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ORIGINAL ARTICLE

High exposure to endotoxin in farming is associated
with less new-onset pollen sensitisation

Grethe Elholm," Vivi Schliinssen,? Gert Doekes, loannis Basinas, "
Anneli Clea Skjelmose Bolund,' Charlotte Hjort,> Pernille Milvang Grenager,®

@yvind Omland,” Torben Sigsgaard'

ABSTRACT

Objectives Little is known about risk factors for new
onset and loss of atopic sensitisation in adulthood. The
aim is to examine the longitudinal effect of quantitatively
assessed endotoxin exposures on changes in specific
allergen sensitisation in young adults.

Methods The cohort consisted of 1113 young Danish
farmers and rural controls, with a mean age of 19 years
at baseline. Sensitisation to birch pollen, grass pollen,
cat dander and house dust mite was measured by
specific IgE levels in serum samples from baseline and
at 15years’ follow-up. Changes in sensitisation were
analysed in relation to cumulative endotoxin exposure
during follow-up, considering early life farm exposure.
Results Endotoxin exposure during follow-up was
significantly associated with less new onset of specifically
grass and birch pollen sensitisation. For the highest
versus lowest quartile of cumulative endotoxin exposure,
the OR for new-onset IgE sensitisation was 0.35
(0.13-0.91) for birch and 0.14 (0.05-0.50) for grass.
On the other hand, loss of pollen sensitisation showed

a positive, although mostly non-significant, association
with increased levels of endotoxin exposure. Endotoxin
exposure was not associated with significant changes in
cat dander and house dust mite sensitisation.
Conclusions High exposure to endotoxin during
young adulthood appears to protect against new onset
of pollen sensitisation, independent of childhood farm
exposure.

INTRODUCTION
Increased occurrence of allergic disease has been
evident during recent decades, the reasons for
which continue to be heavily debated. It has been
claimed that lifestyle and environmental changes,
which began around 1960, have caused subsequent
generations to experience more allergies.' Preva-
lence of symptomatic allergy and allergic sensitisa-
tion has been found to diminish with age,'™ but this
decrease in prevalence among older populations
might be due to a cohort effect in these particular
studies,'™ and therefore prevalence in future ageing
generations could allegedly increase and allergy
could continue to be a problem also for the ageing
populations.® However, studies on individual
changes in sensitisation among adults are sparse,
and thus knowledge of the determinants of new
onset or loss of sensitisation in adulthood is limited.
Apart from established risk factors such as a
genetic predisposition for atopy, it is widely

What this paper adds

» The beneficial effect of farming exposure on
allergy and asthma has been widely studied
and confirmed in several studies of children and
their exposures.

» Narrowing down the specific beneficial
constituents of farming exposure has however
proven quite challenging. This study adds
valuable information on timing of exposure,
as adult farming exposure is found to have
a beneficial effect independent of childhood
exposure. Furthermore, we are able to
relate specific endotoxin levels to change in
sensitisation to specific allergens.

» Hopefully these results will provide further
understanding of the complexity of allergic
sensitisation and the development of allergy
for the clinicians, which will help them improve
their medical advice to patients within and
outside the farming trade.

accepted that farm-related exposures such as
endotoxin in early childhood confer a lifelong
protective effect against atopic disease.” In addi-
tion, studies of farmers and other agricultural
workers have suggested that current farm work
and its associated microbial exposures such as
endotoxin also protect against sensitisation in
adulthood,® ? although healthy worker selec-
tion could not be completely excluded. A recent
longitudinal study conducted in Sweden found
that risk factors for new onset of sensitisation
were young age and a family history of allergy,
whereas the presence of furry pets during child-
hood appeared to be protective.*

Similar cross-sectional results have been found in
the SUS cohort,'® which comprises farming students
and controls first studied in the early 1990s. At base-
line a decreased prevalence of atopic sensitisation
was seen among farming students and among those
with a farm childhood."! We recently reported that
in the follow-up of the same population, the overall
risk of new-onset sensitisation to common allergens
was negatively associated with farm work and farm
animal contact, also after taking childhood expo-
sure into consideration.'?

