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ABSTRACT
Background and aim: Risks for development of
occupational sensitisation, bronchial hyper-responsive-
ness, rhinoconjunctival and chest symptoms at work
associated with continued exposure to high molecular
weight (HMW) allergens were estimated with three
exposure assessment methods.
Methods: A Cox regression analysis with adjustment for
atopy and smoking habit was carried out in 408
apprentices in animal health technology, pastry making,
and dental hygiene technology with an 8-year follow-up
after training. The risk of continued exposure after
training, estimated by the asthma-specific job exposure
matrix (JEM), was compared with self-reports and
investigator scores on job-training-related exposure.
Associations between outcomes and work duration in
job(s) related to training were also evaluated.
Results: Exposure to animal-derived HMW allergens,
subsequent to the apprenticeship period, as estimated by
the JEM, was associated with a significantly increased
risk for occupational sensitisation (hazard ratio (HR) 6.4;
95% CI 2.3 to 18.2) and rhinoconjunctival symptoms at
work (HR 2.6; 95% CI 1.1 to 6.2). Exposure to low
molecular weight (LMW) agents significantly increased
the risk of developing bronchial hyper-responsiveness (HR
2.3; 95% CI 1.1 to 5.4). Exposure verification appeared to
be important to optimise the sensitivity and the
specificity, as well as HRs produced by the JEM. Self-
reports and investigator scores also indicated that further
exposure to HMW allergens increased the risk of
developing occupational allergies. The agreement
between self-reports, investigator scores, and the JEM
were moderate to good. There was no significant
association between respiratory outcomes and work
duration in jobs related to training.
Conclusion: The asthma-specific JEM could estimate the
risk of various outcomes of occupational allergies
associated with exposure to HMW and LMW allergens,
but it is relatively labour intensive. Exposure verification is
an important integrated step in the JEM that optimised
the performance of the matrix.

Published studies establish that exposure is an
important predictor of the development of occupa-
tional allergies.1 Heederik and colleagues demon-
strated that the clearest dose–response relationship
was observed between exposure intensity and
work-related symptoms and sensitisation.2 3

However, when quantitative measurements are

lacking, job-specific questionnaires can serve as a
good surrogate of exposure level.4 Epidemiological
studies also suggest that job exposure matrices
(JEMs) are useful in assessing exposure at the
workplace. The use of a JEM has some advantages
over self-reported exposure because exposure clas-
sification is performed blinded to health outcome
and thus, it is less susceptible to a recall bias.5–8

Several generic JEMs exist and assign exposure to a
large number of agents based on job titles and
industry classifications. A specific JEM was devel-
oped by Kennedy and colleagues6 and was used to
estimate the risk of occupational asthma9 and
rhinitis10 associated with occupational allergens in
a questionnaire-based surveillance in the general
population. However, its application for estimating
the risk of occupational sensitisation and bronchial
hyper-responsiveness (BHR) has not been evalu-
ated.

A previous cohort study estimated the incidence
of sensitisation to laboratory animal, flour, and
latex allergens (per person-year (PY)) at 8.9 per 100
PY, 4.2 per 100 PY, and 2.5 per 100 PY, for
Canadian apprentices in animal health technology,
pastry making, and dental hygiene, respectively.11

An 8-year follow-up after training was performed
to evaluate the long-term effects of occupational
exposure to these high molecular weight (HMW)
agents on changes in immunological status, symp-
toms, and bronchial reactivity.12 The incidence of
sensitisation, rhinoconjunctival and chest symp-
toms, and BHR at follow-up was higher among
subjects who had a job related to training. In
contrast, subjects in a job not related to training
showed a very high proportion of remission of
features that were acquired during apprentice-
ship.12

This study aimed to evaluate the application of
the asthma-specific JEM in estimating the risk of
occupational sensitisation, BHR, rhinoconjunctival
and chest symptoms at work associated with
continued exposure to HMW allergens after train-
ing in animal health technology, pastry making,
and dental hygiene technology. The performance
of the JEM was compared with self-reported and
investigator scoring on the prolongation of expo-
sure to the relevant HMW allergens beyond the
training period. The associations between out-
comes and exposure to specific agents as well as
duration of exposure were also evaluated.
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METHODS AND MATERIALS

Study design and population
A prospective cohort study on the natural history of specific
immunological sensitisation and probable occupational asthma
was conducted in 769 apprentices during their training in
animal health technology, pastry making and dental hygiene
(1993–1998).11 13 A long-term follow-up of 629 eligible subjects
from the original cohort was initiated in 2002 to determine the
environmental and host determinants for incidence, persistence
and improvement of specific immunological sensitisation, work-
related symptoms, bronchial responsiveness and probable
occupational asthma.12 Testing included completion of ques-
tionnaires on symptoms and work history, and skin-prick tests
(SPTs) to specific allergens and bronchial challenges. Among the
408 subjects who took part in the follow-up, complete
questionnaire data were available for 384; SPT results were
available for 368; and BHR data for 281.

