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Eight co#ee workers with job-related respiratory symptoms were studied with water-soluble 
green coffee bean (GCB), castor bean (CaB), and factory dust (FD) antigens. Six workers 
described occupationally related asthma, rhinitis, conjunctivitis, and urticaria or pruritis and 
demonstrated positive wheal and flare skin tests with GCB and FD antigens. Serum 
radioallergosorbent test (RAST) indices ranged from 3 to 15 for GCB and 28 to 60 for CaB 
specificities. The other 2 coffee workers, who denied allergic symptoms, and 8 atopic and 
sex-matched control subjects demonstrated negative skin tests and RAST indices <2 with these 
same antigens. Provocative inhalation challenge (PIG) with GCB in 2 skin test-and 
RAST-positive subjects resulted in significant immediate asthmatic reactions, while PIC in a 
skin-and RAST-negative asthmatic subject failed to produce an airway response. GCB and CaB 
antigen characteristics and industrial sources were studied by RAST inhibition analysis. Lack of 
crossed RAST inhibition with GCB and CaB preparations showed these antigens to be distinct. 
Several industrial dust and sack samples produced significant RAST inhibition for GCB or CaB 

determinants. Chlorogenic acid produced no RAST inhibition for either determinant. The results 
indicated that coffee workers with occupational allergic disease demonstrate serum IgE 
antibodies specific for etiologic GCB and CaB antigens and that these antigens are distinct, 
unrelated to chlorogenic acid, present in certain industrial dust and sack samples, and capable 
of producing asthma in sensitized subjects. 

In 1950, Rawling and Figley’ described 8 workers 
in the coffee industry who developed occupational 
asthma, rhinitis, or both. Positive wheal and flare skin 
tests to castor bean antigen in 7 of these subjects 
suggested a major etiologic role for this known potent 
allergen. Most of these workers also demonstrated a 
positive wheal and flare skin reaction to an extract of 
washed green coffee beans. In the same year, Coul- 
son, Spies, and Stevens,’ using the Schultz-Dale 
technique, analyzed samples of green coffee dust and 
other coffee products from various sources and found 
significant castor allergen contamination. These stud- 
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ies seemed to implicate a castor bean component as 
the likely offending allergen in the occupational al- 
lergic disease of coffee workers. Freedman, Krupey, 
and Sehon3 in I96 I , suggested that a small molecular 
weight compound, chlorogenic acid, was a major al- 
lergen present in both coffee and castor beans. Their 
findings were challenged by Layton and co-work- 
ers,4* 5 who showed large molecular weight coffee 
allergen contamination of the former group’s chloro- 
genie acid preparation. Spirited debate ensued,6-8 
which culminated generally in the rejection of any 
etiologic role for chlorogenic acid in the production of 
allergic disease. 

Although disputes existed over offending allergens, 
disease pathogenesis proved less controversial. Char- 
acteristic immediate-type wheal and flare skin reac- 
tions with certain occupational materials9 such as 
green coffee bean, castor bean, and burlap sack and 
the rapid appearance of symptoms following natural 
green coffee dust exposure suggested a reagin medi- 
ated hypersensitivity reaction. Other evidence came 
from the work of Layton, Panzani, and Cortesel” who 
showed that allergic coffee worker sera could passive- 
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ly transfer cutaneous green coffee bean hypersensi- 
tivity to Macaque monkeys and nonatopic humans. 

Nevertheless, the precise nature of these reagins 
has not been clearly determined, and the relative im- 
portance of green coffee and castor allergens has not 
been established. Indeed, a direct “cause and effect” 
relationship between these allergens and the asthma of 
coffee workers has been assumed but never proved. 
The current study was undertaken to address these 
issues with the use of the radioallergosorbent test 
(RAST), RAST inhibition analysis, and provocative 
inhalation challenge (PIC). 