In the present study, we go beyond investigating
farming exposures using categorical variables.
Instead we investigate the impact of quantified

BM)

Elholm G, et al. Occup Environ Med 2018;75:139-147. doi:10.1136/0emed-2017-104384

139

yBLAdos Aq paloalold 18)8101q1gsIels-
snyJey ul Areiqr a1e1S Je 6T0Z ‘Z Jaqwadeq uo /wodfwg wao//:dny woly pepeojumod "2T0Z 1SNBNy €2 Uo ¥8EY0T-2T0Z-PaWS0/9ETT 0T Se paysiignd 1siy (psy uosiaug dnaso


http://oem.bmj.com/
http://crossmark.crossref.org
http://oem.bmj.com/
http://oem.bmj.com/
http://oem.bmj.com/

Exposure assessment

occupational endotoxin exposure levels, during adulthood, on
change in sensitisation over time, to each of the four common
allergens (grass pollen, birch pollen, cat dander and house dust
mite (HDM)).

MATERIALS AND METHODS

Study population at follow-up

In 2007 a follow-up of the SUS cohort (n=2371),"" first
studied in 1992-1994, was initiated using the Danish Civil
Registration System. The participants initially included in the
cohort were all farming students at their first year at farming
schools across Denmark and as unexposed controls; a group
of young men just drafted for the army without farming expo-
sure were included. At follow-up 26 participants had passed
away, 51 participants had emigrated and 32 participants could
not be found, and thus 2262 participants were available for
follow-up. Of those a further 1092 were lost, as some partic-
ipants chose not to continue in the follow-up study, while
others did not respond to letters or phone calls, or failed to
appear for scheduled appointments. A total of 1166 partici-
pants were re-examined at follow-up, and blood samples were
obtained from 1113 participants for IgE serology. A flow chart
of the cohort constitution can be seen in figure 1.

The SUS study was approved by the ethics committee of
Aarhus County (AA-19912197) and the Danish Data Protec-
tion Agency. The SUS follow-up study was also approved by
the ethics committee of Aarhus County (AA-20070074) and the
Danish Data Protection Agency. Informed written consent was
obtained from all participants.

IgE serology

All the participants were examined at baseline and at 15-year
follow-up using the same methodology.'’ The serum was stored
at —80°C until analyses. IgE analyses were carried out at the
ALK Abell6 laboratory in Copenhagen in 2010, applying the
ADVIA Centaur method for allergen-specific serum IgE."> The
specific allergens investigated were cat dander (Felis domesticus),
birch pollen (Betula verrucosa), grass pollen (Phleum pratense)
and HDM (Dermatophagoides pteronyssinus).

Baseline and follow-up serum aliquots from each partici-
pant were tested in parallel within the same test run and in
duplicate. The specific IgE (sIgE) level was measured for each
allergen. Sensitisation was defined as a mean sIgE concentra-
tion =0.35kU/L. The duplicate results were highly correlated
(r>0.95 for log-transformed values above the cut-off point).

Questionnaires

At baseline, a modified British Medical Research Council ques-
tionnaire on respiratory symptoms'* with additional questions
on allergy, asthma, familial history of allergy, smoking and occu-
pational history was used. At follow-up the questionnaire was
extended to include further questions on respiratory impairment
from the European Community Respiratory Health Survey.'’
Atopic predisposition was defined as a participant’s report of
at least one parent with asthma and/or rhinitis. Every period of
farm employment was registered with duration of work, stable
or fieldwork and the type of livestock production involved.

