a large variety of environmental and / or occupational
organic and nonorganic inciting antigens (Table 1). HP is not an atopic
disease or cryptogenic. Several drugs are associated with radiologic
and histological HP-like reactions (e.g., ILD with granulomas) and must
be excluded.
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Table 1: Hypersensitivity pneumonitis – examples of
antigen sources and associated occupations
Common inciting antigen(s)

Source

Exposure setting HP term

Organic antigens: bacteria, fungi / yeast
Aspergillous spp,
Thremophillic actinomycetes,
Thermoactinomyces vulgaris,
T. sacchari, F. rectovirgula

Moldy hay, silage, grain

Farmer’s lung

M. avium complex,
M. immunogenum

Contaminated hot tubs or
sauna water / metal work fluid

Hot tub lung / metalworking
fluid lung

Alternaria alternate,
Aureobasidium spp.

Contaminated humidification
systems

Humidifier or air-conditioner
lung

T. sacchari, Cladosporium spp.

Compost / mushroom compost

Composter’s lung / mushroom
worker’s lung

Alternaria spp.

Moldy wood dust

Woodworker’s lung

Mucor spp.

Moldy cork

Suberosis

Penicillium casei

Moldy cheese

Cheese washer’s lung

Candida spp, M. chelonae
Fusarium spp.

Contaminated saxophone,
bag pipe

Wind instrument lung

Saccharomyces cerevisiae,
A. fumigatus

Brewer’s / baker’s yeast,
contaminated flour

Yeast powder alveolitis,
Baker’s lung

Avian feathers, droppings,
serum

Domestic and pet birds

Bird fancier’s lung

Avian feathers

Feather duvet and pillows

Duvet lung

Rats, gerbils

Pelt, proteins, serum, hair

Animal handler’s lung

Isocyanates

Paints, polyurethane foams

Painter’s lung

Pyrethrum

insect sprays and powders

Pesticide lung

Anhydrides

Heated epoxy resin

Chemical worker’s lung,
epoxy resin lung

Organic antigens: animal protein

Inorganic antigens
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Incidence / prevalence
• The 1-year prevalence rates for HP in the US ranged from 1.67 to 2.71
per 100,000 persons, and 1-year cumulative incidence rates ranged from
1.28 to 1.94 per 100,000 persons between 2004 and 2013.(1)
• HP prevalence estimates based on ILD registry data (population between
330 and 2,245 ILD cases) from Europe, the Middle East, and India range
from 2 to 47% in these communities. (2)
• Throughout Europe, the estimated incidence of HP has been reported to
range between 0.12 and 0.9 per 100 ,000 persons per year.
• Variations in HP epidemiology correlate with age, geography, occupation,
season and host risk factors. (3-5)
> In one study, the prevalence increased with age, ranging from 1.48 per
100,000 among 35- to 44-year-olds to 11.2 per 100,000 among those
aged 65 years and older.(1) Between 56% and 68% of HP cases in each
year were classified as chronic and 36–48% of chronic HP cases were
classified as having fibrotic disease.(1)
> Farmer’s lung and bird related HP are among the most common forms
of HP globally. Farmer’s lung is prevalent during late winter and the early
spring cattle feeding period and after the harvest season.
> There are reports of occupational outbreaks in specific settings such
as workers exposed to various low-molecular-weight chemicals,
contaminated metalworking fluids, and water humidification systems.(6)
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Clinical presentation
• In some patients, HP is antigen-specific, whereas in other patients HP
might represent a reaction to several IAs (inciting antigen) emerging either
from single or various environments.
• Exposure to the IA may have ceased before the recognition of the disease or
evidence of disease progression.(7)
• HP can occur at any age, with most patients presenting after the fourth
decade of life.
• The extent and severity of respiratory symptoms and the presenting
disease course of patients with HP are variable.
• During lung auscultation, inspiratory crackles and/or high-pitched
inspiratory squeaks are usually heard.

