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Background: Earlier studies have shown a high prevalence of

respiratory symptoms in farming communities and that storage

mites constitute important allergens. We examined risk factors

associated with asthma and rhinoconjunctivitis among Swedish

farmers.

Methods: A population of 1015 small-scale dairy farmers was

part of an epidemiologic survey. After selection based on

symptom reports in a questionnaire, 461 of the farmers

attended a medical examination, which comprised SPT, RAST

analyses, and lung-function measurements. Risk factors for

sensitization to different allergens, and development of

asthma and rhinoconjunctivitis were assessed by multiple logistic

regression.

Results: The prevalence of atopy was 26.7% among the farmers.

For both asthma and rhinoconjunctivitis, sensitization to mites

(OR=5.8 vs OR=3.8) and pollens (OR=10.3 vs OR=5.8) was a

significant risk factor. There was a significant relationship

between sensitization to mites and working time (OR=5.2).

Environmental tobacco smoke and exposure to different animal

species at the farm did not appear to affect the risk of allergen

sensitization or respiratory symptoms. Farmers smoked less than

the general population, but they more frequently had reduced

FEV1.

Conclusions: Allergen sensitization, especially to mites and

pollens, was significantly associated with asthma and rhinocon-

junctivitis in a farming community. The results point to allergen

avoidance as a major goal for the prevention of occupational

respiratory diseases among the farming population.
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An increased prevalence of asthma and rhinoconjunctivitis

in industrialized countries has been reported during the last

decade (1, 2), and this trend is not due merely to a change in

diagnostic criteria but constitutes an increase per se (3).

Recently, von Mutius et al. showed that the prevalence of

atopy and respiratory disorders in two ethnically similar

populations (children studied shortly after the reunification

of Germany) was significantly lower among subjects living

in the former East Germany than among subjects living in

the former West Germany (4). The authors suggested that

the Western lifestyle is a risk factor for the development of

atopy, which in turn predisposes to asthma.

An association between occupation and development of

allergy has been shown for several professions, and many

agents are known to cause occupational rhinitis and asthma

(5, 6) mediated by IgE antibodies. A high prevalence of

respiratory symptoms among farmers has been demon-

strated in studies from both Scotland and the Nordic

countries (7±10); occupational asthma is the most

common disease among farmers in Finland (11). Not only

do farmers have a higher risk of developing asthma, but the

asthma mortality rate among male farmers in Sweden is

significantly higher than that in other occupational

branches (12). Earlier studies have shown that farmers are

more often sensitized to mites than the general population,

and less to other common allergens, such as pollens and

animal danders (8, 13, 14). Storage mites, together with cow

epithelium and flour, have been reported as the most

common causative agents of occupational asthma among

farmers (11).

The aim of this epidemiologic study in a Swedish farming

community was to determine whether exposure to common

inhalant allergens and other risk factors is associated with

atopy, asthma, and rhinoconjunctivitis.

Material and methods

Study design

An epidemiologic survey was performed in April 1996

among farmers aged 15±65 years, living on Gotland, an

island in the Baltic Sea (15). Briefly, a questionnaire on

symptoms from the airways and eyes, smoking habits, and

working conditions was sent to all farmers aged 15±65 years

who owned 2 hectares or more. Specific questions dealt with

exposure to environmental tobacco smoke (in childhood and

currently at home or during farm work), exposure to animals

either at home and/or at the farm (all farmers were exposed

to cow, but, in addition, they could be exposed to horse,

sheep/goat, swine, poultry, dog, or cat), number of years of

farming, and use of dust masks (paper mask, half-mask, or

air-stream helmet).

Out of the 1577 farmers who completed the questionnaire,

1015 were dairy farmers and were retained in the study.

According to their answers in the questionnaire, the farmers

were allocated to one of four groups:

1) single-organ hypersensitivity, farmers with immediate

onset of symptoms from either the lungs or the nose/eyes

(n=343)

2) multiple-organ hypersensitivity, those with immediate-

onset symptoms from both the lungs and the nose/eyes

(n=132)

3) suspected allergic alveolitis (n=11)

4) asymptomatic subjects (n=529).

