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Abstract: Hypersensitivity pneumonitis (HP) is a complicated and heterogeneous interstitial lung
disease (ILD) caused by an excessive immune response to an inhaled antigen in susceptible indi-
viduals. Accurate diagnosis of HP is difficult and necessitates a detailed exposure history, as well
as a multidisciplinary discussion of clinical, histopathologic, and radiologic data. We provide a
pictorial review based on the latest American Thoracic Society (ATS)/Japanese Respiratory Society
(JRS)/Asociación Latinoamericana del Tórax (ALAT) guidelines for diagnosing HP through demon-
strating new radiologic terms, features, and a new classification of HP which will benefit radiologists
and pulmonologists.
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1. Introduction

Exposure to inhaled antigens is considered the main cause of hypersensitivity pneu-
monitis (HP), a complex form of interstitial lung disease (ILD) [1,2]. As part of the initial
diagnostic evaluation, a high-resolution computed tomography (HRCT) scan of the chest
is commonly performed. In an appropriate clinical setting, a certain HRCT pattern can
be suggestive of HP [3]. Individuals who do not have a definite ILD diagnosis following
clinical and HRCT screening are frequently submitted to more invasive diagnostic tests
(e.g., bronchoscopy or surgical lung biopsy) to get a diagnosis. HRCT patterns linked to
HP have been studied in several investigations. A radiologist’s confident diagnosis of
hypersensitivity pneumonitis is correct 88–92% of the time [4,5].

In this pictorial review we aim to familiarize readers with the new nomenclature, rede-
fine classification of HP and associated radiological findings based on the recent American
Thoracic Society (ATS)/Japanese Respiratory Society (JRS)/Asociación Latinoamericana
del Tórax (ALAT) clinical practice guidelines.

2. Epidemiology

The estimated incidence of HP is 1.3 to 1.9 per 100,000 people per year in the United
States general population [6]. After idiopathic pulmonary fibrosis (IPF) and connective
tissue disease-related interstitial lung disease, HP is the third most frequent ILD. More
than 200 sensitizing antigens have already been identified and these can be present in the
environment, at work, at home, and during leisure activities. Fungi, bacteria, probiotics,
low-molecular-weight chemical compounds, protozoa, and animal proteins are the major
antigen sources [7].
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HP has a predilection for women and older individuals of 65 years of age or above,
with the average patient receiving a diagnosis in their fifth or sixth decade. However, it can
also be found in children and younger adults [3].

3. Definition, Classification and Clinical Features of HP

HP, also previously known as extrinsic allergic alveolitis [8], is the culmination of a
dysregulated immune response to a provocative inhaled antigen appearing as inflammation
and/or fibrosis of the lung parenchyma and small airways [3]. The diversity of clinical
manifestations and the progression of HP heavily depends on the nature of the causal
agent (occupational or environmental agents such as fungal, bacterial, and avian) [9], the
duration of exposure, and host factors [10]. Cough and dyspnea are common symptoms.
Occasionally, patients may present with fever, weight loss, and fatigue. Physical examina-
tion may reveal crackles and inspiratory squeaks and digital clubbing can be seen with
advanced disease [8].

HP was previously classified as acute, subacute, or chronic depending on the duration
of symptoms [11], which is no longer considered clinically useful. Fibrosis is an important
predictor of prognosis [12]; therefore, the most recent guidelines for the diagnosis of HP
have classified it as non-fibrotic (purely inflammatory) HP or fibrotic (mixed inflammatory
and fibrotic or purely fibrotic) HP [3]. Fibrotic HP (FHP) is more severe and has a worse
prognosis, 28% with 4-year mortality and 52% with 7-year mortality [13], as opposed to
non-fibrotic HP (NFHP) which may be recurrent [14]. Patients with "cryptogenic HP" or
“HP of unclear cause” are those in whom a culprit exposure has not been discovered but
who otherwise have HP-like symptoms. Table 1 highlights some important demographic
and clinical features of HP [3].

Table 1. Demographic and clinical features of hypersensitivity pneumonitis.

Age Unknown
Antigen VC, DLCO * Lymphocytes (%)

in BAL

Non-fibrotic HP Younger Less common Low Higher

Fibrotic HP Older More common Lower Lower
* DLCO = Diffusing capacity of carbon monoxide; VC = Vital capacity; BAL = Bronchoalveolar lavage.

4. Pathogenesis of HP

Following inhalation of an inciting antigen or a combination of antigens (Table 2), a
susceptible host generates an excessive immunological response [15,16]. HP susceptibility
has been linked to several genetic variations, including those in the major histocompatibility
complex class II [17,18]. Inciting antigens interact with host proteins to create haptens [19].
Viruses can cause or aggravate hypersensitivity to environmental antigens by increasing
the antigen-presenting capacity of alveolar macrophages, decreasing antigen clearance,
and increasing the production of inflammatory cytokines [20]. Tobacco smoking augments
immune responses to inciting antigens, accelerating the pathogenetic process that leads to
fibrosis [21,22]. According to the latest research, less than 40% of patients’ causative antigens
can be recognized [13]. Identifying antigens and exposure sources in some cases remains
unattainable due to reasons such as; incomplete environmental history and information on
patient’s recent exposures and lack of information about the relationship between specific
antigen and HP development. Confirming inciting antigens that cause HP can be achieved
in the context of casual inference: (A) strength, (B) consistency, (C) dose–response, (D)
temporality, (E) reversibility, (F) biological plausibility, (G) specificity, and (H) analogy [23].

Both humoral and cellular processes have a role in HP (Figure 1). The inflammatory
response is primarily mediated by T-helper cells and antigen-specific immunoglobulin
(Ig)G antibodies after antigen exposure and processing by the innate immune system,
resulting in the accumulation of lymphocytes and the formation of granulomas [17]. While
the pathogenesis of pulmonary fibrosis is unknown, it is thought that in fibrotic diseases,
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abnormal repair mechanisms in response to recurrent alveolar epithelial injury result in
fibroblast activation and proliferation, extracellular matrix accumulation, and eventual
destruction of the lung architecture [24].

Table 2. Exposures and causal antigens [10,25].

