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Introduction

Some laxatives contain psyllium seed ex-
tracts. Psyllium, a member of the Plan-
tago weed family, has been identified as
causing occupational asthma in em-
ployees working in pharmaceutical indus-
tries preparing such laxatives (1-3). Also,
cases of asthma in users exposed at home
(4) and in nurses preparing psyllium at
work (5-8) have been reported. To our
knowledge, only 1 epidemiologic survey
(3) has been carried out in a pharmaceu-
tical company.

We surveyed a large sample of em-
ployees (130 of 140) in a pharmaceutical
company where psyllium was processed.
Detailed immunologic investigation for
IgE sensitization was carried out, and
work-related asthma was confirmed by
specific inhalation tests in affected
workers.

Methods
Psyllium Processing

The pharmaceutical company that was sur-
veyed processes nearly 75 different products.
The laxative containing psyllium is produced
4 to 5 times a year for periods varying from
5 to 10 days. Psyllium is obtained as a fine-
grained powder and mixed with dextrose pow-
der (50% wt/wt) in a large vessel. The mixed
powder is collected in barrels, transferred to
another area where it is poured into a pack-
aging machine with a large scoop, and then
bottled up.

Total and respirable dust exposures were
measured during the mixing and packaging
operations. Personal samples were collected
on 0.8-u pore size PVC filters using a Gilian
high volume pump. A 10-mm Door Oliver cy-
clone was used in the sampling train for
respirable dust. Sampling time varied between
2 and 4 h and covered the complete process-
ing period.

Dust measurements were limited to the mix-
ing and packaging areas because it was not
technically possible to determine whether or
not airborne dust in other areas of the plant
contained any psyllium. All employees in the
plant, including the office workers, were
nevertheless presumed exposed to psyllium
powder, because (/) mixing and packaging
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were not carried out in hermetically sealed
areas, (2) employees involved in these opera-
tions did not change clothes before leaving
the production areas, (3) the psyllium pow-
der that was carried away from the produc-
tion areas presumably entered the general ven-
tilation system and was spread throughout the
plant, and (4) 2 employees with known oc-
cupational asthma to psyllium strictly avoided
the mixing and packaging areas during the
production periods but were nevertheless
symptomatic.

Epidemiological Survey

Initial assessment. The first part of the sur-
vey was carried out in February 1985, psyl-
lium not having been processed for 2 months.
The investigation included the following.

() A standardized questionnaire was ad-
ministered by trained nurses to the 130 em-
ployees who had agreed to participate. Perti-
nent information was obtained by a question-
naire on asthma and occupational asthma
recently developed by Walter W. Holland (per-
sonal communication). Asthma was diag-
nosed with at least 2 positive answers to the
following: past medical history of asthma,
cough, shortness of breath, tightness in the
chest, or wheezing, the last 4 symptoms be-
ing present at work and/or off-work. Tight-
ness in the chest and/or shortness of breath
and/or cough at work associated with an im-

provement on weekends and/or holidays was
suggestive of occupational asthma. Informa-
tion on rhinoconjunctivitis symptoms, per-
sonal and familial atopic history (asthma, rhi-
nitis, infantile eczema, and urticaria) and
smoking habits was also obtained.

(2) Spirometry including FEV, and FVC
was carried out in 125 subjects using an OHIO
827 spirometer (Ohio Instruments, Madison,
WI) coupled with a microcomputer in con-
formity with the criteria of the American Tho-
racic Society (9). As the surveyed population

" included workers from several different eth-

nic groups, this precluded the use of uniform
reference values.

(3) Skin test results by the prick method
(10) with a battery of 7 common inhaled al-
lergens: tree, grass, and ragweed pollens, D.
farinae, house dust, and dog and cat danders
(Hollister-Stier, Mississauga, Ont) as well as
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plantain and psyllium (Omega, Montreal,
Que) were interpretable in 120 of the subjects
because 10 refused the skin tests (n = 8) or
had dermographia (= 3 mm wheal, n = 2).
The psyllium extract was 2.5% wt/vol, and
was dissolved in 50% glycerol. Positive reac-
tions were set at a wheal > 3 mm as com-
pared with a negative control reaction to the
diluent 10 min after the introduction of the
allergen.