From each of the four groups, a random sample of subjects

aged 15±65 years was invited to attend a thorough medical

examination. Of the 500 farmers selected, 100 were healthy,

258 had single-organ hypersensitivity, 131 had multiorgan

hypersensitivity, and 11 had suspected allergic alveolitis,

according to the questionnaire answers. The medical

examination included interview by a physician with

experience in allergic diseases, skin prick test (SPT), blood

sampling for RAST analyses, and lung-function test. A total

of 461 (92.2%) farmers attended the examination. The

majority of the investigated farmers were men (90.3%), and

the mean age was the same for men and women (44.8 years).

Asthma was considered to be present in subjects with a

history of episodic shortness of breath, wheezing, and

breathing difficulties (n=83). Allergic rhinoconjunctivitis

(seasonal or perennial) was defined as episodic rhinorrhea,

usually associated with nasal stuffiness and sneezing and

lacrimation, in response to known or suspected allergen(s)

(n=254) (15). From the results of the medical examination

and the questionnaire, the prevalence of any form of

immediate onset symptoms of some kind was estimated

to be 41.7% in the whole group of 1015 farmers, with asthma

present in 9.8% and rhinoconjunctivitis in 33.1%.

SPT

SPT were performed on the volar side of each forearm by a

trained nurse. Thirteen allergens were tested: birch, timothy

grass, mugwort, cat, dog, horse, cow (10 HEP), Aspergillus

fumigatus, Cladosporium herbarum (1:20 w/v), Der-

matophagoides pteronyssinus, Lepidoglyphus destructor,

Acarus siro, and Tyrophagus putrescentiae (1000 NE/ml).
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A positive (histamine chloride 10 mg/ml) and a negative

reference were included. All extracts and controls were

obtained from ALK, Allergologisk Laboratorium, Hùrsholm,

Denmark. A positive SPT was defined as 2+ and at least

3 mm.

Radioallergosorbent test (RAST)

The Pharmacia CAP System, RAST FEIA (Pharmacia &

Upjohn, Diagnostic AB, Uppsala, Sweden), was used to

quantify IgE antibodies against 21 allergens (birch, timothy

grass, mugwort, rye, wheat, cat, horse, cow, dog, rat, mouse,

house-dust mites [D. pteronyssinus and Euroglyphus

maynei], storage mites [A. siro, L. destructor, T. putrescen-

tiae, and Glycyphagus domesticus], C. herbarum, A.

fumigatus, and nonstinging insects [Gasterophilus intesti-

nalis and Sitophilus granarius]). A positive RAST was

defined as $0.35 kU/l.

Atopy

Atopy was defined as at least two positive SPT at 2+ or one

positive SPT at 3+ and/or one positive RAST.

Lung-function test

Measurements of forced expiratory volume in 1 s (FEV1),

forced vital capacity (FVC), vital capacity (VC), FEV% (FEV1/

VC), and peak flow rate (PEFR) were conducted by an

experienced nurse using a Vitalograph Alpha (Buckingham,

UK). The Vitalograph was calibrated according to the

manufacturer's instructions at least once daily. The test

was done with the subject in an upright position and

performed at least twice for each person. The test that

yielded the highest value was accepted. Standardized

reference values according to Berglund & Birath were used

(16).

Statistical analysis

All prevalence rates (symptoms, SPT, and RAST) pertaining

to the population of 1015 farmers constitute weighted

estimates based on the detailed investigation of the 461

farmers attending the examination.

Univariate logistic regression analysis was used for

calculation of odds ratios; each univariate factor was then

tested separately in a multiple logistic regression model

with adjustment for sex, age, and smoking (current smokers

and nonsmokers). If the 95% confidence interval (CI) did not

include 1.0, the odds ratio was statistically significant at

P,0.05.

Ethical considerations

The study was approved by the ethics committee of the

Karolinska Institutet, Stockholm, Sweden.

