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Abstract: The aim of the European Farmers’ Project was to determine prevalence and
risk factors of respiratory diseases in farmers across Europe. A cross-sectional study in
7 centres was carried out. In the first stage of the study, nearly 8,000 farmers in
Denmark, Germany, Switzerland, the UK, and Spain answered a standardised
guestionnaire on farming characteristics and respiratory symptoms. The second stage of
the study included exposure assessment and lung function measurements in 4 of the
centres. Within the group of farmers, pig farmers were at high risk of asthma-like
syndrome as compared to farmers keeping other kinds of animals. Among plant
farmers, greenhouse workers were at higher risk for symptoms of asthma. The
prevalence of symptoms of allergies were significantly lower among animal farmers as
compared to the population of the European Community Respiratory Health Survey. In
contrast, animal farmers had a significantly higher prevalence of symptoms of chronic
bronchitis. The major risk factor for respiratory symptoms was shown to be ventilation
of the animal houses and greenhouses. Intervention studies are now warranted to test the
effectiveness of improved ventilation on respiratory health. The reasons for the low
prevalence of allergic diseases among farmers are currently under study.
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INTRODUCTION farming are most common, in the south of Europe plant
crop cultivated primarily in greenhouses (flowers and
Across the European Union, a wide variety ofruits) is predominant. Limited data on the prevalence of
agriculture can be found. While in Northern Europeespiratory diseases among greenhouse workers are
production of animals (pigs, cattle, poultry) and graimvailable. Up to now, work-related risk factors for
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Figure 1. Course of survey.

respiratory disorders have not been studied in greenhousdhe project had 2 main stages with the following
farmers. For animal farmers, no data on the geographobjectives to determine:
variation in allergic diseases have so far been available
using the same instruments and definitions in all centers.Stage |
In animal houses little attention has been paid to the Prevalence of work-related respiratory symptoms among
relationship between construction characteristics of the European farmers in Denmark, UK, West and East
animal houses, such as bedding, feeding or ventilationGermany, Switzerland, Spain;
systems on one hand, and exposure data on the otheWain types of farming in different European regions;
hand. No comparable data on exposure patterns, temperaturéssociations between type of farming and prevalence
humidity and respiratory symptoms and diseases wereof work-related respiratory symptoms.
available in different countries of Europe.

Therefore, the overall aim of this joint project was to Stage Il
advance scientific understanding of prevalence and riskDetails of farming characteristics;
factors of airways obstruction in farmers across Europe. Exposure patterns in different types of farming (pig
The prevalence of respiratory symptoms was compared tofarming, poultry farming, greenhouses) in Denmark, West
the EC Respiratory Health Survey (ECRHS) [1]. The Germany, Switzerland and Spain;
influence of inherent and occupational risk factors for the Baseline lung function values and lung function
development of obstructive airway diseases in farmerschanges during the working day in the respective
was assessed. As a result, a European rationale for théarmers.
development of control measurements to reduce the risk
of obstructive airway diseases in farmers has been workedlhe study was conducted under standardised conditions
out. This, in turn, will lead to improvements in the healtlin all participating countries. This paper summarises the
of farmers through a reduction in the burden of aeriahain results of this study. Further details have been
pollutants in farming environments. published elsewhere [8, 9, 10, 11, 12, 13, 14, 15, 16].
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MATERIALS AND METHODS Feeding Work Feeding
in the inside in the
Stage |: Prevalence of respiratory symptoms in morning  greenhouses afternoon
European farmers and associations with the main type | [E——— [ |
of farming Lung function measurement | | | |
1. 2. 3. 4,
Subjects. In order to estimate the prevalence ofnme interval S T

