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HYPERSENSITIVITY PNEUMONITIS
Jordan Fink

INTRODUCTION AND DEFINITION

Hypersensitivity pneumonitis comprises a
group of allergic lung diseases resulting from
sensitization and recurrent exposure to inhaled
organic dusts. The disease is a diffusc, predom-
inantly mononuclear inflammation of the lung
parcnchvma, particularly the terminal bron-
chioles and alveoli. The inflammation often or-
ganizes into granulomas and may progress to
fibrosis. A wide variety of dusts can cause the
disease. These include: moldy fodder in farmer’s
lung; moldy sugar cane in bagassasis; bird drop-
pings ar other avian proteins in bird handler’s
lung; and mold spores in maple bark stripper’s
disease. Most individuals who develop hypersen-
sitivity pneumonitis are exposed through their
occupation. However, recent information has in-
dicated that sensitizing organisms ¢an also con-
taminate and be dispersed through forced air
heating, humidification, or air conditioning sys-
tems, causing pulmonary disease in home and
office occupants,*

No single ¢linical feature or labaratory test
is diagnostic of the disease. Rather, the diagnosis
is made from a combination of characteristic
symptoms, physical findings, x-ray abnormali-
ties, pulmonary function and immunologic tests.
The demonstration of precipitating antibodies
to a suspected inhaled antigen is particularly
helpful. Occasionally, lung biopsy or inhalation
challengc is nceded. The diagnosis should be
suspected in patients exposed to one of the of-
fending antigens who have either repeated bouts
of influenza-like pneumonitis or active interstitial
lung disease. Although clinical and laboratory
abnormalities tend to disappear when the offend-
ing dust is avoided, continued exposurc may
result in irreversible pulmonary damage. The
allergic mechanisms and pathogenesis respon-
sible for the development of this group of
diseases arc incompletcly understood. Most in-
*Ree Kay Kreiss, M.DD., Building-Associated Epidemics

dividuals exposed t0 an incriminated dust fail
to develop disease. A number of the interstirial
lung diseases of unknown etiology bear clinical
and pathological similarities to hypersensitivity
pneumonitis.

Certain types of hypersensitivity pneumo-
nitis may be of particular importance. Maple
bark stripper’s disease, for example, is a hvper-
sensitivity pneumonitis essentially eliminated by
recognizing the conditions necessary for its
development. Hypersensitivity secondary to con-
taminated forced air and humidification systems
is potentially of great practical importance, con-
sidering the widespread use of these systems.
Allergic bronchopulmonary aspergillosis is typi-
fied by the presence of bronchial asthma and
eosinophilia, findings not common in hypersen-
sitivity pneumonitis. However, the presence of
precipitins to Aspergillus organisms {which col-
onize the airways in this disease) suggests a
possible pathogenetic overlap with hypersen-
sitivity pncumonitis and emphasizes the diverse
ability of lung response to inhaled antigens.

LIST OF CAUSATIVE AGENTS

Hypersensitivity pneumeonitis may occur
following the inhalation and subsequent sen-
sitization of antigens in a wide variety of organic
materials. Offending agents may be bacterial
(thermophilic antinomyvcetes), fungal (Alrernar-
ia, Aspergillus), serum proteins (avian proteins),
chemical {anhydrides), or yet undefined (coffee
dust). See 4 list of such agents on the next page.

LIST OF OCCUPATIONS AND
INDUSTRIES INVOLVED

This is generally covered in the list of
causative agents and is as varied as the variety
of organic dusts which can causc hypersensitivity
pneumonitis. The major occupations and indus-
tries associated with hypersensitivity pneumonitis
are those in which moldy vegetable compost is
handled—which by its very nature is contami-
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Agent

Definite Causative Agents

Thermophilic actinomycetes
Micrapolyspora faeni
Thermoactinomyces vulgaris
Thermoactinomyces viridis
Thermoactinomyces sacharii
Thermoactinomyces candidus

Fungi

Cryptostroma corticale
Aspergillus clavatus
Penicillium frequentans
Penicillium caseii
Alternaria sp.
Pullularia sp.

Mucor sp.

Arthropods
Sitophilus granarius

Animal Proteins
Avian proteins

Chemicals

Phthalic anhvdride
Toluene diisocvanate

Probable Causative Agents

Amocba

Various fungi

B. subtilis

Hair dust

Coffee dust
Trimellitic anhydride

Possible Causative Agents

Altered humidifier water
Various saprophytic [ungi

Disease

Farmer’s lung
Mushroom worker’s fung

Bagassosis
Ventilation pneumonitis

Maple bark stripper’s disease
Malt worker’s lung
Suberosis

Cheese worker’s lung
Woodworker’s lung
Sequoiosis

Paprika splitter’s lung

Wheat weevil disease

Bird breeder’s lung

Epoxy resin worker’s lung
Porcelain refinisher’s lung

Ventilation pneumonilis

Enzyme worker’s lung
Furrier’s lung

Coffee worker’s lung
TMA disease

Humidifier lung
Hypersensitivity pneumonitis

Exposure

Moldy compost

Moldy sugar cane
Contaminatcd forced air
system

Moldy maple bark
Moldy malt

Moldy wark dust
Cheese mold

Moldy waod chips
Moldy redwood dust
Paprika dust

Infested wheat
Avian droppings

Epoxy resin
Paint catalyst

Contaminated systems

Detergent enzymes

Animal proteins
b

Trimelli.tic anhydride

Humidifier water
Contaminated
environments



nated with thermophilic actinomycetes. Thus
farmers (11)(14), sugar cane workers (10), and
mushroom compost handlers (9) are exposed, as
are individuals living or working in environments
with ventilation systems contaminated with these
organisms (5)(26).

Industries in which raw wood products are
handled are prone to the development of hyper-
sensitivity pneumonitis. There are reported prev-
alences in suberosis {cork) (4), sequoiosis (red-
wood)(13), maple bark (20), and wood pulp (57).
Individuals involved in bird handling (pigeon
racers, pigean showers, budgerigar raisers)
develop disease as a result of the inhalation of
proteins from droppings, dander, saliva, and
urine (22)(30)(49)(51).

The discasc had also been described in
chemical manufacturing and processing, espe-
cially when isocyanates and anhydrides are used
(28)}(56). Such arcas include paint spraving and
epoxy manufacture,

Other minor industries in which hypersen-
sitivity pneumonitis may occur are variable and
have little in common. As new areas of exposure
and subsequent discascs arc described, it has
become apparent that a broad variety of inhalant
organic dusts is capable of inducing hypersen-
sitivity pneumonitis.