Results

Population

Out of the 1015 subjects, a total of 80.7% had been farming

for more than 10 years, 78.7% were working a minimum of

40 h per week, and 11.7% spent 20±39 h weekly on farm

work. Almost one-third (30.9%) were occupied with pig-

breeding. Current smoking was present in 15.9%, and 57.2%

had never smoked. A history of parental smoking was

present in 43.9%, and 16.1% of the farmers reported current

daily exposure to environmental tobacco smoke.

SPT and RAST results

Based on SPT, sensitization to timothy grass reached the

highest prevalence (3.6%) among the three different pollens,

while sensitization to cow was most common (4.2%) among

the animal danders. However, compared to storage mites

(5.2±11.3%), pollens, molds, and animal danders were all

represented with lower figures. It is notable that positive

SPT were more common against storage mites than against

the house-dust mite D. pteronyssinus (4.6%). In general, the

RAST prevalence was slightly higher than the corresponding

figures for SPT. The calculated prevalence rates for

sensitization to respective groups ± pollens, animal danders,

and mites ± were almost the same regardless of whether SPT

or RAST results was used. The prevalence of atopy was

calculated to be 26.7% in the whole population.

Out of the 461 farmers, 103 were sensitized to storage

mites; i.e., they had at least one positive SPT and/or one

positive RAST, corresponding to a prevalence of 17.1%. The

corresponding figure for house-dust mites was 8.8% and for

any mites species 18.8%. Furthermore, sensitization to

pollens, animal danders, insects, and molds was present in

13.1%, 13.8%, 6.0%, and 4.2%, respectively.

Allergic sensitization, according to both SPT and RAST,

was more frequent among farmers with asthma than among

farmers with rhinoconjunctivitis. Among the allergens

tested, the mite species were the most common allergens.
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Furthermore, mites were the most prevalent allergens

among farmers with asthma as well as rhinoconjunctivitis

(Table 1).

Association between sensitization to different groups of

allergens

The association of sensitization to groups of allergens with

other variables, calculated with univariate logistic regres-

sion analysis, is shown in Table 2. Interestingly, all different

allergen groups were significantly associated with each

other. Sensitization to storage mites and sensitization to

house-dust mites were strongly associated (OR=50.1, 95%

CI: 22.9±123.4); in a multiple logistic regression analysis,

adjusted for sex, age, and smoking, the OR was 36.9 (95% CI:

15.8±86.7). Sensitization to either storage or house-dust

mites was most prominent in association with sensitization

to animal danders (OR=5.1, 95% CI: 3.0±8.8) and molds

(OR=3.6, 95% CI: 1.3±9.8) in the adjusted multiple model.

There were significant correlations between smoking and

sensitization to insects as well as between length of work

week, reduced FEV1, and sensitization to mites. However,

no association was found for exposure to different animal

species, years of farming, use of dust masks, or allergen

sensitization (not shown in Table 2). Furthermore, exposure

to environmental tobacco smoke in childhood and currently

did not seem to affect the risk of allergen sensitization

among either smokers or nonsmokers.

Association of sensitization with airway diseases

The most prominent risk factors for having any kind of

respiratory symptom were sensitization to mites, pollens,

animal danders, and insects and working full time (Table 3).

In the multiple regression analysis, sensitization to pollens

(OR=4.9, 95% CI: 2.3±10.7) and to mites (OR=3.3, 95% CI:

1.8±6.1) remained a significant risk factor for any respiratory

symptoms.

In the univariate model, the risk of asthma as well as

rhinoconjunctivitis was most clearly associated with sensi-

tization to mites, pollens, and animal danders. In the

adjusted analysis, sensitization to pollens (OR=10.3, 95%

CI: 4.2±25.2) and to mites (OR=5.8, 95% CI: 2.7±12.6) was

the only significant risk factor for asthma. Corresponding

risk factors for rhinoconjunctivitis were sensitization to

mites (OR=3.8, 95% CI: 2.0±7.1) and pollens (OR=5.8, 95%

CI: 2.6±12.9), and working full time (.40 h/week) (OR=1.9,

95% CI: 1.1±3.3). No significantly elevated risk was

associated with exposure to different animal species at

home or at the farm (Table 4), or with years of farming and

not using dust masks (not shown in Table 4). Reported

exposure to environmental tobacco smoke in childhood or

currently did not significantly affect the risk of airway

disease in smokers, ex-smokers, or nonsmokers.