(4) Blood was drawn in order to determine
the eosinophil counts. Serum was kept at
—20° C for specific IgE measurements, which
were carried in 118 subjects. The IgE antibod-
ies were measured with a psyllium RAST. The
solid phase was prepared by overnight incu-
bation of 250 mg cyanogen-bromide-activated
discs in a psyllium solution consisting of 250
mg psyllium powder to which 25 ml 0.1 M
NaHCO; had been added. Serum samples
from 6 nonexposed control subjects were also
tested. Two standard diviations above the
mean values for these 6 control subjects rep-
resented 515 cpm. Any value above 515 cpm
was thus considered high.

(5) Subjects with a history suggestive of
asthma and/or occupational asthma under-
went a methacholine inhalation test before
the production period. Methacholine inha-
lation test was administered with the Wright’s
nebulizer (output = 0.14 ml/min) at tidal
volume breathing for 2 min according to
the method of Cockcroft and coworkers
(11) except that acetyl-beta-methylcholine
(methacholine) was used instead of histamine
phosphate. After nebulization of normal sa-
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line, concentrations of methacholine from
0.03 to a maximum of 128 mg/ml were used.
The test was stopped when a fall of 20% in
FEV, had been reached or when the highest
methacholine concentration had been used.
Dose-response curves were drawn on a non-
cumulative semilogarithmic scale, and the
concentration of methacholine causing a fall
of 20% in FEV, (PC,,) was interpolated from
the dose-response curve.

Second Assessment

The second part of the survey was carried out
in May 1985 during a psyllium processing
period. The handling of psyllium had begun
1.5 days before the onset of the investigation.
The processing operation was similar to those
of the previous psyllium processing periods.
At that time, 108 of the 130 workers (83%)
included in the first survey were exposed. Each
of them was administered a short question-
naire inquiring about any cough, shortness
of breath, tightness in the chest, wheezing,
and rhinoconjunctivitis symptoms during the
processing. Spirometry was repeated, and
blood was drawn for total white cell and eo-
sinophil counts. In addition, every exposed
subject whose first questionnaire gave a his-
tory of asthma or occupational asthma (n =
48) and who agreed to participate underwent
the following investigation.

(D) Serial monitoring of peak expiratory
flow rates (PEFR) was performed with the
Wright minipeak flow meter (Clement Clarke
Int., London, UK). Subjects were asked to
record their PEFR 4 times a day (on awaken-

TABLE 1

ing, at lunch, at end of workshift, at bedtime)
and whenever they had chest symptoms. The
higher of the 2 reproducible (+ 20 L/min)
values at each time was kept for analysis;
PEFR was monitored during the week preced-
ing the exposure to psyllium, then during the
production period including the weekend.
Daily changes were measured as [(highest
value — lowest value)/highest value] x 100.
Any daily change > 20% on one or more days
during the production period and not pres-
ent before the exposure to psyllium was con-
sidered to be suggestive of occupational
asthma. Daily amplitudes > 20% in PEFR
have been found in asthmatic subjects (12).

(2) The methacholine inhalation test (11)
was done at least 1.5 days after the exposure
onset. Any fall in PC,, > 3.2-fold during the
production period was considered to be a sig-
nificant change in nonallergic bronchial re-
sponsiveness, as this corresponds to the up-
per limit of the 95% confidence interval on
the basis of a single determination for the
between-day variation of the test in asthmatic
subjects in our laboratory (13).

Specific Inhalation Challenges

After the second part of the survey, every par-
ticipant (n = 21) with one or more of the fol-
lowing criteria was referred for specific inha-
lation challenges with psyllium: (J) fall of 10%
or more in FEV, at the time of the produc-
tion period; (2) positive immediate skin reac-
tion to psyllium and PC,, < 16 mg/ml at 1
of the 2 previous assessments; (3) significant
changes in PEFR and/or PC,, during the

CHARACTERISTICS OF INVESTIGATED EMPLOYEES

Specific Inhalation Challenges

(n=18)
Initial Assessment Second Assessment Positive Negative
Characteristics (n = 130) (n = 108) n=29 (n = 13)
Sex, M/F 63/67 57/51 23 617
- Age, yr* 36.9 + 105 374 £ 111 342 + 78 417 £ 114

Department

Production 37 (28.5%) 29 (26.9%) 3 (60%) 3 (23.1%)

Office 39 (30.0%) 31 (28.7%) 0 (0%) 3 (23.1%)

