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ABSTRACT: The effect of farming on the risk of upper airway symptoms is not clear.
In this cross-sectional, population-based study, 198 female farmers, 50 nonfarmers
living on a farm, and 218 nonfarmers not living on a farm, filled in a symptom
questionnaire and underwent skin-prick testing with common and agricultural allergens.
In the logistic regression analysis, the latter group served as a control. Several
adjustments were made, including childhood farming environment.

Current farming was found to decrease the risks of pet- and pollen-induced upper
airway symptoms, dose-dependently with the intensity and duration of animal
husbandry. Including skin-test positivity to pets in the regression models did not
affect the negative association between farming and pet-induced symptoms. In contrast,
animal husbandry increased the risk of farm work-induced upper airway symptoms.

Animal husbandry often induces work-related upper airway symptoms. However,
the present study among female adults suggests that it may also decrease the risk of
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Several studies have shown that growing up on a farm
decreases the risk of allergic and respiratory symptoms, such
as hay fever, wheezing and asthma, in children [1-4]. This
effect may last up to adulthood, at least for upper airway symp-
toms (UAS) [5-7]. The decreased risk afforded by a farming
environment may be due to a high level of environmental
exposure to endotoxin and other bacterial wall components
in early childhood. This would enhance the maturation of
T-helper (Th) cells to Thl-type cells, which downregulate
immunoglobulin (Ig)E responses [8].

During adulthood, farming seems to increase the risk of
lower airway symptoms. Several studies have confirmed that
the prevalence of cough, phlegm production, shortness of
breath and organic dust toxic syndrome (ODTS) are higher
in farmers than in the nonfarming population [9-14]. The
situation with UAS is less clear. It seems that nasal irritation
during work is common among farmers but the prevalence of
nasal allergies may be even lower in farmers, compared with
the general population [14-16].

Thus, it seems possible that like in childhood, farming
during adulthood could also have protective effects on allergic
UAS. However, as farm work itself commonly induces UAS,
these protective effects can be difficult to detect if only the
overall prevalence of UAS is compared between farmers and
nonfarmers. It was therefore hypothesised that UAS, which
are induced by common allergens, may be less prevalent in
farmers than in nonfarmers. In the present study, the authors
assessed the prevalence of upper and lower airways symptoms
in female farmers mainly working with dairy cattle. In
Finland, females have traditionally taken care of the cattle.
The inducers of UAS were assessed in detail. By perform-
ing skin-prick tests, the authors were able to investigate the
role of IgE-dependent mechanisms in the development of
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these symptoms. In this study, the effect of the childhood
farming environment was also taken into account.

Materials and methods
Study population

This study was carried out in the 17 municipalities of the
former Kuopio county. The study area consisted of mostly
rural areas with a few small towns. The present study is con-
nected to a study of the effect of a farming environment on
children, and thus the farmers and nonfarmers were recruited
in the following way. Four-hundred and sixty-two children
aged 6-13 yrs whose fathers were farmers and an equal
number of randomly selected nonfarmers’ children were
drawn from the Central Population Registry. Only one child
per family was selected. The population of the present study
consists of the mothers of these children. For practical reasons,
the examination of the mothers was started only after the
children of the first two municipalities had already been
studied. Therefore, only 676 of the 924 mothers were invited
to join the study.

Informed written consent was obtained from every partici-
pant and the study was approved by the Ethical Committee
for Human Research of Kuopio University Hospital, Finland.

Study design

The mothers and their children were asked to visit a nearby
school where the skin-prick tests were performed and the
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questionnaires were given. The mothers filled in the ques-
tionnaire at home and then mailed it to the investigators.

Skin-prick tests

The testing was carried out in the winter of 2001, to avoid
the influence of pollen season, by a single fieldworker, accord-
ing to the International Study of Asthma and Allergies in
Childhood protocol [17].