Lung function

The calculated prevalence of FEV1 less than 80% of the

predicted value was 16.0% in the whole population of

farmers. After categorization according to symptoms, 12.6%

of the subjects with rhinoconjunctivitis and 31.2% of those

Table 1. Proportions of positive SPT and RAST against
common inhalant allergens among symptomatic and
asymptomatic farmers (%)

Asthma Rhino-
conjunctivitis

Asymptomatic

Allergen SPT RAST SPT RAST SPT RAST

Pollens ± 36.1 ± 22.8 ± 4.8

Birch 13.3 18.1 7.9 9.4 0.7 1.4

Timothy grass 20.5 28.9 7.9 15.7 0.7 3.4

Mugwort 4.8 16.9 5.5 6.7 0 0.7

Wheat nd 25.3 nd 16.9 nd 4.1

Rye nd 26.5 nd 17.7 nd 3.4

Animal danders 20.5 25.3 17.3 16.5 2.8 6.2

Cat 14.5 12.0 7.5 7.8 0.7 4.8

Dog 13.3 13.3 8.3 6.7 0.7 1.4

Horse 7.2 4.8 3.5 2.8 0.7 0.7

Cow 10.8 18.1 7.5 11.4 1.4 2.1

Mites ± 31.3 23.6 ± 3.4

D. pteronyssinus 20.5 26.5 11.0 17.7 0 1.4

E. maynei nd 14.5 nd 9.8 nd 0.7

A. siro 27.7 21.7 21.3 14.9 6.9 2.1

L. destructor 27.7 16.9 23.6 14.2 2.8 2.8

T. putrescentiae 12.0 20.5 10.6 14.6 2.8 2.1

G. domesticus nd 12.0 nd 8.7 nd 1.4

Insects ± 14.5 9.8 ± 3.4

S. granarius nd 13.3 nd 9.8 nd 3.4

G. intestinalis nd 6.0 nd 3.9 nd 1.4

Molds 4.8 6.0 3.1 2.8 0.7 2.1

C. herbarum 0 2.4 0.4 0.4 0 0.7

A. fumigatus 4.8 3.6 3.1 2.4 0.7 1.4

Rodents ± 2.4 ± 0.4 ± 0

Rat nd 1.2 nd 0.2 nd 0

Mouse nd 2.4 nd 0.4 nd 0

nd: not done.
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with asthma had a FEV1 below 80% of predicted value, while

the corresponding figure among the asymptomatic farmers

was 16.7%. A reduced FEV1 was seen among 27.3% of the

current smokers and among 17.3% of the subjects that had

ever smoked. A reduction of the FEV1 by 20% or more was

observed among 16.3% of the farmers who had worked full

time for more than 10 years. The proportion of farmers with

a reduced FEV1 was similar among subjects breeding swine

and those not doing so (17.1% vs 15.2%).

Discussion

Several studies have shown that farmers have an elevated

risk of developing airway symptoms (5, 8, 10, 17). The role of

storage mites as a causative factor in respiratory allergy has

been well established in rural as well as in urban populations

(8, 9, 13, 18, 19). The findings in this study confirm that

mites are important allergens in the farming environment,

with almost one-fifth of the farmers sensitized to mites.

Furthermore, mites were the most prevalent allergens

among farmers with asthma and rhinoconjunctivitis.

