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Abstract

Work-related asthma [WRA) includes occuparional asthma and work-exacerbared asthma. WRA
is by definition preventable. This chapter discusses available tools for prevenrion of WRA, divided
into primary and secondary prevention. For each tool, the available evidence for the cffective-
ness of the tool is summanzed, and examples are provided. Primary prevention addresses healthy
workers or persons with asthma due to causes unrelated o work. The principal tool is control of
occupational exposure, reached by elimination or reduction in exposure, but vocarional guidance
and pre-employment screening are also regarded as primary prevention tools. Secondary preven-
tion addresses early detecrion of work -related sensitization or WRA to prevent further progression.
The principal wol for secondary prevention is medical surveillance. Prediction models represent a
promising new tool in medical surveillance; this ool is described here in general and by an exam-
ple. To set priorities for the prevention of WRA, the monitoring of occurrence in populations as
well as in specific industries is crucial, and this chaprer therefore briefly describes different sources
for surveillance data including sentinel reporting systems, population studies, and occupational
disease registers. In the furure, focus should be on well-conducted intervention studies, improved
exposure assessment, improved medical surveillance (e.g., using prediction maodels) and good qual-
ity nationai surveillance programs.

Introduction

Work-related asthima (WRA) includes occupational asthma (OA) and work-exacer-
bated asthma (WEA) [1]. QA, or asthma caused by work, is the most common occu-
pational lung discease in developed countries |2]. In addition, WEA, or pre-existing
or concurrent/coincident asthma worsened by work facrors, is probably even more
prevalent and deserves increasing awareness due to the increase in asthma per se
during the last 20 years [3]. Concurrent or coincident asthma has onset during
employment but is not caused by conditions at work.
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WRA is by definition preventable. The following chapter discusses available
tools for prevention of WRA, divided into primary (prevention of development) and
secondary (prevention of progression) prevention. Tertiary prevention, or manage-
ment of WRA, is dealt with in a separate chaprer.

Suggestions for evidenced-based guidelines for prevention and management have
recently become available for QA [4, 5]. For each tool, the available evidence for the
effectiveness of the tool is surnmarized, and examples are provided.

Prevention of OA and WEA is in general covered rogether. With regard to pri-
mary and secondary prevention, tools for preventing OA and WEA are in principle
identical. In order to set priorities for the prevention of WRA, the monitoring of
occurrence in populations as well as in specific industries is crucial. This chaprer
therefore hriefly describes different sources for surveillance data including sentinel
reporting systems, population studies, and occupational disease registers.

Primary prevention

Flere primary prevention addresses healthy workers or persons with asthma caused
by reasons other than work. The aim of primary prevention is to prevenr develop-
ment of work-related sensitization and, most importantly, WRA. The principal tool
for primary prevention is control of occupational exposure, reached by elimination
or reduction in exposure.

As we consider prevention of both OA and WEA as primary prevention, voca-
tional guidance and pre-employment screening are also described in this section.

Control of occupational exposure

According to Nicholson ct al. [§], evidence based on well-conducted case-control
or cohort studies suggests that reducing airborne exposure reduces the number of
workers who become sensitized and who develop OA. In Table 1, different ways of
controlling exposure are given focusing on source, room, or person, in decrcasing
order of preference.

In some industries comprehensive knowledge about determinants of exposure is
available. A classic example from healthcare is substitution of low-protein powder-
free natural rubber latex (NRL) gloves or non-NRI, gloves for powdered NRL
gloves. A well-conducted prospective cross-over trial in an operation room found
that the mean aeroallergen level was decreased from 13.7 to 1.1 ng/m® on days
where low-allergen gloves were used [6]. Other examples are studies in bakeries
[7-9], wood industries [10-13}, and hair dressing saloons [14], where for instance
work task, cleaning procedures, quality of ventilation systems, and work routines
determine the level of the exposure of interest.
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Table 1. Different ways of controlling exposure

The source - Substitution for the harmiul agent
i - Enclosure, automation, or modification of the process
- The room - Ventilation ﬂ

i - Avoiding resuspension of the harmful agent (e.g., cleaning
I procedures, work prac_tices)

| The person | - Personal respirators
- Administrative initiatives (reduce number of workers or durztion of
| work time close to the harmful agent)

Several epidemiological studies have documented dose-response relations
berween high-molecular-weight (IIMW) and low-molecular-weight (LMW) aller-
gens and the occurrence of WRA or sensitizarion, e.g., in bakerics and flour mills
[15-18], J]ab animal workers [19-22], wood workers |23, 24], and isocyanate work-
ers [25-27], strongly suggesting that control of occupational exposure is effective
in prevention of WRA.

Only a few studies have directly explored the effect of preventive measures on the
occurrence of WRA or sensitization. NRL is the single most common agent addressed
in primary preventive intervention studies, as reviewed by Lamontagne et al. [28]. The
NRL studies all explored the effect of changing from high-protein powdered gloves
to low-prorein powder-free NRL or non-NRL gloves, upon either the occurrence of
NRL. sensitization [29~31] or the occurrence of NRL asthima or NRL-related symp-
toms [31, 32]. None of the studies fulfilled strict criteria for good quality intervention
studies, i.c., they were observational studies without a randomized design and with-
out a control group, but taken together they support assertions that substitution of
NRL greatly reduces NRL sensitization and the occurrence of NRL-related asthma.

