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Abstract

The objective of the present longitudinal study was to investigate the effects of occupational
endotoxin exposure on respiratory health and atopic sensitization in adults. Health out-
comes and personal endotoxin exposure estimates were determined for 234 farmers and
agricultural workers both at baseline and 5 years later. A questionnaire was used to assess
respiratory symptoms, spirometry tests were performed and total and specific IgE levels
were measured in serum.

A twofold increase in personal endotoxin exposure was associated with less hay fever
(OR 0.68, 95%CI 0.54-0.87) and grass IgE positivity (OR 0.81, 95%CI 0.68-0.97) at both
time points (“persistent” versus “never”). Although not statistically significant, a consistent
protective pattern was observed for an increased loss of hay fever symptoms (OR 2.19,
95%Cl 0.96-4.99) and grass IgE positivity (OR 1.24, 95%CI 0.76-2.02), and for less new-
onset of hay fever (OR 0.87, 95%CI 0.65-1.17), grass IgE positivity (OR 0.83, 95%CI 0.61-
1.12) and atopic sensitization (OR 0.75, 95%CI 0.55-1.02). Endotoxin exposure was not
associated with changes in lung function.

We showed that occupational endotoxin exposure is associated with a long-term protec-
tive effect on hay fever and grass IgE positivity. Results on longitudinal changes in hay
fever, atopy and grass IgE positivity in adulthood were consistent with a protective effect of
endotoxin exposure, but results need to be confirmed in larger cohorts. An effect of endo-
toxin exposure on lung function decline was not found.

Introduction

Numerous studies in children and adults have shown a protective effect of farm related expo-
sures on atopy and allergic symptoms.[1-3] Furthermore, an ongoing protective effect of farm
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childhood on allergic symptoms is also observed later in life.[4,5] Similar protective effects
have also been observed in studies among adults with high occupational exposure, indepen-
dent of farm childhood.[4-6] The farm environment is characterized by a high exposure to
micro-organisms. Exposure to endotoxin, a cell wall component of Gram negative bacteria,
has been shown to explain the ‘farming effect’ to some extent, both in children and adults.
[2,4,5] However, these studies were mainly cross-sectional and only few longitudinal studies
assessed effects of farming exposure on allergic responses over time. One longitudinal study in
young adults found a protective effect of farming exposure on new-onset sensitization to any
of four inhalant allergens.[6] Another longitudinal study in children showed a protective effect
of parental farming on prevalence and new-onset skin prick test (SPT) positivity for any of six
inhalant allergens and some evidence of increased loss of SPT positivity in children living on a
farm.[1] However, these studies allow conclusions on (parental) farming in general, but do not
allow evaluation of specific factors and exposure levels in relation to the observed health
effects.

Besides being protective for allergic responses, occupational farming related exposures are
known to have adverse effects on respiratory health as well,[7-12] a phenomenon that was
investigated in a few longitudinal studies as well. And although previous studies showed an
accelerated decline in FEV; and FVC in farmers compared to non-farmers, exposure-response
relations were mostly not included.[9-12] Only a few studies measured endotoxin exposure
and the results of these studies are inconclusive. Some showed that annual decline of FEV,
FVC and FEF,5_;5 were significantly associated with endotoxin levels,[7,8] whereas another
observed no effect.[13] A recent systematic review and meta-analysis also showed that conclu-
sions regarding exposure-response relationships for organic dust exposure and lung function
changes could not be drawn. Yet, for organic dust exposed individuals versus controls a signifi-
cant but small effect on FEV, but not on other lung function parameters, was shown.[14]

We established a cohort consisting of farmers and agricultural workers in 2005. In the base-
line cross-sectional analysis of this cohort we found an increased risk of prevalent wheeze, but
a decreased prevalence of hay fever and atopic sensitization. In particular grass pollen sensiti-
zation had a decreased prevalence in relation to endotoxin exposure.[4,5] The objective of the
current longitudinal study is to investigate the relationship between measured occupational
endotoxin exposure and changes over 5 years in atopic sensitization, lung function and respi-
ratory symptom status.

Materials and methods
Study design

A five-year follow-up study was conducted in endotoxin exposed workers. At both time points
participants filled in the same questionnaire [15] and underwent a health exam consisting of a
lung function measurement and collection of a blood sample to determine serum IgE levels.
Endotoxin exposure was measured in a subset of participants at both time points.

The study protocol was approved by the University Medical Centre Utrecht ethics commit-
tee and all participants gave written informed consent both at baseline and follow-up.

Study population

Baseline. The study population consisted of an occupational cohort of Dutch Caucasian
farmers and agricultural industry workers recruited in 2005-2006 as described previously.[5]
Shortly, farmers were either livestock farmers raising cattle, pigs, chickens or goats, and/or
crop farmers growing fruit, vegetables or grain. The agricultural companies were involved in
flower bulb, onion, animal feed or seed processing.
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At baseline 453 participants (95 farmers and 358 agricultural workers) took part in the
study with a questionnaire and health exam.[4]

Follow-up. Follow-up was conducted in 2010-2011. Individual farmers and companies
participating at baseline were approached again.[15] 80 out of 95 farmers (84%) and 19 out of
23 companies (83%) agreed to participate. At these 19 participating companies 109 (38%) par-
ticipants had left their job and were not available for follow-up, the remaining 62% did partici-
pate. We previously compared baseline health characteristics between participants and those
that were unavailable for follow-up which showed no major differences between the two
groups, indicating there is no healthy worker selection effect in our cohort.[15]

To be included in the study, participants needed to at least have completed the question-
naire and either lung function, serological data or both had to be available. This resulted in 234
participants: 75 farmers and 159 agricultural workers. The number of persons included in each
analysis varies depending on the participation in the different subparts of the study. We did
not differentiate between farmers and company workers.

Questionnaire

At both baseline and follow-up, the questionnaire was sent by mail prior to the health exam.[5]
It contained questions on general characteristics, farm childhood, allergies, asthma, smoking
habit and respiratory symptoms. Questions on respiratory symptoms were adopted from the
Dutch version of the ECRHS questionnaire.[16] Hay fever was defined as self-reported pollen
allergy accompanied by itchy or watery eyes or sneezing. Wheeze was established by a positive
answer to the question “Did you experience wheeze in the past twelve months?” Allergy was
determined by a positive answer to the question “Have you ever had any allergies?” For the
complete questionnaire see S1 and S2 Texts.

Serum IgE

Total IgE and specific IgE against house dust mite (HDM), grass pollen (grass), cat, and dog
antigens were analyzed in serum by ELISA.[17] Specific serum IgE exceeding an optical den-
sity of 0.1 were classified as positive. Atopic sensitization or atopy was defined as positive spe-
cific serum IgE for any of the tested allergens. To avoid bias due to methodological and batch
differences, we re-analyzed the baseline sera together with the follow-up sera.

Lung function

Lung function measurements were performed in the morning. Forced spirometry was per-
formed at baseline and follow-up using the same pneumotachograph and software (Jaeger,
Wiirzburg, Germany). All tests were evaluated according to European Respiratory Society
standards.[18] Lung function curves were considered acceptable if back extrapolated volume
was small (<5% FVC and <150 ml) and expiratory time was at least 4 seconds.[19] A lung
function measurement was considered reproducible if AFEV; and AFVC between curves were
<150ml and APEF was either <670 ml or 10% of maximum measured PEF. Only acceptable
and reproducible lung function measurements were used for the analyses. In total, 231 partici-
pants performed a lung function measurement both at baseline and follow-up of which 161
(69.7%) were acceptable using the above criteria at both occasions. A sensitivity analysis
showed that selection based only on APEF <670 ml or only including curves with at least 6 sec-
onds expiratory time did not change the results (data not shown).

The Global Lungs Initiative reference values (GLI, 2012) were used to determine percentage
of predicted values for FEV, FVC, FEV,/FVC and FEF,s ;5 (forced expiratory flow during 25-
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75% of FVC), e.g. FEV%pred.[20] The cut-offs for FEV; and FVC below the lower limit of
normal (<LLN) were set at <5% of the GLI population.

Endotoxin exposure assessment

Exposure measurement. Full-shift personal inhalable dust samples were collected at base-
line (n = 249) and at follow-up (n = 127) in a subset of participants (see S1 Table). As described
previously,[5] Gilian GilAir portable pumps (Gilian, West Caldwell, NJ, USA) were used with
Gesamt Staub Probenehmer (GSP) sampling heads and 37-mm glass-fibre filters (Whatman
GF/A, Maidstone, UK). Filters were extracted in pyrogen-free water with 0.05% Tween-20.
[21] Supernatants were analyzed by the quantitative kinetic chromogenic Limulus amebocyte
lysate assay without applying Tween in the assay solution.[21]

Exposure modelling. A job-exposure matrix was constructed using a linear mixed regres-
sion model. No major changes took place in the process lines or exposure control equipment
(ventilation) in the companies or farms between baseline and follow-up. Therefore, we mod-
eled exposure based on measurements from both time points as these were regarded as
repeated measurements of the same jobs.[22] Modeled endotoxin exposure values per job title
are presented in S1 Table.

Each participant was assigned an exposure level both at baseline and at follow-up based on
job title.

Relationships between endotoxin exposure and changes in respiratory morbidity or sensiti-
zation status were investigated using baseline exposure as the main exposure during the fol-
low-up period. Twenty-five percent of the participating workers changed exposure during the
follow-up period (26 participants (11%) changed to a job with higher exposure and 32 partici-
pants (14%) changed to a job with lower exposure). Therefore, additional analyses were per-
formed with inclusion of change in exposure (Aexposure) during the follow-up period as well.
This method allowed us to correct for both ‘baseline level of exposure’ and a change in expo-
sure over time separately, both of which may be linked to a change in outcome. Change in
exposure (Aexposure) was calculated by subtracting endotoxin exposure levels at baseline from
the levels at follow-up.

Data analysis

Changes in general characteristics of the study population between baseline and follow-up
were investigated using a paired student t-test for continuous variables and McNemar’s Chi-
squared test for paired data for categorical variables.

Continuous outcomes (change per year in lung function parameters and total IgE) were
analyzed by linear regression. Dichotomous outcomes (questionnaire results and specific IgE
positivity) were analyzed by logistic regression. For this, outcomes were summarized in four
categories: never (absent at baseline and follow-up), new-onset (negative at baseline and posi-
tive at follow-up), loss (positive at baseline and negative at follow-up) and persistent (positive
both at baseline and follow-up). We were interested in the effect of exposure on a possible
change in outcome over time, and on persistence of outcomes. Therefore participants who had
changed during follow-up (new-onset or loss) were compared to participants with the same
baseline condition who did not change over time, being respectively never and persistent for
new-onset and loss. In addition, we estimated the effect of endotoxin exposure on persistent
outcomes compared to those who never had the outcome. Analyses were adjusted for age, gen-
der, smoking and farm childhood. Wheeze was additionally adjusted for atopy. Change or per-
sistence in the dichotomous confounders smoking and atopy were summarized in the same
way as the dichotomous outcomes.
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Endotoxin exposure and total IgE levels in serum were log-normally distributed and there-
fore log base 2 transformed before analysis. Thus odds ratios have been calculated for a two-
fold increase in exposure.

