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Abs tract 

Work-rd'lIct.! 3sth:na (WRA) includes occupariona l asthma Jnd work-exacerbated asthma. \'('RA 
is hy defini!ion preventable. This chapter discusses available tools for prevention of WR;\, dividt:d 
intO prim:H~ and scwndary prevention. for enc:h tool, the available cyidctH..:C for the effective· 
ntS5 of the tool is summam,ed, and examples :He provided, Primary prevention addresses hc;dthy 
workers or persons with asthma due to causes unrelated m work_ The principa l tool i1'; control of 
occuparional exposure, rcached hy elimination or reduction in exposure, hut \'oc.arional guidanct: 
and pre-employment screening arc: also regarded as primary prevention rools. Secondary prcven­
tion addresses early detecrion of work-rclated sensitizarion or \XlRA to prevtnt further progression. 
The principal tool for secondary pn:vcncion is medical survelliance. Prediction models repn:sem a 
prnmisin~ ntw (001 in medical surveillance; rhis 1001 is described hac in general and by an exam­
ple. To set prioririr.:s for rhe prevention of WR.A, tilt.: monitoring of occurrence in popularinrls as 
well as in specific industries is crucial, and this chaprer therefore briefly describes different sources 
for surveillance data including sent inel rcponing systellls, population studies, :md occupational 
disease rr.:gisLcrs. in the fllrure, focus should be on wdl-wnducted ime=rvenrion studies, impfDved 
exposure assessment, improved med ical surveillance (e.g., using prediction models) and good qual­
ity nationa l surveillance programs, 

Introduction 

Work-rela ted asthma (WRA) includes occupational asthma (OA) and work-exacer­
bated asthma (WFA) [1 1. OA, or asthma caused by work, is the most common occu­
pational iung disease in devc:loped countries l2]. In addition, WF.A, or pre-existing 
or concurrent/coincident asthma worsened by work factors, is probably even more 
prevalent and deserves increasing awarcness due to the increase in asthma per sc 
during t he jast 20 years [3]. Concurrent or coincident asthma has onser during 
employment but is not caused by condit ions at work. 
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WRA is by definit i')!l preventable. The following chapter discusses available 
'0ols for prevenrion of WRA, divided into primary (prevention of development) and 
secondary (prevention of progression) prc.;vcntion. Ten iary preven tion, or manage­
ment of WRA, is dealt with in a separate chaptt:r. 

Suggestions for evidenced-based guidelines for prevention and management have 
recently become available for OA [4, 5]. For each tool, [he available evidence for the 
effectiveness of the tOol is summarized, and examples are pruvided. 

Prevenrion of OA and WEA is in general covered rogerher. With regard to pri­
mary and secondary prevent lon, tools for preventing OA and WEA are in principl e 
identical. In ord!!r to set priorities for the prevention of WRA. the monitoring of 
occurrence in populations as well as in specific industries is crucial. This chapter 
therefo re briefl y describes different sources for surveillance data including sentinel 
reponing systems, populatioll studies, and occupational disease registers. 

Primary prevention 

Here primary prevention addresses heahh y workers or pt!rsons 'Nith asthma caused 
by reasons other than work. The aim of primary prevention is to pn:.venr dcvdop~ 
ment of work~relatcd sensiti zation and, mosr importantly, WRA. The principal tool 
for primary prevenrion is control o f of.,;cupational exposure, rcached by el imination 
or reduction in exposu re. 

As we cons ider pre venti un of both OA and WEA as primary preveotion 7 vo,a­
tiona I guidance and pre-employment screening are also dcscribeu in this secti,on. 

Control of occupational exposure 

According to N icholson et al. [5], evidence hased 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 
con rrolling exposure are given focusing on source, room, or person, in decreasing 
orda of preference. 