Storage mites are most common in barns and other places

where hay, straw, and grain are stored (20, 21), but they can

also be found in the indoor home environment (22). A recent

study from Sweden found L. destructor in 100% of the hay

samples from 30 investigated farms and A. siro in more than

80% (23). As for the indoor environment in rural homes,

high numbers of both house-dust mites and storage mites,

as well as large amounts of the house-dust mite allergens

Table 2. Odds ratios indicating association of sensitization to mites,
pollens, animal danders, insects, and molds with smoking, length of
work week, and FEV1 ,80% of predicted value

Mites Pollens Animal
danders

Insects Molds

Pollens 3.3

(2.0±5.4)

Animal danders 6.6 5.1

(4.0±11.1) (3.0±8.7)

Insects 8.1 8.7 6.4

(3.8±17.2) (4.1±18.4) (3.1±13.2)

Molds 5.0 4.9 4.2 4.2

(2.1±12.1) (2.0±11.6) (1.7±10.2) (1.4±12.1)

Smoking 0.9 0.9 0.8 3.0 0.7

(0.5±1.6) (0.5±1.7) (0.4±1.6) (1.4±6.4) (0.2±2.7)

Work week of

.40 h/week 5.2 0.8 1.0 1.7 1.0

(3.0±9.0) (0.5±1.3) (0.6±1.8) (0.6±4.5) (0.3±2.6)

FEV1,80% 2.3 1.0 1.0 1.7 1.6

(1.4±3.9) (0.6±2.0) (0.6±2.0) (0.7±4.0) (0.6±2.0)

OR is given with 95% CI. If CI does not include 1.0, result is significant at P,0.05.

Table 3. Odds ratio for airway disease in relation to sensitization
to different allergens, smoking, length of work week, and
FEV1,80% of predicted value

Any symptom Asthma Rhinoconjunctivitis

Mites 5.6 3.5 3.7

(2.9±10.9) (2.1±5.8) (2.3±6.1)

Pollens 5.6 4.9 4.5

(2.6±12.0) (2.9±8.3) (2.5±8.1)

Animal danders 3.5 4.1 2.4

(1.8±6.9) (2.4±7.0) (1.4±4.1)

Insects 2.8 2.7 2.8

(1.1±7.5) (1.3±5.8) (1.3±6.4)

Molds 2.1 2.5 1.2

(0.7±6.4) (1.2±5.2) (0.6±2.3)

Smoking 1.2 0.6 0.9

(0.7±2.0) (0.3±1.2) (0.5±1.4)

Work week of 1.8 1.1 1.6

.40 h/week (1.1±2.8) (0.6±2.0) (1.1±2.6)

FEV1,80% 0.9 3.2 0.6

(0.7±2.0) (1.8±5.6) (0.4±1.0)

OR is given with 95% CI. If CI does not include 1.0, result is significant at
P,0.05.
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Der p 1 and Der f 1, have been recorded (22, S. Parvaneh, in

manuscript). Thus, storage mites as well as house-dust

mites are part of the mite fauna of rural surroundings.

We observed a more than threefold increased risk of

respiratory symptoms of some kind among farmers sensi-

tized to mites or pollens and a more than fivefold elevated

risk of asthma. Because asthma is a chronic disease which

when inadequately treated may lead to a persistent impair-

ment of lung function that may adversely affect the quality

of life, it is desirable to prevent allergic sensitization.

In Finland, cow dander is reported to be an important

cause of allergy among farmers. Terho et al. have demon-

strated that 50 out of 70 farmers with allergic rhinitis had a

positive reaction upon nasal challenge with cow dander (9).

Among Swedish farmers, cow dander seems to be of less

importance as an occupational allergen, although we found

that cow was the most common cause of sensitization to

animal danders, according to both SPT and RAST.

Various insect species can cause inhalant (24) as well as

occupational allergies (25). Both the botfly (G. intestinalis)

and the grain weevil (S. granarius) yielded nearly the same

prevalence of sensitization as animal dander. A positive

RAST against G. intestinalis was almost twice as frequent

as against S. granarius, a finding which is in accordance with

earlier findings from a farming community (26). Out of 34

subjects with positive RAST against either botfly or grain

weevil, 23 were also sensitized to mites, a finding which

probably reflects the fact that these insects and mites

usually are found in the same habitat. The IgE-mediated

response to timothy grass, wheat, and rye among the farmers

was twice as high as the response to birch, but still remained

low compared to the response in the general population (27).

Most of the farmers who were RAST-positive to timothy

grass were also positive to wheat and/or rye, probably

because of allergenic similarities between the allergens. A

taxonomic relationship exists among the three different

types of pollens, and cross-reacting allergens have been

demonstrated (28, 29).

