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Most cases of hypersensitivity pneumonitis develop only after many 
years of inhaling allergens, which include microbes, animal or plant 
proteins, and certain chemicals that form haptens. The initial clini-
cal presentation is either episodes of acute illness with dyspnea and 
prominent constitutional symptoms, such as fever, or an insidious 
onset of dyspnea, coughing, and weight loss, sometimes with su-
perimposed acute episodes. The histopathologic process consists 
of chronic inflammation of the bronchi and peribronchiolar tissue, 
often with poorly defined granulomas and giant cells in the interstiti-
um or alveoli. Fibrosis and emphysema may develop. The radiologic 
findings include diffuse ground-glass opacification, centrilobular 
ground-glass opacities, air trapping, fibrosis, lung cysts, and em-
physema. The histologic and radiologic features in some cases may 
resemble those of usual interstitial pneumonia or nonspecific inter-
stitial pneumonia. The diagnosis usually rests on a variable combina-
tion of findings from history, serology, radiography, lung biopsy, and 
bronchoalveolar lavage, which characteristically reveals a lymphocyte 
content of more than 30%, often with an increased CD4-to-CD8 
ratio of T cells. Treatment includes avoiding the allergen, if possible, 
and, in severe cases, systemic corticosteroids. The long-term prog-
nosis is usually good, but some patients develop severe respiratory 
insufficiency, and a few die of the disease.
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common clinical 
manifestations of 
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histologic features 
of hypersensitivity 
pneumonitis with 
the radiologic find-
ings.

Identify the most ■■

important abnor-
malities indicative 
of hypersensitiv-
ity pneumonitis at 
chest radiography 
and CT.
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Introduction
In 1713, Bernardino Ramazzini (1633–1714), an 
Italian medical professor, described the health 
hazards associated with 52 occupations. About 
grain workers, he stated, “Almost all who make 
a living by sifting or measuring grain are short of 
breath and cachectic and rarely reach old age; in 
fact, they are very liable to lapse into orthopnea 
and finally dropsy” (dropsy being edema) (1). 
With that observation, Ramazzini provided the 
first account of what is now called hypersensitiv-
ity pneumonitis (or extrinsic allergic alveolitis), 
an inflammatory reaction caused by the repeated 
inhalation of particles small enough (less than 
5 µm) to reach the lung parenchyma and evoke 
an immune response. As Ramazzini recognized, 
chronic exposure can lead to respiratory failure 
and cor pulmonale.

The first detailed clinical descriptions of hy-
persensitivity pneumonitis appeared in 1932, and 
with remarkable detail and insight, these reports 
delineated the major features of the disorder. 
The initial paper described an outbreak of ill-
ness the previous year in 10 employees of an up-
per Michigan company that made railroad ties 
(2). Their symptoms—which included dyspnea, 
coughing, night sweats, weight loss, and sputum 
production—began 2–3 months after they re-
sumed work following a plant closure during the 
winter months. Their labor entailed stripping bark 
from maple logs or shoveling it, and about 30% 
of those working directly with it developed the 
disease. Chest radiographs disclosed increased 
peribronchial and perihilar opacities and, in severe 
cases, 3–5-mm, irregular, poorly defined nodules 
in the lower portions of both lungs. A similar dis-
order occurred in 36 (4.5%) of 800 employees at a 
nearby sawmill, which was operating only 2–3 days 
per week and where about 75% of the logs were 
maple. The symptoms abated during the laborers’ 
days off and recurred when they resumed work. 
In both locales, investigators noticed that lying 
beneath the bark was black dust, from which they 
isolated a fungus, now called Cryptostroma corti-
cale. They hypothesized that the disease was an al-
lergic reaction to its aerosolized spores.

In December 1932, 4 months after that first 
published description, J. Munro Campbell, a 
county health officer, reported an outbreak of 
respiratory disease among five agricultural work-
ers in northern England (3). Tuberculosis was 
suspected, but Campbell believed the disease had 
a different cause. An unusually rainy summer in 
1931 had forced farmers to store hay that was still 
damp, causing a substantial growth of mold. Later, 
work with the hay led to the dispersion of dense 
clouds of dust, and in the spring of 1932, after 
months of such exposure, the laborers developed 
progressive weight loss and dyspnea to the point 
of severe breathlessness, cyanosis, and seemingly 
imminent death. Once their contact with the hay 
ended, however, the symptoms slowly dissipated 
over several weeks. Chest radiographs initially dis-
closed a generalized fine granular stippling. As the 
patients improved clinically, the radiographic ab-
normalities generally resolved, except for apparent 
fibrosis that had developed in some cases. Twelve 
years later, a Yorkshire clinician, W. N. Pickles, 
recognized cases of a similar condition, which he 
referred to as farmer’s lung (4).

In the sections that follow, the clinical, patho-
logic, and radiologic aspects of hypersensitivity 
pneumonitis are described on the basis of a thor-
ough review of the published English-language 
literature as well as chest radiographs and com-
puted tomographic (CT) scans compiled by the 
authors over the past 30 years.

Etiology
Since these observations, publications have delin-
eated numerous types of hypersensitivity pneu-
monitis, particularly from occupational expo-
sures, but sometimes from hobbies, recreational 
activities, or contaminated air systems (Table 1). 
The reported culprits have included microbes, 
animal and plant proteins, and low-molecular-
weight chemicals that combine with host proteins 
to form haptens.

The responsible microorganisms are bacteria, 
fungi, or protozoa, including amoebae contami-
nating water in ventilation systems. The most 
commonly implicated bacterial causes are ther-
mophilic (heat-loving) actinomycetes, which are 
Gram-positive filamentous bacilli that flourish in 
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warm (50°–60°C) and moist conditions like those 
produced by decaying vegetation. Most cases of 
farmer’s lung develop from inhalation of ther-
mophilic actinomycetes that proliferate in damp 
hay (5). These bacteria may also grow in the stag-
nant warm water present in forced-air heating, 
cooling, and humidification equipment, which 
disperses them into the ambient air. In confined 
spaces, such as office buildings, simultaneous and 
widespread illness can occur.

Colonization of heated water by Mycobacterium 
avium has led to hypersensitivity pneumonitis in 
hot tub users (6). Mycobacterium species also may 
contaminate the fluids used to cool and lubricate 
metalworking machinery, causing disease when 
they become aerosolized (7). In some cases involv-
ing metalworking fluids, Gram-negative bacilli, 
instead, may be the culprits, as they are in other 
settings: in a study of grain workers, for example, 
they were the most common allergens (8) and, 
indeed, may have been the source of disease in the 
cases described by Ramazzini in the 18th century.

Fungi that produce hypersensitivity pneu-
monitis include Aspergillus species, which are 
ubiquitous in nature and have provoked disease 
among corn (9) and malt (10) workers. The 

fungus Penicillium has caused hypersensitivity 
pneumonitis in workers with repeated exposure 
to cheese (11), cork (12), and peat moss (13). 
Candida species on a mouthpiece apparently 
provoked hypersensitivity pneumonitis in a 
saxophone player (14). In some environments, 
the same clinical disease may result from differ-
ent allergens. For example, mushroom worker’s 
lung may be caused either by inhalation of ther-
mophilic actinomycetes from compost or inha-
lation of mushroom spores (15). Furthermore, 
hypersensitivity pneumonitis may result from 
exposure to multiple agents present in the same 
environment, as is suggested by the simultane-
ous presence of antibodies to several organisms 
in some patients (16,17).

