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Introduction

Hypersensitivity pneumonitis (HP), also known as extrin-
sic allergic alveolitis, is a term that describes a spec-

trum of allergic/inflammatory pulmonary disease that
occurs after inhalation of fine particulate organic or inor-
ganic material by a sensitized individual.1,2,3 HP repre-
sents a very small percentage of interstitial lung diseases
(ILD), reported between 1.5%-13%,4 although this may
be severely under represented as in some new series HP
was the most common form of ILD.5 This condition is
difficult to diagnose, as the clinical symptoms are often
nonspecific and the pathologic and radiologic imaging
findings can often resemble other pulmonary conditions;
including other small airways disease and ILD.6,7 Classi-
cally, the condition is subdivided into 3 forms: acute,
subacute, and chronic HP. It is important to note that in
any given individual, HP demonstrates a spectrum of
clinical, pathophysiologic, and imaging findings, with the
stages of HP commonly overlapping with more than 1
phase present in an individual at a given time point. It is
difficult, therefore, to determine the exact incidence and
prevalence of HP in the world, as many individuals go
undiagnosed or misdiagnosed. Only a small percentage of
individuals exposed to an antigen will develop HP and
for the majority of antigens this percentage is unknown.
For well researched conditions, such as farmer's lung or
pigeon breeder's lung, the incidence for development of
HP has been reported as 4-170/103 farmers and 1-100/
103 breeders respectively.8-10 In addition, even with high
index of suspicion, a careful examination of the patient's
exposures, and a confirmed histologic biopsy, up to 40%
of patients with HP will not have an identified causative
antigen.3,7
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Antigens
More than 300 substances have been identified, which if
inhaled as fine particles can cause HP (Table). These aller-
gens can be divided into 3 broad groups: microbial agents,
animal and plant proteins, and chemical agents. The
microbes involved can be bacterial, fungal, or protozoan.
One of the better known forms of microbial HP, farmer's
lung, develops secondary to the inhalation of thermophili-
cactinomycetes that grow in decomposing hay.11 As this bac-
teria likes to grow in warm damp environments, it can also
contaminate heating/cooling and humidification equipment,
leading to the development of multiple cases of HP. Another
form of microbial HP, known as hot tub lung, occurs second-
ary to inhalation of aerosolizedMycobacterium avium growing
in the hot tubs.12 Animal and plant proteins are common
triggers for the development of HP. Bird fancier's lung devel-
ops secondary to inhalation of avian allergens, especially
from bird droppings or feathers. While many types of birds
can trigger this condition, pigeons, doves, and birds from the
family Psittaciformes (including parakeets, cockatoos, and
parrots) are the most commonly reported sources of allergen.
In addition to live birds, HP can also develop as a response to
plucked feathers, such as those in pillows and duvets.13 Low-
molecular weight chemicals are not a common source of HP,
as they are typically not intrinsically allergenic and require
an interaction with a host protein to form a compound that
triggers HP.3Isocyanates used to create such products as
upholstery and insulation materials, are the most commonly
studied low-molecular weight chemicals to cause HP, occur-
ring in 1% of workers who inhale this compound.14
Clinical Presentation
The acute form of hypersensitivity pneumonitis (HP) occurs
4-6 hours after exposure to a large quantity of allergen.
Patients present with respiratory symptoms including short-
ness of breath, dry cough, and chest tightness, as well as sys-
temic symptoms including fever, chills, and fatigue. With
acute exposure, symptoms typically resolve within 12 hours,
but may last for a few days. The subacute form HP typically
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Table Causes of Hypersensitivity Pneumonitis (HP)

Allergens Source(s) of Exposure

Microbial agents
Bacterial Thermophilicactinomycetes Decomposing hay, humidifiers and water-based

heating/cooling systems
Nontuberculous mycobacteria Hot tubs, warm water, metal-cutting fluid
Klebsiella

Fungal Aspergillus Moldy malt, cork dust
Penicillium Moldy cheese

Protozoan Naegleriagruberi Humidifier/air conditioners
Plant/Animal Proteins
Animal Birds Avian proteins, including stool and feathers

Mollusk shells Button manufacturing
Proteins in animal fur Pet grooming, veterinary care

