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Zellen:
- 10% Mensch
- 90% Bakterien

Gene:
- 1% Mensch
- 99% Bakterien

Gemeinsamkeiten?



Outdoor activities in biodiverse environments together with unprocessed food can
provide us with microbial exposures necessary for the development and
maintenance of healthy balanced microbiota and immunoregulation and tolerance.

Helsinki alert of biodiversity and health
Von Hertzen L., et al. Annals of Medicine 2015 

Everything that we eat, drink, touch, and breathe is 
reflected in our microbiota



Gut flora to 99% out of 4 phyla:

Compostion of gut microbiota

-Firmicutes: e.g. Lactobacillus, Clostridum

-Bacteroides: 1011 cells/g -> most common in human gut

-Proteobacteria: e.g. Escherichia

-Actinobacteria: e.g. Bifidobacteria

© Wikipedia

Vorführender
Präsentationsnotizen
Firmicutes: gram-pos  (zB Lactobacillus, Clostridium) Bac: neg, viele verschiedene Formen, anaerob und aerobeGattung Bacteroides, die im menschlichen Darm die mit 1011 Zellen pro Gram häufigsten Bakterien sind.
Proteobacteria: 
Actinobacteria: z.B. bifidobacteria



© Fotolia

Is our diet influencing our microbiome?



Wu GD, et al., Science 2011

Diet can influence microbiome

Manuscript in 
preperation



Influence of a 3 day juice diet

Henning et al., 2017



When do we start to build up our microbiome?



Establishment of the gut microbiome in childhood

Yatsunenko T. et al. Nature 2012



Breast-fed versus Formula

Laursen et al, mSphere 2015
Bergstrom et al, AEM 2014



Vaginal versus C-Section Delivery

Bokulich et al., Sci Transl Med 2016



Maternal high-fat diet changes microbiome of offspring 

Jun et al., Nature Communications 2014

Vorführender
Präsentationsnotizen
Primaten Modell
Exposure to a maternal high-fat diet persistently alters the offsprings intestinal microbiome with significant depletion of Proteobacteria, including Campylobacter spp.




Environment:
• Hygiene/ Biodiversity hypothesis: farming, 

pet contacts, family size, infections, 
antibiotic use, mode of delivery

Diet:
• Diet hypothesis
• Breastfeeding

Environmental and lifestyle factors related to microbial 
exposure, also related to the risk of developing allergy

Microbiome

Disease susceptibility:
allergy, autoimmune 

diseases, IBD, diabetes, 
obesity



Bach J-F N Engl J Med 2002;347:911-20

Infections and Immune-Mediated Disease

Exposure to the correct diversity of microbes at the appropriate time



Bach J-F N Engl J Med 2002;347:911-20

Diet and Immune-Mediated Disease

Can diet-microbiota interactions modify immune regulatory mechanisms?

Smith PK J Allergy Clin Immunol 2016



Total Excess Free Fructose Consumption in 2-9 years 

ODDS
Ratio

< 1 x  
a month

2-3 x  
a month

1-4  x  
a week

≥5 x  
a week

DeChristopher LR, et al. Public Health Nutr. 2016. 

Vorführender
Präsentationsnotizen
Chronic bronchitis 


Chart1

		tEFF		tEFF		tEFF		tEFF



<1x a month

2-3x a month

1-4x a week

≥5x a week

1

1.11

4.55

5.29



Sheet1

		1		<1x a month		2-3x a month		1-4x a week		≥5x a week

		tEFF		1		1.11		4.55		5.29

				To update the chart, enter data into this table. The data is automatically saved in the chart.







Microbiota Dysbiosis and Food Allergen Sensitization

Azad et al., CEA 2015



Early Life Microbial Dysbiosis Asociated with Atopy Risk

NGM3 has lower relative abundance of Bifidobacteria, Akkermansia and Faecalibacterium

Fujimura et al., Nature Medicine 2016



Abrahamsson et al. JACI 2012

A reduced diversity of gut microbiota at age 1 month is 
predictive for atopic dermatitis



Antibiotic Use and Food Allergy

Hirsch et al., 2016 CEA



Probiotics and Food Allergy

Vorführender
Präsentationsnotizen
Kids who require early life surgery and antibiotics are at increased risk of food allergy. These authors show very dramatic reduction in the risk of cow’s milk allergy in these high risk babies if probiotics were given early.