respiratory symptoms in European farmers a cross-
sectional questionnaire survey was carried out in tHgnmonia |
participating centres. Farmers were selected randomly @Brbon dioxide [
the basis of the register of local farming associationlsb tal dust. Endotoxins® | | ,
(Denmark, Germany, Spain) or national census records ’ — :
(Switzerland). In the UK, all farmers enrolled in theRespirable dust, Endotoxins* ||
“Longitudinal study of the respiratory, inflammatory andvicroorganisms* | |
immunological effects to grain dust in the UK” were
asked to participate. To increase the response rate, 3
farmers in Germany were visited at the farm. In the other
countries farmers were contacted up to 4 times by maiiigure 2. Course of field work.
phone, and ultimately by home visits. As a result, 7,752
farmers participated in the first part of the study achievinigighest risk for respiratory diseases in this area in the first
to our knowledge the largest epidemiological study opart of the study. As a result, 100 pig farmers in Germany,
farmers’ respiratory health. The number of farmers 40 pig farmers in Denmark, 36 poultry farmers in
each participating centre is shown in Figure 1. The low@&witzerland, and 37 greenhouse farmers in Spain participated
response rate in the centre in Brandenburg was a resulirofthe second part of the investigation. While in Lower
re-organisation of the farms in this part of Germany aft&axony farmers claiming for compensation due to
reunification. occupational obstructive airway disease were studied, in
the other centres the farmers were chosen randomly on
Questionnaire. The questionnaire was developed irthe basis of the data of the first part of the study. In these
the coordinating centre, where possible, from pre-existirgroups of farmers, quantitative exposure assessment as
questionnaires and was sent out in 5 languages (Danislell as detailed evaluation of farming characteristics and
English, German, Spanish, Catalan). The medical part lohg function measurements were performed. The course
the questionnaire contained 5 questions on chronit the field work over the sampling day is given in Figure 2.
respiratory symptoms within the preceding year taken
from the questionnaire of the European Community Qualitative exposure assessmentll farmers answered
Respiratory Health Survey (ECRHS) [1]. Five questiona detailed interview-based questionnaire on farming
focused on work-related respiratory symptoms and omdaracteristics and typical working tasks. The questionnaire
guestion on organic dust toxic syndrome (ODTS). Thiwas adapted to each kind of farming (cattle, pig, poultry,
latter question was taken from the Questionnaire Evaluatiggeenhouse).
Organic Dust Exposure proposed by Rylaneksl. [18].
Additionally, questions on farming characteristics and the Quantitative exposure assessmenn this stage of the
duration of exposure in each type of animal house astudy, exposure parameters (dust, endotoxins, micro-
greenhouse were asked. These questions were also taigganisms, ammonia, carbon dioxide) as well as
from a standardized questionnaire [4], and have been usettroclimatic parameters (temperature, air velocity, air
to assess the potential association between type hafmidity) were determined during 1 feeding/working
farming and the prevalence of respiratory symptoms.  period inside the animal buildings or greenhouses using
the same methods in the 4 centres [11]. As personal
Stage Il Quantitative exposure assessment, detailed measurements have been shown to reflect the exposure
evaluation of farming characteristics and lung better than taking samples at an area base [3], dust,
function measurements endotoxin and microorganism samples were taken at a
personal base (Fig. 2). In each centre a maximum of 2
Stage Il of the study was carried out in the centres persons performed the measurements after thorough
Denmark, Lower Saxony/Germany, Switzerland, and Spatontrol training. All air quality measurements were
(Fig. 1). Additionally, in Schleswig-Holstein/Germanyevaluated by the same laboratories.
detailed questions on farming characteristics were answered
by 1,468 cattle farmers and related to the prevalence ofRespiratory symptoms. Structured interviews were
symptoms. performed in all centres with questions on respiratory
The second part of the survey was focused in easimptoms, current medication, use of respiratory
centre on the group of farmers that emerged to be otective measures during work, working conditions,

rsonal measurements, --- work inside greenhouses
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30 1 Table 1.Prevalence of work-related respiratory symptoms (WRS: wheezing,
breathlessness, and/or cough without phlegm during work) in different
groups of farmers. Numbers do not add up to 7,752 because most farmers

5 keep more than one type of animals and produce animals and crops.
8 2 S i N WRS (%)
Q
g Denmark, Aarhus 2,002 20.2
©
g i United Kingdom, Essex 131 32.8
% 10 i i Germany, Schleswig-Holstein 1,735 25.8
§ s I Germany, Lower Saxony 1,864 18.3
* z Germany, Brandenburg 125 31.7
§
L] Switzerland, Zirich 940 22.3
Wheezing Shortness Asthma Nasal Phlegm Spain Badalona 955 23.7
of breath allergy ! :
Overall 7,752 22.1
m Farmers (20-44 years) (N = 13754) A ECRHS participants (N = 2574) Cattle farmers 4.666 21.8
Figure 3. Percentage prevalences of respiratory symptoms with 95%j4 tarmers 2278 24.3
confidence intervals (95% CI) standardised by age and gender. Bhe dat '
were restricted to farmers in the age range of 20-44 years becauseRpgltry farmers 696 23.7
European Community Respiratory Health Survey (ECRHS) onl heep farmers 522 24.7
included participants in this age range. The data are taken from the '
centres in Denmark, West-Germany, Switzerland (ECRHS: Basel) aAdimal farmers 5,99¢ 227
Spain (ECRHS: Barcelona). Grain farmers 3.706 23.0
Rootcrop farmers 1,770 242
smoking habits, family history and standardised question&xﬁpmt farmers 1270 279
on chronic bronchitis (Medical Research Council Criteria),
Vegetable farmers 928 23.6
Lung function measurements.Lung function tests Fruitfarmers 559 25.4
were performed immediately before and after the workingbmatoe farmers 501 26.6
period. In each centre a maximum of 2 persons performgger farmers 298 275
the lung function measurements after thorough contr:!
9 9 Crop farmers 4,621 23.0

