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ABSTRACT: The objective of the present study was to investigate exposure–response

relationships between current endotoxin exposure and allergic and respiratory symptoms in

adults, taking into account farming exposures during childhood.

A cross-sectional study was conducted among 877 Dutch farmers and agricultural industry

workers in 2006. Based on 249 full-shift personal airborne endotoxin samples, a job-exposure

matrix was constructed to assign endotoxin exposure levels to all participants. Associations

between endotoxin exposure and questionnaire data on symptoms were studied by multiple

logistic regression.

Adjusted odds ratios (OR) for an interquartile range increase in endotoxin level were elevated

for respiratory symptoms such as wheezing (OR 1.41 (95% confidence interval 1.16–1.72)),

wheezing with shortness of breath (1.50 (1.18–1.90)) and daily cough (1.29 (1.03–1.62)). In

contrast, endotoxin was strongly associated with a decreased prevalence of hay fever (0.62 (0.49–

0.78)). Workers who had grown up on a farm had a lower prevalence of hay fever, but no evidence

was found of effect modification by farm childhood.

In conclusion, occupational endotoxin exposure in adulthood is associated with an increased

risk of asthma-like symptoms but a reduced prevalence of hay fever.

KEYWORDS: Allergy, endotoxin exposure, epidemiology, farming, occupational exposure,

respiratory symptoms

N
umerous studies have shown a reduced
prevalence of atopic disease in children
and adults who lived on a farm during

childhood, and this observation has been attrib-
uted to high microbial exposures in farm children
[1–8]. Indeed, several studies have reported
protective effects of increased domestic endo-
toxin exposure on the development of atopy and
(atopic) asthma in children not only from farm-
ing, but also from urban environments [9–11].
Although it has been argued that especially
microbial exposure in early childhood contri-
butes to the reduction of allergic sensitisation [1,
5], there are studies suggesting that exposure
during adulthood continues to protect against
atopy. GEHRING et al. [12] found an association
between elevated house-dust endotoxin levels
and a decreased prevalence of allergic sensitisa-
tion in adults. In addition, two studies in farmers
found inverse relationships between airborne
endotoxin exposure and atopic asthma [13] and
atopy [14]. A protective effect of exposure
throughout life has also been suggested by
studies that used current contact with livestock

as a representative measure for high microbial
exposure in adulthood, and found the lowest
prevalence of atopy or hay fever in subjects with
both a farm childhood and current contact with
farm animals [5, 7, 8].

Paradoxically, although microbial agents may
protect against atopic disease, house-dust endo-
toxin has also been associated with asthma,
asthma severity and nonatopic wheeze [10, 15–
17]. Moreover, a large number of epidemiological
studies in occupational environments have con-
sistently shown exposure–response relationships
between exposure to endotoxin and other micro-
bial agents such as fungal spores, and nonatopic
asthma, airway obstruction, accelerated lung
function decline, bronchial hyperresponsiveness
and organic dust toxic syndrome [13, 14, 18–20].
These two aspects of microbial exposure were
well illustrated in studies among farmers,
demonstrating an inverse association between
airborne endotoxin exposure and atopy or atopic
asthma, but also an increased risk of airway
responsiveness, a lower lung function and
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nonatopic asthma [13, 14]. However, these effects of current
endotoxin exposure might be partly due to childhood
exposure, which has not been taken into account.

Therefore, the objective of the present cross-sectional study
was to investigate the role of airborne endotoxin exposure in
adulthood and farming exposures during childhood on the
occurrence of allergic and respiratory symptoms in adults
exposed to a wide range of work-related endotoxin levels.

METHODS

Study population
The study population consisted of workers involved in
processing and trade of agricultural products who were
recruited in collaboration with their product boards, and
farmers who were recruited through the records of the
inspection body for organic production in the Netherlands
(Skal, Zwolle, the Netherlands). The study was carried out
between February and December 2006.