Genetic factors
• Polymorphisms in genes of the major histocompatibility complex, including
HLA-DR and HLA-DQ, transporter-associated antigen processing, tissue
inhibitors of matrix metalloproteinases, immunoproteasomes, and the
TNF-α promoter are associated with an increase susceptibility to HP.(8-12)
• Common IPF genetic risk variants in TERC, MUC5B, and IVD have been
associated with fibrotic HP, while common genetic variants in OBFC1 are
associated with nonfibrotic HP.(13)
• Short leukocyte telomere length has been associated with histopathological
features of usual interstitial pneumonia and reduced survival.(14)
• Familial clustering of patients with HP living in different environments
and the development of HP in monozygotic twins has been reported.(15)
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Diagnosis and evaluation
• HP is classified based on the presence or absence of radiologic or
histological lung fibrosis, IA exposure likelihood, and the confidence level of
imaging and pathologic findings.(16, 17) Both fibrosis and IA characterization
have implications for diagnosis, prognosis, and treatment.
• The diagnosis of HP requires the exclusion of alternative etiologies and
thorough multidisciplinary evaluation. HP can present occasionally with
emphysema, and in patients with autoimmune features.
• No single test is diagnostic in all scenarios, and the histological diagnosis
is no longer regarded as the gold standard or required in all cases during
the diagnostic process.

Exposure assessment
• The first step in determining the likelihood of diagnosis is characterizing the
occupational and environmental IA exposure type(s), extent and source(s)
by a comprehensive history and exposure questionnaire. A structured
questionnaire incorporated during the clinical evaluation can prevent the
premature conclusion that the exposure history is negative, aid patient
recall, save time when completed before a scheduled clinic visit, and ensure
consistency. (16) In the course of evaluating a suspected HP case, a thorough
history and use of a structured exposure questionnaire during periodic
evaluations may help uncover relevant exposures. The association between
the IA exposure and HP is informed by causal inference such as the temporal
relationship of symptoms with work and non-occupational exposures.
• The categorization of the IA exposure can be based on exposure likelihood:
identified, indeterminate (evidence is suggestive of an association),
or unidentified.(16)
• Antigen-specific immunological tests should not be used in HP cases with
identifiable IA exposure, particularly in patients unwilling to avoid and
remove the antigen source despite the adverse clinical consequences.(16)
Negative results may help support patient bias towards no antigen
avoidance. Patient education regarding management goals, exposure
avoidance and testing is essential.
8
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• An unidentified exposure (~20-50% cases, predominantly in fibrotic HP) does
not rule out the diagnosis.
• A history indicating clinical improvement with IA remediation or worsening
with IA re-exposure may suggest the diagnosis of HP but does not rule it out
if absent.

• Consultation with an occupational medicine expert and an environmental
hygienist should be considered, especially when the IA exposure is thought
to arise in a workplace setting and patients with disease progression and
suspicion for ongoing indeterminate Figure
IA exposure
or multiple
sources. (16)nodules of groun
1: Profuse,
diffuseIA
centrilobular

nonfibrotic HP. The centrilobular location is indicated by
Figure 1: Typical nonfibrotic HP
pattern on HRCT

1: Profuse, diffuse centrilobular nodules of
ground glass attenuation in a patient with
nonfibrotic HP. The centrilobular location
is indicated by the clear zone between the
nodules and the fissural and parietal pleura.
This CT appearance is typical for HP.

andFigure
the fissural
andcentrilobular
parietal pleura.
This CT appearance
2: Sparse
nodules
in a patient with nonfibrotic HP

2: This
CT appearance
is compatible
with but
Figure
2: Figure
2. Sparse
centrilobular
nodules in a pa
not diagnostic of HP. Differential diagnosis

appearance
is compatible
but not diagnostic of HP.
might include
other forms with
of inflammatory

bronchiolitis
such as smoking-related
other
forms of inflammatory
bronchiolitis such as smokin
respiratory bronchiolitis.