Exposure assessment

Inhalable dust and endotoxin exposure levels were available
from 507 personal measurements collected within the follow-up
cohort as described elsewhere.'® Briefly, monitoring was seasonal
(summer/winter) involving 327 pig, poultry, mink and cattle

farmers employed in 86 farms selected mostly (n=83) from the
remaining active population of the cohort. Dust was collected
at a flow of 3.5L/min using Conical Inhalable sampling heads
mounted with glass fibre filters. Samples were stored at 20°C
until extraction, which was performed in pyrogen-free water
with 0.05% (v/v) Tween-20. The amount of dust collected in
the filter was estimated gravimetrically, whereas its endotoxin
content was estimated with a kinetic chromogenic limulus
amebocyte lysate test (Kinetic-QCL 50-650U Kit, Lonza, Walk-
ersville, Maryland, USA) as previously described.”” Measured
inhalable dust levels had an overall geometric mean of 2.5 mg/m’
(range <lower limit of detection (LOD)to 47.8) and for endo-
toxin 988 EU/m’ (range <LODto 374 000), with pig farmers
being exposed on average threefold higher than cattle farmers
(geometric mean (GMs) of 3.4 vs 1.0 mg/m3 and 1490 vs 358
EU/mg’ for dust and endotoxin, respectively). Mean personal
time-weighted (8 hours) average exposure levels for pig and
cattle work were estimated from the included measurements on
the corresponding type of farmers, whereas for fieldwork the
results from 21 task-based measurements performed within the
same measurement series were used. Information on the partici-
pants’ working history, including the number of years of employ-
ment and the working hours spent on each type of work for
every job held since the beginning of his farming career, was
available from the follow-up questionnaire. The cumulative
exposure during each employment was calculated as the product
of the time-weighted average (TWA) concentration and corre-
sponding work duration in hours per week for stable and field-
work separately.'® Assuming a 40 hours workweek, the number
of work years multiplied by the relevant TWAs was calculated
and summed up for each employment period. The total cumu-
lative exposure was computed throughout each participant’s
follow-up period as the sum of exposure during all employment
periods. For endotoxin and dust the median cumulative expo-
sure was 6.4 (0-70.9)mg/m®> X years and 1803 (0-31,677) EU/
m® X years, respectively.

Analyses

New onset and loss of sensitisation to the four specific allergens
were considered the outcomes of interest. ‘New onset of specific
allergen sensitisation’ was defined as participants changing from
no sensitisation to the specific allergen at baseline to being
sensitised at follow-up. ‘New onset sensitisation’ was defined as
participants changing from no sensitisation to any of the four
allergens at baseline to sensitisation to one or more of the four
allergens on follow-up. Analogously ‘Loss of specific allergen
sensitisation’ was defined as participants changing from being
sensitised to a specific allergen at baseline to not being sensitised
to the same allergen at follow-up. In addition, ‘Loss of sensitisa-
tion’ was defined as participants changing from sensitisation to
one or several of the allergens at baseline to no sensitisation to
any of the four allergens at follow-up.

Cumulative endotoxin exposure was the primary exposure
variable of interest divided into exposure quartiles. Analyses
were also carried out with three other exposure variables: farm
work, contact with animals during follow-up and cumulative
organic dust exposure quartiles. ‘Current farmer’ was defined
as working as a farmer at the point of follow-up, ‘ex-farmer’ as
having worked as a farmer during the follow-up period but not
being a farmer at the follow-up assessment and ‘never farmer’
as never having worked on a farm during the follow-up period.
The univariate analyses were performed with x* test for categor-
ical variables and the Student’s t-test or Kruskal-Wallis test for
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Farming students Eligible army recruits
n=2478 n =967
2004 students agreed to participate 592 recruits agreed to participate
40 students did not show up A random sample was selected
n=1734 n =230 n =407
Baseline
n=2371
26 had passed away

51 had emigrated
32 could not be found

|

Re-1dentified
n=2262

1096 participants lost

*choosing not to participate

*failing to attend their follow-up appointment
*unresponsive to letters and phone calls

|

Follow-up
n=1166
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Figure 1  The SUS (Healthy Stable) study population recruitment and dropout flow chart overview.
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the continuous variables. Crude risk estimates were calculated
as cumulative incidence proportions (CIP). Logistic regression
analyses were performed both unadjusted and adjusted for farm
childhood (born and raised on a farm), pets during childhood
(exposure to cats, dogs or other furry pets in the childhood
home) and the participants’ baseline smoking status (whether
they had ever smoked). The model was not adjusted for age
because the age of the participants was almost identical. Models
both with and without stratification by atopic predisposition
were performed. Unadjusted risk ratios (RR) with 95% Cls were
also calculated (online supplementary material 1).