Data was analyzed using SAS 9.4.

Results
General characteristics

Characteristics of the study population at baseline and follow-up are shown in Table 1. The
mean follow-up time was 4.8 years. Six smokers at baseline had quit smoking at follow-up.
Five participants reported farm childhood at baseline, but did not report this at follow-up. For
the analysis, baseline farm childhood was used. A small, but not significant, decrease in endo-
toxin exposure of 39 EU.m™ (p = 0.19) between baseline and follow-up was observed. A signif-
icant decline in total IgE level was found between baseline and follow-up. The population
prevalence of specific sensitization, atopy, self-reported allergy and hay fever remained the
same.

Lung function generally decreased in the years between baseline and follow-up (all p<0.01
except for FEF,5 75 p = 0.94, Table 1). The decline in FEV; was larger than that of the GLI ref-
erence population, which is reflected in the decline of FEV,%pred (p<0.05).This was observed
to a lesser extent for FVC%pred (p = 0.09). There were no significant changes in the number
of lung function values <LLN. There was a slight decrease in reported current asthma
(p =0.02), and an increase in reporting of wheeze (p = 0.03).

Changes in reported health symptoms and serum IgE between baseline
and follow-up

The number of participants in each outcome category is shown in Table 2. For all outcomes,
the majority of participants were negative at baseline and follow-up. The number of partici-
pants with new onset or loss of symptoms or positive serum IgE was small (0-8%). The preva-
lence of persistent atopy, HDM IgE and grass IgE was 27%, 19% and 15%, respectively. Self-
reported allergy was reported at both occasions by 22% of participants.

Consistent protective pattern for hay fever, atopy and grass IgE

The associations between endotoxin exposure and hay fever, grass IgE sensitization and
atopy indicate a consistent protective pattern (Table 3, allergic symptoms graphically re-
presented in Fig 1), although not all associations met statistical significance. Higher endo-
toxin exposure is associated with loss of hay fever symptoms (OR 2.19, p = 0.06). Moreover,
higher endotoxin exposure results in fewer individuals with persistent hay fever (OR 0.68,

p = 0.002), and seems to result in less new-onset of hay fever symptoms over time (OR 0.87,
p = 0.36). These protective effects on hay fever symptoms were independent of changes in
exposure during the follow-up period. A similar protective pattern was observed for specific
sensitization to grass pollen (loss: OR 1.24 p = 0.39, persistent: OR 0.81 p = 0.02, new-onset:
OR 0.83 p = 0.23), showing consistency between self-reported hay fever and grass sensitiza-
tion, an objective measure of hay fever. A protective pattern was also observed for persistent
and new onset of atopic sensitization (loss: OR 1.03 p = 0.86, persistent: OR 0.89 p = 0.11,
new-onset: OR 0.75 p = 0.07). No consistent pattern was observed for self-reported allergy,
asthma, wheeze or HDM IgE. Decline in total IgE was also not associated with endotoxin
exposure (Table 4).
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Table 1. General characteristics of the study population at baseline and follow-up. Differences between baseline and follow-up are tested for statistical
differences: paired t-test for continuous variables, McNemar's paired chi squared test for binary outcomes. The number of persons included in each analysis

depends on the source of the outcome data: questionnaire (n = 234), lung function (n = 161), or serological data (n =212).

Baseline Follow-up
(2005-2006) (2010-2011)
N P
Age (years; mean, SD) 234 41.9/10.0 46.7 | 10.1
Gender (female; n, %) 234 28 | 12.0% 28| 12.0%
BMI (kg.m; mean, SD) 161 26.2 | 3.6 27.0| 3.7 <0.01
Current smoker (n, %) 234 59| 25.2% 53| 22.6% 0.06
Farm childhood (n, %) 234 133 | 56.8% 128 | 54.7% 0.17
Endotoxin exposure (EU.m™; GM, GSD) 234 314.9 | 4.8 276.0 | 5.1 0.19
FEV,
L (mean, SD) 161 4.1/0.9 3.9/0.8 <0.01
% pred (GLI; mean, SD) 161 98.8 | 14.4 97.4 | 14.7 0.03
<LLN (GLI; n, %) 161 14 | 8.7% 16 | 9.9% 0.74
FvC
L (mean, SD) 161 54 /1.1 5211 <0.01
% pred (GLI; mean, SD) 161 102.9 | 12.6 101.7 | 13.8 0.09
<LLN (GLI; n, %) 161 311.9% 6|3.7% 0.37
PEF
L.s' (mean, SD) 161 10.8 2.2 10.4 2.2 <0.01
% pred (mean, SD) 161 118.6 | 19.2 115.6 | 18.5 0.01
FEV,/FVC
x100 (mean, SD) 161 77.0 | 6.7 76.1|8.0 <0.01
% pred (GLI; mean, SD) 161 95.6 | 8.3 95.5|9.9 0.86
<LLN (GLI; n, %) 161 19| 11.8% 20 | 12.4% 0.56
FEF2s.75
L.s™ (mean, SD) 161 3514 35(1.3 0.94
% pred (GLI; mean, SD) 161 86.4 | 30.5 92.6 | 31.5 <0.01
<LLN (GLI; n, %) 161 21 13.0% 16 | 9.9% 0.05
Self-reported allergy (n, %) 234 65 | 27.8% 68 29.1% 0.56
Hay fever (n, %) 234 28 | 12.0% 28| 12.0% 1.00
Atopy (n, %) 212 66 | 31.1% 67 | 31.6% 0.82
Total IgE (IU/ml; GM, GSD) 212 251|7.4 23.3|6.4 0.02
HDM IgE positive (n, %) 212 47 | 22.2% 43| 20.3% 0.21
Grass IgE positive (n, %) 212 411 19.3% 41 119.3% 1.00
Cat IgE positive (n, %) 212 411.9% 6|2.8% 0.16
Dog IgE positive (n, %) 212 21 0.9% 3| 1.4% 0.32

SD: standard deviation

GM: geometric mean

GSD: geometric standard deviation
LLN: lower limit of normal

https://doi.org/10.1371/journal.pone.0189097.t001

Lung function

Only modest effects of endotoxin exposure on changes in lung function were observed
(Table 4). Apart from the general observation that FEV; declines slightly more rapidly in our
study population than in the GLI reference population, no association between AFEV,; and
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Table 2. Changes in reported health symptoms and IgE positivity between baseline and follow-up. Participants are categorized as never (absent at
baseline and follow-up), new onset (negative at baseline and positive at follow up), loss (positive at baseline and negative at follow up) and persistent (positive
both at baseline and follow up) health symptoms.

N Never New onset Loss Persistent

n (%) n (%) n (%) n (%)
Asthma (past 12 months) 234 210 (90%) 4 (2%) 12 (5%) 8 (3%)
Wheeze (past 12 months) 212 168 (79%) 18 (8%) 7 (3%) 19 (9%)
Hay fever 234 197 (84%) 9 (4%) 9 (4%) 19 (8%)
Self-reported allergy 234 153 (65%) 16 (7%) 13 (6%) 52 (22%)
Atopy 212 136 (64%) 10 (5%) 9 (4%) 57 (27%)
HDM IgE 212 162 (76%) 3 (1%) 7 (3%) 40 (19%)
Grass IgE 212 162 (76%) 9 (4%) 9 (4%) 32 (15%)
Cat IgE 212 206 (97%) 2 (1%) 0 (0%) 4 (2%)
Dog IgE 212 209 (99%) 1(0%) 0 (0%) 2 (1%)

https://doi.org/10.1371/journal.pone.0189097.t002

endotoxin exposure was observed. We also did not observe an association between endotoxin
exposure and AFVC.

We found that an increase in baseline exposure tended to be associated with a very small
increase in AFEV,/FVC (B = 0.5-10") and AFEV /FVC%pred (B = 0.07). Inclusion of Aexpo-
sure did not change these estimates. An increase in baseline exposure was also associated with
a small increase in AFEF,5 ;5 and AFEF,5_,5%pred over time ( = 0.01 and p = 0.27 respec-
tively), irrespective of inclusion of Aexposure in the model.

Discussion

This is one of the first studies to investigate longitudinal changes in atopic sensitization and
allergic responses in association with measured personal endotoxin exposure levels in an occu-
pationally exposed adult population. Our results show evidence of a protective effect of

Table 3. Association of endotoxin exposure and reported health symptoms and specific IgE positivity. Adjusted logistic regression analysis; OR’s
are associated with a 2-fold increase in endotoxin exposure. Analyses are adjusted for potential confounders (age, gender, smoking and farm childhood).
Wheeze is additionally adjusted for atopy.

New-onset vs never Loss vs persistent Persistent vs never
Baseline Baseline Baseline Baseline Baseline Baseline
exposure exposure exposure exposure exposure exposure
adjusted for adjusted for adjusted for
Aexposure Aexposure Aexposure
OR |95% CI OR | 95% ClI OR 95% CI OR 95% ClI OR 95% ClI OR 95% CI

Self-reported symptoms
Asthma n < 5 data not shown 0.74 | (0.46-1.20) | 0.82|(0.47-1.43) | 1.11(0.83-1.49) | 1.11 (0.83-1.49)
Wheeze | 0.88 | (0.70-1.11) | 0.87 | (0.69-1.09) | 0.74 | (0.42-1.29) | 0.22| (0.04-1.22) | 1.13|(0.91-1.40) | 1.13|(0.91-1.40)
Allergy | 1.07 | (0.84-1.35) | 1.08 | (0.85-1.37) | 1.03 | (0.78-1.35) | 0.99 | (0.74-1.32) | 0.92 | (0.80-1.06) | 0.93 | (0.81-1.07)
Hay fever | 0.87 | (0.65-1.17) | 0.87 | (0.65-1.17) | 2.19| (0.96-4.99) | 1.85|(0.81-4.22) | 0.68 | (0.54-0.87) | 0.69 | (0.54-0.87)
Sensitization
Grass IgE | 0.83 | (0.61-1.12) | 0.82 | (0.60-1.12) | 1.24 | (0.76-2.02) | 1.18 |(0.72-1.94) | 0.81 | (0.68-0.97) | 0.82 | (0.69-0.98)
HDM IgE n <5 data not shown 0.91 | (0.62-1.34) | 0.90 | (0.61-1.34) | 1.05|(0.90-1.22) | 1.06 | (0.91-1.24)
Atopy* | 0.75| (0.55-1.02) | 0.72| (0.52-1.00) | 1.03 | (0.73—1.46) | 1.02|(0.71-1.45) | 0.89 | (0.77-1.03) | 0.90 | (0.77-1.04)

Italic type: p<0.1; Bold type: p<0.05.
*Positive for any of the four allergens cat, dog, grass or HDM.

https://doi.org/10.1371/journal.pone.0189097.t003
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Fig 1. Odds of loss, new onset and persistence of allergic outcomes during follow-up in association with endotoxin exposure. Analyses are
adjusted for potential confounders (age, gender, smoking and farm childhood). A consistent protective pattern is observed for hay fever, grass IgE
sensitization and atopy, although not all associations meet statistical significance.

https://doi.org/10.1371/journal.pone.0189097.9001

endotoxin exposure on new onset and persistent atopic sensitization and hay fever indepen-
dent of farm childhood. We found no major effects of endotoxin exposure on lung function

decline.