A type of hypersensitivity pneumonitis associ-
ated with animal exposure is bird fancier’s lung, 
in which the major antigens are proteins in avian 
serum, feces, and feathers, including bloom, the 
waxy powder coating them (18). Pigeons and 
parakeets, including budgerigars (a type of para-
keet), are the birds most commonly implicated, 

Table 1 
Examples of Hypersensitivity Pneumonitis

Disease Antigen Source Putative Antigen

Bird fancier’s disease Various birds Protein in avian feces, feathers
Cheese worker’s lung Moldy cheese Penicillium species
Coffee worker’s lung Coffee bean Unknown
Farmer’s lung Moldy hay Thermophilic actinomycetes
Furrier’s lung Animal fur Protein in animal fur
Hot tub lung Warm water Mycobacterium avium complex
Humidifier lung Warm water Thermophilic actinomycetes
Japanese summer disease Moldy houses Various fungi
Machine worker’s lung Metal-cutting fluid Mycobacterium species, Gram-nega-

tive bacilli
Malt worker’s lung Moldy malt Aspergillus species
Mushroom worker’s lung Mushrooms Mushroom spores, various other 

fungi
Peat moss worker’s lung Moldy peat moss Various fungi
Sauna bather’s lung Sauna water Various fungi
Sequoiosis Moldy redwood dust Various fungi
Suberosis Cork Aspergillus species, cork dust
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cur following months or years of continuous or 
intermittent inhalation of the inciting agent. For 
example, the average duration of exposure before 
symptom onset is approximately 9 years among 
those with bird fancier’s disease (18), 5 years 
among those with mushroom worker’s lung (29), 
11 years among those with mollusk shell hyper-
sensitivity pneumonitis (22), and 2 years among 
those with hot tub lung (6).

Experts generally have divided symptomatic 
disease into acute, subacute, and chronic types, 
but often with unclear or conflicting definitions. 
The term acute usually refers to an episode of 
illness with an abrupt onset, but it sometimes 
indicates any type of hypersensitivity pneumoni-
tis with symptoms lasting less than 1 month. 
Differentiation between subacute and chronic 
disease also is variable. Some have considered 
chronic to indicate irreversible lung damage in 
general (30) or fibrosis specifically (31), whereas 
others define both subacute and chronic as having 
an insidious onset, with subacute including su-
perimposed acute episodes (32). In one scheme, 
several features are combined to differentiate the 
two: Subacute disease develops over weeks to 4 
months and includes episodic flare-ups; chronic 
disease takes 4 months to years to develop and 
consists of fibrosis, emphysema, or both (33). 
This use of subacute defies its common mean-
ing in medical discourse, in which it usually 
refers to a duration of a few days to a few weeks. 
Furthermore, the radiographic findings labeled 
subacute often are seen in patients who have had 
the disease for many years. No classification 
system seems entirely satisfactory, but one that 
avoids these inconsistencies and contradictions 
and provides a more accurate terminology for 
symptomatic disease is as follows: (a) acute (or 
episodic), with improvement between attacks; 
(b) insidious (gradual onset and progressive 
course) with superimposed acute episodes; and 
(c) insidious without acute attacks. Which pat-
tern of illness occurs presumably depends upon 
the intensity and duration of contact, the nature 
of the antigen, and host factors, but not in a 
currently predictable manner.

In acute hypersensitivity pneumonitis, fever, 
chills, myalgia, headache, coughing, chest tight-
ness, dyspnea, and leukocytosis in various combi-
nations typically occur 4–12 hours after exposure. 

but poultry, finches, doves, canaries, and other 
birds also have caused the disease. Exposure 
to live birds is not necessary to produce hyper-
sensitivity pneumonitis: the illness has resulted 
from using feather pillows and duvets (19), be-
ing exposed to a wreath made from the feathers 
of a dead pet bird (20), and laundering a pigeon 
keeper’s overalls (21). Other examples of ani-
mal proteins that are known to have caused the 
disease when inhaled include proteins from the 
dust of mollusk shells used to make buttons (22) 
and from animal fur used in garment manu-
facture (23). Plant proteins that have provoked 
hypersensitivity pneumonitis include proteins 
found in a jellylike Japanese food that contains 
flour from a tuberous root and a powder derived 
from a brown alga (24).

Some low-molecular-weight chemicals that by 
themselves are not antigenic may combine with 
the host’s proteins to form haptens, which then 
may provoke hypersensitivity pneumonitis. For 
example, the agents implicated in chemical work-
er’s lung are isocyanates found in such products 
as foam, glue, and spray paint (25).

Clinical Features
Inhalation of the etiologic agent may occur in 
the home, at work, or at places of recreation. In 
general, among those exposed to an allergen, 
approximately 5%–15% develop hypersensitiv-
ity pneumonitis (26). However, the frequency 
of disease may be much higher. In the original 
report of maple bark disease, for example, 30% 
of those working directly with the material were 
affected (2). The disease frequency probably re-
lates to several issues, including the amount of 
allergen inhaled, the duration of exposure, the 
nature of the antigen, and host factors. Heredity 
may be important; some families seem to have a 
greater predisposition to illness than others (27). 
Tobacco use is also significant: Most patients 
(80%–95%) with hypersensitivity pneumonitis 
are nonsmokers, a substantially higher proportion 
than that in unaffected populations with similar 
antigen contact (26). In smokers, however, the 
disease is associated with higher mortality (28).

Although symptoms occasionally develop after 
just a few weeks of contact with the allergen (25), 
most cases of hypersensitivity pneumonitis oc-
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Figure 1.  Photomicrograph shows the two most 
common and most characteristic histopathologic fea-
tures of hypersensitivity pneumonitis: lymphocytic in-
filtrates within the interstitium, sometimes referred to 
as cellular interstitial pneumonitis (arrowheads), and 
a poorly formed granuloma (arrow). (Image courtesy 
of Rodney A. Schmidt, MD, Department of Pathol-
ogy, University of Washington Medical Center, Seattle, 
Wash.)

sist for several days or even weeks, mimicking a 
pulmonary infection rather than a short-lived im-
munologic reaction to an inhaled allergen (36). 
Tachypnea, tachycardia, and bibasilar inspiratory 
crackles are typically present, and hypoxemia and 
respiratory failure may occur. White blood cell 
counts commonly reveal neutrophilic leukocyto-
sis without eosinophilia, and the immunoglobu-
lin E level is normal. Pulmonary function tests 
during episodes characteristically demonstrate a 
restrictive defect and diminished diffusing capac-
ity, which usually resolve within 4–6 weeks in the 
absence of further exposure. A reversible airflow 
obstruction may occur alone or in combination 
with a restrictive defect in some patients.

With insidious patterns of disease, there is 
a gradual onset of exertional dyspnea, fatigue, 
coughing, sputum production, anorexia, and weight 
loss, which may be substantial. Bibasilar crackles 
are typically audible at lung examination, and fin-
ger clubbing may be present. Pulmonary function 
tests characteristically demonstrate restriction, 
often with decreased diffusing capacity. Airflow 
obstruction also may occur alone or in combina-
tion with restriction. Patients may experience 
discrete episodes of fever, dyspnea, and coughing 
within a few hours after exposure that typically 
resolve within 24 hours after inhalation of the al-
lergen ceases. These episodes may become more 
severe and protracted over time.