Plant Soy bean Food processing
Coffee Food processing

Low-molecular weight chemicals
Chemical Isocyanates Polyurethane foam, varnish, lacquer

Copper sulfate Copper sulfate use
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develops after recurrent acute allergen exposure events.
Symptoms in these patients are similar to the acute form of
the disease, however are typically less severe, characterized
by deteriorating respiratory function with interposed repeat
incidences of acute symptoms. Patients will complain of a
gradually developing productive cough, shortness of breath,
and chest pain, as well as systemic symptoms including
fatigue, anorexia, and weight loss, with symptoms lasting
weeks to months. The chronic form of HP typically occurs
after long-term low-level antigen exposure and often causes
more subtle symptoms than the acute or subacute forms.
Patients typically complain of gradually progressing chronic
respiratory symptoms, including shortness of breath and
cough, with symptoms worsening when in the setting of the
allergen exposure (eg, at work, around birds, etc.) and
often have not experienced the symptoms related to an
acute HP event. It is important to note that the clinical
presentation of HP is highly dependent on the quantity
of inhaled antigen and frequency of exposure events,
with symptoms overlapping between the multiple forms
of HP. In addition, as these symptoms are nonspecific
and the antigen exposure may not be known, these
patients often experience a delay in diagnosis.
Histopathology
Regardless of the inciting agent, the histologic findings of HP
are the same, with the patterns of presentation varying with
the stage of the disease. Histologic changes associated with
HP appear to be relatively uniform in distribution through-
out the lung; however discordant findings are sometimes
encountered, leading to the suggestion that biopsies from dif-
ferent lobes should be considered. In addition, lung biopsy
may be necessary to help differentiate chronic hypersensitiv-
ity pneumonia from other forms of diffuse ILD.
Biopsy in the setting of acute HP is not routinely done.
When performed, the histopathology appears to be most
consistent with neutrophilic infiltration of the respiratory
bronchioles. In addition, diffuse alveolar damage may also be
seen during this stage of HP.7,15

Subacute HP is characterized by granulomatous interstitial
bronchiolocentric pneumonitis, with inflammation charac-
terized by lymphocytes. The granulomas are non-necrotiz-
ing, small and characteristically poorly formed. In certain
instances, the histologic features can be similar to features of
nonspecific interstitial pneumonia (NSIP).In addition, thin-
walled cysts can be seen in a small percentage of patients.16

Chronic HP is characterized by fibrotic changes with
architectural distortion superimposed on the subacute find-
ings. The classical triad of chronic HP are (1) bronchiolocen-
tric cellular chronic interstitial pneumonia, (2) chronic
bronchiolitis, and (3) non-necrotizing peribronchiolar inter-
stitial granulomatous inflammation.17 The pattern of chronic
HP may mimic usual interstitial pneumonia (UIP), NSIP, or
organizing pneumonia, with areas of fibrosis, subpleural
honeycombing, and fibroblast foci identified at histopathol-
ogy.18 Interestingly, in a case-cohort study; 43% of patients
previously diagnosed with idiopathic pulmonary fibrosis
(IPF) had a subsequent diagnosis of chronic HP.19

Bronchoalveolar lavage is an additional method used to
detect lung inflammation in the setting of HP. A lymphocyte
predominance at BAL is typically seen, but is not diagnostic
of this condition.
Imaging Features
HP presents with a variety of CT patterns including ground-
glass opacities (GGO), centrilobular nodules (CLN), mosaic
perfusion/air trapping, headcheese sign, reticular opacities,
traction bronchiectasis, and traction bronchiolectasis, less
commonly honeycombing, and rarely cysts, and
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consolidation. The complexity of diagnosis increases as these
imaging findings can be found in isolation or in a variety of
combinations, often forming complex imaging features and
patterns. In addition, the involvement of the pulmonary
parenchyma can range from mild to severe, with the extent
of the pathology typically dependent on the duration, and
degree of antigenic exposure in the setting of individual
responsiveness to the antigen.
The Fleischner Society recently published a consensus

statement outlining an imaging classification system for
IPF.20 The American Thoracic Society/European Respiratory
Society/Japanese Respiratory society/Latin American Tho-
racic Society jointly published a clinical practice guideline
outlining a management strategy for the diagnosis of IPF.21