We obtained an almost four times higher prevalence of

reduced FEV1 than Bakke et al., who reported that 4.5% of a

general population had a FEV1 below 80% of predicted (30).

Several earlier studies have demonstrated that farmers more

often have a reduced FEV1 and a more rapid decline in lung

function than controls (31, 32). It is well documented that

swine confinement workers in particular, but also grain and

dairy farmers, have lower FEV1 than the general population

(33±35). The significant association of a FEV1 below 80% of

predicted value with asthma primarily represents a mani-

festation of the disease. We were not able to demonstrate

any relation between swine-keeping and reduced lung

function, possibly because most of the farms on Gotland

are family farms with small numbers of swine. The

relationship between smoking and reduction of FEV1 is

well established (36). In the univariate model, we found that

smoking and sensitization to mites were risk factors for

decreased FEV1. The prevalence of smoking in rural

communities has earlier been reported as almost 30% (37,

38). We found a lower prevalence of smoking (15.9%), which

is more in accordance with the findings of Vergnenegre et al.,

who reported a prevalence of 18.1% of current smokers

Table 4. Odds ratio for airway disease related to exposure to different
animal species

Any symptom Asthma Rhinoconjunctivitis

Dog at home and/or at farm 1.4 1.0 1.2

(0.8±1.7) (0.6±2.2) (0.8±1.7)

Cat at home and/or at farm 1.2 1.1 1.0

(0.7±2.1) (0.6±2.2) (0.6±1.7)

Sheep/goat 0.8 0.9 0.9

(0.5±1.3) (0.5±1.5) (0.6±1.3)

Horse 0.9 0.9 0.9

(0.6±1.4) (0.6±1.6) (0.6±1.4)

Poultry 0.7 1.0 0.7

(0.5±1.1) (0.6±1.8) (0.5±1.1)

Swine 1.3 1.2 1.2

(0.8±2.0) (0.7±2.0) (0.8±1.8)

OR is given with 95% CI. If CI does not include 1.0, result is significant at P,0.05.
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among agricultural workers in France (39). The proportion of

smokers among the Gotland farmers is lower than among

Swedes in general, in whom the prevalence is estimated to

be about 25% (40).

The cross-sectional methodology used in this study is not

optimal for assessment of causal relationships (41). For

example, exposure to risk factors for allergy, such as

environmental tobacco smoke and furred animals, as well

as use of dust masks, may have changed after disease

occurrence. Furthermore, the use of dust masks may be an

indication of high exposure to dust in some cases and low

exposure in others, making the interpretation difficult. On

the other hand, substantial misclassification of pollen

exposure is improbable since the pollen load was constant

over several years (42, 43). In addition, two different studies

performed by the authors in 1988 and 1992 revealed that the

exposure to mites was constant (23, 44).

In conclusion, this study shows that in a small-scale,

family-oriented farming community, sensitization to

common allergens, especially mites and pollens, is asso-

ciated with occurrence of asthma and rhinoconjunctivitis.

However, no clear association was observed for exposure to

environmental tobacco smoke or exposure to different

animal species at the farm. The results point to allergen

avoidance as a major goal for the prevention of occupational

respiratory diseases among the farming population.

Acknowledgments We thank colleagues and nurses for skillful

medical assistance, and Jan Kowalski for statistical advice.

Financial support for this study was received from the Swedish

Council for Work Life Research, the Swedish Foundation for

Health Care Sciences and Allergy Research, the Swedish Asthma

and Allergy Association, the Hesselman Foundation, Konsul Th.

C. Berg's Foundation, and the Karolinska Institutet.

References

1. AÊ berg N. Asthma and allergic rhinitis in

Swedish conscripts. Clin Exp Allergy

1989;19:59±63.

2. Woolcock AJ, Peat JK, Trevillion LM. Is the

increase in asthma prevalence linked to

increase in allergy load? Allergy 1995;50:935±

940.

3. Fleming DM, Crombie DL. Prevalence of

asthma and hay fever in England and Wales.

BMJ 1987;294:279±283.