Others 54 (41.5%) 48 (44.4%) 2 (40%) 7 (53.8%)
Duration of service in company, yr* 55 + 4.6 5.6 + 4.7 7.0 + 41 57 + 40
Asthma or occupational asthma

from the questionnaire 48 (36.9%) 41 (38.0%) 5 (100%) 9 (69.0%)
Smokers 47 (36.2%) 36 (33.3%) 2 (40%) 4 (30.8%)
Rhinoconjunctivitis 46 (35.4%) 39 (36.1%) 5 (100%) 6 (46.2%)
FEV,/IFVC, % 85.5 + 6.5 85.7 + 6.1 86.5 = 5.1 88.2 + 7.1
Significant eosinophilia 2/125 (1.6%) 7/100 (7.0%) 1 (20%) 111 (9.1%)
Atopy 741120 (61.7%) 67/101 (66.3%) 5(5.6 + 0.5) 924 = 2.4t
Specific IgE, cpm > 515* 31/118 (26.3%) 26/102 (25.5%) 5 (5,511 + 3,360) 3(494 = 184)*
Positive skin reaction to psyllium 23/120 (19.2%) 19/101 (18.8%) 5 (5) 4 (0)8
PCy < 16 mg/ml 16/42 (38.1%) 12/35 (34.3%) 4 (80%) 9/11 (81.8%)
Changes in FEV, > 10% - 13 (12.0%) 3 (60%) 7 (53.8%)
Significant changes in PEFR - 3/33 (9.1%) 3 (60%) 0/7 (0%)1
Significant changes in PC,, - 4/35 (11.4%) 2 (40%) 2/8 (25%)
4 or 5 of the last 5 features - 3 (2.8%) 3 (60%) 0 (0%)

* Values are mean + SD.

t Mean + SD number of positive skin tests to a battery of 7 common inhaled allergens are shown in parentheses; significantly different (t = 4.6,

p < 0.001) in the 2 groups.
t1 =233 p<o001.

§ Chi-square = 6.9, p < 0.01; figures in parentheses refer to the number of subjects who were found to be positive when repeating the skin tests.

1 Chi-square = 5.6, p < 0.02.
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production period. At that time, skin tests
were repeated and subjects were questioned
and examined by one of the physicians in
charge of the study. Specific inhalation tests
were performed in a challenge room of the
hospital laboratory as described by Pepys and
Hutchcroft (14). On the first day, the subject
was asked to tip lactose dust from one tray
to another for 30 min; FEV, was recorded
before the exposure, every 10 min for 1 h af-
ter the challenge, then every 30 min for 1 h,
and hourly for as long as 8 h after the chal-
lenge. The PC,, was obtained at the end of
the day. On the second day, psyllium dust was
used instead of lactose for the following in-
tervals: 5, 15, and 45 s and 2 min for 2 con-
secutive exposures; FEV, was recorded im-
mediately and 10 min after the end of each
exposure and then at the same intervals as
on the day of exposure to lactose. The ex-
posure was stopped if the FEV, had dropped
by 20% or more. If no significant change in
FEV, had been recorded on that day, exposure
was prolonged to 30 min on a third day, and
PC,, was reassessed at the end of that day.
We measured the amount of psyllium dust
at the mouth and nose level of a control sub-
ject who handled psyllium dust in a manner
similar to that in our subjects. The concen-
tration of dust was monitored during an in-
terval of 5 min with a PCAM-TX photome-
ter (PPM Inc, Knoxville, TN).
Contingency tables, chi-square and ¢ tests
were used for the analysis of results. A p value
of less than 0.05 was considered significant.

Results
Initial Assessment
A summary of the results of the initial
assessment in which 92.8% of the em-
ployees participated is presented in table
1. Among them were 100 white subjects
(including 7 from Pakistan or India, 7
from the Philippines, and 8 from other
areas) and 30 black subjects from the
West Indies. Results of the initial ques-
tionnaire are detailed in table 2. The ques-
tionnaire gave a history suggestive of oc-
cupational asthma and asthma in 39 and
9 subjects, respectively (table 2). Only 3
employees had a FEV,/FVC ratio < 70%.
Of the 48 subjects with a history of
asthma and/or occupational asthma
from the first questionnaire, 42 under-
went methacholine inhalation challenges
before the production period, 4 refused
to participate, and a methacholine chal-
lenge was felt to be unsafe in 2 others
who had heart conditions. The PC,, was
< 2 mg/ml in 5 subjects, between 2 and
8 mg/ml in 6, and between 8 and 16
mg/mlin 5 others, these intervals corre-
sponding respectively to moderate, mild,
and borderline airway hyperresponsive-
ness (13). Of 6 of 8 subjects with symp-
toms of chronic bronchitis but normal
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TABLE 2