Antigen Source

Trichosporon spp. Damo wooden hoses (Japan)

Argan Cosmetic factory, hair salons

Chinchilla Pet chinchilla

Aureobasidium pullulans Domestic fungal contamination

Rhizopus spp. Sawmill worker

Mucor spp. Moldy wood

Beryllium, Cobalt, Zinc Batteries, hard metal alloys, zinc fumes

Thermoactinomyces spp. Farm environment, domestic bacterial
contamination, garbage exposure

Saccharopolyspora rectivirgula Farm environment, esparto grass

Nontuberculous mycobacterium Hot tub

Wallemia sebi Farm environment

Pseudomonas spp. Cork factory, home humidifier

Protein of bloom, droppings, feather Chickens, Budgerigars, Pigeons, Cockatiels

Aspergillus spp., Penicillium spp., Cladosporium
spp. Mold dust

Fungi and molds Contaminated water

Acinetobacter spp. Contaminated machine fluid

Achromobacter Contaminated humidifiers

Bacillus spp. Contaminated water, sawduct, moist

Streptomyces albus Contaminated compost, mushroom, hay dusty
soil

Methyl acrylates Dental technicians

Isocyanate acid anhydrides Plastic, paint, glue, varnish, resins

Aspergillus fumigatus, Thermophilic actinomycetes Organic waste, soil
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Figure 1. Immunopathogenesis of HP. Inhaled antigens interact with antigen-presenting cells (APCs,
i.e., macrophages, dendritic cells) via pattern recognition receptors including toll-like receptors (1).
APCs stimulate a T-helper 1 cell (Th1) response. Neutrophils are present in early disease. Stimulated
plasma cells (B cells) (2) produce IgG antibodies (humoral response) which triggers the complement
cascade (3) and enhances macrophages which fuse to multinucleated giant cells and epithelioid cells
to form granulomas, mediated by Th1 cytokines. Granulomas produce chemotactic factors which,
in combination with dysregulated T cell function, promotes fibroblast proliferation (4). Fibroblasts
differentiate into myofibroblasts, produce collagen and extracellular matrix, causing fibrosis.

5. Imaging of HP
5.1. Chest HRCT Scanning Protocol

The suggested scanning protocol for suspected HP examination is provided in the
ATS/ERS/JRS/ALAT diagnosis-of-IPF guidelines [26]. It is based on high-resolution
scanning of the chest, with particular care paid to parameter selection to ensure motion-free
images and appropriate image quality at a low radiation dosage. Three sets of images
are usually obtained for HRCT evaluation of ILD: (A) Axial scan in supine position after
deep inspiration, for which helical (volumetric CT) acquisition is recommended. (B) Axial
scan in supine position after prolonged expiration, for which one can employ volumetric
scanning or incremental scanning. (C) Axial scan in prone position after deep inspiration
which can also be obtained via volumetric or incremental scanning.

Incremental scanning in the prone position and expiratory phase imaging should be
obtained with non-irradiated increments of 10–20 mm or more to decrease the radiation
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dose. Nominal slice thickness for axial and helical CT should be 1.5 mm or less. Gantry
rotation speed of 1 s or less is acceptable. In volumetric acquisition, highest pitch, shortest
rotation time, and sub-millimetric collimation should be used. Tube potential and tube
current should be according to patient’s size, which is typically 120 kVp (kilovolt peak) and
240 mAs (milliampere-seconds) and/or less. For patients with a lower body size, lower tube
potential (100 kVp) is recommended. Tube current modulation is used to decrease radiation
exposure [3,27]. In order to solve image noise, iterative reconstruction techniques (with
special caution) should be utilized [28]. Utilizing the high-spatial-frequency reconstruction
algorithm (e.g., bone algorithm) is recommended. However, using a sharp reconstruction
algorithm should be inhibited as it can create image noise [29]. Except for air trapping,
which is an expiratory HRCT finding, all signs of lung infiltration can be seen on inspiratory
images [3]. For accurate lung parenchyma and small airway evaluation, intravenous
iodinated contrast should not be administered [30].

5.2. HRCT for Diagnosis of HP

There is a large spectrum of sensitivity and specificity in both BAL, tissue sampling,
and serologic findings in HP. In addition, obtaining a thorough history of exposures
to related antigens is difficult [31]. Therefore, this highlights the significance of HRCT
for radiologists and pulmonologists, so that they can recognize fibrotic and non-fibrotic
HP. HRCT is preferable due to its sensitivity to detect and evaluate lung abnormalities
through suggesting radiographic patterns and distinguishing fibrosis [30]. Typical HP,
Compatible with HP, and Indeterminate for HP are the classification schemes proposed by
the ATS/JRS/ALAT Clinical Practice guideline for HRCT patterns related with NFHP and
FHP [3].

The usual computed tomography (CT) presentations of HP are similar to the bronchi-
olocentric inflammation seen in histology, which results in small, ill-defined ground-glass
nodules that are widely distributed throughout all lung zones. This bronchiolocentric
inflammation may also cause minor airway constriction, resulting in lobular air-trapping.
Ground-glass opacities and an increase in lung parenchyma density may result from more
extensive interstitial inflammation, with vessels and bronchial walls remaining visible. This
ground glass opacity usually has a patchy distribution in HP, which is referred to as mosaic
attenuation [1] (Figure 2).

According to the latest classification (according to the New ATS/JRS/ALAT Clinical
Practice Guideline), HP is divided into fibrotic and non-fibrotic forms: NFHP is a mild form
of HP compared to FHP. However, NFHP often progresses to fibrosis, yet is recurrent [32].
Diffuse infiltrative parenchymal abnormalities with GGO or mosaic attenuation, as well
as at least one abnormality suggesting small airway disease (ill-defined, 5 mm centrilob-
ular nodules on inspiratory images or air trapping on expiratory images) are important
HRCT characteristics of Typical NFHP. Mosaic attenuation in NFHP is typically caused
by lobules with pneumonitis (high attenuation) juxtaposed with lobules with normal or
lower attenuation due to bronchial congestion. Features of uniform or subtle GGO, airspace
consolidation, or lung cysts which are 3 to 25 mm [31], may be regarded as Compatible
with NFHP in the appropriate clinical context [11]. These patterns are often bilateral and
symmetric and diffuse both in the axial and craniocaudal views of the lungs.