Histopathologic Features
Most cases of hypersensitivity pneumonitis, whether 
acute or insidious, include the following four his-
tologic features in variable amounts and combi-
nations (26,37–40):

1. Cellular bronchiolitis, which is the presence 
of chronic inflammatory cells lining the small air-
ways, sometimes with resultant epithelial ulceration.

2. Diffuse chronic interstitial inflammatory in-
filtrates, primarily consisting of lymphocytes and 
plasma cells but often including eosinophils, neu-
trophils, and mast cells.

3. Poorly circumscribed interstitial nonnecro-
tizing (noncaseating) granulomas consisting of 
lymphocytes, plasma cells, and epithelioid histio-
cytes, with or without giant cells (Fig 1). Both the 

These symptoms may begin after patients return 
to an environment from which they have been 
absent for a while (eg, resuming work follow-
ing weekends or holidays) but sometimes do not 
develop with uninterrupted, daily contact with 
the same antigen. Attacks often follow exposure 
to the allergen within enclosed spaces with poor 
ventilation. In patients with farmer’s lung, for 
example, symptoms typically occur after feeding 
livestock in barns during the winter. Sometimes 
respiratory symptoms in acute episodes are mild 
or absent and the illness is primarily a nonspe-
cific febrile disorder. In fact, hypersensitivity 
pneumonitis can be a rare cause of episodic fever 
of unknown origin, defined as recurrent, unex-
plained bouts of pyrexia interrupted by afebrile 
periods with apparent disease remission of at 
least 2 weeks’ duration (34). The fevers may be 
as high as 104°–106°F (40°–40.1°C) (35). The 
symptoms of an acute attack of hypersensitivity 
pneumonitis generally peak after 12–24 hours 
and resolve within 48 hours, but they may per-

interstitial mononuclear and the granulomatous 
inflammation tend to form around bronchioles, 
and obliterative bronchiolitis may occur. Scat-
tered areas of organizing pneumonia with intralu-
minal bronchiolar polyps also are common.

4. Individual giant cells in the alveoli or inter-
stitium. These cells may contain inclusions of en-
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Figure 2.  Hypersensitivity pneumonitis. Anteropos-
terior radiograph demonstrates patchy airspace disease 
and multiple ill-defined lung nodules with minimal up-
per lung volume loss.

Imaging Features
Chest radiographs obtained in many patients 
with hypersensitivity pneumonitis are normal 
(47). Abnormal radiographic findings observed in 
some patients include numerous poorly defined 
small (less than 5-mm) opacities throughout 
both lungs, sometimes with sparing of the apices 
and bases. Airspace disease is represented often 
as ground-glass opacity (which can be patchy or 
diffuse, resembling pulmonary edema) or, more 
rarely, as consolidation (Fig 2) (48). A pattern of 
fine reticulation also may occur. The zonal dis-
tribution varies from patient to patient and may 
vary over time in the same patient (49). When fi-
brosis develops, chest radiographs show a reticu-
lar pattern and honeycombing, which sometimes 
are more severe in the upper lobes than in the 
lower ones. Volume loss may occur, particularly 
in the upper lungs, and peribronchial thickening 
may be visible (47). Cardiomegaly may develop 
as a result of cor pulmonale (47).

High-resolution CT has greatly improved the 
radiologic diagnosis of hypersensitivity pneumoni-
tis: abnormalities are seen in more than 90% of 
patients (50). Several features may appear at any 
stage of the disease. One is homogeneous ground-
glass opacity, which is usually bilateral and sym-
metric but sometimes patchy and concentrated 
in the middle part and base of the lungs (51) or 

dogenous metabolic products, such as cholesterol 
clefts, Schaumann bodies (blue, concentrically 
laminated, calcified particles), and lucent bire-
fringent oxalate crystals.

Another feature frequently seen in the peri-
bronchiolar alveoli is an accumulation of foamy 
macrophages. Occasionally, the source of the 
antigen is visible, such as hairs in a furrier’s lung 
(23) or organisms in patients with maple bark 
disease or hot-tub lung whose pulmonary biopsy 
specimens may also grow the microbe on culture 
(6,41). The observation of granulomas in the 
spleen, liver, and mediastinal lymph nodes in 
several patients with farmer’s lung indicates that 
extrapulmonary inflammatory reactions may oc-
cur, particularly early in the course of illness (in 
the first 3 months) (42,43).

In some patients with insidious-onset disease, 
emphysema is a prominent component. Fibrosis 
also may develop, generally in one of three pat-
terns: irregular peribronchiolar fibrosis; resembling 
usual interstitial pneumonia (UIP), the histologic 
pattern of idiopathic pulmonary fibrosis (IPF)—
subpleural patchy fibrosis obliterating the underly-
ing structure and distorting the architecture, with 
few accompanying inflammatory cells; or resem-
bling fibrotic nonspecific interstitial pneumonia 
(NSIP)—homogeneous fibrosis without architec-
tural distortion (44). In patients in whom the pat-
tern of fibrosis is consistent with UIP or NSIP, the 
presence of Schaumann bodies, giant cells, granu-
lomas, areas of interstitial granulomatous inflam-
mation, or peribronchiolar fibrosis should suggest 
the diagnosis of hypersensitivity pneumonitis.

NSIP may occur in a cellular form in which 
temporally homogeneous interstitial inflamma-
tion with lymphocytes and plasma cells is present, 
often with a peribronchiolar distribution. In some 
patients with hypersensitivity pneumonitis, this 
pattern may be seen alone or with fibrosis, and 
these cases can be difficult to distinguish from 
NSIP that is idiopathic or due to other causes (eg, 
rheumatologic disorders), except with a clinical 
evaluation that includes a careful history (45,46).
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Figure 4.  Insidious hypersensitivity pneumonitis. Axial high-resolution CT 
images depict ill-defined centrilobular ground-glass opacities. (Case courtesy 
of Cris Meyer, MD, Madigan Army Medical Center, Fort Lewis, Wash.)

Figure 3.  Insidious hypersensitivity pneumonitis in a 39-year-old woman with a history of exposure to parakeets 
and cockatiels. (a) Axial high-resolution CT image demonstrates extensive ground-glass opacity with a centrilobular 
concentration. (b) Axial CT image obtained after therapy and removal from exposure shows complete resolution.

in a bronchovascular distribution. Ground-glass 
opacity usually represents chronic interstitial in-
flammation but occasionally may be caused by 
fine fibrosis or organizing pneumonia. Another 
characteristic feature is numerous round centri-
lobular opacities, usually less than 5 mm in diam-
eter (Figs 3–5). Occasionally these opacities have 
well-defined borders and soft-tissue attenuation, 
as the term nodule usually connotes; however, they 
more often have indistinct borders and ground-
glass attenuation, and, instead of being solid, they 
contain a small central lucency caused by air in 
a patent bronchiole (Fig 6). Although some have 
described these lesions as nodules, we prefer to 

reserve the latter term to denote well-defined solid 
lesions and, instead, use the phrase centrilobular 
ground-glass opacities to describe these characteris-
tic findings of hypersensitivity pneumonitis. These 
abnormalities probably represent cellular bronchi-
olitis, peribronchiolar interstitial inflammation, or, 
less frequently, focal organizing pneumonia (52). 
Respiratory bronchiolitis–interstitial lung disease 
is a smoking-related lung disease that has similar 
imaging features. Another finding is hypoattenu-
ation and hypovascularity of scattered secondary 
lobules (Fig 7). Hypoattenuating regions that 
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Figure 5.  Hypersensitivity pneumonitis attributed to 
use of a down pillow. (a) Anteroposterior radiograph 
shows subtle ground-glass opacity in the mid and lower 
portions of both lungs. (b) Axial high-resolution CT im-
ages show ill-defined centrilobular opacities, ground-glass 
opacities, and early reticulation.