Tn some industries comprehensive knowledge about determinants of exposure is 
available. A classic example from healthcare is substitmion of low-protein powder­
free natural rubber latex (NRL) gloves or non-Nit!. gloves for powdered NRl. 
gloves. A well-conducted prospective cross-over trial in an operati on room found 
that the mean acroal lergcTl level was decreased from 13.7 to 1.1 nglOlJ on days 
where low-allergen gloves were used [61 . Other examples are srudies in bakeries 
[7-9 ), wood industries (10-13 ), and hair dressing saloons [14], where for instance 
work [ask, cleaning procedures, quality of ventilation systems, and work routines 
determine ("he level of the exposure o f interest. 
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Table 1. Different ways of conttolling exposure 

I 
Th;;- sou ;~e nSUbStitution for the harmf'ul agent - . , . - --- I 

",'_' . __ . - E~~losu:: , ~utomat~.on, or modjflca~.i.o n of t~~ .process 

~ The room . Ventilation ----- .. . "'l 
I -Avoid ing resuspcnsion of the harmful agent (e.g., cleaning 

. !_..l'!ocedures, wo_rk pra.:tice~) 
The person '1- Personal respirators 

- Administrative initiatives (reduce number of workers or duretion of I' 

. _ ~()rk til11e <105:,.10 th:~~mful age.nl). _____ ... _ .. . __ 

Several l!piocmioiogica i stud ies have documen ted dose-response rdations 
between high-molecula r-weigh, (BMW) and low-molecular-weight (LMW) aller· 
gens and the occurrence of \X' RA o r sensiriz:Hion, e.g., in bakeries and flour m ills 
[1 5-18 J. lab animal workers [19-22 J. wood wurkers [23,24]' and isocyanate work­
ers l2S-27l , strongly suggesting that contro l of occupat ional exposure is dfecrivc 
in prevemion of WRA. 

Only a few studies have directly explored the effect of prl!v(!l1rivc measurcs on the 
occurrcnce of \Xo'RA or sensitization. NRL is the single most common agent addresscd 
in primary preventive intervention studies, as reviewed hy Lamontagne et al. [2H ]. The 
NRL studies all explored the effect of changing frum high-protein powdered glovr~ 
to Jow-prorcin powder-free NRL or non~NRL gloves, upon l'ither the occurrence of 
NRl. sensitization 129-31] or the OCcurrence of NR L asthma or NRL-related sym p­
toms [31, 32] . None of the >rudies fulfi lled strict cri teria for good qual ity intervemion 
studies, i.c., they were ohserva tional studies without a randomi7,ed des ign and with­
out a control group, but taken together they suppOrt assertions that substiturion of 
NRL grea tly reduces NRL «nsitization and the occurrence of NRL-rclared asthma. 

Smith [33 1 describes an attempt to prevent bakers' a<thma in a UK food com­
pany. The intervention was a 5-ycar health surveillance program, and by no means 
a strin interventio n study. Among other methods, they aimed at decreasing the gen­
eral rora} dust level to < 10 mg/m 3, a nd the bread im prover exposures [Q < 1 mglm\ 
to diminish exposure to mainly fungal amylases. They focused on information and 
training, installation of local exhaust ventilation, and wea ring of respirators during 
handling of powdered hread improvers. During the 10 years following 1993, they 
found a decrease in the annual incidence ra tes of symptonlatic sensitization (mostly 
flour and funga l amylase) from 2085 per million to 405 per million employees 
per year from the first 5 ro the secondS yea rs. They did not measure the possible 
decrease in exposure from 1993 to 2003. 

