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Occupational immunologic lung disease can be ident$ed both in the individual patient under 
laboratory conditions and in a population of workers in industry. Occupational airways disorder 
is the most common occupational immunologic pulmonary process and is a disease of the 
airways caused by the inhalation of a substance or material that the worker manufactures or 
uses directly or that is incidentally present at the worksite. There are several occupational 
airways disorders, including industrial bronchitis, occupational asthma, and reactive airways 
disease syndrome, the latter two of which will be discussed more thoroughly. Occupational 
asthma can be appropriately identified when the following are present: (I) typical symptoms, 
i.e., wheeze, cough, shortness of breath, andlor chest tightness; (2) specij?c identifYcation of the 
offending agent; (3) documentation that the agent can cause asthma; (4) wheezes on physical 
examination; (5) pulmonary function changes; (6) immunologic abnormalities; (7) airway 
hyperreactivity; and (8) positive bronchial challenge with specijc material. The diagnosis of 
occupational airways disorder requires a comprehensive approach, including clinical history, 
physiologic measurements, immunologic testing, and ident$cation of airway hyperreactivity. By 
this approach both individual subjects and working populations can be studied. (J ALLERGY CLIN 
IMMUNOL 7056, 1982.) 

The accurate evaluation of an individual or a popu- 
lation of individuals in a workplace is critical for de- 
tecting OILD. This article will focus specifically on 
OAD, one type of OILD. Discussions will include 
evaluation of worker populations utilizing epidemio- 
logic techniques. The examination of working popu- 
lations for OAD requires a multidisciplinary approach 
with professionals knowledgeable in immunology, ep- 
idemiology/biostatistics, industrial hygiene, toxicol- 
ogy, and clinical chest medicine. The methods used to 
study a population of workers are similar to those 
required for an individual patient. Thus taking an ac- 
curate history, performing pulmonary function tests, 
accomplishing an immunologic evaluation, and deter- 
mining the status of airway reactivity provide critical 
information. 

OADs include occupational asthma, “industrial 
bronchitis,” and an entity not previously well de- 
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scribed, RADS. This article will emphasize occupa- 
tional asthma and RADS, both of which can occur as 
a result of an occupational exposure to uncontrolled 
high concentrations of a material in the workplace. 
This emphasis on relating high-concentration expo- 
sures to pathogenesis of disease is important for pre- 
ventive medicine reasons, pointing out the need for 
limiting or avoiding this type of unacceptable work 
environment. 

A major physiologic change identified in a majority 
of persons who have occupational asthma or RADS is 
airways hyperreactivity. The mechanism to explain 
this physiologic phenomenon is not known, but in- 
formation suggests that nonimmunologic mechanisms 
may be important in some cases. In any event, the 
prevention of OAD requires a multidisciplinary ap- 
proach directed at controlling exposures to the of- 
fending agent, effective worker surveillance program 
for detecting early disease, and, when necessary, 
proper and prompt medical treatment of affected 
workers. 

Definition and prevalence 

OAD is a disorder of the airways caused by the 
inhalation of a substance or material that a worker 
manufactures or uses directly, or that is incidentally 
present at the worksite. This definition encompasses a 

Vol. 70, No. 1, pp. 56-66 0091-6749/82/070056+ 11$01.10/0 0 1982 The C. V. Mosby Co. 



VOLUME 70 
NUMBER 1 

Abbreviations used 
OILD: Occupational immunologic lung disease 

RADS: Reactive airway disease syndrome 
OAD: Occupational airways disorder 

RAST: Radioallergosorbent test 
FEV,: Forced expiratory volume in one second 
FVC: Forced vital capacity 
PVC: Polyvinylchloride 

variety of disorders of airways (i.e., occupational 
asthma, industrial bronchitis, and RADS) regardless 
of their etiology and includes processes that occur as 
a result of both immunologic and nonimmunologic 
mechanisms. An important characteristic of OAD is 
generalized obstruction of the airways. This is usually 
intermittent and reversible in nature, but irreversible 
damage can occur. Often there is evidence of nonspe- 
cific airways hyperreactivity. In occupational asthma 
the airway hyperreactivity often occurs in the pres- 
ence of late-occurring asthmatic responses. 