The revisions in the 2018 guideline represent an improve-
ment in the prior 2011 diagnostic criteria.22 In both the con-
sensus statement and clinical practice guideline, high-
resolution computed tomography (HRCT) is an integral part
of the diagnostic criteria as are multidisciplinary teams.
HRCT techniques are described in a separate chapter. The
proposed imaging classification system and the updated his-
topathologic classification system are parallel designations
with discordance in the description of the third category
(indeterminate for UIP pattern). Specifically designating
lower lung zone predominance instead of nonspecific
involvement in craniocaudal distribution of lung involve-
ment shifts the “indeterminate for UIP” category towards
“possible UIP” category., however both the consensus state-
ment and the clinical practice guideline stress the importance
of interdisciplinary teams in diagnosing IPF. This emphasis
must be considered when evaluating for potential HP.
Though there are obvious challenges in developing a tai-

lored differential diagnosis due to similarities in clinical,
pathologic, and imaging presentations, these 2 pattern
descriptions provide a framework for diagnosis and manage-
ment of pulmonary fibrosis, including most of the typical
cases of HP, and can be used to triage of patients who may
need multidisciplinary conference discussions and possibly
biopsy.23

The imaging appearance of HP is a direct reflection of the
histopathologic findings of HP. The GGO correspond to the
presence of diffuse lymphocytic interstitial pneumonitis and
minor degrees of organizing pneumonia. The poorly defined
CLN are caused by cellular bronchiolitis, peribronchiolar
interstitial pneumonitis, or focal areas of organizing pneumo-
nia.7 The lobular areas of decreased attenuation and air trap-
ping are due to small-airway disease including cellular
bronchiolitis and/or constrictive bronchiolitis.24,25 It is also
known that certain CT features of ILDs such as honeycomb-
ing correspond to a clear histologic fibrosis, other findings
can represent histologic inflammation and/or fibrosis includ-
ing CLNs, traction bronchiectasis/bronchiolectasis, GGO/
reticulations, depending on the clinical and pathologic con-
text.26-28

When developing a differential diagnosis based on imag-
ing findings, it is important to note that HP shares many sim-
ilar imaging patterns with other common and uncommon
interstitial and fibrotic lung diseases. Familiarity with the
various imaging manifestations of HP is important for early
diagnosis and proper management of these patients, espe-
cially in the era of new practice guidelines associated with
antifibrotic medications targeting IPF, especially with regards
to the clinically critical differences in treatment between the
2 entities, such as high-dose immunosuppressive agents
used to treat chronic hypersensitivity pneumonitis (CHP),
which are known to be harmful in treating IPF.29-33The fol-
lowing discussion of imaging patterns utilizes the imaging
classification for IPF as a framework to categorize the com-
plex imaging features of the various phases of hypersensitiv-
ity pneumonitis (HP).
Typical HP Pattern
According to our current pathophysiologic understanding of
HP, a mid and upper lung predominant distribution of the
above mentioned imaging findings is considered the “typical
HP pattern,” corresponding to the ILDcategory of “most con-
sistent with a non-UIP diagnosis,” regardless of underlying
etiology, evolution of the disease process, or chronicity of
the findings, including acute, subacute, and chronic HP.20

This correlates with the “alternative diagnosis” pattern when
utilizing the clinical practice guideline.21

HRCT imaging in the acute phase of hypersensitivity
pneumonitis is seldom performed due to the characteristic
clinical manifestations of this condition and the rapid resolu-
tion of the symptoms and imaging findings.25,34 When
imaged, acute HP typically demonstrates CT findings that
mimic acute pulmonary edema. Variable degrees of GGO, air
trapping, and normal lung parenchyma can be seen (Fig. 1).
The juxtaposition of these 3 different densities is known as
the headcheese sign, characterized by the high density GGO,
low density air-trapping, and normal attenuation lung.35

Numerous ill-defined small (<5mm) CLN can also be seen
throughout both lungs, occasionally sparing the apex and
base, see Figure 2.25,36,37

Confident diagnosis of subacute HP depends on the pres-
ence of a combination of GGO, poorly defined CLN, and
mosaic attenuation on inspiratory images that is associated
with air trapping on expiratory images.25,36,37 Superimposi-
tion of reticular opacities on the background imaging appear-
ance of subacute HP suggests the presence of chronic HP.7

Upper lobe predominant fibrosis with or without air-trap-
ping on HRCT are also classic features of chronic HP and are
not typically seen in UIP/IPF; however, radiologic differentia-
tion between these entities is only possible in about 50% of
cases.33 Additional features of chronic HP include traction
bronchiectasis, traction bronchiolectasis, and honeycombing,
although subacute HP can have fibrotic components and
chronic HP can be nonfibrotic on CT as well as histologic
examination.24,25,38-40 The findings of chronic HP can be
seen in Figure 3.