Questionnaires were sent to all employees of 23 participating
companies, a representative sample of companies in four
agricultural sectors (onion trade, flower bulb trade, animal
feed industry and vegetable seed industry), ,2 weeks before
the companies were visited for exposure measurements. In
total, 376 completed questionnaires were received, a response
rate of 90%. Farmers were recruited by sending questionnaires
to 748 farm owners, and everyone aged .18 yrs and working
on the farm was invited to complete a questionnaire. Up to two
postal reminders were sent to nonresponders. Of the 748 farm
owners approached initially, 59 had left farming and were
excluded from the study. In total, 525 completed question-
naires were received from 418 farms, thus the farm owners’
response rate was 61%. The majority of farm owners (78%) had
shifted from conventional to organic farming, on average
7.1 yrs ago, whereas 22% had never practiced conventional
farming. Overall, 23 subjects aged ,18 or .65 yrs and one
subject with missing data on farm childhood were excluded
from the study. Altogether, data from 877 questionnaires were
used for statistical analysis.

Of the 525 farmers who completed the questionnaire, 340 (65%)
indicated that they would not object to being contacted for
exposure measurements. A sample of 122 farmers was
approached by telephone on the basis of distance from the
present authors’ laboratory (Utrecht, the Netherlands), and 82
farmers were able to participate in personal exposure
measurements on one of the proposed dates. During visits to
the agricultural companies, 116 workers across all different
worksites were asked to participate in exposure measure-
ments; all invited workers agreed to participate. Single
measurements were obtained from 65 workers, and from 51
workers two samples were obtained on 2 consecutive days,
resulting in a total of 249 full-shift inhalable dust and
endotoxin measurements. Farms and agricultural companies
were visited on random days and, therefore, measurements
reflected average exposures rather than exposures related to
specific tasks.

Questionnaire
Questions about respiratory symptoms were adopted from the
Dutch version of the European Community Respiratory Health

Survey (ECRHS) questionnaire [21, 22]. Current wheezing was
defined as wheezing at any time in the last 12 months. Doctor-
diagnosed asthma was defined as ever having had asthma that
was confirmed by a doctor, and was stratified by time of onset
(before or after 18 yrs of age). Questions about personal
characteristics, allergy, smoking habits, farm childhood and
farm characteristics were obtained from an earlier question-
naire survey among farmers [7]. A farm childhood was defined
as a positive answer to the question ‘‘Did you grow up on a
farm?’’ A positive response to the question ‘‘Have you ever
had any allergies?’’ was followed by a list of possible allergens
(house dust, food, animals, pollen) and symptoms (sneezing or
runny nose, dyspnoea, itchy skin, or itchy or watery eyes). Hay
fever was defined as self-reported pollen allergy experienced
as itchy or watery eyes or sneezing [7]. Job title, workplace and
tasks of employees of agricultural companies were assessed by
questions developed in collaboration with the respective
product boards.

Endotoxin exposure assessment
Full-shift inhalable dust samples were collected using Gilian
GilAir portable pumps (Gilian, West Caldwell, NJ, USA) at a
flow rate of 3.5 L?min-1 using 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 [23]. Supernatants were analysed
by the quantitative kinetic chromogenic Limulus amebocyte
lysate assay (lysate lot no. EL004V, standard lot no. 4L3560;
Cambrex, Verviers, Belgium) [23]. Endotoxin levels were above
the limit of detection in all samples. Results were expressed as
endotoxin units (EU)?m-3 (18 EU51 ng).

Data analysis
Data analysis was performed on natural log-transformed
endotoxin concentrations. Mixed effects models that assume
correlation between repeated exposure measurements in the
same worker were applied for each sector separately, including
worker as random effect and job title as fixed effect, to
calculate geometric mean (GM) exposure levels for different
job titles [24]. The resulting job-exposure matrix was combined
with the job title of all participating subjects to assign
endotoxin exposure. Exposure measurements were available
for each of the 30 combinations of sector or farm type and job
title. Modelled endotoxin exposure showed good correlation
with measured exposure (r50.76, p,0.001) in the subjects with
measurement data available. The shape of the relationship
between modelled endotoxin exposure and health outcomes
was studied by means of generalised additive modelling
(smoothing), as described previously [14]. If the smoothed
relationship was not significantly different from a linear fit,
multiple linear logistic regression analyses were applied to
calculate odds ratios (ORs) for an interquartile range increase
in endotoxin exposure. ORs for subjects at the 75th percentile
of endotoxin exposure versus subjects at the 25th percentile and
95% confidence intervals (CI) were calculated by exponentiat-
ing regression coefficients and their CI after multiplying by the
interquartile range of in-transformed endotoxin exposure (1.45
corresponding to a factor exp1.4554.3 for non-transformed
values). ORs were adjusted for age, sex, smoking habits and
farm childhood. To investigate effect modification by farm
childhood or self-reported allergy, interactions between farm
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childhood and endotoxin exposure, and allergy and endotoxin
exposure were explored and tested.