To estimate the incidence of outcomes at follow-up, only
participants who had no outcome(s) at the end of their
apprenticeship were included, leaving a different sample size
for different outcomes (fig 1). For occupational sensitisation and
BHR, follow-up time was defined as the time between the end
of training and the end of follow-up. For rhinoconjunctival and
chest symptoms at work, follow-up time was defined as the
time between the end of training and the onset of symptoms
during follow-up. The number of observations can differ from
other published analyses because participants who lacked data
on atopy at the end of training were excluded from the analysis,
leaving a total of 375 participants. Of these, 83 (22.1%) had one
job, 173 (46.1%) had two jobs, 78 (20.8%) had three jobs, 34
(9.1) had four jobs, and seven (1.9%) had five jobs during
follow-up.

The questionnaire was derived from the standardised
respiratory questionnaire of the International Union against
Tuberculosis and Lung Disease (IUATLD) and was administered
by a trained nurse.14 Relevant questions on work-related
symptoms and work history since the end of the apprenticeship
were also administered. Ever smokers were defined as those who
have smoked at least 20 packs of cigarettes or 12 oz of tobacco
in a lifetime, or one cigarette a day for 1 year from entry in
training until follow-up.

Skin tests to work-specific allergens, that is, rat urinary
proteins (Pharmacia, Allergon AB, Angelholm, Sweden), mouse
dander, rabbit dander, latex, mixed flours, wheat and bran flour

(Omega, Montreal, Canada) that were used in previous studies,
were completed in the same subjects. A wheal diameter of
3 mm or more was regarded as a positive response, after
subtraction of any response to the negative control (glycerine
50%). Sensitisation to laboratory animal allergens was defined
as a positive SPT response to any occupational allergen. Atopy
was defined as a positive skin-test reaction to at least two of 11
common inhalants.13

Bronchial methacholine challenge tests were performed using
guidelines slightly modified from those of the European
Respiratory Society.15 The procedure for performing the
methacholine test was modified as described elsewhere to take
into account the absence of an onsite physician.16

Outcomes
We used new cases of occupational sensitisation, BHR,
rhinoconjunctival, and chest symptoms at work as outcomes.
Occupational sensitisation was defined as a new positive
reaction to at least one relevant occupational HMW allergen
at follow-up. Incident cases of BHR were defined as a significant
increase in bronchial responsiveness at follow-up compared
with BHR measured at entry into the training programme (3.2-
fold or greater decrease in methacholine provocation concentra-
tion which causes a 20% fall in forced expiratory volume in 1
second (FEV1; PC20 FEV1),17 or a change at follow-up to a PC20

(16 mg/ml in subjects with an initial PC20 .32 mg/ml).
Rhinoconjunctival symptoms at work were considered present
if a worker experienced at least one eye or nasal problem during
work; chest symptoms at work were defined when experiencing
cough, wheeze, shortness of breath, and/or chest tightness
during work; incident cases were workers who had symptoms
at work after their apprenticeship.

Different measures of continued exposure to relevant HMW
allergens after training
Self-reported and investigator scoring on job-training relatedness
A detailed work history was obtained on job(s) held since
ending an apprenticeship, with start and end dates, number of
hours/week, type of industry, and main activity in the
workplace. In order to assess continuation of exposure to
relevant HMW allergens during follow-up, participants were
asked to report if their jobs were related to their training.

