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Abstract

Background: A lower allergy and asthma prevalence in farm 

children has been described three decades ago in Switzerland. 

After years of research into bacterial exposure at farms, the origin 

of the farm effect is unknown. It could be still the effect of a 

sampling bias. As there was never any effect in large industrial 

cattle farms with slatted floors, we now hypothesize that in small 

farms, where animals are grazing outdoors, children may be 

exposed to animals with a higher endoparasite load.

Methods: We re-analyze an earlier epidemiological study by 

record-linkage to later agricultural surveys. The Asthma and 

Allergy Study in 1989/90 was a cross-sectional study of 1714 ten 

year old children in 63 villages covering ten different districts of 

Upper Bavaria. The farm effect is defined here as the association of 

number of cows per villager on lifetime prevalence of allergic 

rhinitis prevalence in the children.

Results: The farm effect is restricted to small villages only. 

Furthermore, districts with a higher Fasciola infection rates of 

cows, show a stronger farm effect than districts with lower 

infection rates.
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Conclusion: If not caused by some epidemiological artifacts, the 

results warrant further research into human immune response to 

endoparasites in livestock.  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Introduction

The lower allergy prevalence in the farming population has been 

described already in one of the very first allergy text books in 

1873 (1): „These statistics of the occupations of hay-fever patients 

bring out prominently the very curious circumstance that the 

persons who are most subjected to the action of pollen belong to a 

class which furnished the fewest cases of the disorder, namely, the 

farming class“. A direct allergy preventive effect by farming 

conditions remained unlikely as occupational asthma is frequently 

increased in farmers due to exposure to grain dust, animal dander 

and various chemicals (2). 

In 1989, however, the „farm effect“ was re-discovered by Gassner 

in the Canton of St. Gallen in the Swiss Alps (3), followed by 

studies of Braun-Fahrländer (4) and others (5). We also noticed this 

effect 1989 in the Asthma and Allergy Study in Upper Bavaria, 

Germany (6) but attributed it to rather trivial reasons.

A healthy worker effect is likely in farmers, as allergy to grass or 

dust would leave to a drop-out of farming. Not unexpected farm 

children have a much lower family history of „hay fever“ (4) 

possibly related to genetic differences in the farming population 

(7). Farm children may have experienced some kind of auto-

desensitization due to the extreme allergen exposure (8). 
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Furthermore, farmer’s children are known to supplement less 

vitamin D which means avoiding a known risk factor (9). 

None of these objections have not been thoroughly addressed so 

far. While the „farm effect“ has had little value in explaining the 

temporal rise of allergy, it may represent, however, an interesting 

observation where indeed an environmental substance may modify 

the allergic reaction. It has been reported several times that dust 

collected from cow stables has suppressive effects on the allergic 

sensitization in laboratory animals (10), (11). Although this could 

be an artifact as well either by the high allergen doses used or by 

the different immune reaction of mice, it raises the possibility that 

there is an indeed a protective factor of stable dust. 

As IgE production in the human host is usually related to helminth 

exposure and not to bacterial load (11 - 13), we now ask if cattle 

endoparasites could be responsible for an allergy modifying effect 

in particular as children may be fed milk of infected animals.

Participants, materials and methods

Data of the Asthma and Allergy Study in Upper Bavaria 1989/1990 

are used for an ecological re-analysis. Methods have been 

reported elsewhere including informed consent and ethics 

procedures (14 - 15). Briefly, we approached primary grade 
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schools of 65 villages where 63 schools could be visited in a semi-

random order. 1714 of 1958 children participated in the study 

(87.5%). Parents filled in a self-administered questionnaire, 

children were tested by several allergens on the skin along with 

baseline lung function and lung function after inhalation of cold 

air. 

Geocodes data for school districts have been obtained from 

geoportal.bayern.de/bayernatlas. Number of village inhabitants 

and assignment to districts was obtained of de.wikipedia.org/wiki/

Oberbayern. The number of farm animals per village was imported 

from the official survey 1999 („Agrarstrukturerhebung“, 

www.statistikdaten.bayern.de/genesis, table 41121 ) where all 

farms with an area >2 hectares or >8 cows are being recorded. 