An ambitious intervention study was starred in the Netherlands in the fl our pro­
cessing secrur [9]. More than 900 personal measurements from four flour processing 
p lanrs togt rhcr with a thorough collection of control measures \\-'ere used to model 
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the baseline exposure Ie.vel and to rule Out significant determinants of txposure. The 
Dutch government and the flour proce.ssing sector association agreed ro participate 
in reducing exposure to flour dust. Dust reducrng control measures were imple­
memed 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, rhe Ministry of [.abour introduced a preventive program for dii50-
cyanatcs in 1)183, consisting of a mandatOry 0.005 ppm airborne exposure limit for 
diisocyanates together with a medical surveillance program. Tarlo et al. 134J assessed 
rerrospectivell' workers compensation data from 1980 to 1993. They showed an ini­
tial increase in compensation claims, which was attributed to increased case finding 
due [Q the medical surveillance program. The 050% ciecrea!;e in accepted claims from 
1991 w 1992-1993 was attributed to a combination of primary and secondary 
prevenrion measures. When measlueu levels of diisocyanatc were compared among. 
companies who had compensated claims for OA with companies without acccpttd 
claims, [he former were more likely to have had measured levels of diisocyanates 
>0.005 ppm [3.\ J. 

In the detcrgenr industry, the occu rrence of sensitization among employees 
apparently decreased dramatically from the late 1960s to the mid-1980s [36J. Dur­
ing this period the detergent industry associa tion had published work practices, and 
at the same time medical surveillance programs were introduced. Two publ ications 
sponsored by major manufactur.ing companies described significant reductions in 
the prevalence of OA after introducing granulated prareases [37, 38 I. Unfortunaoely 
neither study reponed incidence ratcs. A Danish retrospective follow-up study 
reports decreasing incidence rates from the] 970s to 1990s fot sensitization (O.2 to 
0.06 per person year), bUl not for allergic diseases (0.03 to 0.02 per person year) 
among 1207 enqme plant workers followed the first :l year of their employment 
[39J. Cullinan el al. [401 reported an ourbreak of asthma in a modern detergent 
factory that exclusively used encapsulated en'-Ymes. 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 srudy 
indicates [hat thc usc of encapsulated t:nzyrnes is insufficient [0 control exposure 
and prevenr enzyme-induced 01\. 

Case repom on OA caused by newly introduced enzymes [41, 42J 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 arc 
exposed to enzymes in low-rcchnology environments [1.51· 

In the US, a major pharmaceutical company introduced a preventive program for 
laborato ry animal allergy (I.AA) [431. The program included education, engineering 
controls, administrative contro ls , use of respirators and medical surveillance. Dur­
ing a 5-year period) the incidence rate uf 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 
orht'.r specific preventive measures were avai lable. 

In the UK , Rotham et a l. [44J studied a retrospectively assembled cohort o f new 
r.; mpJoyccs ,"'orking with laboratory an ima ls. In 1981, an education program for 
persons working with laboratory animals was introduced. rrom 1980 to 1984 , 
the annual cumulative incidence proportion of symptoms consistent with LAA 
decreased from 44% ro 16%, and this effect was at least partly attributed to the 
educatiunal program. 

Use of respiratory protective equipment 

There is only limited evidence, based un mainly rwo non~analytical studies, to sup­
pon a reduction in the incidence of OA through the use of respirarory protecti ve 
equipment (RPE). Grammer et al. [45J investigated the effect of introducing RPE 
dev ices among 66 newly hired \vorkcrs in an epoxy resin producing factory using 
ocid anhydrides. Only 4 of the 66 workers did not use RPE. from 1993 to 1999 the 
incidence rart: of acid anhyd ride sensitization combined with respiratory symptoms 
decreased from 10'10 [0 2 'XL 

In a new wood plant that uses di isocya nate, Petsonk et a!. [46] prospectively 
estimated respiratory health and work practices over a 2 -ycar period. Workers who 
in dicated thac they had briefly rcmoveo respiratory protection had a five times 
higher prevalence of new-onset asthma-li ke symptoms, compared to individuals 
\ .... ho reponed never doing lhis (2YYU versus So/t)). 

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.l4] some evidence 
supports the daim that screen ing criteria do an inadequate job of identifying poten­
tially susceptible individuals. 