Figure 6.  Hypersensitivity 
pneumonitis from residential 
exposure to mold. Axial high-
resolution CT images of the 
right lung demonstrate cen-
trilobular ground-glass opaci-
ties in a uniform distribution. 
(Case courtesy of Matthew 
Gilman, MD, Madigan Army 
Medical Center, Fort Lewis, 
Wash.)

persist on expiratory CT scans are indicative 
of air trapping, which is caused by bronchiolar 
inflammation and obstruction. Air trapping is 
also reflected in pulmonary function tests as an 

increased ratio of the residual volume to the total 
lung capacity (53).

Thus, the typical high-resolution CT ab-
normalities in hypersensitivity pneumonitis of 
acute onset and insidious onset without fibrosis 
include ground-glass opacity, air trapping, and 
centrilobular ground-glass opacities (Figs 7–10). 
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Figures 7, 8.  (7) Bird fancier’s disease. Axial high-resolution CT images show multifocal ground-glass opacities 
in the right lung. Spared lobules (arrow) probably represent air trapping, but expiratory high-resolution CT images 
were not available for confirmation. (8) Insidious onset of hypersensitivity pneumonitis in a 63-year-old man with re-
peated exposure to birds and mold. The results of serum testing were positive for mold precipitins, and lymphocyte 
predominance was found in bronchoalveolar lavage (BAL) fluid. Axial high-resolution inspiratory (a) and expira-
tory (b) CT images demonstrate patchy ground-glass opacities, normal regions, and air trapping. This combination 
of findings, known as the headcheese sign, is indicative of hypersensitivity pneumonitis. The accentuation of the at-
tenuation difference between lobules with low or normal attenuation and those with high attenuation on expiratory 
images helps confirm the presence of air trapping.
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The combination of patchy ground-glass opaci-
ties, normal regions, and air trapping at CT is 
often referred to as the headcheese sign (54) (Fig 
8). Bronchiolar wall thickening also may occur. 
Lung cysts have been found occasionally (55) 
and probably are caused by partial obstruction 
of bronchioles. Occasionally in patients with an 
insidious onset of disease, focal consolidation 
is present, presumably representing organizing 

pneumonia or a superimposed unrelated process 
such as aspiration pneumonia or infectious pneu-
monia. Mediastinal lymph node enlargement 
(generally 10–20 mm in short-axis diameter) 
was found in approximately 30% of patients 
with farmer’s lung in one series (51). Pulmonary 
arteries are occasionally enlarged, presumably 
reflecting pulmonary arterial hypertension (50). 
In some patients, particularly those with farmer’s 
lung or bird fancier’s disease, widespread centri-
lobular emphysema develops, even in those who 
are lifelong nonsmokers (50,51).

Figure 9.  Hypersensitivity pneumonitis in a worker 
in a salmon processing facility. (a–c) Axial high-resolu-
tion CT images demonstrate patchy, vaguely centrilob-
ular ground-glass opacities with relative sparing of the 
extreme lung bases. (Case courtesy of Ingrid Peterson, 
MD, Virginia Mason Medical Center, Seattle, Wash.)
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When fibrosis develops, high-resolution CT 
usually demonstrates reticulation, mainly in 
the middle portion of the lungs or fairly evenly 
throughout the lungs but with relative sparing 
of the extreme apices and bases (Fig 11) (56). 
Other findings include traction bronchiectasis 

and bronchiolectasis (57). Honeycombing may 
occur, usually with a subpleural and middle-lung 
distribution but sometimes in the bases, resem-
bling that in patients with IPF (58).

Figure 10.  Insidious hypersensitivity pneumonitis in a 61-year-old woman with a history of exposure to cockatiels 
(Nymphicus hollandicus). Axial high-resolution (a–c) and coronal reformatted (d) CT images demonstrate ground-
glass opacities with a somewhat centrilobular concentration in the upper part of the lungs, with combined ground-
glass opacities and air trapping in the lower part. The distribution of these findings is best appreciated in d.
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occurs in hypersensitivity pneumonitis, but it is 
uncommon in IPF and NSIP. The features sug-
gestive of NSIP are relative subpleural sparing, 
absence of air trapping, and absence of honey-
combing. Table 2 outlines the diagnostic imag-
ing features of hypersensitivity pneumonitis.

Figure 11.  Insidious hypersensitivity pneumonitis with 
fibrosis. (a) Axial high-resolution CT images of the up-
per part of the lungs show predominant reticulation with 
honeycombing, traction bronchiectasis, and architectural 
distortion. (b) Axial high-resolution CT images of the 
lower part of the lungs demonstrate ground-glass opacity, 
reticulation, and lobular air trapping. (c) Coronal reformat-
ted CT image allows a better evaluation of the distribution 
of these abnormalities.

In some patients with fibrosis, generalized or 
centrilobular ground-glass opacities are seen. 
These are suggestive of active inflammation. Air 
trapping also may be present. When combined 
with fine reticulation and traction bronchiecta-
sis, these findings may resemble those of NSIP 
(Fig 12). When fibrotic hypersensitivity pneu-
monitis is compared with IPF or NSIP, the CT 
features favoring a diagnosis of hypersensitivity 
pneumonitis are lobular air trapping, centrilobu-
lar ground-glass opacities, and absence of lower 
lobe predominance (Figs 11, 13) (58). Upper 
lung predominance of fibrosis (most extensive 
above the level of the tracheal carina) sometimes 
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Figure 13.  Progression of insidi-
ous hypersensitivity pneumonitis to 
fibrosis. (a) Axial high-resolution CT 
image of the right lung at the takeoff 
of the right middle lobe bronchus 
shows patchy ground-glass opacity. 
(b) Axial high-resolution CT image 
obtained at a similar level 3 years 
later demonstrates a predominantly 
reticular abnormality with associated 
traction bronchiectasis, findings sug-
gestive of fibrosis.

Figure 12.  Hypersensitivity pneumonitis with imag-
ing features similar to those of NSIP. (a, b) Axial CT 
images of the lower part of the lungs (a obtained dur-
ing inspiration; b, during expiration) demonstrate mild 
reticulation with ground-glass opacity and air trapping 
(arrows in b). (c) Coronal reformatted CT image better 
demonstrates the distribution of these abnormalities.
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Diagnosis
Most patients with hypersensitivity pneumonitis 
have precipitating antibodies to the offending 
agent in their serum—usually immunoglobulin 
G, but sometimes immunoglobulin M or A—but 
these are often present in exposed asymptomatic 
people as well, limiting their diagnostic value 
(59). Furthermore, the antigen preparations used 
in testing are not highly standardized. Therefore, 
the absence of these antibodies does not exclude 
hypersensitivity pneumonitis.