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

9

Laboratory testing
• The detection of serum antigen-specific antibodies by quantitative (e.g.,
ELISA) or qualitative methods (e.g., double diffusion) is indicative of previous
exposure but is not a confirmation of the presence of HP.
• Pulmonary function tests are non-diagnostic but are a reliable tool in
quantifying the severity of the underlying pulmonary impairment, in addition
to monitoring disease progression and response to therapy.

Imaging features
Nonfibrotic HP
• The typical nonfibrotic HP pattern (Figure 1) is characterized by any of
the following: 1) Profuse poorly defined centrilobular nodules of
ground-glass opacity affecting all lung zones, 2) Inspiratory mosaic
attenuation with density sign (i.e., combination of lung lobules of
decreased attenuation, normal lung, and areas of increased ground-glass
lung opacification),(18) 3) Inspiratory mosaic attenuation and air trapping
associated with centrilobular nodules, and 4) lack of features to suggest an 		
alternative diagnosis.
• A compatible nonfibrotic HP pattern (Figure 2) is characterized by any of the
following: 1) centrilobular nodules of ground glass attenuation that are not
profuse or diffuse, and not associated with mosaic attenuation or lobular
air-trapping, 2) patchy or diffuse ground-glass opacity, 3) mosaic
attenuation and lobular air-trapping without centrilobular nodules or
ground glass abnormality and 4) lack of features suggesting an alternative
diagnosis.
Fibrotic HP
• A typical fibrotic HP pattern (Figure 3) is characterized by CT signs of
fibrosis (reticular or ground-glass abnormality with traction bronchiectasis
or bronchiolectasis; lobar volume loss; honeycombing) with either of the
following: 1) profuse poorly defined centrilobular nodules of groundglass opacity affecting all lung zones, 2) inspiratory mosaic attenuation
with three-density sign, and 3) lack of features suggesting an alternative
diagnosis.

10
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A A Figure 3: Typical fibrotic HP pattern on HRCT
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Figure 5: Fibrotic HP with UIP pattern

5A

5B

Axial (5A) and coronal (5B) CT images show subpleural predominant, lower lung predominant
reticular abnormality with traction bronchiectasis and honeycombing. Although there are no
features to suggest HP, HP was proven on biopsy.

• A compatible fibrotic HP pattern (Figure 4) includes any of the following:
1) patchy or diffuse ground-glass opacity, 2) patchy, non-profuse
centrilobular nodules of ground-glass attenuation, 3) mosaic attenuation
and lobular air-trapping that do not meet criteria for typical fibrotic HP, and
4) lack of features suggesting an alternative diagnosis.
• The category indeterminate for fibrotic HP (Figure 5) is used when CT signs
of fibrosis are seen without other features suggestive of HP.
• An upper and midlung zone pattern is suggestive of fibrotic HP. However,
the fibrotic HP pattern is commonly diffuse or lower lung predominant in the
craniocaudal plane.