Cow Fasciola infection ratio by districts was taken of a German 

thesis who tested between 2003 and 2005 milk samples from 80 

farms in Bavaria for being positive in an anti-f2 Fasciola hepatica 

IgG assay. Altogether 5278 tank milk samples were examined and 

mean values calculated per district (16). Although most data here 

were acquired a decade after the initial survey, farm size usually 

does not change and also conditions of wet farm ground with 

continuous re-infection remain unchanged. Life expectancy of 

cattle is around 20 years.

http://geoportal.bayern.de/bayernatlas
http://de.wikipedia.org/wiki/Oberbayern
http://de.wikipedia.org/wiki/Oberbayern
http://www.statistikdaten.bayern.de/genesis
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Data were visualized using the R libraries ggplot2, cross-tabulated 

and analyzed by logistic regression (17, 18).

Results

Mean age of the children was 10 years with an age range of 9-13 

years. There were 836 males, 870 females, while in 8 children sex 

was not known. Lifetime prevalence of physician diagnosed allergic 

rhinitis was 8.3% and of asthma 2.6%. 

Supplemental Figure 1 shows the geographical distribution of the 

villages. As school sizes ranged from 6 to 63 children, mean 

rhinitis prevalence by village may be misleading in particular when 

villages are small.

Village size ranged from 858 to 8,578 residents, with a mean of 

3,445 residents. Cow numbers ranged from 147 to 7,078 with a 

mean of 2,707 animals. The cows/resident ratio in the villages was 

found between 0 to 2.4 with a mean of 0.9.

Allergic rhinitis prevalence decreased with increasing number of 

cows per village inhabitants, however, this effect was restricted to 

small villages only (Supplement Figure 2) leading to the already 

observed 30%-40% reduction of allergic rhinitis.
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Fasciola infection rate was found to be highly variable in the 10 

districts with a prevalence between 18% and 98%. The prevalence 

of allergic rhinitis decreased with increasing Fasciola infection, 

however, only in those villages that had >1.5 cows/resident 

(Supplement Figure 3). 

In a last step we analyze the data using separate logistic 

regression equations for each district (table). Fasciola infection 

was not significant on the p<0.05 level in any district while in the 

total sample the cows/resident ratio was a significantly protective 

factor (p=0.004, Figure).

Discussion

In this ecological analysis we replicate the known negative 

association of cattle farming and allergic rhinitis and find some 

preliminary evidence that cow endoparasites may be involved in 

this association. As there were no effects by other farm animals 

like pigs, goats, horses and chicken (data not shown) it may 

indeed be a cow derived factor that could explain the farm effect.

Ecological studies are studies of risk-modifying factors on health 

defined either geographically or temporally. As risk-modifying 

factors and outcomes are averaged for the populations in each 

geographical unit and then compared using standard statistical 
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methods, this study is useful for quickly generating a hypotheses 

as it uses already existing data. As an ecological analysis it may 

fail, however, for reasons already delineated in the introduction, 

and will need further clinical and experimental support. 

At least it seems straightforward to relate IgE biology to helminthic 

exposure rather than to bacterial load while Fasciola may be just 

an indicator of mixed infections usually found in cattle. Infected 

cattle rarely demonstrate clinical disease, while it is known that 

Fasciola has numerous immunosuppressive functions in the host. 

IgE is not always raised (19) probably as Fasciola can degrade 

human immunoglobulins (20) and even induce eosinophil 

apoptosis (21).

So far, the possibility of any helminth effect has been excluded 

(22) due to the fact, that farm children do not show raised 

eosinophils or high IgE levels. If, however, already contact to eggs 

or other secreted protein may have an immunosuppressive effect 

as observed for example with Schistosoma eggs (23), this 

argument may not be conclusive. 

This may be also the case with another recent study (24) that 

found remarkable differences in the asthma prevalence between 

Amish and Hutterite populations. The lifestyle of both 

communities is similar but their farming practice is distinct as the 

Amish follow a more traditional style of outdoor grazing whereas 
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the Hutterities use more industrialized farming practices. Gene 

expression data in the Amish children have been interpreted as 

„intense exposure to microbes“ because protection of 

experimental asthma by Amish derived house dust was nearly 

abrogated in mice deficient for MyD88. But even here the 

argument for any bacterial effect is not convincing as for example 

Schistosome egg antigen can activate both MyD88 dependent and 

independent pathways (24). Interestingly the gene-expression 

profile in the Amish children (11) look very similar the profile 

obtained after Fasciola infection (25). 

