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Continuous rather than solely early farm exposure protect from hay fever development.
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Methods:
Questionnaires:
Information were collected through mothers using questionnaires in interviews or self-administered questionnaires within the third trimester of pregnancy and when the children were 2, 12, 18 months of age and then at the age of 2, 3, 4, 5, 6, and 10.5 years. Using weekly and monthly diaries and questionnaires from the 8th to 53rd weeks of age, additional information on child’s health, nutrition and farm-related exposures were collected (E1, E2).
Definitions of outcome:
Inhalant sensitization at 10.5 years was defined as at least one IgE specific to alder, birch, hazel, plantain, mugwort, alternaria, grass, rye, Dermatophagoides pteronyssinus, Dermatophagoides farina, cat, dog, or horse at levels ≥0.7IUml-1 or SPT (birch, grass, alternaria, Dermatophagoides pteronyssinus, Dermatophagoides farinae, cat, or dog) ≥3mm. Serum specific IgE and SPT was not measured in the Austrian study center. Serum specific IgE was assessed using the semiquantitative Allergy Screen test panel for atopy (Mediwiss Analytic, Moers; Germany) (E3). As described before, SPTs were performed on the anterior part of the forearm using a Stallerpoint ® (Stallergenes, Antony, France) (E4). Incident hay fever at 10.5 years (N=48) was defined by parent reported symptoms (itchy, runny, or blocked nose without a cold accompanied by red itchy eyes) and/or a physician’s diagnosis of hay fever in the last 12 months using questionnaires at age 10.5 years and excluding those having hay fever before the age of 10.5 years.

Assessment of exposures:
Socioeconomic and lifestyle factors, farm-related exposures, health status of women, their husbands and their children were assessed through questionnaires in interviews or self-administered questionnaires to the mothers within the third trimester of pregnancy and when the children were 2, 12, 18 months of age and then at the age of 2, 3, 4, 5, 6, and 10.5 years. Maternal smoking during pregnancy was defined using the following questions “Have you in your life smoked more than 5 packs of cigarettes?” Or “Have you quit smoking in the meantime?” and if yes “Was it during this pregnancy?”. Smoking by father, “Have you in your life smoked more than 5 packs of cigarettes?” Or “Do you still smoke?”. Second hand smoking was defined by asking “How many cigarettes are on average per day were smoked in your house by other people?” If greater than one then second hand smoking was defined as 1 else 0. Parental education was defined as low (less than 10 years), medium (10 years) and high (greater than 10 years). Parental atopy (yes or no) was defined as doctor’s diagnosis of hay fever, atopic dermatitis, or asthma ever in mother or father. Use of antibiotics during pregnancy was defined by asking “Have you taken antibiotics since the beginning of pregnancy?” Or “Have you taken any antibiotics during this pregnancy?”. Child was defined as premature if the child was born before the completion of 37 weeks of pregnancy. Use of antibiotics by a child during first year of life was defined as “Total number of weeks with antibiotics ingested”. Further, breastfeeding at age of 2 months (yes or no) was defined by asking “if you have ever breastfed?”, exposure to pets at age of 2 months (cats and dogs) was defined by asking “if you have cats?”, “if you have dogs?” and “if they stay indoors in the house?”, and data on having siblings (yes or no) were also collected. Further, asthma was defined as a physician’s diagnosis of asthma or recurrent obstructive bronchitis established until 10.5 years. Eczema and food allergy were deﬁned as physician diagnoses at least once until the age of 10.5 years.
Additionally, the frequency of farm milk consumption at each time point by a child (daily, 1-6 times a week, less than once a week or no consumption) was further weighted as follows: weight of 3 was assigned for daily consumption, a weight of 2 for 1-6 times a week, a weight of 1 for consumption less than once a week and 0 for no consumption). The weights over the years were then summed up as farm milk consumption score representing the frequency of farm milk consumed. Since data on frequency of processed milk consumption was available only at age 10.5 years, instead of constructing a score it was categorized as daily, 1-6 times a week and no (less than once a week or no) consumption of processed milk.
DNA extraction from fecal samples and sequencing analyses:
Briefly, the fecal samples were frozen within 10 minutes of collection, and stored at -20°C until further processing. Targeted DNA amplifications using primers targeting the V4 region of the 16S rRNA gene were performed. The amplicon sequencing was done on Illumina MiSeq instrument producing 250-bp paired end sequences as described previously (E5). Sequencing processing was done using QIIME2-2018.6 (Quantitative Insights Into Microbial Ecology) and reads were denoised using DADA2 (E6, E7). Samples were rarefied at the minimum sequence numbers 1,029. Rarefaction and calculation of richness and Shannon-index was iterated 1,000 times and the resulting measures of α-diversity were then averaged (E5). As described previously, SCFA levels were modeled by the relative abundance of bacterial genera in children with available SCFA measurements using the “predict” function of R-package ranger (E5). These prediction models were then applied to predict SCFA production scores (butyrate and propionate) in the entire population.
Statistical analyses:
Repeated measure latent classes (exposure classes)
Using farm milk consumption and processed milk consumption exposures together, 3 types of farm and processed milk exposure classes were identified: i) ‘high farm and low processed milk’, ii) ‘mixed consumption of farm and processed milk’, and iii) ‘low farm and high processed milk’ (Figure E2(a)). The children were allocated to specific exposure classes by their highest posterior probabilities. The optimal number of exposure classes was then determined according to the Bayesian Information Criterion. Further, the labelling of the exposure classes was based on main features of each class. The analyses were done on children having data at least at 7 of the 8 assessed time points for the combined farm and processed milk consumption.  
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The associations between hay fever and farm and shop milk consumption exposure classes was assessed by logistic regression. The above model was adjusted for centers and confounders, (growing up on a farm, and parental asthma and/or atopy). We tested the differences in relative abundance of most common single bacterial genera at 2 and 12 months with hay fever by Wilcoxon test, main associations (p<0.05) were then confirmed in logistic regression models using center-log-ratio-transformed variables. Gut microbiome richness and Shannon-index at 2 and 12 months were transformed by dividing the original variable by their respective interquartile range (IQR: IQRrichness_2m: 8.07, IQRShannon-index_2m: 0.75, IQRrichness_12m: 15.9 and IQRShannon-index_12m: 0.75) and the new variables were then included in the regression models (logistic regression to test the association with outcome hay fever at 10.5 years and linear regression to test the associations between consumption of farm milk, consumption of processed milk and exposure to animal sheds in infancy). The association with hay fever is then represented as adjusted odds ratio per IQR of the probability.
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Table E1. Description of the included and excluded study population
	Characteristic
	Included in the study
(N=769)
	Excluded in the study
(N=364)
	P value