Knowlt:dgc of the cffece of vocational guidance on career choice among teenag­
ers is sparse . In some countries) e.g., Germany, Denmark and Sweden, vocational 
gllidance is a well ~established practice in primary schools, hut only a few evalua­
tions of the effecrs ha ve been performed. Tn 1992 in Sweden, Bremberg et al. [47] 
eva luated whether medical vocational guidance among chronically ill preliminary 
school students (including asthma) had any impact on their choice oi career. Only 
S of 235 students stated that vocational information from physicians and school 
nurses had been important for their choice of career, and the distri bution of job 
choices among the chronica lly ill students did not differ from the job choices among 
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all students. A German <tudy (48) and a Swedish Study 149) longitudinally eluci­
elated career choices among asthmatics. They found self selection into low risk jobs 
to playa minor roIe in teenagers with asthma Or a llergy. This could indicate that 
vocational guldan<.:c among teenagers has a limited impact ur has not betn given. 
Knowledge about the quality and narure of vocational guidance and the impact on 
career choices is not available. 

The effectiveness of using personal fi sk facrers in pre-empluyment screening is 
low 121, 50-531, which has been very well illustrated by Sorgdrager et al. [54). They 
used data on personal risk facwrs (atopic history, eosinophil count, lung function) 
and incidence of POt room asthma from a nested case-control srudy ro estimate 
indicators of effectiveness of pre·employment screening. They calculated the posi~ 
tive predictive value (PPV), number needed to test and number needed to reject on 
a <imularcd population of 10000 persons wirh high incidence rates (40 casesflOOO 
person-year) and 10 DOD with low incidence (5 cases/lOOO 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 effective indicator. The PPV was 200/0 at high incidence rates, 
and an even lower 7% ar low incidence rates. A( high incidt:nce rates it was neces· 
sacy to test 13H persons to prevent one case of OA, and for each prevented case 
of OA S persons were rejected from the job. They concluded rhat the pcr<onal risk 
factOrs were far from effective as a selection instrument. 

There is :m increasing focus on genetic testing for screening out susceptible sub­
jects. Theoretically, genetic testing could be used for pre-employment screening of 
OA. So far associations hetween particular mutations and asthma occurrence are 
modest with I{HV odds ratios. Thus, prediction of future oc(;urrencc is unlikdy to 

be effective. Furthermore, as thma is caused ny multiple g~neric and environmental 
facrars, and information obtained by a single gene test is limited for both diagnostic 
and pn!ventivc callS~S . Taken rogerher, genetic testing is currently not useful for 
identifying susceptible subjects j n pre-employment scn::ening [55, 561 

In conclusion, screening our susceptible individuals for asrhma seems to be inef· 
ficienr, and it might discourage efforrs to red uce risks and prevenr d iseases in the 
geJleral working population. Vocational guidance and prc·cmployrnent screening 
should not bc used [() discriminate who should or should nor ger a job, but may be 
va luable tools [0 give persons at r i~ k, e.g., atopic persons, an informed view of their 
chance of developing OA or work-aggravated symptoms. 

Secondary prevention 

Secondary prevenrion atldresscs ea rly detection of work-related sensitization or 
\,(/RA in orcier to prevent further progrc~sion_ The principal tool for secondary pre­
vention is medicnl surveillance. 
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Medical surveillance of work-related asthma 

Individual~ with high exposure h;vels to aeroaJJcrgcns arc more likely to have serious 
respiratory complaints and disability than workers exposed at lower levels . Even at 
very low levels a residual sensitizarion risk remains. Studies also suggest that the 
risk for work-related respiratory diseases cannot be avoided completely by exposure 
reduction [57, 5g). Although elimination of airhorne 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 uf exposure has been shown feasi ble, 
there is 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 
substitution of powdered gloves with " powder· free" gloves, has shown a dramatic 
rcc.1uction of new cases of contact urticaria among health care workers. However, 
allcrgi<.: symptoms ::md asthma remained, although at lower prevalences, after this 
intervention [32,59,601. 