Another diagnostic approach is an antigen 
challenge, in which the patient inhales the puta-
tive allergen through a nebulizer or is placed in 
an environment, such as the workplace, where the 
agent is present. The criteria defining a positive 
response vary among studies but generally include 
the appearance of respiratory or systemic findings, 
especially fever, 4–10 hours after exposure; leuko-
cytosis; diminished diffusing capacity, diminished 
vital capacity, or both; increased radiographic 
abnormalities; worsening alveolar-arterial oxygen 
pressure difference; and elevation of C-reactive 
protein levels (60,61). Unfortunately, no standard-
ized antigen preparations for such testing exist.

In BAL, a widely performed diagnostic pro-
cedure, saline solution is injected into a lung 
subsegment during fiberoptic bronchoscopy. The 

fluid is then retrieved and examined at micros-
copy. Normally, about 90% of the cells recovered 
in the BAL fluid are alveolar macrophages, 10% 
are lymphocytes, less than 3% are neutrophils, 
and less than 1% are eosinophils (62). In one 
study of 10 patients with bird fancier’s disease, 
BAL samples obtained 24 hours after inhalation 
exposure to the responsible antigen demonstrated 
a significant increase in white cells, primarily 
neutrophils, in comparison with the baseline level 
(63). The leukocytosis persisted at repeat BAL 
performed 1 week later, but lymphocytes were 
predominant. This latter finding is the most com-
mon BAL feature in hypersensitivity pneumoni-
tis: The white blood cell count is increased, with 
lymphocytes accounting for at least 20%–30% of 
white blood cells, but commonly more than 50%. 
Most of these are T cells, and a frequent but 
highly variable finding is a ratio of CD4 to CD8 
lymphocyte subsets that is less than 1 (the nor-
mal ratio is 1.8). This feature is particularly help-
ful in distinguishing hypersensitivity pneumonitis 
from sarcoidosis, in which the CD4-to-CD8 
ratio is usually elevated, often to more than 3.5. 
Several diseases can cause BAL lymphocytosis 
(62)—including sarcoidosis, infections, rheuma-
tologic disorders, inflammatory bowel disease, 
radiation pneumonitis, drug-induced pulmonary 
reactions, cryptogenic organizing pneumonia, 
and NSIP—but in the appropriate clinical setting 

Table 2 
Imaging-based Diagnosis of Hypersensitivity Pneumonitis

Type of Disease Diagnostic Imaging Features

Acute or insidious onset without 
fibrosis*

Diffuse GGO, centrilobular GGO, air 
trapping, headcheese sign

Insidious onset with fibrosis Reticulation, peribronchovascular intersti-
tial thickening, architectural distortion, 
honeycombing, air trapping, sparing of 
extreme basal lung, ill-defined centri-
lobular GGO†

Note.—GGO = ground-glass opacities. 
*Diseases that may have features similar to those of acute and insidious-onset 
hypersensitivity pneumonitis without fibrosis include respiratory bronchi-
olitis–interstitial lung disease, NSIP, desquamative interstitial pneumonitis, 
infectious bronchiolitis, acute eosinophilic pneumonia, viral infection, and 
Pneumocystis jiroveci infection.  
†This finding is rare and may be seen also in chronic interstitial pneumonias, 
IPF, NSIP, and sarcoidosis.

Teaching
Point
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this finding is strongly suggestive of hypersensi-
tivity pneumonitis. Indeed, in one scheme, the 
diagnosis of hypersensitivity pneumonitis relies 
on the characteristic features of bilateral ground-
glass opacities or poorly defined centrilobular 
nodular opacities on high-resolution chest CT 
images and lymphocytosis in BAL fluid (≥30% 
lymphocytes in nonsmokers, ≥20% in smok-
ers), with a supplemental role played by typical 
histologic findings at lung biopsy in confusing or 
ambiguous cases (64). The numbers of mast cells 
and plasma cells also are elevated at BAL in pa-
tients with hypersensitivity pneumonitis (62).

Asymptomatic people exposed to agents that 
can cause hypersensitivity pneumonitis may 
have abnormal BAL findings, sometimes in the 
absence of serum precipitins, suggesting that 
mild pulmonary inflammation is present even 
in clinically normal subjects. In one study of 43 
asymptomatic dairy farmers, a lymphocyte con-
tent of more than 20% was found in BAL fluid 
from more than one-half of the study subjects 
(65). Lymphocytosis also was seen in BAL fluid 
from patients with a history of hypersensitivity 
pneumonitis but with no recent acute episodes, 
including some who had no recognized exposure 
to the antigen for years (66).

In a series of 400 patients (116 with hyper-
sensitivity pneumonitis and 284 control patients, 
primarily with another interstitial lung disease), 
significant clinical predictors of the diagnosis 
of hypersensitivity pneumonitis were exposure 
to a known etiologic agent, serum precipitating 
antibody to the putative antigen, recurrent symp-
tomatic episodes, inspiratory crackles at lung 
auscultation, symptom onset within 4–8 hours 
after exposure, and weight loss (64). In the same 
study, the diagnostic criteria for hypersensitivity 
pneumonitis were lymphocytosis at BAL (≥30% 
lymphocytes in nonsmokers, ≥20% in smok-
ers) and high-resolution CT findings of bilateral 
ground-glass opacification or poorly defined cen-
trilobular nodular opacities.

The distribution of causes of hypersensitivity 
pneumonitis depends on the patient popula-
tion and locale. In Mexico City, for example, the 
most common disorder is bird fancier’s disease 
(67), usually caused by pigeons kept as pets and 
allowed to roam freely throughout the house, 

whereas in Japan it is “summer-type” hypersensi-
tivity pneumonitis arising from the inhalation of 
seasonal molds that contaminate homes during 
the hot, humid summers (68). Among 85 patients 
at the Mayo Clinic, the most frequent causes of 
hypersensitivity pneumonitis were bird exposure, 
hot tub lung, and farmer’s lung (69). In a sub-
stantial number of cases, the provoking allergen 
is not apparent, despite a thorough evaluation. 
In the Mayo Clinic series, for example, the cause 
was unidentified in 25% of patients (69).

Treatment and Prognosis
The most important recommended therapy is 
curtailing exposure to the causal agent by elimi-
nating it from the environment, avoiding set-
tings where it is present, or using a respirator in 
those settings. Systemic corticosteroids at doses 
equivalent to 40–60 mg of prednisone daily for a 
few days to weeks may improve symptoms of all 
forms of the disease (70), although substantial 
fibrosis and emphysema are less likely to respond. 
Indications for the use of such drugs include 
acute, severe, or progressive disease. The effec-
tiveness of corticosteroid therapy lasting 12 weeks 
is not evidently superior to that of 4 weeks’ dura-
tion (71), and corticosteroid therapy apparently 
confers no long-term benefits (70,71).