Smith [33] describes an attemprt to prevent bakers’ asthma in a UK food com-
pany. The intervention was a S-year health surveillance program, and by no means
a strict intervention study. Among other methods, they aimed at decreasing the gen-
eral toral dust level to < 10 mg/m?, and che bread improver exposures to <1 mg/m?,
to diminish exposure to mainly fungal amylases. They focused on informartion and
training, installation of local exhaust ventilation, and wearing of respirators during
handling of powdered bread improvers. During the 10 years following 1993, they
found a decrease in the annual incidence rates of symptomatic sensitization (mostly
flour and fungal amylase) from 2085 per million to 405 per million employces
per year from the first S to the second 5 years. They did not measure the possible
decrease in exposure from 1993 to 2003.

An ambitious intervention study was started in the Netherlands in the flour pro-
cessing sector [9]. More than 900 personal measurements from four flour processing
plants together with a thorough collection of control measures were used to model
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the baseline exposure level and to rule out significant determinants of exposure. The
Dutch government and the flour processing sector association agreed to participate
in reducing exposure to flour dust. Dust reducing control measures were imple-
mented in the different sectors along with monitoring of trends in exposure as well
as sensitization and symptoms in the sector-wide health surveillance system.

In Ontario, the Ministry of [abour introduced a preventive program for diiso-
cyanates in 1983, consisting of 2 mandatory 0.005 ppm airborne exposure limit for
diisocyanates together with a medical surveillance program. Tarlo et al. [34] assessed
retrospectively workers compensation data from 1980 to 1993. They showed an ini-
tial increase in compensation claims, which was arttributed to increased case finding
duc to the medical surveillance program. The 50% decrease in accepted claims from
1991 to 1992-1993 was attributed to a combination of primary and secondary
prevention measures. When measured levels of diisocyanate were compared among
companies who had compensated claims for OA with companies without accepred
claims, the former were more likely to have had measured levels of diisocyanates
>0.005 ppm [35].

In the detergent industry, the occurrence of sensitization among emplovees
apparently decreased dramatically from the late 1960s to the mid-1980s [36]. Dur-
ing this period the detergent industry association had published work practices, and
at the same time medical surveillance programs were introduced. Two publicarions
sponsored by major manufacturing companies described significant reductions in
the prevalence of OA after introducing granulared proteases [37, 38]. Unfortunarely
neither study reported incidence rates. A Danish retrospective follow-up study
reports decreasing incidence rates from the 1970s to 1990s for sensitization (0.2 to
0.06 per person year), but nort for allergic diseases {0.03 to 0.02 per person year)
among 1207 enzyme plant workers followed the first 3 year of their employment
[39). Cullinan ct al. [40] reported an outbreak of asthma in a modern detergent
factory that exclusively uscd encapsulated enzymes. As many as 90 (26%]) of the
workers were sensitized to a least one detergent enzyme, and 7% had a confirmed
diagnosis of OA. Sensitization rate was clearly related to exposure level. This study
indicates that the use of encapsulated enzymes is insufficient to control exposure
and prevenr enzyme-induced OA.

Case reports on OA caused by newly introduced enzymes (41, 42] highlight the
importance of careful surveillance after introduction of new agents in the work-
place. In addition, exposure to enzymes has increasingly shifted from the detergent
industry to intermediate industries, e.g., the baking industry, where people are
exposed to enzymes in low-technology environments [15].

In the US, a major pharmaceutical company introduced a preventive program for
laboratory animal allergy (I.AA) [43]. The program included education, engineering
controls, administrative controls, use of respirators and medical surveillance. Dur-
ing a 5-vear period, the incidence rate of asthma decreased from 10% to 0%. In the
same period, the percent of workers using respirators increased from 86% to 100%
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(workers with LAA) and from 50% to 81% (workers without LAA). No data on
other specific preventive measures were available.

In the UK, Botham et al. [44] studied a retrospectively assembled cohort of new
employees working with laboratory animals. In 1981, an cducation program for
persons working with laboratory animals was introduced. From 1980 to 1984,
the annual cumulative incidence proportion of symproms consistent with LAA
decreased from 44% to 16%, and this effect was at least partly attributed to the
cducational program.

Use of respiratory protective equipment

There is only limited evidence, based on mainly two non-analytical studies, to sup-
port a reduction in the incidence of OA through the use of respiratory protective
equipment (RPE). Grammer ct al. [45] investigated the effect of introducing RPE
devices among 66 newly hired workers in an epoxy resin producing factory using
acid anhydrides. Only 4 of the 66 workers did not use RPE. From 1993 to 1999 the
incidence rate of acid anhydride sensitization combined with respiratory symptoms
decreased from 10% to 2%.

In a new wood plant that uses diisocyanate, Petsonk er al. [46] prospectively
estimated respiratory health and work pracrices over a 2-year period. Workers who
indicated that they had briefly removed respiratory protection had a five rimes
higher prevalence of new-onset asthma-like symptoms, compared to individuals
who reported never doing this (25% versus 5%).

Vocational guidance and pre-employment screening

The main purpose of vocational guidance before job choice, and pre-employment
screening, is to avoid persons at risk being exposed to sensitizers or irritant work
exposures to prevent OA and WEA. According to Nicholson et al. [4] some evidence
supports the claim that screening criteria do an inadequate job of identifying poten-
tially susceptible individuals.