A panel of 10 ALK (Allergologiska Laboratorium, Copenhagen,
Denmark) allergens was used. Seven of the allergens were
standardised (birch, timothy grass and mugwort pollens, cat,
dog, horse dander and house dust mite (Dermatophagoides
pteronyssinus)) and three were not (bovine dander, cockroach
and storage mite (Lepidoglyphus destructor)). The concentra-
tion of the standardised extracts was 10 histamine-equivalent
pricks; the concentration of the nonstandardised extracts was
100 biological units (for storage mite) and 1:100 w/v (cow
epithelial dander and cockroach). Histamine dihydrochloride
(10 mg'mL™") and glycerol (50%) were used as positive and
negative controls, respectively. The same batch of each solu-
tion was used throughout the study. For a test to be included
in the final analyses, the reaction to the positive control had to
be >3 mm and the reaction to the negative control had to be
<1 mm.

Questionnaire

Diagnoses and symptoms of respiratory diseases were assessed
in detail using a self-administered questionnaire. The presence
of other current or previous illnesses was also established.
Potential explanatory and confounding factors related to the
development of allergic diseases were included. Information
from the children’s questionnaire, which included occupa-
tional questions aimed at the farmers, was also utilised.

Definitions

Skin-test positivity. Equal or larger than a 3-mm skin-prick
test reaction to any of the allergens.

Organic dust toxic syndrome. Fever or chills associated with
work exposure, which did not appear to be caused by a
common cold. These symptoms had to vanish within 3 days
from the end of the exposure [18].

Chronic bronchitis. Phlegm production on most days for
>3 months-yr!. The subjects with a doctor’s diagnosis of
asthma were excluded [12].

Current wheezing. Wheezing breath sound during the previous
12 months.

Use of asthma medication. Use within the previous 12 months.

Chronic rhinitis. Symptoms of rhinitis, which were chronic or
appeared repeatedly, and were not related to acute upper
airway infection.

Chronic conjunctivitis. Eye irritation, which was chronic, or
appeared repeatedly, and was not related to acute upper airway
infection

Pet-induced upper airway symptoms. If a subject had reported
chronic rhinitis and/or chronic conjunctivitis, they were asked

about the triggers of these, and dogs and cats were included in
the list of possible triggers.

Pollen-induced upper airway symptoms. As pet-induced UAS,
but for flowers or pollens.

Farm work-induced upper airway symptoms. Chronic rhinitis
and/or chronic conjunctivitis when participating in farm work.

Statistical analysis

Prevalences of the various categorical characteristics were
compared by the Chi-squared test between the groups and
analysis of variance was used to compare the groups with
respect to continuous variables. Association of current farming
with prevalence of symptoms was analysed using multivariate
logistic regression models and the following potential con-
founders were considered: childhood farming environment,
number of older siblings, parental atopy (history of asthma,
hay fever or eczema in either parent), early childhood daycare
attendance, having had pets in childhood, passive smoking
during childhood, having a cat or dog mostly indoors currently,
being a current/ex-/ever-smoker, age and length of education.

If adjusting for the potential confounder changed the odds
ratio (OR) of being a farmer by >10%, the confounder was
included in the final model. According to these analyses, the
following confounding variables were recognised for different
symptoms. 1) Childhood farming environment for ODTS.
2) Childhood farming environment, age and having had pets
in childhood for wheezing. 3) Having a cat or dog mostly
indoors currently for chronic conjunctivitis. 4) Childhood
farming environment for pollen-induced UAS. 5) Childhood
farming environment, having had pets in childhood and
parental atopy for pet-induced UAS. Skin-test positivity
was not included as a confounding variable as it is poten-
tially an intermediate variable between farming exposure and
symptoms.

The interaction effect of childhood farming environment
and current farming on the symptoms was tested by creating a
new variable (the interaction variable) by multiplying the
childhood farming exposure (1 or 2) with adulthood farming
exposure (1 or 2). This variable was then included in the
regression models in addition to the childhood and adulthood
farming exposures. Association of the symptoms with skin-
test positivity was analysed using logistic regression. Results
are expressed as means and 95% confidence intervals (CI).