	
	N (%)/Total
	N (%)/Total
	

	Farm child (yes)
	367 (47.7)/769
	164 (45.0)/364
	0.41

	Exposure to cats at age of 2 months (yes)
	199 (26.0)/767
	82 (25.9)/323
	0.88

	Exposure to dogs at age of 2 months (yes)
	147 (19.2)/766
	48(14.9)/322
	0.10

	Maternal age at pregnancy (years) †
	31.3±4.5 (N=769)
	30.2±5.0 (N=364)
	<0.003

	Maternal smoking (yes)
	96 (12.5)/766
	62 (17.0)/363
	0.04

	Second hand smoking (yes)
	33 (4.3)/764
	16 (5.0)/322
	0.63

	Parental education (yes)
Low
Medium
High
	
62 (8.1)/764
280 (36.7)/764
422 (55.2)/764
	
63 (18.1)/349
146 (41.8)/349
140 (40.1)/349
	


<0.001

	Use of antibiotics during pregnancy (yes)
	204 (27.0)/755
	85 (26.1)/326
	0.77

	Parental atopy (yes)
	416 (54.4)/765
	176 (52.7)/334
	0.60

	Mode of delivery (normal)
	624 (81.9)/762
	267 (83.4)/320
	0.66

	Premature birth (yes)
	11 (1.4)/769
	50 (13.7)/364
	<0.0001

	Birth weight (kg) †
	3.4±0.4 (N=605)
	3.4±0.44 (N=239)
	0.31

	Breast feeding 2 months (yes)
	711 (92.7)/767
	294 (91.0)/323
	0.27

	Gender (female)
	366 (47.7)/768
	166 (50.9)/326
	0.36

	Having siblings (yes)
	494 (64.2)/769
	227 (62.3)/364
	0.51

	Use of antibiotics during first year of life (weeks) †
	0.03±0.3 (N=746)
	0.02±0.1 (N=286)
	0.50