A three-point investigator score was also assigned: score
0 = not related; 1 = main activity workplace related; and

Figure 1 Study participation of animal
health technology, pastry making, and
dental hygiene technology apprentices
with an 8-year follow-up after training.
Participants were considered eligible if
they did not have an outcome at the end
of apprenticeship. Of those who were
eligible, participants without skin prick
test results to common allergens at the
end of apprenticeship were excluded from
the analysis. BHR, bronchial hyper-
responsiveness; PY, person-year.
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2 = activities and job title related to training programme. This
score was assigned by two investigators blinded to allergic
status at follow-up. For instance, a score of 0 was assigned for a
hair stylist who had training in pastry making; a score of 1 was
assigned to a secretary in a veterinary clinic who had training in
animal health technology; and a score of 2 was assigned for a
baker or confectioner who had training in pastry making. A job
was considered related to training if score >1. A participant was
considered as having a job related to training if they worked for
the equivalent of 1 year or more for at least 40 h/week in the
job. Duration of work was computed and summed for all jobs
considered related to training (variable: working years). The
sum product of multiplication between duration of work and
weekly working hours in the related jobs was also calculated.

The asthma-specific JEM
Jobs were coded using the International Standard Classification
of Occupations (ISCO)-88 system18 (performed by ES and DG).
Subsequently ISCO codes were linked to the asthma-specific
JEM developed by Kennedy et al,6 and the subsequent
verification step recommended as part of the JEM method
was also included. The JEM classified exposure (yes or no) to 18
asthmagenic compounds, classes of compounds, or mixed
environments for every job title listed in ISCO-88. Based on
the presence and absence of the 18 exposure classifications, a
high-asthma risk group is identified, which includes jobs with
exposure to HMW allergens, low molecular weight (LMW)
allergens, mixed environment allergens and jobs with a high
probability of accidental peak exposure to irritants. The JEM
also identifies a low-asthma risk group, which includes jobs
with exposure to combustion particles, tobacco, and other
possible irritants, gas, or fumes, and jobs unlikely to represent
an asthma risk. Exposures were coded ‘‘1’’ only for jobs with a
strong likelihood of exposure relevant to work-related asthma,
that is, a high probability of most workers in that job being
exposed to agents that would put them at high risk of
developing occupational asthma. This step was followed by
verification on ISCO coding and exposure assignments as
recommended by the JEM.6 Verification was carried out by
one author who was knowledgeable of the possible exposure at
workplace (DG), blinded to outcome status at follow-up. For
example, life science technicians who worked with laboratory
animals were assigned to have exposure to HMW animal-
derived allergens. In addition to the verification guidelines
provided by the JEM, DG assigned positive exposure to latex
allergens for life science technicians who worked with
laboratory animals. She also assigned exposure to latex and
animal-derived allergens for college, university and higher-
education teaching professionals in animal health technology.
The decision to classify these jobs as exposed to latex was
determined following a telephone consultation with several
participants who work as dentist assistants, veterinary assis-
tants, veterinarians, life science technicians, and lecturers in
animal health technology, who confirmed the use of latex
gloves.

Data analysis
After completion of job coding and exposure classification, a
Cox proportional hazards analysis19 was conducted to evaluate
the association between outcome and exposure surrogates
which were the assessments of continued exposure to relevant
HMW allergens after training (self-reported, investigator scor-
ing, and exposure categories generated by the JEM). Hazard

ratios and their corresponding 95% CIs were estimated. Atopic
status at the end of training and smoking habit (ever smoked)
from entry in training until follow-up were included in the
analysis as fixed covariates.1 Age and gender were not included
except in the analysis of incidence of BHR.20 The association
between the outcomes and exposure duration variables (total
working years as well as the product of the sum of multi-
plication between working years and weekly working hours in
the related job) were similarly evaluated.

At first, all exposure categories derived from the JEM were
analysed separately. Due to limited sample size, the reference
group was comprised of participants who were not exposed to a
particular asthmagenic compound (e.g., to estimate hazard ratio
of exposure to animal-derived allergens, the reference group was
participants who were not exposed to animal-derived allergens).
Hazard ratios were estimated for exposure categorisation. Next,
exposure categories were dichotomised into exposed or not
exposed to HMW allergen. Kappa statistics was performed to
measure the agreement between self-reported, investigator scor-
ing, and the dichotomised JEM exposure categories. All statistical
analyses were performed with SPSS software (version 14).