Histological features
• BAL fluid lymphocytosis may increase diagnostic confidence and is most
useful when the clinical context, exposure history, or high-resolution CT
findings are indeterminate.
• BAL with lymphocyte cellular analysis - or lung biopsy - should not be done
as a confirmatory test in all subjects, particularly in those with a compelling
exposure history within the appropriate clinical context and a chest HRCT
pattern typical for HP.(15)
12
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• Lymphocytic alveolitis is not consistently present in patients with fibrotic
HP and specific ranges (e.g., BAL lymphocyte count between 20-30%) or
its absence does not exclude the diagnosis.(16) The diagnostic performance
characteristics of the BAL fluid CD4+ / CD8+ ratio in HP are unclear.
Nonfibrotic HP
• The typical nonfibrotic HP pattern (Figure 6) is characterized by four
major features in at least one lobe and the lack of features suggesting
an alternative diagnosis. The four major features include: 1) small
airway centered distribution involving bronchioles and / or alveolar ducts
(bronchiolocentricity), 2) relatively diffuse and uniform cellular interstitial
inflammation of alveolar walls and bronchioles (cellular bronchiolitis), 3)
inflammation consisting mostly of lymphocytes with few plasma cells,
and 4) interstitial poorly formed granulomas and / or multinucleated giant
cells that are often peribronchiolar in location. In addition, minor features
represent nonspecific findings that can be seen in HP but are not part of the
diagnostic criteria. These include small foci of organizing pneumonia, foamy
macrophages, cholesterol clefts, Schaumann bodies and calcium oxalate
crystals.(16)
• A biopsy demonstrating a pattern compatible with nonfibrotic HP (Figure 7)
is characterized by the first three major features of a typical HP pattern but
both granulomas and features of an alternative diagnosis are lacking.
• The category indeterminate for nonfibrotic HP (Figure 8) refers to biopsies
that show an ILD pattern that does not meet criteria for nonfibrotic HP,
compatible with nonfibrotic HP, or an alternative diagnosis.
Fibrotic HP
• A typical fibrotic HP pattern (Figure 9) requires the presence of three major
features in at least one of the sampled lobe(s) and the lack of features
suggesting an alternative diagnosis 1) areas of small airway centered
fibrosis with or without widespread peribronchiolar metaplasia (> 50% the
bronchioles),(19) 2) chronic fibrosing interstitial pneumonia with regions
showing one or more of the following patterns: a) NSIP-fibrosing pattern, b)
UIP-pattern, c) a fibrosing pattern that is difficult to classify, and d) fibrosis
that is solely peribronchiolar, and 3) poorly formed interstitial noncaseating
granulomas and/or multinucleated giant cells.(16)
ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS
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• While bronchiolocentric fibrosis is often associated with HP, it may be seen
in other forms of lung diseases, including connective tissue disease related
ILDs and drug-induced ILD. Clues in favor of connective tissue related
ILD include prominent lymphoid follicles with germinal centers, pleuritis
and an inflammatory infiltrate that includes a much greater proportion of
plasma cells than lymphocytes. The best distinguishing feature between
drug reactions with granulomas and HP relies on a detailed history of
administration of a drug associated with ILD and granulomas and the
presence of extrapulmonary signs (e.g., rash) and laboratory abnormalities
(e.g., peripheral eosinophilia).(20 )
• A pattern compatible with fibrotic HP (Figure 10) shows the features
#1 and #2, but both poorly formed noncaseating granulomas and features of
an alternative diagnosis are absent.
• Similar to nonfibrotic HP, the category of Indeterminate (Figure 11) for
fibrotic HP pattern shows a pattern of fibrosing ILD that by itself does not
meet the pathologic criteria for the pattern of typical fibrotic HP, compatible
with fibrotic HP, or an alternative diagnosis.

Multidisciplinary consensus diagnosis
• The degree of diagnostic confidence for HP requires integrating the clinical
context, exposure history, chest CT pattern, and histology data when
available: confident vs. provisional diagnosis, or unlikely.
• A consensus diagnostic approach by a multidisciplinary team with expertise
in ILD can enhance the accuracy and confidence of diagnosis and help
determine whether more invasive diagnostic procedures may be needed to
support the diagnosis in patients with a provisional HP diagnosis.

14
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Figure 6: Typical nonfibrotic HP pathological pattern

6A

6B

6C

6D

6A: This biopsy shows a bronchiolocentric cellular chronic inflammatory infiltrate (arrows).
6B: The wall of this bronchiole (arrow) is involved by chronic inflammatory cells that also infiltrate
the peribronchiolar interstitium. 6C: Chronic inflammation infiltrates the wall of this bronchiole
and extends into the surrounding interstitium. A poorly formed granuloma (arrows) is present in
the peribronchiolar interstitium. A small focus of organizing pneumonia (arrowhead) involves an
airspace. 6D: This loose cluster of epithelioid histiocytes surrounded by lymphocytes comprises
a poorly formed granuloma.
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Figure 7: Compatible with nonfibrotic HP

7A

7B

7A: Patchy chronic inflammatory infiltrates involve bronchioles (arrows). 7B: The infiltrate is
centered on this bronchiole (arrow) and alveolar duct (arrowhead). Granulomas are absent.