Results
Population

Of the 676 females invited to join the study, 511 (75.6%)
participated in skin-prick testing and 466 (68.9%) returned the
questionnaire. The analysis of the present study is based
mainly on these 466 females. Of them, 198 lived on a farm and
participated in farm work, 50 lived on a farm but did not
participate in farm work and 218 neither lived on a farm
nor participated in farm work (table 1). The analysis of the
association between the various symptoms and the skin-prick
test results is based on the females who both returned the
questionnaire and participated in skin-prick testing. Of them,
28 with a positive reaction to the negative control and four
with a negative reaction to histamine were excluded from the
analyses. Acceptable skin-prick test results and questionnaires
were obtained from 433 females.
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Table 1.—Basic characteristics of the subjects

137

Nonfarmers not Nonfarmers Farmers p-value

living on a farm living on a farm
Subjects n 218 50 198
Age yrs 39.3 (38.6-40.1) 41.4 (39.7-43.2) 41.3 (40.5-42.1) 0.001
BMI kg-m™ 25.2 (24.6-25.7) 25.5 (24.5-26.5) 25.6 (25.0-26.3) 0.55
Skin-test positivity 36 35 36 0.97
Smoking ever 34 16 20 0.002
Length of education yrs 12.9 (12.5-13.3) 13.8 (13.0-14.5) 13.0 (12.6-13.4) 0.13
Having cats or dogs indoors currently 34 46 57 <0.001
Parenteral atopy 41 34 40 0.68
Number of older siblings 1.7 (1.5-1.9) 1.7 (1.1-2.2) 2.0 (1.7-2.3) 0.30
Childhood farming environment 48 62 71 <0.001
Pets during childhood 72 65 81 0.04
Passive smoking during childhood 69 58 56 0.02
Allergic dermatitis during childhood 22 28 22 0.64
Childhood daycare attendance 3.2 2.0 1.0 0.30

Data are presented as mean (95% confidence interval) or per cent, unless otherwise stated. The continuous variables were compared by analysis of
variance between the groups. The categorical variables were compared between groups using the Chi-squared test. BMI: body mass index.

Table 2. —Prevalence of the symptoms

Symptom Nonfarmers not Nonfarmers Farmers Being a Only livin%r
living on a farm living on a farm farmer” on a farm
Subjects n 218 50 198
ODTS 1.8 4.0 6.6 4.3 (1.3-14) 2.4 (0.4-14)
Chronic bronchitis 12 10 11 0.9 (0.5-1.7) 0.8 (0.3-2.3)
Current wheezing 11 6.0 10 1.2 (0.6-2.4) 0.6 (0.2-2.3)
Doctor’s diagnosis of asthma 6.0 4.0 8.6 1.5 (0.7-3.1) 0.6 (0.1-3.0)
Use of asthma medication 4.2 0 7.6 1.9 (0.8-4.4) +
Chronic rhinitis 38 40 37 0.9 (0.6-1.4) 1.1 (0.6-2.0)
Chronic conjunctivitis 40 42 31 0.8 (0.5-1.2) 1.2 (0.6-2.2)
Pollen-induced UAS 24 22 15 0.6 (0.4-1.0) 0.96 (0.5-2.0)
Pet-induced UAS 16 22 5.1 0.3 (0.1-0.7) 1.8 (0.8-3.9)
Farm work-induced UAS 28

Data are presented as per cent or adjusted odds ratio (95% confidence interval), unless otherwise stated. ODTS: organic dust toxic syndrome; UAS:

upper airway symptoms. *: comparing farmers with nonfarmers not living on a farm;
: odds ratios could not be calculated since none of the nonfarmers living on a farm used asthma medication.

living on a farm; *

Symptoms

Farming was associated with decreased risks of pollen- and
pet-induced UAS (table 2). However, 28% of the farmers
reported farm work-induced UAS. Farming was also asso-
ciated with an increased risk of ODTS and an increased
prevalence of use of asthma medication, though the latter did
not reach statistical significance. The risks of all symptoms
were similar in those females who lived on a farm but did not
participate in farm work compared with the nonfarmers who
did not live on a farm.