As in other ILDs, acute exacerbation of chronic HP (Fig. 3)
is also possible presenting with CT features of acute/subacute
HP superimposed over the background of chronic HP.41,42

This is not specific however as such combination of CT fea-
tures can also be seen without acute exacerbation.25,40



Figure 1 A 49 year-old-male with histopathology confirmed sub-acute HP, presumed to be from indoor hot tub use. CT
images of the upper (a), mid (b), and lower lung (c) demonstrate ground glass opacities and mosaic pattern, a pattern
that can be categorized as a non-UIP/alternative diagnosis and typical for Subacute HP.
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Other Patterns Seen in HP
NSIP Pattern
HP can demonstrate atypical HRCT patterns that may be
more typical for other ILDs. One such example is the cellular
NSIP pattern, in which the lung involvement is peribroncho-
vascular predominant in axial distribution, and with or with-
out a craniocaudal gradient. This pattern is considered either
“Indeterminate for UIP pattern” or “alternative diagnosis”20,21

depending on the level of confidence in calling NSIP. This
pattern can be caused by idiopathic NSIP, connective tissue
disease (CTD), drug toxicity, and aspiration. When com-
bined with bilateral and symmetrical presentation, this NSIP
pattern of findings can be seen in the setting of HP.25,43 In
this setting, the GGO of HP usually are extensive, bilateral
(in some patients, the distribution can be atypical, patchy,
and/or asymmetric symmetrical).25 Fine reticulation may be
superimposed on a background of GGO, mimicking NSIP
on high-resolution CT or at histologic examination.7 Because
of this, HP should always be considered a possible cause of a
CT or histologic pattern of NSIP.24,38 Importantly, chronic
HP presenting with an NSIP pattern has a poor prognosis
compared to idiopathic NSIP or NSIP related to CTD
patients.44
UIP Pattern with HP Features
CHP can present with CT features that are indistinguishable
from UIP/IPF. This is especially true when there is evidence
of lower lung and peripheral predominant fibrosis, such as
reticulation, traction bronchiectasis/bronchiolectasis, and
honeycombing coexisting with substantial degree of features
inconsistent with UIP including GGO and mosaic perfusion/
air trapping. CHP should also be considered if there is diffuse
or patchy craniocaudal distribution of fibrosis or if there is
no clear craniocaudal gradient and there are superimposed
features that are indeterminate for UIP or point toward an
alternative diagnosis. If the fibrosis is mid-lung predominant,
HP may be considered.45

Organizing Pneumonia Pattern
Presence of consolidation in a peribronchovascular and or
peripheral distribution has been described in HP. These
opacities correspond to areas of organizing pneumonia at
histopathology (Fig. 4). Needless to say this pattern can be
seen in cryptogenic organizing pneumonia or organizing
pneumonia from other causes such as drug toxicity, CTD,
toxic fume inhalations, and eosinophilic pneumonia

Sarcoidosis Pattern
The typical distribution of HP overlaps with that of sarcoido-
sis, which is also an upper lung predominant process associ-
ated with HRCT features of variable degree of mosaic
perfusion/attenuation and air trapping. In some cases, pres-
ence of GGO or the lack of typical perilymphatic nodules
seen in sarcoidosis can result in a pattern very similar to
what we see in acute or subacute HP. In addition, sarcoidosis



Figure 3 CT images (a and b) of a patient who presented with acute
shortness of breath and previously known to have mild chronic dys-
pnea clinically diagnosed to have HP from birds. A classic head-
cheese pattern is present, however lower lung predominance was
atypical. In addition there are areas of traction bronchiectasis and