RESULTS
Of the 375 participants, the mean age was 23.9 (standard
deviation, SD 5.5) years; 13.6% were male; 27% had ever
smoked; and 42% had positive SPT to at least two of 11
common antigens at the end of their training. Fifty-seven
participants were trained in dental hygiene technology, 73 in
pastry making, and 245 in animal health technology. Twenty-
one participants developed new sensitisation to occupational
allergens during follow-up (mean (SD) duration of follow-up
was 7.3 (1.8) years) (fig 1). A new case of probable occupational
asthma — defined as a positive occupational sensitisation and
methacholine bronchial challenge — was found in only seven
participants.

Exposure
Based on the first JEM verification step (coding verification),
there were six job titles that needed ISCO-coding verification:
armed forces; hand packers and other manufacturing labourers;
market gardeners and crop growers; teaching professionals, not
elsewhere classified; production and operations department
managers; and textile, garment and related trade workers. No
correction was made because there was no other job code that
could best describe the work performed. In the exposure
verification, 366 job titles from 227 participants needed
exposure verification. Corrections were made for 121 job titles
from 77 participants. Most of the changes were the removal of
exposure to enzyme in 93 pastry makers, but their exposure to
flour was retained. Aside from verification required by the JEM,
an additional 135 exposure corrections were made for 101
participants. Exposure to HMW latex allergens was assigned to
life science technicians who worked with laboratory animals (96
corrections). College, university, or higher-education profes-
sionals who had contact with animals in their teaching activity
were assigned to have positive exposure to HMW animal-
derived and latex allergens (each 16 corrections).

The five most frequently occurring jobs held during the
follow-up period, which comprised 63.5% of the total jobs held
by the participants, were veterinary assistants, veterinarians,
dentist assistants, bakers and/or pastry makers, and life science
technicians (table 1). Sixty-eight jobs were in the LMW agents-
exposed group, of which 44 (64.7%) were dental assistants who
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were exposed to both HMW (i.e., latex) and LMW (i.e., highly
reactive chemical and metal or metal fumes) agents.

Relations between occupational exposures generated by the
asthma-specific JEM, before and after exposure verification, and
incidence of occupational sensitisation during follow-up are
presented in table 2. Exposure to HMW animal-derived allergens
in the workplace (e.g., veterinarian and veterinarian assistant)
significantly increased the risk of developing sensitisation by
three and six times (before and after verification, respectively)
compared with those who were not exposed (table 2).

For rhinoconjunctival and chest symptoms at work and BHR,
the risk associated with exposure was also estimated for
exposure categories other than HMW allergens (tables 3 and
4). Overall, verification of the presence of exposure at the
workplace, by incorporating information on job task and main
activity of the workplace, assigned more workers to the exposed
group and consistently increased the risk of developing the
outcomes. For example, the risks of developing rhinoconjuncti-
val symptoms at work among workers exposed to animal-
derived allergens before and after verification were 2.2 (95% CI
1.0 to 4.9) and 2.6 (95% CI 1.1 to 6.2), respectively.

Exposure to metal working fluids significantly increased the
risk of developing chest symptoms, but the CI was very wide
because one of the two exposed participants developed the
outcome. Exposure to highly reactive chemical or metal
sensitisers increased the risk of having a significant increase in
bronchial responsiveness by two to three times compared with
those who were not exposed.

All methods assessing continued exposure to relevant HMW
allergens during follow-up: self-reported, investigator scoring,
and the JEM revealed that most (more than 90%) of the

participants from animal health and dental hygiene technology
apprenticeship at least had one job with exposure to relevant
HMW allergens once they entered the workforce. Lower
percentages were found among participants who trained in
pastry making (72–76%). From the questionnaires, 629 of 834
(75.4%) jobs were reported as related to training by 320 (85.6%)
participants. Exposure assignment generated by the JEM
resulted in 637 (76.4%) jobs with the presence of HMW allergen
exposure at the workplace.

The agreement between self-reported and investigator scoring
on the job-training relatedness was very good (kappa, k = 0.92).
The kappa values between self-reported and HMW allergens
exposure category generated by the JEM were 0.56 (before
exposure verification) and 0.80 (after exposure verification). The
agreements between investigator scoring and HMW allergens
exposure category generated by the JEM were k = 0.52 and
k = 0.79 for before and after exposure verification, respectively.

We found consistent associations between the outcomes and
each exposure proxy variable as could be expected given the
high association reflected by kappa values (table 5). For chest
symptoms at work, investigator scoring and the JEM before
verification showed a reduced risk whereas the other two
methods showed an increased risk. This variation could be
expected given the wide CIs with the lowest interval below the
value ‘‘1’’ and the highest over ‘‘1’’.