EPIDEMIOLOGY

Statistical reports of respiratory disease in-
cidence do not commonly categorize hypersen-
sitivity pncumonilis because the disorder is not
vet widely recognized. Partients with this disease
may be categorized under inhalation diseases, in-
terstitial diseases, or occupational airway dis-
eases (see *‘Estimate of Population at Risk and
Prevalence of Disease’’). The scant information
regarding numbers at risk and cstimates of
numbers with diseases are depicted in Table IV-I
(48).

There is little information available regard-
ing a relationship between antigens, exposure,
and disease. In a given population, similarly ex-
posed to a patential sensitizing inhalational
agent, the number of individuals with detectable
disease has ranged from 3% to 15% {12}43).
Yet up to 5(% of exposed but asymptomatic in-
dividuals in similar environments have detectable
humoral or cellular immune responses to the an-
rigen without clinical evidence of disease. Thus,
some other unknown factor(s) is important in

the genesis of hypersensitivity pneumonitis.
These may include:

1. Genetic factors — Recent evidence has
demonstrated that pigeon breeder’s
disease is not associated with genetic im-
munologic responsiveness as determined
by HLA typing of ill and well pigeon
breeders (54). Other evidence has sug-
gested that larmer’s lung or pigeon
breeder's disease mayv be under genetic
control with an increased frequency of
the HLA haplotype in ill individuals (1)
{31). Additional studies are necessary to
confirm this.

2. Infection—Recent evidence, using animal
modcls of hypersensitivity pneumonitis,
suggests that some inflammatory event
must occur in the lung—in addition to
recurrent antigen inhalation exposure—
for disease to develop. Animals chroni-
cally exposed to pigeon antigens demon-
strated an immung response, but no
pulmonary inflammation was evident un-
til an agent such as BCG or carageenen
was given (46). Such agents, including in-
fectious organisms, may stimulate the
immune response by adjuvant action or
by enhancement of antigen absorplion
through inflamed mucosa.

3. Toxle factors—The induction, progres-
sion, and severity of hypersensitivity
pneumonitis may be related to a variety
of toxic exposures. Possible toxicants in-
clude tobacco smoke, air pollution, and
industrial exposurcs. A recent study has
linked the occurrence of pigeon breeder’s
disease with the use of hexachloroben-
zene as a disinfectant in pigeon lofts (1),
The factors may ecnhance absorption of
antigens as 4 result of pulmonary inflam-
mation. They may also increase local im-
nune responses or may act systemically
as adjuvants.

ESTIMATE OF POPULATION AT RISK
AND PREVALENCE OF DISEASE

Hypersensitivity pneumonitis is not cat-
egorized in statistical reports of respiratory
disease incidence. Because of its clinical presen-
tation and pathophysiology, this disease may be
classificd with inhalation diseases, or even dis-
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eases of the airways. Data are available on a few
specific forms—especially farmer’s lung—which
have been studied in England and the United
States. Even this information is sketchy because
closed populations of farmers have scldom been
studied; and while some prevalence data are
available, little or no incidence data have been
published.

Grant and associates in a study of 635 farm
workers in Scotland, found the prevalence of
farmer’s fung to range from 2.3% 1o 8.6% in
three dilferent counties {34). Staines and co-
workers, in another British study. estimated the
prevalence of farmer’s lung in twa communitics
to range from 0.5% to 1% of the {arm popula-
tion (61). A more recent study of 23 farmers by
Morgan and co-warkers, in an area endemic for
farmer’s lung, showed that 9 (9.6%) had typical
clinical histories of farmer’s lung (47).

A recent U.5. study surveyed 471 persons
associated with farming or dairy production (42).
A history typical of farmer’s lung syndrome was
given by 14 (3.9%) of the population. The prev-
alenee of farmer’s lung in this cammunity lo-
cated in western Wyoming was camparable to
the British and Scottish studies. There is little
doubt that farmer’s lung is an important occupa-
tional illness in farmers in this country, but the
diagnosis may be frequently overlooked due to
lack of patient and/or physician awareness.
Smyvth and co-workcers found that less than 45%
of patients with farmer’s lung were diagnosed
during the first year of their illness.

Recently 1,045 dairy farmers in central Wis-
consin were surveyed for precipitins to a panel
of antigens including (hermaophilic actinomy-
cetes, aspergillus, and pigeon serum (43). Eight
and one-half percent of the group had precipi-
tating antibodies to one or more of the ther-
mophilic actinomyccics while 0.4 % had precip-
itins to one of the aspergilli. All of the in-
dividuals with precipiting were further evaluated.
Thirty-six percent had a positive history of
farmer’s lung; 10% had a qucstionablc history.
Based on these findings, there exists a potential
development of approximately 32 cases of
farmer’s lung per 1,000 in the dairy farmer pop-
ulation. This would result in 4,800 cases in the
State of Wisconsin alone, a figure far exceeding
the frequency of many other diseases. Such a
high estimated prevalence is particularly alarm-
ing hecause these patients are at risk of develop-
ing chronic irreversible lung damage.

Estimates of the socioeconomic impact of
farmer’s lung are difficult to make. If the def-
initive treatment 15 to remove the farmer trom
his environment, the consequences are far reach-
ing. The average dairy farmer at age 45 knows
no other occupation. His farm—which is his
home, as well as his place of business—oficn
represents a considerable investment which may
not be easily redeemable. Furthermore, farm
wives seldom have outside cployment and are
generally not prepared to become part of an out-
side work force. Thus, the impact of such a
situation on the family is apparent.

Changing farm practices could produce an
environment relatively free of exposure to ther-
mophilic actinomycetes. However, sufficient in-
formation is not currently available to determine
the cost and effectiveness of the changes. There
have been isolated instances where the farm en-
vironmeni and practices have been altered, but
at a prohibitive cost of $50,000 to $100,000
(Wenzel, T'., personal communication).

Of the over 600 cases of bagassosis referred
to in the literature, approximately 500 have been
detected in Louisiana. However, the disease is of
worldwide distribution and occurs wherever
sugar cane is processed. Cases have been report-
ed from Louisiana, Texas, Missouri, Illinois,
Puerto Rico, India, Cuba, Italy, England, and
Peru (49). Scveral cases have been seen in nonoc-
cupationally exposed individuals such as persons
using the marterial as a garden mulch; housewives
residing in homes several miles downwind from
sugar cane fields and processing areas; and em-
ployees working in air conditioned offices at or
near sugar Cane processing arcas.