ANSWERS TO QUESTIONNAIRES DURING THE DIFFERENT
STEPS OF THE STUDY

Number of Workers

Yes No
Before the production period, n = 130
Wheezing or whistling in the last year 20 110
Tightness in the chest in the morning 13 117
Shortness of breath in the last year 26 104
Cough at night in the last year 16 114
Number of workers with positive answer
to none, 81; one, 28; two, 16; three, 5; four, 0
At work
Wheezing or whistling 4 126
Tightness in the chest 14 116
Shortness of breath 18 112
Cough 14 116
Number of workers with positive answer
to none, 101; one, 16; two, 6; three, 6; four, 1
Runny or stuffy nose 34 96
Sneezing 34 96
Itchy or watery eyes 26 104
At the time of production at work, n = 108
Wheezing or whistling 7 101
Tightness in the chest 18 90
Shortness of breath " 97
Cough 16 92
Number of workers with positive answer
to none, 80; one, 12; two, 10; three, 4; four, 2
Runny or stuffy nose 33 75
Sneezing 30 78
Itchy or watery eyes 25 83

spirometric results who had PC,, as-
sessed, none showed significant bronchial
hyperresponsiveness; table 3 gives the as-
sociation between skin reactivity to psyl-
lium, English plantain, and grass. As
shown in table 4, there was a close as-
sociation between the level of specific IgE
and skin reactivity to psyllium. There was
a significant association (chi-square =
9.7, p < 0.01) between the presence of a
positive skin test to psyllium and atopy.
There was also a significant association
between a history of asthma and/or oc-
cupational asthma and the presence of
a positive immediate reaction to psyllium
(chi-square = 14.7, p < 0.001). The skin
reactivity to psyllium of the employees

was not associated with their department
of work (chi-square = 3.5, p > 0.05).

Second Assessment
In tables 1 and 2, the characteristics of
the 108 subjects and the present results
of the questionnaire administered at the
time of the second assessment are sum-
marized. Of the 22 subjects who were lost
at this step, 7 had left the company, 8
were absent, and 7 refused to participate.
Thirty-five subjects had methacholine
tests repeated at the time of the produc-
tion period (2 workers were absent, 4
others had left, and the remaining 2 re-
fused). The PC,, dropped by = 3.2-fold
(increase in airway responsiveness) in 4

TABLE 3
SKIN TEST REACTIONS TO PSYLLIUM, ENGLISH PLANTAIN AND GRASS

+ - Total Chi-square p Value
English plantain
Psyllium
+ 14 9 23
- 7 90 97
Total 21 99 120 371 < 0.001
Grass
Psyllium
+ 13 10 23
- 13 84 97
Total 26 94 120 20.4 < 0.001
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TABLE 4 554 9min oo LACTOSE No. 1
SPECIFIC IgE AND SKIN REACTIVITY TO PSYLLIUM l +— PSYLLIUM
] ?
Specific IgE to Psyllium (cpom) 50
qQ
seiffea, ji
< 515 2 515 Total Chi-square p Value a5 Yo goohe” o8
. i
Skin reactivity to psyllium* ® s
< 3 mm 77 15 92 24.6 < 0.001 4.0 1 /\/
23 mm 7 15 22
Total 84 30 114

3.5

employees and by 2.5-fold in another sub-
ject. Monitoring of PEFR was performed
in 33 subjects before and during produc-
tion. Readings were uninterpretable in 6
subjects, normal in 24, and abnormal in
3 others. Thirteen subjects had a drop
2 10% in FEV, during the processing
period.

ing from 21.9 to 37.8%. In these 5, PCy,
assessed at the end of the day of exposure
to lactose and on the last day of expo-
sure to psyllium showed no significant
change; table 1 lists the characteristics
of these 5 subjects compared with the 13
other subjects who had negative chal-
lenges. Those with positive challenges

3.0 1

25 r T A —
PREG 30 6090120 3 4 5 6 7 8

304 3min No. 2

25{ o »