Concomitant fibrosis and bronchiolar obstruction indicate FHP. Lung fibrosis is more
common in the mid/lower lung zones in Typical FHP, or it is evenly distributed with basilar
sparing and no central or peripheral predominance. Ill-defined centrilobular nodules, GGO,
mosaic attenuation, air trapping, and/or the three-density pattern, which is highly specific
for FHP, are all signs of bronchial obstruction [33]. HRCT features of Compatible with FHP
show fibrosis pattern (UIP or extensive GGO with superimposed fibrosis) and distribution
(upper lobe, peri-broncho-vascular, or subpleural predominance) of small airway disease,
which is represented by ill-defined centrilobular nodules, or three-density pattern and/or
air trapping on HRCT. Fibrosis without coexisting bronchial obstruction (UIP, nonspecific
interstitial pneumonitis (NSIP), or organized pneumonia pattern) is indeterminate for
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FHP [11]. In patients with fibrotic HP without occupational exposure or history of smoking,
emphysema is seen in more than 15% on chest radiographs, and 27% on HRCT [33].

Extensive lobular air trapping, centrilobular nodules, and the absence of a lower zone
predominance to fibrosis can all assist in ruling out idiopathic pulmonary fibrosis (IPF) as a
viable diagnosis [34].

5.3. Radiologic Terms for Heterogeneous Lung Attenuation

There are several radiologic terms linked with heterogeneous lung attenuation that
need to be known and differentiated by radiologists to ensure correct final diagnosis in
suspected HP cases. These include mosaic attenuation, air trapping, mosaic perfusion, and
three-density pattern.

“Mosaic attenuation” is a term reserved for inspiratory phase CT. It is defined as
sharply demarcated areas of low and high attenuation. Mosaic attenuation can be seen
in vascular diseases, airway diseases, or infiltrative diseases [35] (Figures 2 and 3). As
opposed to mosaic attenuation, the term “air trapping” is only used on expiratory phase CT
(Figures 2–4). This term represents abnormal air retention distal to airway obstruction and
manifests as areas of lucent lung on a background of normal relatively high attenuation
lung parenchyma on expiratory imaging [3]. Like mosaic attenuation, the term “mosaic
perfusion” (Figure 5) is also reserved for inspiratory CT. In mosaic perfusion abnormality,
one may see a smaller caliber of the pulmonary vasculature within areas of low attenuation
compared to normal vessel caliber in areas of higher attenuation. However, mosaic perfu-
sion can be seen because of a vascular disease (pure perfusion abnormality), or in airway
diseases where there is mosaic perfusion secondary to abnormal ventilation. Hence, the
role of expiratory CT to aid differentiation of mosaic perfusion is secondary to vascular
diseases from airway disease. If there is a similar gradient of attenuation between low and
high attenuation areas on inspiratory and expiratory scans, mosaic perfusion is secondary
to a vascular disease. If a higher attenuation gradient is measured on expiratory scans, an
airway disease is the likely cause of mosaic perfusion [36].
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Figure 2. Flow diagram showing the heterogeneous lung attenuation patterns. Mosaic attenuation is
a terminology reserved for inspiratory phase imaging and can be seen in vascular diseases, small
airway disease or infiltrative diseases such as hypersensitivity pneumonitis. Mosaic perfusion is a
feature of primary vascular disease but can also be seen with small airway disease due to hypoxic
vasoconstriction.



Diagnostics 2022, 12, 2874 7 of 19

Diagnostics 2022, 12, x FOR PEER REVIEW 7 of 19 
 

 

Figure 2. Flow diagram showing the heterogeneous lung attenuation patterns. Mosaic attenuation 

is a terminology reserved for inspiratory phase imaging and can be seen in vascular diseases, small 

airway disease or infiltrative diseases such as hypersensitivity pneumonitis. Mosaic perfusion is a 

feature of primary vascular disease but can also be seen with small airway disease due to hypoxic 

vasoconstriction. 

 

Figure 3. Pictorial representation of heterogeneous lung attenuation patterns at the level of the sec-

ondary pulmonary lobule. Top panel shows expected appearance on inspiratory images and the 

bottom panel shows changes in lung parenchymal density on expiratory images. Notice that mosaic 

perfusion can be seen with primary vascular disease and small airway disease, with change in lobule 

size being the differentiating feature. 

 
Inspiration 

A  B  

Expiration 

Figure 3. Pictorial representation of heterogeneous lung attenuation patterns at the level of the
secondary pulmonary lobule. Top panel shows expected appearance on inspiratory images and the
bottom panel shows changes in lung parenchymal density on expiratory images. Notice that mosaic
perfusion can be seen with primary vascular disease and small airway disease, with change in lobule
size being the differentiating feature.
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Figure 4. Air trapping (A,B). Axial inspiratory (A,C,E,G) and expiratory phase (B,D,F,H) CTs. On
expiratory images the normal lung shows increase in the parenchymal density and decrease in
volume. Interspersed geographic areas of air trapping lack the expected increase in density and
volume reduction. Accentuated attenuation difference between areas of low and high density
(32 versus 98 HU on image (C) and (D) respectively) indicates airway disease.
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Figure 5. Mosaic perfusion (C). Axial (A) and coronal (B) inspiratory phase CTs show sharply
demarcated regions of low attenuation (asterisk) interspersed in a background of normal (high) lung
attenuation. Small caliber of vessels (short arrow) in the lucent areas relative to the normal lung
vasculature (long arrow). Similar gradient of attenuation between low and high attenuation areas
measuring 64 HU during inspiration (D) and 69 HU during expiration (E) indicating small vessel
disease. Notice the expected decrease in volume of both hypo- and hyper-attenuating areas (E).
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Given the fact that most people do not relate to the “headcheese” sign [37], the term
“three-density pattern” (Figures 6 and 7) is now a favored terminology. This term is used
when there is both an obstructive and infiltrative process in addition to areas of normal lung
parenchyma manifesting as clearly delineated zones with three different attenuations [38].
The manifestations of obstructive abnormalities are areas of decreased attenuation and
decreased vascularity with no significant increase in attenuation on expiratory scans. Areas
with an infiltrative disorder manifest as GGO or even consolidative opacities with increase
in attenuation on expiratory scans. Areas of interposed normal lung present as demarcated
normal lungs with expected increased attenuation on expiratory scans. Three-density
pattern is specific for fibrotic HP [3,39].
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Figure 6. Axial inspiratory phase CT image shows sharply demarcated regions of three attenuations
(three-density pattern): (a) Normal-appearing lung; (b) Lucent lung (i.e., regions of decreased
attenuation and decreased vascularity; (c) High attenuation GGO.
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Figure 7. Three density pattern depicts simultaneous obstructive and infiltrative processes mani-
festing as air trapping (low density) and ground glass attenuation (high density), respectively, with
areas of intervening normal lung parenchyma of intermediate density. Normal lung parenchyma
(A) shows expected increased attenuation on expiration (B). Obstructive airway disease (air trapping)
with decreased attenuation and vascularity on inspiration and expiration (C,D). GGO (E) with further
increased attenuation on expiration (F).