The prevalence of OAD is not known. In the 
United States there are approximately 9 million per- 
sons with bronchial asthma; the percentage with 
occupationally related disease, however, is not well 
estimated. One conservative estimate is 2% of all 
asthmatic subjects in the United States have asthma on 
the basis of their occupation.’ In some parts of Japan, 
the prevalence of occupational asthma may be as high 
as 1.5%.’ 

The type of occupation or process may influence 
prevalence rates. For example, about 5% of isocya- 
nate workers develop asthma, whereas 10% to 45% of 
individuals working with proteolytic enzymes are af- 
fected.‘, 3 There are reports of 2% to 40% of grain 
dust-exposed individuals being affected with asthma, 
and in some cases 70% to 100% of individuals working 
in certain specific occupations become affected.” 2 
The specific type of job may be important. For in- 
stance, with cotton dust exposure, the carding process 
may be associated with a 25% prevalence of bys- 
sinosis, while jobs with lower dust exposure report 
lower prevalence rates.4 Another factor influencing 
the prevalence rate of OAD is geographic area. Bys- 
sinosis is more prevalent in the southern part of the 
United States; asthma from wood dust (i.e., red 
cedar) is seen in the western United States. In the 
Great Lakes area, problems with grain dust and flour 
occur; chemicals are indigenous to many areas, par- 
ticularly the industrial eastern and midwest sections. 
Economic factors may influence disease prevalence. 
In Japan there was a reported association between the 
number of reported cases of red cedar asthma and 
quantity of western red cedar imp0rted.j As imports 
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of the wood increased, more cases and wider geo- 
graphic distribution of disease were noted. 

Causes of occupational asthma 

Substances causing occupational asthma” 2, 6--66 
can be divided into animal, vegetable, or chemical 
agents, as shown below: 

Animal 
Animal hair, epidermal squamae, insects, molds, dander, 
bacterial and protein dusts 

Animal handlers 
Entomologists 
Antibiotic workers 
Detergent enzyme manufacturers 

Vegetable 
Woods, cotton, flax, hemp, grain, flour, maiko, mold, 
castor and green coffee beans, garlic 

Cotton mill workers 
Wood workers 
Bakers 
Grain elevator operators 

Chemicals 
(“Micromolecular” chemicals) chloromine, ethylenedi- 
amine, formaldehyde, chromium, platinum, gum arabic, 
anhydrides, isocyanates 

Chemical workers 
Platinum refiners 
Epoxy resin workers 
Polyurethane foam manufacturer 

Asthma among animal handlers is an example of an 
animal agent causing disease. A number of different 
animals and antigens have been incriminated,10-‘3 
including small animals such as rats, mice, guinea 
pigs, and rabbits; moderate size animals such as cats 
and dogs; and larger animals such as cows, horses, or 
sheep. There are reports of disease with more exotic 
animals such as cheetah and chinchilla. Sources and 
types of antigen include dander, hair, urine or serum 
protein, saliva, foods (spores, additives such as an- 
tibiotics), and bedding.1°-13 

Vegetable causes of asthma are numerous and may 
affect spice factory workers, bakers, or woodworkers. 
A variety of allergenic material has been incrimi- 
nated. An unusual case involved a worker employed 
in a plant manufacturing saponin, a product used for 
putting foam in root beer.27 The raw product of the 
process was Quillaja bark imported from South Amer- 
ica. During the process, raw Quillaja bark dust was 
generated and caused asthma in a sensitized worker. 
The diagnosis was confirmed by bronchial challenge 
with Quillaja bark; the worker’s serum contained high 
levels of specific IgE antibodies. 