One of the main advantages of our study is the longitudinal design, as most studies to date

have examined relationships between endotoxin exposure and allergic diseases in a cross-sec-

tional set-up.

Another strength of our study is that the blood samples from baseline were analyzed
together with the samples from follow-up avoiding methodological differences in assay perfor-
mance. This is also an advantage over skin prick tests, which are used in most studies. Skin

prick tests are necessarily conducted and measured at the separate time points, allowing for

the introduction of measuring differences based on batch differences in extracts and differ-
ences between test conductors.[23] Compared to skin prick testing, IgE ELISA testing of all
samples at the same time is more consistent.

Table 4. Association of change in lung function or total IgE with endotoxin exposure. Adjusted linear regression analysis: betas represent changes
associated with a 2-fold increase in endotoxin exposure. Analyses are adjusted for possible confounders (age, gender, smoking and farm childhood).

Baseline exposure

N Beta p
AFEV,
mL.year™ 161 3.35 0.20
% pred (GLI).year 161 0.02 0.75
AFVC
mL.year 161 0.45 0.90
% pred (GLI).year™ 161 -0.05 0.51
AFEV,/FVC
.year™ 161 0.05.1073 0.07
% pred (GLI).year™ 161 0.07 0.06
AFEF,5 75
.year 161 0.01 0.01
% pred (GLI).year 161 0.27 0.04
A Total IgE
IU.year™ 212 -0.01 0.87

https://doi.org/10.1371/journal.pone.0189097.t1004

Baseline exposure

adjusted for Aexposure

beta p
2.87 0.28
0.01 0.83
-0.54 0.88
-0.06 0.38

0.06-1072 0.05
0.08 0.04
0.01 0.01
0.27 0.04
0.03 0.68
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An advantage of this study compared to other longitudinal studies is that we collected expo-
sure measurements and job title information at both baseline and follow-up. As discussed by
Bolund et al. in their meta-analysis, even longitudinal studies generally do not include a change
in exposure in their analyses.[14] Job title information at both time points enabled us to esti-
mate exposure levels at both time points as well as changes in exposure between baseline and
follow-up (in case of a change in job title). It can be hypothesized that the new-onset or loss of
symptoms or specific serum IgE can be partially attributed to a change in exposure level. Our
results do not indicate a major impact of exposure changes on investigated health outcomes, as
effect estimates of baseline exposure changed only marginally with inclusion of Aexposure in
the models (Table 3), and effect estimates of Aexposure were small (see S2 and S3 Tables).
Results should be interpreted cautiously due to limited study size and because timing of job
changes within the 5 year follow-up period is unknown. Yet outcomes indicate that in the
current study exposure misclassification due to job changes were relative small or had little
impact, this may imply that effects are not likely promptly. Whether this is typical for the cur-
rent study or a general phenomenon is hard to identify as most longitudinal studies do not
take changes of exposure into account during data analysis.[14]

One of the limitations of our study is the relatively modest size of our study population.
Additionally, in the majority of participants, health outcomes were stable between baseline
and follow-up, resulting in a small number of participants in the categories of change (new-
onset and loss), limiting the power of these analyses. We therefore did not adjust for multiple
testing and did not focus on the effects of exposure change However, the fact that we found a
consistent pattern for hay fever, atopy and grass IgE positivity is in line with our expectations
of a protective effect of endotoxin exposure on allergy.

The power to pick up changes in lung function is also limited by the study size and duration
of follow-up. Surprisingly, we observed a small positive relationship between AFEV,/FVC and
endotoxin exposure which is reflected in an improvement in AFEV,/FVC%pred. Additionally,
we found a positive but very small effect of endotoxin exposure on AFEF,s 55, which is also
reflected in AFEF,5 ,5%pred. In contrast to our study, some previous longitudinal studies
reported an accelerated decline in AFEV,/FVC [24,25]or an accelerated decline in FEF,5_;5
[7,26] in relation to endotoxin exposure. Given that the regression coefficients in our study are
very small and the analyses are only just significant, we do not believe these to be biologically
relevant. We did not find an effect of endotoxin exposure on FEV; or FVC decline. Some pre-
vious longitudinal studies observed an accelerated decline in FEV in relation to endotoxin
exposure either when using exposure classification [10, 12, 24, 26] or measured endotoxin
exposure,[7,8] whereas other longitudinal studies using categorical exposure found no effect of
farming on FEV; decline.[9,11,13] The studies that did find an accelerated effect of farming on
FEV, observed small effects ranging from an additional -0.71 ml/yr FEV for animal feed han-
dling within farmers [24] to an additional -26.1 ml/yr FEV for swine confinement workers
versus non farming controls.[26] The longitudinal studies which used measured exposure
found an effect of -0.326 ml/yr FEV, per mg.m’ endotoxin exposure in grain and animal feed
industry [7] and -19 ml/yr per factor 2 increase of endotoxin exposure [8] respectively. The
absence of major long-term effects of organic dust exposure on lung function is confirmed by
a recent meta-analysis by Bolund et al. which showed only a small significant effect of organic
dust exposure on FEV of 4.92 ml/yr for exposed versus controls.[14] However, results were
inconsistent for quantitative exposure measures and accelerated lung function decline. The
effect of farming or endotoxin exposure on lung function remains inconclusive.

Healthy worker selection could be of influence on the health effects observed in this study,
possibly leading to an underestimation of effect estimates. Earlier analyses on this cohort,
which focused on selective loss to follow-up did not reveal major health related differences
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between participants included in follow-up and those lost to follow-up, indicating that there is
no major healthy worker survival going on in our population during the time of our study.[15]
Also no significant differences or trends were found in baseline demographic characteristics,
respiratory health or allergies between participants changing to jobs with lower exposure and
those moving to jobs with similar or higher exposure.[15] Nonetheless, pre-study selection
such as healthy worker hire selection cannot be excluded and we have no information on
potential changes in health of those lost to follow-up. However, both our previous cross-sec-
tional analyses [4,5] and our loss to follow-up analysis [15] do not give us reason to suspect a
large pre-study selection effect.

Whether adult exposure to farm dust or endotoxin has a protective effect is still under
debate.[27] Several cross-sectional studies in adults have linked farming exposures to a
reduced likelihood of developing asthma, atopy and allergies, but the results are inconsistent
and could possibly be explained by healthy worker survival effects or lingering effects from
childhood exposures.[27-29] Yet, the epidemiological evidence for a protective effect in adults
is growing.[5,6,30-32]

In our previously published cross-sectional analyses of the same cohort, we found that
higher endotoxin exposure protects against hay fever and atopic sensitization.[4,5] In the
present longitudinal analysis, these protective effects were confirmed. Although not all rela-
tionships were statistically significant, they consistently indicated a protective effect of endo-
toxin exposure on new-onset and persistence of hay fever, atopy and grass IgE positivity.
Moreover, we also showed a tendency for increased loss of IgE positivity in association with
higher endotoxin exposures during the follow-up period. Only a few other longitudinal studies
investigated allergic responses in farm environments, albeit none of those included exposure-
response relationships. In a small follow-up study in 42 farmers,[30] IgE-mediated sensitiza-
tion was observed less frequently at follow-up and no new sensitizations occurred. Similar to
our and most other studies on the “farming effect”,[27] this was most pronounced for grass
sensitization. No such effect was observed for HDM sensitization which is consistent with
other studies.[27] A longitudinal study in farmers [6] also found a protective effect of exposure
on new-onset sensitization. However, this study classified exposure as being a current farmer
or ex-farmer compared with non-farming control subjects. In children, a protective effect of
parental farming on prevalence of atopy and new-onset skin prick test positivity was shown as
well as some evidence of increased loss of positivity in children living on a farm.[1] In our cur-
rent longitudinal study, we show that adult endotoxin exposure contributes to protection
against development or persistence of atopy and allergies and that this effect is independent of
healthy worker effects or farm childhood (see S4 and S5 Tables). Although we have identified
relationships with endotoxin, other exposures, like different types of farm dust, could correlate
with endotoxin and therefore be responsible for the observed effects of endotoxin exposure.
However, two recent studies showed an association between asthma and lower microbial
diversity in nasal swab and mattress dust,[28,29] where a higher microbial diversity was
encountered in a farming environment. This seems to indicate that microbial exposures, such
as endotoxin, play an important role in allergic desensitization.

The mechanisms through which endotoxin or farming exposure protect against allergic
outcomes is not yet elucidated. It has been suggested that the protective effect of endotoxin
exposure on allergic diseases is mediated through balancing Th1 and Th2 responses in the
immune system in early life.[33] As this effect is most pronounced and part of the natural
development of the infant immune system, it was long thought unlikely that endotoxin expo-
sure in adulthood could also be protective against allergic diseases.

In addition to regulation of the Th1/Th2 balance during childhood, the epidemiological evi-
dence for a protective effect in adults is growing.[5,6,30-32] Additionally, studies investigating
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the mechanism behind the protective effect of endotoxin exposure on allergic diseases in adults
have found a shifted Th1/Th2 balance in farmers compared to non-farming controls consis-
tent with a lower prevalence of allergic diseases in farmers and agricultural workers.[34] Thus,
the regulation of the immune response might be strongest in childhood, but could continue
throughout life.

In conclusion, in this occupational cohort of agricultural workers and farmers, we showed a
longitudinal protective effect of endotoxin exposure on hay fever, atopy and grass IgE positiv-
ity. Our longitudinal study provides further evidence that adult endotoxin exposure may pro-
tect against the development of and persistent absence of allergy in adulthood, which should
however be reconfirmed in a larger cohort.
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Exposure estimates using baseline model and pooled model by industry and job title
Baseline exposure model is based on baseline measurements only, pooled model is based on all measurements
from both time points. The pooled model is used to assign exposure to participants in the current study population.

Baseline model Pooled model
Sector Jobtitle n  Endotoxin [EU.m7] n Endotoxin [EU.m]
Flower bulb
Office 3 14 8 13
Lifttruck 2 86 3 206
Technician 2 93 3 103
Packer 9 169 9 182
Crop grower 1 181 2 581
Operator 14 720 28 443
Animal feed
Office 6 35 8 32
Lab 4 59 4 59
Truckdriver 10 251 10 251
Controlroom 19 289 28 220
Operator 27 335 33 343
Technician 7 416 9 407
Cleaner 3 946 3 966
Crane driver 5 1086 5 1045
Unloader ships 5 10645 5 10305
Lifttruck 2 674
Packer 2 1444
Onions (modernized)
Technician 1 9006
Office 3 381 7 336
Packer 1 754 1 625
Lifttruck 2 775 6 846
Operator 6 1453 8 1747
Onions (traditional)
Technician 2 801 3 1175
Packer 4 4906 7 6474
Lifttruck 6 5045 9 4131
Operator 15 9454 26 7764
Seeds
Lab 2 22 6 23
Packer 2 25 2 20
Crop grower 2 36 4 35
Operator 5 406 12 279
Farmer
Crop 30 63 40 74
Livestock 46 219 71 246

Swine 6 3395 11 2876
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(onderdeel A, B en C), vragen over luchtwegklachten en allergieén (onderdeel D en E), en
over uw rookgewoonten (onderdeel F).