Most of the information about prognosis de-
rives from studies of farmer’s lung or bird fanci-
er’s disease, but whether these observations apply 
to other causes is uncertain. It appears, however, 
that patients with hypersensitivity pneumonitis 
generally improve. About 50% with farmer’s lung 
are left with chronic lung impairment, usually 
just mild airflow obstruction; only occasionally 
are the abnormalities severe (72,73). Even most 
patients with continuing exposure to the puta-
tive antigen—at least, those with farmer’s lung—
improve, and the outcome for them is equivalent 
to that for patients with no further exposure 
(71,72), although high-resolution CT abnormali-
ties resolve more frequently and more completely 
in the latter (50). The minimal risk with contin-
ued exposure is important because abandoning 
farming and finding further employment or ob-
taining education and training for a new vocation 
may be financially and emotionally arduous.
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The information about prognosis in bird fan-
cier’s lung is disparate, with most patients improv-
ing or remaining stable (74). However, in a series 
of patients from Mexico City, the 5-year survival 
was only about 70%, with the risk of death most 
strongly related to the presence of fibrosis and 
honeycombing at lung biopsy (67). Other studies 
have shown that a finding of fibrosis at lung biopsy 
(75) or high-resolution CT (76) in patients with 
hypersensitivity pneumonitis portends a worse 
prognosis. The risk of mortality also increases with 
evidence of more severe respiratory impairment 
as indicated by oxygen desaturation (≤88%) at the 
end of exercise and pulmonary function tests dem-
onstrating worse restrictive defects and diminished 
diffusing capacity (76,77). Thus, a few patients die 
of the disease, sometimes with cor pulmonale, as 
Ramazzini first observed in 1713.

Summary
Hypersensitivity pneumonitis occurs from re-
petitive inhalation of certain microbes, plant or 
animal proteins, or low-molecular-weight chemi-
cals that combine with host proteins to form 
haptens. Symptomatic disease usually develops 
only after years of exposure and may be acute 
or episodic, with symptoms including fever and 
dyspnea, or insidious, with a gradual onset of 
dyspnea, coughing, anorexia, and weight loss. 
Some patients with an insidious onset experi-
ence repeated acute episodes.

The major histologic findings are cellular bron-
chiolitis, interstitial chronic inflammation (typi-
cally in a peribronchiolar pattern), poorly defined 
granulomas, and isolated giant cells in the alveoli 
or interstitium. The radiographic appearance of 
the lungs is often abnormal, but high-resolution 
CT is more sensitive in depicting ground-glass 
opacification, poorly defined centrilobular 
ground-glass opacities, and air trapping. Fibro-
sis, honeycombing, and emphysema also may be 
seen. The histologic and radiographic findings 
may mimic those of UIP or NSIP. The CT find-
ings that are most suggestive of hypersensitivity 
pneumonitis in such cases are centrilobular opaci-
ties and air trapping. Fluid from BAL usually 
demonstrates an increased number of white cells, 

at least 20%–30% of which are lymphocytes. 
That finding, when accompanied by characteris-
tic CT features, strongly suggests a diagnosis of 
hypersensitivity pneumonitis. Treatment includes 
avoidance of the antigen, and, in those with se-
vere symptoms, a short-term regimen of systemic 
corticosteroid therapy. Over time, symptoms gen-
erally improve, even in patients with continued 
exposure to the allergen; in a few, symptoms prog-
ress to severe respiratory impairment.

References
	 1.	Ramazzini B. Diseases of workers. Wright WC, trans. 

New York, NY: Hafner, 1964; 243.
	 2.	Towey JW, Sweany HC, Huron WH. Severe bron-

chial asthma apparently due to fungus spores found 
in maple bark. JAMA 1932;99(6):453–459.

	 3.	Campbell JM. Acute symptoms following work with 
hay. BMJ 1932;2:1143–1144.

	 4.	Pickles WN. The country doctor and public health. 
Public Health (London) 1944;58:2–4.

	 5.	Pepys J, Jenkins PA, Festenstein GN, Gregory PH, 
Lacey ME, Skinner FA. Farmer’s lung: thermophilic 
actinomycetes as a source of “farmer’s lung hay” an-
tigen. Lancet 1963;2(7308):607–611.

	 6.	Hanak V, Kalra S, Aksamit TR, Hartman TE, Taze-
laar HD, Ryu JH. Hot tub lung: presenting features 
and clinical course of 21 patients. Respir Med 2006; 
100(4):610–615.

	 7.	Robertson W, Robertson AS, Burge CB, et al. Clini-
cal investigation of an outbreak of alveolitis and 
asthma in a car engine manufacturing plant. Thorax 
2007;62(11):981–990.

	 8.	Milanowski J, Dutkiewicz J, Potoczna H, Kus L, 
Urbanowicz B. Allergic alveolitis among agricultural 
workers in eastern Poland: a study of twenty cases. 
Ann Agric Environ Med 1998;5(2):31–43.

	 9.	Moreno-Ancillol A, Domínguez-Noche C, Gil-
Adrados AC, Cosmes PM. Hypersensitivity pneu-
monitis due to occupational inhalation of fungi-
contaminated corn dust. J Investig Allergol Clin 
Immunol 2004;14(2):165–167.

10.	Channell S, Blyth W, Lloyd M, et al. Allergic alveoli-
tis in maltworkers: a clinical, mycological, and immu-
nological study. Q J Med 1969;38(152):351–376.

11.	Campbell JA, Kryda MJ, Treuhaft MW, Marx JJ, 
Roberts RC. Cheese worker’s hypersensitivity pneu-
monitis. Am Rev Respir Dis 1983;127(4):495–496.

12.	Morell F, Roger A, Cruz MJ, Munoz X, Rodrigo 
MJ. Suberosis: clinical study and new etiologic 
agents in a series of eight patients. Chest 2003;124 
(3):1145–1152.

13.	Cormier Y, Israël-Assayag E, Bédard G, Duchaine 
C. Hypersensitivity pneumonitis in peat moss pro-
cessing plant workers. Am J Respir Crit Care Med 
1998;158(2):412–417.



RG  ■  Volume 29  •  Number 7	 Hirschmann et al  1937

14.	Lodha S, Sharma OP. Hypersensitivity pneumonitis 
in a saxophone player [letter]. Chest 1988;93(6): 
1322.

15.	Tanaka H, Saikai T, Sugawara H, et al. Three-year 
follow-up study of allergy in workers in a mushroom 
factory. Respir Med 2001;95(12):943–948.

16.	Akizuki N, Inase N, Ishiwata N, et al. Hypersensitiv-
ity pneumonitis among workers cultivating Tricho-
loma conglobatum (shimeji). Respiration 1999;66 
(3):273–278.

17.	Merget R, Sander I, Rozynek P, Raulf-Heimsoth 
M, Bruening T. Occupational hypersensitivity pneu-
monitis due to molds in an onion and potato sorter. 
Am J Ind Med 2008;51(2):117–119.

18.	Morell F, Roger A, Reyes L, Cruz MJ, Murio C, 
Munoz X. Bird fancier’s lung: a series of 86 patients. 
Medicine (Baltimore) 2008;87(2):110–130.

19.	Haitjema T, van Velzen-Blad H, van den Bosch JM. 
Extrinsic allergic alveolitis caused by goose feathers 
in a duvet. Thorax 1992;47(11):990–991.

20.	Meyer FJ, Bauer PC, Costabel U. Feather wreath 
lung: chasing a dead bird. Eur Respir J 1996;9(6): 
1323–1324.

21.	Riley DJ, Saldana M. Pigeon breeder’s lung: sub-
acute course and the importance of indirect expo-
sure. Am Rev Respir Dis 1973;107(3):456–460.