Taken together, his ecological study can not answer the question if 

there is any sampling bias in the previous farming studies. It raises 

again the question of a possible healthy worker effect as smaller 

herd size was a significant predictor of quitting farming (26). If 

there is any biological basis of farm effect, cow endoparasites 

should not be neglected. DNA based identification of most 

helminths is now possible (27) while studies of helminth load in 

living cattle, as well as in environmental dust, may be matched 

against immune response in children.

Parasite effector molecules have been largely underrated so far 

with numerous candidates are being available for experimental 

and clinical testing (28). This may be even in line with the current 
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„One Health Initiative“ of the WHO addressing the connections 

between health and the environment by multidisciplinary research.
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Table: Logistic regression analysis of allergic rhinitis in Upper 

Bavaria 1989 in 1714 children. Separate models are given for each 

district using the ratio of cows/resident as dependent variable. The 

three districts with the lowest number of children examined 

(Altötting N=19, Mühldorf N=77 and Rosenheim N=26 children) 

were collapsed into one category.

district % milk 
samples 
Fasciola 
positive

children 
N

regression 
coefficient 

cows/
resident

standard 
error 

cows/
resident

P

Altötting/Rosenheim/Mühldorf 58 122 -0,89 0,95 0,348

Garmisch-Partenkirchen 65 201 -0,37 0,75 0,621

Landsberg am Lech 19 311 0,10 0,53 0,853

Miesbach 85 136 -3,37 1,79 0,059

Ostallgäu 89 358 -0,32 0,45 0,473

Tölz-Wolfratshausen 98 269 -0,22 0,53 0,672

Traunstein 28 91 0,42 1,03 0,683

Weilheim-Schongau 50 226 0,08 0,46 0,871

total sample 64 1714 -0,46 0,16 0,004
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Figure: Logistic regression analysis of allergic rhinitis in Upper 

Bavaria 1989 in 1714 children. Regression coefficients from 

separate models for each district for the cows/resident ratio are 

plotted against the average percentage of milk samples with 

Fasciola IgG.

 



/14 25

References

 1. Blackley, C.H. 1873. Experimental Researches on the Causes 

and and Nature of Cattarhus Aestivus (Hay-fever or Hay-asthma). 

Balliere, Tindall and Cox, London.

2. Rask-Andersen, A. 2011. Asthma increase among farmers: a 

12-year follow-up. Ups J Med Sci 116: 60-71.

3. Gassner, M. 1989. Allergie und Umwelt. Allergologie 12: 

492-502.

4. Braun-Fahrländer, C., M. Gassner, L. Grize, U. Neu, F. H. 

Sennhauser, H. S. Varonier, J. C. Vuille, and B. Wüthrich. 1999. 

Prevalence of hay fever and allergic sensitization in farmer’s 

children and their peers living in the same rural community. 

SCARPOL team. Swiss Study on Childhood Allergy and Respiratory 

Symptoms with Respect to Air Pollution. Clin Exp Allergy 29: 

28-34.

5. von Mutius, E., and D. Vercelli. 2010. Farm living: effects on 

childhood asthma and allergy. Nat Rev Immunol 10: 861-868.

6. Wjst, M. 2005. Another explanation for the low allergy rate in 

the rural Alpine foothills. Clin Mol Allergy 3: 7.

7. Vitart, V., A. D. Carothers, C. Hayward, P. Teague, N. D. 

Hastie, H. Campbell, and A. F. Wright. 2005. Increased level of 



/15 25

linkage disequilibrium in rural compared with urban communities: 

a factor to consider in association-study design. Am J Hum Genet 

76: 763-772.

8. Feuille, E., and A. Nowak-Wegrzyn. 2018. Allergen-specific 

immunotherapies for food allergy. Allergy Asthma Immunol Res 

10: 189-206.

9. Hyppönen, E., U. Sovio, M. Wjst, S. Patel, J. Pekkanen, A. L. 

Hartikainen, and M. R. Järvelin. 2004. Infant vitamin D 

supplementation and allergic conditions in adulthood: Northern 

Finland birth cohort 1966. Ann N Y Acad Sci 1037: 84-95.