Duration of exposure
After adjustment for atopic status and smoking habit, there was
no significant association between the outcomes and working
years or the product of a multiplication between years of work
and weekly working hours in the related job. Nevertheless, it

Table 1 Distribution of exposure to high (HMW) and low molecular weight (LMW) allergens according to job
code in the five most frequent jobs during follow-up

Bakers and/or
pastry makers

Dental
assistants

Life science
technicians Veterinarians

Veterinary
assistants

No 23 44 47 60 64

HMW allergens * * * * *

Animal derived * * *

Flour *

Enzymes *

Latex * * * *

LMW agents *

Highly reactive chemicals *

Metal sensitisers, fumes *

*Participants within the job code were exposed to particular allergen.

Table 2 Relation between occupational exposures generated by the asthma-specific job exposure matrices and sensitisation to occupational high
molecular weight (HMW) allergens during follow-up (adjusted for atopy and smoking habits)

Exposure category

Before verification After verification

i/n HR (95% CI) i/n HR (95% CI)

HMW allergens 17/211 1.2 (0.4 to 3.7) 20/229 4.6 (0.6 to 34.2)

Animal derived 11/120 3.0 (1.2 to 7.4) 15/138 6.4 (2.3 to 18.2)

Fish – 0/1

Flour 3/40 0.4 (0.1 to 1.2) 3/41 0.4 (0.1 to 1.2)

Plant – 0/1

Arthropods, mites – –

Enzymes 3/40 0.4 (0.1 to 1.2) 1/3 1.4 (0.2 to 11.8)

Latex 14/172 2.5 (0.9 to 6.8) 17/190 5.5 (1.5 to 19.5)

Bio-aerosols 0/3 0/3

Pharmaceutical product 0/4 0/4

HR, hazards ratio; i/n, incident cases/number of participants in the exposure category.
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was noteworthy that atopic participants developed occupa-
tional sensitisation and symptoms at work in a shorter period
than the non-atopic participants (data not shown).

DISCUSSION
Our study demonstrated that the risk of occupational allergies
associated with the presence or absence of exposure at the
workplace can be estimated by the asthma-specific JEM.
Consistent with self-reported and investigator scoring on job-
training relatedness, the matrix showed that being further
exposed to HMW allergens played an important role in the
development of new cases of occupational sensitisation,
rhinoconjunctival symptoms at work, and BHR.21 22 Exposure
verification appeared to be important to optimise the sensitivity
and the specificity, as well as hazard ratios produced by the
JEM.

It is interesting that the JEM, which was specifically
developed to estimate the attributable risk for occupational
asthma (or work-related asthma) in general populations,6 seems
to provide a good estimation of the risk of the development of
occupational sensitisation, BHR, and rhinoconjunctival symp-
toms at work in a more or less homogeneous population in the
sense that more than 75% of the participants had jobs with
exposure to asthmagenic compounds in the workplace. These
findings suggest that using the asthma-specific JEM to estimate
the risk of outcomes of occupational allergies associated with
related underlying mechanisms is effective.23 24 Both work-
related asthma and rhinitis can occur, but not exclusively,
through sensitisation to specific agents at the workplace.

Sensitisation to HMW agents is mediated by immunoglobulin
E (IgE), while sensitisation to LMW agents involves both IgE
and other less well understood mechanisms.

The exposure verification step integrated in the JEM seemed
to optimise the JEM sensitivity and specificity. Except for
exposure to enzyme, the verification step assigned more
relevant exposures to the associated job titles and thus, yielded
a substantial improvement of the exposure risk estimation: risk
of developing the outcomes overall was doubled after the
exposure verification step. For exposure to enzyme, this step
seemed to increase the specificity of the JEM. A study by
Tielemans and colleagues demonstrated that specificity drives
the effect of misclassification on measures of association in
studies with a low prevalence of exposure.25 McGuire and
colleagues in their review concluded that when more informa-
tion from the job task and industry information is added to a
JEM, the specificity in the assignment of exposure increased,
and the likelihood that an association between exposure and
diseases will be detected also increases.7 Nevertheless, the
population under study was previously exposed to HMW
allergens during their apprenticeship and a high proportion of
them work in industries with a high risk for work-related
allergies. Given a high prevalence of exposure, an exposure
assessing method with high sensitivity is necessary to obtain a
less biased association.