Chemical causes of occupational asthma may be 
due to “micromolecular” chemicals and are likely to 
be an increasing problem in the future as their use 
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FIG. 1. Number of subjects in three isocyanate exposure 
groups manifesting disease as defined by results of ques- 
tionnaire. A statistically significantly higher prevalence of 
occupational asthma was noted in currently exposed 
workers (asterisks, p < 0.01); both current and past work- 
ers had higher prevalence of chronic bronchitis. 

increases. Recently a great deal of interest has been 
generated in trimellitic anhydride.j2-j4 

Epidemiologic approach to occupational 
asthma 

To make the diagnosis of occupational asthma in an 
individual patient, the physician utilizes a relatively 
established routine, recognizing the presence of the 
following: (1) typical history (i.e., asthma, work), (2) 
specific identification of the offending agent, (3) doc- 
umentation that the agent can cause asthma (i.e., 
cases in the literature), (4) wheezes on physical 
examination, (5) pulmonary function changes, (6) 
immunologic evidence (RAST, skin test), (7) airway 
hyperreactivity, (8) positive bronchial challenge test 
to confirm. The physician may conclude that occupa- 
tional asthma is present when an individual provides a 
history of asthmatic symptoms that typically shows a 
relationship with work. The symptoms will improve 
or disappear on weekends and return on resuming 
work. Asthma attacks often occur only at night, since 
late-occurring asthmatic responses are common in oc- 
cupational asthma. The worker states that the asthma 
symptoms were not present prior to starting employ- 
ment but developed after working for a while, usually 
within the first few years. It is imperative that the 
physician obtain specific identification of the alleged 
offending agent; without this specific agent iden- 
tification, the diagnosis of occupational asthma is 
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FIG. 2. Spirometric tests measured in western red cedar 
workers over a 3 day period with tests taken before and 
after a work shift. Smokers had a greater magnitude of 
change than nonsmokers. 8, Before; A, after; /VI, Monday; 
T, Tuesday; W, Wednesday. 

suspect. Furthermore, it is very helpful to have docu- 
mentation that the agent has previously been reported 
to cause asthma of occupational origin. This can be 
accomplished by literature search, government agen- 
cies, and other information sources. Important infor- 
mation is obtained when one can show that the agent 
in question has previously been documented to cause 
disease. 

The physical examination may be negative but is 
helpful when one hears wheezes on auscultation of the 
chest. Pulmonary function tests may show a signifi- 
cant (i.e., 10% or more) postwork fall in spirometric 
values. It is not uncommon for pulmonary function 
tests to be “normal” at the time of examination, par- 
ticularly if the individual has been off work for a 
while. Immunologic alterations help support a diag- 
nosis of occupationally related asthma. Skin tests or 
RAST for specific IgE antibodies provides useful col- 
laborative information; additionally, immunologic 
studies such as testing for cellular immunity can be 
useful.51 Most cases of asthma are associated with 
hyperreactivity of the airways, usually documented 
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by bronchial challenges or by pharmacologic agents.“’ 
Finally, when a bronchial challenge to the specific 
material is performed and is positive, the diagnosis is 
confirmed. When the physician has positive informa- 
tion for all of these clinical components, there is no dif- 
ficulty in making a diagnosis of occupational asthma. 

The study of occupational asthma in populations of 
workers, however, is more difficult, but the same type 
of information and approach is necessary, as shown in 
the following outline: 

I. Symptoms 
A. Symptoms consistent with occupational asthma 
B. Symptoms only of chronic cough (diagnosis of 

“chronic bronchitis”) 
C. No symptoms 

II. Pulmonary functions 
A. Generalized airway obstruction (i.e. FEV,/FVC < 

70%) 
B. Prework and postwork change in test values (i.e., 

10% fall in FEV,) 
C. More rapid yearly decline 
D. Normal pulmonary functions 

III. Immunologic 
A. Presence of specific IgE (RAST, skin test) 
B. Other immunologic abnormalities (i.e., positive 

migration inhibition factor, IgG, etc.) 
C. Atopy 
D. No immunologic abnormalities 

IV. Airway reactivity 
A. Hyperreactive airways 
B. Normal airway reactivity 

Clinical history. Respiratory questionnaires have 
been incorporated for epidemiologic studies. Most 
questionnaires are designed for “chronic bronchitis, ” 
with less attention being paid for defining “asthma. ” 
In our own studies, responses from administered 
questionnaires were used to define “occupational 
asthma” and included: (1) presence of typical asthma 
symptoms, i.e., wheeze, cough, shortness of breath, 
and chest tightness; (2) absence of these asthma symp- 
toms before beginning employment and development 
of symptoms after starting employment; (3) a docu- 
mented relationship between development of symp- 
toms at work and improvement with vacations or 
weekends off; and (4) symptoms occurring only at 
night. 