Knowledge of the effect of vocational guidance on career choice among reenag-
crs is sparse. In some countries, e.g., Germany, Denmark and Sweden, vocarional
guidance is a well-established practice in primary schools, but only a few evalua-
tions of the effects have been performed. In 1992 in Sweden, Bremberg et al. [47]
evaluated whether medical vocational guidance among chronically ill preliminary
school students (including asthma) had any impact on their choice of career. Only
5 of 235 students stated that vocational information from physicians and school
nurses had been important for their choice of career, and the distribution of job
choices among the chronically ill students did not differ from the job choices among
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all students. A German study [48] and a Swedish Study [49] longitudinally eluci-
dated career choices among asthmatics. They found self sclection into low risk jobs
to play a minor role in teenagers with asthma or allergy. This could indicate that
vocational gnidance among teenagers has a limited impacr or has not been given.
Knowledge abourt the quality and nature of vocational guidance and the impact on
career choices 1s not available.

The effectiveness of using personal risk factors in pre-employment screcning is
low [21, 50-53], which has becn very well illustrated by Sorgdrager et al. [54]. They
used dara on personal risk facrors (atopic history, eosinophil count, lung function)
and incidence of pot room asthma from a nested case-control study to estimate
indicators of cffectiveness of pre-employment screening. Thev calculated the posi-
tive predictive value (PPV), number needed to test and number needed to reject on
a simulated population of 10000 persons with high incidence rates (40 cases/1000
person-year) and 10000 with low incidence (5 casesf1000 person-year) of pot room
asthma. The atopic history prevalence was 6-12 times higher among asthmatics
compared to controls depending on the incidence rate of asthma. In general, atopic
history was the most cffective indicator. The PPV was 20% ar high incidence rates,
and an even lower 7% ar low incidence rares. At high incidence rates it was neces-
sary to test 138 persons to prevent one case of OA, and for each prevented case
of QA 5 persons were rejected from the job. They concluded that the personal risk
facrors were far from effective as a selection instrument.

There is an increasing focus on genetic testing for screcning out susceptible sub-
jects. Theoretically, genetic testing could be used for pre-cmployment screening of
OA. So far associations berween particular mutations and asthma oceurrence are
modest with low odds ratios. Thus, prediction of future occurrence is unlikely to
be effective. Furthermore, asthma is caused by multiple generic and environmental
factors, and information obtained by a single gene test is limited for borh diagnostic
and preventive causes. Taken rogether, genetic testing is currently nort useful for
identifying susceptible subjects in pre-employment screening [55, 56

In conclusion, screening our susceptible individuals for asthma scems to be inef-
ficient, and it might discourage efforts to reduce risks and prevent discases in the
general working population. Vocartional guidance and pre-employment screening
should not be used to discriminate who should or should not ger a job, but may be
valuable tools to give persons at risk, e.g., atopic persons, an informed view of their
chance of developing OA or work-aggravated symptoms.

Secondary prevention
Secondary prevention addresses early detection of work-related sensitization or

WRA in order to prevent further progression. The principal ool for secondary pre-
vention is medical surveillance.
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Medical surveillance of work-related asthma

Individuals with high exposure levels to acroallergens are more likely to have serious
respiratory complaints and disability than workers exposed at lower levels, Even at
very low levels a residual sensitization risk remains. Studies also suggest that the
risk for work-related respiratory diseases cannot be avoided completely by exposure
reduction [57, 58]. Although elimination of airborne allergens from the workplace
is the ideal approach, it may not be possible in many workplaces such as bakeries,
and animal care facilities. Even if a reduction of exposure has been shown feasible,
there 15 no known no-effect level, other than zero, that will prevent sensitization
in all exposed workers. As an example, the experience with NRL, involving the
substirution of powdered gloves with “powder-free” gloves, has shown a dramatic
reduction of new cases of contact urticaria among health care workers. However,
allergic symptoms and asthma remained, although at lower prevalences, after this
intervention [32, 59, 601.

The duration of symproms while working was studied in Canada [60, 61]; the
results showed a significant period of time berween symptom onset and diagnosis
of OA. The reported median time to the first suspicion of WRA by a physician was
1 year for WEA and 2 years for OA patients. The median time to a final diagnosis
of OA after the onset of work-related symptoms was 4 years. Patients with OA
waited on average 8 months (median 3 months) before discussing their symptoms
with a physician. I.ower education level and houschold income were significantly
associated with an increased time to diagnosis.

Although exposure reduction may markedly reduce the incidence of OA, the
ongoing high rates of work-related allergic diseases and the long time to diagno-
sis of WRA reinforces the need for secondary prevention by medical surveillance.
Therefore, parallel to expasure reduction and exposure control, medical surveil-
lance of the enrire workforce should be conducted to derect early evidence of all
work-related allergic and respiratory diseases.

However, different problems limit the successful use of medical surveillance pro-
grams for the identification of WRA, because asthma is characteristically a discase
with exacerbations and remissions, and WRA may, therefore, be unnoticed. Self-
reported symptoms and use of medication failed to identify WRA exacerbations as
determined by serial peak exploratory flow measurements [62]. Routine surveillance
programs in bakery workers showed that the use of questionnaire-reported respira-
tory symptoms could not discriminate bakery workers with and withour clinical diag-
nosed asthma or specific IgE for baker-related allergens (51, 63]. In addition, discase
outcomes are not identical in different workplace circumstances with different aller-
gen exposures. [n the case of low-molecular-weight sensitizers such as diisocyanates,
the immunological mechanism and the respiratory health outcome are less clear.

Most of the evidence mentioned in the “Guideline for the prevention, idenrifica-
tion, and management of occupational asthma” is, however, derived from (clinical)
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case-control studies. The estimates of sensitivity and specificity are, therefore, biased
by preferential referral of patients and distort the determinartion of predictive accu-
racies |64]. Besides, the predictive value of a test varies not only across different
populations but also within a parricular study population, and consequently may
have different sensitivities and specificities [40, 65]. So, 2 generalized conclusion
that a medical questionnaire is not a sensitive instrument for diagnosing OA can
hardly be drawn.