Pigeon breeder’s disease has been estimated
to oceur in 6% to 15% of individuals who raise
pigeons for a hobby (12)(29). There are approx-
imately 75,000 breeders in the United States;
therefore, if the estimated prevalence is correct,
up to 10,000 of these individuals could develop
irreversible lung damage.

Studies of several office worker populations
exposed to contaminated air cooling svstems have
demonstrated a prevalence of hypersensitivity
pneumonitis, 15% in one such ocutbreak (5) and
less than 1% in another (3).

Thus, although specific prevalence and in-
cidence data are nor available for cach type of
hypersensitivity pneumonitis, it is known thart the
disease represents a serious health problem in
many occupations. [t is also believed to occur
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more frequently in home and office environ-
ments than has been recognized (23).

PATHOLOGY, PATHOGENESIS AND
PATHOPHYSIOLOGY

The lung is 2 unique organ in that it is
presented with an extremely large number and
variety of potential antigens. Important antigenic
agents present in organic dusts are derived from
fungal, bacterial, or serum protein sources.
Because of the small particle size of thesc dusts
(usuaily less than 5 um), large quantities of an-
tigenic material can be deposited at the alveolar
level as well as in the airways. Under certain cir-
cumstances, this antigenic challenge can resubt
in an immunologic response producing reactions
in the airways and lung parenchyma. The clinical
response to this challenge depends on the per-
son’s immunologic reactivity, i.e., atopic or non-
atopic, the nature of the dust, the size of the par-
ticles, and the intensity of the exposurc (par-
ticularly whether it is regular or intermittent)(49).
The list of causative agents lists the various
hypersensitivity pneumonitides and includes the
type of exposure and the specific causatlive agent
when it is known.

Pathelogy

Pathologic variation depends more on the
timing of the antigen exposure than on the
character of the offending antigen, since
pathaologic cvents are similar during the disease
course for the different clinical entities (farmer’s
lung, bird fancier’s lung, mushroom worker’s
lung, etc.). The intensity of any acutc inflam-
matory cvenl appears to vary with the dose of
the specific antigen delivered to the lung and the
interval between acutc ¢xposure and past epi-
sades.

The lung morphology during acuic clinical
episodes is that of an acute granulomatous in-
terstitial pneumeonitis (Figure I1V-1). The alveolar
spaces contain numerpus macrophages and
foreign body giant cells, as well as neutrophils,
and a modest number of cosinophils. The macro-
phages frequently contain some stainable neutral
fat. The alveolar walls are often thickened,
edematous, and infiltrated by neutrophils, a few
eosinophils, and macrophages. As the chronici-
ty of the process develops, the inflammatory ex-
udate within the interstitial (issue has more of
a plasmacytic or lymphocytic character. The in-
flammatory exudate is pauciceliular in the earli-
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est stages; some fibrinous exudate may also pre-
cede the inflammatory cells. The granulomalous
lesions consist of dense collections of plump
epithelioid cells arranged in palisaded fashion,
and often surround zones of liquefaction necrosis
in which some necratic tissue debris and a few
inflammartory cells remain. Bronchioles are often
involved and demonstrate a necrotizing process
which destroys portions of their mural structure
and occludes the bronchielar lumen with macro-
phages, inflammatory cells, and tissue debris.
The bronchiolar epithelium may be destroyed
and replaced by flat, regenerating epithelium.
The involved adjacent alveoli are lined by hyper-
trophied cuboidal cpithelial cells {59),

As the process unfolds, its course may be
influenced by several factors: the degree of sen-
sitization 10 the offending, specific antigenic
material; the amount of antigen presented in the
current episade; and the number and timing of
any repeat exposures to the same antigen. If the
dcgree of sensitivity is minimal, or the antigen
dose encountered during the inciting episode
small and the ¢ncounier not repeated, the inflam-
matory episode may resolve with little or no
residual tissue changes. If the inflammatory pro-
cess persists—either due to persistence of the
chronic reaction or 1o the periodic recurrence of
acute exerbations—the lung will suffer insidious
or episodically overt continued tissue destruction.
Noncaseating granlomas may then be seen with
greater [requency. The inflammatory exudare
within alveolar spaces and bronchiolar lumenina
may become invaded with fibroblastic cells and
will contain distinctive Masson bodies which are
cvidence of organizarion of alveolar exudare. The
chronic inflammatory exudate within the in-
terstitial and alveolar septa will increase in
amount; will be characterized by a greater
number of plasma cells; and will become thicken-
ed by fibroblastic invasion and hypertrophied
alvecolar epithelial cells (19).

After a prolonged period of repeated acute
insults and persistent chronic inflammation, dif-
fusc interstitial fibrosis or honeycomb lung may
develop. Within the fibrosis, inflammation may
persist in the interstitial and alveolar septa which
will have been thickened by mature collagenous
connective tissue and some residual chronic in-
flammatory cells. Noncaseating granulomas are
infrequent or absent and may be replaced by col-
lagen or hyalinized tissue, The alveolar spaces
are modestly enlarged and the walls thickened
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Figure IV1. Photomicrograph ol lung biopsy fram 23-year-old weman with hypersensitivity
pneumonitis due to contaminaticn of 1the home humidification system. Sarcoid like granuloma
formation and diffuse lymphocytic infiltration is avident.

by fibrosis and alveolar ccll hyperplasia, Intra-
alveolar organizing Masson bodies are seen.
Small muscular arteries are thickened and scle-
rotic. In honevcomb lung, a sumilar residual
chronic inflammatery process may be present in
the interstitial and intra alveolar spaces, and the
airspaccs are enlarged and cyst-like—veaching a
dimension of .5 cm to 1.0 cm. The walls of these
spaces are fibrotic; contain elements of hyper-
traphied smooth muscle, plasmacytes, and lym-
phocytes; and are frequently lined by hyper-
trophied bronchial epithelial cells. The muscular
arteries and arterioles are markedly thickened
{59).

The characteristic abnormality in acute
tissue reaction is acute inflammaltion along with
granulomas composed of plump epithelioid cells
with necrosis and tissue destruction. The pres-
ence of large foamy macrophages has been most
frequently observed in bird fancier’s lung (37)
(Figure TV-2}.

While bronchioles may be involved with a

resulting obstructive organizing bronchiolitis, the
lesion iy clearly alveolar, inflammalory, and
capable of tissue destruction. Since the involve-
ment is usually focal and does not involve large
amounts of lung tissue, the funcrional abnor-
malities observed may reflect alveolar wall in-
volvement and, to a lesser degree, airways dis-
ease, which can produce a decrease in the diffu-
sion capacity of the lung and slight compromise
in tests of ventilation. In later stages, the lesions
show evidence of tissue loss and some form of
fibrosis or scarring.