The robustness of the analyses results was further examined for
farmers only excluding the controls from the analyses. General
additive modelling (smoothing) with cumulative endotoxin
exposure (log-transformed) as a continuous variable was used to
retest the shape of the exposure-response relationship as previ-
ously described. In these models a logit-link function was used
to compute the smoothed curves with the degree of smoothing
determined using the Akaike’s information criterion.®

All statistical analyses were performed using Stata, except for
the smoothing analyses, which were performed with the GAM
procedure in SAS V.9.3. The p value used to define significance
was 0.05 unless otherwise stated.

RESULTS

Baseline characteristics of the cohort by gender are shown in
table 1. The male farming students were younger than both the
female farming students and the controls, they were slightly
taller than the controls, and they had less hay fever and asthma.
Participants lost to follow-up generally smoked more but other-
wise did not differ considerably from the participants who stayed
in the cohort.

Overall atopic sensitisation at baseline and follow-up

The majority of the participants (n=841) were not sensitised to
any of the four common allergens at baseline or at follow-up.
A limited group (n=181) was sensitised at both baseline and
follow-up, and a relatively small group was sensitised only at the
point of follow-up (n=62) or at baseline only (n=30).

Farming exposures and change in allergen-specific
sensitisation
Table 2 shows unadjusted CIP and unadjusted ORs of new
onset overall and allergen-specific sensitisation by cumulative
endotoxin exposure in quartiles during the follow-up period.
The results are given for never farmers, ex-farmers and current
farmers and for the four endotoxin exposure quartiles. The
unadjusted OR for new-onset sensitisation among current versus
never farmers and for the higher endotoxin exposure quartiles
(vs the lowest) was in general below 1.00 and significantly so
for pollen sensitisation (OR range 0.13-0.55). Similar associ-
ations were seen using early life farm exposure and quantita-
tively measured dust as exposure variables (data not shown).
Unadjusted RR analyses were carried out for new-onset sIgE
and skin prick test (SPT) sensitisation, and a similar apparently
protective effect of farm work and the associated endotoxin
exposures was seen (see online supplementary tables S1 and S2).
RRs were performed for loss of sIgE and SPT sensitisation (see
online supplementary tables S3 and S4). Both childhood and
adult farm exposures appear to be associated with a loss of sensi-
tisation to the specific allergens.

Figure 2 shows the results of adjusted logistic regression
analyses of the associations between cumulative endotoxin

exposure during follow-up and new onset and loss of sensitisa-
tion measured by sIgE. Increased endotoxin exposure was asso-
ciated with a significantly decreased risk for new onset of sIgE
sensitisation to birch pollen (fourth quartile exposure OR 0.35
(0.13-0.91)), grass pollen (fourth quartile exposure OR 0.14
(0.05-0.5)) and non-significantly cat allergens (fourth quartile
exposure OR 0.21 (0.02-2.05)). In the adjusted analyses of loss
among participants with sensitisation at baseline, an association
appeared for increased loss of sIgE sensitisation to birch and
grass pollen with increased endotoxin exposure levels, with a
p value ranging from 0.07 to 0.9. No such associations were
noted for changes in HDM sensitisation; most ORs were not
far from 1, except for the third quartile of endotoxin expo-
sure, which showed a non-significant trend to decreased loss of
sensitisation.

Both new onset and loss analyses were also carried out for SPT
sensitisation (see online supplementary figure S1) and similar
associations were seen.

All analyses of changes in sIgE were also carried out with a
cut-off of 0.70 kU/L; this however barely changed the results
(online supplementary table S5).

Sensitivity analysis of the data with non-parametric methods
(smoothing), after excluding rural controls, confirmed the nega-
tive effect of endotoxin exposure on new-onset IgE sensitisation
against any common allergen (figure 3).