Figure 8: Indeterminate for nonfibrotic HP

Figure 7: Compatible with nonfibrotic HP: 7A): Patchy chronic inflammatory infiltrates
involve bronchioles (arrows). 7B) The infiltrate is centered on this bronchiole (arrow) and
alveolar duct (arrowhead). Granulomas are absent.
Figure
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retrospect were felt to be a poorly formed granuloma (arrowhead and insert), leading to

Figure 9: Typical fibrotic HP

9A

9B

9A: This fibrotic HP shows fibrosis centered on bronchioles (arrows) as well as patchy subpleural
fibrosis (arrowheads) with fibroblastic foci (insert) consistent with a UIP pattern. 9B: Multiple
bronchioles are surrounded by fibrosis and mild chronic inflammation (arrows). Within the
interstitium, loose rounded collections of epithelioid histiocytes comprised poorly formed
granulomas (insert).

Figure 10: Compatible with fibrotic HP

10A

10B

10A: Patchy subpleural fibrosis causing remodeling of the lung architecture with fibroblastic foci
(insert and arrow) in this biopsy represented a UIP pattern of fibrosis. 10B: A bronchiolocentric
pattern (arrows) of fibrosis, lacking any granulomas was present in a separate lobe from the same
patient. The diagnosis of HP was supported by CT scan showing features of typical HP. Despite
the focal UIP pattern on biopsy the diagnosis of idiopathic pulmonary fibrosis is excluded by the CT
features and areas of bronchiolocentricity in the biopsy.

Figure 9: Typical Fibrotic HP: 9A): This FHP case shows fibrosis centered on bronchioles
(arrows) as well as patchy subpleural fibrosis (arrowheads) with fibroblastic foci (insert)
consistent with a UIP pattern. 9B) Multiple bronchioles are surrounded by fibrosis and mild
ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS
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chronic inflammation (arrows). Within the interstitium, loose rounded collections of epithelioid

Figure 11: Indeterminate for fibrotic HP by surgical lung biopsy

11A

11B

11A: This biopsy shows diffuse thickening of alveolar walls by mild to moderate interstitial fibrotic
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Figure 10: Compatible with fibrotic HP 10A) Patchy subpleural fibrosis causing remode
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• Referral to and collaboration with an occupational medicine specialist should be
considered in suspected occupational cases.
• When remediation or complete avoidance is not possible, removing the
patient from the likely antigen containing environment should be considered,
particularly in patients with disease progression.
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Pharmacotherapy
• Systemic corticosteroid therapy with a tapering schedule is commonly initiated
in patients with severe clinical presentation, acute respiratory exacerbation and/
or evidence of disease progression despite IA avoidance (Figure 12).
• Clinical improvement with immunosuppressive treatment appears to occur less
frequently in fibrotic HP. If clinical response is noted or prolonged corticosteroid
treatment is required, or if intolerable corticosteroid side effects transitioning to
corticosteroid-sparing drugs can be considered (e.g., azathioprine, mycophenolic
acid, mycophenolate mofetil).
• Patients should routinely be evaluated for complications of corticosteroids (e.g.,
diabetes, hypertension, cataract formation, osteoporosis) and corticosteroidsparing drug use (e.g., transaminitis, leukopenia). Bone mineral-preserving
therapies and pneumocystis prophylaxis should be strongly considered.
• In patients with progressive fibrotic HP, antifibrotic therapy should be
considered. Nintedanib has been shown to slow the rate of decline in FVC in
non-IPF patients with a progressive fibrotic ILD: defined as a relative decline in
the FVC of at least 10%; a relative decline in the FVC of 5 to <10% and worsening
of respiratory symptoms or an increased extent of fibrosis on HRCT; or
worsening of respiratory symptoms and an increased extent of fibrosis.(21)