Reliance only on historical information for identify- 
ing occupational asthma poses problems, since a va- 
riety of clinical presentations of asthma can occur. 
Workers may present with typical symptoms of occu- 
pational asthma as defined by a questionnaire (out- 
lined previously); individuals may note only chronic 
cough, which may inadvertently be diagnosed as 
“chronic bronchitis ’ ‘; finally, many individuals with 
occupational asthma have no clinical complaints at all. 
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An example of how a questionnaire can be used to 
identify disease is demonstrated by a recently con- 
ducted study on workers exposed to isocyanates.” 
The clinical criteria obtained from questionnaires and 
used to define “asthma”, “occupational asthma,” 
and “chronic bronchitis” are shown below: 

(1) 

(2) 
(3) 

(4) 
(5) 

(1) 
(2) 
(3) 

(1) 
(2) 
(3) 

Asthma 
(Yes response to at least four of five) 

Regularly noticed wheezing, cough, phlegm, shortness 
of breath or chest tightness 
Usually have a cough 
Chest sounds wheezy or whistling (cold or apart from 
cold or most days or nights) 
Attack of wheezing with shortness of breath 
Shortness of breath upon hurrying on level or up slight 
hill 

Occupational asthma 
Diagnosis of asthma 
Symptoms not present before employment started 
Yes response to at least two of three: 
a. Symptoms improve or cease on weekends off 
b. Symptoms improve or cease on vacations 
c. Symptoms worsen on returning to work 

Bronchitis 
Cough and/or phlegm for most days 
For 3 consecutive months or more 
For 2 years or more. 

The study population consisted of workers located in 
two plants, one where isocyanates were utilized and 
the other, a few miles away, where isocyanates were 
not used. Detailed industrial hygiene measurements 
of isocyanates were repeatedly less than 10 parts per 
billion. The study population of 639 workers was care- 
fully matched for several variables and divided into 
three isocyanate exposure groups: 279 currently ex- 
posed, 237 with past exposure, and 123 never exposed. 

Fig. 1 indicates there was a statistically significant 
higher prevalence of clinical occupational asthma in 
currently exposed workers and for both current and 
past isocyanate-exposed persons for “chronic bron- 
chitis. ’ ’ A variety of other types of information was 
obtained from the questionnaire. Individuals with 
previous isocyanate exposure reported twice as many 
respiratory illnesses resulting in 3 or more days away 
from work. There were 59% of all isocyanate-exposed 
workers who reported past job transfers; 16.2% gave 
histories of being transferred out of an isocyanate 
work area because of respiratory problems believed to 
be due to their job. Information was obtained on expo- 
sure to accidental isocyanate spills, a situation where 
very high concentrations of isocyanates occur. A sig- 
nificant relationship was noted between past exposure 
to more than 10 isocyanate spills and the presence 
of clinical “asthma, ’ ’ “occupational asthma, ’ ’ and 
‘ ‘chronic bronchitis. ’ ’ No relationships with disease 
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FIG. 3. Prevalence of various pulmonary diseases by exposure groups. Exposures are for west- 
ern red cedar (WRCI, Douglas fir-hemlock-alder (DFHA), and control. 

were noted for workers exposed to less than 10 spills. 
Thus questionnaire data can be used to provide 

criteria for diagnosing clinical syndromes such as 
asthma, occupational asthma, or chronic bronchitis. 
Furthermore, when industrial hygiene data are lack- 
ing, some exposure information can be obtained from 
the questionnaire. 