Pathogenesis and Immunopathology

The potential antigens for hypersensitivity
pncumaonitis are almost infinite when one con-
siders the number and varieties of substances
inhaled into the lungs during a lifetime. A com-
plex relationship must exist between the type and
dose of inhaled antigen, the removal mecha-
nisms, and the lung’s defense systems.
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Figure iV-2. Photomicrograph of lung biopsy from 45-year-old pigeon breeder with recurrent
acute episodes. Lymphacytic interstitial inliliration, foamy macrophages, and granuloma
formation are evident.

Figure IV.3. Immunodittusion in agar of patient’s serum (center wells) againsi pigeon aniigens
(peripheral wells) resulting in precipitin reaction.
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The immunologic hallmark of hypersen-
sitivity pneumonitis is the presence of serum
precipiting to the inhaled antigen (49) (Figure
IV-3). Precipiting are present in over 90% of pa-
tients with clinical disease and are usually of the
IgG class of immunoglobulins. In comparison,
as many as 50% of individuals with appropriate
exposure 10 the antigen also have precipitins, but
arc asymptomatic (24). These percentages prob-
ably represent minimal estimates since the detec-
tion accuracy depends on the sensitivity of meth-
ods emploved and the number and diversity of
antigenic preparations available for testing. There
is considerable overlap in the titers of symp-
tomatic and asymptomatic individuals, therefare,
the titer itself is neither diagnastic nor prognostic,

With the exception of patients who have an
asthmatic response to an inhaled antigen, the role
of serum antibodics is not clear and may repre-
sent a natural immune response to an inhaled an-
tigen. The elevated specific IgE antibody is pre-
sent only in atopic individuals who have the im-
mediate airways obstructive reaction character-
istic of asthma.

The immunologic events responsible for the
physiologic and anatomic abnormalities in acute
and chronic hypersensitivity pneumonitis are not
well understood. There {s cvidence both for and
against an immune complex role. The presence
of 1gG precipitating antibodies in the majority
of paticnts, and the tempaoral relationship be-
tween antigenic exposure and the onsel ol acule
illness (4-10) hours) are compatible with an im-
mune complex and complement-mediated (Arthus-
type) immunologic reaction. In addition, lung
biopsies obtained during acute reactions show in-
filtration of the alveolar walls chiefly with lvm-
phocyles and plasma cells while polymarpho-
nuclear leukocytes and eosinophils occur only in
modest numbers. Within the alveoli are foamy
macrophages that contain C3 (67). In contrast
to the findings in cxperimental Arthus-type reac-
tions, there is no direct relationship between the
antibody titer and the severity of the acute reac-
tion in paticnts with hvpersensitivity pneumaon-
itis, In some patients the precipitin titers may fall
below the level of detection, vet clinical sensitivity
persists (49), Patients with chronic hypersensitivi-
1y pneumonitis may have low antibody levels in
their sera although their broncho-alveolar lavage
fiuids contain increased concentrations of I1gG,
and in many instances, increased titers of anti-

body against the presumed etiologic agent (52),
However, attempts to demonstrate immune ¢om-
plexes within alveolar lesions have been unsuc-
cessful.

Additional evidence that IgG mediated reac-
tions are not solely responsible for hypersensitivi-
ty pneumeonitis comes from animal studies. In
guinea pigs sensitized so that they produced an-
tibodies but not cellular immunity, inhalation
challenges produced a hemorrhagic alveolitis that
was not morphelogically compatible with
farmer’s lung (53). Moreover, it has not been
possible to passively transfer the disease to
maonkeys with antibody-containing serum (36).
Thus, even though skin testing of persons with
pigeon breeder’s disease {with pigeon serum) pro-
duces Arthus-like responses at 4-6 hours, current
evidence suggests that this reaction, like the
serum precipitins, is a consequence of antigenic
expasure. Its relationship 10 the pathogenesis of
the disease is unclear. Similar studies are not cur-
rently feasible in exposed farmers hecause there
are no generally available soluble extracts of ther-
mophili¢ actinomycetes suitable for skin testing
for farmer’s lung. Additional evidence for the
participation of humoral factors in hyper-
sensitivity pneumeonitis includes demonstrations
that the alternate pathway of complement fixa-
tion may be activated by spores of thermophilic
actinomycetes (16). This pathway may play a
direct role in the genesis of the inflammatory
response within the lung or may interact with the
circulating antibody and immune complexes to
induce lesions.

Other evidence suggests a role for cell-med-
iated immune responses in the pathogenesis of
hypersensitivity pneumonitis. Biopsies show lym-
phoid cell infiltrations and granuloma formation
suggesting this type of immune response. Lym-
phocytes from patients with pigeon breeder’s
disease or farmer’s lung may produce a mac-
rophage migration inhibition factor when exposed
to the appropriate antigens in vitro, and blood
Ivmphocytes from symptomatic pigeon breeders
may respond te pigeon serum antigens with in-
creased thymidine incorporation (lymphocyte
transformation) (35)(45). Analyses of peripheral
lymphocyte subpopulations in patients with hy-
persensitivity pneumonitis have demonstrated
reduced circularing T-cells in those with active
discase {32), and analyses of lavage lymphocyte
subpopulations of patients with chronic hyper-
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sensitivity pneumonitis have demonstrated a
significant increase in T-cells when compared
with blood (52).

Animal data are also compatible with a cell-
mediated reaction in hypersensitivity pneumo-
nitis. Guinea pigs with delayed hypersensitivity
to protein antigens respond to inhalation chal-
lenge with the production of interstitial infiltra-
tions that resemble the acute disease in humans
{53). Similar lesions have been induced in mon-
keys by passive transfer of cells from donors sen-
sitized to pigeon serum {36). Antibodies and
complement were not detectable in the pulmo-
nary lesions of recipients. Although these obser-
vations strongly suggesi ccll-mediated immuni-
ty plays a role in the pathogenesis of hyvpersen-
sitivity pneumonitis, it does not exclude the pos-
sibility that a combination of immune complex
and complement along with cell-mediated reac-
tions are necessary for production of clinical
hypersensitivity pneumonitis in exposed individ-
uals,

Most patients with hypersensitivity pneumo-
nitis have demoenstrable precipitating antibodies
and cellular immune reactions to an offending
antigen. Thus, it is likely that several types of im-
mune reactions are important in the pathogenesis
of the discasc.