DISCUSSION

This is the first longitudinal study to follow changes in allergic
sensitisation for more than a decade in young adults. The most
remarkable finding was the inverse association between quanti-
tatively assessed work-related high exposure to endotoxin and
new onset of pollen sensitisation. Increased endotoxin exposure
levels also showed a negative relation with new-onset cat sensi-
tisation, with similarly low ORs, although not reaching statis-
tical significance. In contrast, loss of HDM sensitisation did not
appear to be related with the level of endotoxin exposure and
neither to job history of farm work or farm animal exposure. The
observed effects were independent of childhood farm exposure.

Almost half of the original cohort was lost to follow-up.
However, the dropout analysis, showed relatively small differ-
ences with regard to general demographics and baseline
sensitisation, also between sexes. To scrutinise the potential
gender imbalance, the main analyses were also carried out for
male participants only, and the same associations were seen
(online supplementary table S6, endotoxin exposure and OR
for new-onset sensitisation for women only). The male farmers
who were lost to follow-up did have slightly more asthma than
the male farmers who stayed. The participants who were lost to
follow-up though generally smoked more; however, currently
there is no scientific consensus regarding the association between
smoking and atopy, and in this study smoking was not associated
with atopy. Therefore, it appears that the effect of selection bias
would be relatively small.

The cohort consists of all farming students entering into
farming schools and a group of young men drafted for the
army in Denmark over a 2-year period in the early 1990s. Due
to the limited number of women pursuing farm education or
military service at that time, the cohort comprises primarily of
young Danish men with a mean age of 19 years at baseline. The
farming production methods used in Denmark were and still are
comparable to those in other countries such as The Netherlands
and Towa, USA. We have applied standard methods for blood
sampling and sIgE analyses, and a major strength was the parallel
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Table 2 New onset of specific IgE sensitisation depending on exposure as unadjusted CIP and OR

House dust mite (DerP1)

Birch pollen Cat dander

Grass pollen

Any common allergen*

cip OR 95%Cl

N

95%Cl

OR

cip

N

OR 95%Cl

cip

N

OR 95%Cl

N cip

OR 95%Cl

cip

32
13

969
395
439

135
965

9

1

1068
426
486

37

1038

30

994
405

58
22
25

885

Farmer status

(0.31t0 2.53)
(0.30 to0 2.42)

0.88

0.86

0.03
0.03
0.04

(0.01 to 1.16)

0.12

0.53

0.002
0.01
0.02

(0.14 10 0.78)
(0.18 to 0.90)

11 003 033f
0.

420
472

0.13t  (0.04 to 0.42)

0.01

(0.28t0 1.29)

61

0.
65

0.06

370
398

17

Current farmer

(0.13 t0 0.24)

0.401

03

(0.21 to 1.08) 15

0.04
0.07

16
10
30

(0.31to 1.36)

0.

0.06
0.09

Ex-farmer

156
1063

0.08

146
1033

140
989

Never farmer

32

9

37

58

881

Endotoxin (EU/
m® x years)

(0.33102.77)
(0.33 0 2.75)

0.96
0.95
1.55

0.03
0.03

244
246
2

234

(0.03 to0 2.26)
(0.03 t0 2.19)

0.004
0.004
0.01
0.02

1
1

261

(0.15 t0 0.92)
(0.05 to 0.54)
(0.24t01.22)

0.38f
0.161

7 0.03
3001
0.

10
17

261
263
260
249

(0.06 to 0.58)

0.19t
0.141
0.251

0.02
0.01

254
254
245

(0.29 to 1.26)

0.06  0.60
0.

233
228

Fourth quartile
Third quartile

0.24
0.74

269
268
265

(0.04 to 0.50)

(0.21 to 1.04)
(0.43t0 1.71)

47

0.04

10

(0.59 to 4.07)

0.05
0.03

(0.16 t0 3.33)

04

(0.09 to 0.69)

0.02
0.08

0.86

219 0.08

Second quartile

0.07

18

36

18

201
*Any common allergen: grass, birch, cat and/or house dust mite.