22.	Orriols R, Aliaga JL, Anto JM, et al. High preva-
lence of mollusk shell hypersensitivity pneumonitis 
in nacre factory workers. Eur Respir J 1997;10(4): 
780–786.

23.	Pimentel JC. Furrier’s lung. Thorax 1970;25(4): 
387–398.

24.	Tajima S, Kon H, Oshikawa K, Bando M, Ohno S, 
Sugiyama Y. Hypersensitivity pneumonitis induced 
by Konjak flour and powdered Hijikia fusiforme. 
Intern Med 2003;42(9):846–849.

25.	Yoshizawa Y, Ohtsuka M, Noguchi K, Uchida Y, 
Suko M, Hasegawa S. Hypersensitivity pneumonitis 
induced by toluene diisocyanate: sequelae of con-
tinuous exposure. Ann Intern Med 1989;110(1): 
31–34.

26.	Yi ES. Hypersensitivity pneumonitis. Crit Rev Clin 
Lab Sci 2002;39(6):581–629.

27.	Allen DH, Basten A, Williams GV, Woolcock AJ. 
Familial hypersensitivity pneumonitis. Am J Med 
1975;59(4):505–514.

28.	Ohtsuka Y, Munakata M, Tanimura K, et al. Smok-
ing promotes insidious and chronic farmer’s lung 
disease, and deteriorates the clinical outcome. In-
tern Med 1995;34(10):966–971.

29.	Sanderson W, Kullman G, Sastre J, et al. Outbreak 
of hypersensitivity pneumonitis among mushroom 
farm workers. Am J Ind Med 1992;22(6):859–872.

30.	Fink JN. Hypersensitivity pneumonitis. Clin Chest 
Med 1992;13(2):303–309.

31.	Mohr LC. Hypersensitivity pneumonitis. Curr Opin 
Pulm Med 2004;10(5):401–411.

32.	Agostini C, Trentin L, Facco M, Semenzato G. New 
aspects of hypersensitivity pneumonitis. Curr Opin 
Pulm Med 2004;10(5):378–382.

33.	Patel AM, Ryu JH, Reed CE. Hypersensitivity pneu-
monitis: current concepts and future questions. J 
Allergy Clin Immunol 2001;108(5):661–670.

34.	Knockaert DC, Vanneste LJ, Bobbaers HJ. Recur-
rent or episodic fever of unknown origin: review of 
45 cases and survey of the literature. Medicine (Bal-
timore) 1993;72(3):184–196.

35.	Dickie HA, Rankin J. Farmer’s lung: an acute gran-
ulomatous interstitial pneumonitis occurring in 
agricultural workers. J Am Med Assoc 1958;167(9): 
1069–1076.

36.	Bishop JM, Melnick SC, Raine J. Farmer’s lung: 
studies of pulmonary function and aetiology. Q J 
Med 1963;32(127):257–278.

37.	Barrios RJ. Hypersensitivity pneumonitis: histo-
pathology. Arch Pathol Lab Med 2008;132(2): 
199–203.

38.	Coleman A, Colby TV. Histologic diagnosis of ex-
trinsic allergic alveolitis. Am J Surg Pathol 1988;12 
(7):514–518.

39.	Reyes CN, Wenzel FJ, Lawton BR, Emanuel DA. 
The pulmonary pathology of farmer’s lung disease. 
Chest 1982;81(2):142–146.

40.	Trahan S, Hanak V, Ryu JH, Myers JL. Role of sur-
gical lung biopsy in separating chronic hypersensitiv-
ity pneumonitis from usual interstitial pneumonia/
idiopathic pulmonary fibrosis: analysis of 31 biopsies 
from 15 patients. Chest 2008;134(1):126–132.

41.	Emanuel DA, Wenzel FJ, Lawton BR. Pneumonitis 
due to Cryptostroma corticale (maple-bark disease). 
N Engl J Med 1966;274(25):1413–1418.

42.	Venho KK, Selroos O, Haahtela T, Monkare S. 
Splenic granulomas in farmer’s lung disease: an 
extrapulmonary manifestation of extrinsic allergic 
alveolitis. Acta Med Scand 1982;211(5):413–414.

43.	Konig G, Baur X, Fruhmann G. Sarcoidosis or 
extrinsic allergic alveolitis? Respiration 1981;42(3): 
150–154.

44.	Churg A, Muller NL, Flint J, Wright JL. Chronic hy-
persensitivity pneumonitis. Am J Surg Pathol 2006; 
30(2):201–208.

45.	Vourlekis JS, Schwarz MI, Cool CD, Tuder RM, 
King TE, Brown KK. Nonspecific interstitial pneu-
monitis as the sole histologic expression of hyper-
sensitivity pneumonitis. Am J Med 2002;112(6): 
490–493.

46.	Ohtani Y, Saiki S, Kitaichi M, et al. Chronic bird 
fancier’s lung: histopathological and clinical correla-
tion—an application of the 2002 ATS/ERS consensus 
classification of the idiopathic interstitial pneumonias. 
Thorax 2005;60(8):665–671.

47.	Unger GF, Scanlon GT, Fink JN, Unger JB. A 
radiologic approach to hypersensitivity pneumonias. 
Radiol Clin North Am 1973;11(2):339–356.

48.	Chasse M, Blanchette G, Malo J, Malo JL. Farmer’s 
lung presenting as respiratory failure and homoge-
neous consolidation. Chest 1986;90(5):783–784.



1938  November-December 2009	 radiographics.rsna.org

49.	Cook PG, Wells IP, McGavin CR. The distribution 
of pulmonary shadowing in farmer’s lung. Clin Ra-
diol 1988;39(1):21–27.

50.	Remy-Jardin M, Remy J, Wallaert B, Muller NL. 
Subacute and chronic bird breeder hypersensitivity 
pneumonitis: sequential evaluation with CT and 
correlation with lung function tests and bronchoal-
veolar lavage. Radiology 1993;189(1):111–118.

51.	Cormier Y, Brown M, Worthy S, Racine G, Muller 
NL. High-resolution computed tomographic char-
acteristics in acute farmer’s lung and in its follow-
up. Eur Respir J 2000;16(1):56–60.

52.	Silva CI, Churg A, Muller NL. Hypersensitivity 
pneumonitis: spectrum of high-resolution CT and 
pathologic findings. AJR Am J Roentgenol 2007;188 
(2):334–344.

53.	Hansell DM, Wells AU, Padley SPG, Muller NL. 
Hypersensitivity pneumonitis: correlation of indi-
vidual CT patterns with functional abnormalities. 
Radiology 1996;199(1):123–128.

54.	Webb WR, Muller NL, Naidich DP. Hypersensitiv-
ity pneumonitis and eosinophilic lung diseases. In: 
Webb WR, Muller NL, Naidich DP, eds. High-
resolution CT of the lung. 4th ed. Philadelphia, Pa: 
Lippincott Williams & Wilkins, 2009; 156–157.

55.	Franquet T, Hansell DM, Senbanjo T, Remy-Jardin 
M, Muller NL. Lung cysts in subacute hypersensi-
tivity pneumonitis. J Comput Assist Tomogr 2003; 
27(4):475–478.