Pathophysiology

The nature and extent of the physiologic
events occurring in hypersensitivity pneumonitis
depend primarily on the clinical form of the
discasc.

Acute Form

The acute form of hypersensitivity pneu-
monitis is characterized clinically by chills, fever,
cough, breathlessness without wheezing, and ma-
laise 4-10 hours after antigen exposure (30).
There is some correlation bhetween the severity
of the acute episode and magnitude of the an-
tigenic challenge; however, immunologic respon-
siveness also influences the severity of an attack.
In general, an acute attack subsides after 18 to
24 haurs.

The classic response to antigen exposure
results in maximum changes 8 to 10 hours after
exposure (55). Changes are primarily restrictive
with a decrease in FVC, FEV,, and TLC. There
is littie change in flow rates, butr small airways
obstruction can be demonstrated. There is a
decrease in static compliance, and dynamic com-
pliance becomes frequency dependent. Changes
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in the small airways result in nonuniform ven-
tilation distribution and, in turn, disturbance in
ventilation-perfusion relationships. Hypoxemia
and impaired diffusing capacity are manifesta-
tions of this mismatching (58)(65). Hypoxemia
may also be caused by redistribution of blood
flow with resulting ventilation-perfusion ine-
guality or be secondary to intrapulmonary shunt-
ing of blood. The pulmonary circulatory re-
sponse is unclear in the acute form of hyper-
sensitivity pneumonitis.

Several other patterns of response are seen.
The late reaction can be preceded by an im-
mediate asthmatic reaction with decrease in
FEV, and expiratory flow rates. These changes
resolve in 1 to 2 hours.

In atopic subjects, an acute asthmatic re-
sponse (with wheezing and evidence of airflow
obstruction on standard testing) may occur
within minutes after antigen inhalation (49%55).
This attack may subside with or without treat-
ment, but 4-10 hours later the response will still
occur. Patients with bronchopulmonary aspergil-
losis will also have this dual response. By con-
trast, however, their response is also character-
ized by an ohstructive pattern on standard
physiology testing. Less commonly, a repetitive
asthmatic reaction occurs, resulting in an im-
mediate obstructive type response with resolu-
tion and then a series of asthmatic episodes of
decreasing intensity at 8 to 12 hour intervals for
several days. In addition, there can be an im-
mediate asthmatic reaction which persists for 4
to 6 hours (49).

In the majority of patients with the acute
disease form—particularly with exposure avoid-
ance—pulmonary function returns to normal
within a few weeks to months. Even with repeated
acute artacks, if the exposure is not intense or
frequent, physiclogic function may remain nor-
mal between exposures. '

Subacute Form

A small number of patients show a more
insidious disease form resembling a progressive
chronic bronchitis with productive cough, dysp-
nea, easy fatigue, and weight loss (24)(30){49).
Both restrictive and obstructive defects in pulmo-
nary function can be abserved; the former, how-
ever, predominate along with a decrease in static
lung compliance and diffusing capacity. Hypox-
emia, although only mild at rest, may show a
substantial worsening with exercise. Long-term



avoidance of exposure and administration of
corticosteroids usually result in resolution of
these functional abnormalities.

Chronic Form

Prolonged and intense exposure to an
organic dust causing hypersensitivity pneu-
monitis can lead to the gradual development of
disabling respiratory symptoms with irreversi-
ble physiolagic changes (24)49). Pulmonary
fibrosis is the predominant finding, particular-
ly in farmer’s lung or in patients with chronic
low-level exposure to antigens (6). These patients
have progressive restrictive impairment, a dif-
fusion defect, hypoxemia, and decreased lung
compliance. Pulmonary fibrosis may progress,
even without further exposure and despite cor-
ticasteroid therapy, eventually resulting in res-
piratory failure. A few patients with the chronic
form of the disease have also shown signs and
symptoms of obstructive disease (58). Physiolog-
ic studies show diminished flow rates, hyperin-
flation with markedly elevated residual volume,
decreased diffusing capacity, and a loss of
pulmonary elastic recoil pressure suggestive of
emphysema. Biopsy specimens in these cases have
revealed an obstructive bronchiolitis with distal
destruction of alveali. Avoidance of exposure
(even for prolonged periods), corticosteroids,
and bronchodilator therapy afford only minimal
improvement; the disease tends to be progressive
(30).

CLINICAL DESCRIPTION
Symptoms

The onset may be acute or insidious {24)
{49), When exposure is relatively heavy but in-
termittent, symptoms begin abruptly 4 to 6 hours
later. Chills, fever of 101 to 104 degrees (38.3°
to 40 °C), malaise, dry cough, dyspnea, and easy
fatigability may persist for several weeks, With
repeated exposure, weight loss of 10 to 20 lbs.
is usual. Involvement of the airways is excep-
tional, and most patients do not develop both
asthma and hypersensitivity pneumonitis.

When exposure is (relatively) less intense but
more continuous, chills and fever may not oc-
cur. Exertional dyspnea, cough with scanty
mucopurulent sputum, easy fatigue, and weight
loss are usual symptoms. An acute episode is
rare, unless exposure is exceptionally intense.

In the chronic form of the disease, the
symptoms are mainly respiratory and consist of

progressive shortness of breath, leading to
pulmonary disability. There may be associated
anorexia and weight loss with mucopurulent
sputum, but acute episodes do not cccur {30).

Signs

Inspiratory rales, resembling crackling
cellophane, can be heard throughout the lungs
but are loudest at the bases. The rales may be
heard only at the peak of an acute illness or may
persist for weeks or months, Wheezing or pro-
longed expiration occur occasionally in patients
allergic to birds and a few other antigens, but
does not occur with exposure to thermophilic
actinomycetes. Ankle edema and enlargement of
the liver indicate complicating right-sided heart
failure.

Other aspects of the physical examination
serve mainly to exclude other diagnoses. Peri-
pheral lymphadenopathy does not occur, and
hilar adenopathy is unusual. Complicating ar-
thritis or skin rashes are not observed.

Natural History and Prognosis

With the exception of farmer’s lung, the
number of patients with hypersensitivity pneu-
monitis seen by one group of investigators is
small. This has made large-scale longitudinal
studies difficult and consequently the natural his-
tory of this disease is poorly understood. In ad-
dition, only a few individuals will develop disease
after antigen exposurc. As a result, the problem
may not be recognized in a given case. Often
there will be voluntary avoidance of exposure
by the affected person even though the exact
cause and effect relationship is not understood.