De delen A, D, E en F zijn voor alle deelnemers gelijk, de delen B en C verschillen per
sector.

Als er nog onduidelijkheden zijn, dan kunt u altijd even bellen of een e-mail sturen.
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Wanneer u deze vragenlijst niet wilt invullen, dan vragen wij u de - niet-ingevulde - vragenlijst terug
te sturen, met de reden waarom u niet wilt meewerken. Op deze manier weten wij of alle lijsten zijn
aangekomen en kunnen we inschatten of de redenen van mensen om wel of niet mee te werken,
een vertekend beeld kunnen geven van het uiteindelijke onderzoeksresultaat.

o |k wil deze vragenlijst niet invullen, omdat



Alle deelnemers

A) ALGEMENE VRAGEN
Al) Watis uw geslacht?
o Man

o Vrouw

A2) Watis uw geboortedatum? 19 (dag, maand, jaar)

A3) Bent u opgegroeid op een boerderij/agrarisch bedrijf?
o Ja - Ga door naar vraag A3 a
o Nee - Gadoor naar vraag B1

A3 a) Wat was de voornaamste productie activiteit op het bedrijf waar u bent opgegroeid?
(Meerdere antwoorden mogelijk)
o Veehouderij
o Plantaardige productie



Boeren

B) VRAGEN OVER UW BEDRIJF
(Onderdeel B hoeft alleen ingevuld te worden door één van de eigenaren van het bedrijf)

B1) Hoeveel mensen werken er op dit bedrijf, inclusief uzelf? ............ (aantal)

B2) Heeft u in het huidige bedrijf eerst op gangbare wijze geproduceerd, en is het bedrijf later
omgeschakeld naar biologische productie?
o Ja - Ga door naar vraag B2a
o Nee - Gadoor naar vraag B3

B2a) Hoeveel jaar geleden bent u begonnen met het omschakelen naar biologische
productie? .......... (jaar geleden)

B3) Watis of wat zijn de voornaamste productie-activiteit(en) van uw huidige bedrijf? Gebeurt
deze productie op biologische, biologisch-dynamische, gedeeltelijk biologische, of
gangbare wijze? (Meerdere antwoorden mogelijk)

Biologisch-  Gedeeltelijk

Soort productie Biologisch dynamisch biologisch Gangbaar
o Melkveehouderij o o o o
o Rundveehouderij, vieesvee o o o o
o Pluimveehouderij, legkippen o o o o
o Pluimveehouderij, vleeskuikens o o o o
o Fokzeugenhouderij o o o o
o Vleesvarkenshouderij o o o o
o Geiten of schapenhouderij, melkvee o o o o
o Geiten of schapenhouderij, vleesvee o o o o
o Akkerbouw: granen o o o o
o Akkerbouw: veevoedergewassen o o o o
o Akkerbouw: overige o o o o
o Vollegrondsgroenteteelt o o o o
o Bloembollenteelt o o o o
o Boomteelt o o o o
o Fruitteelt o o o o
o Glastuinbouw o o o o
o Paddestoelenteelt o ¢ o o
o Anders, nl.

O O O O




B4)

B5)

Hoeveel van de volgende landbouwhuisdieren houdt u op uw bedrijf?

Soort landbouwhuisdier Aantal

KOBI BN

SUEIEN

Kalveren en pinken

LegKippen e ——

VIEeESKUIKENS -

F Y o [T o] 81T 0177 TR | PP

Fokzeugen s

MESIVAIKENS

GItEN

Schapen

Paarden

ANAEre diErEN, Nlceeiii e e e eaas

ANAEIE IEIEN, Nl et e e e eenas

Maakt u gebruik van desinfecterende middelen in uw bedrijf?
Ja - Ga door naar vraag B5 a
Nee - Gadoor naar vraag C1

B5 a) Welke desinfecterende middelen gebruikt u?
Kruis alleen de middelen aan die u regelmatig gebruikt.
(Meerdere antwoorden mogelijk)

o QAC (Deosan, P3-Incidin)

o QAC + logen (Incosept, Nofordes)

o QAC + aldehyden (Macrodes, Megades, Favoriet Ontsmetal,
Parvotech, Aldekol, CID 20, Neoseptal, Roloxid, Togodor)

o Chloramine-T (Halamid)

o Chloorverbindingen (Actisan, Sumatox, Chloortabletten,
natriumhypochloriet)

Loog+chloorverbindingen (Quick Clean, Neomosan)

Overige desinfecterende middelen, nl




Boeren

C) VRAGEN OVER UW WERK

Cl1l) Hoe oud was u toen u begon met werken op een agrarisch bedrijf? ........... (jaar)
C2) Hoe oud was u toen u begon met werken op het bedrijf waar u nu werkt? ........... (jaar)

C3) Bent u (mede)eigenaar van het bedrijf waar u nu werkt?
o Ja
o Nee

C4)  Hoeveel uur per week werkt u op het bedrijf waar u nu werkt?
Minder dan 20 uur per week

20 tot en met 32 uur per week

33 tot en met 40 uur per week

Meer dan 40 uur per week

O O O O

C5) Welke van de volgende handelingen voert u zelf uit?
(Meerdere antwoorden mogelijk)

Soort handeling
o Dierverzorging o Werken met vioeibare mest
o Werken met houtspaanders of zaagsel o Werken met droge mest
o Werken met stro o Werken met bestrijdingsmiddelen
o Werken met hooi o Gewasverzorging, vollegrond
o Werken met kuilgras o Gewasverzorging, kassen
o Zelf mengen van diervoeder o Werkzaamheden met graan
o Ruimtes desinfecteren o Uien of bloembollen sorteren
o Schoonmaken met hoge druk spuit o Aardappelen sorteren
o Schoonmaken met brandslang © Andereavﬁigf,iimsgﬁj? op een

o Geen van deze handelingen, mijn hoofdtaak in het bedrijf is:

C6) Wat is volgens u het meest stoffige werk dat u uitvoert?

C7) Maakt u regelmatig gebruik van persoonlijke beschermingsmiddelen tijdens uw werk?
(Meerdere antwoorden mogelijk)
o Ja, handschoenen
Ja, adembescherming
o Nee

o



Bloembollen sector

B) VRAGEN OVER UW WERK
B1)  Wanneer bent u bij het huidige bedrijf begonnen met werken?

(dag, maand, jaar)

B2)  Hoeveel uur per week werkt u?
Minder dan 20 uur per week
20 tot en met 32 uur per week
33 tot en met 40 uur per week
Meer dan 40 uur per week

O O O O

B3) Watis uw huidige functie?

o Heftruckchauffeur

o Productie medewerker

o Verpakkingsmedewerker

o Technische dienst, onderhoudsmonteur

o Huishoudelijke dienst

o Teelt-/Oogstmedewerker

o Laboratorium medewerker

o Administratief medewerker

o Leidinggevende (bedrijfsleider, directeur)




B4)

Welke van de volgende werkzaamheden voert u uit, en hoe vaak?

Maximaal =y 3 4015
Nooit een halve dagen dagen
dag per
week per week per week

o Gewasverzorging, teelt, oogst o o o o
o Heftruck besturen o o o o
o Bloembollen spoelen o o o o
o Bloembollen sorteren o o o o
o Verpakken, handmatig o o o o
o Verpakken, machinaal o o o o
o Reparatie, onderhoud o o o o
o Schoonmaken: opruimen/vegen o o o o
o Schoonmaken: hoge druk spuit o o o o
o Schoonmaken: perslucht o o o o
o Schoonmaken: brandslang o o o o
o Laboratorium werkzaamheden o o o o
o Kantoorwerk o o o o
o Anders, nl.

o O O O

B5) Waar in het bedrijf werkt u het merendeel van de tijd (één antwoord aankruisen)?

o Buiten

o Ontvangsthal

o Productieafdeling

o Verpakkingsafdeling

o Verzendhal/magazijn

o Werkplaats

o Laboratorium

o Kantoor




Diervoeder
B) VRAGEN OVER UW WERK

B1)  Wanneer bent u bij het huidige bedrijf begonnen met werken?

(dag, maand, jaar)

B2)  Hoeveel uur per week werkt u?
Minder dan 20 uur per week
20 tot en met 32 uur per week
33 tot en met 40 uur per week
Meer dan 40 uur per week

O O O O

B3) Watis uw huidige functie?

o Vrachtwagenchauffeur

o Kraanmachinist

o Losser schip (bobcat)

o Productie medewerker / procesoperator

o Opzakker

o Heftruckchauffeur

o Technische dienst, onderhoudsmonteur

o Corveeér / siloschoonmaker

o Laboratorium- / kwaliteitsmedewerker

o Administratief medewerker

o Leidinggevende (bedrijfsleider, directeur)




B4) Welke van de volgende werkzaamheden voert u uit, en hoe vaak?

Maximaal 3 4tot 6

Nooit een halve dagen dagen
dag per
week per week per week
o Grondstoffen lossen o o o o
o Controle kamer o o o o
o Bijstorten o o o o
o Heftruck besturen o o o o
o Opzakken/afzakken o o o o
o Vrachtauto’s beladen o o o o
o Reparatie, onderhoud o o o o
o Schoonmaken: opruimen/vegen o o o o
o Schoonmaken: stofzuigen o o o o
o Schoonmaken: perslucht (kleding) o o o o
o Laboratorium werkzaamheden o o o o
o Kantoorwerk o o o o
o Machines perserij, losserij, mengerij, afzakken o o o o

B5)  Waar in het bedrijf werkt u het merendeel van de tijd (één antwoord aankruisen)?

o Buiten (lossen schepen)

o Laden /lossen bulkwagens

o Controlekamer

o Fabriekshal

o Opzak / afzak

o Verzendhal

o Werkplaats

o Laboratorium

o Kantoor

10




Uiensector
B) VRAGEN OVER UW WERK

B1)

B2)

B3)

O O O O

Wanneer bent u bij het huidige bedrijf begonnen met werken?

(dag, maand, jaar)

Hoeveel uur per week werkt u?
Minder dan 20 uur per week
20 tot en met 32 uur per week
33 tot en met 40 uur per week
Meer dan 40 uur per week

Wat is uw huidige functie?

o Heftruckchauffeur

o Productie medewerker

o Verpakkingsmedewerker

o Technische dienst, onderhoudsmonteur

o Huishoudelijke dienst

o Teelt-/Oogstmedewerker

o Laboratorium medewerker

o Administratief medewerker

o Leidinggevende (bedrijfsleider, directeur)

11



B4)

Welke van de volgende werkzaamheden voert u uit, en hoe vaak?