5.4. HRCT Patterns of HP

Three categories of NFHP (Table 3, Figure 8) and FHP (Table 4, Figures 9–12) have
been described.
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Table 3. Patterns of non-fibrotic HP on chest HRCT scan.

Typical HP Pattern (Suggests a Diagnosis of HP) Compatible with HP Indeterminate for HP

At least one finding indicative of small airway disease

Not applicable

Air trapping

Ill-defined <5 mm centrilobular nodules

At least one finding indicative of parenchymal infiltration

Mosaic attenuation Diffuse and subtle GGO

GGOs Airspace consolidation

Lung cysts

Distribution of findings

Craniocaudal: diffuse +/− basal sparing Craniocaudal: diffuse (variant:
lower lobe predominance)

Axial: diffuse Axial: diffuse (variant:
peribronchovascular)
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Figure 8. Typical non-fibrotic HP. Inspiratory phase CT (top row) shows ground glass opacities (red
arrows) and expiratory phase CT (bottom row) shows air trapping (yellow arrows). Note the diffuse
axial and craniocaudal distribution.

Table 4. Patterns of fibrotic HP on a chest HRCT scan.

Typical HP Pattern (Suggests a Diagnosis of HP) Compatible with HP Indeterminate for HP

At least one finding indicative of small airway disease At least one finding indicative of small airway
disease

Neither Typical nor Compatible
with HP

Three-density pattern Three-density pattern

HRCT Patterns:
UIP pattern

Probably UIP pattern
Indeterminate for UIP
Fibrotic NSIP pattern

OP like pattern
Truly indeterminate pattern

Air trapping Air trapping

Ill-defined <5 mm centrilobular nodules Ill-defined <5 mm centrilobular nodules

At least one finding indicative of pulmonary fibrosis Variant pattern of fibrosis

Coarse reticulations with distortion UIP pattern of fibrosis

Traction bronchiectasis Extensive GGO and superimposed subtle fibrosis

Honeycombing (not dominant)

Distribution of findings Variant distribution of fibrosis

Random axially and craniocaudally Craniocaudal: Upper lung zone predominant

Mid zone predominant Axial: peribronchovascular, subpleural

Relative sparing of the bases
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Figure 9. Typical fibrotic HP. Baseline CT (A) shows patchy GGOs. Follow up CT 3 years later
(B–D) shows traction bronchiectasis (curved arrow), reticulations, patchy GGOs, and consolidations.
Random axial and craniocaudal distribution of fibrosis. Axial inspiratory (C) and expiratory phase
(D) shows three-density sign with expected increased attenuation of normal lung (short arrows) and
GGOs (black asterisk). Lucent areas of decreased attenuation and vascularity depict air trapping
(long arrow).
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Figure 10. Compatible with fibrotic HP. Axial and coronal expiratory phase CT (A,B) shows coarse
reticulations and minimal traction bronchiectasis superimposed on extensive upper lung predominant
GGOs with peribronchovascular and subpleural distribution. Air trapping (arrows) is evident.
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Figure 11. Compatible with fibrotic HP. Inspiratory phase CT (top row) shows ground glass opacities
and subtle fibrosis. Note the variant upper lung predominant distribution. Expiratory phase CT
(bottom row) shows air trapping (arrows).
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Figure 12. Compatible with fibrotic HP. Axial inspiratory phase CT shows (A) variant pattern of
lung fibrosis with diffuse reticulations superimposed on a background of GGO and (B) lobular air
trapping (arrow).

6. Histopathologic Features of HP

There are three histopathological categories for FHP and NFHP: typical, probable, and
indeterminate, details of which are beyond the scope of this paper. Notably, absence of
these four features in any biopsy site improves the histopathological diagnostic confidence
for HP: plasma cells more than lymphocytes, lymphoid hyperplasia, extensive well-formed
sarcoidal with or without necrotizing granulomas, and aspirated particles. Presence of
these features is suggestive of an alternate diagnosis (Table 5).

For typical histopathologic diagnosis of NFHP, at least one biopsy site should include:
cellular interstitial pneumonia, cellular bronchiolitis, poorly formed non-necrotizing gran-
ulomas, and lack of characteristics which are mentioned for histopathological diagnostic
confidence suggesting alternative diagnosis. Probable NFHP includes the criteria that are
the same as for Typical HP, except poorly formed non-necrotizing granulomas in at least
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one biopsy site. Indeterminate for HP of NFHP is characterized by cellular interstitial pneu-
monia and cellular bronchiolitis and idiopathic interstitial pneumonitis patterns (cellular
non-specific interstitial pneumonia, organizing pneumonia pattern, and peribronchiolar
metaplasia without other features to suggest fibrotic HP), as well as absence of the features
mentioned above.

Typical histopathological features of FHP comprise of chronic fibrosing interstitial
pneumonia, airway centered fibrosis, and poorly developed non-necrotizing granulomas
in at least one biopsy site, as well as absence of features in any biopsy site to suggest an
alternative diagnosis which are mentioned above. Probable FHP, similar to Typical FHP,
shares many of the same characteristics as FHP except the granulomas. In Indeterminate
for HP of FHP, chronic fibrosing interstitial pneumonia should exist in at least one biopsy
site as well as absence of features in any biopsy site to suggest an alternative diagnosis. The
distinguishing feature for FHP depends on identification of centriacinar fibrotic lesions and
features of NFHP as well as airway-centered fibrosis and parabrachial metaplasia. These
findings can be a great help in differing HP from other fibrotic lung disorders [3,36].