The clinical course of this disease depends
to a large extent on the intensity and duration
of exposure. In general, a brief exposure, even
though intense, will result in an acute reaction
in the sensitive individual followed in several days
to weeks by complete resolution of symptoms
and return of pulmonary function to normal, or
near normal, with avoidance of exposure.
Recovery can be accelerated by the use of cor-
ticosteroids. However, with repeated acute ex-
posure, to an antigen or with chronic low-level
exposure, progressive disabling respiratory symp-
toms with irreversible physiologic changes may
result. This type of exposure has frequently been
found in patients with farmer’s lung.

There is only limited data available on the
long-term prognosis and physiclogic abnor-
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malitics in the chronic phase of hypersensitivity
prneumonitis. A study of 30 patients with farm-
er’s lung disease over an average period of 6
vears showed a mortality rate of 10% (6). In this
same group, 30% had persistent respiratory
symptoms and physiologic abnormalities—with
pulmonary fibrosis being the major problem. In
an carlicr retrospective study of 24 patients, 4
died during the period of observation after a 2
to 10 yvear duration of illness (19). Three of five
patients who had lung biopsy in the acute stage
and subsequently progressed to the chronic stage
have been reported (5Y). A recent study of farm-
er’s lung in Devon, England included 200 pa-
tients diagnoscd between 1939 and 1971 (60).
There were four deaths from farmer’s lung, and
severe disability was present in approximarcly
one-third. Disability was commonly associated
with restriction and reduced diffusing capacity
and with airways obstruction in severe cases.
Both face masks and sicroids were uiilized by
many of the farmers included in this study.
In a review published in 1958 dealing with
bagassosis, it was reported that 4 of 83 patients
with the disease had died, representing a mor-
tality rate of 7.5%(10), However, this figure was
felt to be falsely high since many milder cases
undoubtedly escaped medical attention. Several
recent studies of acute bagassosis outbreaks (the
follow-up usually performed within 12 subse-
gquent menths} showed that with exposure avoid-
ance—even without corticosteroids—the restric-
tive impairment and abnormal diffusing capacity
relurnied to normal (39)(65). In contrast, another
study found similar functional changes during
the course of the acute illness; but while chest
X-rays returned to normal, the restrictive impdir-
ment and reduction in diffusing capacity, al-
though improved, persisted even after 12 months
of follow-up (50). Ten patients with pigeon breed-
er's disease followed with scrial pulmonary func-
tion studies for 10 years have shown a variable
pattern. Individuzls who had normal function
at the time they were first seen have tended to
remain within normal limits despite occasional
acute episodes. Patients who had either a restric-
tive impairment or, as in 2 cases, scvere airways
obstruction, were found to show only slight im-
provement and, in some cases, a more rapid de-
terioration in function than normally expected
even in the absence ot further pigeon cxposure
(Schlueter and Fink, personal observations). An-
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other study with a shorter follow-up period re-
parted a similar finding, particularly with regard
to the diffusing capacity (15). A recent study of
nine afflicted breeders showed complete recovery
in four patients at 8 to 30 months after they had
ceased being cxposed to the antigen. The other
five all had evidence of interstitial damage; threc
had progressive increase in the degree of airways
obstruction and onc had loss of elastic recoil.
The patients were nonsmokers, and occult an-
Tigen exposure was ruled out because the pre-
cipitating antibody studies became negative (2).
Neither the nuture or degree of lung function ab-
normality nor the form of clinical presentation
was related to the development of residual dam-
age. The period of continued exposure after symp-
loms developed and the patient’s age appeared
to be the most important factors determining
recovery of lung function.

It would appear that although the spectrum
of response to antigen exposure in patients with
hypersensitivity pncumonitis is broad, exposure
avoidance results in complete resoltution of ab-
normalities in most cases. Continucd cxposure,
however, can lcad to progressive and irreversible
disease. When a substantial volume of lung tissue
15 involved and alveolar hypoxia is chronic,
pulmonary hypertension develops. Chronic and
sustained pulmonary hypertension will lead 10
right ventricular enlargement and ultimately to
right ventricular failure. Respiratory failure as a
result of extensive desiruction and fibrosis of
lung tissue may be seen in the end stages of chron-
ic, progressive lung disease.

Appropriate Laboratory Investigations
Pulmonary Function Studies

A number of pulmonary function abnor-
mality patterns can occur depending on the clini-
cal form of hypersensitivity pneumonitis (49)(55).

During acute episodes the most common
response occurs [rom 4 to 6 hours after exposure
10 the offending antigen. There is a decrease in
foreed vital capacity (FVC) and onc-second fore-
od expiratory volume (FEV,), with a constant
ratio between these two parameters. There is lil-
tle change in expiratory flow rates. A decrease
In compliance indicating increased lung stiffness
and a fall in diffusion capacity also occurs dur-
ing acute episodes. Determination of aricrial
blood gases usually demonstrates hypoxemia



which is accentuated by cxercise, Closing volumes
may also increase and maximal mid-expiratary
flow rates decrease. As the artack subsides, these
abnormalities resolve. Il there is parenchymal
damage, however, volume and flow abnormalities,
as well as hypercapnia, may be found during
asymptomatic phases.

Some individuals with hypersensitivily pncu-
monitis exhibit a two-stage reaction. Immedi-
ately after exposure, an asthmatic response oc-
curs with a decrease in forced vital capacity,
forced expiratory flow volume and expiratory
flow rates. This responsc is followed by the late
4 ta 6 hour response described above. Controlied
laboratory challenge studies have demonstrated
that the immediate pulmonary function respornse
can be reversed with bronchodilators; (the late
responsc is resistant to these drugs. Pretreatment
with corticosteroids blocks the late response, and
cromolyn may block both responses. The find-
ings suggest that different mechanisms may bc
involved in the two types of responses.

[n patients with the more chronic forms of
hypersensitivity pneumonitis, less reversible pul-
monary function abnormalities may be detected.
In the subacute form, a morg persistent restric-
tive impairment and diffusion defect may be
demonstrated during exposure and even for
some time after cessation of contact with the
antigen (58).

The most markad physiologic alterations
have been found in patients with the chronic
form of hypersensitivity pneumonitis—readily
studied in individuals with pigeon breeder’s
disease {30) or larmer’s lung (6). A severe restric-
tive impairment with a modcrate-to-marked dif-
fusion defect has been shown to persist in some
of these patients and may be physiologically cor-
related to the pulmonary fibrosis demonstrable
on chest x-ray and lung biopsy.