Maximaal =) i3 41015
. een halve
Nooit dagen dagen
dag per er week er week
week P P

o Gewasverzorging, teelt, oogst o o o o
o Heftruck besturen o o o o
o Uien afstaarten o o o o
o Uien sorteren o o o o
o Verpakken o o o o
o Reparatie, onderhoud o o o o
o Schoonmaken: opruimen/vegen o o o o
o Schoonmaken: hoge druk spuit o o o o
o Schoonmaken: perslucht o o o o
o Schoonmaken: brandslang o o o o
o Laboratorium werkzaamheden o o o o
o Kantoorwerk o o o o
o Anders, nl.

O O o] O

B5)  Waar in het bedrijf werkt u het merendeel van de tijd (één antwoord aankruisen)?

o Buiten

o Ontvangsthal

o Productieafdeling

o Verpakkingsafdeling

o Verzendhal/magazijn

o Werkplaats

o Laboratorium

o Kantoor

12




Zaalzaadsector
B) VRAGEN OVER UW WERK

B1)  Wanneer bent u bij het huidige bedrijf begonnen met werken?

(dag, maand, jaar)

B2)  Hoeveel uur per week werkt u?
Minder dan 20 uur per week
20 tot en met 32 uur per week
33 tot en met 40 uur per week
Meer dan 40 uur per week

O O O O

B3) Watis uw huidige functie?

o Heftruckchauffeur

o Productie medewerker/ proces operator

o Verpakkingsmedewerker

o Technische dienst, onderhoudsmonteur

o Huishoudelijke dienst

o Gewasverzorger

o Laboratorium medewerker

o Administratief medewerker

o Leidinggevende (bedrijfsleider, directeur)

13



B4)

Welke van de volgende werkzaamheden voert u uit, en hoe vaak?

Maximaal =y 3 4015
Nooit een halve dagen dagen
dag per
week per week per week
o Gewasverzorging, teelt, oogst o o o o
o Heftruck besturen o o o o
o Kantelen, storten o o o o
o Schonen o o o o
o Mengen o o o o
o Zaden ontsmetten, coaten o o o o
o Verpakken o o o o
o Reparatie, onderhoud o o o o
o Schoonmaken: opruimen/vegen o o o o
o Schoonmaken: stofzuigen o o o o
o Schoonmaken: perslucht o o o o
o Laboratorium werkzaamheden o o o o
o Kantoorwerk o o o o
0 ANAErS, Nloevreee e o o o o
B5)  Waar in het bedrijf werkt u het merendeel van de tijd (één antwoord aankruisen)?
o Buiten
o Kas

o Ontvangsthal

o Productieafdeling, proceshal

o Verpakkingsafdeling

o Verzendhal/magazijn

o Werkplaats

o Laboratorium

o Kantoor

14




Alle sectoren

B6) Wat is volgens u het meest stoffige werk dat u uitvoert?

B7) Maakt u regelmatig gebruik van persoonlijke beschermingsmiddelen tijdens uw werk?
(Meerdere antwoorden mogelijk)
o Ja, handschoenen
Ja, adembescherming
o Nee

(0]

B8)  Heeft u voordat u deze baan kreeg in een ander bedrijf in de bloembollen sector gewerkt?
o Ja - Hoelang? ............ Jaar
o Nee

B9) Heeft u voordat u in de bloembollen sector ging werken nog een andere baan gehad
waarbij u in aanraking kwam met stof?
Bijvoorbeeld bakkerij, graanindustrie, landbouw, etc.
o Ja - Ga door naar vraag B9 a
o Nee

B9 a) Wat voor bedrijf of bedrijven?

.................................................. Hoelang? ceeeeeeeJaar
.................................................. Hoelang? e Jaar
.................................................. Hoelang? e Jaar

15



Alle sectoren

C) VRAGEN OVER PERSOONLIJKE HYGIENE

C1)

Eet of drinkt u op de werkplek (dus buiten het kantoor of de kantine)?
Ja, altijid

Ja, soms

Nee

Doucht u meestal aan het eind van de werkdag?
Ja, op het werk

Ja, thuis

Nee

Wordt uw werkkleding door het bedrijf of thuis gewassen?
Door het bedrijf

Deels door het bedrijf, deels thuis

Thuis

Kleedt u zich thuis of op het werk om?
Op het werk
Thuis

16



D) VRAGEN OVER GEZONDHEIDSKLACHTEN

D1)
(@]

(0]

D7)

Heeft u wel eens problemen met de ademhaling?
Voortdurend, zodat uw ademhaling nooit helemaal in orde is
Herhaaldelijk, maar het gaat altijd weer helemaal over

Nooit / Slechts zelden

Heeft u de afgelopen 12 maanden wel drie maanden achtereen vrijwel dagelijks gehoest?
Ja
Nee

Bent u in de afgelopen 12 maanden wel eens wakker geworden door een hoestbui?
Ja
Nee

Heeft u de afgelopen 12 maanden wel drie maanden achtereen vrijwel dagelijks slijm
opgehoest?

Ja

Nee

Bent u de afgelopen maanden wel eens wakker geworden met een gevoel van beklemming
op de borst?

Ja

Nee

Heeft u last van kortademigheid wanneer u zich op vlak terrein moet haasten, of wanneer u
een lichte helling of een trap in normale pas oploopt?

Ja - Ga door naar vraag D6 a

Nee - Gadoor naar vraag D7

D6a) Heeft u wel eens last van kortademigheid wanneer u met leeftijdsgenoten in
normaal tempo op vlak terrein wandelt?

Ja

Nee

Heeft u gedurende het afgelopen jaar wel eens last gehad van piepen op de borst?
Ja - Ga door naar vraag D7 a
Nee - Ga door naar vraag D8

D7 a) Was u kortademig tijdens dit piepen op de borst?
Ja
Nee

D7 b) Heeft u dit piepen op de borst gehad terwijl u niet verkouden was?

Ja
Nee

17



D8)

DY)

O O O O O

D10)

Heeft u ooit van werk moeten veranderen als gevolg van bronchitis of emfyseem?
Ja
Nee

Heeft u in de afgelopen 12 maanden geneesmiddelen voor bronchitis of emfyseem
gebruikt?

Ja -> Ga door naar vraag D9 a

Nee - Gadoor naar vraag D10

D9 a) Welke geneesmiddelen heeft u gebruikt voor bronchitis of emfyseem?
Meerdere antwoorden mogelijk

Ventolin

Atrovent

Bricanyl

Prednison

F N 0 LT 5T o | T

Bent u in het afgelopen jaar wel eens wakker geworden door een aanval van
kortademigheid?

Ja

Nee

Heeft u in het afgelopen jaar wel eens overdag in rust een aanval van kortademigheid
gehad?

Ja

Nee

Heeft u in het afgelopen jaar wel eens na inspanning een aanval van kortademigheid
gehad?

Ja

Nee

Heeft u ooit astma gehad?
o Ja - Ga door naar vraag D13 a
o Nee - Gadoor naarvraag D14
D13 a) Werd de astma door een arts bevestigd?
o Ja - Ga door naar vraag D13 b
o Nee - Gadoor naarvraag D13 c
D13 b) Hoe oud was u toen de diagnose astma werd gesteld? ................ jaar
D13 c¢) Heeft u in de afgelopen 12 maanden een astma-aanval gehad?
o Ja - Ga door naar vraag D13 d

o Nee - Gadoor naar vraag D13 f

D13 d) Hoeveel astma aanvallen heeft u in de afgelopen 12 maanden gehad? ................

18



D13 e)Heeft u de afgelopen 12 maanden tijdens uw werk wel eens een astma aanval
gehad?
o Ja
o Nee

D13 f) Gebruikt u momenteel geneesmiddelen (bijv. inhalatoren, aerosols, tabletten)
voor astma?

o Ja - Ga door naar vraag D13 g
o Nee - Ga door naar vraag D14
D13 g) Welke geneesmiddelen heeft u gebruikt voor astma?
Meerdere antwoorden mogelijk
o Ventolin
o Pulmicort
o Atrovent
o Bricanyl
o Becotide
o Symbicort
o Flixotide
o Prednison
O ANAELS, Nl s
D14) Bent u overgevoelig of allergisch (geweest) voor één of meer stoffen?
o Ja - Ga door naar vraag D14 a
o Nee - Gadoor naar vraag D15
D14 a) Zo ja, wilt u dan aankruisen welke stoffen dat zijn en aangeven wat de aard van
de klachten is die u daarbij heeft?
Meerdere antwoorden mogelijk.
Niezen of Benauwdheid Jeukende of Jeukende of
loopneus (astma) rode huid tranende ogen
o Huisstof o o o o
o Voedsel o o o o
o Dieren o o o o
o Planten of graspollen o o o) o
D14 b) Bent u de afgelopen 12 maanden bij een huisarts of specialist geweest
vanwege allergische klachten?
o Ja
o Nee
D14 c) Heeft u de afgelopen 12 maanden wel eens uw werk moeten verzuimen
vanwege allergische klachten?
o Ja
o Nee
D15) Heeft u ooit van werk moeten veranderen als gevolg van astma?
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Ja
Nee

Heeft u ooit van werk moeten veranderen als gevolg van allergie?
Ja
Nee

Heeft u ooit van werk moeten veranderen als gevolg van andere gezondheidsklachten?
Ja
Nee

Heeft u in de afgelopen 12 maanden last (gehad) van piepen op de borst, kortademigheid
of beklemd gevoel van de borst als gevolg van bepaalde werkzaamheden of werkplekken?
Ja - Ga door naar vraag D18 a

Nee - Gadoor naar vraag D19

D18 a) Met welke werkplekken of werkzaamheden brengt u deze klachten in verband?

D18 b) Wanneer zijn de symptomen begonnen?
Binnen 4 uur na aanvang van het werk
Meer dan 4 uur na aanvang van het werk

Heeft u gedurende de afgelopen 12 maanden last gehad van plotselinge aanvallen van
griepachtige verschijnselen, zoals koortsaanvallen, rillingen, malaise, spier- of
gewrichtspijn, waarbij u zich weer geheel beter voelde binnen 1-2 dagen?

Ja - Ga door naar vraag D19 a

Nee - Gadoor naar vraag D20

D19 a) Met welke werkplekken of werkzaamheden brengt u deze klachten in verband?

D19 b) Hoe vaak is dit in de afgelopen 12 maanden voorgekomen? ............... keer

20



D 20) Hoe vaak heeft u tijdens de afgelopen 12 maanden last gehad van een of meer van de

volgende symptomen?
EN

%rergeren deze klachten tijdens of na uw werk?