RESULTS
Table 1 shows characteristics of the study population, stratified
by farm childhood. Workers who had grown up on a farm
were more often working in primary agricultural production,
male and older, and were less often current smokers than
workers without a farm childhood (p,0.05; Chi-squared test
and unpaired t-test). The average endotoxin exposure levels
were, however, practically identical (GM 265 EU?m-3), and a
wide range of exposure levels was found in both subgroups.

The exposure data underlying the job-exposure matrix used to
assign endotoxin exposure levels to all subjects is presented in
table 2. Exposure levels were comparable with those in recent
studies in agricultural industries [25, 26]. Highest endotoxin
levels were found among onion workers and animal feed
unloaders (GM ,10,000 EU?m-3). Levels among crop farmers
(GM 63 EU?m-3) were lower than levels in dairy farmers or pig
farmers (GM 220 EU?m-3 and 3,400 EU?m-3, respectively).

Hay fever prevalence declined with increasing endotoxin
exposure, but a positive relationship between endotoxin and
wheezing was found (fig. 1). The slope of exposure–response
relationships was similar in workers who had grown up on a
farm and those without a farm childhood, although the
prevalence of hay fever was lower in the former group (fig. 1).

Comparison of smoothed and parametric models showed that
associations could be described satisfactorily with parametric
logistic regression models, and ORs were, therefore, calculated
for an interquartile range increase in endotoxin exposure with

multiple logistic regression models. Increased endotoxin
exposure was significantly associated with cough symptoms,
shortness of breath and wheezing, but inversely related to
allergy and hay fever (table 3). The prevalence of doctor-
diagnosed asthma was low (both childhood and adult-onset
asthma) and was not related to endotoxin level. Associations
between endotoxin exposure and health outcomes were not
modified by farm childhood, i.e. no significant interaction was
observed for any of the symptoms (p.0.1). Subjects with a
farm childhood reported significantly less often that they had
woken up due to cough than workers without a farm
childhood (OR 0.64 (95% confidence interval (CI) 0.42–0.98)).
A farm childhood was also associated with less reported hay
fever, although this difference was not statistically significant
(0.65 (0.41–1.03)). Female workers reported more cough (1.91
(1.06–3.46)) and waking up due to cough (2.46 (1.54–3.91))
compared with male workers. Adjustment for sex, age,
smoking habits and farm childhood, however, did not mean-
ingfully change ORs for the relationships between current
endotoxin exposure and health outcomes.

To disentangle associations between allergy, respiratory
symptoms and endotoxin, the present authors investigated
whether self-reported allergy modified associations between
endotoxin exposure and respiratory symptoms, such as
wheezing. As expected, the prevalence of all respiratory
symptoms was higher in subjects who reported allergy
(table 4). However, ORs for the relationship between endo-
toxin exposure and respiratory symptoms were essentially
equal in both strata, and there was no significant interaction
(p.0.2). Self-reported allergy was strongly associated with
respiratory symptoms (p-values ,0.001–0.09), and controlling
for confounding by allergy resulted in higher ORs for
respiratory symptoms (model 2, table 4). Thus, adverse effects
of endotoxin might be somewhat underestimated due to
confounding by atopy.

In a subgroup of 429 workers, self-reported allergy was
validated against specific serum immunoglobulin (Ig)E levels,
which were measured by means of enzyme immunoassays,
and atopy was defined as serum IgE to one or more of the
common allergens: grass pollen, house-dust mite, cat and dog
[27]. Strong associations were observed between allergy and
atopy (OR 8.5, 95% CI (5.0–14.5)), and between hay fever and
IgE to grass pollen (18.2 (9.1–36.6)).