The duration of symptoms while working was srudied in Canada [60, 61); the 
results showed a significant period of rime berween symptom onset and diagnosis 
of OA. The reported median time to rhe first suspicion of WRA by a physician was 
1 year for \WA and 2 years for OA patients. The median time to a final diagnosis 
of OA after the onset of \vork-relatcd symptoms was 4 years. Patients with OA 
waited on average 8 months (median 3 months) before discussing their symptoms 
with a physician. Lower education level and household 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 \X'RA reinforces the need [or secondary prevention by medical surveillance. 
Therefore, parallel to exposure reduction and exposure control, medical surveil­
lance of rhe enrire workforce should be conducted to detect early evidence of all 
\.\lork-related allergic and respiratory diseases. 

However, different pro hI ems limit the successful use of medical surveillance pro­
grams for the identification of WRA~ because asthma is characteristically a disease 
with exacerbations and remissions, and \x'RA may, therciore, be unnoticed. Self­
reported symptoms and use of medication fai led to identify WRA exacerbations as 
determined by serial peak exploratory flow measurements [62) . Routine surveillance 
prDgrams in bakery workers showed that the use of questionnaire-reported respira­
tory symptoms could not discriminare bakery workers with and without ciini<.:al diag­
nosed asthma or specific TgE for baker-related allergens [51, 631. [n addition, disease 
outcomes are not identical in different \-vorkpl.ace circumstances with different aller­
gen exposures. In the Case of low-molecular-weight sensitizers such as diisocyanates, 
the immun.ologi<.:al mechanism and the respiratory health outcome are less clear. 

Most of the evidence mentioned in the "Guideline for the prevention, idcnrifica ~ 

tion, and management of occupational asthma" is, however, derived from (clinical ) 
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case-control studies. The estimates of sensitivity and specificiry are, thereforc) biased 
by preferential referral of patients and distort the determination of predicrive accu­
racies [64]. Besides, the predictive value of a t.est varies not only 3UOSS diff~rem 
populations but also \ ..... ithin a parricular study population, and consequently may 
have different sensitivities and specificities [40, 6.5]. So, a gcncralizcc..l conclusion 
that a medical questionnaire is nor 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 settin); [IJ. Medical surveillance programs 
shou ld , therefore, not focus on clinically establishtd allergic respiratory diseases, but 
on highJy associared prel iminary characteristics CO identify workers at ri sk of having 
a work-related (allergic) disease. Sensitii:ation to occupationa l allergens is one of 
tbese sHongly relaLcd ouh.:omes linked to OA and often the mo~t appropriate prc~ 
liminary characteristic that can easi ly be investigated. ror occupations characterized 
by HMW allergens, a logi cal approach is therefore to identify sensitized workers 
first, followed by sequentia l diagnosti<.: investigations only in th(!sc workers. Usually, 
sensitizc.d \vockers are detected when rhe}' present themselves to the occupational 
physician with symptoms. However, for patients with \'(IRA, only 6 1% consulted the 
company doctor first 166]. Su, to find all sensitized workers, the whole population 
ffi\lst he evaluated by a specific skin prick test (SI'1') or IgE serology, which is less 
efficient and will result in high expe nses for occupa tional health services. 

Traditionally, "'standardized""' respiratory qut:stionnaires used in epidemiologi­
cal studies a nd medical surveillance rrogram'\ contain questions ,lboU[ genera l and 
work-related respiratory symproms) allergy, and asthma. Every answer to a simple 
question, such as "do you wheeze", can be considered as a test resull. Howcver, dif­
ferent questions often provide (he same inform<l.tion because they arc all associated 
with rhe. same underlying disorder, and thus mutually correlated. 1 ~or the occ upa· 
tional physician it is relevant ro know which questions arc rcdundanr and which 
havt: true, independenr addirional predictive value for the presence or ansence uft 
for instance, sensitization. Assessing the results of a particular test in view of other 
It:st results rnay even diminish its diagnostic cOJ1[ribution, simply because [he infor­
mation provided by that tcS[ is a lreaJy provided hy the other tests. 