Pulmonary function testing. There may be one of 
several patterns of pulmonary function test change in 
individuals with occupational asthma. Findings might 
include generalized airway obstruction, i.e., FEV,/ 
FVC < 70%; significant fall in postwork pulmonary 
function, i.e., > 10% fall in FEV1; observations of a 
more rapid decline in yearly tests in exposed workers; 
and frequently, normal test results. 

An example of how pulmonary function tests were 
utilized in an epidemiologic study of occupational 
asthma concerns a population exposed to western red 
cedar wood dustz8 Spirometric measurements were 
made on six occasions, beginning immediately before 
work on Monday (after the weekend off, again im- 
mediately after work that day, and then before and 
after work for the next 2 days for a total of 3 consecu- 
tive days. Environmental air monitoring by personal 
air samples was performed by standard methods. Fig. 
2 shows changes in spirometric values in workers ex- 
posed to red cedar dust according to smoking history. 
Current cigarette smokers showed more pronounced 
postwork declines in FEV, than nonsmokers or ex- 
smokers. 

Results of pulmonary function tests can be com- 
bined with questionnaire data for better definition of 
disease, as shown in Fig. 3 for cedar workers. 
“Chronic bronchitis ” was determined by response 
from questionnaire; occupational asthma was defined 
by the questionnaire criteria (as described previously) 
and by the recording of a decline in FEV, greater than 
10% compared with the value taken on the Monday 
morning before work. A designation of “nonspecific 
airways disease” was made when abnormal pulmo- 
nary function value (FEV1/FVC less than 70%) was 
present in the absence of clinical symptoms of asthma 
or bronchitis. Those workers with ‘ ‘nonoccupational 
asthma” were persons with asthma histories and who 
indicated there was no relationship with work. A 
higher prevalence of “occupational asthma” was 
noted in cedar workers compared with other groups. 
Both wood dust exposures, however, showed greater 
prevalence of chronic bronchitis symptoms. 

Immunologic testing. Immunologic studies on popu- 
lations may include administration of skin tests for 
various antigens, collection of blood for total or spe- 
cific immunoglobulins (i.e., RAST), or performance 
of procedures for testing cellular immunity. Abnor- 
mal tests help substantiate a diagnosis. Identification 
of atopic persons may indicate sensitive individuals 
who may be more prone to develop disease. Generally, 
the majority of tested workers will have no immuno- 
logic abnormality noted. 

An example of how immunologic tests were used in 
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an epidemiologic study involves the previously men- 
tioned isocyanate study.“s Blood was tested by MST 
for p-tolyl isocyanate-specific IgE antibodies as well 
as for five common airborne allergens (ragweed, 
timothy, cat and dog dander, and box elder). The 
frequency of positi .e RAST results for common air- 
borne allergens v;ried depending on the antigen, 
ranging from 19% for ragweed to 7.4% for box elder. 
“Atopy” was defined as the presence of two or more 
positive RAST determinations for common allergens. 
There were 114 of 639 individuals who fit this cate- 
gory. Tests on current isocyanate-exposed workers 
showed more atopic persons than the other groups, 
but no association between asthma or bronchitis 
symptoms and “atopy” was noted. In the 114 atopic 
workers, a positive RAST for ragweed was seen in 
87%. Interestingly, the presence of “atopy” could be 
predicted in 97% of the 114 workers by noting RAST 
positive results just for ragweed and cat dander. 

Rast binding for p-tolyl isocyanate was considered 
“abnormal” if the value was greater than 2 standard 
deviations outside the mean for the 639 tested indi- 
viduals. The mean ? SD for the total group was 
2.5% + 0.82%, with a range of 0.15% to 9.97% 
binding; thus greater than 4.1% binding was consid- 
ered abnormal (Fig. 4). With this criteria, 10 indi- 
viduals with “positive” RAST results were noted. 
Two were currently exposed, six were previously ex- 
posed, and two were never exposed to isocyanates. 
Three had no previous exposure to isocyanate spills, 
while three were exposed to 10 or more spills. Levels 
of total IgE in the 10 were not elevated. “Asthma” 
symptoms occurred in four, with one designated “oc- 
cupational asthma”; “bronchitis” was seen in six. 
Only one individual had an “abnormal” pulmonary 
function test. The study demonstrates that the RAST 
battery for common allergens is useful for determin- 
ing atopic status, but RAST forp-tolyl isocyanate is 
not a good screening test for identifying affected 
workers; only about 1.5% of the exposed population 
had a positive test. 