4. von Mutius E, Martinez FD, Fritzsch C,

Nicolai T, Roell G, Thiemann HH.

Prevalence of asthma and atopy in two areas

of West and East Germany. Am J Respir Crit

Care Med 1994;149:358±364.

5. HytoÈnen M, Kanerva L, Malmberg H,

Martikainen R, Mutanen P, Toikkanen J. The

risk of occupational rhinitis. Int Arch Occup

Environ Health 1997;69:487±490.

6. Chan-Yeung M, Malo J-L. Aetiological agents

in occupational asthma. Eur Respir J

1994;7:346±371.

7. Cuthbert OD. The incidence and causative

factors of atopic asthma and rhinitis in an

Orkney farming community. Clin Allergy

1981;11:217±225.

8. van Hage-Hamsten M, Johansson SGO,

HoÈglund S, TuÈ ll P, WireÂn A, ZetterstroÈm O.

Storage mite allergy is common in a farming

population. Clin Allergy 1985;15:555±564.

9. Terho EO, Husman K, Vohlonen I, Rautalahti

M, Tukianen H. Allergy to storage mites or

cow dander as a cause of rhinitis among

Finnish dairy farmers. Allergy 1985;40:23±26.

10. Iversen M, Dahl R, Korsgaard J, Hallas T,

Jensen EJ. Respiratory symptoms in Danish

farmers: an epidemiological study of risk

factors. Thorax 1988;43:872±877.

11. Reijula K, Patterson R. Occupational allergies

in Finland in 1981±91. Allergy Proc

1994;15:163±168.

12. Thoren K, HoÈ rte LG. Asthma mortality and

occupation in Sweden 1981±1992. Am J Ind

Med 1997;31:678±681.

13. Iversen M, Pedersen B. The prevalence of

allergy in Danish farmers. Allergy

1990;45:347±353.

14. van Hage-Hamsten M, Johansson SGO,

ZetterstroÈ m O. Predominance of mite allergy

over allergy to pollens and animal danders in

a farming population. Clin Allergy

1987;17:417±423.

15. Kronqvist M, Johansson E, Pershagen G,

Johansson SGO, van Hage-Hamsten M.

Increasing prevalence of asthma over 12 years

among dairy farmers on Gotland, Sweden:

storage mites remain dominant allergens.

Clin Exp Allergy 1999;29:35±41.

16. Berglund E, Birath G. Standardized lung

function values. Acta Med Scand

1963;173:185±192.

17. Fishwick D, Pearce N, D'Souza W, et al.

Occupational asthma in New Zealanders: a

population based study. Occup Environ Med

1997;54:301±306.

18. Luczynska CM, Griffin P, Davies RJ, Topping

MD. Prevalence of specific IgE to storage

mites (A. siro, L. destructor and T. longior) in

an urban population and crossreactivity with

the house dust mite (D. pteronyssinus). Clin

Exp Allergy 1990;20:403±406.

19. Bernd LAG, Ambrozio LC, Baggio D. Storage

mite allergy in perennial rhinitis patients not

sensitized to house dust mites. J Investig

Allergol Clin Immunol 1996;6:94±97.

20. FernaÂndez-Caldas E. Mite species of

allergologic importance in Europe. Allergy

1997;52:383±387.

21. Franz J-Th, Masuch G, MuÈ sken H, Bergmann

K-Ch. Mite fauna of German farms. Allergy

1997;52:1233±1237.

22. Iversen M, Korsgaard J, Hallas T, Dahl R.

Mite allergy and exposure to storage mites

and house dust mites in farmers. Clin Exp

Allergy 1990;20:211±219.

23. BostroÈ m S, Johansson E, HaÈrfast B, et al.

Characterization of the mite fauna (Acari) in

Swedish barn dust. Int J Acarol 1997;23:127±

132.

24. Kagen SL. Inhalant allergy to arthropods. Clin

Rev Allergy 1990;8:99±125.

25. Bellas TE. Occupational inhalant allergy to

arthropods. Clin Rev Allergy 1990;8:15±29.

26. van Hage-Hamsten M, Johansson SGO.