Other individuals with chronic hyperscn-
sitivity pneumonitis may demonstrate poorly
reversible and progressive obstructive disease
with hyperinflation and elevation of residual
volume. A loss of pulmonary elasticity with in-
creased static compliance can be detected in these
individuals (58). Some of this latter group may
also have decreased diffusion capacity. These
findings may correlate with biopsy evidence of
obliterative bronchiolitis and conphysema (30).

Radiologic Studies

Chest x-ray studies of patients with hyper-
sensitivity pneumonitis can be normal if recur-

rent episodes are infrequent. Usually, however,
there are detectable, fine, sharp nodulations and
reticulations with general coarsening of bron-
chovascular markings. During an acute attack,
soft, patchyv, ill-defined, diffuse parcnchymal
densitics—which tend to coalesce—may be seen
in both lung fields. Chronic or end stage disease
may present as diffusc fibrosis with parenchymal
contraction or even honevcombing (64) {Figurcs
[V-4 and [V-5).

Immunologic Studies

The characteristic immunologic feature of
hypersensitivity pneumonitis is the occurrence
of serum precipitating antibodies against the
specific organic dust antigen. Agar gel diffusion
technigues with a suspect antigen and patient
serum can be used to demonstrate antibodies in
almost all ill individuals. However, these tests
must be evaluated in light of clinical findings
since up to S0% of similarly exposed but asymp-
tomatic individuals may also have moderate to
high titers of serum precipitating antibodies. The
anlibodies in symptomatic and asymptomalic in-
dividuals belong largely to the 1gG class of im-
munoglobulins, but IgA and IgM antibodies
have also been detected in these sera.

Cell-mediated immunity to organic dust an-
tigens has recently been detected in the peripheral
lvmphocytes of patients with hypersensitivity
pneumonitis. While these tests may be more
specific for hypersensitivity pneumonitis, and
may more readily diseriminate between ill and
well individuals than do tests for humoral im-
mumnily, they are not generally available.

Skin tests with bird sera and some of the
mold antigens may evoke a dual phased skin
reaction. A positive response consists of an im-
mediate wheal-and-erythema reaction followed
3 1o 8 hours later by an area of dermal and sub-
cutancous swelling several centimeters in diam-
eter. Other antigens such as the thermophilic an-
tinomycetes are not suitable for skin tests as they
evoke a nonspecific constant inflammatory re-
sponse in nearly everyone.

Blood Studies

A polymorphonuclear leukocytosis of up to
25,000/mm*® with a shift to young forms 1s the
usual finding in the acute phase of hypersensitivi-
ty pneumonitis, but it resolves with recovery.
Fosinophilia of up to 10% may be seen but is
unusual. The leukocytosis is not cvident between
altacks.

493



Figure 1V-4. Chest x-ray of 35-year-old pigeon breeder with recurrent
acule episodes of hypersensitivity pneumonitis. Nodular interstitial
inflitrates are prominent at the bases.

There is generalized elevation of immuno-
globulin levels, except for IgE. Rheumatoid fac-
tor tests are often positive during periods of ill-
ness, but become negative after prolonged avoid-
ance.

Diagnostic Chaflenge

Inhalation challenge testing may be carried
out by exposing the patient to the suspect en-
vironment, or by cautious inhalation challenge
with the suspect antigen in a pulmonary func-
tion laboratory. The technique may confirm the
diagnosis by reproducing a typical acute attack
with fever, rales, leukocytosis, and pulmonary
function abnormalities occurring four 1o six
hours alter exposure.

Treatment

The major therapy for hypersensitivity pncu-
monitis is the same as for all allergic disorders
once the offending antigen is known—avoid-
ance. Since many of these disorders are occupa-
tional, and the antigen size is known, the use of

494

masks with filters capable of removing the an-
tigen, appropriate ventilation of working areas,
or as a last resort, changing of occupations may
be necessary (24)(49).

In the acute or subaculte forms of hypersen-
sitivity pneumonitis, when avoidance cannot be
quickly achieved, drug therapy can be instituted.
Corticosteroids are the drug of choice and will
abort and prevent the episodic illness. Antihis-
tamines and bronchodilators have no effect, If
the corticosteroids are administered while avoid-
ance is practiced, reversibility of the clinical and
laboratory abnormalities is usualty possible. Im-
munotherapy, as used for treatment of atopic
diseases such as asthma and allergic rhinitis, is
contraindicated in hypersensitivity pneumonitis
because of the possibility of immune complex
vascular damage.

DIAGNOSTIC CRITERIA
The diagnosis of hypersensitivity pneumo-

nitis is dependent on associating the pulmonary
and/or systemic response of the patient with



Figure IV-5. Chest x-ray ol 56-year-old larmer with severe pulmonary impairment as
a result of chronic farmer’s lung. Diffuse inlerstillal involvement is present.

the inhalation of a specific environmental dust.
The disorder should be suspected in individuals
with recurrent “‘flu’’-like episodes, chronic unex-
plained cough, sputum and dyspnea, or in indi-
viduals with chronic progressive pulmonary im-
pairment. The history may be important in dif-
ferentiating hypersensitivity pneumonitis from
ather forms of interstitial pneumontitis in that
it may bring out a temporal relationship between
exposure (hobby or occupation) and symptoms.
However, if the cxposure is constant, the symp-
toms may be insidious and progressive and the
diagnosis more obscure.

The physical examination is not specific for
hypersensitivity pneumanitis. The acute attack
is characterized by the presence of diffuse
bibasilar rales indicative of an interstitial pro-
cess. Fever and leukocytasis occur during the
acute episode and these features disappear with
recovery. This spontaneous recovery and subse-
quent recurrence should suggest an allergic
phenomenon.

Pulmonary function abnormalitics arc not
specific. An acute episode is associated with tran-
sient restriction, diffusion defects, and more per-
sistent functional defects including high grade
irreversible obstruction or severe restriction and
diffusion impairment.

The chest x-ruy leatures of hypersensitivi-
ty pneumeonitis are variable, with findings rang-
ing from no abnormality to diffuse interstitial
fibrosis. The most common featurcs arc diffuse
nodular infiltrates and coarse bronchovascular
markings, which disappear with avoidance. Hilar
adenopalhy is rare.

The clinical features of hypersensitivity
pneumonitis may bhe present in most other in-
terstitial lung diseases such as chronic eosino-
philic pneumonia, the collagen-vascular diseases,
lymphagenous spread of carcinoma, desquama-
live pncumonitis, and sarcoid. The tinding of
extrapulmonary involvement (splenomegaly,
lymphadenopathy) is rare in hypersensitivity
pncumonitis, At times lung biopsy may be neces-



sary to confirm the diagnosis.