Airway reactivity. In individual patients the pres- 
ence or absence of airway hyperreactivity is crucial 
for making the diagnosis of asthma. Testing involves 
aerosolizing pharmacologic agents such as methacho- 
line, histamine, or carbachol.j7 Increasing inhaled 
concentrations of the agent are tested against pulmo- 
nary function, with dose-response effects noted. A 
20% or greater fall in FEV, has been considered a 
positive test.j7 

The utilization of pharmacologic agents for popu- 
lation studies is more difficult for a variety of reasons. 
There is often reluctance of industry and labor to ac- 
cept tests requiring the administration of a “drug,” 
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FIG. 4. RAST binding in 639 workers. An abnormal RAST 
was defined as a value 2 standard deviations greater than 
the mean. 

especially when extremely sensitive workers might 
have significant responses. The pharmacologic bron- 
chial challenges are generally time consuming, per- 
haps requiring 30 to 60 min to complete. This 
time factor makes it difficult to study large popu- 
lations. 

Recently we have used a cold-air challenge to as- 
sess airways reactivity.jg The procedure is safe, fast, 
and acceptable. Recent studies confirm its sensitiv- 
ity.60 The protocol we developed completes the test 
within 10 min. Hyperventilation of -40” C air with 
added CO, is followed by serial spirometric mea- 
surements. We designated 38 individuals as being 
“normal ’ ’ by questionnaire, pulmonary function tests, 
skin testing, and physical examination. Their change 
(mean + SD) in FEV, was -2.38% ? 3.2%, with a 
range of +6.2% to -9.4%. We therefore concluded 
that for this study our “normal” value would repre- 
sent a value 2 standard deviations greater than the 
mean; thus a -9% or greater fall in FEV, would 
constitute a “positive” cold-air challenge. 

Cold-air challenge tests were performed on 109 
individuals exposed to platinum salt. Eighty-six work- 
ers had negative skin prick tests for platinum salts,jg 
and of this group, 11.6% had “positive” cold-air 
challenge. In contrast, of the 23 individuals with pos- 
itive skin prick tests for platinum salt, there were 10 
or 43.5% with “positive” cold-air challenge tests. 
Between 60% and 70% of all positive cold air-chal- 
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FIG. 5. Variety of presentations for occupational asthma, 
including clinical, immunologic, pulmonary function, and 
airway reactivity status. 

lenged workers in each immunologic category reported 
lower respiratory tract symptoms. 

Presentation of occupational asthma in 
population studies 

Because of the variability in the presentation of 
asthma, there is difficulty in studying populations. A 
number of different responses can occur for clinical, 
immunologic, pulmonary function, or airway reactiv- 
ity parameters. This variability in presentation is de- 
picted in Fig. 5. When all tests or information are 
positive (a small percentage), the diagnosis of occu- 
pational asthma is not difficult. Unfortunately, usu- 
ally only one aspect of the disease is apparent, and the 
diagnosis is not conclusive. Future studies will re- 
quire better development of epidemiologic techniques 
for identifying asthma in populations. This needed 
research includes development of better questionnaires 
and rapid and sensitive immunologic screening tests. 
Development of simple noninvasive methods for 
identifying “hyperreactive” airways in populations is 
extremely important. The incorporation of more sen- 
sitive pulmonary function tests than FEV, is needed. 
The use of portable peak flow meters, which have 
been used in some studies, needs to be better tested in 
larger population studies. 