METHODS 
Study subjects 

Eight coffee workers were seen at the Tulane Medical 
Center Allergy Clinic because of respiratory symptoms 
which they associated with their work environment. They 
were all employed by the same local processing plant and 
were chosen for study on a basis of their occupation, the 
occupational nature of their symptoms, and their availability 
through the clinic. All were men and ages ranged from 27 to 
57 yr. Two subjects were coffee roasters, 2 were decaf- 
feinators, 2 dumped beans, one was an electrician, and I 
was a foreman. All were exposed to green coffee bean dust. 
Only 1 worker gave no history of cigarette smoking. Pul- 
monary function tests demonstrated irreversible obstructive 
airways disease in I worker and mild reversible obstructive 
airways disease in 2 other workers. The chest roentgeno- 
gram of the first worker showed flattening of the diaphragm, 
but chest roentgenograms of the other workers were normal. 
Atopic status was determined with a battery of prick tests 
with IO common inhalant allergens. Two or more positive 
tests indicated the presence of atopy in 7 of the 8 coffee 
workers tested. Prior to investigation, these subjects were 
divided into two categories based on the historic presence or 
absence of 4 allergic occupational manifestations: asthma, 
rhinitis, conjunctivitis, and urticaria or pruritis. Occupa- 
tional asthma was defined as chest tightness, cough, wheez- 
ing, and shortness of breath with work exposure. Occupa- 
tional rhinitis, conjunctivitis, and urticaria or pmmtis were 
determined in a similar historic fashion. Eight atopic and 
sex-matched control subjects with no history of exposure to 
green coffee bean or castor bean products were evaluated in 
parallel. 

Preparation of antigens 

Green coffee bean (GCB) and castor bean (CaB) samples 
were obtained from a separate commercial source and anti- 
gens were prepared by initially homogenizing beans in a 
Waring blender for 3 min and continuing homogenization 
for an additional 5 min in I L phosphate-buffered saline 
(PBS). Factory dust (FD) antigen was prepared from a dust 
sample taken from the green bean processing area of the 
coffee factory. Dust, 100 gm, was directly homogenized in 
I L PBS. Three sack antigens (grass sack from Mexico, 
burlap sack from Africa, and Santos sack from Brazil) were 

prepared by extracting 500 gm of sack material with PBS. 
All extracts were stirred at 24” C overnight, filtered 

through gauze, and centrifuged at 64,000 x G. Pellets were 
discarded and the supematants concentrated to approxi- 
mately 20 ml (Amicon UMIO), dialyzed against PBS at 
4” C, and centrifuged at 105,000 X G. Dry weights were 
determined after evaporation of H,O, and extracts were 
stored at -20” C. 

Detection of antibodies 

Skin tests. Intradermal skin test endpoint titration was 
performed with 0.02-ml volumes of GCB and FD antigens 
beginning at a 0.01 pg/ml concentration. Production of 
edema greater than 5 mm in diameter over saline control at 
15 min was considered a positive reaction. 

Radioallergosorbent test (RAST). Filter paper discs were 
activated with CNBr according to the method of Ceska and 
Lundkvist.” GCB or CaB antigen 20 ml (20 mgiml in bo- 
rate buffer, pH 8 .O), was added to 500 mg of activated discs 
in a 50-ml screw-top test tube and incubated for 6 hr at 
24” C on a rotator. Fluid was decanted and discs washed 3 
times in I M ethanolmine, pH 8.0, and left in ethanolamine 
at 4’ C overnight. The next morning, discs were washed 3 
times and then frozen at -20” C in assay buffer (500 ml 0.2 
M tris buffer, pH 7.5; 500 ml I .8% NaCI; IO ml 5% NaN3; 
5 ml Tween 20; 8 gm BSA). Antigen coupled discs were 
thawed as needed. RAST was performed on duplicate serum 
samples according to standard procedure (Pharmacia Diag- 
nostics, Piscataway, N. J.). After subtracting background 
counts, indices of activity were calculated by dividing test 
sample counts by counts obtained with a nonatopic human 
semm pool. Indices 22 were arbitrarily considered positive 
results. 