So far, none of the medical surveillance pro~rams have made use of prediction 
research-derived diagnostic models in which pt.~rsonal and \\lork-related character­
istics arc applied to estimate the individual prohability of the presence (diagnostic) 
or occurrence (prognostic) of an outcome that is closely related to the disease(s) 
of interest. After detecting workers with an elevated risk, sequential diagnoEtil: 
invt:stigations art only necessar}' in these workers. So, by using a qucstionnairt 
as a first phase instrument, the probcJ.oility of the occurrence of sensitization can 
be calculated and ,uhseqllently be followed by more advanced tests in the clinical 
~valuation. 
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Prediction research and risk stratification 

A diagnosis of a disea!\e is the consequence of interpretations by individ ual medi­
cal doctors of consecutive test results, estimating the probability of [he presence of 
a disease or other outcome of interest. As many test results generate more or less 
identical information it is important to evaluate the independent and additional pre· 
dicrivc value of a test given [he presence of earlier information. Peedier-ion research 
offers il solution for this by using a multivariate approach that accounts for muwaJ 
dependence between different test results. The information of every item is trans­
lared inro a predicred probability of the chosen outcome. This technique provide, 
estimations of the probability of an outcome at present (diagnosis) or in the fuwre 
(prognosis). Prediction models applied in occupational health practice may therefore 
enable occupational physicians to deal with uncertainties in considering workers at 
risk of having occupational diseases. The main goat is to optimize risk estimation 
at low COStS, and may be r.he first step in the clinical evaluation and managernCTH 
of WRA [67, 68]. The models may initiate counseling and interventions, and are 
rhus useful for identification of specific groups at risk. In Figure 1, a flow chart of 
medical surveillance of \x:'RA using scores is outlined. 

\ 
\ 

Figure 1. 
Medical surveillance 01 work related asthma (WRA). P (5+), prior probability of sensitiza­
tion to aeroallergens; P(S+ILS), probability of sensitization conditionally a low score; OAD, 

occupational allergic d;sease. 
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~i...s5htul'!sS!n. Evert Meijer and Paul K. H('nneberg~r 

An example of a prediction model in occupational health practice 

Models to predict IgE sensitization have only recently heen developed for workers 
such as bakers ancllaboratory animal workers who an: exposed to HMW allergens 
167-691. The models were transformed into scoring rules with a restricted number 
of questionnaire items with different weighing facrors. In ;] medical surveillanc.:c 
program among 5325 bakers in the Netherlands, a shon questionnaire, containing 
19 questions with four predictors for sensi tization to wheat andlor fungal a~amylasc 
allergens, was used as a decision rool in considering workers at 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 1. 

Table 2. Predidors and Predidcd probability lor ,en,itization (wheat and or ('{-amylase) 
among bakers 

Score chart I 

_ _ _. _ .. _ ____ _ ~-~_n_~w~r _~ ~score 1 
"H_ave you ever ~d_~sth ma int~e_pa~2.2 monlhs?~ _ ._ If yes 12 , 
':Have you ever had_~lergic .:~in~ti'.~ncluding hay-fever?" If y"s 12". __ .1 

1 "Have you ever had itchy and lor red eyes in the past 12 months?" l lf yes 11 

Predictors 

'" Do you ex~~ri'ence mor~ of the follo~i~g symptoms duri~g w-ork: l lf yes ~5 -
shortness of breath . chest tightness, itchy eyes, itchy nose. and/or I 

i sneezing?" I i 
;5~~ sco;~s ... _ .__ _____ - r M-a-x--,,_-lT_-6-?-,, -_-1.J 

i 
~ Sum score 

t Pred~ted pro.!'.a~!lity ..1.%.2 

The scores were used to splir bakery workers into three groups with different sensiri­
zation risk: a high ~ risk group in which detailed clinical invtsrigarion.s were n:quircu 
to set a diagnosis of \X'RA and other work·related allergies more accurately, an 
intermediate group in which metlical follow-up hy occu pational physicians was 
c:)st!flrial for diagnosis and hcald1 protection, and a low~ r isk group co mprising about 
60% of the population in which medical investigations could be held back. 'l'be 
results arc shown in Tahle 3. 
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Table 3. General characteristics and questionnaire responses across low-, intermediate and 
high-score groups 