Table 5. Histopathological features of HP.

HP Probable HP Indeterminate for HP

Nonfibrotic HP

All three following features in at least one
biopsy site

Both of the following features in at least
one biopsy site

Presence of one of the following in at
least one biopsy site

Cellular interstitial pneumonia Cellular interstitial pneumonia Cellular interstitial pneumonia

Cellular bronchiolitis Cellular bronchiolitis Cellular bronchiolitis

Poorly formed non-necrotizing
granulomas Selected IIP* patterns

Absence of features suggesting any
alternative diagnosis in any biopsy site

Absence of features suggesting any
alternative diagnosis in any biopsy site

Absence of features suggesting any
alternative diagnosis in any biopsy site

Fibrotic HP

All three following features in at least one
biopsy site

Both of the following features in at least
one biopsy site

Presence of the following in at least one
biopsy site

Chronic fibrosing interstitial pneumonia Chronic fibrosing interstitial pneumonia Chronic fibrosing interstitial pneumonia

Airway-centered fibrosis Airway-centered fibrosis

Poorly formed non-necrotizing
granulomas

Absence of features suggesting any
alternative diagnosis in any biopsy site †

Absence of features suggesting any
alternative diagnosis in any biopsy site

Absence of features suggesting any
alternative diagnosis in any biopsy site

† Features suggesting alternate diagnosis include four findings: plasma cells > lymphocytes, lymphoid hyperplasia,
extensive well-formed sarcoidal with or without necrotizing granulomas, and aspirated particles.

7. Diagnostic Algorithm and Challenging Scenarios

Multidisciplinary discussion is helpful for making the correct diagnosis but identifying
the culprit exposure is not sufficient, as up to half of patients with FHP do not have any
identifiable exposure [40].

Patients with NFHP have an abrupt onset of symptoms which can be identified with
centrilobular nodularity observed on HRCT imaging and BAL lymphocytosis. Patients
with FHP, on the other hand, have an onset of symptoms gradually over time, as well as a
nonspecific BAL cell accompanied with fibrotic features in HRCT [36].

The new guideline emphasizes three domains: Firstly, exposure identification, which
includes clinical history, antigen-specific serum IgG with or without inhalational challenge.
Secondly, radiologic findings. Finally, BAL lymphocytosis with or without histopathologic
findings. A threshold of >30% lymphocytosis has been deemed a reasonable threshold
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as per the ATS guidelines. According to the level of diagnostic confidence, there are four
levels: definite (90% or more), high confidence (80–89%), moderate confidence (70–79%),
and low confidence (less than 69%). For levels 2, 3 and 4, multidisciplinary discussion with
or without subsequent histopathological sampling is needed (Table 6) [3].

Air trapping is a non-specific finding which reflects small airway disease that can
be found as non-HP ILDs [41], including IPF, sarcoidosis, and connective tissue disease-
associated ILD, such as RA-ILD [42]. For instance, mosaic attenuation and air trapping in
the setting of RA is a manifestation of constrictive bronchiolitis and is more common in
females, those with positive RF (rheumatoid factor), and longstanding untreated disease.
In addition, it can also be due to toxicity with certain medications including gold, penicil-
lamine, rituximab, and sulfasalazine [43]. This highlights the need for relevant serological
testing and a review of patient history to explore non-HP related causes of air trapping.
However, there is no definitive gold-standard test to differentiate FHP from IPF, wherein
overlapping imaging and histological findings often pose a diagnostic challenge. Notably,
several studies have shown that presence of mosaic attenuation or air trapping itself does
not exclude a diagnosis of IPF, however air trapping in the upper lobes is rarer in IPF
compared to FHP [4,44,45]. Barnett and colleagues found that a threshold of five or more
lobules of mosaic attenuation in each of three or more lobes bilaterally improved the diag-
nostic specificity for FHP, however no threshold for mosaic attenuation could completely
exclude a diagnosis of IPF. In contrast to mosaic attenuation, the three-density pattern (pre-
viously referred to as headcheese sign) was found to be highly specific for a high-confidence
diagnosis of FHP as an alternate diagnosis to IPF [46]. Another distinguishing feature of
FHP from IPF is upper lung predominant fibrosis [45]; however, only about 10% of patients
with FHP have upper lung predominant disease. As per the recent ERS/ATS guidelines, a
UIP pattern of fibrosis with significant concomitant air trapping may qualify as a pattern
“Compatible with FHP” but does not meet criteria for “Typical FHP”. Therefore, in such
cases a final diagnosis of HP should only be made using a comprehensive multidisciplinary
approach wherein all imaging patterns should be interpreted in the context of other key
features including exposure identification, BAL lymphocytosis, and, if needed, histological
diagnosis. Other helpful indicators that increase the likelihood of an HP diagnosis include
female sex, absence of smoking history, mid-inspiratory squeaks on auscultation, and an
obstructive or mixed restrictive/obstructive physiology. Identification of a clear exposure
preceding symptom onset is more frequent in NFHP and up to 50% of patients with FHP
may not have an identifiable exposure. In view of these challenges, the guidelines have em-
phasized the role of clinicians in taking a thorough history to identify potential exposures
relevant to the patient’s occupation, geographical location, and cultural habits. It has been
suggested that serum IgG testing against potential antigens associated with HP may help
to explore the source of the potential causative agent, particularly when other diagnostic
imaging, BAL lymphocytosis, and biopsy findings of HP are less certain.

Table 6. Algorithmic approach to diagnostic confidence for hypersensitivity pneumonitis based on
exposure, BAL, histopathology, and imaging features.

HRCT

Typical for HP Compatible with HP Indeterminate for HP

History of exposure
and/or

serum IgG testing

Exposure
+

Exposure
−

Exposure
+

Exposure
−

Exposure
+

Exposure
−

No BAL or BAL without lymphocytosis
and

either no or indeterminate histopathology

Moderate
confi-
dence

Low
confidence

Low
confidence

Not
excluded

Not
excluded

Not
excluded

BAL lymphocytosis without
histopathology sampling

High
confidence

Moderate
confi-
dence

Moderate
confidence

Low
confidence

Low
confidence

Not
excluded
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Table 6. Cont.