The diagnosis of WRA is a phased and complex process thar requires both the
diagnosis of asthma and establishment of the relationship with work. It can only be
made at an individual level in a clinical setting [1]. Medical surveillance programs
should, therefore, not focus on clinically established allergic respiratory diseascs, but
on highly associared preliminary characteristics to identify workers at risk of having
a work-related (allergic) discase. Sensitization to occupational allergens is one of
these strongly related outcomes linked to OA and often the most appropriate pre-
liminary characteristic that can easily be investigated. For occupartions characterized
by HMW allergens, a logical approach is therefore to identify sensitized workers
first, followed by sequential diagnostic investigations only in these workers. Usuaily,
sensiticed workers are detccted when they present themselves to the occupational
physician with symptoms. However, for patients with WRA, only 6% consulted the
company doctor first [66]. So, to find all sensitized workers, the whole population
must be evaluated by a specific skin prick test (SPT) or IgE serology, which is less
efficient and will result in high expenses for occupartional health services.

Traditionally, “standardized” respiratory questionnaires used in epidemiologi-
cal studies and medical surveillance programs contain questions about general and
work-related respiratory symptoms, allergy, and asthma. Every answer to a simple
question, such as “do you wheeze™, can be considered as a test result. However, dif-
ferent questions often provide the same information because they are all associared
with the same underlying disorder, and thus mutually correlated. Yor the occupa-
tional physician it is relevant to know which questions are redundant and which
have true, independent additional predictive value for the presence or absence of,
for instance, sensitization. Assessing the results of a particular test in view of other
test results may even diminish its diagnostic contribution, simply because the infor-
mation provided by that test is alceady provided by the other tests.

So far, none of the medical surveillance programs have made use of prediction
research-derived diagnostic models in which personal and work-related character-
istics arc applied to estimate the individual probability of the presence (diagnosric)
or occurrence {prognostic) of an outcome that is closely related to the disease(s)
of interest. After detecting workers with an clevated risk, sequential diagnostic
investigations are only necessary in these workers. So, by using a questionnaire
as a first phase instrument, the probability of the occurrence of sensitization can
be calculated and subsequently be followed by more advanced tests in the clinical
evaluation.
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Prediction research and risk stratification

A diagnosis of a disease is the consequence of interpretations by individual medi-
cal doctors of consecutive test results, estimating the probability of the presence of
a disease or other ourcome of interest. As many test results generate more or less
identical information it is important to evaluate the independent and additional pre-
dictive value of a test given the presence of earlier information. Prediction research
offers a solurion for this by using a multivariate approach that accounts for mutual
dependence berween different test results. The information of every item is trans-
lated into a predicted probability of the chosen outcome. This technique provides
estimations of the probability of an outcome at present (diagnosis) or in the future
(prognosts). Prediction models applied in occupational health practice may therefore
enablc occuparional physicians to deal with uncertainties in considering workers at
risk of having occupational diseases. The main goal is to optimize risk estimation
at low costs, and may be the first step in the clinical evaluation and management
of WRA [67, 68]. The models may initiate counseling and interventions, and are
thus uscful for identification of specific groups at risk. In Figure 1, a flow chart of
medical surveillance of WRA using scores is outlined.
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Figure 1.

Medical surveillance of work related asthma (WRA). P (S+), prior probabilily of sensitiza-
tion to aeroallergens; P(S+ILS), probability of sensitization conditionally a low score; OAD,
occupational allergic disease.
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An example of a prediction model in occupational health practice

Models to predict IgE sensirization have only recently been developed for workers
such as bakers and laboratory animal workers who are exposed to HMW allergens
[67-69|. The models were transformed into scoring rules with a restricted number
of questionnaire items with different weighing factors. In a medical surveillance
program among 5325 bakers in the Netherlands, a short questionnaire, containing
19 questions with four predictors for sensitization to wheat and/or fungal c-amylase
allergens, was used as a decision tool in considering workers art risk of WRA. The
results of the questionnaire were transformed into sum scores to predict the pres-
ence of sensitization in every individual worker as shown in Table 2.

Table 2. Predictors and Predicted probability for sensitization (wheat and or «-amylase)
among bakers

Score chart
Predictors Answer  Score
| “Have you ev;raad-a-stl:aﬁ'n;{r—]m the past 12 months?" I y?x “2*““‘{
“Have you ever had aJlerglc rhmtls including hay- fever?" .- If yes 2
| "Have you ever had itchy andlor red eyes in the past 12 n{onths')' If ygs; 1---- N
E "Do you exbenence more of the following symptoms during work: If yes 15
shortness of breath, chest tightness, itchy eyes, itchy nose, and/or

| shesnnig? e e

| Sum scores N o L ! Max 65
r & T ; T s i
| Sum score ] o | 1 2 3.5 4.5 5.5

| Predicted probability (%) | 9 | 14 | 20 | 31 | 42 | 53

The scores were used to split bakery workers into three groups with different sensiri-
zation risk: a high-risk group in which detailed clinical investigations were required
to sct a diagnosis of WRA and other work-related allergics more accurately, an
intermediate group in which medical follow-up by occupational physicians was
essential for diagnosis and health protection, and a low-risk group comprising about
60% of the population in which medical investigations could be held back. The
results are shown in Table 3.
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Table 3. General characteristics and questionnaire responses across low-, intermediate and
high-score groups