Paper radioimmunosorbent test (RAST). Total serum IgE 
antibody was determined by the commercially available 
PRIST (Pharmacia Diagnostics, Piscataway, N. J.). 

Provocative inhalation challenge (PIG) 

Pulmonary function parameters were required to be 
within 80% predicted values before PIC. Twenty consecu- 
tive inhalations of PBS or GCB antigen from a Bird IPPB 
nebulizer (functional residual capacity to total lung capaci- 
ty) was followed by spirometry at 2 and 8 min. Baseline 
spirometric values were obtained following PIC with PBS. 
A 20% fall in 1 -set forced expiratory volume (FEV1) from 
baseline following antigen challenge was considered a posi- 
tive reaction. If no reaction occurred by 8 min, the proce- 
dure was repeated with a higher antigen concentration. Be- 
ginning concentration of GCB antigen was 0. I mg/ml and 
was increased by alternating 2x and 5x multiples to a maxi- 
mum concentration of IO mg/ml. Spimmetry was obtained 
at regular intervals for I2 hr following completion of the 
procedure in order to detect late reactions. 

Antigen analysis 

The RAST inhibition technique as described by Gleich 
and associates’* was used to analyze samples for the pres- 
ence of either GCB or CaB antigens. The initial competitive 
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FIG. 1. Skin reactivity and RAST with antigens from the coffee industry. Coffee workers describ- 
ing occupationally related manifestations of conjunctivitis, asthma, rhinitis, and urticaria or 
itching all demonstrated significantly greater skin reactivity to GCB and FD antigens than did 2 
coffee workers denying these symptoms and 8 unexposed control subjects. A concentration of 1 
pglml GCB and 10 pglml FD appeared to effectively differentiate the 2 groups, with GCB antigen 
producing the better discrimination. IgE antibodies specific for GCB or CaB antigens as mea- 
sured by RAST were present in the sera of the 6 allergic coffee workers, but not in the sera of 
the 2 nonallergic coffee workers or the 8 unexposed control subjects. 

inhibition step was performed by incubating an assay 
serum, containing high-titer IgE antibodies specific for 
GCB or CaB antigens, with either PBS standard or test 
sample and with a GCB or CaB antigen coupled disc. The 
second step was the same as that described for RAST. Inhi- 
bition by a given concentration of sample was expressed as 
a percentage of the PBS standard. 

RESULTS 

Clinical correlations 

Skin tests and RAST. Six coffee workers reported 
symptoms characteristic of asthma, rhinitis, con- 
junctivitis, and urticaria or pruritis with occupational 
exposure. These subjects demonstrated significant 
skin reactivity to GCB and FD antigens, and serum 
RAST indices ranging from 3 to I5 for GCB and 28 to 

60 for CaB specificities (Fig. 1). Total serum IgE 
antibody ranged from 170 to 240 IUlml which was 
within control group values. The other 2 coffee 
workers denied allergic symptoms but described 
chronic intermittent productive cough and shortness 
of breath. Although these symptoms were aggravated 
by factory dust, nonoccupational exposure to house 
dust, smog, cooking odors, or cold weather equally 
provoked exacerbations. One of these 2 subjects was 
the only coffee worker demonstrating negative skin 
reactivity to the screening battery of atopic allergens, 
irreversible obstructive airways disease by pulmonary 
function testing, and flattening of the diaphragm on 
chest roentgenogram. Skin reactivity to GCB and FD 
antigens in these 2 subjects, as well as titers of serum 
IgE antibody specific for GCB and CaB antigens, 
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Cumulatwe Breath Units of Green Coffee Bean 

FIG. 2. Provocative inhalation challenge with GCB anti- 
gen. Percent fall in FEV, was plotted against cumulative 
breath units of GCB antigen. (One cumulative breath unit 
has been arbitrarily defined as that amount of antigen 
delivered by one inhalation of a 0.2 mglml concentration 
from a Bird IPPB nebulizer.) Skin test and RAST-positive 
coffee workers L. T. and J. Ft. demonstrated progressive 
decrease in FEV, from baseline (postsaline challenge) 
with increasing quantities of GCB antigen. In contrast, no 
significant reaction occurred in Subject R. C., a skin test- 
and RAST-negative asthmatic subject without history of 
green coffee bean exposure. 

were comparable to values obtained for the 8 control 
subjects. 