In addition, the present authors investigated whether the
associations between endotoxin and health effects differed
between the various agricultural sectors included in the study.
Endotoxin was dichotomised using the median exposure level
for each sector as a cut-off. Highly consistent results were
found across the different sectors, although statistical signifi-
cance was only reached within the relatively large group of
farmers (table 5). Endotoxin exposure above the median level
led in all groups to an approximately two-fold higher risk of
wheezing, whereas the risk of hay fever was two to five times
lower. Only in the small group of vegetable seed workers was
no association between endotoxin exposure and hay fever
observed. Although similar ORs were found, the prevalence of
symptoms was not equal in groups with different exposure
levels, which explains the monotonous dose–response curves
presented in figure 1.

TABLE 1 Characteristics of 877 agricultural workers,
stratified by farm childhood

Farm childhood

No Yes

Total subjects n 366 511

Males 269 (73.5) 455 (89.0)

Age yrs 40.5¡10.5 46.0¡9.6

Smoking habits

Never 138 (37.7) 246 (48.1)

Former 117 (32.0) 177 (34.7)

Current 111 (30.3) 88 (17.3)

Agricultural sector

Flower bulb trade 72 (19.7) 54 (10.6)

Animal feed industry 82 (22.4) 32 (6.3)

Onion trade (modernised) 38 (10.4) 5 (1.0)

Onion trade (traditional) 39 (10.7) 15 (2.9)

Vegetable seed industry 19 (5.2) 17 (3.3)

Crop farming 50 (13.7) 87 (17.0)

Dairy farming 62 (16.9) 252 (49.3)

Pig farming 4 (1.1) 49 (9.6)

Modelled endotoxin exposure EU?m-3# 265.0¡5.4 264.7¡3.7

Data are presented as n (%) or mean¡SD, unless otherwise stated. EU:

endotoxin unit. #: geometric mean¡geometric SD.
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DISCUSSION
The present study found that current occupational exposure to
endotoxin was associated with a reduced prevalence of hay
fever in adults, regardless of childhood exposure. However, in
the same population, a positive dose-dependent association
between endotoxin exposure and adverse respiratory effects,
such as wheezing, shortness of breath and cough, was found.
To the present authors’ knowledge, this is the first study
showing an inverse association between measured airborne
endotoxin exposure and allergy in adults, while taking farming
exposures during childhood into account.

The pro-inflammatory properties of endotoxin can explain the
increased risk of airway symptoms such as wheezing and
cough. Conversely, endotoxin is thought to reduce the risk of
allergic sensitisation by inducing a shift from allergic T-helper

cell (Th) type 2 responses to Th1-dominated responses,
through stimulation of the innate immune system and
regulatory T-cells [28]. The results of the present study suggest
that inhaled endotoxin may exert such immune-modulating
effects beyond childhood, and similar conclusions were
previously derived from a longitudinal study showing that
young adult dairy farmers may lose allergic sensitisation over
time, especially to grass pollen [29].

Instead of actually measuring endotoxin levels, many studies
have used contact with farm animals as a representative
measure for increased endotoxin exposure [1, 5–8]. Although,
in the present study, animal farmers were indeed exposed to
higher airborne endotoxin levels than crop farmers, the highest
levels of endotoxin exposure were found among workers who
handled plant products, such as grains for animal feed and

TABLE 2 Measured endotoxin exposure levels in agricultural workers, by job title

Sector and job title Participants in questionnaire

study

Personal endotoxin

measurements

Endotoxin exposure

EU?m-3

Flower bulb trade

Office worker 40 3 15¡1.1

Fork-lift truck operator 10 2 86¡1.3

Technician 4 2 93¡1.5

Packer 8 9 170¡3.4

Crop grower 9 1 180

Operator 55 14 690¡2.9

Animal feed industry

Office worker 9 6 35¡2.1

Lab worker 3 4 59¡2.1

Control room worker 31 19 250¡4.1

Truck driver 6 10 250¡8.9

Operator 44 27 320¡6.8

Technician 10 7 400¡2.5

Crane driver 4 5 950¡7.5

Cleaner 2 3 1000¡4.4

Unloader 5 5 9500¡2.8

Onion trade (modernised)

Office worker 8 3 380¡3.7

Packer 5 1 630

Fork-lift truck operator 13 2 1100¡2.4

Operator 19 6 1300¡3.3

Onion trade (traditional)

