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Occupational asthma in workers of a pharmaceutical
company processing spiramycin

JEAN-LUC MALO, ANDRE CARTIER
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ABSTRACT After investigation of one worker with occupational asthma, all 51 employees of a
pharmaceutical company processing the macrolide antibiotic spiramycin were investigated to
determine the frequency of the condition and the risk factors. The antibiotic was produced for short
periods four to five times a year. The first part of the investigation, conducted before a production
period, consisted of the following: questionnaire, skinprick tests, blood sample, spirometry,
assessment of bronchial responsiveness, to methacholine, and monitoring of peak expiratory flow
rates (PEF). The second part of the survey was carried out in 48 of the 51 workers during the
production period, and included the same assessments except for skin testing. No FEV, values had
changed by more than 9% or PEF by more than 19%. Inhalation challenge with spiramycin was
performed in 12 of the 14 individuals who had a history of occupational asthma, a provocative
concentration ofmethacholine (PC20) of 16 mg/ml or less, or a PC20 that fell by 2-5 fold ormore during
the production period (or a combination of these). Three subjects experienced immediate
bronchoconstriction. All reported symptoms, and all had a fall in PC20 methacholine during the
production period. It is concluded that the minimum frequency of occupational asthma in this
company processing spiramycin is 4/51 (7-8%). The combination of a positive response to the
questionnaire and a change in bronchial hyperresponsiveness during the production period appeared
to be the best detector of individuals with occupational asthma, as confirmed by inhalation challenge
with spiramycin.

Occupational asthma has been described in employees
of pharmaceutical companies processing spira-
mycin.13 In the only epidemiological survey,4 37 of305
workers (12-1 %) exposed to spiramycin showed symp-
toms of asthma, rhinitis, or urticaria. Ten workers
(3 3%) had symptoms suggesting work related asthma
but the diagnosis was not confirmed objectively.
In individual cases, however, inhalation challenge
with spiramycin'3 has caused late or dual asthmatic
reactions.
The aim of the present study was to determine by

objective means the frequency of occupational asthma
in a pharmaceutical company employing 51 workers
who were intermittently exposed to spiramycin.
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Montreal, Canada H4J IC5.
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Methods

SPIRAMYCIN PROCESSING
The company processed spiramycin five to 10 times a
year for periods of one to two weeks. Nearly 30 other
products were processed during the rest of the time but
none of the other products has been reported as
causing occupational asthma.5 None of the employees
wore masks. Spiramycin powder was imported as a
raw material. The departments where it was processed
were sealed. Spiramycin was first weighed and pro-
cessed in the reception and production departments,
where three and 10 workers respectively were
employed. In these departments it was judged that the
heaviest exposures occurred as large quantities of
spiramycin were handled freely. After each processing
period the premises were cleaned thoroughly with
water. Spiramycin was put into capsules in a different
department, where 19 workers were exposed. The
process was automated, but spiramycin powder was
sometimes released into the air as capsules were
broken. After each production period the department
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was cleaned, but no water was used. Quality control of
the product was performed by 16 employees working
in a different building. Finally, three employees
worked on maintenance.

EPIDEMIOLOGICAL SURVEY
The diagnosis ofoccupational asthma was first suspec-
ted in one worker exposed to spiramycin. A specific
inhalation challenge was carried out by exposing the
individual to spiramycin for 15 minutes. This elicited a
fall in FEV,, which started at 30 minutes and was
maximal (32% fall) 90 minutes after exposure. There
was no appreciable recovery until seven and a half
hours after the challenge, at which time inhaled
salbutamol was given with partial recovery (to 88% of
the baseline) of FEV,. It was decided to investigate the
other 50 exposed employees, the following procedures
being used.

INITIAL ASSESSMENT
This study was carried out two months after the last
spiramycin processing period. A questionnaire,
administered by a trained nurse, was based on a
questionnaire recently developed by the IUAT (W W
Holland, personal communication). It included ques-
tions about the personal atopic history, asthma, and
smoking habits of the subjects and in addition items
on asthmatic symptoms, rhinoconjunctivitis, and
urticaria on exposure to spiramycin. Questions related
to occupational asthma included the presence of
cough, wheezing, chest tightness, dyspnoea, and noc-
turnal respiratory symptoms at the time of the produc-
tion of spiramycin. As the questionnaire was adminis-
tered two months after the last production period, thus
reducing the accuracy of response to specific ques-
tions, we thought that two or more positive answers
were required for considering the response suggestive
of occupational asthma.