Skin-test positivity tended to increase the risk of all symptoms
(table 3). Strong associations were found between specific UAS
and respective skin-test results, showing the high validity of
these symptoms to demonstrate specific allergies (table 4). As
mentioned, skin-test positivity was not included as a confound-
ing variable in the analysis of the risk of various symptoms
between farmers and nonfarmers, since it is potentially an
intermediate variable between farming exposure and symp-
toms. However, including skin-test results in the regression
models had little effect on the negative association of being a
farmer and pet-induced UAS. With respect to dog-induced
UAS, the OR of being a farmer was 0.24 (CI 0.08-0.65)
without including the skin-test response to dog in the model,
and 0.22 (0.09-0.72) with the skin-test result included. With
respect to cat-induced UAS, the OR of being a farmer was

. comparing nonfarmers living on a farm with nonfarmers not

0.16 (0.05-0.57) without including the skin-test response to
cat in the model, and 0.16 (0.04-0.62) with the skin-test result
included. With respect to pollen-induced UAS, inclusion of
the positive skin-test reaction to any of the pollens (birch,
timothy or mugwort) changed the OR of being a farmer from
0.61 (0.36-1.00) to 0.69 (0.38-1.30).

There was an inverse dose/response relationship between
the prevalence of pollen- and pet-induced UAS and the
intensity and duration of animal husbandry (table 5). In
contrast, the risk of farm work-induced UAS significantly

Table 3.—Association of the symptoms with skin-test positivity
(=3 mm or larger skin weal reaction to any of the tested
allergens)

Symptom OR (95% CI)
ODTS 1.6 (0.61-4.3)
Chronic bronchitis 1.5 (0.82-2.8)
Current wheezing 1.6 (0.80-3.1)
Doctor’s diagnosis of asthma 2.8 (1.3-6.2)
Use of asthma medication 2.3 (0.92-5.6)
Chronic rhinitis 2.8 (1.9-4.2)
Chronic conjunctivitis 2.7 (1.8-4.0)

OR: odds ratio; CI: confidence interval; ODTS: organic dust toxic
syndrome.
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Table 4.—Association of the specific upper airway symptoms
(UAS) with respective skin-test results

Symptom OR (95% CI)

Pollen-induced UAS 14.0 (7.6-27.0) for a positive
skin-test result to at least
one of birch, timothy or mugwort

27 (12-61) for a positive
skin-test result to cat

12.0 (5.8-27.0) for a positive
skin-test result to dog

5.1 (1.6-17.0) for a positive
skin-test result to bovine dander”

Cat-induced UAS
Dog-induced UAS

Farm work-induced UAS*

OR: odds ratio; CI: confidence interval. *: farm work-induced UAS
analysis was confined to the farmers only; ¥: apart from bovine dander,
none of the other tested allergens was significantly associated with farm
work-induced UAS.

increased with the intensity and duration of animal husban-
dry. The risk of pollen- and pet-induced UAS was lowest
among the females who had both childhood and adulthood
farming exposure (table 6). The "interaction variable" was
statistically significantly (p=0.036) associated with pet-induced
UAS, but not with pollen-induced UAS. Among the farmers,
the prevalence of pollen-induced UAS was higher in those
with work-induced UAS compared with those without them
(32 versus 7.7%, p<0.001) and the tendency was the same with
respect to pet-induced UAS (8.9 versus 3.5%, p=0.12).