It is acknowledged that exposure to occupational sensitisers,
both HMW and LMW agents, can increase BHR (FEV1 decreases
after inhalation to methacholine or histamine).26 27 Interestingly,
we found that exposure to LMW agents significantly increased

Table 3 Relation between occupational exposures generated by the asthma-specific job exposure matrices (before verification) and various outcomes
during follow-up

Exposure category

Rhinoconjunctival symptoms at work Chest symptoms at work
Bronchial responsiveness to
methacholine

i/n HR (95% CI) i/n HR (95% CI) i/n HR (95% CI)

High-risk group* 24/201 2.7 (0.6 to 11.6) 14/291 0.6 (0.2 to 1.8) 29/183 2.3 (0.7 to 7.5)

HMW allergens 23/195 1.9 (0.6 to 6.5) 14/281 0.7 (0.2 to 2.0) 28/177 1.8 (0.6 to 5.1)

Animal derived 14/112 2.2 (1.0 to 4.9) 9/177 1.8 (0.7 to 4.7) 12/102 1.2 (0.6 to 2.5)

Fish – – –

Flour 5/34 0.6 (0.2 to 1.9) 4/49 0.5 (0.1 to 1.8) 9/31 0.8 (0.3 to 1.8)

Plants – – –

Arthropods, mites 0/1 0/1 –

Enzymes 5/34 0.6 (0.2 to 1.9) 4/49 0.5 (0.1 to 1.8) 9/31 0.8 (0.3 to 1.8)

Latex 18/162 2.1 (0.8 to 5.3) 10/233 1.2 (0.4 to 3.3) 19/147 1.8 (0.9 to 4.0)

Bio-aerosols 0/3 0/3 0/2

Pharmaceutical product 0/6 1/9 2.1 (0.3 to 16.1) 1/7 1.5 (0.2 to 11.8)

LMW agents 5/54 1.0 (0.4 to 2.8) 2/63 0.7 (0.2 to 3.1) 9/48 2.7 (1.1 to 6.5)

Highly reactive chemicals 5/53 1.1 (0.4 to 2.9) 1/61 0.3 (0.04 to 2.5) 8/46 2.4 (1.0 to 6.0)

Isocyanates 0/1 0/1 0/1

Industrial cleaning agents – – –

Wood dusts – – –

Metal sensitisers, fumes 4/45 1.0 (0.3 to 3.0) 2/51 0.9 (0.2 to 3.9) 8/41 2.6 (1.1 to 6.4)

Mixed environments 1/8 0.9 (0.1 to 7.1) 1/13 1.6 (0.2 to 12.1) 2/9 1.8 (0.4 to 7.9)

Metal working fluids 0/1 1/2 13.1 (1.6 to 110.3) 1/2 3.6 (0.4 to 29.2)

Agriculture 0/4 0/5 0/3

Textile production 1/3 1.9 (0.3 to 14.6) 0/6 1/4 1.6 (0.2 to 11.9)

Peak exposure to irritants – – –

Possible exposure other substances

Exposure to combustion particles/
fumes

1/6 1.4 (0.2 to 10.2) 0/8 0/3

Exposure to irritants, not high peaks 1/10 0.5 (0.1 to 4.0) 0/10 1/7 1.1 (0.1 to 10.5)

Exposure to tobacco smoke 0/8 0/8 0/6

*Group of exposure to HMW, LMW, and/or mixed-environment agents.
HMW, high molecular weight; HR, hazards ratio; i/n, incident cases/number of participants in the exposure category; LMW, low molecular weight.
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the risk of developing BHR in a higher magnitude than exposure
to HMW allergens (relative risk 2.3 (95% CI 1.1 to 5.4) vs 1.4
(95% CI 0.4 to 4.6) for LMW and HMW category, respectively).
However, the fact that all participants were previously exposed
to HMW allergens during training should be taken into account
in interpreting the risk estimates. Moreover, 90% of the
participants in the LMW agents-exposed group were employed
as dentist assistants who were simultaneously exposed to latex
allergen, highly reactive chemical and metal fume antigens.
Therefore, the high risk of BHR in this group might be explained
by concomitant exposure to HMW and LMW allergens. This
finding illustrates the limitation of JEM that treats each exposure
category as if they were independent, whereas multiple exposures
at the workplace are common in real-life situations. Zock and
colleagues recommended that multiple-exposure patterns instead

of single-exposure categories when calculating risks of work-
related asthma be taken into account.9