.
“ \./

Three respirable dust samples revealed  had a greater number of positive skin
dust concentrations of 0.6, 0.8, and 1.2  tests. Four subjects with negative chal- < 15—t ——————
mg/m? during the mixing operations. lengesinitially showed awheal3to4mm W PREC 30 8090120 3 456 7 8
Two total dust samples collected on sep-  in diameter to psyllium, but these tests L 3.0, 5min No.3
arate days during the same operations were negative (< 3 mm) when they were e
yielded concentrations of 12.0 and 25 repeated at the time of the inhalation 251
mg/m?. Two respirable dust samples ob-  challenges. There was no overlap in the
tained during the packaging operation specific IgE values, these ranging from 20 ————t———————
showed concentrations of 0.5 and 1.2 1,465 to 9,438 cpm in subjects with PREC 30 6090120 8 4 5 67 8
mg/m?3. Finally, 1 sample of total dust positive challenges and from 344 to 926 35 4556C No.4
collected during these operations yielded cpm in those with negative challenges.
a concentration of 2.8 mg/m?. Changes in FEV, and PC,, occurred at 30
work in a similar proportion of em-

Specific Inhalation Challenges ployees in both groups. Changes in PEFR 251
Twenty-one subjects who had a PC,, <  were significantly more frequent in those
16 mg/ml and immediate skin reactivity =~ with positive challenges although they 20 T e 3 T i e T s
to psyllium (n = 10) and/or diminished = were absent in 2 subjects with positive
their PC,, by a > 3.2-fold difference (n  inhalation challenges. 40415 min No.5

= 4) and/or changed their FEV, by >
10% (n = 13) during the processing
period were referred for inhalation chal-
lenges to psyllium in the laboratory. One
subject refused the tests. He most prob-
ably had occupational asthma, as he
showed a strong positive immediate skin
reaction to psyllium, had a PC,, of 1.1,
and changed his FEV, by 11% during the
processing of psyllium. It was decided
not to perform the tests in 2 other sub-
jects, as their history obtained by the in-
vestigators via an open questionnaire did
not suggest asthma nor occupational
asthma. They also had no immediate skin
reactivity to psyllium. During a challenge
performed in a similar manner with a
control subject, the mean concentration
of dust was 12.96 mg/m?, the maximal
and minimal values being 28.5 and 4.0
mg/m?, respectively. Maximal levels were
obtained early (first minute) during the
recording, as fine particles were then dis-
persed into the air. The results are illus-
trated in figure 1 in the 5 subjects who
had only an isolated immediate bron-
choconstriction, with a FEV, drop vary-

Discussion
Psyllium contains a gum composed of
a mixture of polysaccharides without
proteins (15). There have been reports of
occupational asthma caused by psyllium
in nurses, in employees of pharmaceuti-
cal companies, and in 1 user handling
psyllium (1-8). In the only epidemiologic
survey of a pharmaceutical company that
we could trace (3), 28 of 64 (44%) ex-
posed workers had positive intracutane-
ous tests to psyllium. This proportion was
only 19% in the present study. This might
be explained by the fact that we used the
prick method, which is less sensitive but
more specific than are intracutaneous
tests to detect immunologic sensitization
(10). Also, our employees were not con-
stantly exposed to psyllium at work.
Combining the results of skin tests with
those of specific IgE antibodies increased
the prevalence of IgE sensitization to
32% in our survey. Eighteen of the 64
subjects (28%) in the above-quoted study
(3) had positive inhalation challenges, al-
though it is not known which proportion

o
E oa,
o o,

301

261 ———r—fr——Af————T
PREO 30 6090120 3 4 5 6 7 8
MINUTES HOURS

Fig. 1. Results of specific inhalation challenges in the
5 subjects who showed significant immediate bron-
choconstriction. The duration of exposure to psyllium
is indicated by the arrow.

had nasal, conjunctival, or bronchial
challenges nor which criteria were set to
define a positive challenge. In the pres-
ent study, we found that at least 3.6%
(5 of 140) of the exposed workers were
affected with occupational asthma. Im-
munologic sensitization and occupa-
tional asthma to psyllium seemed more
frequent in atopic subjects. Atopy also
is an accompanying factor in other types
of occupational asthma caused by en-
zyme detergents and by laboratory ani-
mals (16). Interestingly, those 5 workers
with occupational asthma also had the
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highest values of specific IgE to psyllium,
in the range of values found in nurses
with occupational asthma caused by this
agent (17).

We found an association between skin
reactivity to psyllium, English plantain,
and grass. Rosenberg and coworkers (2)
found cross-reactivity between psyllium
and plantain, which was not confirmed
by Busse and Schoenwetter (1) and, re-
cently, by Gauss and coworkers (18).