Subjects underwent skin tests by the prick method
with a battery of common inhaled allergens: tree,
grass, and ragweed pollens; house dust, feathers, and
Dermatophagoidesfarinae; Alternaria spp, Aspergillus
fumigatus, Hormodendrum spp; cat and dog danders
(Hollister-Stier, Rexdale, Ontario; Bencard, Missis-
sauga, Ontario); a control diluent; and histamine
phosphate solution at I mg/ml. Skin tests with
spiramycin diluted in phosphate buffered saline at
0 01, 0 1, 1 and 10 mg/ml were also performed. The
mean of two perpendicular diameters of the weal
reaction recorded 10 minutes after the introduction of
the antigen was recorded. Spiramycin skin testing was
also performed in a sample of 53 consecutive asth-
matic patients seen in our outpatient clinic.

Blood was drawn for the measurement of total
eosinophil numbers.

Spirometry, including the measurement of FEV,,
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forced vital capacity (FVC), and the ratio FEV,/FVC,
was performed with a dry spirometer (Vitalograph,
Vitalograph Ltd, London) according to the criteria of
the American Thoracic Society.6 Serial monitoring of
peak expiratory flow rates (PEF) was performed with
the Wright mini peak flow meter (Clement Clarke
International, London). Subjects were asked to record
three PEF values four times a day (on rising, at lunch,
at the end of the workshift, and at bedtime) and
whenever they had chest symptoms. The greater of the
two most reproducible (± 20 1/min) values at each time
was kept for analysis. PEF was monitored during the
week preceding exposure to spiramycin and during the
production period, including the weekend.

Bronchial responsiveness to inhaled methacholine
was assessed according to the method described by
Cockcroft et al,7 except for the use of methacholine
instead of histamine. After baseline assessment of
spirometric values, each subject inhaled phosphate
buffered saline at tidal volume breathing for two
minutes with the Wright nebuliser (output 014 ml/
min; mean diameter ofinhaled particles 1-3 Mm). FEV,
was assessed 30 and 90 seconds after the end of
nebulisation. Increasing doubling concentrations of
methacholine from 0 03 to 128 mg/ml (if the subject
had a history of asthma or occupational asthma or
both) or from 2 to 128 mg/ml (if no such history was
obtained) were nebulised. The test was stopped when
the FEV, had decreased by 20% or more or when the
highest concentration had been nebulised. The test
was not done in subjects with a history of coronary
artery disease, hypertension, or epilepsy.

SECOND ASSESSMENT
A second assessment was undertaken during the
spiramycin production period, which lasted for five to
10 days, depending on the department. Three subjects
included in the first assessment were absent at this time
because of holidays, minor surgery, and upper res-
piratory tract infection.
At least one day after the onset of exposure each

subject was given a short questionnaire incorporating
some questions from the initial questionnaire and
inquiring about any cough, shortness of breath,
tightness in the chest, wheezing, or rhinoconjunctivitis
symptoms during the period of processing. As this
questionnaire was administered during the production
period, thus improving the accuracy of response to
specific answers, we considered that we had to inves-
tigate every individual who reported at least one
complaint. This differed from the initial survey ques-
tionnaire, administered two months after the last
production period, in which two or more positive
answers were required (see above). Spirometry was
repeated and blood taken for a total white cell and
eosinophil count. Bronchial responsiveness to metha-
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Occupational asthma in workers ofa pharmaceutical company processing spiramycin
choline was assessed and serial PEF measurements

were made as before for the total production period.
Total dust exposures were measured by a sample

carried by one worker in the respective department
and collected on PVC filters o^f f0-8 um pore size, a
Dupont P-2500 volume pump being used. Sampling
time varied from two to four hours, covering the entire
processing period.

THIRD ASSESSMENT: SPIRAMYCIN INHALATION
TESTS
Spiramycin inhalation tests were performed in a

challenge room of the hospital laboratory as described
by Pepys and Hutchcroft.' On the first day the subject
was asked to tip lactose dust from one tray to another
for 30 minutes. FEV, was recorded before the
exposure, every 10 minutes for one hour after the
challenge, then every 30 minutes for one hour, and
hourly up to eight hours after the challenge. A
methacholine inhalation test was carried out at the end
of the day. On the second day neat spiramycin was

used instead of lactose for the following intervals: five,
15, and 45 seconds and two minutes for two con-
secutive exposures. FEV, was recorded immediately
and 10 minutes after the end of each exposure, and
then at the same intervals as on the day of exposure to
lactose. The exposure was stopped if the FEV, had
dropped by 20% or more. If no appreciable change in
FEV, had been recorded that day, exposure was
prolonged to 30 minutes on a third day. A metha-
choline inhalation test was repeated at the end of that
day.