Another interesting point was that all assessment methods of
continued exposure to relevant HMW allergens after training —
self-reported, investigator scoring, and the exposures categories
derived from the JEM — showed moderate to good agreement.
All of them were associated with increased risks of developing
the outcomes, although none of the associations were statisti-
cally significant, which might be explained by limited sample
size. For application in practice, the JEM is a simple method in
assessing exposure in the workplace. Nevertheless, it is relatively
labour intensive given the fact that the exposure verification
step by experts appeared to be very important to increase
sensitivity and relative risks. Self-reported continued exposure
to HMW allergens was simpler and even though not exposure

Table 4 Relation between occupational exposures generated by the asthma-specific job exposure matrices (after verification) and various outcomes
during follow-up

Exposure category

Rhinoconjunctival symptoms at
work Chest symptoms at work

Bronchial responsiveness to
methacholine

i/n HR (95% CI) i/n HR (95% CI) i/n HR (95% CI)

High-risk group* 26/217 2.8 (0.4 to 19.4){ 17/319 1.2 (0.3 to 5.3) 30/147 1.8 (0.4 to 7.7)

HMW allergens 25/209 4.9 (0.7 to 37.0) 17/308 1.4 (0.3 to 6.1) 29/200 1.4 (0.4 to 4.6)

Animal derived 16/116 2.6 (1.1 to 6.2) 12/203 2.8 (1.0 to 7.8) 13/124 1.0 (0.5 to 2.1)

Fish – 0/1 0/1

Flour 5/35 0.6 (0.2 to 1.9) 4/50 0.5 (0.1 to 1.8) 9/32 0.8 (0.3 to 1.8)

Plants – 0/1 –

Arthropods, mites 0/1 0/1 –

Enzymes 2/4 1.8 (0.4 to 8.7) 1/5 1.6 (0.2 to 13.0) 1/5 0.3 (0.03 to 2.0)

Latex 20/177 2.9 (1.0 to 2.2) 13/260 2.0 (0.7 to 6.2) 20/170 1.5 (0.7 to 3.3)

Bio-aerosols 0/3 0/3 0/2

Pharmaceutical product 0/6 1/9 2.1 (0.3 to 16.1) 1/7 1.5 (0.2 to 11.8)

LMW agents 6/59 1.0 (0.4 to 2.8) 2/68 0.6 (0.1 to 2.5) 9/51 2.3 (1.1 to 5.4)

Highly reactive chemicals 5/54 1.1 (0.4 to 2.9) 1/62 0.3 (0.04 to 2.3) 8/46 2.4 (1.0 to 5.8)

Isocyanates 0/1 0/1 0/1

Industrial cleaning agents – 0/1 –

Wood dusts – 0/4 –

Metal sensitisers, fumes 4/45 1.0 (0.3 to 3.0) 2/51 0.9 (0.2 to 3.9) 8/41 2.6 (1.1 to 6.4)

Mixed environments 1/9 0.8 (0.1 to 6.2) 1/14 1.4 (0.2 to 10.3) 2/9 1.8 (0.4 to 7.9)

Metal working fluids 0/1 K 13.1 (1.6 to 110.3) 1/2 3.6 (0.4 to 29.2)

Agriculture 0/5 0/6 0/3

Textile production 1/3 1.9 (0.3 to 14.6) 0/6 1/4 1.6 (0.2 to 11.9)

Peak exposure to irritants – – –

Possible exposure to other substances

Exposure to combustion particles/fumes 1/6 1.4 (0.2 to 10.2) 0/8 0/3

Exposure to irritants, not high peaks 1/10 0.5 (0.1 to 4.0) 0/10 1/7 1.1 (0.1 to 10.5)

Exposure to tobacco smoke 0/8 0/8 0/6

*Group of exposure to HMW, LMW, and/or mixed-environment agents.
{There was no case in the unexposed group. Therefore, the crude relative risk was calculated as if there was one case in the unexposed group.
HMW, high molecular weight; HR, hazards ratio; i/n, incident cases/number of participants in the exposure category; LMW, low molecular weight.