HRCT

Typical for HP Compatible with HP Indeterminate for HP

BAL lymphocytosis with indeterminate
histopathology Definite High

confidence
Moderate
confidence

Moderate
confidence

Low
confidence

Not
excluded

Probable HP histopathology Definite High
confidence

High
confidence

Moderate
confidence

Moderate
confidence

Low
confidence

Typical HP histopathology Definite Definite Definite Definite Definite High
confidence

8. Summary

In order to identify HP from other ILDs, clinicians are encouraged to take a thorough
history of environmental exposures to antigens (using serum IgG) and the onset of symp-
toms. Suspected patients may also undergo BAL lymphocytosis. These approaches should
be combined with findings on HRCT. Final diagnosis should be discussed and concluded
after multidisciplinary discussions. This pictorial review provides radiologists and pul-
monologists with a valuable guide to diagnosis of HP based on the new ATS/JRS/ALAT
Clinical Practice Guidelines.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to express our gratitude to Cheng Ting Lin, from Johns Hopkins
University for his help on our project.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Buendia-Roldan, I.; Aguilar-Duran, H.; Johannson, K.; Selman, M. Comparing the performance of two recommended criteria for

establishing a diagnosis for hypersensitivity pneumonitis. Am. J. Respir. Crit. Care Med. 2021, 204, 865–868. [CrossRef]
2. Raghu, G.; Remy-Jardin, M.; Ryerson, C.; Myers, J.; Kreuter, J.; Vasakova, M.; Bargagli, E.; Chung, J.; Collins, B.; Bendstrup, E.;

et al. Diagnosis of hypersensitivity pneumonitis in adults. An official ATS/JRS/ALAT clinical practice guideline. Am. J. Respir.
Crit. Care Med. 2020, 202, e36–e69. [CrossRef]

3. Raghu, G.; Collard, H.; Egan, J.; Martinez, F.; Behr, J.; Brown, K.; Colby, T.; Cordier, J.; Flaherty, K.; Lynch, D. An official
ATS/ERS/JRS/ALAT statement: Idiopathic pulmonary fibrosis: Evidence-based guidelines for diagnosis and management. Am.
J. Respir. Crit. Care Med. 2011, 183, 788–824. [CrossRef]

4. Lynch, D.A.; Newell, J.; Logan, P.; King, T., Jr.; Muller, N. Can CT distinguish hypersensitivity pneumonitis from idiopathic
pulmonary fibrosis? AJR. Am. J. Roentgenol. 1995, 165, 807–811. [CrossRef]

5. Silva, C.I.S.; Muller, N.; Lynch, D.A.; Curran-Everett, D.; Brown, K.; Lee, K.; Chung, M.; Churg, A. Chronic hypersensitivity
pneumonitis: Differentiation from idiopathic pulmonary fibrosis and nonspecific interstitial pneumonia by using thin-section CT.
Radiology 2008, 246, 288–297. [CrossRef]

6. Fernández Pérez, E.R.; Kong, A.; Raimundo, K.; Koelsch, T.; Kulkarni, R.; Cole, A. Epidemiology of hypersensitivity pneumonitis
among an insured population in the United States: A claims-based cohort analysis. Ann. Am. Thorac. Soc. 2018, 15, 460–469.
[CrossRef]

7. Pereira, C.A.; Gimenez, A.; Kuranishi, L.; Storrer, K. Chronic hypersensitivity pneumonitis. J. Asthma Allergy 2016, 9, 171.
[CrossRef]

8. Hochhegger, B.; Marchiori, E.; Zanon, M.; Rubin, A.S.; Fragomeni, R.; Altmayer, S.; Carvalho, C.R.R.; Baldi, B.G. Imaging in
idiopathic pulmonary fibrosis: Diagnosis and mimics. Clinics 2019, 74, e225. [CrossRef]

9. Pérez, E.R.F.; Travis, W.D.; Lynch, D.A.; Brown, K.K.; Selman, M.; Ryu, J.H.; Wells, A.U.; Tony Huang, Y.C.; Pereira, C.A.C.
Diagnosis and evaluation of hypersensitivity pneumonitis: CHEST guideline and expert panel report. Chest 2021, 160, e97–e156.
[CrossRef]

10. Nogueira, R.; Melo, N.; Novais E Bastos, H.; Martins, N.; Delgado, L.; Morais, A.; Mota, P.C. Hypersensitivity pneumonitis:
Antigen diversity and disease implications. Pulmonology 2019, 25, 97–108. [CrossRef]

http://doi.org/10.1164/rccm.202105-1091LE
http://doi.org/10.1164/rccm.202005-2032ST
http://doi.org/10.1164/rccm.2009-040GL
http://doi.org/10.2214/ajr.165.4.7676971
http://doi.org/10.1148/radiol.2453061881
http://doi.org/10.1513/AnnalsATS.201704-288OC
http://doi.org/10.2147/JAA.S81540
http://doi.org/10.6061/clinics/2019/e225
http://doi.org/10.1016/j.chest.2021.03.066
http://doi.org/10.1016/j.pulmoe.2018.07.003


Diagnostics 2022, 12, 2874 18 of 19

11. Richerson, H.B.; Bernstein, I.L.; Fink, J.N.; Hunninghake, G.W.; Novey, H.S.; Reed, C.E.; Salvaggio, J.E.; Schuyler, M.R.; Schwartz,
H.J.; Stechschulte, D. Guidelines for the clinical evaluation of hypersensitivity pneumonitis: Report of the Subcommittee on
Hypersensitivity Pneumonitis. J. Allergy Clin. Immunol. 1989, 84, 839–844. [CrossRef]

12. Ojanguren, I.; Morell, F.; Ramon, M.A.; Villar, A.; Romero, C.; Cruz, M.J.; Munoz, X. Long-term outcomes in chronic hypersensi-
tivity pneumonitis. Allergy 2019, 74, 944–952. [CrossRef]

13. Leone, P.M.; Richeldi, L. Current Diagnosis and Management of Hypersensitivity Pneumonitis. Tuberc. Respir. Dis. 2020, 83,
122–131. [CrossRef]

14. Nishida, T.; Kawate, E.; Ishiguro, T.; Kanauchi, T.; Shimizu, Y.; Takayangi, N. Antigen avoidance and outcome of nonfibrotic and
fibrotic hypersensitivity pneumonitis. ERJ Open Res. 2022, 8, 00474. [CrossRef]