ANALYSIS OF RESULTS
Reference values for FEV, and FEV,/FVC were
obtained from Knudson et al.9 Daily changes in PEF
were expressed as [(highest value - lowest value)/
highest value] x 100. Methacholine dose-response
curves were drawn on a non-cumulative semilogarith-
mic scale. The concentration causing a 20% fall in
FEV, (PCi,) was obtained by interpolation.

Results

INITIAL ASSESSMENT
Details of the subjects are given in table 1. All
employees answered the questionnaire. Eleven
subjects had at least one positive answer to one of four
questions on wheezing, chest tightness, dyspnoea, and
nocturnal cough. Twelve subjects had at least one
positive answer to questions related to occupational
asthma-that is, cough, wheezing, chest tightness,
dyspnoea, and nocturnal respiratory symptoms at the
time of the production of spiramycin. Six subjects had
a "positive" questionnaire (two or more positive
answers) suggesting occupational asthma. Twenty one

Table 1 Clinical and lungfunction data on the 5I workers

First Second
assessnent assessment

Number 51 48
Sex (M/F) 25/26 23/25
Age (y): mean (SD) 37 (10) 36 (10)
Duration of service with company

(y): mean (SD) 10 (8) 10 (8)
Smokers and ex-smokers 26 (51%) 23 (48%)
Asthma* 4 (8%) 4 (8%)
Occupational asthma* 6 (12%) 9 (19%)
Occupational rhinoconjunctivitis 21 (41%) 15 (31%)
Atopyt 20/49 (41%) 18/46 (39%)
Total eosinophils > 400/mm' 3 (6%) 4 (8%)
FEV, < 80% predicted 3 (6%) 3 (6%)
PC20 methacholine < 16 mg/ml 9/47 (19%) 6/43 (14%)
Daily changes in PEF > 20% 0 0
Changes in FEV, > 10% - 0
Fall in PC20 > 2-5 fold 7/42 (16 7%)

*As defined from the questionnaire.
tAt least one immediate skin reaction to common inhaled allergens
(see text).
PC2a methacholine, concentration of histamine provoking a 20% fall
in FEV,; PEF, peak expiratory flow.

subjects had symptoms of rhinoconjunctivitis after
exposure to spiramycin.

Skin tests could be interpreted in only 49 subjects, as
two subjects showed dermographism. Twenty subjects
had at least one immediate reaction to common
inhaled allergens. Results of skin test responses to
spiramycin could not be interpreted as some
individuals had reactions at concentrations of0-0 I and
0 1 mg/ml, but no reaction at I and 10 mg/ml. This was
also the case in seven of 53 adult individuals with
asthma who underwent skin testing with spiramycin in
our outpatient clinic, and who had positive immediate
reactions, generally at low concentrations of
spiramycin.

Three subjects had an FEV, below 80% of the
predicted value and nine subjects had bronchial
hyperresponsiveness to methacholine (PC20 < 16 mg/
ml). The mean daily change in PEF was 7-3% (SD
3 5%). None of the subjects demonstrated a change in
PEF of more than 20%.1'

SECOND ASSESSMENT
Forty eight subjects were seen during the production
period. One ofthe three who were absent had a history
suggesting occupational asthma at the initial assess-
ment. Nine subjects reported symptoms suggesting
occupational asthma on this occasion-that is, at least
one positive answer regarding cough, wheezing, chest
tightness, dyspnoea, and nocturnal respiratory symp-
toms at the time of the production ofspiramycin. Four
of these nine subjects had had a "positive" question-
naire before the production period. Fifteen subjects
had a history of rhinoconjunctivitis. Six subjects had a
PC20 of 16 mg/ml or less, and seven had a 2 5 fold or
greater fall in PC2. (the between day reproducibility of
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Table 2 Characteristics of the three workers with
occupational asthma

No I No 2 No 3

Sex F M M
Age (y) 39 20 27
Duration of service (y) 8-5 1 5
Smoking habit Non-smoker Smoker Smoker
Asthma* No No No
Occupational asthma:*

First assessment No No No
Second assessment Yes Yes Yes

Occupational rhinoconjunc-
tivitis:*

First assessment No No Yes
Second assessment Yes Yes Yes

Atopyt Yes No Yes
FEV, (% predicted):

First assessment 84 83 88
Second assessment 84 80 92

PC20 methacholine (mg/ml):
First assessment 2 1 32 82
Second assessment 0-4 10 32