training. All results were analyzed by 1 technician accordil

to the American Thoracic Society (ATS) standardization

criteria. group 20-44 years because the latter survey included only

young adults in this age group. After standardisation for

Statistical analysis.The data were analysed using theage and gender, the prevalence of symptoms related to

statistical software packages Statistic@lulsa, USA), asthma and other airway allergies was significantly lower

SPSS Inc., (City, USA) and SAS (Cary, USA). Afteamong farmers compared to the general population. In

univariate analyses, multivariate models were conductedntrast, farmers were more likely to complain about

using multiple linear regression models for continuousymptoms of chronic bronchitis (Fig. 3).

variables and multiple logistic regression models for Additionally, it was shown that pig farmers were at

dichotomous variables. highest risk for the development of work-related
respiratory symptoms related to asthma-like syndrome.
RESULTS Poultry farmers showed an increased risk of wheezing.
This was the first study including a sufficient number of
Stage |: Prevalence of respiratory symptoms in sheep farmers. The latter group reported excess work-
European farmers and associations with the main type related cough with phlegm. Additionally, a significant
of farming dose-response relationship between daily hours worked

inside animal houses and symptoms was established for
The prevalence of work-related respiratory symptomsig farmers (Fig. 4). Similar associations were seen for
varied largely over the centres under study (Tab. 1). Dyeultry farmers.
to different exposure patterns the prevalence of respiratory
symptoms was separately analysed for animal and cropCrop farmers. Among crop farmers the highest
farmers. prevalence of asthma was found in farmers producing
flowers. Farmers cultivating oil plants also showed an
Animal farmers. In order to compare the prevalence oexcess in risk for ODTS as compared to other crop
respiratory symptoms among animal farmers to tharmers. Working inside greenhouses was a secondary
participants of the European Community Respiratorsisk factor for asthma among farmers cultivating
Health Survey-l, the data had to be restricted to the agegetables, tomatoes, fruits or flowers.
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median amounts of total dust (< detection limit),
endotoxins (0.36 ng// and microorganisms (total
bacteria: 15.5 x 10 cells/n?; total fungi: 2.8 x 1®
cells/n?) were shown inside Spanish greenhouses.
Detailed results of exposure assessment have been
reported earlier [11].

Respiratory health, farming characteristics and
exposure assessmenue to the not directly comparable
conditions inside animal buildings and greenhouses the
data on respiratory health in relation to environmental
conditions were analysed separately. Additionally, the
data for German pig farmers had to be analysed on an
individual base because of the differences in the recruiting
system. A summary of the results is given in Table 2.

Cattle farming in Schleswig-Holsteifthe questionnaire
study on farming characteristics in 1,468 cattle farmers in
Schleswig-Holstein has shown a significant relationship
between ventilation of the cattle house and work-related

4. Prevalence Odds Ratio (POR) (95% Cl) of work-relatedespiratory symptoms. Additionally, climatic factors and

respiratory symptoms per quartile of daily duration of work in swinghe size of the animal house were shown to significantly

confinement houses. Data presented for animal farmers. Data
available for the centre in Lower Saxony. Adjusted for centre, a
gender, and smoking.