Relationship between exposure and 
development of disease 

The pathogenesis of occupational asthma may re- 
late to intermittent high concentration exposure. His- 
torical data were obtained on 332 individuals who 
reported previous exposure to isocyanate spills; this 

represented 65% of the isocyanate-exposed popula- 
tion.js Although workers reported isocyanate spills in 
the past, none was observed during the time of the 
study. Detailed industrial hygiene data at time of 
study showed low-level isocyanate exposure, gen- 
erally less than 10 ppb. Employees were asked to 
estimate the number of spills they were exposed to in 
the past: 29% reported exposure to more than 20 
spills, and 44% were exposed to more than 10 spills. 
Fig. 6 relates prevalence of asthma and bronchitis 
symptoms and abnormal pulmonary function tests to 
the number of isocyanate spills. There was a highly 
statistically significant relationship noted between ex- 
posure to more than 20 isocyanate spills and the pres- 
ence of clinical asthma and chronic bronchitis. Indi- 
viduals with no isocyanate spill exposures were more 
likely to be asymptomatic. No relationship with dis- 
ease was noted in workers exposed to less than 10 
spills. Furthermore, individuals exposed to more than 
10 spills had significantly lower pulmonary function 
test results. Thus workers exposed to the most isocya- 
nate spills showed the most abnormalities. 

Another example of the association of high-dose 
exposure with greater disease prevalence is in workers 
exposed to western red cedar dust, as shown in Fig. 7. 
“Occupational asthma” was noted in 13.5% of work- 
ers, as determined by clinical and physiologic criteria 
described above. A relationship between the amount of 
cedar dust exposure and prevalence of “occupational 
asthma ’ ’ was noted. Sawyers, packs, and splitters, 
those with the “dustiest” jobs, showed the highest 
prevalence rates. These data provide further evidence 
that high-dose exposure is an important factor in dis- 
ease development. This observation has particular 
preventive medicine significance because reduction of 
uncontrolled high-level exposures can be instrumental 
in reducing disease. 

Prognosis of occupational asthma 

Individuals with occupational asthma follow a num- 
ber of clinical courses. Initially, exposure to a mate- 
rial at work results in asthma as a result of a variety of 
potential mechanisms, which will not be discussed at 
this time. Subsequent removal of the worker from 
exposure usually results in prompt recovery of 
asthma. Sometimes, recovery is delayed for a few 
weeks. In a small percentage of cases, disease persists 
for months or years and is associated with essentially 
irreversible obstructive airways disease. This is par- 
ticularly true for western red cedar asthma and isocy- 
anate asthma. 

We have noted that a major manifestation of indi- 
viduals with persistent asthma is hyperreactive air- 
ways. Our previous studies have indicated a relation- 
ship between disease severity and degree of activity of 
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FIG. 6. Prevalence of various clinical diagnoses by questionnaire and abnormal pulmonary 
function tests in isocyanate workers. More abnormalities were noted in employees exposed to 
more than 20 spills in the past. FEF 25-75, Forced expiratory flow at 25% to 75% FVC. 
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airways as measured by methacholine challenges. 61 affect the responsiveness of the airways, including 
Individuals with the most clinically severe asthma had recent allergen challenge, croup, acute viral respira- 
airways most sensitive to methacholine, a finding tory infections, air pollutants (e.g., ozone and SO,), 
confirmed by others. 62 vaccination (influenza, rubella), and occupational ex- 

We know there are a variety of factors reported to posure to certain substances such as dimethyl ethanol- 
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amine, red cedar, and PVC pyrolysis products.63 For 
instance, Boushey et al. 64 demonstrated increased 
airway reactivity in subjects who had inhaled PVC 
fumes. 

The thermal decomposition products of PVC meat- 
wrapping film contains a number of irritants, such as 
hydrogen chloride and pyrolysis products of plasti- 
cizer, particularly di-2-ethylhexyladipate.“6 It is clear 
that environmental agents are capable of increasing 
airways reactivity. 