Hoe vaak hi?;tclrjltl"?%t van deze tij\(/jgwes,r%?r;:it\/v
' werk?
gfagi?nliks ietgi ’ Izg: ’ Nooit / Nee Ja
elke dag per per zelden
week maand

1. Droge hoest (@) (@) @) (@) (@) (@)
2. Slijm ophoesten 0] 0] @] 0] @] @)
3. Piepen op de borst (@) (@) @) (@) (@) (@)
4. Kortademigheid met piepen @] (0] @] (0] @] @)
5. Kortademigheid (@) (@) (@) (@) (@) (@)
6. Benauwd O @) O @) O @)
7. Verstopte neus @) (@) @) (@) @) @)
8. Loopneus O O @) O @) 0]
9. Prikkend gevoel in neus of niezen (@) (@) @) (@) (@) (@)
10. Droge keel of keelpijn @] (0] @] (0] @] @)
11. Jeukende, prikkende, tranende ogen (@) O (@) O @) (@)
12. jz;l;inde of rode huid meer dan 2 0 0 0 0 0 0
13. Huiduitslag (@) (@) (@) (@) (@) (@)
14. Hoofdpijn @] (@] @] (@] 0] @)
15. Zwaar/drukkend gevoel in hoofd (@) (@) (@) (@) (@) (@)
16. Duizeligheid @] (@] @] (@] 0] @)
17. Ongewoon gevoel van moeheid (@) (@) (@) (@) (@) (@)
18. Concentratiemoeilijkheden @] (@] @] (@) 0] @)
19. Koorts @) @) O @) @) @)
20. Rillerig, aanvallen van rillingen @] (@] @] (@) @] @)
21. Pijn in de gewrichten (@) (@) (@) (@) (@) (@)
22. Spierpijn (niet door sporten) @] (@) @] (@) @] @)
23. Hartkloppingen (@) (@] @) (@] @] (@)
24. Misselijkheid O O @] O @] O
25. Opkomend maagzuur (@) (@] @) (@] @] (@)
26. Verminderde eetlust @] 0] @] @] @] @)
27. Overgeven/braken (0] (@] @) (@] @] (@)
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E) VRAGEN OVER LUCHTWEGKLACHTEN VAN FAMILIE

E1l) Heeft uw vader of moeder ooit astma gehad?
o Ja
o Nee
o Weet ik niet

E2) Heeft uw vader of moeder ooit ‘hooikoorts’ of een andere neusallergie gehad?
o Ja
o Nee
o Weet ik niet

E3) Hoeveel broers of zussen heeft u of heeft u gehad?
o Geen - Ga door naar vraag E4
o (aantal broers en zussen) - Ga door naar vraag E3 a

E3 a) Hebben uw broers of zussen ooit astma gehad?
o Ja
o Nee
o Weet ik niet

E3 b) Hebben uw broers of zussen ooit ‘hooikoorts’ of een andere neusallergie gehad?
o Ja
o Nee
o Weet ik niet

E4)  Zijn er, bij uw weten, ooit familieleden (grootouders, ouders, broers of zussen) gestopt met
werken op een boerderij/agrarisch bedrijf vanwege luchtwegklachten of allergie?

Ja

Nee

Weet ik niet

Mijn familieleden hebben nooit op een boerderij/agrarisch bedrijf gewerkt

O O O O
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F) VRAGEN OVER ROKEN

F1) Heeft u gedurende uw hele leven meer dan 100 sigaretten/50 sigaren/500 gram pijptabak
gerookt?
o Ja, ik heb vroeger gerookt, maar ik ben nu gestopt met roken
Ja, ik rook nog steeds
o Nee

(0]

F2)  Wilt u aangeven hoeveel sigaretten, sigaren en gram pijp tabak u gemiddeld per dag rookt
(of rookte, toen u rookte)? (1 pakje shag = 40 sigaretten)

o Sigaretten .................. per dag
o Sigaren ........cccceeeeel per dag
o Pijp tabak ..................... gram per dag
F2 a) Hoe oud was u toen u begon te roken? .........c.ccc...... jaar

F2 ¢) Indien van toepassing, hoe oud was u toen u (voor de laatste keer) stopte met
roken?

Heeft u nog iets toe te voegen aan deze vragenlijst met betrekking tot u werkomgeving of uw
gezondheid of heeft u nog opmerkingen of suggesties met betrekking tot deze vragenlijst?
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Adjusted logistic regression analysis of reported health symptoms and specific IgE positivity in
association with endotoxin exposure with and without inclusion of Aexposure. OR’s are associated
with a 2-fold increase in endotoxin exposure. Analyses are adjusted for potential confounders: age, gender

and smoking, and wheeze is additionally adjusted for atopy.

Baseline exposure

Baseline exposure and Aexposure

Baseline exposure Aexposure
N OR 95% Cl OR 95% CI OR 95%Cl

Asthma n-n 210

ny 4 n<5 data not shown

yy 8

y-n 12 0.74 (0.46 -1.20) 0.82 (0.47-1.43) 1.15 (0.77-1.71)

n-n 210

yy 8 1.11 (0.83-1.49) 1.11  (0.83-1.49) 1.00 (0.86-1.18)
Wheeze n-n 168

ny 18 0.88 (0.70-1.11) 0.87 (0.69-1.09) 0.93 (0.81-1.08)

v-y 19

y-n 7 0.74 (0.42 -1.29) 0.22 (0.04-1.22) 0.53 (0.25-1.10)

n-n 168

yy 19 1.13 (0.91-1.40) 1.13 (0.91-1.4) 1.01 (0.89-1.13)
Allergy n-n 153

ny 16 1.07 (0.84 -1.35) 1.08 (0.85-1.37) 1.09 (0.98-1.22)

y-y 52

y-n 13 1.03 (0.78 - 1.35) 0.99 (0.74-1.32) 0.91 (0.78-1.07)

n-n 153

y-y 52 0.92 (0.80 - 1.06) 0.93 (0.81-1.07) 1.03 (0.95-1.11)
Hay fever n-n 197

ny 9 0.87 (0.65-1.17) 0.87 (0.65-1.17) 1.00 (0.87-1.16)

yy 19

y-n 9 2.19 (0.96 - 4.99) 1.85 (0.81-4.22) 0.74 (0.49-1.10)

n-n 197

yy 19 0.68 (0.54 - 0.87) 0.69 (0.54-0.87) 1.01 (0.89-1.15)
Atopy n-n 136

ny 10 0.75 (0.55-1.02) 0.72 (0.52-1.00) 0.93 (0.79-1.10)

y-y 57

y-n 9 1.03 (0.73 -1.46) 1.02 (0.71-1.45) 1.07 (0.87-1.31)

n-n 136

yy 57 0.89 (0.77 - 1.03) 0.90 (0.77-1.04) 1.05 (0.97-1.14)
HDM IgE n-n 162

ny 3 n<5 data not shown

y-y 40

y-n 7 0.91 (0.62 -1.34) 0.90 (0.61-1.34) 0.94 (0.76-1.17)

n-n 162

yy 40 1.05 (0.90-1.22) 1.06 (0.91-1.24) 1.08 (0.99-1.17)
Grass IgE n-n 162

ny 9 0.83 (0.61-1.12) 0.82 (0.60-1.12) 1.13  (0.96-1.33)

yy 32

y-n 9 1.24 (0.76 - 2.02) 1.18 (0.72-1.94) 1.11 (0.88-1.41)

n-n 162

yy 32 0.81 (0.68 - 0.97) 0.82 (0.69-0.98) 1.06 (0.96-1.17)



Questionnaire on work and health for
farmers and agricultural industry

workers

In this questionnaire you will find questions about your personal information and your work
activities (part A, B and C), questions about respiratory health and allergies (part D and E),
and about your smoking habits (part F).

Parts A, D, E and F are the same for all participants, parts B and C differ per sector.

If anything is unclear, you can always call us or send an email.

Institute for Risk Assessment Sciences

Risk 0
Utrecht University %ﬂ% Universiteit Utrecht
K0



In case you do not want to fill in this questionnaire, we ask you to return the — uncompleted -
questionnaire, including the reason you don’t want to fill it in. This way, we will know whether all
guestionnaires have reached their destination and we can estimate whether the reasons people do
not participate are of influence on the conclusions of this study.

o | do not want to complete this questionnaire, because .............cccoooiiiiiiiiiiiiii e



All participants

A) General Questions
Al)  Whatis your gender?
o Male

o Female

A2)  What is your date of birth? 19 (day, month, year)

A3) Did you grow up on a farm/agricultural company?
o Yes—> Continue to question A3 a
o No - Continue to question B1

A3 a) What was the main production activity in the farm/company that you grew up in?
(Multiple answers possible)
o Livestock
o Agriculture



Farmers

B) Questions about your company

(Part B only needs to be completed by one of the owners of the farm)

B1)

B2)

B3)

O
O

How many people work on the farm including yourself? ............ (number)

Was you farm previously a regular farm and did you then switch to organic farming?
Yes - Continue to question B2a
No -> Continue to question B3

B2a) How many years ago did you start changing to organic production? .......... (years

ago)

What is or what are the main production activities in your current company? Are these
activities organic, biodynamic, partly organic or regular in nature? (Multiple answers

possible)

Type of production

Organic

Biodynamic

Partly
organic

Regular

Dairy farm

@)

O

@)

Cattle farm, meat production

Poultry farm, laying hens

Poultry farm, broilers

Breeding sows

Fattening pigs

Sheep or goat farm, dairy

Sheep or goat farm, meat

Agriculture: grain

Agriculture: fodder crops

Agriculture: other

Open air vegetable growth

Flower bulbs

Trees

Fruit

Horticulture

Mushrooms

oofo|jocojojofo|lo|lOo|lOo|lO0O|jO|lO|j]O|J]O|0O|O]|OC

Other, i.e.

o|j|o|j|o|lo|lO0O|lO|O|O|O|lO|J]O|O|O|0O|]0O|0O|O

o|o|j|olo|lOo|lO|O|lO|]O|lO|O|J]O|O|O|J]O|0O|O|O

o|lojlojojojfOo|jO0|jO|O|O|O|]O|O|O|0O|O|O

& O|O|]O|O|O|O|O|OCO|J]O|O|O|O|O|0O|]0O|0O|O




B4)

B5)

What number of the below listed farm animals do you keep on your farm?

Farm animal Number

COWS

BUIIS

Calf and heifers

Layinghen e ———————

Broilers

Other POUIIY, 1.8, oo e

Breeding SOW e

Fattening pigs e

GOAtS s

Sheep

HOISES

Other ANIMAIS, 1.8, v s e e e s e e eaaaes

Other ANIMAIS, 1. 8. .eieeee e ettt e e et e e r e e e e e eeenaeees

Do you use disinfectants at your farm?
Yes - Continue to question B5 a
No - Continue to question C1

B5a) Which disinfectants do you use?
Only tick the boxes of the disinfectants you use regularly
(Multiple answers possible)

o QAC (Deosan, P3-Incidin)

0] QAC + bases (Incosept, Nofordes)

0] QAC + aldehydes (Macrodes, Megades, Favoriet Ontsmetal,
Parvotech, Aldekol, CID 20, Neoseptal, Roloxid, Togodor)

@] Chloramine-T (Halamid)

@] Chlorine containing compounds (Actisan, Sumatox,
Chloortabletten, natriumhypochloriet)

@] Bases+chlorine containing compounds (Quick Clean,
Neomosan)

(@] Other disinfectants, i.e.