In vitro diagnosis of farmers' IgE-mediated

allergy by Phadiatop and three new

multiallergen RAST analyses. Allergy

1993;48:345±348.

Kronqvist et al . Asthma and rhinoconjunctivitis among farmers

1148 | Allergy 54, / 1142±1149



27. Plaschke P, Janson C, Norrman E, et al. Skin

prick tests and specific IgE in adults from

three different areas of Sweden. Allergy

1996;51:461±472.

28. Astwood JD, Mohapatra SS, Ni H, Hill RD.

Pollen allergen homologues in barley and

other crop species. Clin Exp Allergy

1995;25:66±72.

29. MuÈ ller W-D, Karamfilov T, Bufe A, Fahlbush

B, Wolf I, JaÈger L. Group 5 allergens of

timothy grass (Phl p 5) bear cross-reacting

T cell epitopes with group 1 allergens of

ryegrass (Lol p 1). Int Arch Allergy Immunol

1996;109:352±355.

30. Bakke PS, Baste V, Hanoa R, Gulsvik A.

Prevalence of obstructive lung disease in a

general population: relation to occupational

title and exposure to some airborne agents.

Thorax 1991;46:863±870.

31. Heller RF, Hayward DM, Farebrother MTB.

Lung function of farmers in England and

Wales. Thorax 1986;41:117±121.

32. Iversen M, Dahl R, Juel Jensen E, Korsgaard J,

Hallas T. Lung function and bronchial

reactivity in farmers. Thorax 1989;44:645±

649.

33. Schwartz DA, Donham KJ, Olenchock SA, et

al. Determinants of longitudinal changes in

spirometric function among swine

confinement operators and farmers. Am

J Respir Crit Care Med 1995;151:47±53.

34. Senthilselvan A, Dosman JA, Kirychuk SP, et

al. Accelerated lung function decline in swine

confinement workers. Chest 1997;111:1733±

1741.

35. Dalphin JC, Bildstein F, Pernet D, Dubiez A,

Depierre A. Prevalence of chronic bronchitis

and respiratory function in a group of dairy

farmers in the French Doubs province. Chest

1989;95:1244±1247.

36. Prescott E, Bjerg AM, Andersen PK, Lange P,

Vestbo J. Gender difference in smoking

effects on lung function and risk of

hospitalization for COPD: results from a

Danish longitudinal population study. Eur

Respir J 1997;10:822±827.

37. Gamsky TE, Schenker MB, McCurdy SA,

Samuels SJ. Smoking, respiratory symptoms,

and pulmonary function among a population

of Hispanic farmworkers. Chest

1992;101:1361±1368.

38. Senthilselvan A, Chen Y, Dosman JA.

Predictors of asthma and wheezing in adults.

Grain farming, sex, and smoking. Am Rev

Respir Dis 1993;148:667±670.

39. Vergnenegre A, D'Arco X, Melloni B, et al.

Work related distal airway obstruction in an

agricultural population. Occup Environ Med

1995;52:581±586.

40. Nilsson P, Andersson DKG, Andersson PE, et

al. Cardiovascular risk factors in treated

hypertensives ± a nation-wide, cross-

sectional study in Sweden. J Int Med

1993;233:239±245.

41. Pershagen G. Challenges in epidemiologic

allergy research. Allergy 1997;52:1045±1049.

42. Hjelmroos M, van Hage-Hamsten M. Birch

pollen dispersal on the Baltic island, Gotland.

Grana 1993;2:75±79.

43. Ekebom A, Nilsson S, Saar M, van Hage-

Hamsten M. A comparative study of airborne

pollen concentrations of three allergenic

types in Tartu (Estonia), Roma/Gotland and

Stockholm (Sweden) 1990±1996. Grana

1997;36:366±372.

44. van Hage-Hamsten M, Johansson E, WireÂn A,

Johansson SGO. Storage mites dominate the

fauna in Swedish barn dust. Allergy

1991;46:142±146.

Kronqvist et al . Asthma and rhinoconjunctivitis among farmers

Allergy 54, / 1142±1149 | 1149