10. Peters, M., M. Kauth, J. Schwarze, C. Körner-Rettberg, J. 

Riedler, D. Nowak, C. Braun-Fahrländer, E. von Mutius, A. Bufe, 

and O. Holst. 2006. Inhalation of stable dust extract prevents 

allergen induced airway inflammation and hyperresponsiveness. 

Thorax 61: 134-139.

11. Stein, M. M., C. L. Hrusch, J. Gozdz, C. Igartua, V. Pivniouk, S. 

E. Murray, J. G. Ledford, M. Marques Dos Santos, R. L. Anderson, N. 

Metwali, J. W. Neilson, R. M. Maier, J. A. Gilbert, M. Holbreich, P. S. 

Thorne, F. D. Martinez, E. von Mutius, D. Vercelli, C. Ober, and A. I. 

Sperling. 2016. Innate immunity and asthma risk in Amish and 

Hutterite farm children. N Engl J Med 375: 411-421.



/16 25

12. Schuijs, M. J., M. A. Willart, K. Vergote, D. Gras, K. Deswarte, 

M. J. Ege, F. B. Madeira, R. Beyaert, G. van Loo, F. Bracher, E. von 

Mutius, P. Chanez, B. N. Lambrecht, and H. Hammad. 2015. Farm 

dust and endotoxin protect against allergy through A20 induction 

in lung epithelial cells. Science 349: 1106-1110.

13. Kirjavainen, P. V., A. M. Karvonen, R. I. Adams, M. Täubel, M. 

Roponen, P. Tuoresmäki, G. Loss, B. Jayaprakash, M. Depner, M. J. 

Ege, H. Renz, P. I. Pfefferle, B. Schaub, R. Lauener, A. Hyvärinen, R. 

Knight, D. J. J. Heederik, E. von Mutius, and J. Pekkanen. 2019. 

Farm-like indoor microbiota in non-farm homes protects children 

from asthma development. Nat Med 25: 1089–1095.

14. Nicolai, T., E. V. Mutius, P. Reitmeir, and M. Wjst. 1993. 

Reactivity to cold-air hyperventilation in normal and in asthmatic 

children in a survey of 5,697 schoolchildren in southern Bavaria. 

Am Rev Respir Dis 147: 565-572.

15. von Mutius, E., S. Illi, T. Nicolai, and F. D. Martinez. 1996. 

Relation of indoor heating with asthma, allergic sensitisation, and 

bronchial responsiveness: survey of children in south Bavaria. BMJ 

312: 1448-1450.

16. Koch, S. 2005 Untersuchungen zur Verbreitung von Fasciola 

hepatica im bayerischen Milchviehbestand. Dissertation LMU 

München, Tierärztliche Fakultät.



/17 25

17. R Development Core Team (2008).  2019. R: A language and 

environment for statistical computing. Vienna.

18. Wickham, H. 2016. ggplot2: Elegant Graphics for Data 

Analysis. Springer 2016

19. Sampaio Silva, M. L., M. Vindimian, P. Wattré, and A. Capron. 

1985. IgE antibodies in human Fasciola hepatica distomiasis. 

Pathol Biol (Paris) 33: 746-750.

20. Berasain, P., C. Carmona, B. Frangione, J. P. Dalton, and F. 

Goñi. 2000. Fasciola hepatica: Parasite-secreted proteinases 

degrade all human IgG subclasses: Determination of the specific 

cleavage sites and identification of the immunoglobulin fragments 

produced. Experimental Parasitology 94: 99-110.

21. Serradell, M. C., L. Guasconi, L. Cervi, L. S. Chiapello, and D. 

T. Masih. 2007. Excretory-secretory products from Fasciola 

hepatica induce eosinophil apoptosis by a caspase-dependent 

mechanism. Veterinary Immunology and Immunopathology 117: 

197-208.

22. von Mutius, E. 2019. Die Rolle des Umweltmikrobioms in der 

Asthma- und Allergieentstehung. Rundgespräche Forum Ökologie, 

Bd. 47 Die unbekannte Welt der Mikrobiome 47: 121-128.



/18 25

23. Obieglo, K., M. J. Schuijs, A. Ozir-Fazalalikhan, F. Otto, Y. 

van Wijck, L. Boon, B. N. Lambrecht, C. Taube, and H. H. Smits. 

2018. Isolated Schistosoma mansoni eggs prevent allergic airway 

inflammation. Parasite Immunol 40: e12579.