*As defined from the questionnaire.
tAt least one immediate skin reaction to common inhaled allergens
(see text).
PC20, see footnotes to table 1.
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reaction for subject 1, no appreciable recovery in
subject 2, and recovery after four hours in subject 3
(figure). None of the subjects considered to have a

negative response to spiramycin had a fall in PC20 of
more than 3 2 fold at the end of the active challenge
day.
Two of the three subjects with a PC20 of 16 mg/ml or

less and a "positive" questionnaire at the time of
production had a positive inhalation challenge to
spiramycin (table 3). One individual with a "positive"
questionnaire but a PC20 greater than 16 mg/ml had a

positive response to challenge with spiramycin.
Another individual with a "positive" questionnaire
and a PC20 of 16 mg/ml or less had a negative response

to challenge with spiramycin (table 4). The three
subjects with a fall in PC20 and a "positive" question-
naire at the time of spiramycin production also had a

positive response to the inhalation challenge. In
contrast, the nine subjects who met one but not both of
these criteria failed to show appreciable bronchocon-
striction after laboratory exposure to spiramycin.

Discussion
the test is 3 2" in our laboratory). The mean daily
change in PEF was 6-9% (SD 3 0%). No subject had a

change in PEF of more than 20%.
The concentration ofparticles was 1 14 mg/m3 in the

reception department, and varied from 0 54 to 2-33
mg/m3 in the capsule department.

FINAL ASSESSMENT
Inhalation challenges with spiramycin were performed
in all subjects who had a history suggesting
occupational asthma at the first or second assessment,
a PC20 of 16 mg/ml or less, or a 2-5 fold or greater fall in
PC20 at the time of the second assessment. Fourteen
subjects met one or more of these criteria. Challenge
with spiramycin was refused by one subject who had a

suggestive history but whose PC20 had increased from
16 to 64 mg/ml at the time of the processing; and it was
not performed in a symptom free new employee,
whose PC20 fell from > 128 to 28 mg/ml and who had
been exposed to spiramycin for the first time. The
characteristics of the three subjects who had a positive
response to inhalation challenges are shown in table 2.
One subject had reported only one respiratory symp-
tom before the production period, and had therefore
been considered to have a "negative" questionnaire
for occupational asthma according to the criteria set at
that time (see above). All three subjects reported
symptoms at the time of exposure. Two of the three
subjects had a PC20 methacholine of 16 mg/ml or less at
the time of the production period, and in the third
subject the PC20 fell 2-5 fold. The inhalation challenges
caused an immediate fall in FEV, in the three subjects,
with recovery in the first hour followed by a mild late

Several antibiotics, including ampicillin, the cephalo-
sporins, tetracycline and spiramycin, have been listed
among the aetiological agents of occupational asth-

Table 3 Correspondence between results ofquestionnaire and
bronchial responsiveness*

PC0 . 16 mglml. PC_, > 16 mgl ml:
Response to spiramycin Response to spiramYcin

Answers challenge challenge
to question-
naire Positive Negative Positive Negative Total

Positive 2 1 1 5 9
Negative 0 4 36 40
Total 7 42 49

*Results in employees who had either a "positive" questionnaire (n =
9) or a PCGO < 16 mg/ml (n = 7), or both, and who underwent
inhalation challenges with spiramycin.
PC_,, see footnotes to table 1.

Table 4 Correspondence between results ofquestionnaire and
changes in bronchial responsiveness*

Answers Changes in PC5, > 2-5 Changes in PC,) < 2-5
fold: fJld:
Response to spiramycin Response to spiramYcin

Answers challenge challenge
to question-
naire Positive Negative Positive Negative Total

Positive 3 0 0 5 8
Negative 0 4 30 34
Total 7 35 42

*Results in employees who had either a "positive" questionnaire (n =
8) or a change in PC,0 (n = 7). or both, and who underwent inhalation
challenges with spiramycin.
PC2., see footnotes to table 1.
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Occupational asthma in workers of a pharmaceutical company, processing spiramycin
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(7 8%) employees of a pharmaceutical company,
including the one in whom the diagnosis was made

N No 1 initially and three others in whom the diagnosis was
confirmed in the present epidemiological survey. The

0000 prevalence of work related asthma in 305 workers
-°-0-4 O exposed to spiramycin was 10% in a previous ques-

tionnaire survey, which did not use objective measures
of pulmonary function and inhalation challenges.4 In
the present study the diagnosis was made by inhalation
challenges with spiramycin in the laboratory.
As only three subjects had occupational asthma due

3 4 5 6 7 8 to spiramycin, risk factors and markers for the
No 2 condition could not be determined with certainty. Two

of the three subjects were smokers or ex-smokers and
two were atopic.