Farmers

C) Questions about your work

Cl) At what age did you start working at an agricultural company? ........... (years)

C2) At what age did you start working at the current agricultural company? ........... (years)

C3)  Are you (co)owner of the company where you currently work?

o Yes
o No

C4) How many hours a week do you work at your current company?

Less than 20 hours a week
20 to 32 hours a week
33 to 40 hours a week
More than 40 hours a week

O O O O

C5)  Which of the below tasks do you perform yourself?

(Multiple answers possible)

Animal care

Working with liquid manure

Working with wood chips or sawdust

Working with dry manure

Working with straw

Working with pesticides

Working with hay

Taking care of crops, outside

Working with silage grass

Taking care of crops, horticulture

Personally mixing animal fodder

Working with grain

Desinfecting areas

Sorting onions or flower bulbs

Cleaning with high-pressure cleaner

Sorting potatoes

Cleaning with fire hose

O|l|o0o|O0|O|O|O|0O|0O|O

Other tasks at agricultural farm

© |0|0|0|O0|O0|0O|0O|O IO
)]
7]

None of the above, my main task at the company is:

C6) What is the most dusty task you perform, according to you?

C7) Do you regularly use personal protective equipment during your work?

(Multiple answers possible)
o Yes, gloves
o Yes, respiratory protection
o No




Flower bulb industry

B) Questions about your work

B1) When did you start working at the current company?

(day, month, year)

B2) How many hours a week do you work?

O

(@)
O
O

Less than 20 hours a week
20 to 32 hours a week
33 to 40 hours a week
More than 40 hours a week

B3) What s your current job title?

o Forklift driver

o Production worker

o Packaging worker

o Technical service, maintenance

o Housekeeping

o Cultivation-/harvest worker

o Lab technician

o Administrative employee

o Supervisor (Company director, Managing director)

o Other, i€ cciiiiiiii i




B4)  Which of the following tasks do you perform and how often?
At most 1to3 4t05
Never halfaday daysa days a
per week week week
o Taking care of crops, culture, harvest o o o o
o Fork lift driving o o o o
o Rinsing flower bulbs o o o o
o Sorting flower bulbs o o o o
o Packaging, by hand o o o o
o Packaging, automated o o o o
o Repair, maintenance o o o o
o Cleaning: cleaning up/sweeping o o o o
o Cleaning: high pressure spray o o o o
o Cleaning: compressed air o o o o
o Cleaning: fire hose o o o o
o Laboratory activities o o o o
o Office work o o o o
LR O ] 1 [ S TN < TR o o o o
B5)  Where in the company do you work most of the time (tick only one box)?

o Outside

o Reception hall

o Production department

o Packaging department

o Logistics department/warehouse

o Workshop

o Laboratory

o Office

o Somewhereelse i.€.ic.cc.eeveiiiiiiiiii.n,




Animal feed

B) Questions about your work
B1) When did you start working at the current company?

(day, month, year)

B2) How many hours a week do you work?
o Less than 20 hours a week
o 20 to 32 hours a week
o 331040 hours a week
o More than 40 hours a week

B3) What s your current job title?

o Truck driver

o Crane driver

o Ship unloader (bobcat)

o Production worker / process operator

o Filling bags

o Forklift driver

o Technical service, maintenance

o Silo cleeaner

o Lab/ Quality worker

o Administrative assistant

o Supervisor (Company director, Managing director)




B4)

Which of the following tasks do you perform and how often?

At most 1to3 4t05

Never halfaday daysa days a

per week week week
o Unloading raw materials o o o o
o Control room o o o o
o Weighing and adding special ingredients o o o o
o Forklift driving o o o o
o Loading and filling-up bags o o o o
o Truck loading o o o o
o Repair, maintenance o o o o
o Cleaning: cleaning up/sweeping o o o o
o Cleaning: vacuuming o o o o
o Cleaning: compressed air (clothing) o o o o
o Laboratory work o o o o
o Officework o o o o
o Machinery pressing, unloading, mixing, sacking o o o o

B5)  Where in the company do you work most of the time (tick only one box)?

o Outside (unloading ships)

o (Un)loading bulk transport trucks

o Control room

o Factory floor

o Sacking department

o Dispatch room

o Workshop

o Laboratory

o Office

10




Union industry

B) Questions about your work

B1) When did you start working at the current company?

(day, month, year)

B2) How many hours a week do you work?

O

(@)
O
O

Less than 20 hours a week
20 to 32 hours a week
33 to 40 hours a week
More than 40 hours a week

B3) What s your current job title?

o Forklift driver

o Production worker

o Packaging

o Technical service, maintenance

o Housekeeping

o Cultivation-/harvest worker

o Lab technician

o Administrative employee

o Supervisor (Company director, Managing
director)

o Other, i icciiiiiiiiiiiiiien
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B4)  Which of the following tasks do you perform and how often?

At most 1to3 4t05

Never halfaday daysa days a

per week week week
o Taking care of crops, cultivation, harvesting o o o o
o Forklift driving o o o o
o Onion cleaning o o o o
o Onion sorting o o o o
o Packing o o o o
o Repair, maintenance o o o o
o Cleaning: cleaning up/sweeping o o o o
o Cleaning: high pressure spray o o o o
o Cleaning: compressed air o o o o
o Cleaning: fire hose o o o o
o Laboratory activities o o o o
o Office work o o o o
O OtNEr, LB o) o o o)

B5) Where in the company do you work most of the time (tick only one box)?

o Outside

o Crop reception

o Production

o Packaging

o Logistics department/warehouse

o Workshop

o Laboratory
o Office

o Somewhereelseie......ccovveeiiiiiiiiiiiiiin,

12




Seed industry

B) Questions about your work

B1) When did you start working at the current company?

(day, month, year)

B2) How many hours a week do you work?

O

(@)
O
O

Less than 20 hours a week
20 to 32 hours a week
33 to 40 hours a week
More than 40 hours a week

B3) What s your current job title?

o Forklift driver

o Production worker/ process operator

o Packaging

o Technical service, maintenance

o Housekeeping

o Cultivation worker

o Lab technician

o Administrative employee

o Supervisor (Company director, Managing director)

o Other, i€ cciiiiiiii i
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B4)  Which of the following tasks do you perform and how often?

At most 1to3 4t05

Never halfaday daysa days a

per week week week
o Taking care of crops, cultivation, harvesting o o o o
o Forklift driving o o o o
o Tilting / decanting o o o o
o Cleaning o o o o
o Mixing o o o o
o Seed disinfecting, coating o o o o
o Packaging o o o o
o Repair, maintenance o o o o
o Cleaning: cleaning up/sweeping o o o o
o Cleaning: vacuuming o o o o
o Cleaning: compressed air o o o o
o Laboratory activities o o o o
o Office work o o o o
LR O ] 1 [ S TN < TR o o o o

B5)  Where in the company do you work most of the time (tick only one box)?

o Outside

o Greenhouse

o Crop reception

o Production floor

o Packaging department

o Logistics department/warehouse

o Workshop

o Laboratory
o Office

o Somewhereelse i..ic.cc.eeveiiiiii i,
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All

B6)

B7)

(0]

B8)

company workers (not farmers)

What is the most dusty work you perform, according to you?

Do you regularly use personal protective equipment during your work?
(Multiple answers possible)

Yes, gloves

Yes, respiratory protection

No

Before you started this job, did you work at another company in the flowerbulb/animal feed/

onion/seed industry?

O
@)

B9)

Yes > Howlong? ............ Years
No

Before you started work in the flowerbulb/animal feed/ onion/seed industry, did you have
another job at which you were exposed to dust?

E.g. bakery, grain industry, agriculture, etc.

Yes - Continue to question B9a

No

B9 a) What company or companies?

.................................................. How long? viirenea..Years
.................................................. How long? viirenee..Years
.................................................. How long? viireeea..Years

15



All company workers (not farmers)

C) Questions about personal hygiene

C1)

Do you ever eat or drink at your work station (so outside the office or canteen)?
Yes, always

Yes, some times

No

Do you usual shower at the end of your work day?
Yes, at work

Yes, at home

No

Does your company wash your work clothes or do you wash them at home?
The company

Partly by the company, partly at home

At home

Do you change clothes at home or at work?
At work
At home

16



All participants

D) Questions about health

D1)

D7)

Do you ever have problems breathing?
o Continuously, my breath is never completely fine
o Repeatedly, but it always recovers completely
o Never/rarely

In the past 12 months, did you cough almost daily for three consecutive months?
Yes
No

In the past 12 months, did you ever wake up due to coughing?
Yes
No

In the past 12 months, did you cough up phlegm almost daily for 3 consecutive months?
Yes
No

In the past months, did you ever wake up with chest tightness?
Yes
No

Are you troubled by shortness of breath when hurrying on level ground, or when walking up
a slight incline or taking the stairs at a normal pace?

o Yes - Continue to question D6 a

o No - Continue to question D7

D6a) Do you get short of breath walking with other people of your own age on level ground
in normal pace?
o Yes
o No

Have you had attacks of wheezing at any time in the last 12 months?
o Yes - Continue to question D7 a
o No - Continue to question D8

D7 a) Were you troubled with shortness of breath during this wheezing?
o Yes
o No

D7 b) Have you had this wheezing without having a cold?

o Yes
o No

17



D8)

DY)

D10)

Did you ever have to change jobs due to bronchitis or emphysema?
o Yes
o No

In the last 12 months, did you use medicines for bronchitis or emphysema?
o Yes - Continue to question D9 a
o No -> Continue to question D10

D9 a) What medicines have you used for bronchitis or emphysema?
Multiple answers possible

o Ventolin

o Atrovent

o Bricanyl

o Prednison

LSO 11 [T R TN <

Have you at any time in the last 12 months been woken at night by a attack of shortness of

breath?

o Yes
o No

D11) Were you at any time in the last 12 months troubled by an attack of shortness of breath during

D12)

D13)

the day while at rest?
o Yes
o No

Were you at any time in the last 12 months troubled by an attack of shortness of breath after
exercise?

o Yes
o No

Have you ever had asthma?
o Yes - Continue to question D13 a
o No - Continue to question D14
D13 a) Was the asthma confirmed by a doctor?
o Yes - Continue to question D13 b
o No - Continue to question D13 ¢
D13 b) How old were you when diagnosed with asthma? ................ year
D13 c¢) Have you had an asthma attack in the last 12 months?
o Yes - Continue to question D13 d
o No - Continue to question D13 f

D13 d) How many asthma attacks have you had in the past 12 months? ................

18



D13 e) Have you had an asthma attack during work in the past 12 months?
o Yes
o No

D13 f) Are you currently using medicines for asthma (inhalers, aerosols, tablets)?
o Yes -> Continue to question D13 g
o No -> Continue to question D14

D13 g) What medicines have you used for asthma?
Multiple answers possible

Ventolin

Pulmicort

Atrovent

Bricanyl

Becotide

Symbicort

Flixotide

Prednison

()1 g 1T S TR

O O O O O O O O O

D14) Are you or have you been hypersensitive or allergic to one or more substances?
o Yes - Continue to question D14 a
o No -> Continue to question D15

D14 a) If yes, please tick the applicable boxes below and indicate which symptoms you have?
Multiple answers possible.