 —— i ——— e e e —— e —— —

Low score lntermcdratc High Total —!
(£1.0) score score '
4 530 @35 )
Participants, n (%) 3059 1282 984 5325
) 7 | Q4 (185)
Work duration, mean years (SE) 13.8 .7 12.9 13.1 1
Vo | 2 (03 | (©3) (0.14)
Upper or lower respiratory tract 209 448 ¢ 642 . 1299
symptoms to cornmon allergens (at (6.8) (35.2) (65.8) (24.5)
least 1 positive answer), n (%) |
Symptoms suggestive for NSBHR (at 24 52 144 220
least g_positive answers), n (%) (.8) 4.1) (14.9)_ 1 (4.2) .
Use of medication to improve 74 | 186 468 728 |
respiratory complaints in the last 12 (2.4) (14.6) (48.1) (13.7)
months (e.g. 1nhalants; 1 (%) R
Doctor visit for al allerg|c complamts in 134 | 197 379 710
| the last 12 months, n (%) (4.4) (155) | (387) | (13.4)
Absenteeism due to ailerglc symptoms 6 34 ' 79 19 |
in the last 12 moaths, n (%) _(0.2) _@n_ i ®82) | Q2
| Change of function or task due to | , 19 T 83 118 |
I_resplratory symptoms, 7 (%) J_ (G 5} _, (1.5 L &5 | .(_2.;2)_._J|

The predicted probability of sensitization can be calcularted as:

1711 + EXP[—-(-2.32 + 0.92 x asthma + O 90 X rhmlm + 0.46 x con;umuvm:'
I_O;ﬂiduﬁ?g_“:oa% symprom)l). ~_~___ __ _ _ _|

Workers with high scores showed the highest IgE sensitization rate to whear and/or
at-amylase, and the highest rates in medication use, absenteeism, and doctor’s visits.

This example illustrates that by using a score charr to predict the sensitization
risk in workers exposed to HMW workplace allergens, a diagnosis of WRA can be
considered more effectively and efficiently in the initial phase of a medical surveil-
lance program performed by occupational physicians at the worksite. Prediction
models based on IgE-mediated sensitization is not useful for LMW workplace
allergens. ‘lo our knowledge no prediction models for LMW-rclated OA has been
developed, bur models based on bronchial hyperresponsiveness (BHR) could poten-
tally be usefal.
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Use of public health surveillance data to stimulate, guide, and document
prevention of work-related asthma

Public health surveillance comprises more than the identification and counting of
cases. It is “the ongoing systematic collection, analysis, and interpretation of health
data essential to the planning, implementation, and evaluation of public health prac-
tices, closely integrated with the timely dissemination of these data to those who
need to know.” [70]. This section highlights examples of how public health surveil-
lance has contributed to the prevention of WRA. While the examples are drawn
from experience in the United Srates and Canada, this does not mean thar similar
surveillance activities are lacking in other countries.

Invesrigations of reported cases have identified the measures needed to prevent
the onser and/exacerbation of asthma in specific workplaces, benefiting the index
case, co-workers, and the employer. The Sentinel Event Notification System for
Occupational Risks (SENSOR) is a state-based surveillance program for occupa-
tional discases that is coordinated by the National Institute for Occupational Safety
and Health in the United States. The SENSOR program in the state of Michigan
registercd 446 cases of WRA from 416 different workplaces during 1993-1995
[71). Inspections werc conducted at 185 (44.5%) of these workplaces, and air sam-
pling for known agents were conducted at 123 (29.6%). Many recommendations
or citations were issued as a result of the inspecrions: 60 for medical monitoring,
80 for engineering controls, 63 for air monitoring, 126 for hazard communication
program, and 71 for respiratory protection program [71]. These figures suggest
thar workplace inspections stimulated by WRA case reports frequently identified
deficiencies thar inhibited prevention.

Ongoing surveillance programs facilitate the identification of and response 1o an
increase in the number or severity of asthma cases. Deaths due to work-related diseas-
es are powerful warnings for workers with similar exposures; The Fatality Assessment
and Control Evaluation (FACE) program identifies and investigates work-related
deaths in scveral states in the United States. The Michigan FACE (MIFACE) program
reported a worker who died after he sprayed an isocyanate-containing coating inside
a van [72]. This surface coating is normally sprayed onto the open cargo beds of
trucks, but in this case was applied onto the floor and up the walls of an enclosed
van. The MIFACE investigation revealed deficiencies in several factors that contrib-
uted to this unfortunate occurrence: product stewardship by the manufacturer of the
materials used by the case, engineering controls, company health and safety program,
and health care provider recognition that the asthma was work-related. The Michigan
Occupational Safety and Health Administration (MIOSHA) issued 11 citations to the
company. Also, MIOSHA initiated contact with over 100 other companies in Michi-
gan that applied spray-on truck bedliners and provided educational and technical
assistance. The surveillance program’s expeditious investigation and disscmination of
the findings likely had a positive impact on asthma morbidity and mortality.
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Surveillance data can also be used to document the impact of preventive inter-
ventions. In the province of Onrtario in Canada, legislation was passed in 1983 that
required workplace monitoring of diisocyanate levels to mainrain exposures within
acceptable limits, as well as medical monitoring of exposed workers. The impacr of
this legislation was tracked using worker compensation data. The number of dii-
socyanate OA cases began to increase during the early 1980s, probably due to the
increased medical screening of exposed workers |34]. The number of claims peaked
in 1988-1990 and began 1o decline after that. Also, the cases were less severe as the
number declined |34]. This decline in the number and severity of diisocyanare WRA
cases was likely the result of many acriviries, including better control of exposures
at work, and increased and earlier recognition of disease.