15. Selman, M.; Pardo, A.; King, T.E., Jr. Hypersensitivity pneumonitis: Insights in diagnosis and pathobiology. Am. J. Respir. Crit.
Care Med. 2012, 186, 314–324. [CrossRef]

16. Vasakova, M.; Selman, M.; Morell, F.; Sterclova, M.; Molina-Molina, M.; Raghu, G. Hypersensitivity pneumonitis: Current
concepts of pathogenesis and potential targets for treatment. Am. J. Respir. Crit. Care Med. 2019, 200, 301–308. [CrossRef]

17. Camarena, A.; Juárez, A.; Mejía, M.; Estrada, A.; Carrillo, G.; Falfán, R.; Zuñiga, J.; Navarro, C.; Granados, J.; Selman, M. Major
histocompatibility complex and tumor necrosis factor-α polymorphisms in pigeon breeder’s disease. Am. J. Respir. Crit. Care Med.
2001, 163, 1528–1533. [CrossRef]

18. Newton, C.A.; BaTra, K.; Torrealba, J.; Kozlitina, J.; Glazer, C.S.; Aravena, C.; Meyer, K.; Raghu, G.; Collard, H.R.; Garcia, C.K.
Telomere-related lung fibrosis is diagnostically heterogeneous but uniformly progressive. Eur. Respir. J. 2016, 48, 1710–1720.
[CrossRef]

19. Lee, C.T.; Adegunsoye, A.; Chung, J.H.; Ventura, I.B.; Jablonski, R.; Montner, S.; Vij, R.; Hines, S.E.; Strek, M.E. Characteristics
and prevalence of domestic and occupational inhalational exposures across interstitial lung diseases. Chest 2021, 160, 209–218.
[CrossRef]

20. Cormier, Y.; Israël-Assayag, E. The role of viruses in the pathogenesis of hypersensitivity pneumonitis. Curr. Opin. Pulm. Med.
2000, 6, 420–423. [CrossRef]

21. McSharry, C.; Banham, S.; Boyd, G. Effect of cigarette smoking on the antibody response to inhaled antigens and the prevalence
of extrinsic allergic alveolitis among pigeon breeders. Clin. Exp. Allergy 1985, 15, 487–494. [CrossRef]

22. Ohtsuka, Y.; Munakata, M.; Tanimura, K.; Ukita, H.; Kusaka, H.; Masaki, Y.; Doi, I.; Ohe, M.; Amishima, M.; Homma, Y. Smoking
promotes insidious and chronic farmer’s lung disease, and deteriorates the clinical outcome. Intern. Med. 1995, 34, 966–971.
[CrossRef]

23. Pérez, E.R.F.; Koelsch, T.L.; Groshong, S.T.; Lynch, D.A.; Brown, K.K. Clinical decision-making in hypersensitivity pneumonitis:
Diagnosis and management. In Seminars in Respiratory and Critical Care Medicine; Thieme Medical Publishers: Leipzig, Germany,
2020.

24. Selman, M.; Pardo, A. When things go wrong: Exploring possible mechanisms driving the progressive fibrosis phenotype in
interstitial lung diseases. Eur. Respir. J. 2021, 58, 2004507. [CrossRef]

25. Petnak, T.; Moua, T. Exposure assessment in hypersensitivity pneumonitis: A comprehensive review and proposed screening
questionnaire. ERJ Open Res. 2020, 6, 00230. [CrossRef]

26. Raghu, G.; Remy-Jardin, M.; Myers, J.L.; Richeldi, L.; Ryerson, C.J.; Lederer, D.J.; Behr, J.; Cottin, V.; Danoff, S.K.; Morell, F.
Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/ALAT clinical practice guideline. Am. J. Respir. Crit. Care
Med. 2018, 198, e44–e68. [CrossRef]

27. Radiology, A.C.O. ACR-STR Practice Parameter for the Performance of High-Resolution Computed Tomography (HRCT) of the Lungs in
Adults; The American College of Radiology: Reston, VA, USA, 2019.

28. Pontana, F.; Billard, A.S.; Duhamel, A.; Schmidt, B.; Faivre, J.B.; Hachulla, E.; Matran, R.; Remy, J.; Remy-Jardin, M. Effect of
Iterative Reconstruction on the Detection of Systemic Sclerosis-related Interstitial Lung Disease: Clinical Experience in 55 Patients.
Radiology 2016, 279, 297–305. [CrossRef]

29. Winslow, J.; Zhang, Y.; Samei, E. A method for characterizing and matching CT image quality across CT scanners from different
manufacturers. Med. Phys. 2017, 44, 5705–5717. [CrossRef]

30. King, T.; Nicholson, A. Hypersensitivity pneumonitis (extrinsic allergic alveolitis): Clinical manifestations and diagnosis.
Up-to-Date. Retrieved Febr. 2019, 26, 2021.

31. Moua, T.; Pentak, T.; Charokopos, A.; Baqir, M.; Ryu, J.H. Challenges in the Diagnosis and Management of Fibrotic Hypersensitiv-
ity Pneumonitis: A Practical Review of Current Approaches. J. Clin. Med. 2022, 11, 1473. [CrossRef]

32. Chavez-Galan, L.; Buendia-Roldan, I.; Castillo-Castillo, K.; Preciado-Garcia, M.; Ocana-Guzman, R.; Salgado, A.; Gaxiola, M.;
Selman, M. Decreased expression of transmembrane TNFR2 in lung leukocytes subpopulations of patients with non-fibrotic
hypersensitivity pneumonitis compared with the fibrotic disease. Clin. Immunol. 2020, 215, 108424. [CrossRef]

33. Baqir, M.; White, D.; Ryu, J.H. Emphysematous changes in hypersensitivity pneumonitis: A retrospective analysis of 12 patients.
Respir. Med. Case Rep. 2018, 24, 25–29. [CrossRef]

34. Kouranos, V.; Jacob, J.; Nicholson, A.; Renzoni, E. Fibrotic hypersensitivity pneumonitis: Key issues in diagnosis and management.
J. Clin. Med. 2017, 6, 62. [CrossRef]