Adjunctive care
• In addition to antigen avoidance, other nonpharmacological interventions in HP
include the use of supplemental oxygen to help maintain normoxia in hypoxic
patients; pulmonary rehabilitation to improve exercise endurance, capacity, and
quality of life; smoking cessation; appropriate vaccination to prevent infection;
early referral for lung transplant evaluation; appropriate treatment of comorbid
conditions (e.g., coronary artery disease, sleep apnea, obesity, GERD, pulmonary
hypertension); disease education, symptom management (e.g., cough) and
palliative care when appropriate.
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Monitoring
• Surveillance for IA re-exposure and patient education focused on IA
avoidance at every visit is the highest priority for all patients.
• Physiologic, imaging and symptomatic monitoring every 3 to 6 months
or sooner to assess both response to pharmacological therapy and drug
toxicity, and evaluation of disease behavior while off pharmacological
therapy is advisable.
• Fibrotic HP is a heterogenous disease with an unpredictable
clinical progression.
• During follow-up, comorbidities should be screened for and managed as
appropriate, as they can contribute to respiratory symptoms.

Prognosis
• Factors associated with increased risk of mortality include:
> Unidentified antigen exposure, continuing long term exposure to the
IA, older age, male sex, auscultatory crackles on lung examination, lower
FVC and DLCO and progressive decrease in lung function from baseline
(e.g., 10% decline in FVC), and acute exacerbation. Conserving lung function
and reducing respiratory-related hospitalizations are essential goals of
management.
> A history of cigarette smoking. Smokers are less likely than non-smokers
to develop nonfibrotic HP, attributed to a reduced immune response to IA
exposure. However, cigarette smokers diagnosed with fibrotic HP have a
worse prognosis.
> Peripheral blood leukocyte telomere lengths less than the tenth percentile
for age.
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Figure 12: Approach to the management of HP
Determine the clinical-functional-radiological disease behavior and severity at each visit

Comprehensive inciting antigen source identification remediation, avoidance and prevention

Predominantly
Fibrotic

Non-Progressive

Predominantly
Nonfibrotic

Progressive

Progressive

Non-Progressive

Resolving
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antifibrotic therapy

•0 Disease monitoring,
supportive care and
antigen avoidance
•0 Avoid indefinite
corticosteroid treatment
•0 Consider tapering off
corticosteroids and
transitioning to steroidsparing drugs for
treatment responsive
cases (e.g., stabilization
of fibro-inflammatory
disease) and determine
the need for treatment
at each visit

•0 Disease monitoring, supportive care and
antigen avoidance
•0 Consider corticosteroids with tapering schedule
and steroid-sparing drugs
•0 Consider enrollment in a clinical trial, if available
•0 L ung transplant evaluation if applicable (e.g.,
progressive bronchiolitis obliterans-like course
or severe lung fibrosis)

•0 Disease monitoring,
supportive care and
antigen avoidance

•0 Disease monitoring and
antigen avoidance

•0 Avoid indefinite
corticosteroid treatment
•0 Consider tapering
off corticosteroids
and transitioning to
steroid-sparing drugs
for slowly improving and
treatment responsive
cases and determine the
need for treatment at
each visit

> The presence and extent of fibrosis on CT and the rate of progression of
fibrosis from baseline on CT. However, inspiratory mosaic attenuation and
expiratory air-trapping on CT may indicate a better prognosis.(22)
> The presence and extent of lung fibrosis on histology at the time
of diagnosis.
• In addition to lung fibrosis, common contributors of HP-related morbidity
and mortality include cardiovascular disease, chronic obstructive pulmonary
disease and malignancies.(23)