Future developments

Most intervention studies are best characterized as “complex intervention studies”™
consisting of several intervention components, where the acrual change in exposure
is seldom monitored. It is therefore not realistic to assume that most future studies
will fulfill strict ériteria for good quality single intervention studies. FHowever, it is
desirable to put more effort into ongoing monitoring of changes in exposure. Many
companies and organizations do collect data continuously on exposure, exposure
determinants, and health outcomes. The use and extension of this valuable datwa
source could be improved by establishing a closer cooperation between companics
and experts in exposure assessment and occupational lung diseases.

There is stll a need for development of more effective medical surveillance
programs, and predictions models are a promising attempt to achieve that goal.
A major future challenge will be to develop cffective prediction models for LMW
asthma.

Collection of survcillance dara is essential in planning, implementation, and
cvaluation of the prevention of WRA. In the future it will be crucial 1o maintain
resources for ongoing surveillance programs, and it will be of equal importance
to itiate surveillance programs in countries where no surveillance data currently
XIS

Finally, an increased focus on education of workers and health professionals is
crucial to increase the possibilities for prevention of WRA.

References
I Tarlo SM, Balmes |, Balkissoon R, Beach J, Beckerr W, Bernstein D er al (2008) Diag-

nosis and management of work-related asthma: American College Of Chest Physicians
Consensus Starement. Chest 134 (3 Suppl): 15-41S

293



Vivi Schlﬁﬂqr_\,g\imt Meijer and Paul_l(. Henneberger

10

11

16

17

294

Venables KM, Chan-Yeung M (1997) Occupational asthma. Laneet 349: 1465-1469
Pearce N, Douwes ], Beasley R (2000) The rise and rise of asthma: A new paradigm for
the new millennium. [ Fpidermiol Biostat 5: 5-16

Nicholson PJ, Cullinan P, Taylor AJ, Burge PS, Boyle C (2005} Evidence based guide-
lines for the prevention, identification, and management of occuparional asthma. Occup
Fnviron Med 62: 290-299

Beach ], Rowe BH, Blitz S, Crumley E, ITooton N, Russel K et al {2005) Diagnosis and
Management of Work-Related Asthma. Agency for Health Care and Qualiry, Rockville,
MD, AFHRQ publication No. 06-F003-2

Heilman DK, Jones RT, Swanson MC, Yunginger JW {1996) A prospective, controlled
study showing that rubber gloves are the major contributor to latex acroallergen levels
in the operating room. [ Allergy Clin Immunaol 98: 325-330

Burdorf A, Lillienberg L, Brisman | (1994) Characterization of exposure to inhalable
flour dust in Swedish bakerics. Ann Qccup 1lyg 38: 67-78

Bulat P, Myny K, Braeckman 1., van Sprundel M, Kusters L, Dackes G et al (2004)
Exposure to inhalable dust, wheart flour and alpha-amylase allergens in industrial and
tradirional bakeries. Ann Qccup Hyg 48: 57-63

Meijster T, Tielemans I, de PN, Heederik D (2007) Modelling exposure in flour process-
ing sectors in the Netherlands: A baseline measurement in the context of an intervention
program. Ann Occup [Hyg 51: 293-304

Schliinssen V, Jacobsen G, Erlandsen M, Mikkelsen AB, Schaumburg I, Sigsgaard T
(2008) Determinants of wood dust exposurc in the Danish furniture industry — Results
from two cross-sectional studies 6 years apart, Ann Occup Hyg 52: 227-238

Scheeper B, Kromhout H, Boleij [$ (1995) Wood-dust exposure during wood-working
processes. Ann Occup Ilyg 39: 141-134

Alwis U, Mandryk J, Hocking AD, Lee |, Mayhew T, Baker W {1999) Dust exposures
in the wood processing industry. Am Ind Hyg Assoc J 60: 641-6

Friesen MC, Davies HW, Teschke K, Marion §, Demers PA (2005) Predicting historical
dust and wood dust exposure in sawmills: Model development and validation. [ Occup
Environ Hyg 2: 650-658

Hollund BE, Moen BE (1998) Chemical exposure in hairdresser salons. [ffect of local
exhaust ventilation. Ann Occup Hyg 42: 277-282

Houba R, Heederik DJJ, Dockes G, van Run PEM (1995) Exposure-sensitization rela-
tionship for a-amylase allergens in the baking industry. Am | Respir Crit Care Med 154:
130-136

Ilouba R, Heederik D, Doekes G (1998) Wheat sensitization and work-related symp-
toms in the baking industry are preventable. An epidemiologic study, Am J Respir Crit
Care Med 158: 1499-1503

Peretz C, de Pater N, de Monchy J, Qostenbrink |, Heederik 1 (2003) Assessment of
exposure to wheat flour and the shape of its relationship with specific sensitization.
Scand | Work Environ Health 31: 65-74

Nicuwenhuijsen M], Heederik D, Doekes G, Venables KM, Newman Taylor AJ (1999)



Prevention of work-related asthma seen from the workplace and the public health perspective

19

1)
(V5]

(3
NS

I~
wny

26

33

Expuosure-response relarions of alpha-amylase sensitisation in British bakeries and flour
mills. QOccup Envirorn Med 56: 197-201

Kruize H, Post W, Heederik D, Martens B, Hollander A, van der BE (1997) Respirarory
allergy in laboratory animal workers: A retrospective cohort study using pre-employ-
ment screening dara. Occup Environ Med 54: 830-8335