Provocative inhalation challenge. PIC with GCB 
antigen was performed in 2 GCB skin test-and 
RAST-positive subjects and in one GCB skin test-and 
RAST-negative asthmatic subject. Data were tabu- 
lated by the method of Chai and co-workers13 and 
linear regression lines calculated. The 2 sensitive cof- 
fee workers, L. T. and J. R., demonstrated a greater 
than 20% fall in FEVi following PIC (Fig. 2). PDzo- 
FEVi values for L. T. and J. R. were 163 and 1,170 
cumulative breath units (CBU), respectively. The 
nonsensitive asthmatic subject, R. C., did not re- 
act even at the maximum antigen dose of 1,330 
CBU. There were no late reactions up to 12 hr follow- 
ing PIC. 

Antigen analysis 

GCB antigen inhibited IgE antibodies specific for 
GCB but not those specific for CaB (p < 0.0005). 
Likewise, Cal3 antigen inhibited IgE antibodies 
specific for CaB but not those specific for GCB 
(p < 0.005). Analyses of covariance14 demonstrated 
no crossed inhibition between GCB and CaB antigens 
(Fig. 3 A and B). Chlorogenic acid (Sigma Chemical 
Corp., St. Louis, MO.) failed to inhibit IgE antibodies 
specific for either GCB or CaB specificities (Table I). 
Inhibition of IgE antibodies specific for GCB was 
produced by GCB and FD antigens, but not by grass 
sack, burlap sack, or Santos sack antigens. Inhibition 
of IgE antibodies specific for CaB was produced by 

TABLE I. RAST inhibition analysis for GCB and 
CaB antigens in samples from the coffee industry 

Percent Percent 
inhibition inhibition 

Concentration of GCB of CaB 
Test sample (mglml) RABT RAST 

GCB 25 89 0 
2.5 83 0 

Cd3 25 0 88 
2.5 0 78 

Chlorogenic 5 0 0 
acid 1 0 0 

FD 25 25 20 
2.5 0 14 

Grass sack 10 0 0 
2 0 0 

Burlap sack 10 0 0 
2 0 0 

Santos sack 10 0 26 
2 0 22 

CaB, FD, and Santos sack, but not by grass sack or 
burlap sack antigens. 

DISCUSSION 

Results of the study indicate that serum IgE an- 
tibodies specific for either GCB or CaB antigens were 
unique to the 6 coffee workers describing occupa- 
tional allergic symptoms. Skin reactivity to GCB and 
FD antigens in concentrations of I and 10 pg/ml, 
respectively, and serum RAST indices greater than 2 
with GCB and Cal3 antigens best discriminated this 
group from the nonallergic coffee workers and unex- 
posed control subjects. Skin test results confirmed the 
findings of others I, 4, 5* s but additionally demon- 
strated a correlation with elevated titers of IgE anti- 
bodies specific for GCB and CaB antigens as deter- 
mined by the RAST. Preliminary evidence that these 
tests may identify symptomatic subjects is provided 
by positive challenges with GCB antigen in 2 skin- 
reactive and RAST-positive coffee workers. How- 
ever, PDzO-FEVi values, which reflect relative airway 
sensitivity to GCB antigen, did not parallel serum 
RAST indices with GCB. This finding is not unex- 
pected and may mean that airway lability rather than 
serum reagin titer is the more important factor deter- 
mining airway sensitivity to antigen. Also, serum re- 
agin levels may not directly reflect amount of reagin 
bound to bronchial mast cells. Nevertheless, the PIC 
response demonstrated the asthmogenic potential of 
GCB and supported its importance as a significant 
occupational antigen. Although PIC with CaB antigen 
was not performed (due to its known potent allergenic 
characteristics), it is likely that positive challenges 
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FIG. 3. Analysis of GCB and CaB antigens for common antigenic determinants. A, RAST inhibi- 
tion with GCB antigen. Serial increases of GCB antigen inhibited RAST-detecting IgE antibodies 
specific for GCB; however, GCB antigen did not inhibit RAST-detecting IgE antibodies specific for 
CaB (p < 0.0005). B, RAST inhibition with CaB antigen. Serial increases of CaB antigen inhibited 
RAST-detecting IgE antibodies specific for CaB; however, CaB antigen did not inhibit RAST- 
detecting IgE antibodies specific for GCB (p < 0.005). 