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

21

References
1.0 F
 ernandez Perez ER, Kong AM, Raimundo K, Koelsch TL, Kulkarni R, Cole AL. Epidemiology of
Hypersensitivity Pneumonitis among an Insured Population in the United States: A Claimsbased Cohort Analysis. Ann Am Thorac Soc 2018; 15: 460-469.
2.0 Fernandez Perez ER, Koelsch TL, Leone PM, Groshong SD, Lynch DA, Brown KK. Clinical
Decision-Making in Hypersensitivity Pneumonitis: Diagnosis and Management. Semin Respir 		
Crit Care Med 2020; 41: 214-228.
3.0 C
 ramer C, V, Bendstrup E, Stokholm ZA, Vestergaard JM, Frydenberg M, Kolstad HA. Risk of
hypersensitivity pneumonitis and interstitial lung diseases among pigeon breeders.
Eur Respir J 2016; 48: 818-825.
4.0 I ijima Y, Sugiyama Y, Suzuki E, Nakayama M, Yamasawa H, Bando M. The Relationship between
the Incidence of Summer-type Hypersensitivity Pneumonitis and Environmental Factors in
Southern Tochigi Prefecture. Intern Med 2017; 56: 1023-1027.
5.0 W
 alters GI, Mokhlis JM, Moore VC, Robertson AS, Burge GA, Bhomra PS, Burge PS.
Characteristics of hypersensitivity pneumonitis diagnosed by interstitial and occupational lung
disease multi-disciplinary team consensus. Respir Med 2019; 155: 19-25.
6.0 B
 arber CM, Burton CM, Hendrick DJ, Pickering CA, Robertson AS, Robertson W, Burge PS.
Hypersensitivity pneumonitis in workers exposed to metalworking fluids. Am J Ind Med 2014;
57: 872-880.
7.0 F
 ernandez Perez ER, Swigris JJ, Forssen AV, Tourin O, Solomon JJ, Huie TJ, Olson AL, Brown KK.
Identifying an inciting antigen is associated with improved survival in patients with chronic
hypersensitivity pneumonitis. Chest 2013; 144: 1644-1651.
8.0 S
 elman M, Teran L, Mendoza A, Camarena A, Martinez-Cordero E, Lezama M, Rubio
HM. Increase of HLA-DR7 in pigeon breeder’s lung in a Mexican population. Clin Immunol
Immunopathol 1987; 44: 63-70.
9.0 A
 ndo M, Hirayama K, Soda K, Okubo R, Araki S, Sasazuki T. HLA-DQw3 in Japanese summertype hypersensitivity pneumonitis induced by Trichosporon cutaneum. Am Rev Respir Dis 1989;
140: 948-950.
10.0Falfan-Valencia R, Camarena A, Pineda CL, Montano M, Juarez A, Buendia-Roldan I, PerezRubio G, Resendiz-Hernandez JM, Paramo I, Vega A, Granados J, Zuniga J, Selman M. Genetic
susceptibility to multicase hypersensitivity pneumonitis is associated with the TNF-238 GG
genotype of the promoter region and HLA-DRB1*04 bearing HLA haplotypes. Respir Med 2014;
108: 211-217.
11.0 Aquino-Galvez A, Camarena A, Montano M, Juarez A, Zamora AC, Gonzalez-Avila G,
Checa M, Sandoval-Lopez G, Vargas-Alarcon G, Granados J, Pardo A, Zuniga J, Selman M.
Transporter associated with antigen processing (TAP) 1 gene polymorphisms in patients with
hypersensitivity pneumonitis. Exp Mol Pathol 2008; 84: 173-177.
12.0 Hill MR, Briggs L, Montano MM, Estrada A, Laurent GJ, Selman M, Pardo A. Promoter variants
in tissue inhibitor of metalloproteinase-3 (TIMP-3) protect against susceptibility in pigeon
breeders’ disease. Thorax 2004; 59: 586-590.