The most consistent feature of hypersen-
sitivity pneumonitis is the presence of serum
precipitating antibodies to an offending organic
dust in affected individuals. However, these an-
tibodies can also be detected in the serum of up
to 50% of exposed but well individuals, There-
lorg, the finding of these antibodies must be
evaluated in light of a patient’s clinical featurcs.
Recent evidence has suggested that cellular im-
mune responses to specific antigens may be more
specific than humoral responses in the diagnosis
of hyvpersensitivity pneumonitis. Additional stud-
ies are necessary to confirm these observations.

A suspected diagnosis may be confirmed by
observation of the patients for clinical and pul-
monary function changes following natural ex-
posure to the environmental dust or following
provocative challenge by controlled insufflation.
Observation following removal of the individual
from the suspect environment may also aid in
confirming the diagnosis. These measures have
been shown 10 be specific for the etiologic agent
in hypersensitivity pneumonitis and are likely the
key in confirming the diagnosis.

METHODS OF PREVENTION

The most effective control measure for ab-
normalities associated with hypersensitivity pneu-
monitis is removal of the affected worker from
the occupational exposure—a step often quite dis-
ruptive to the individual involved. A more
satisfactory approach would be prevention of the
disease through the lowering of antigen levels in
the work environment, In a few instances, such
as in the lumbering industry, exposure of work-
ers to poientially problematic dusts has been
prevented by operational changes. For example,
maple bark stripper’s discasc has been eliminated
by altering handling of the logs (F.J. Wenzel,
personal communication). The discase is caused
by the inhalation of the spores of Cryprostroma
corticate, a mold found growing beneath the
bark of maple logs. The disease was first de-
scribed in a group of bark peelers in northern
Michigan in 1932 (63). The next report of the
illness occurred in a paper mill in northern
Wisconsin. At that sile, out of 35 men tested,
5 had severe clinical disease, 9 had subclinical
disease, and 4 others had serological evidence
of exposure. The remaining 17 appeared normal
{66).

High dust concentrations occurred in the
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wood room, and it was shown that most of the
dust material consisted of spores of Crypto-
stroma corticale. Clouds of spares could be
seen each rime an infected maple log entered the
saw arca. The spore counts were particularly high
in the winter because of the poor ventilation of
the wood room. To combat these conditions,
changes were made including: eliminating the
saw area by installing debarking drums; spray-
ing the drums continuously with water contain-
ing a detergenl; isolating the chippermen from
the wood room with a glass positive-pressure
room; and cautioning the workroom crew against
spending excessive time in arcas of high duslt con-
centrations. These changes resuited in a dramatic
fall in spore counts during the winter of 1964,
and there have been no further cases of maple
bark disease at the plant since that time.

Attempts to prevent bagassosis have been
made by drying the material or by treatment with
proprionic acid to prevent growth of micro-
organisms (40). Bagassosis has also been re-
ported ta have been eliminated from a Louisiana
paper mill by process changes (41). These in-
volved both storage and processing modifica-
tions which retarded microbial growth and re-
duced the generation of organic dust.

Hypersensitivity pncumaonitis due to the in-
halation of microorganisms present in industrial
air handling systems may also be amenable to
engineering controfl, The microorganism report-
ed to have been associated with this type of
pneumonitis has varied presumably duc to en-
vironmental conditions within the system. In an
industrial context, cantaminated humidifier water
is most likely to cause problems. This type of
pneumonitis may constitute a serious healith pro-
blem occurring more frequently than is generally
realized.

Where such preventive approaches are not
possible or feasible, it would be helpful to be able
to screen applicants for sensitivity to antigens
and selectively prevent those susceptible from
contacting the offending dusts. However, such
testing is not currently available since factors
(other than exposure) which lead to sensitization
are noi known.

Immediate, practical measures of hypersen-
sitlvity pneumonitis prevention and control in-
clude the education of individuals and industries
at risk, Workers exposed to incriminated organic
dusts must be madc aware of potential hazards.
Pertinent industries must be encouraged to



reduce sensitizing and challenging exposures. In-
dustrial physicians, public health officials, pri-
mary care physicians, and consultants must be
alerted Lo the importance of prevention as well
as diagnosis and treatment of this group of di-
Seases.

The limited, current control of hypersen-
sitivity pneumonitis is primarily confined to
manipulations of an afflicted individual’s en-
vironment. Environmental factors have heen
clarified by studics of causative agents and their
sources, and individual patients have benclited
preatly by these studies. Of greater economic and
epidemiological importance, however, will be pre-
dictive and preventive measures affecting whole
environments and communities of workers which
will result from an increased understanding of
scnsitizing events and host factors. Further
research is required (o establish knowledge
necessary for the design of feasible preventive
programs and the maintenance of a healthy, sta-
ble, work force in relevant environments.

RESEARCH NEEDS

The first research priority for hypersensitivi-
ty pneumnonitis is pathogenetic cognizance. An
almost infinite number of antigens are inhaled
and enter pulmonary tissue, but only certain oncs
can apparently cause sensitization and discase—
and only in certain exposed individuals. Factors
and events essential for an inhaled antigen to in-
duce disease need further investigation. Also
essential 1s research into the roles of various
peripheral and central humoral and cellular
mechanisms—including immune complexcs, spe-
cific immunoglobulin classes, and suppressor
and helper T-cells.

A second priority should be the develop-
ment of animal models to study a number of
disease factors. These would include the im-
munopathogenesis, the conditions necessary for
scnsitization, and the evaluartion of progressive
damage to thc lung. Animal models would also
provide a means for screening antigens for their
immunopathogenicity.

A third priority should be an intensive study
of antigens known to cause disease. [mmuno-
chemical analysis of various antigens may deter-
mine possible common features between dispa-
rate organic dusts and may lead to the develop-
ment of preventive or diagnostic tests. Studies
are also needed 1o explore new antigens in the
environment which may induce pulmonary dis-

ease. Such studies may require biochemical,
micrabiologic, and immunachernical techniques.
Furthermore, antigen standardization investiga-
tiens, utilizing reference dusts and human sera,
are imporiant.

Finally, it is necessary to determing the pre-
valence and natural history of these diseases,
perhaps by a national cooperative study. Initial
studies should be carried out in well defined
populations such as farmers, malt workers, or
pigeon breeders. Darta collection shouid include
quantitation of the environmental antigen load
in order to correlate the level of exposure with
the type of immune response,
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