Figure 2 Axial CT image (a) and a coronal reformatted image (b) in a
never smoker with a clinical diagnosis of HP demonstrates centri-
lobular ground glass attenuation nodules (also described sometimes
as poorly defined centrilobular nodules).
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cyst formation indicating possible evolution into chronic HP.
can show GGO as a predominant finding on HRCT, however
this is a rare occurrence. In addition, the headcheese sign has
been described in patients with sarcoidosis. In a recent analy-
sis of patients with both ILD and moderate to severe air trap-
ping, 29% of patients had sarcoidosis, and 10% had HP.46

Both sarcoidosis and HP can show fibrosis that spares the
lung bases and involve the central lung. The main distin-
guishing imaging feature that specifically suggests sarcoidosis
is a perilymphatic distribution of nodules and a peribroncho-
vascular distribution of fibrosis.46
Emphysema Pattern
Patients with chronic farmer's lung, including lifelong non-
smokers, tend to develop a HP pattern of lung injury that
resembles emphysema more than interstitial fibrosis as its
dominant feature.47 A recent study of 12 patients did dem-
onstrate emphysema in patients without history of smoking
but with chronic HP.48
Probable UIP pattern
When HP demonstrates lower lung and peripheral pre-
dominant distribution like fibrotic NSIP without coexis-
tent extensive typical features of HP, such as GGO, CCN,
mosaic attenuation/perfusion, and air trapping, the imag-
ing pattern can appear closer to a “probable UIP” pattern,
as can be seen in IPF, CTD, drug toxicity, idiopathic
NSIP, and aspiration.49 Importantly, 1 of 3of cases of HP
will have lower lung predominance.39 The majority of
patients with HP, however, demonstrate some features
inconsistent with UIP such as mosaic attenuation and air
trapping particularly when present in relatively spared/
nonfibrotic lung.39 The confident identification of air-
trapping diminishes, however, as the features of lung
fibrosis becomes more extensive and coarser and more in
keeping with the typical UIP pattern.26 In a recent study,



Figure 4 Axial CT (a) and coronal reformat (b) of the chest in this
patient who was confirmed to have HP on histology, shows centra
lung predominant ground glass opacity and consolidation with a
reverse halo pattern in some areas that is typical for organizing
pneumonia.
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mosaic attenuation or air trapping was the source of CT-
pathologic discordance in 72% of cases with a final diag-
nosis of IPF.50 In some patients, the GGOs of HP may be
patchy or asymmetric, subtle and superimposed with sub-
pleural fine reticulation in the dorsal regions of lower
lobes and can be interpreted as normal dependent density
on supine CT.7

UIP Pattern without HP Features
When HP demonstrates lower lung and peripheral pre-
dominant distribution, with honeycombing, but without
the typical additional imaging findings of HP, this imag-
ing pattern will correspond to a “UIP” pattern. If a UIP
pattern is identified in a younger patient, HP, collagen
vascular disease, or familial pulmonary fibrosis should be
strongly considered.22 In some cases, radiologic separa-
tion of CHP from UIP/IPF is possible in only about 50%
of cases.33

The reticular pattern, traction bronchiectasis and hon-
eycombing occur more frequently in patients who have
fibrotic CHP compared with patients who have nonfibro-
ticCHP.26 It has been shown that in the CHP population,
patients with a UIP pattern ground-glass opacity and air
trapping is less often seen, and lower lobe volume loss,
traction bronchiectasis and reticular pattern were more
often present when compared with those without UIP.26

The prevalence of honeycombing in CHP on HRCT
ranges from 15% to 69%.51,45,52
Conclusion
The ILDs have been classified according to clinical, HRCT
and pathologic patterns, which are shown to be congruent
with each other and has been used successfully for diagnosis
and management of patients. However, diagnostic and man-
agement challenges still exist for the cases that present with
atypical or poorly defined and/or overlapping features and
this affects the morbidity and survival of these patients.

In this review we aimed to present a concise description of
typical and atypical imaging features of hypersensitivity pneu-
monitis. A successful consensus on potential future diagnostic
criteria regarding hypersensitivity pneumonitis will require an
adequately performed HRCT, including supine inspiratory and
expiratory images and prone inspiratory images suspended at
the fullest lung capacity possible. When the imaging pattern is
less typical, a careful review of potential environmental expo-
sures may help suspect the diagnosis early enough to prevent
advancement to chronic HP.
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