Cullinan P, Cook A, Gordon §, Nicuwenhutjsen M], Tee RD, Venables KM er al (1999)
Allergen exposure, atopy and smoking as determinants of allergy to rats in a cohort of
laboratory employees. Eur Respir [ 13: 1139-1143

Nienwenhuijsen MJ, Putcha V, Gordon S, Heederik D, Venables KM, Cullinan P et al
(2003). Exposure-responsc relations among laboratory animal workers exposed to rats.
Occupr Environ Med 60: 104-108

Heederik 1), Venables KM, Malmberg P, Hollander A, Karlsson AS, Renstrom A et
al (1999} Exposure-response relationships for work-related sensitizarion in workers
exposed to rat vrinary allergens: Results from 2 pooled study. | Allergy Clin Intmunol
103: 678-684

Brooks SM, Edwards JJJ, Apol A, Edwards FH {1981) An epidemiologic study of work-
ers exposed to western red cedar and other wood dusts. Chest 80: 30-32

Schliinssen V, Schaumburg I, Fleederik D, Taudorf E, Sigsgaard T (2004) Indices of asth-
ma amonyg atopic and non-atopic woodworkers. Occup Environ Med 61: 504-511
Pronk A, Preller 1., Raulf-Heimsoth M, Jonkers [C, Lammers JW, Wouters IM et al
{2007) Respiratory symptoms, sensitization, and exposure response relationships in
spray painters exposed to isocyanates. Am | Respir Crit Care Med 176: 1090-1097
Ow MG (2002) Occupational asthma, lung function decrement, and toluene diisocya-
nate (DI} exposure: A critical review of exposure-response relationships. App! Oceup
Environ Hyg 17: 891-901

Meredith SK, Bugler ], Clark R1. (2000) Jsocyanate exposure and occupational asthma:
A case-referent study. Occup Environ Med 57: 830-836

l.aMontagne AD, Radi S, Elder DS, Abramson M], Sim M (2006) Primary prevenrion
of latex related sensitisation and occupational asthma: A systematic review. QOceup
Environ Med 63: 359-364

Jones KP, Rolf §, Stingl C, Edmunds D, Davies BH (2004) Longitudinal study of sensi-
tization to natural rubber latex among denral school students using powder-free gloves.
Anmn Qcanpr Hyg 48: 455457

Levy DD, Allovache S, Chabane MI{, Leynadier F, Burney P (1939). Powder-free protein-
poor natural rubber latex gloves and larex sensitization. JAMA 281: 988

Saary M], Kanani A, Alghadeer 11, Holness DI, Tarlo SM (2002} Changes in rates of
natural rubber latex sensitivity among dental school students and staff members afrer
changes in latex gloves. ] Allergy Clin ol 109: 131135

Schlinssen V, Ebbehaj NE, Sherson D, Skadhauge 1. (2004} Echvervsvejledning af bern
og unge med astma og hefeber. Mdnedsskrift Prakt Largegern 82: 257-267 |In Danish]|
Smith TA (2004) Prevendng baker’s asthma: An alternative straregy. Occup Med 54:
21-27

295



Vivi Schilinssen, Evert Meljer and Paul K. Henneberger

34

40

41

42

43

44

46

47

48

49

296

Tarlo SM, Liss GM, Yeung KS (2002) Changes in rates and severity of compensation
claims for asthma due to dilsocyanates: A possible effect of medical surveillance mea-
sures. Ocecup Lnviron Med 59: 58-62

Tarlo SM, Liss GM, Dias C, Banks DE (2000} Assessment of the relationship between
isocyanate exposure levels and occupational asthma. Anr f Ind Med 32: 517-521
Schweigert MK, Mackenzie DP, Sarlo K (2000} Occupational asthima and allecgy associ-
ated with the use of cnzymes in the detergent industry — A review of the epidemiology,
toxicology and methods of prevention. Clinn Exp Allergy 30: 1511-1518

Juniper CP, Roberts DM (1984) Enzyme asthma: Fourteen vears’ clinical experience of
a recently prescribed disease. J Soc Occup Med 34: 127-132

Cathcarr M, Nicholson P, Roberts 1D, Bazley M, Juniper C, Murray I et al {1997)
Enzyme exposure, smoking and lung funcrion in employees in the detergent industry
over 20 years. Medical Subcommittee of the UK Soap and Detergent Indusery Associa-
tion. OQccup Med 47: 473-478

Larsen Al Johnsen CR, Frickmann ], Mikkelsen § (2007) Incidence of cespiratory sen-
sitisation and allergy to enzymes among employees in an enzyme producing plant and
the relation to exposure and host facters. Occup Environ Med 64: 763768

Feinstein AR (2002) Misguided efforts and future challenges for research on “diagnostic
tests”. | Epidemiol Community Health 56: 330-332

Brant A, Hole A, Cannon ], tlelm J, Swales C, Welch | ¢t al (2004) Occuparional
asthma caused by cellulase and lipase in the derergent industry. Occup Faviron Med 61:
793-795

Hole AM, Draper A, Jolliffe G, Cullinan P, Jones M, Taylor AJ (2000) Occupational
asthma caused by bacillary amylase used in the detergent industry. Occup Enviran Med
57: 840-842

Iisher R, Saunders WB, Murray §], Stave GM (1998) Prevention of laboratory animal
allergy. J Occup Environ Med 40: 609-613 '

Botham PA, Davies GE, Teasdale EL (1987) Allergy to laboratory animals: A prospec-
tive study of its incidence and of the influence of atopy on its development. Br | Ind
Med 44: 627-632

Grammer LC, [Tarris KE, Yarnold PR (2002) Effect of respirartory protective devices
on development of antibody and occupational asthma to an acid anhydride. Chest 121:
1317-1322