Technician 3 2 800¡3.5

Fork-lift truck operator 13 6 4100¡3.7

Packer 4 4 5300¡1.4

Operator 32 15 10000¡1.6

Vegetable seed industry

Lab worker 12 2 22¡1.3

Packer 2 2 25¡2.1

Crop grower 5 2 36¡1.7

Operator 17 5 280¡4.8

Farming

Crop farmer 137 30 63¡2.2

Livestock farmer, mainly dairy 314 46 220¡4.6

Pig farmer 53 6 3400¡6.9

Data are presented as n or geometric mean¡geometric SD. EU: endotoxin unit.
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onions in an industrial setting. In previous studies it has been
shown that plant products can be heavily contaminated with
Gram-negative bacteria and their endotoxins, leading to high
exposures among workers processing plant materials like
cotton, grain and seeds [25, 26, 30]. The present study showed
that the source of endotoxin did not influence risk estimates,
whereas health effects depended strongly on measured
exposure levels. This clearly demonstrates the importance of
quantified endotoxin exposure estimates compared with a
crude classification, and potential misclassification, of envir-
onments according to the presence of farm animals.

For some of the job titles only a limited number of
measurements were available, and it could be argued that this
would result in exposure misclassification. However, analyses
excluding groups that were measured less than five times (14
job titles, 119 subjects) resulted in very similar ORs (hay fever:
OR 0.53 (95% CI 0.38–0.74); wheeze: 1.35 (1.08–1.69)). In
addition, on theoretical grounds, this type of grouping strategy
is not very sensitive to the effects of exposure misclassification,
and measures of association usually show very little bias [31].

The agricultural sectors that were included in the present
study were selected based on the expected heterogeneity of
endotoxin exposure levels [26]. Since a monotonous dose–
response relationship was found for all environments, there is
no reason to believe that the associations found in the present
study cannot be extrapolated to other endotoxin-exposed
workers. In previous studies, exposures to agricultural
chemicals such as pesticides and disinfectants have also been
reported to contribute to wheeze, atopic sensitisation and hay
fever [7, 32, 33]. Confounding by chemical exposures in the
present study is unlikely, as organic farmers are not allowed to
use chemical pesticides or toxic disinfectants, such as
chloramine-T and quaternary ammonium compounds. An
earlier survey showed only small differences in respiratory
health status between conventional and organic farmers,
especially after adjusting for potential confounders, including
disinfectant use and farm childhood [7]. Thus, the current
authors assume that the relationships between endotoxin
exposure and health outcomes are representative for conven-
tional farmers as well.

Endotoxin was measured as a marker for microbial exposure.
However, most of the workers in the present study were
probably exposed to mixed bioaerosols, which may have
contained other microbial agents, including b-1,3-glucan and
fungal spores, as well as gases such as ammonia. In farmers, it
has been shown that not only endotoxin but also fungal spores
and ammonia are positively associated with nonatopic asthma,
and inversely with atopic asthma [13]; the individual agents
were, however, significantly correlated, which prevented the
authors from drawing a definite conclusion regarding the
causative agent [13]. In the present study, using inhalable dust
as an explanatory variable yielded similar findings to those
obtained with endotoxin (data not shown), which is not
surprising given the high correlation between both agents
(r50.83, p,0.001). Thus, it cannot be excluded that the
observed relationships were at least partially due to associated
exposures to other agents. However, given its well-known
potency as an inducer of inflammatory reactions and activator
of immunoregulatory pathways, a major role for endotoxin
itself seems highly likely.

Consistent with earlier reports, workers with a farm childhood
had a lower prevalence of hay fever, whereas the protective
and adverse effects of current exposure to airborne endotoxin
were demonstrated in all subjects and no evidence was found
of effect modification by farm childhood. By selecting a study
population of not only crop and livestock farmers but also
workers involved in processing of plant products, a wide range
of endotoxin exposure levels was obtained, with relatively
balanced numbers of subjects with and without a farm
childhood. This enabled investigation of effect modification
by farm childhood, which would have been more difficult to
achieve in a study consisting only of farmers.