In the present study the "gold standard" for confir-
ming occupational asthma was the result of inhalation
challenges with spiramycin in the laboratory.8 For
these tests the maximum duration of exposure to
spiramycin was set at 30 minutes. Although a longer
period of exposure might have caused bronchocon-
striction, this seems unlikely for the following reasons.
Firstly, this duration ofexposure was sufficient to elicit
a reaction in one individual (No 3) who had no
bronchial hyperresponsiveness to methacholine
before the challenge. Secondly, there was no change in

3 4 5 6 7 8 bronchial responsiveness to methacholine at the end of
No 3 the active challenge day in any of the individuals

considered to have negative responses to the challen-
ges. Change in PC20 is more sensitive than spirometric
change in detecting bronchial reactions after exposure
to a sensitising agent.'2
The bronchoconstriction which occurred in the

three individuals in response to spiramycin appears to
be specific and not due to an irritant effect. Similar
exposure in the other four subjects with a PC20 under
16 mg/ml did not cause an appreciable change in
FEV,. The pattern of the bronchoconstriction seen in
two of the three subjects was not typical of IgE
mediated reactions, where the maximum fall in FEV,
occurs 10-20 minutes after challenge with recovery in
the first hour. Such immediate reactions might be
followed by late reactions.8 More delayed reactions,

3 4 5 6 7 8 such as those seen with spiramycin, have been des-
HOURS cribed after exposure to agents like isocyanates, for

1 E which the mechanism of sensitisation is still debated.'3
The mechanism of sensitisation to spiramycin could

rtaiOnsitihelthree not be elicited as skin testing yielded anomalous
eaction insubject results, some subjects with no occupational asthma
?rv in subject No 2, reacting at low concentrations but not at high concen-
ry in subject No 3. trations of spiramycin. A similar proportion of
)sure, which was 30 positive reactions occurred in a control group of

asthmatic subjects. Skin testing with spiramycin has
been used in previous investigations, and such reac-

;ibiotic mainly used tions have not been noticed (the previous
found evidence of epidemiological survey,4 however, used only one con-
n in four out of 51 centration of spiramycin, 5 mg/ml). As no dose-res-
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ponse curves were produced in previous studies,'1
possibly anomalous reactions such as were observed in
the present study were missed.
The findings of this study are relevant to the

investigation of occupational asthma in employees
exposed to a product for which skin testing is not
feasible. The questionnaire administered before the
production period did not suggest occupational
asthma in the three individuals in whom the condition
was proved by inhalation challenge. The questionnaire
was, however, "positive" in the second assessment
during the production period. Thus questionnaires
should be administered at the time of exposure in
individuals who are not continuously in contact with a
sensitising product at work. Two of the three
individuals with occupational asthma had a negative
response to a methacholine test before the production
period, and in one of the three the response was
negative (32 mg/ml) even at the time of the production
(table 2). Although bronchial hyperresponsiveness
may persist for years after the end of exposure in
subjects with occupational asthma,'"'7 such alteration
in PC20 may be transient.'8 2 We found, however, that
a fall in PC20 was present in the three individuals. These
results show that the changes in PC20 may be as
important as the absolute value of PC20 recorded
during the production period.
The results of the present study suggest that a

combination of a "positive" questionnaire and a fall
in PC20 may be specific for the diagnosis of
occupational asthma in an epidemiological survey for
which exposure is intermittent. The three individuals
with occupational asthma had both a "positive"
questionnaire at the time of spiramycin production
and a decrease in methacholine PC20. Responses to
inhalation challenge with spiramycin were negative in
the five individuals who had only a "positive" ques-
tionnaire and the four with only a decrease in PC20. We
did not challenge the 30 subjects who had neither of
these two features, as they were very unlikely to have
occupational asthma. As we studied only about 50
workers and did not challenge every one with
spiramycin, we are unable to assess the sensitivity and
specificity of a questionnaire combined with determin-
ation of PC20 by comparison with the results of
inhalation of spiramycin. This would warrant other
studies as it is a relevant issue in the investigation of
occupational asthma, as discussed by others.5
Our study suggests that the frequency of

occupational asthma in workers exposed intermit-
tently to spiramycin may be similar to that in red cedar
and isocyanate workers,5 although this needs valida-
tion in larger surveys. A combination of a question-
naire and measurement of methacholine bronchial
responsiveness may be the best way to detect
individuals with occupational asthma when skin test-

Malo, Cartier

ing is not reliable, as is the case with several other low
molecular weight agents.

We wish to thank the employer and employees in this
pharmaceutical company for kindly consenting to
collaborate in the present survey.
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