Discussion

This study shows that in females, intensive and long-
standing animal husbandry is associated with a decreased risk
of pet- and pollen-induced UAS and with an increased risk of
farm work-induced UAS. These findings are in agreement
with previous studies pointing to a low prevalence of UAS,
which are thought to be allergic [14-16], and to a high
prevalence of farm work-induced UAS in animal farmers [15,
16, 19, 20]. This study extends the findings of previous studies
by confirming the allergic nature of these symptoms, since
skin tests were also carried out. Apart from ODTS, farming

Table 6.—Risk of pollen- and pet-induced upper airway symp-
toms (UAS) with respect to childhood and current farming
exposure

Living on a farm n* Adjusted OR (95% CI)
in childhood/
current farm work

Pollen-induced Pet-induced

UAS UAS
No/mo 113 1.00 1.00
Nolyes 58 0.68 (0.31-1.50) 0.66 (0.26-1.70)
Yes/no 105 0.81 (0.43-1.50) 0.96 (0.41-2.20)
Yeslyes 140 0.43 (0.22-0.82) 0.09 (0.02-0.43)

OR: 0dds ratio; CI: confidence interval. #: those 50 females who lived
on a farm but did not participate in farm work are omitted from
analysis.

did not significantly affect the risk of lower airway symptoms
in the present study.

Although there was a clear dose-dependency in the negative
association between pet- and pollen-induced UAS and animal
husbandry, as well as in the positive association between
work-related UAS and animal husbandry, the authors can
only speculate about the potential causal relationships. For
example, it could be assumed that the farmers with work-
related symptoms may simply ignore pet- or pollen-induced
symptoms, perhaps due to their lesser significance on their
occupation. However, this explanation seems unlikely, since
those with work-induced UAS tended to report pet- and
pollen-induced UAS more often than those without work-
induced UAS. This finding also makes unlikely the explana-
tion that work-induced symptoms per se would have some
kind of protective effect on allergic symptoms in the upper
airways. Therefore, it seems more likely that there are factors
in animal husbandry that irritate the upper airways and
factors that decrease the sensitivity to common allergens like
pets and pollens.

Farmers have potential exposures to a very wide variety of
irritant agents, including inorganic dust from the soil, organic
dust containing microorganisms and animal-derived material,
mycotoxins, decomposition gases, efc. [21]. In the present
farmer population, at least part of the work-induced UAS
could be explained by sensitisation to bovine allergens. In
previous studies regarding farmers, work-induced UAS have

Table 5.—Adjusted odds ratios (95% confidence interval) for upper airway symptoms (UAS) with respect to farming

characteristics
Farming characteristic n Pollen-induced UAS Pet-induced UAS Farm work-induced UAS
No farming 268 1
Part-time farming 74 1.0 (0.6-1.9) 0.4 (0.2-1.1) 1
Full-time farming 124 0.4 (0.2-0.8) 0.2 (0.1-0.6) 1.9 (1.0-3.8)
Type of farm
No farming 268 1
Dairy farming 109 0.5 (0.3-0.9) 0.3 (0.1-0.8) 10.0 (2.9-35.0)
Other animal husbandry 29 0.6 (0.2-1.8) # 7.2 (1.7-30.0)
Crop farming 50 0.7 (0.3-1.5) 0.2 (0.1-1.0) 1
Visits in cow shed during the last 12 months
No visits 194 1 1
Once a day or less 177 0.9 (0.5-1.4) 0.6 (0.3-1.1) 2.1 (0.4-10.0)
More than once daily 95 0.7 (0.4-1.4) 0.2 (0.1-0.7) 5.2 (1.1-24.0)
Duration of work with animals
Not at all 231 1 1
<5 yrs 45 1.0 (0.5-2.1) 1.1 (0.4-2.8) 2.3 (0.3-15.0)
5-15 yrs 67 0.6 (0.3-1.3) 1.1 (0.5-2.4) 5.3 (1.1-26.0)
>15 yrs 96 0.4 (0.2-0.8) 0.4 (0.1-1.1) 8.5 (1.9-39.0)

#: none of the 29 farmers working with animals but not participating in dairy farming complained of pet-induced UAS; ¥: farm work-induced UAS

analysis was confined to the 198 farmers only.
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been shown to correlate with high exposure to dust, endotoxin
and fungal spores [19, 20]. Therefore, it seems probable that
work-induced UAS in farmers result from exposure to many
different inducers.