The present study raises interesting
questions about the investigation of im-
munologic sensitization and occupa-
tional asthma in epidemiologic surveys.
As fully discussed elsewhere (16), most
studies that have documented the preva-
lence of occupational asthma in work-
ers exposed to a specific agent have been
of the screening type and did not con-

firm the diagnosis through objective

means. The design of such screening
studies has to rely on a nonexposed con-
trol population to compare the preva-
lence of an indicator in the exposed and
the nonexposed population. Very few
studies have tried to go beyond this
screening step and have the diagnosis
confirmed by objective means. This is
what we have attempted to do here, as
in previous studies (19, 20), first by the
combined monitoring of peak expiratory
flow rates and hyperresponsiveness to
methacholine, and, second, through spe-
cific inhalation challenges. This confir-
matory step was particularly relevant for
the following reasons. Thirty-nine sub-
jects had questionnaire responses sugges-
tive of occupational asthma. However,
the diagnosis of occupational asthma
caused by psyllium was confirmed
through objective means in only 5 of 35
of these subjects. Questionnaires appar-
ently are biased instruments as they might
not be sensitive enough or not specific
enough depending on the conditions of
use. If workers want to be compensated
they may exaggerate their symptoms.
This may have been the case in this study,
as occupational asthma is a compensated
condition in the province of Quebec. As
we thought that our questionnaire prob-
ably gave rise to many false positives be-
cause of this information bias, we felt
that objective measurements should be
obtained only in those reporting a his-
tory of asthma or occupational asthma,
as it was unlikely that subjects would tend
to negate their symptoms. Nearly one
third of the subjects gave a history sug-
gestive of occupational asthma, and this
proportion corresponds to what we ob-
tained in crab-processing workers in the
same province (19).

Among the objective means to confirm
the diagnosis, some investigators (21)
have proposed assessing FEV, before
work and at work, and that any fall in
FEV, 2 10% would be suggestive of
work-related asthma. From the results
of the present study and the findings of
others (22), this threshold of 10% is prob-
ably not sensitive or specific enough as
it did not differentiate those who later
had positive from those who had nega-
tive specific inhalation challenges.

Although occupational asthma with-
out airway hyperresponsiveness has been
described by some (23, 24), this is not
the rule. Airway hyperresponsiveness per-
sists in most workers with occupational
asthma even if they are removed from
their workplace for some years (25, 26).
Its absence in one affected worker may
be related to the fact that the first assess-
ment was done at a time employees had
not been exposed for 2 months. The sit-
uation might well be different in subjects
who are continuously exposed to a sen-
sitizing agent at work. However, 9 of the
11 workers without occupational asthma
also had bronchial hyperresponsiveness.
Bronchial hyperresponsiveness is also
present in asthma of nonoccupational
origin as well as in other chronic obstruc-
tive respiratory conditions.

Monitoring of PEFR has been de-
scribed as a sensitive and specific means
of confirming occupational asthma, as
compared with specific inhalation chal-
lenges (27, 28). The fact that this moni-
toring was negative in 2 subjects might
be due to the relatively short duration of
the exposure period. We have previously
shown that PC,, monitoring is an impor-
tant adjunct to serial monitoring of
PEFR in the investigation of occupa-
tional asthma (19, 29). However, the fact
that 3 subjects with occupational asthma
did not change their PC,, might be linked
with the sole occurrence of immediate
bronchospastic reactions after specific in-
halation challenges. These reactions do
not change bronchial hyperresponsive-
ness to histamine (30). On the other hand,
the occurrence of such changes in 2 sub-
jects without occupational asthma is per-
plexing. The second assessment was done
during the tree pollen season, but none
of the subjects who changed their PC,,
showed immediate skin reactivity to tree
pollens. It has to be remembered that 5%
of an asthmatic population might have
changes in PC,, falling outside the 95%
confidence interval (a 3.2-fold difference
being allowed for between-day reprodu-
cibility of the tests in our laboratory) for
tests done on different days.
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As the results of this study strongly
suggest that the mechanism was IgE-
mediated, the interpretation of the im-
munologic data is particularly interest-
ing. First, every subject with occupa-
tional asthma had a positive immediate
skin reaction to psyllium, whereas no
subject without occupational asthma had
this feature. Second, the highest values
for specific IgE antibodies to psyllium
were found in the 5 workers with occupa-
tional asthma. Thus, it is our opinion that
assessment of skin reactivity and/or spe-
cific IgE levels in the investigation of oc-
cupational asthma seems, when feasible,
a specific and sensitive tool. The fact that
only those workers with skin reactivity
to psyllium had positive immediate bron-
chospastic reactions contrasts with the
results of the study by Goransson and
Michaelson (3), who found 6 subjects
with negative skin tests to psyllium but
positive nasal and conjunctival provoca-
tion tests.