Reduced diversity of gut microbiota at age 1 month 
predictive for asthma



• A greater abundance of Bacteroides and 
Lactobacillus species has been associated 
with protection against allergy

• Abundance of Clostridia species has been 
positively associated with wheezing, 
allergic sensitization and atopic dermatitis

- Van Nimwegen FA et al. JACI 2011
- Penders J et al. JACI 2013

Gut microbiome and allergy



Lifestyle changes in diet in westernised countries:

Strong reduction of consumption of dietary fiber in 
westernized countries compared to developing countries

Diet hypothesis



Food diversity in the 1st year of life and atopic dermatitis

Roduit et al. JACI 2012

*Diversity score with major food items: vegetables or fruits, any cereals, meat, bread, cake and yogurt



Roduit et al. JACI 2014

*Diversity score with major food items: vegetables or fruits, any cereals, meat, bread, cake and yogurt

Early Life Food Diversity



Diet and gut microbiota

Comparison of the fecal microbiota of European children (EU) and
that of children from a rural African village of Burkina Faso (BF),
where the diet is high in fiber content

De Filippo C, et al. Proc Natl Acad Sci U S A 2010

rural African village of Burkina Faso European children



Trompette et al. Nature medicine 2014



Infant diet and atopic dermatitis

Roduit et al. JACI 2012

*adjusted for farmer, center breastfeeding, parental history of allergies 



Results from the PASTURE/EFRAIM birth cohort:

Consumption of milk products in the first year of life 
and asthma

Asthma

OR* and 95% CI

Yogurt

3-12mo 0.47 (0.26-0.84)

>12mo, ref 1

Other milk products

3-12mo 0.37 (0.22-0.64)

>12mo, ref 1

Butter

3-12mo 0.45 (0.26-0.77)

>12mo, ref 1

adjusted for centre, farmer, parents with allergy, maternal education, gender, breastfeeding, siblings,
atopic dermatitis up to 6 yrs and maternal education

Roduit et. al, JACI 2014



2 main sources from the diet: 

1) Eating fiber: the gut microbiota
will metabolize it by fermentation 
into SCFAs

2) Present in butter or yogurt 
(Butyrate)

Short Chain Fatty Acids (SCFAs): 
Acetate, Propionate,  Butyrate

Microbial metabolites



Julia Bollrath and Fiona Powrie, Science 2013

 Major metabolites produced by bacteria in the gut are short chain fatty acids 
(SCFAs). These metabolites have strong anti-inflammatory effects, inducing 
regulatory T cells. 



Acetate Propionate Butyrate

µm
ol

/g

SCFAs (umol/g) N Mean Std Dev Minimum Maximum N; % of 0
Acetate 778 31.7 24.5 0 223.7 3; 0.4%
Propionate 778 10.2 15.1 0 151.3 32; 4%
Butyrate 778 4.4 17.1 0 306.7 188; 24%

SCFA levels in fecal samples of children: PASTURE study



Health outcomes depending on the level of butyrate 

Health outcomes
Butyrate < 97P
(<20.9 µmol/g) n=754

Butyrate ≥ 97P
(≥20.9 µmol/g) n=24

n % n %
Asthma up to 6 years 57 9.1 1 5.0

Allergic rhinitis up to 6 years 52 7.9 1 4.8

Atopic dermatitis up to 6 
years 201 32.3 9 45.0

Food allergy up to 3 years 43 6.5 1 4.6

Food sensitization at 1y (cut 
off 0.7) 26 3.8 0 0.0

Inhalant sensitization at 1y 
(cut off 0.7) 106 15.7 3 14.3



Level of SCFA and exposures

Exposures

Butyrate < 97P
(<20.9 µmol/g) n=754

Butyrate ≥ 97P
(≥20.9 µmol/g) n=24

n % n %
Farmer 351 46.6 12 50.0

Contact to pets (cats or dogs) in 1st year 425 56.5 12 50.0

Antibiotic during pregnancy 174 23.2 2 8.3

Farm animal contact during pregnancy:
3 or 4 species 83 11.5 3 13.6
1 or 2 species 343 47.4 12 54.6
0 298 41.2 7 31.8