What mechanism could then explain the "protective effect"”
of adulthood farming on pet- and pollen-induced UAS? In
children, the farming environment is thought to decrease the
risk of allergic disorders by enhancing the maturation of Th
cells to Thl-type cells, which downregulate IgE responses,
thereby decreasing the risk of IgE-mediated sensitisation to
allergens [8]. However, this programming of T-cells usually
occurs before the age of 5 yrs [22]. Therefore, it is unlikely
that the present findings in adults could be explained by
the same mechanisms. This view is also supported by the
following findings. First, including skin-test reactions to dog
or cat in the regression models had no effect on the negative
association between farming- and pet-induced UAS. Second,
the overall prevalence of skin-test positivity was not different
between the groups. Therefore, the "protective factor" of
adulthood farming barely acts by affecting the T-cell matura-
tion. It seems more possible that this factor could have or
induce some kind of nonspecific anti-inflammatory activity on
upper airways, making an individual less sensitive to common
stimuli, regardless of the allergic status of the individual.

The dose-dependent negative association between the inten-
sity and duration of animal husbandry and allergic UAS
suggests that the possible protective factor in the farming
environment may be directly derived from animals. Studies in
children also suggest that contact with farm animals seems to
be an essential part of the "protective farming effect" [23].
Although the present study revealed the importance of bovine
allergens in farm work-induced UAS, the authors have no
evidence that bovine dander is the unknown protective factor.

The protective effect of current farming on pet symptoms
was stronger in the farmers who had also spent their child-
hood on a farm. As the protective farming effect during
childhood is thought to act by enhancing the maturation of
Th cells to Thl-type cells [8], it may be argued that the Thl-
dominated immune response pattern makes an individual
prone to the protective effects of farming during adulthood. If
this is the case, early childhood T-cell programming has very
long-term consequences, all of which are not measurable with
skin-prick tests.

In this kind of cross-sectional study there is always a
possibility that selection bias has affected the results. It could
be thought that subjects with pet- or pollen-induced UAS
may decide not to become a farmer or that subjects with such
symptoms may quit farming more probably than subjects
without these symptoms. Although these possibilities cannot
be definitively ruled out, there is a finding that argues against
the selection at the stage when females have chosen their
occupation. The risk of pet- and pollen-induced UAS was
virtually the same in females who had spent their childhood
on a farm but did not work on a farm currently, compared
with females who had not spent their childhood on a farm and
did not work on a farm currently. If there was an allergic
symptoms-related tendency to selection when choosing the
occupation, a greater risk of allergic UAS in the former group
would be expected. The authors feel that the latter means of
selection, namely that the pet- or pollen-induced UAS may
force the females to quit farming, is also not very probable;
it seems very unreasonable to assume that pet- or pollen-
induced UAS would be important enough to cause farmers to
make such an major economical decision like changing an
occupation. This argument is also supported by a Swedish
follow-up study, which showed that farmers change their
occupation less often than those in other occupations,
especially due to health reasons [24].

Apart from the increased risk of ODTS in farmers, farming

was not significantly associated with other lower airway symp-
toms. The low prevalence of chronic bronchitis among the
farmers was especially surprising, since this symptom is probably
most consistently found to be associated with farming [9-
14]. One explanation for the current finding is that chronic
bronchitis is especially associated with pig farming [14, 25, 26]
and very few farmers of the present study worked in piggeries.
In addition, this study was restricted to females, whereas the
previous studies showing the association between farming and
chronic bronchitis have included either exclusively [9, 10] or
predominantly [11-13] males.

In conclusion, although intensive and long-standing animal
husbandry often induces upper airway symptoms, it may also
reduce the risk of pet- and pollen-induced upper airway
symptoms. These findings offer promise with respect to the
increasing problem of allergic disorders worldwide by show-
ing that the human immune system may also be flexible after
early adulthood.
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