35. Hansell, D.M.; Bankier, A.A.; MacMahon, H.; McLoud, T.C.; Muller, N.L.; Remy, J. Fleischner Society: Glossary of terms for
thoracic imaging. Radiology 2008, 246, 697–722. [CrossRef]

http://doi.org/10.1016/0091-6749(89)90349-7
http://doi.org/10.1111/all.13692
http://doi.org/10.4046/trd.2020.0012
http://doi.org/10.1183/23120541.00474-2021
http://doi.org/10.1164/rccm.201203-0513CI
http://doi.org/10.1164/rccm.201903-0541PP
http://doi.org/10.1164/ajrccm.163.7.2004023
http://doi.org/10.1183/13993003.00308-2016
http://doi.org/10.1016/j.chest.2021.02.026
http://doi.org/10.1097/00063198-200009000-00006
http://doi.org/10.1111/j.1365-2222.1985.tb02299.x
http://doi.org/10.2169/internalmedicine.34.966
http://doi.org/10.1183/13993003.04507-2020
http://doi.org/10.1183/23120541.00230-2020
http://doi.org/10.1164/rccm.201807-1255ST
http://doi.org/10.1148/radiol.2015150849
http://doi.org/10.1002/mp.12554
http://doi.org/10.3390/jcm11061473
http://doi.org/10.1016/j.clim.2020.108424
http://doi.org/10.1016/j.rmcr.2018.03.012
http://doi.org/10.3390/jcm6060062
http://doi.org/10.1148/radiol.2462070712


Diagnostics 2022, 12, 2874 19 of 19

36. Webb, W.R.; Müller, N.L.; Naidich, D.P. Standardized terms for high-resolution computed tomography of the lung: A proposed
glossary. J. Thorac. Imaging 1993, 8, 167–175. [CrossRef]

37. Chung, M.H.; Edinburg, K.J.; Webb, E.M.; McCowin, M.; Webb, W.R. Mixed infiltrative and obstructive disease on high-resolution
CT: Differential diagnosis and functional correlates in a consecutive series. J. Thorac. Imaging 2001, 16, 69–75. [CrossRef]

38. Barnett, J.; Molyneaux, P.L.; Rawal, B.; Abdullah, R.; Hare, S.S.; Vancheeswaran, R.; Desai, S.R.; Maher, T.M.; Wells, A.U.; Devaraj,
A. Variable utility of mosaic attenuation to distinguish fibrotic hypersensitivity pneumonitis from idiopathic pulmonary fibrosis.
Eur. Respir. J. 2019, 54, 1900531. [CrossRef]

39. Koster, M.A.; Thomson, C.C.; Collins, B.F.; Jenkins, A.R.; Ruminjo, J.K.; Raghu, G. Diagnosis of hypersensitivity pneumonitis in
adults 2020 clinical practice guideline: Summary for clinicians. Ann. Am. Thorac. Soc. 2021, 18, 559–566. [CrossRef]

40. Fernández Pérez, E.R.; Swigris, J.J.; Forssen, A.V.; Tourin, O.; Solomon, J.J.; Huie, T.J.; Olson, A.L.; Brown, K.K. Identifying an
inciting antigen is associated with improved survival in patients with chronic hypersensitivity pneumonitis. Chest 2013, 144,
1644–1651. [CrossRef]

41. Johannson, K.A.; Elicker, B.M.; Vittinghoff, E.; Assayag, D.; Boer, K.; Golden, J.A.; Jones, K.D.; King, T.E., Jr.; Koth, L.L.; Lee, J.S. A
diagnostic model for chronic hypersensitivity pneumonitis. Thorax 2016, 71, 951–954. [CrossRef]

42. Miller, W.T.; Chatzkel, J.; Hewitt, M.G. Expiratory air trapping on thoracic computed tomography. A diagnostic subclassification.
Ann. Am. Thorac. Soc. 2014, 11, 874–881. [CrossRef]

43. Groner, L.K.; Green, D.B.; Weisman, S.V.; Legasto, A.C.; Toy, D.; Gruden, J.F.; Escalon, J.G. Thoracic Manifestations of Rheumatoid
Arthritis. RadioGraphics 2021, 41, 32–55. [CrossRef]

44. Hochhegger, B.; Sanches, F.D.; Altmayer, S.P.L.; Pacini, G.S.; Zanon, M.; Guedes, A.C.B.; Watte, G.; Meirelles, G.; Barros, M.C.;
Marchiori, E. Air trapping in usual interstitial pneumonia pattern at CT: Prevalence and prognosis. Sci. Rep. 2018, 8, 17267.
[CrossRef]

45. Silva, C.I.S.; Muller, N.L.; Hansell, D.M.; Lee, K.S.; Nicholson, A.G.; Wells, A.U. Nonspecific interstitial pneumonia and idiopathic
pulmonary fibrosis: Changes in pattern and distribution of disease over time. Radiology 2008, 247, 251–259. [CrossRef]

46. Morisset, J.; Johannson, K.A.; Jones, K.D.; Wolters, P.J.; Collard, H.R.; Walsh, S.L.F.; Ley, B.; HP Delphi Collaborators. Identification
of diagnostic criteria for chronic hypersensitivity pneumonitis. An International Modified Delphi Survey. Am. J. Respir. Crit. Care
Med. 2018, 197, 1036–1044. [CrossRef]

http://doi.org/10.1097/00005382-199322000-00002
http://doi.org/10.1097/00005382-200104000-00001
http://doi.org/10.1183/13993003.00531-2019
http://doi.org/10.1513/AnnalsATS.202009-1195CME
http://doi.org/10.1378/chest.12-2685
http://doi.org/10.1136/thoraxjnl-2016-208286
http://doi.org/10.1513/AnnalsATS.201311-390OC
http://doi.org/10.1148/rg.2021200091
http://doi.org/10.1038/s41598-018-35387-3
http://doi.org/10.1148/radiol.2471070369
http://doi.org/10.1164/rccm.201710-1986OC

	Introduction 
	Epidemiology 
	Definition, Classification and Clinical Features of HP 
	Pathogenesis of HP 
	Imaging of HP 
	Chest HRCT Scanning Protocol 
	HRCT for Diagnosis of HP 
	Radiologic Terms for Heterogeneous Lung Attenuation 
	HRCT Patterns of HP 

	Histopathologic Features of HP 
	Diagnostic Algorithm and Challenging Scenarios 
	Summary 
	References