Although the response rate was lower in farmers (61%) than in
other agricultural workers (90%), results were similar in the
different environments (table 5). It is unlikely that nonresponse
bias explains the results, because in that case nonresponse
should have had opposite effects in low-exposed farmers
(overestimating hay fever and underestimating asthma-like
symptoms) and high-exposed farmers (underestimating hay
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FIGURE 1. Logistic regression plots with pointwise¡1.96 SE bands represent-

ing associations between modelled current a) endotoxin exposure and wheezing in

the last 12 months, and b) endotoxin exposure and hay fever, in 877 adult

agricultural workers stratified by farm childhood. Each symbol represents a group of

workers with the same estimated exposure level. EU: endotoxin unit. $: no farm

childhood, n5366; #: farm childhood, n5511; –––: ¡1.96 SE bands, no farm

childhood; ..........: ¡1.96 SE bands, farm childhood. Regression coefficient (SE)

values: a) $: 0.20 (0.09); #: 0.27 (0.11); b) $: -0.36 (0.10); #: -0.31 (0.14).
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TABLE 3 Prevalence of respiratory and allergic symptoms and association with modelled endotoxin exposure in 877 adult
agricultural workers, stratified by farm childhood

All subjects Farm childhood

No# Yes"

% OR (95% CI) % OR (95% CI) % OR (95% CI)

Cough symptoms

Daily cough 8.1 1.29 (1.03–1.62) 10.2 1.10 (0.82–1.48) 6.7 1.58 (1.11–2.25)

Daily cough with phlegm 7.3 1.60 (1.27–2.03) 8.0 1.40 (1.01–1.93) 6.9 1.84 (1.31–2.58)

Woken due to cough 14.1 1.36 (1.13–1.64) 19.3 1.18 (0.93–1.50) 10.4 1.67 (1.25–2.25)

SOB and wheezing

Woken due to SOB 3.3 1.47 (1.05–2.07) 4.4 1.51 (0.99–2.32) 2.5 1.41 (0.82–2.43)

Wheezing 11.4 1.41 (1.16–1.72) 12.8 1.33 (1.02–1.73) 10.4 1.48 (1.10–1.99)

Wheezing with SOB 7.4 1.50 (1.18–1.90) 8.5 1.42 (1.04–1.95) 6.7 1.55 (1.09–2.21)

Wheezing without a cold 6.6 1.60 (1.25–2.05) 7.9 1.70 (1.23–2.36) 5.7 1.44 (0.98–2.12)

Asthma

Doctor-diagnosed

Age ,18 yrs 4.1 0.79 (0.58–1.10) 5.8 0.84 (0.58–1.24) 2.9 0.62 (0.33–1.19)

Age o18 yrs 0.9 0.99 (0.48–2.03) 1.1 0.95 (0.39–2.31) 0.8 0.90 (0.28–2.82)

Asthma attack last year 0.9 0.81 (0.41–1.63) 1.1 0.87 (0.36–2.14) 0.8 0.79 (0.26–2.44)

Current asthma medication use 2.3 0.71 (0.45–1.14) 3.0 0.71 (0.41–1.24) 1.8 0.58 (0.25–1.37)

Allergy

Any self-reported allergy 24.9 0.82 (0.70–0.96) 26.2 0.75 (0.60–0.93) 23.9 0.89 (0.70–1.12)

Hay fever 10.5 0.62 (0.49–0.78) 13.7 0.59 (0.44–0.80) 8.2 0.64 (0.43–0.95)

House-dust allergy 10.4 0.86 (0.69–1.07) 12.6 0.76 (0.57–1.00) 8.8 1.03 (0.74–1.45)

Data are presented as the odds ratio (OR) for an interquartile range (exp1.455factor 4.3) increase in modelled endotoxin exposure with 95% confidence interval (CI),

unless otherwise stated. ORs were adjusted for age, smoking habits, sex and (in unstratified analysis) farm childhood. SOB: shortness of breath. #: n5366; ": n5511.