Sneezing Breathlessness ltchy or red ltchy or teary
or runny (asthma) skin eyes
nose
@) House dust @) O O O
o Food o O @] @]
0] Animals O 0] 0] @]
@) Plants or grass pollen @] @] @] @]
D14 b) In the last 12 months, have you been to a general physician or specialist due
to your allergic symptoms?
o Yes
o No
D14 c) In the last 12 months, have you ever had to leave your work due to allergic
symptoms?
o Yes
o No

D15) Have you ever had to change jobs because of asthma?
o Yes
o No

19



D16)

D17)

D18)

D19)

Have you ever had to change jobs due to allergy?
Yes
No

Have you ever had to change jobs due to other health problems?
o Yes
o No

Have you ever had wheeze, shortness of breath or chest tightness due to certain work tasks
or workplaces in the past 12 months?

o Yes - Continue to question D18 a

o No - Continue to question D19

D18 a) What workplaces or work tasks do you associate with these symptoms?

D18 b) When did the symptoms begin?
o Within 4 hours of starting work
o More than 4 hours after starting work

In the last 12 months, have you experienced sudden onset of flu-like symptoms like fever,
shivering, malaise, muscle or joint ache, from which you recovered completely within 1-2
days?

o Yes - Continue to question D19 a

o No - Continue to question D20

D19 a) What workplaces or work tasks do you associate with these symptoms?

D19 b) How often did this happen in the last 12 months? ............... times

20



D 20) Inthe last 12 months, how often have you suffered from one or more of below symptoms?

AND

Do these symptoms get worse during or after your work?

How often did you have this
symptom?

Does it get
worse during
or after work?

Daily or
almost
daily

1to2
times a
week

1to2
times a
month

(almost)
never

No

Yes

© © N o g s~ wNhE

N NN NDNNNDNERERIERRRRER PR P R R
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Dry cough

Coughing up phlegm

Wheezing

Shortness of breath with wheezing
Shortness of breath

Chest tightness

Stuffy nose

Runny nose

Itchy nose or sneezing

. Dry throath or throath ache

. Itchy, watering eyes

. Itchy or red skin for more than 2 days
. Skin rash

. Headache

. Heavy/oppressive feeling in your head
. Dizziness

. Unusual fatigue

. Difficulty concentrating

. Fever

. Chills, attacks of shivering

. Joint pain

. Muscle pain (not sport related)

. Palpitation of the heart

. Nausea

. Heartburn

. Loss of appetite

. Vomiting

O OO O0OOO0OO0OO0OO0OO0OO0OO0OO0OO0ODO0ObO0ODO0ODOLDOO0ODODOoOOoODOoOOoOOoOoOo

o

O OO O0OOO0OOO0OO0OO0OO0OO0OO0OO0OO0ObO0ODO0ODO0ODODO0OODOoODOoODOoOOoODOo

@)

O OO0OO0OOO0OOO0OO0OO0OO0OO0OO0OO0OO0ObO0ODO0ODO0ODODO0OODOoODOoODOoOOoODOoo

O OO OO0OO0OOO0OO0OO0OO0OO0OO0OO0OO0ObO0ODO0ODO0ODODO0ODODOoODOoODOoODOoOOoOoOo

O OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0ODO0OO0OD0ObO0ODO0ODOLOO0OODOoODOoODOoDOoOOoODOo

O OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0ODO0OO0OD0ObO0ODO0ODOLOOODOoODOoODOoODOoOOoODOo
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All participants

E) Questions about respiratory problems in your family

E1l) Has your father or mother ever had asthma?
o Yes

o No
o |don’t know

E2) Has your father or mother ever had ‘hay fever’ or another nose allergy?
o Yes

o No
o | don’t know

E3) How many siblings do you have or have you had?
o None = Continue to question E4
o N (number of siblings) -> Continue to question E3 a

E3 a) Have your brothers or sisters ever had asthma?
o Yes

o No
o | don’t know

E3 b) Have your brothers or sisters ever had ‘hay fever’ or another nose allergy?
o Yes

o No
o |ldon’t know

E4) As far as you know, have one of your family members (grandparents, parents or siblings)
ever stopped working on a farm / agricultural company due to respiratory symptoms or
allergy?

Yes

No

| don’t know

My family members have never worked on a farm/agricultural company

O O O O
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All participants

F) Questions about smoking

F1) During your entire life, have you smoked more than 100 cigarettes/ 50 cigars /500 grams of
pipe tobacco?
o Yes, | used to smoke, but | have now stopped smoking
o Yes, | still smoke
o No

F2) Can you indicate how many cigarettes, cigars and grams of pipe tobacco you smoke on a
daily basis (or smoked when you used to smoke)? (1 pack of shag = 40 cigarettes)

o cigarettes ................. per day
O CigarS ...cccocevveevienennnn, per day
o Pipetobacco ..........cc..... grams per day
F2 a) How old were you when you started smoking? .................. years

F2 c¢) If applicable: how old were you when you (for the last time) quit smoking?

Do you have anything to add to this questionnaire with regard to your work environment or your
health, or do you have any remarks or suggestions with regard to this questionnaire?
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Linear regression analysis of lung function and total IgE in association with endotoxin exposure with
and without inclusion of Aexposure. Betas are associated with a 2-fold increase in endotoxin exposure.
Analyses are all adjusted for possible confounders (age, gender and smoking).

Baseline exposure Baseline exposure and A exposure
Baseline exposure A exposure
N beta p beta p beta p
A FEV1
mL 161 3.50 0.18 2.87 0.28 -1.88 0.17
% pred (GLI) 161 0.03 0.70 0.01 0.83 -0.03 041
A FVC
mL 161 0.71 0.84 -0.54 0.88 -3.86 0.03
% pred (GLI) 161 -0.04 0.55 -0.06 0.38 -0.06 0.10
AFEV1/FVC
x100 161 0.05 0.07 0.06 0.05 0.02 0.14
% pred (GLI) 161 0.07 0.06 0.08 0.04 0.03 0.13
AFEF25-75
161 0.01 0.01 0.01 0.01 0.00 0.86
% pred (GLI) 161 0.28 0.03 0.27 0.04 0.01 0.85

A Total IgE 212 0.03 0.80 0.03 0.68 0.04 0.40



Adjusted logistic regression analysis of reported health symptoms and specific IgE positivity in association with endotoxin exposure with and without
additional adjustment for farm childhood. OR’s are associated with a 2-fold increase in endotoxin exposure. Analyses are adjusted for potential confounders: age,
gender and smoking, and wheeze is additionally adjusted for atopy.

New onset vs never

Loss vs persistent

Persistent vs never

Not adjusted for Adjusted for Not adjusted for Adjusted for Not adjusted for Adjusted for
farm childhood farm childhood farm childhood farm childhood farm childhood farm childhood
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
Self-reported symptoms
Asthma baseline exposure n<5 n<5 0.73 (0.46-1.15) 0.74 (0.46-1.2) 1.12 (0.82-1.52) 1.11 (0.83-1.49)
farm childhood  data not shown data not shown - 1.62 (0.15-17.78) - 0.27 (0.05 - 1.44)
Wheeze baseline exposure 0.88 (0.70-1.11) 0.88 (0.70-1.11) 0.78 (0.48-1.26) 0.74 (0.42-1.29) 1.12 (0.90 - 1.40) 1.13 (0.91 - 1.40)
farm childhood - 1.27 (0.41-3.95) - 3.77 (0.38-37.22) - 0.61 (0.21-1.81)
Allergy baseline exposure 1.07 (0.84-1.36) 1.07 (0.84-1.35) 1.03 (0.79-1.34) 1.03 (0.78-1.35) 0.93 (0.80-1.07) 0.92 (0.80-1.06)
farm childhood - 0.68 (0.23-1.99) - 2.55 (0.66-9.92) - 0.56 (0.28-1.09)
Hay fever baseline exposure 0.87 (0.64-1.19) 0.87 (0.65-1.17) 1.83 (0.97-3.44) 2.19 (0.96-4.99) 0.67 (0.53-0.85) 0.68 (0.54-0.87)
farm childhood - 0.30 (0.07-1.34) - 4.45 (0.44 -45.09) - 0.54 (0.19-1.51)
Sensitization
Grass IgE  baseline exposure 0.84 (0.60-1.16) 0.83 (0.61-1.12) 1.40 (0.89-2.21) 1.24 (0.76-2.02) 0.81 (0.68-0.97) 0.81 (0.68-0.97)
farm childhood - 0.31 (0.08-1.30) - 7.43 (0.67-81.7) - 0.27 (0.11-0.64)
HDM IgE  baseline exposure n<5 n<5 0.91 (0.63-1.33) 0.91 (0.62-1.34) 1.05 (0.90-1.22) 1.05 (0.90-1.22)
farm childhood  data not shown data not shown - 1.49 (0.26-8.61) - 0.56 (0.27-1.17)
Atopy* baseline exposure 0.75 (0.55 - 1.04) 0.75 (0.55-1.02) 1.08 (0.80-1.47) 1.03 (0.73-1.46) 0.89 (0.77-1.03) 0.89 (0.77-1.03)
farm childhood - 0.24 (0.06-0.97) - 8.40 (0.92-76.91) - 0.34 (0.17 - 0.68)

*Positive for any of the four allergens (cat, dog, grass or HDM).



Linear regression analysis of lung function and total IgE in association with endotoxin exposure with
and without additional adjustment for farm childhood: association of change in lung function or total
IgE with endotoxin exposure. Betas are associated with a 2-fold increase in endotoxin exposure. Analyses

are all adjusted for possible confounders (age, gender and smoking).

Not adjusted for
farm childhood

Adjusted for
farm childhood

beta p beta p
A FEV1
mL .year! baseline exposure 3.35 0.20 3.38 0.20
farm childhood - 19.54 0.08
% pred (GLI) .year! baseline exposure 0.02 0.75 0.02 0.74
farm childhood - 0.37 0.20
AFVC
mL .year! baseline exposure 0.45 0.90 0.51 0.89
farm childhood - 42.83 0.01
% pred (GLI) .year? baseline exposure -0.05 0.51 -0.05 0.52
farm childhood - 0.71 0.02
AFEV1/FVC
.year! baseline exposure 0.05-1073 0.07 0.05-103 0.07
farm childhood - -0.19 0.13
% pred (GLI) .year! baseline exposure 0.07 0.06 0.07 0.06
farm childhood - -0.23 0.13
AFEF25-75
.year® baseline exposure 0.01 0.01 0.01 0.01
farm childhood - 0.00 0.98
% pred (GLI) .year? baseline exposure 0.27 0.04 0.27 0.04
farm childhood - -0.13 0.82
A Total IgE
IU .year! baseline exposure -0.01 0.87 -0.01 0.90
farm childhood - -0.85 0.02
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