56.	Adler BD, Padley SP, Muller NL, Remy-Jardin M, 
Remy J. Chronic hypersensitivity pneumonitis: high-
resolution CT and radiographic features in 16 cases. 
Radiology 1992;185(1):91–95.

57.	Lynch DA, Newell JD, Logan PM, King TE, Muller 
NL. Can CT distinguish hypersensitivity pneumoni-
tis from idiopathic pulmonary fibrosis? AJR Am J 
Roentgenol 1995;165(4):807–811.

58.	Silva CI, Muller NL, Lynch DA, et al. Chronic hy-
persensitivity pneumonitis: differentiation from idio-
pathic pulmonary fibrosis and nonspecific interstitial 
pneumonia by using thin-section CT. Radiology 
2008;246(1):288–297.

59.	Burrell R, Rylander R. A critical review of the role 
of precipitins in hypersensitivity pneumonitis. Eur J 
Respir Dis 1981;62(5):332–343.

60.	Ohtani Y, Kojima K, Sumi Y, et al. Inhalation prov-
ocation tests in chronic bird fancier’s lung. Chest 
2000;118(5):1382–1389.

61.	Ramirez-Venegas A, Sansores RH, Perez-Padilla R, 
Carrillo G, Selman M. Utility of provocation test for 
diagnosis of chronic pigeon breeder’s disease. Am J 
Respir Crit Care Med 1998;158(3):862–869.

62.	Meyer KC. Bronchoalveolar lavage as a diagnostic 
tool. Semin Respir Crit Care Med 2007;28(5): 
546–560.

63.	Fournier E, Tonnel AB, Gosset P, Wallaert B, 
Ameisen JC, Voisin C. Early neutrophil alveolitis 
after antigen inhalation in hypersensitivity pneu-
monitis. Chest 1985;88(4):563–566.

64.	Lacasse Y, Selman M, Costabel U, et al. Clinical di-
agnosis of hypersensitivity pneumonitis. Am J Respir 
Crit Care Med 2003;168(8):952–958.

65.	Cormier Y, Belanger J, Beaudoin J, Laviolette M,  
Beaudoin R, Hebert J. Abnormal bronchoalveolar la-
vage in asymptomatic dairy farmers: study of lympho-
cytes. Am Rev Respir Dis 1984;130(6):1046–1049.

66.	Leblanc P, Belanger J, Laviolette M, Cormier Y. 
Relationship among antigen contact, alveolitis, and 
clinical status in farmer’s lung disease. Arch Intern 
Med 1986;146(1):153–157.

67.	Perez-Padilla R, Salas J, Chapela R, et al. Mortality 
in Mexican patients with chronic pigeon breeder’s 
lung compared with those with usual interstitial 
pneumonia. Am Rev Respir Dis 1993;148(1):49–53.

68.	Ando M, Arima K, Yoneda R, Tamura M. Japanese 
summer-type hypersensitivity pneumonitis: geo-
graphic distribution, home environment, and clini-
cal characteristics of 621 cases. Am Rev Respir Dis 
1991;144(4):765–769.

69.	Hanak V, Golbin JM, Ryu JH. Causes and present-
ing features in 85 consecutive patients with hyper-
sensitivity pneumonitis. Mayo Clin Proc 2007;82 
(7):812–816.

70.	Kokkarinen JI, Tukiainen HO, Terho EO. Effect of 
corticosteroid treatment on the recovery of pulmo-
nary function in farmer’s lung. Am Rev Respir Dis 
1992;145(1):3–5.

71.	Monkare S, Haahtela T. Farmer’s lung—a 5-year 
follow-up of eighty-six patients. Clin Allergy 1987; 
17(2):143–151.

72.	Braun SR, doPico GA, Tsiatis A, Horvath E, Dickie 
HA, Rankin J. Farmer’s lung disease: long-term 
clinical and physiologic outcome. Am Rev Respir 
Dis 1979;119(2):185–191.

73.	Lalancette M, Carrier G, Laviolette M, et al. Farm-
er’s lung: long-term outcome and lack of predictive 
value of bronchoalveolar lavage fibrosing factors. 
Am Rev Respir Dis 1993;148(1):216–221.

74.	Zacharisen MC, Schlueter DP, Kurup VP, Fink JN. 
The long-term outcome in acute, subacute, and 
chronic forms of pigeon breeder’s disease hypersen-
sitivity pneumonitis. Ann Allergy Asthma Immunol 
2002;88(2):175–182.

75.	Vourlekis JS, Schwarz MI, Cherniack RM, et al. The 
effect of pulmonary fibrosis on survival in patients 
with hypersensitivity pneumonitis. Am J Med 2004; 
116(10):662–668.

76.	Hanak V, Golbin JM, Hartman TE, Ryu JH. High-
resolution CT findings of parenchymal fibrosis cor-
relate with prognosis in hypersensitivity pneumoni-
tis. Chest 2008;134(1):133–138.

77.	Lima MS, Coletta EN, Ferreira RG, et al. Sub-
acute and chronic hypersensitivity pneumonitis: 
histopathological patterns and survival. Respir 
Med 2009;103(4):508–513.

This article meets the criteria for 1.0 credit hour in category 1 of the AMA Physician’s Recognition Award. To obtain
credit, see accompanying test at http://www.rsna.org/education/rg_cme.html.



RG Volume 29 • Number 5   •  November-December 2009 Hirschmann et al 

 

Hypersensitivity Pneumonitis: A Historical, Clinical,  
and Radiologic Review 
 
Hirschmann et al 

 
Page 1922 
Publications have delineated numerous types of hypersensitivity pneumonitis, particularly from 
occupational exposures, but sometimes from hobbies, recreational activities, or contaminated air 
systems. The reported culprits have included microbes, animal and plant proteins, and low-
molecular-weight chemicals that combine with host proteins to form haptens. 
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Although symptoms occasionally develop after just a few weeks of contact with the allergen, most 
cases of hypersensitivity pneumonitis occur following months or years of continuous or intermittent 
inhalation of the inciting agent. For example, the average duration of exposure before symptom onset 
is approximately 9 years among those with bird fancier’s disease, 5 years among those with mushroom 
worker’s lung, 11 years among those with mollusk shell hypersensitivity pneumonitis, and 2 years 
among those with hot tub lung. 
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Most cases of hypersensitivity pneumonitis, whether acute or insidious, include the following four 
histologic features in variable amounts and combinations: (1) cellular bronchiolitis, which is the 
presence of chronic inflammatory cells lining the small airways, sometimes with resultant epithelial 
ulceration; (2) diffuse chronic interstitial inflammatory infiltrates, primarily consisting of lymphocytes 
and plasma cells but often including eosinophils, neutrophils, and mast cells; (3) poorly 
circumscribed interstitial nonnecrotizing (noncaseating) granulomas consisting of lymphocytes, 
plasma cells, and epithelioid histiocytes, with or without giant cells; and (4) individual giant cells in 
the alveoli or interstitium. 
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The typical high-resolution CT abnormalities in hypersensitivity pneumonitis of acute onset and 
insidious onset without fibrosis include ground-glass opacity, air trapping, and centrilobular ground-
glass opacities. 
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This finding is the most common bronchoalveolar lavage feature in hypersensitivity pneumonitis: The 
white blood cell count is increased, with lymphocytes accounting for at least 20%–30% of white blood 
cells, but commonly more than 50%. 
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