Irritant exposures seem to cause symptoms of 
chronic cough and sputum. An entity termed “indus- 
trial bronchitis” has been reported from a variety of 
industrial substances (many being irritants), including 
coal, silica, asbestos, wood, flax and grain dusts, and 
welding fumes, and has been described to occur 
among foundry, rubber, coke-oven furnace, and chem- 
ical workers. 6j Because individuals with asthma 
can present only with chronic cough, it is not clear 
whether all cases reported as “industrial bronchitis” 
are truly bronchitis. Furthermore, there is evidence 
showing that agents affecting airways activity can re- 
sult in cough.‘j3 

Reactive airways disease syndrome 
resulting from exposure to high 
concentrations of irritants 

As noted previously, our data indicate an associa- 
tion between clinical disease severity and reactive 
airways. 61 Individuals with the most reactive airways, 
as determined clinically or pharmacologically, have 
the most severe asthma. Since a variety of environ- 
mental agents can adversely affect airway reactivity, 
it seems plausible that exposure to very high concen- 
trations of an irritant may affect airways reactivity to 
the extent that it results in a clinical syndrome 
simulating asthma. We have described such a syn- 
drome, which we call (for lack of a better name) 
RADS.66 This is a disorder of the airways charac- 
terized by cough, dyspnea, and wheezing; it may be 
acute or chronic in nature. It is caused by the inhala- 
tion of high concentrations of irritating fumes, gases, 
or smokes. A characteristic of RADS is that it simu- 
lates asthma, with cough as a major symptom, but 
there is no specific etiologic factor to the entity. The 
onset of disease is frequently acute in nature, of- 
ten beginning hours after exposure. In our study of 
16 patients, about 75% developed symptoms within 
hours to a few days after exposure to very high levels 
of an irritant. In all cases the individual reported a 
specific incident where there was an unusually high 
exposure. After such an exposure, asthmalike symp- 
toms occurred and often persisted for a number of 
years; in some patients symptoms resolved in a few 

weeks or months. A characteristic of this syndrome 
seems to be the development of irritable airways. 
Spirometric results were often abnormal, and metha- 
choline challenge, when performed, was usually pos- 
itive. A variety of occupations were reported for 
RADS patients, such as “barrel cleaner, ” arc welder, 
coating applier, and janitor. Although there were 
many reported causes of RADS, in all cases the expo- 
sure was characteristically to an irritant such as am- 
monia, welding fumes, propylene glycol fumes, print- 
ing mist, chlorine, chemical fumes, and fumigating 
solution. 

The pathogenesis of RADS is unknown but seems 
to be nonimmunologic in nature and may be associ- 
ated with direct injury to the bronchial epithelium. 

Management of occupational asthma 

The management of occupational asthma usually 
involves removal of the worker from exposure. In- 
dustrial hygiene measures can decrease environmental 
contaminant concentrations. Avoidance of spills and 
uncontrolled high-level exposure is mandatory. Some- 
times specific manufacturing changes are helpful such 
as the substitution of one chemical for another. It is 
imperative that medical surveillance programs be pro- 
vided, since subtle changes in workers’ conditions 
might indicate early disease. Those individuals who 
become symptomatic with disease need prompt and 
vigorous treatment and removal from worksite ex- 
posures. 

Conclusion 

OADs are common problems in industry and may 
be caused by a variety of agents. The mechanisms of 
the airways disorder may be based on immunologic 
and/or nonimmunologic factors. A proper surveil- 
lance program of a working population for the pres- 
ence of occupational asthma requires collection of in- 
formation, including clinical (i.e., questionnaire), 
physiologic (i.e., pulmonary function tests), immu- 
nologic, and airways reactivity status. Epidemiologic 
techniques for identifying occupational asthma can be 
developed for the study of populations. Uncontrolled 
exposures at work may be responsible for initiating an 
airways disorder, perhaps with hyperreactive air- 
ways, i.e. RADS. Initiation of proper control measures 
for environmental agents, effective surveillance pro- 
grams, and prompt treatment of disease will provide 
optimum protection for workers exposed to agents 
that might cause OADs. 
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