I (~1 0) score score 

l 
! 
I , 1 

- ' - -- - _ . - . - - -r - - - - ._- ._. - -- 1- -
I 

Low score I IntermedIate High Total 

1 - - - - - - - - J - _. J. J.:1.5-3 02.. .J~3.?~ t- ~ 
I Participants, n (%l I 3059 I 1282 . 984 i 5325 - , 

t W;rk d~rati~ mean years (SEl i ~:::l l-(;~) l ~:~:) r 13.1 -l 
~uppe~r ~v:.~~spirato;Y;;~ - -I i~ T (~~~_ - :\ :_:~-) - 1 (~~:~-; 
I symptoms to common allergens (at , (6.8) I (35.2) (658) I' (24.5) 

~y~tp::::i::;g:~:::t;N~~~R (~ 1'- 24 1

1

- 52 1144 - '220-" 

least 2 positive answers), n (%) (.8) (~11._ _ (1_4~. I (4.2) I 
'Use ofmedic~ti;n\o' imp;ove .- - -\- 74 ' ·-·(11

4
8.6

6l 
'I 468 T 728 --Ii 

respiratory complaints in the last 12 (2.4) (48 .1) \ (13.7) 
i months (e.g. inhalants> , n (,),, ) ; , i 
r - ,- - .-- ~ - -- - - - . _.J - - .. - -- .- - --* - - - i -- . - - .~ 

I 
Dodor visit for allergic complaints in I 134 l' 197 I 379 J 710 I 
the last 12 months, n (%) (4.4) (15.5) : (38.7) (13.4) 

H

' Ab~~ntceis;;;-d'ue 'io ~lIerg i~sympto;"sT - 6 - -1-' -34-' 'I 79 I 119- ! 

in the last.~rno " ths, n ~.%) _ __ ..i0~. .,272...~ . . (8.2) J . -'-2.~ \ 

, Change of function or task due to ! 16 , 19 I 83 I 118 , 

Lrespi:a~'Y syo:p.!oms, n ~%l _ __ .l~~ L ..J.:i.:5.>.... .. L (8.5) . .L~:2!.._ i 

The predicted probability of sensitization can be calcu lated as: 
- - - _ .. - - - _ . - " -' - .-. - - ._ . --. . - - " - - - "l 

~_ 1 I 11 + EXP[ - (-2.32 + 0.92 x asthma + 0.90 x rhinitis + 0.46 x conjuncrivitis I 
+ 0.62 x during work symptom))}. I .- - - - - - - _ .. _ .- - - .- ~ _ . - - - - - -- _. -

\Xt'orkers with high scores showed the highest IgE sensitization rate LO wheat and/or 
a-amylase, and the highest ratcs in medication usc, ahsenteeism, and doclor's visits. 

This example i ll u~rrates that by using: a score charr to predict the sensiti 7.arion 
risk in workers exposed to HMW workplace allergens, a diagnosis of WRA can be 
considered more effecrively and efficiently in rhe inirial phase of a medical surveil­
lance program performed by occupational physicians at the worksite. Prediction 
models based 011 IgE·mediated sensitization is Ilot useful for LMW workplace 
allergens. To our knowledge no prediction models for LMW-relatcd OA has been 
developed, bur mudels based on bronch ial hyperresponsivcness (BHR) could poren· 
rially be u,eful. 
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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 identi fi cation and cou nting of 
cases. It is "tht: ongoing systematic collection, analysis, and interpretation of health 
d3ta essemial [Q the planning, implementation, and evaluation of public health prac­
t-iccs, closely integrated with the timely dissemination of these data to those who 
need ro know." [70 J. This secrion highligfm examples of how public health sutveil­
bnce has contributed to the prcvention of WRA. While the example, are drawn 
from experience in the United States and Canada, this does not mea n that similar 
surveillance activities are lacking in other countries . 