TABLE 4 Prevalence of respiratory symptoms and association with modelled endotoxin exposure in 877 adult agricultural
workers, stratified by self-reported allergy

All subjects Allergy

No# Yes"

% Model 1+ Model 21 % Model 1+ % Model 1+

Cough symptoms

Daily cough 8.1 1.29 (1.03–1.62) 1.32 (1.05–1.66) 7.3 1.39 (1.06–1.82) 10.6 1.14 (0.70–1.84)

Daily cough with phlegm 7.3 1.60 (1.27–2.03) 1.64 (1.29–2.08) 6.7 1.64 (1.23–2.18) 9.2 1.58 (1.02–2.43)

Woken due to cough 14.1 1.36 (1.13–1.64) 1.42 (1.17–1.71) 12.4 1.38 (1.10–1.72) 19.4 1.48 (1.02–2.13)

SOB and wheezing

Woken due to SOB 3.3 1.47 (1.05–2.07) 1.56 (1.10–2.20) 2.4 1.38 (0.88–2.17) 6.0 1.76 (1.04–2.98)

Wheezing 11.4 1.41 (1.16–1.72) 1.55 (1.26–1.90) 7.6 1.51 (1.15–2.00) 22.9 1.66 (1.20–2.31)

Wheezing with SOB 7.4 1.50 (1.18–1.90) 1.65 (1.29–2.11) 4.4 1.88 (1.33–2.67) 16.6 1.46 (1.03–2.07)

Wheezing without a cold 6.6 1.60 (1.25–2.05) 1.72 (1.34–2.21) 4.6 1.80 (1.28–2.54) 12.8 1.70 (1.16–2.49)

Asthma

Doctor-diagnosed

Age ,18 yrs 4.1 0.79 (0.58–1.10) 0.87 (0.62–1.21) 2.0 0.94 (0.57–1.53) 10.7 0.77 (0.49–1.22)

Age o18 yrs 0.9 0.99 (0.48–2.03) 1.14 (0.55–2.40) 0.3 1.04 (0.27–3.97) 2.8 0.99 (0.44–2.25)

Asthma attack last year 0.9 0.81 (0.41–1.63) 0.89 (0.43–1.82) 0.3 1.05 (0.30–3.73) 2.8 0.83 (0.35–1.96)

Current asthma medication use 2.3 0.71 (0.45–1.14) 0.82 (0.51–1.32) 0.8 0.90 (0.41–1.97) 6.9 0.65 (0.35–1.19)

Data are presented as the odds ratio (OR) for an interquartile range (exp1.455factor 4.3) increase in modelled endotoxin exposure with 95% confidence interval, unless

otherwise stated. SOB: shortness of breath. #: n5659; ": n5218; +: ORs were adjusted for age, smoking habits, sex and farm childhood; 1: ORs were adjusted for age,

smoking habits, sex, farm childhood and self-reported allergy.
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fever and overestimating asthma-like symptoms). Agricultural
processing workers were allowed to complete the question-
naire during the working day, which resulted in a high
response rate. This health survey was not initiated because of
health concerns raised by employees or participating compa-
nies; therefore, it does not seem likely that the high response is
associated with overestimation of symptoms.

In cross-sectional studies among occupational populations,
it is difficult to eliminate healthy worker selection effects.
Avoidance of exposure to endotoxin by subjects with any
allergic history would have led to an overestimation of the
protective effect of endotoxin on hay fever. However, if strong
endotoxin-dependent selection effects had taken place, one
would expect associations between endotoxin exposure and
asthma-like symptoms to be attenuated in the same popula-
tion, which did not appear to be the case. Moreover, in the
subgroup of 429 subjects for whom IgE serology was available,
a significant inverse association was observed between
endotoxin exposure and allergic sensitisation in subjects who
did not report any allergic symptoms; thus, self-selection is
unlikely to explain the present results. Nevertheless, a long-
itudinal study would be necessary to exclude selection effects
completely.

In the present study, self-reported data on symptoms was
relied upon. Questions on respiratory symptoms, such as
current wheezing, were derived from the validated ECRHS
questionnaire, and self-reported wheeze and shortness of
breath have been shown to be independent predictors for
pulmonary obstruction in dust-exposed workers in the
Netherlands [34]. In the present study and in other Dutch
populations, it has been demonstrated that self-reported
allergy and hay fever were strongly associated with atopy, as
assessed by skin-prick tests or specific IgE against common
allergens [35, 36].

In conclusion, the results of the present study demonstrated an
inverse exposure–response relationship for hay fever in
agricultural workers currently exposed to airborne endotoxin,
regardless of childhood farming exposures. At the same time,
endotoxin exposure was associated with an increased pre-
valence of asthma-like symptoms. Although endotoxin might
protect workers against allergies, the present study emphasises
the need to lower endotoxin exposure levels in the agricultural

environment to protect workers against chronic respiratory
health effects.
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