This study brings forth another in-
teresting point. We showed that there was
an association between atopy on the one
hand and skin reactivity and occupa-
tional asthma to psyllium on the other
hand. Although this study was not a lon-
gitudinal one, we may suppose that atopy
preceded the sensitization to psyllium
and may be a predisposing factor, al-
though this warrants confirmation. In-
deed, although we had no control group
of nonexposed subjects, we found a
higher prevalence of atopy in the stud-
ied population than what is usually found
in random populations (31). It is not ex-
cluded that the development of atopy
might be enhanced by continuous ex-
posure to sensitizing agents. These sub-
jects were also exposed to other phar-
maceutical products besides psyllium at
work. Two of these products contained
methyldopa and ampicillin, which have
also been reported as causing occupa-
tional asthma (16).

The workers directly involved in the
psyllium processing (i.e.,, mixing and
packaging departments) were exposed to
respirable dust concentrations below the
standard level of 5 mg/m? for nuisance
dust during the second part of our sur-
vey. Two of the 5 workers with occupa-
tional asthma had never worked in the
processing areas. Their exposure can be
assumed to have been much less than that
of the production workers. This obser-
vation shows that occupational asthma
can be caused by low level exposure to
psyllium dust carried away from the
production area either by the ventilation
system or on the workers’ clothes. Clear-
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ly, the threshold limit value adopted for
nuisance dust is inappropriate for aller-
genic substances. Because it has been
shown that reducing the airborne con-
centration of allergen can be an effective
measure for preventing sensitization (7,
32), all available means to reduce ex-
posure to psyllium to the lowest possible
levels should be considered by pharma-
ceutical industries producing psylli-
um-containing laxatives.

In conclusion, the prevalences of oc-
cupational asthma and IgE sensitization
to psyllium were at least 3.6 and 27.9%,
respectively, in this pharmaceutical com-
pany, and atopy and IgE sensitization to
psyllium were associated with occupa-
tional asthma.

Acknowledgment

The writers want to express their gratitude to
the members of the Health and Safety Com-
mittee of the company for their support in
this investigation. We also thank Gilles Gag-
non, Jocelyne L’Archevéque, Line Guertin,
Lise Huppé, Suzanne Paquette, Andrée Ra-
cine, Martin Gingras, and Susan Evans for
their excellent technical collaboration
throughout, and Joanne Bénard for review-
ing the text.

References

1. Busse WW, Schoenwetter WF. Asthma from
psyllium in laxative manufacture. Ann Intern Med
1975; 83:361-2.

2. Rosenberg S, Landay R, Klotz SD, Fireman P.
Serum IgE antibodies to psyllium in individuals
allergic to psyllium and English plantain. Ann Al-
lergy 1982; 48:294-8.

3. Goransson K, Michaelson NG. Ispagula pow-

der. An allergen in the work environment. Scand
J Work Environ Health 1979; 5:257-61.

4. Ascher MS. Psyllium seed sensitivity. J Allergy

BARDY, MALO, SEGUIN, GHEZZO, DESJARDINS, DOLOVICH, AND CARTIER

1941; 607-9.

5. Bernton HS. The allergenicity of psyllium seed.
Vol 39. Washington, D.C.: Medical Annals of the
District of Columbia, 1970; 313 and 317.

6. Gross R. Acute bronchospasm associated with

inhalation of psyllium hydrophilic mucilloid.
JAMA 1979; 241:1573-4.

7. Machado L, Olsson G, Stalenheim G, Zetter-
strom Q. Dust exposure challenge test as a meas-
ure of potential allergenicity and occupational dis-
ease risk in handling of ispaghula products. Al-
lergy 1983; 38:141-4.

8. Machado L, Stalenheim G. Respiratory symp-
toms in ispaghula-allergic nurses after oral chal-
lenge with ispaghula suspension. Allergy 1984;
39:65-8.