First quartile
p<0.05.

CIP, cumulative incidence proportion; N, population; n, cases.

testing of baseline and follow-up serum samples in the same
test runs to achieve maximal precision. The constitution of the
cohort, the longitudinal study design and the techniques applied
are comparable with other studies in the field, and we therefore
expect the results to be valid also for other population in coun-
tries that apply the same farming practices as in Denmark.

The vast majority of participants in the investigated cohort
were born in the 1970s and were therefore mostly in their
mid-30s at the time of follow-up. Overall, a small increase in
sIgE sensitisation prevalence (from 19% to 22%) was observed
at follow-up, which according to Linneberg et al' would be an
expected sIgE sensitisation increase in this age group during
the same time period. The CIP for new onset of sIgE sensiti-
sation to any common allergen in our study was 0.07 (table 2),
which corresponds to an underlying annual incidence rate of
CIP/15x100%=0.47% per year.

Our results indicate that farming and the related endotoxin
exposure can have a protective effect on sensitisation even in
young adults, and that much of this effect may be mediated by
this farm work-associated airborne exposure to endotoxin and
other organic dust agents. This supports previous results from
cross-sectional studies that adult farming exposure can have a
protective effect on atopy.' 2 At this point, it cannot be predicted
whether the prevalence of sensitisation will continue to increase
with advancing age, although data from other cohorts indicate
that the highest prevalence would occur in early adulthood.*'™**

New-onset allergen sensitisation in childhood can be attributed
to both the host constitution and environmental exposures.”
Endotoxin being a part of the cell wall of Gram-negative bacteria
is a common environmental exposure both outdoor and indoor.
Endotoxin is therefore also present in our home environment.
Population-based studies have reported endotoxin levels in Euro-
pean and American homes to range from 0.005 to 17.74 EU/
m’ measured by active stationary sampling.**® In the present
study the measured occupational endotoxin exposure in the pig
farms reached a mean of 988 EU/m’, which must be considered
substantially higher than the reported domestic levels. As there
are few published longitudinal studies on changes in sensitisation
in large adult populations, specific determinants such as endo-
toxin for persistent or new-onset sensitisation in adulthood have
not yet been carefully studied. This study demonstrated that
continuous occupational farm-related endotoxin exposure is
associated with both a decreased risk of new onset and a tendency
of increased loss of pollen sIgE sensitisation, and similar results
were seen for SPT. We also demonstrated the beneficial farming
effect using the categorical variables of ‘current farm work” and
‘contact with swine and/or cattle’ during follow-up.'® A nega-
tive association between endotoxin exposure and new-onset
sensitisation was also confirmed with non-parametric analyses.
The latter analysis was restricted to exposed individuals, which
further support that the demonstrated association is not simply a
result of a difference between farmers and non-farmers.

The protective effect of endotoxin exposure on new atopic
sensitisation was strongest for grass and birch pollen. In general
the inverse relations between farming and farm life exposures
and atopy are in most studies more evident for pollen than for
mite sensitisation.® * 2 However, changes in sensitisation to cat
allergens appeared to be similarly dependent on farm-related
exposures. New-onset cat IgE positivity showed for current
farming and at high endotoxin exposure ORs <0.3-0.5, but
these were non-significant (table 2, figure 2). In contrast, new
HDM sensitisation was apparently not influenced by farm work
exposures (figure 2, table 2), and loss of HDM sensitisation
seemed even less likely at higher farm-related exposures. These
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Figure 2 The effect of endotoxin exposure on new onset and loss of specific allergen sensitisation measured by specific IgE, presented as adjusted OR
with 95% Cls. Any common allergen refers to sensitisation to birch, grass, cat and/or house dust mite. The analysis is adjusted for, farm childhood, exposure

to pets during childhood and smoking.

findings are in fact in line with those of various other studies
in both children and adults, as summarised in a recent system-
atic review and meta-analysis by Campbell et al*° of studies with

60 -
50 L4
40 -
30

20

New onset sensitization (%)

10 100 1000 10000 100000

Cumulative endotoxin exposure (EU/m>*years)

Figure 3  Effect of cumulative endotoxin exposure on new-onset
sensitisation against any of the four common allergens as defined by

the IgE level among exposed participants. Dotted lines represent 95%
confident limits. Results are adjusted for pets, smoking and farm childhood.