would have also occurred since serum titers of IgE other types of occupational asthma. IgE antibodies 
antibodies specific for CaB antigen were even higher specific for Bacillus subtilis have been detected in the 
than those for GCB antigen in the sensitive subjects sera of workers from the detergent industry,17 and a 
tested. Furthermore, allergic asthma resulting from similar radioimmunoassay with polystyrene tubes as 
exposure to castor bean dust has been previously rec- the solid phase has enabled demonstration of IgE an- 
ognized and well described.gs 15* l6 tibodies specific for ttimellitic anhydride conjugates 

RAST technology has been used to investigate in sera of workers from the plastics industry.i8 This 
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report expands the list of occupational exposures in 
which RAST has been successfully used to study al- 
lergic disease. It has also provided another basic tool 
for epidemiologic surveys of respiratory disease in 
coffee workers. 

Antigen analysis by the RAST inhibition technique 
with a single high-titer patient serum provided good 
evidence that GCB and CaB preparations were anti- 
genitally distinct. Although other investigators had 
reached the same conclusion with bioassays using 
sensitized guinea pig ileum’ and mouse PCA,lg our 
data extended these findings to man and provided a 
quantitative immunochemical technique for analyzing 
industrial samples. It is possible that common an- 
tigenic determinants exist in quantities less than those 
detectable by the microgram limits of RAST inhi- 
bition sensitivity, but such log-fold differences in 
antigenic potency do not exist in any comparable 
system making this possibly unlikely. We have, 
therefore, concluded that GCB and CaB antigens 
are distinct. 

RAST inhibition analyses with chlorogenic acid in 
significant concentrations failed to demonstrate com- 
mon antigens with the GCB or CaB preparations and 
supported the findings of Lowell6 and Layton and 
co-workers4, 8, who have dismissed any role for 
chlorogenic acid as an allergen in this system. 
Analysis of the FD antigen preparation, used in skin 
testing, revealed the presence of small but significant 
quantities of both GCB and CaB antigens and sug- 
gested another source of industrial exposure. None of 
the 3 sack preparations contained GCB antigen and 
CaB antigen was demonstrated only in the Santos 
sack from Brazil. The discovery of CaB antigen in FD 
and in coffee sack is consistent with the results of 
investigations with other techniques.‘, ‘3 s Brazil pro- 
duces castor beans, and it has been recognized that 
sacks used in their transport are often reused for the 
transport of coffee beans.g Since the allergic coffee 
workers described significantly greater symptoms 
with exposure to green coffee produce from Brazil, it 
is intriguing to speculate that CaB contamination of 
these Brazilian sacks is responsible. Thus, by use of 
RAST inhibition to analyze industrial samples for 
etiologic antigens, patterns of occupational disease 
may be better understood and etiologic agents more 
effectively monitored. 

We wish to express our thanks to Mr. Vincent Anicetti 
for his technical assistance and Miss Velda Force for her aid 
in the preparation of the manuscript. 
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