9. ATS Statement. Snowbird workshop on stan-
dardization of spirometry. Am Rev Respir Dis 1979;
119:831-8.

10. Pepys J. Types of allergic reaction. Clin Al-
lergy 1973; 3:491-509.

11. Cockcroft DW, Killian DN, Mellon JJA, Har-
greave FE. Bronchial reactivity to inhaled hista-
mine: a method and clinical survey. Clin Allergy
1977; 7:235-43.

12. Hetzel MR, Clark TJH. Comparison of nor-
mal and asthmatic circadian rhythms in peak expi-
ratory flow rate. Thorax 1980; 35:732-8.

13. Dehaut P, Rachiele A, Martin RR, Malo JL.
Histamine dose-response curves in asthma: reprodu-
cibility and sensitivity of different indices to assess
response. Thorax 1983; 38:516-22.

14. Pepys J, Hutchcroft BJ. Bronchial provoca-
tion tests in etiologic diagnosis and analysis of
asthma. Am Rev Respir Dis 1975; 112:829-59.
15. Alarie JP, Karol MH, Gauss WE. Psyllium-a
gum, not a protein. Chest 1985; 88:313.

16. Chan-Yeung M, Lam S. Occupational asthma.
Am Rev Respir Dis 1986; 133:686-703.

17. Cartier A, Malo JL, Dolovich J. Occupational
asthma in nurses handling psyllium. Clin Allergy
1987; 17:1-6.

18. Gauss WF, Alarie JP, Karol MH. Workplace
allergenicity of a psyllium-containing bulk laxa-
tive. Allergy 1985; 40:73-6.

19. Cartier A, Malo JL, Forest F, ef al. Occupa-
tional asthma is snow crab-processing workers. J

Allergy Clin Immunol 1984; 74:261-9.

20. Cartier A, Séguin P, Allard A, Malo JL. Prev-
alence of occupational asthma in a paint shop. J
Occup Med (In Press).

21. Brooks SM. Occupational asthma. In: Weiss
EB, Segal MS, Stein M, eds. Bronchial asthma. 2nd
ed. Boston: Little, Brown and Co., 1985; 461-93.

22. Burge PS. Single and serial measurements of
lung function in the diagnosis of occupational
asthma. Eur J Respir Dis 1982; 63(Suppl 123:47-59).
23. Smith BS, Brooks SM, Blanchard J, Bernstein
IL, Gallagher J. Absence of airway hyperreactivity
to methacholine in a worker sensitized to toluene
diisocyanate (TDI). J Occup Med 1980; 22:327-31.
24. Hargreave FE, Ramsdale EH, Pugsley SO. Oc-
cupational asthma without bronchial hyperrespon-
siveness. Am Rev Respir Dis 1984; 130:513-5.

25. Chan-YeungM, Lam S, Koener S. Clinical fea-
tures and nature history of occupational asthma
due to western red cedar (thuja plicata). Am J Med
1982; 72:411-5.

26. Hudson P, Cartier A, Pineau L, Lafrance M,
St-Aubin JJ, Dubois JY, Malo JL. Follow-up of
occupational asthma caused by crab and various
agents. J Allergy Clin Immunol 1985; 76:682-7.

27. Burge PS, O’Brien IM, Harries MG. Peak flow
rate records in the diagnosis of occupational asthma
due to colophony. Thorax 1979; 34:308-16.

28. Burge PS, O’Brien IM, Harries MG. Peak flow
rate records in the diagnosis of occupational asthma
due to isocyanates. Thorax 1979; 34:317-23. -

29. Cartier A, Pineau L, Malo JL. Monitoring
of maximum expiratory peak flow rates and hista-
mine inhalation tests in the investigation of occupa-
tional asthma. Clin Allergy 1984; 14:193-6.

30. Cartier A, Thomson NC, Frith PA, Roberts
R, Hargreave FE. Allergen-induced increase in bron-
chial responsiveness to histamine: relationship to
the late asthmatic response and change in airway
caliber. J Allergy Clin Immunol 1982; 70:170-7.

31. Woolcock AJ, Colman MH, Jones MW. Atopy
and bronchial reactivity in Australian and Melana-
sian populations. Clin Allergy 1978; 8:155-64.

32. Juniper CP, How MJ, Goodwin BFJ, Kinshott
AK. Bacillus subtilis enzymes: a 7-year clinical ep-
idemiological and immunological study of an in-
dustrial allergen. J Soc Occup Med 1977; 27:3-12.