Stage Il: Quantitative exposure assessment, detailed
evaluation of farming characteristics and lung
function measurements

ge

MAfluence the development of work-related respiratory
symptoms. Especially wall ventilation (no walls but
draught-excluders/porch nets around the stable, 3 walls
and 1 open side, or gaps between the planks) was shown
to be significantly associated with a lower prevalence of
breathlessness, cough, wheezing and/or nasal irritation
during work. Likewise, a larger area of the cattle barn was

associated with a lower prevalence of these symptoms.
Exposure assessmentn the second stage of the study

we found the highest median total dust (7.01 mg/m Pig farming in Denmark and poultry farming in
endotoxin (257.58 ng/fy total bacteria (4.7 x 20 Switzerland Mean baseline lung function results in pig
cells/nT), total fungi (28.8 x 1Dcells/nT), ammonia (12 farmers were significantly higher than in poultry farmers.
ppm), and carbon dioxide (2100 ppm) concentrations in pig farmers, ventilation control via humidity sensors
poultry houses in Switzerland. In these buildings thevas significantly associated with higher baseline FEV
median climatic conditions, such as air velocity (0.01 m/sjlues.
and temperature (16.2°C), were lowest in comparison toNo significant decrease in spirometric results was
the other buildings. The pig houses in Germany had worseown over the feeding period for the whole group of
environmental conditions compared to the concentratiofsrmers. In contrast, symptomatic farmers had a tendency
found in Danish pig confinement buildings. The lowestor lung function decline over the feeding period.

Table 2. Associations between farming characteristics and respiratory health.

Region Denmark Schleswig-Holstein Lower Saxony Switzerland Spain
Type of farming Pigs Cattle Pigs Poultry Greenhouses
Health indicator FEY% Predicted WRS FEMA Predicted FEV% Predicted Wheezing

N 40 1,468 100 36 39
Ventilation A .y + + .y
Temperature L + 0 0 0
Area 0 # 0 0 #
Number of animals 0 0 e 0 1}

+: positive association; —: negative association; 0: no statistical association; @: Parameter not relevant, t: protestive riaktdactors. WRS:

work-related respiratory symptoms.
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Pig farming in Lower Saxony significant decline in symptoms of asthma. Thus, especially in these farming
FVC (3.25%), FEY (4.44%) and MMEEs75 (5.25%) was environments, protective measures should be recommended.
seen over the feeding period in 100 symptomatic farmerBhis was confirmed in the second part of our study. In this
In a multivariate model the decrease over the feedinmart of the survey, median exposure levels for endotoxins
period in FVC and FEY % predicted was significantly and microorganisms were shown to exceed recommended
negatively correlated with air velocity. Higher respirablexposure standards not only in randomly chosen animal
dust concentrations were shown to be significariuildings but also in greenhouses [11]. We have learned
predictors for MMERs;;5 decline. Baseline lung function that ventilation of the animal houses and greenhouses is
results were shown to be significantly negativelyan important factor in improving prevention measures in
associated with an air outlet in the wall, manual feedingnimal buildings [12, 13, 15]. Thus, in regions with warm
duration of employment and number of pigs on the farmwinters ventilation via the wall (no walls but draught-

In these farmers, the median concentrations of Der pekcluder/porch nets around the stable, 3 walls and 1 open
and Der 2 in the mattress dust were significantly higheide, or gaps between the planks) might be recommended
than in samples of mattress dust of 22 urban dwellefar new cattle houses [13]. In pig and poultry confinement
(53.4 pg/g dusts 1.05 pg/g dust, p = 0.001; 19.6 ug/dgouildings a better control of ventilation could also improve
dustvs 2.2 ug/g dust; p < 0.0001, respectively). The mitevorkplace exposure and thereby, diminish the occupational
concentrations in the transit areas were strongly relatedrtsk of airway diseases in farmers [12, 15]. Intervention
bedroom exposures. Additionally, a dose-responstudies are now warranted to test the effect of such measures.
relationship was seen between Der pl concentrations inWe have shown that farmers are exposed to a higher
farmers’ beds and sensitisation . pteronyssinus concentration of house dust mites and storage mites than
Despite high Der p 1 concentrations in dust samples takerban citizens [14]. On the other hand, farmers have
from farming and home environments, farmers did naghown a lower prevalence of nasal allergies than the
show a higher prevalence of sensitisation to this allerggeneral population [10]. This is an important point in
compared to the general population in Germany (6% understanding the mechanisms of sensitisation. Some
18%, respectively). might suggest that the lower prevalence of sensitisation

among farming populations may be due to health

Greenhouses in Spai@f the 38 growers participating selection processes. On the other hand, farm owners are
in the second part of the study in Spain, 13 werless likely to change their occupation than workers in
sensitised to flowers or moulds (34.2%). No associatiasther occupations [22]. Additionally, children living on a
was seen between greenhouse characteristics dadn had a significantly lower sensitization rate compared
sensitisation. However, as in the animal houses, the children living in rural environment but not on a farm
ventilation rate inside the buildings was associated wif{l, 7, 17, 23]. Therefore, another possible explanation for
the prevalence of wheezing in greenhouse workers (GRe lack of an association between sensitization and

0.11, 95%CI 0.01-1.04). exposure in our study might be a protective effect of, e.g.,
dietary or environmental factors, which seem to be
DISCUSSION relevant in farming environments, e.g. endotoxin [24].