Table 5 Relation between the incidence of various outcomes and different measures of continued exposure to relevant high molecular weight
allergens after training

Occupational sensitisation
(n = 21)

Rhino-conjunctivitis at work
(n = 26)

Chest symptoms at work
(n = 19) BHR (n = 32)

i/n HR (95% CI) i/n HR (95% CI) i/n HR (95% CI) i/n HR (95% CI)

Self-reported 21/233 2.8 (0.4 to 20.1)* 26/210 3.7 (0.5 to 26.4)* 17/310 1.2 (0.3 to 5.3) 29/198 1.7 (0.5 to 5.6)

Investigator scoring 21/230 3.1 (0.4 to 22.3)* 23/207 1.7 (0.5 to 5.8) 16/305 0.9 (0.3 to 3.1) 29/195 1.8 (0.6 to 6.1)

Asthma-specific JEM
(before verification)

17/211 1.2 (0.4 to 3.7) 23/195 1.9 (0.6 to 6.5) 14/281 0.7 (0.2 to 2.0) 28/177 1.8 (0.6 to 5.1)

Asthma-specific JEM (after
verification)

20/229 4.6 (0.6 to 34.2) 25/209 4.9 (0.7 to 37.0) 17/308 1.4 (0.3 to 6.1) 29/200 1.4 (0.4 to 4.6)

*There was no case in the unexposed group. Therefore, the crude relative risk was calculated as if there was one case in the unexposed group.
BHR, bronchial hyper-responsiveness; HR, hazards ratio; i/n, incident cases/number of participants in the exposure category; JEM, job exposure matrix.

Original article

Occup Environ Med 2009;66:256–263. doi:10.1136/oem.2008.041962 261

 on 24 March 2009 oem.bmj.comDownloaded from 

http://oem.bmj.com


specific, it produced crude estimations on how likely apprentices
in animal health technology, pastry making, or dental hygiene
will develop occupational allergies after they enter the work-
force with exposure to relevant allergens. Previous studies
demonstrated that self-reported occupational exposures were
related to symptoms of asthma and bronchitis,8 28 but less
clearly to the objective outcomes of pulmonary function and
BHR.28 It seems that this was not an issue in this study since the
participants were not asked about the possible exposures in
their workplace (self-reported exposure); the continued expo-
sure to HMW allergens was inferred from questions on whether
their jobs were related to their training.

A good awareness of job-training relatedness is expected to
facilitate avoidance for future exposure among those who early
developed occupational sensitisation or allergic symptoms
during training. Nevertheless, it appears that continued
exposure to occupational allergens is inevitable among appren-
tices in health and dental hygiene technology. Based on self-
reports (as well as two other methods), more than 90% of
participants from these apprenticeships had a job(s) with
continued exposure to relevant allergens at the workplace.
Therefore, awareness of the possible development of occupa-
tional allergic diseases should be fostered and preventive
measures should be implemented; for example, substitution of
latex gloves with non-latex gloves and the use of protective
equipments to reduce exposure.29

Previously, Nieuwenhuijsen and colleagues demonstrated
that duration of exposure was not an important factor for the
incidence of occupational allergies.3 Current authors also found
that work duration in job(s) related to training programme (i.e.,
job with relevant exposure to HMW allergens) was not
associated with the incidence of outcomes. The reasons for
not appearing as a predictor may, however, differ from the
Nieuwenhuijsen study. In the current study, duration differs
very little between individuals because the study population is
very young with a low maximal number of exposure-years.
Hence, the probability to have a significant association between
work duration and incidence of the outcomes is very low.
Nevertheless, the average of work duration among atopic
participants who developed outcomes was shorter than their
non-atopic colleagues. This is consistent with results from a
pooled study in laboratory animal workers that atopics are at a
higher risk of developing chest symptoms and sensitisation.2 20

In conclusion, this analysis indicates that it is possible to
utilise the asthma-specific JEM to estimate exposure risk for

broad outcomes related to occupational allergies. Continued
exposure to relevant HMW allergens significantly increased the
risk of developing occupational sensitisation and rhinoconjunc-
tival symptoms at work. Our finding suggested that concomi-
tant exposure to HMW and LMW agents significantly increased
the risk of developing BHR. Exposure verification is an
important integrated step in the JEM that optimised the
performance of the matrix. The JEM performance was in
agreement with self-reported and investigator scoring on the
prolongation of exposure to relevant allergens after training in
apprentices in animal health technology, pastry making, or
dental hygiene.
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