The categorical variables are presented as frequency (percentage) and the continuous variables as †: mean±standard deviation. The test for differences between the groups are 2 test for categorical variables and Mann Whitney U test for continuous variables. Farm child was defined as “Children of mothers living on family-run livestock farms were assigned to the farm group. The non-farm group included children of mothers from the same rural areas but not living on a farm”. Exposure to pets at the age of 2 months (cats and dogs) was defined by asking “if you have cats?”, “if you have dogs?”  and “if they stay indoors in the house?”. Maternal smoking during pregnancy was defined using the following questions “Have you in your life smoked more than 5 packs of cigarettes?” Or “Have you quit smoking in the meantime?” and if yes “Was it during this pregnancy?”. Smoking by father, “Have you in your life smoked more than 5 packs of cigarettes?” Or “Do you still smoke?”. Second hand smoking “How many cigarettes are on average per day were smoked in your house by other people?” If greater than 1 then second hand smoking was defined as 1 else 0. Parental education was defined as low (less than 10 years), medium (10 years) and high (greater than 10 years). Parental atopy was defined as doctor’s diagnosis of hay fever, atopic dermatitis, or asthma ever in mother or father. Use of antibiotics during pregnancy was defined by asking “Have you taken antibiotics since the beginning of pregnancy?” Or “Have you taken any antibiotics during this pregnancy?”. Child was defined as premature if the child was born before the completion of 37 weeks of pregnancy. Use of antibiotics by a child during first year of life was defined as “Total No. of weeks with antibiotics ingested”. Breastfeeding at the age of 2 months (yes or no) was defined by asking “if you have ever breastfed?”.  Asthma was defined as a physician’s diagnosis of asthma or recurrent obstructive bronchitis established until 10.5 years. Eczema and food allergy were deﬁned as physician diagnoses at least once until the age of 10.5 years.  NA: not applicable.
Table E2. Association between animal sheds exposure classes with hay fever at 10.5 years.
	
	Hay fever/Total
	OR [95% CI], P value

	Model 1
	
	

	     No exposure to animal sheds
	56 (18.0)/312
	1

	     Only early exposure to animal sheds
	2 (3.9)/52
	0.26 [0.06; 1.15], 0.08

	     Only late exposure to animal sheds
	9 (12.5)/72
	0.88 [0.40; 1.96], 0.76

	     Continuous exposure to animal sheds
	31 (9.4)/329
	1.14 [0.50; 2.64], 0.75

	Model 2
	
	

	     No exposure to animal sheds
	56 (18.0)/312
	1

	     Only early exposure to animal sheds
	2 (3.9)/52
	0.32 [0.07; 1.44], 0.14

	     Only late exposure to animal sheds
	9 (12.5)/72
	1.04 [0.46; 2.36], 0.92

	     Continuous exposure to animal sheds
	31 (9.4)/329
	1.94 [0.79; 4.74], 0.15


Model 1: adjusted for centers, growing up on a farm, and parental atopy. Model 2: adjusted for centers, farm milk consumption exposure classes, and parental atopy. The number of children included in the analyses are different to that shown in Figure 1(a) due to the missing values of hay fever at year 10.5 years.



Table E3. Proportion of children in each exposure classes.
	Exposure classes
	Hay fever (%)/Total

	Farm milk
	

	     No consumption of farm milk
	70 (18.9)/371

	     Only early consumption of farm milk
	7 (10.9)/64

	     Only late consumption of farm milk
	6 (11.8)/51

	     Continuous consumption of farm milk
	15 (5.4)/279

	Farm milk and processed milk
	

	     Low farm milk and high processed milk
	49 (16.2)/302

	     Mixed consumption of farm milk and processed milk
	9 (7.1)/127

	     High farm milk and low processed milk
	7 (4.3)/162


 Numbers in parentheses indicate percent of children with hay fever in each exposure class. The number of children included in the analyses are different to that shown in Figure 1(b) and Figure E3(a) due to the missing values of hay fever at year 10.5 years.
Figure E1. Proportion of farm milk consumption and exposure to animal sheds over time in the PASTURE children with data on hay fever at 10.5 years (N=769).
Figure E2. Association of farm milk consumption exposure classes with the stringent definition of hay fever 
Models are adjusted for centers, growing up on a farm, and parental atopy. The forest plot represent the aOR with 95%confidence intervals [95%CI].
Figure E3. Farm and processed milk consumption exposure classes
a) Solution for repeated measure latent classes defined by farm and processed milk consumption in the PASTURE children. Numbers in parentheses indicate the total number of children in each class. b) Association of farm and processed milk consumption exposure classes with hay fever. Models are adjusted for centers, growing up on a farm, and parental atopy. The forest plot represent the aOR with 95%CI.
Figure E4. Association of the frequency of processed milk consumption at the age of 10.5 years with hay fever at 10.5 years in the PASTURE children. 
Model is adjusted for centers, growing up on a farm, and parental atopy. The forest plot represent the aOR with 95%CI.
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