IgE serological data from farm children, farmers and respective
control groups.

In several cross-sectional studies, a farm childhood and specif-
ically exposure to farm animals and endotoxin in childhood have
been shown to decrease the prevalence of allergic disease® >~
and may even facilitate a lifelong protective effect.”> Cross-sec-
tional studies have also found adult occupational exposures to
have a protective effect on allergy, independent of childhood
exposures.”” 2 With its longitudinal perspective, this study
supports that childhood farming exposure is protective, but
furthermore that adult farming and endotoxin exposures are
associated with an independent protective effect.

Continued farming exposure and increased exposures to
endotoxin in adulthood seemed to promote loss of pollen sensi-
tisation, although the effects were not significant, likely due to
the low absolute numbers in these analyses. Loss of sensitisation
has been described in only a few studies.® ** In 2002 a small
longitudinal study found that children of farming parents had
a significantly enhanced chance of losing their SPT positivity
over time.”” It has been suggested that such reversal of allergic
sensitisation might occur as a result of childhood exposure to
endotoxins and other pathogen-associated molecular patterns
(PAMPs) acting as environmental immunoregulatory factors.”
Endotoxin is thought to activate innate immunity by increasing
the expression of Toll-like receptors® and is also associated
with higher regulatory T-cell numbers.* Generally exposure to
PAMPs upregulates Interleukin-10 (IL-10), which can lead to
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a downregulation of the immune response.*’ This is corrobo-
rated by an extended downregulation of tumour necrosis factor
alpha (TNF-a) for weeks, which can be seen in naive subjects
after only 3 hours of exposure to the environment inside a swine
confinement,*! although the precise mechanism still remains
elusive. Our findings may be regarded as indication that such
mechanisms are operative in childhood and in young adulthood,
and it emphasises that continued farming exposure might be
beneficial for the immune system.

Our results using quantitatively assessed work-related expo-
sure support the hypothesis that ongoing exposure to PAMPs
such as endotoxin modifies immune responses to environ-
mental allergens towards a non-atopic phenotype, also in
adulthood, as suggested previously.® ¥ Ege et al argued that,
most likely, it is the diversity and wider range of microbial
strains present in the farming environment that contribute to
the beneficial effects of farming exposure, rather than a single
agent such as endotoxin.** Thus, although we have found
endotoxin exposure to be associated with the current sensiti-
sation status, we recognise that the beneficial effect of farming
exposure is likely to be a combination of diversity and quantity
of microbial strains.

CONCLUSIONS

Our study indicates that adult exposure to endotoxin attenuates
the pollen sensitisation rate. The high levels of endotoxin or other
microbial exposures encountered on a farm has a protective effect
against new-onset sensitisation to common allergens, especially
grass and birch pollen, independent of childhood farm exposure.
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Correction: High exposure to endotoxin in farming is
associated with less new-onset pollen sensitisation

Elholm G, Schliinssen V, Doekes G, et al. High exposure to endotoxin in farming is
associated with less new-onset pollen sensitisation. Occup Environ Med 2018;75:139-47.
doi: 10.1136/0emed-2017-104384.

On page 2, column 2, 4th line the text reads ‘Samples were stored at 20°C until extraction...’
It should read -20°C’.

On page 2, column 2, line 34 the text reads ‘For endotoxin and dust the median cumulative
exposure was 6.4 (0-70.9) mg/m® X years and 1803 (0-31,677) EU/m® X years,
respectively.” The numbers have been switched around so they no longer correspond to the
correct exposure. The sentence should therefore read ‘For endotoxin and dust the median
cumulative exposure was 1803 (0-31,677) EU/m® X years and 6.4 (0-70.9) mg/m’ x years,
respectively.’
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