Investigations of reported cases have identified the measures needed to prevent 
rhe onset anc.l!t::xacerbation 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 diseases that is coord inated by the National Institute for Occupational Safety 
and Health in the United States. The SENSOR ptogram in thc state of Michigan 
registercd 446 cascs of WRA from 416 different workplaccs during 1993-1995 
171]. Inspections werc conducted at 185 (44.5%) of these workplaces, and ait sam· 
piing for known agents were conducted at 123 (29.6'7'0). Many recommendations 
or citations were isslled as a result of the inspections: 60 for medical monitoring, 
~o for engineering contro ls, 63 for air monitoring, 126 for hazard co mmunication 
program, and 71 fo r tespiraro ry protection program IllJ. These figures suggest 
that workplace inspections stimulatcd by WRA case rcports frequently identified 
deficiencies that inhibited prevention. 

Ongoing surveillance programs faci litate the identification of and response to 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 Asscs~ment 

and Conrrol Evaluarion (FACE) program identifies and investigates wo rk·related 
deaths ill 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 J. This surface coating is normally sprayed OntO the open cargo beds of 
trucks, but in this case was applied ont() the fioo r and lip the walls of an enclosed 
van. The MJFACE investigation revealcd deficiencies in several facrors that contrih­
uted to this unfortunate occurrence: product stewardship by the manufactur~[ of the 
materials uscd 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) i"ued 11 ci tations to the 
company. Also, MIOSHA initiated contaer with over 100 other companies in Michi· 
gan that applied spray· on truck bedliner, and provided educational alld tcchnical 
a~sistancc. The survei llance program's expeditious investigation and dissemina tion of 
the findings likely had a positive impact on asthma morbidity and mortality. 
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Surveillance data call also he used to document the imp;')c.:t of prcvenriyc in (er~ 

vemions. In the province of OIHario in Canada, legislation \vas passed in 1983 rhat 
required workplace monitoring. of diisocyanate levels to maintain exposures within 
acceptable limits, as well as medical monitoring of exposed \\'orkers. The impacr of 
this legislation was tracked using worker compensation data. The number of dii· 
soc.:yanate 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 to decline after that. Also, the cases were less severe as the 
number declined 134J. This decline in the number and severity of diisocya nate \'(IRA 
cases was likely the result of many activities, inc1uding better control of exposures 
at work, and increased and earlier recognition of Jisease. 

Future developments 

Most intervention studies arc bcst characterizcd as "complex intcrvention studies" 
consisting of several intervention components, where the actual change in exposure 
is seldom monitorctl. It is therefore n ot realistic to assume that most future studies 
will fulfi ll strict criteria for good quality single in tervention studies. H owever, it is 
desirable CO put more effort into on~oing monitoring of changes in exposure. Many 
companies and organizations do l:ollect data continuously on expusure, exposure 
dl!terminants, ano health outcomes. The use and extension of this valuable data 
source could be improved by establishing a closer cooperation between companies 
and experts in exposure assessment and occupational lung diseases. 

There is still a necd for development of marc effective medical survciIlaIH.:e 
programs, and predictions models arc a promising attempt to al:hicve that goal. 
,\ major future challenge will be to develop effect ive prediction mode ls for LMW 
asrhma. 

Collection of ~urvcillance dara is essential in planning, implementation, and 
evaluation of the prevention of \XfRA. In the future it will be crucial to maintain 
resources for ollgotng surveillance programs, and it will be of equal imporrance 
ro initiate surveillance programs in countries where no su rveillance data currently 
exist. 

Fin .. 1Jly, all increased focus on education of workers and health professionals is 
crucial to increase the possi bi li ties for prevention of WRA. 
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