Nutrition 1st year:
Cow's milk: yes vs no 403 53.4 15 62.5
Yogurt: yes vs no 604 80.8 17 70.8
Other milk products: yes vs no 551 73.7 19 79.2
Butter: yes vs no 522 69.8 20 83.3
Margarine: yes vs no 455 60.8 11 45.8
Egg: yes vs no 497 66.4 16 66.7
Fish: yes vs no 444 59.4 14 58.3
Meat (in first 9 months): yes vs no 514 68.7 13 54.2
Cereals (in first 9 months):yes vs no 503 67.3 15 62.5
Vegetables/fruits (in first 6 mo): yes vs no 343 45.9 7 29.2



(95P= 95th percentile) 
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Inhalant sensitisation at 4yrs

P< 0.05

SCFAs and Allergen Sensitization

Roduit & Frei et al., in preperation
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Inhalant sensitisation at 4yrs

Proportion %



Tabelle1

		

																										inhalant_4y035x				food_4y035x

						Atopic Dermatitis				Asthma				dr_foodallerg_6c				inhalant_1y035x				food_1y035x				Inhalant sensitisation at 4yrs				Food sensitisation at 4yrs

								p-value (chisqu)		%		p-value (chisqu)		%		p-value (chisqu)		%		p-value (chisqu)		%		p-value (chisqu)		%		p-value (chisqu)		%		p-value (chisqu)

				<95P Acetate		46.5		0.784		11.8		0.8614		11.7		0.5036		26.0		0.3095		9.8		0.7281		43.9		0.138		40.4		0.821

				≥ 95P		50.0				13.3				6.3				37.5				12.5				25.0				37.5

				<95P Propionate		46.5		0.784		12.3		0.4713		11.0		0.3428		27.7		0.0585		9.8.		0.7281		43.9		0.138		40.7		0.4531

				≥ 95P		50.0				6.3				18.8				6.3				12.5				25.0				31.3

				<95P Butyrate		47.5		0.204		12.2		0.5189		11.7		0.552		27.0		0.4663		10.2		0.61		44.6		0.0117		40.7		0.4531

				≥ 95P		31.2				6.7				6.7				18.8				6.3				12.5				31.3





Tabelle1

		



Atopic Dermatitis

Proportion %



Tabelle2

		



Asthma

Proportion %



Tabelle3

		



dr_foodallerg_6c

Proportion %
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Inhalant sensitisation at 4yrs

Proportion %



		



Food sensitisation at 4yrs

Proportion %



		





		







Allergic airway inflammation model (ovalbumin, OVA) 
with SCFA application

d0 d14 d21 d26-d28 d29

Alum +/- OVA 10µg i.p. 
OVA inhalation

Butyrate, Acetate, Propionate: daily oral application (gavage) of 30µmol/day

d-5
Analysis



Application of SCFA reduces BAL cells counts



Application of SCFA reduces airway hyper-reactivity 

Metacholine

R
es

is
ta

nc
e 

cm
 H

2O
/m

l



T regulatory cells in the lungs 

Roduit & Frei et al., in preperation



Tan, J. et al. Cell Reports 2016

SCFA enhances oral tolerance and protects against 
food allergy 

Anaphylaxis score at day 28 Total IgE in serum Treg cells





Therapy versus Prevention

Roduit & Frei et al., in preperation





FAB-Study
Food Allergy treatment with Butyrate



Hypothesis: Butyrate will help to improve oral tolerance to 
incriminated food protein

Objective: Diet rich in Butyrate to increase oral tolerance in 
children

Method: daily milk-shake (1,5g-2g Butyrate)

FAB – Study: interventional study on food allergy



Study design

Children, 4-12 years old, with food allergy (no milk product 
allergy), at least for 3 weeks at HGK

In addition to daily food: daily milk-shake

Control-group: Shake made from non cow’s milk

Single blinded study

31 children per group



Analysis of FAB Study

LOAL (lowest observable adverse event level ) beginning -
end

Fecal samples: beginning – middle – end (SCFA content)

Daily documentation: diet and symptoms

Blood: beginning – end (IgG4, IgE, Basophil activation, Treg)

AIM: to give advice to change diet to improve food allergy  
symptoms



- Roger Lauener
- Caroline Roduit
- Remo Frei
- Susanne Loeliger
- Liam O’Mahony
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