22

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

13.012. Furusawa H, Peljto AL, Walts AD, Cardwell J, Molyneaux PL, Lee JS, Fernandez Perez ER,
Wolters PJ, Yang IV, Schwartz DA. Common idiopathic pulmonary fibrosis risk variants are
associated with hypersensitivity pneumonitis. Thorax 2022.
14.0Ley B, Newton CA, Arnould I, Elicker BM, Henry TS, Vittinghoff E, Golden JA, Jones KD, Batra K,
Torrealba J, Garcia CK, Wolters PJ. The MUC5B promoter polymorphism and telomere length
in patients with chronic hypersensitivity pneumonitis: an observational cohort-control study.
Lancet Respir Med 2017; 5: 639-647.
15.0Okamoto T, Miyazaki Y, Tomita M, Tamaoka M, Inase N. A familial history of pulmonary fibrosis
in patients with chronic hypersensitivity pneumonitis. Respiration 2013; 85: 384-390.
16.0Fernandez Perez ER, Travis WD, Lynch DA, Brown KK, Johannson KA, Selman M, Ryu JH, Wells
AU, Tony Huang YC, Pereira CAC, Scholand MB, Villar A, Inase N, Evans RB, Mette SA, FrazerGreen L. Diagnosis and Evaluation of Hypersensitivity Pneumonitis: CHEST Guideline and
Expert Panel Report. Chest 2021; 160: e97-e156.
17.0 Raghu G, Remy-Jardin M, Ryerson CJ, Myers JL, Kreuter M, Vasakova M, Bargagli E, Chung JH,
Collins BF, Bendstrup E, Chami HA, Chua AT, Corte TJ, Dalphin JC, Danoff SK, Diaz-Mendoza J,
Duggal A, Egashira R, Ewing T, Gulati M, Inoue Y, Jenkins AR, Johannson KA, Johkoh T, TamaeKakazu M, Kitaichi M, Knight SL, Koschel D, Lederer DJ, Mageto Y, Maier LA, Matiz C, Morell F,
Nicholson AG, Patolia S, Pereira CA, Renzoni EA, Salisbury ML, Selman M, Walsh SLF, Wuyts
WA, Wilson KC. Diagnosis of Hypersensitivity Pneumonitis in Adults. An Official ATS / JRS /
ALAT Clinical Practice Guideline. Am J Respir Crit Care Med 2020; 202: e36-e69.
18.0Barnett J, Molyneaux PL, Rawal B, Abdullah R, Hare SS, Vancheeswaran R, Desai SR,
Maher TM, Wells AU, Devaraj A. Variable utility of mosaic attenuation to distinguish fibrotic
hypersensitivity pneumonitis from idiopathic pulmonary fibrosis. Eur Respir J 2019; 54.
19.0Churg A, Wright JL, Ryerson CJ. Pathologic Separation of Chronic Hypersensitivity Pneumonitis
From Fibrotic Connective Tissue Disease-associated Interstitial Lung Disease. Am J Surg Pathol
2017; 41: 1403-1409.
20. Yang SR, Beasley MB, Churg A, Colby TV, Fernandez Perez ER, Lynch D, Muller NL, Travis WD.
Diagnosis of Hypersensitivity Pneumonitis: Review and Summary of American College of Chest
Physicians Statement. Am J Surg Pathol 2022.
21.0 Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, Richeldi L, Kolb M, Tetzlaff K,
Stowasser S, Coeck C, Clerisme-Beaty E, Rosenstock B, Quaresma M, Haeufel T, Goeldner RG,
Schlenker-Herceg R, Brown KK, Investigators IT. Nintedanib in Progressive Fibrosing Interstitial
Lung Diseases. N Engl J Med 2019.
22. Chung JH, Zhan X, Cao M, Koelsch TL, Gomez DC, Brown KK, Lynch DA, Russell G, Fernandez
Perez ER. Presence of Air-Trapping and Mosaic Attenuation on Chest CT Predicts Survival in
Chronic Hypersensitivity Pneumonitis. Ann Am Thorac Soc 2017.
23.0Fernandez Perez ER, Sprunger D, Ratanawatkul P, Maier LA, Huie TJ, Swigris JJ, Solomon JJ,
Mohning M, Keith RC, Brown KK. Increasing Hypersensitivity Pneumonitis-Related Mortality in
the United States from 1988 to 2016. Am J Respir Crit Care Med 2019.

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

23

Notes

24

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

Notes

ATS INTERSTITIAL LUNG DISEASE PRIMER: HYPERSENSITIVITY PNEUMONITIS

25

To improve health worldwide by advancing research,
clinical care and public health in respiratory disease