24. Aksoy, E., C. S. Zouain, F. Vanhoutte, J. Fontaine, N. Pavelka, 

N. Thieblemont, F. Willems, P. Ricciardi-Castagnoli, M. Goldman, 

M. Capron, B. Ryffel, and F. Trottein. 2005. Double-stranded RNAs 

from the helminth parasite Schistosoma activate TLR3 in dendritic 

cells. Journal of Biological Chemistry 280: 277-283.

25. Fu, Y., J. A. Browne, K. Killick, and G. Mulcahy. 2017. Network 

Analysis of the systemic response to Fasciola hepatica infection in 

sheep reveals changes in fibrosis, apoptosis, Toll-like receptors 

3/4, and B cell function. Front Immunol 8: 485.

26. Chénard, L., A. Senthilselvan, V. K. Grover, S. P. Kirychuk, J. 

A. Lawson, T. S. Hurst, and J. A. Dosman. 2007. Lung function and 

farm size predict healthy worker effect in swine farmers. Chest 

131: 245-254.

27. International Helminth Genomes Consortium 2019. 

Comparative genomics of the major parasitic worms. Nature 

Genetics 51: 163.



/19 25

28. Maizels, R. M., H. H. Smits, and H. J. McSorley. 2018. 

Modulation of Host Immunity by Helminths: The expanding 

repertoire of parasite effector molecules. Immunity 49: 801-818.  



/20 25

Author contribution

I revised questionnaire and protocols, contacted school 

authorities, selected and visited all schools, examined children, 

supervised data entry, analyzed data, and wrote the paper.

Acknowledgments

I wish to thank W. Lehmacher, E. Stiepel, R. Frentzel-Beyme-Bauer, 

B. Berbig, T. Nicolai, E. von Mutius, S. Dold, E. von Loeffelholz-

Colberg and K. Winter for help with planning the study; P. Reitmeir 

and G. Röll for inital statistical analysis; S. Braun, A. Fuger from my 

team for examining the children; C. Malin, M. von Mutius, T. 

Kreyssig, A. Provelegios, R. Berbig, and A. Jensen for transporting 

our equipment; E. Kienle for technical help with the lung function 

devices; C. Bremer, J. Rohe, S. Funk, A. Stankiewicz, L. Pritscher, A. 

Wulff and M. Molette de Morangier for data typing. We thank all 

head teachers, school secretaries, and class teachers who 

participated in the project. Finally, we thank all the parents and 

children who took part.

During the re-analysis, many people helped with advice: P. 

Tschierse, C. Prazeres da Costa, T. Stöger, D. Andrade, H. Smits, J. 



/21 25

Esser von Bieren, M. Scheuerle, L. Gershwin, G. Knubben-

Schweitzer, N. Beyls, B. Gottstein and J. Charlier.

Data availability

Aggregated epidemiological data on village basis are available 

from the author. All other datasets are available directly online 

from the indicated webpages ( geoportal.bayern.de/bayernatlas, 

de.wikipedia.org/wiki/Oberbayern, www.statistikdaten.bayern.de/

genesis and edoc.ub.uni-muenchen.de/4024/1/Koch_Sandra.pdf )

Conflicts of interest

I declare that I have no conflicts of interest related to this analysis.

The study was conducted in 1989/1990 by order of the 

„Bayerische Staatsministerium für Landesentwicklung und 

Umweltfragen“ (now „Bayerisches Staatsministerium für Wirtschaft, 

Landesentwicklung und Energie“) to “Dr. von Haunersches 

Kinderspital“ (now „Kinderklinik und Kinderpoliklinik im Dr. von 

Haunerschen Kinderspital“).

http://geoportal.bayern.de/bayernatlas
http://edoc.ub.uni-muenchen.de/4024/1/Koch_Sandra.pdf


/22 25



/23 25

Supplemental Figure 1:  Study villages are located in the South of 

Munich in Upper Bavaria. For color codes see legend to 

Supplement Figure 2.
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Supplemental Figure 2: Allergic rhinitis prevalence 1989 in study 

villages separated by low or high resident number. Villages with 

allergic rhinitis >20% (outlier) are removed from the regression.
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Supplemental Figure 3: Allergic rhinitis prevalence 1989 in small 

sized study villages only by cattle population. Villages with allergic 

rhinitis >20% (outlier) are removed from the regression.