Animal farmers complained significantly more often
This study on prevalence and risk factors of respiratogbout symptoms of chronic bronchitis than the general
morbidity among European farmers is among the mopbpulation. A high prevalence of chronic phlegm and
comprehensive studies of its kind. Apart from its size, itsther symptoms of chronic bronchitis among farmers
main advantage was the use of standardised questionnaicesnppared to controls has been reported by several authors
same sampling methods, and standardised spirometiéc 19, 21]. However, the higher prevalence compared to
measurements in all participating centres. This allowethe general population found in our study is remarkable
for the first time, comparisons between countries argkcause of the low percentage of smokers among farmers.
different types of farming. Dalphinet al.[2] even reported an especially elevated risk
The findings of this survey have advanced ouior the development of chronic bronchitis in non-smokers.
understanding of the respiratory health of farmers as theks shown in our survey, other studies confirmed high
is now a solid database on respiratory symptomdust concentrations even inside modern animal
exposure parameters, and lung function results of anin@infinement buildings [20]. This might imply changes in
and crop farmers in different European countries. This workers compensation practice, e.g., in Germany. Up to
important for farmers’ health. Secondly, the Europeanow, only asthma can be compensated among farmers.
Union and national legislation will be better informed tdrherefore, one has to consider assimilating chronic
control exposure inside animal confinement buildings artatonchitis into the list of work-related respiratory disease.
greenhouses since dose-response relationships can be€his survey also supported the presumption that pig
deduced from our findings. farmers mainly suffer from asthma-like syndrome and not
Pig farmers were shown to be at highest risk for thiscom allergic asthma [19]. Asthma-like syndrome is
development of respiratory symptoms. Poultry and flowatistinguished from asthma as a self-limited inflammatory
farmers had an increased risk for the development efent that does not involve persistent airway hyper-
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responsiveness [19]. Another hint for the occurrence @fid occurence of work-related symptoms (Appendiix) Dutkiewicz J,

; S A . Skérska C, Mackiewicz B, Cholewa Brevention of Diseases Caused
aSth.ma like Syndrome was the. Slgmﬂ(.:am. Iung functloﬁé Organic Dusts in Farming and Agricultural IndustB8b-88. Institute
decline observed over the feeding period in symptomati¢ agricultural Medicine, Lublin 2000 (in Polish).

swine confinement farmers [12]. 5. Emnst P, Cormier Y: Relative scarcity of asthma and atopy among
This is the first report on respiratory symptoms in gural adolescents raised on a fafhm J Respir Crit Care Me@000,

; ; 1, 1563-1566.
relatively large number of sheep farmers. Risk factors f&PG. Iversen M, Dahl R, Korsgaard J, Hallas T, Jensen EJ: Respiratory

this special group of farmers working only in enclosedymptoms in Danish farmers: an epidemiological study of risk factors.
buildings for a limited time of the year are currently bein@horax1988,43, 872-877.
studied in further detail [16]. 7. Leynaert B, Neukirch C, Jarvis D, Chinn S, Burney P, Neukirch F:
Does living on a farm during childhood protect against asthma, allergic
rhinitis, and atopy in adulthood®m J Respir Crit Care Me?001,164,
CONCLUSIONS 1820-1834 7 P
8. Magarolas R, Monso E, Aguilar X, Radon K, Nowak D, Martinez
This project has provided valuable information on th€&. Morera J: Prevalence and risk factors of respiratory symptoms in

: : ; -farmers; commenMed Clin (Barc )2000, 114, 685-689.
prevalence and risk factors of airway obstruction “I? 9. Monso E, Magarolas R, Radon K, Danuser B, Iversen M, Weber

farmers Working. in different types of farming i 5¢ Opravil U, Donham KJ, Nowak D: Respiratory symptoms of
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