Petsonk EL, Wang ML, Lewis DM, Sicgel PD, Husherg B] (2000} Asthma-like symp-
toms in wood product plant workers exposed to methylene diphenyl diisocyanarte. Chest
118: 1183-1193

Bremberg S, Andersson R {1992} Medical vocational guidance for adolescents - Is it
effective? Acta Paediatr 81: 253-256

Radon K, Huemmer S, Dressel H, Windstetrer D, Weinmayr G, Weiland § et al (2006)
Do respiratory symproms predict job choices in teenagers? Eur Respir [ 27: 774-778
Wiebert D, Svartengren M, Lindberg M, Hemmingsson I Lundberg I, Nise G (2008)



in
L)

51

(%]
1~

U
ud

54

o
wy

59

60

61

63

64
65

66

Prevention of work-relaied asthma seen from the workplace and the public heatth perspective

Mortality, morbidity and occupational exposure to airway-irritating agents among men
with a respiratory diagnosis in adolescence. Occup Environ Med 65: 120-125

Slovak AJ, Hill RN (1987) Does atopy have any predictive value for laboratory animal
allergy? A comparison of different concepts of atopy. Br | Ind Med 44: 129-132
Gordon SB, Curran AD, Murphy J, Sillitoe C, Lee G, Wiley K er al (1997) Screening
questionnaires for bakers” asthma — Are they worth the effort? Qceup Med 47: 361-
316

Cockcroft 4, Edwards ], McCarthy P, Andersson N (1981) Allergy in laboratory animal
workers. Lancet 11: 827-830

Walusiak J, Palczynski C, Hanke W, Wittczak T, Krakowiak A, Gorski P (2002) The
risk facrors of occuparional hypersensitiviry in apprentice bakers — The predictive value
of atopy markers. [nt Arch Occup Fnviron Health 75 (Suppl): $117-8121

Sorgdrager B, Hulshof CT, van Dijk F] (2004) Evaluation of the effectivencss of pre-
employment screening. Int Arch OQccup Environ Health 77: 271-266

Mapp CE {2003) The role of generic factors in occupational asthma. Eur Respir | 22:
173- 178 "

Mapp CE (2009) Whart is the role of genetics in occupational asthma? Ewer Respir ] 33:
459460

Liss GM, Tarlo SM (200:1) Natural rubber latex-related vccuparional asthma: Associa-
tion with interventions and glove changes over time. Am | Ind Med 40: 347-353

Filon FL, Radman G (2006) Latex allergy: A follow up study of 1040 healtheare work-
ers. Oceup Environ Med 63: 121-125

Mapp CE, Boscherto P, Maestrelli P, Fabbri LM (2005) Occupational asthma, Am |
Respir Crit Care Med 172: 280-305

Heederik D, Houba R (2001) An cxploratory quantitative risk assessment for high
molecular weight sensitizers: Wheat flour. Ann Occup Hyg 45: 175-185

Poonai N, van DS, Bharatha A, Manduch M, Deklaj T, Tarlo SM (2005) Barriers to
diagnosis of occupational asthma in Ontario. Can | Public Health 96: 230-233

Bolen AR, Henneberger PK, Liang X, Sama SR, Preusse PA, Rosicllo RA et al (2007)
The validation of work-related self-reported astbima exacerbartion, Oceup Environ Med
64: 343-348

Brant A, Nighringale S, Berriman |, Sharp C, Welch [, Newman Taylor AJ et al (2003)
Supermarket baker’s asthma: Flow accurate is routine health surveillance? Occup Envi-
ron Med 62: 395-399

Diamond GA (1993) “Work-up bias™. | Clin Epidemiol 46: 207-209

Moons KG, Harrell FE (2003) Sensitivity and specificity should be de-emphasized in
diagnostic accuracy studies. Acad Radiol 10: 670-672

Sanros MS, Jung H, Peyrovi |, Loa W, Liss GM, Tarlo SM (2007} Occupational asthma
and work-exacerbated asthma: Factors associated with time to diagnostic steps. Chest
131: 1768-1775

Meijer E, Grobbee DE, Heederik D (2002) Detection of workers sensitised to high

297



Vivi Schiiinssen, Everl Meiler and Paul K. Henneberger

68

69

70

298

molecular weighr allergens: A diagnostic study in laboratory animal workers. Occup
Environ Med 59: 189-195

Suarthana E, Vergouwe Y, Moons C, de Monchy ], Grobbee DE, FHeederik D, Meijer
I {2010) A diagnostic model for the detection of sensitization to wheat allergens was
developed and validaied in bakery workers. | Clin Epidemiol, in press

Meijer E, Grobbee DE, [{eederik D (2004} A strategy for health surveillance in labora-
rory animal workers exposed to high molecular weight allergens. Occup Environ Med
61: 831-837

DHIAS (2001) Tracking occupartional injuries, illnesses, and hazards: The NIOSH sur-
veillance strategic plan. Cincinnati: Government Printing Office. Report No. DIIEIS-
2001-118

Jajosky RA, Harrison R, Reinisch F, Flawery ], Chan [, Tumpowsky C ct al {1999)
Surveillance of work-related asthma in selected U.S. states using surveillance guidelines
for state health departments - California, Massachuserrs, Michigan, and New Jersey
1993-1995. MMWR CDC Surveill Summ 48: 1-20 '

Chester DA, Hanna EA, Pickelman BG, Rosenman KD {2005) Asthma death afrer
spraying polyurethane truck bedliner. Am | fnd Med 48: 78-84



