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

Acquisition / maintenance of healthy indigenous microbiota

Via nose
and lungs M
Via mouth "  Diet, drinking water, milk
and gut - Pets in household, farm animal contacts
- Land-use type in the surroundings
- Dwelling type, housing characteristics
Via skin - Lifestyle, daily sitting time
- Qutdoor activities, nature contacts
- Vertical transmission

A

Figure 2."We are what we host, and we host what we eat, touch, and breathe! 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 immunoregulatory circuits.

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



Compostion of gut microbiota

Gut flora to 99% out of 4 phyla:

-Firmicutes: e.g. Lactobacillus, Clostridum
-Bacteroides: 10*! 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


Is our diet influencing our microbiome?

© Fotolia



Diet can influence microbiome
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Influence of a 3 day juice diet
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When do we start to build up our microbiome?




Establishment of the gut microbiome in childhood

Observed OTUs
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Breast-fed versus Formula
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Firmicutes
Fimnicutes (F1b)
Lactobacilius spp. (F2)
L. acidophilus (F4)
C. butyricum (F5)
C. leptum group (FEB)
C. coccoldes group (FT)
E. hallii (F&)
Roseburia spp. (F9)
Enterococcus spp. (F10)

Bacteroidetes
Bactemidetes (B1)

Bacteroides/Prevotella groups (B2)

Bacteroides spp. (B3)
B. fragilis group (B4)
B. wuigatus (BS)
B. thetaiotaomicron (BE)
B. aggerthil (BT)
B. distazoniz (BE)
Frevotella spp. (BY)
Alistipes spp. (B10)
Bifidobacteria
Bifidobacterdum spp. (Alb)
B. bifidum (A2)
B. adolescentis (A3)
B. catenulaturm (A4)
B. longum (AS)
B. breve (AB)

Other bacteria
Enterobacteriaceae (P1)
E cdi (P2)
Desulfovibio spp. (P3)
A. muciniphila (V1)
M_smithii (E1)

9 months
0,566

062489
0, 8274

0,1241
0, 2506
0,3372
0,1745

0,6315
0, 8264

04334

0, 7623

06179
0,6053

0,0753

18 months
0,182
0,173
072
0,0561
0,4015

09108
0,1402
01112
024084

0,51
04082
09744
0,407
0,8546

0,467

0,6436
0,555
0,1072
0,0863
0,3251

36 months
0,425
04136
0,9128
0,6691
0,5851
0,68153
0,639
0,6901
0,5529

0,2087
0,1326
0,0709
08973
01967
0,3561
0,8546
08114
0,076

0,3157

0,5306
0,8208
0,946
0, 7047
0,2187
0,6985

0,0523
0,1425
0,9721
0,811

06047

*pel.05; **p=0.01%*; ***pe0.001



Vaginal versus C-Section Delivery

Monith of life

Vaginal | Cesarean Taxonomy

1

1.5

2 3 4 5 6 9 12 18 24

Actinocbacteria|Coricbacteriia|Coriobacteriales|Coriobacteriaceae|Collinsella

Bacteroidetes|Bacteroidia|Bacteroidales
Bacteroidetes|Bacteroidia|Bacteroidales|Bacteridaceae|Bacteroides
Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae
Bacteroidetes|Bacteroidia|Bacteroidales|Por phyromonadaceas| Dysgonomonas
Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Parabactervides
Bacteroidetes|Bacteroidia|Bacteroidales|PrevotellaceaglPrevotella

Firmicutes
Firmicutes|BacillijLactobacillales|Streptococcaceae|Lactococcus
Firmicutes|Clostridia|Qlostridiales
Firmicutes|Clostridia|Qostridiales|Other
Firmicutes|Clostridia]ostridiales|Qostridiaceae
Firmicutes|Clostridia|Clostridiales|Costridiaceag
Firmicutes|Clostridia|Qostridiales|JostridiaceaelClostridium
Firmicutes|Clostridia|Qostridiales|Clostridiaceag|Other
Firmicutes|Clostridia|Jostridiales|lachnospiraceag
Firmicutes|Clostridia|Qostridiales|Lachnospiraceag Other
Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|
Firmicutes|Clostridia|Qostridiales|VeillonellaceagMegasphaera
Firmicutes|Clostridia]Jostridiales|VeillonellaceagVeillonella

Sl

-

Protecbacteria

Protecbacteria| Alphaprotesbacteria|Rhizobiales

Protecbacteria|Betaprotecbacteria
ProtecbacterialGammaprotecbacteriaEnterobacterides|Entercbacteriaceae|Citrobacter
Protecbacteria|GammaproteobacterialEnterobacterides|Enterobacteriaceae|Proteus
ProtecbacterialGammaprotecbacteriaEnterobacterides|Entercbacteriaceas|Trabulsiella
Protecbacteria|GammaproteobacterialPseudomonadales|Moraxellaceae

Bokulich et al., Sci Trans| Med 2016



Maternal high-fat diet changes microbiome of offspring
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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.



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

Environment: Diet:

» Hygiene/ Biodiversity hypothesis: farming, * Diet hypothesis
pet contacts, family size, infections, e Breastfeeding
antibiotic use, mode of delivery

Microbiome

Disease susceptibility:
allergy, autoimmune
diseases, IBD, diabetes,
obesity



Infections and Immune-Mediated Disease

Incidence of Infectious Diseases (%)
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Exposure to the correct diversity of microbes at the appropriate time



Diet and Immune-Mediated Disease
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Can diet-microbiota interactions modify immune regulatory mechanisms?



Total Excess Free Fructose Consumption in 2-9 years

5.29

ODDS
. 1
Ratio
<1lx 2-3 x 14 x 25 x
a month a month a week 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

Relative abundance (%)
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Early Life Microbial Dysbiosis Asociated with Atopy Risk
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A reduced diversity of gut microbiota at age 1 month is
predictive for atopic dermatitis

TAEBLE Il. Shannon diversity index of the total microbiota, dominant phyla, and significant genera in stool samples obtained at various
ages from infants who did or did not have atopic eczema during the first 2 years of life

Healthy
IR (n = 20), median IR P value*

Atopic eczema
in = 20), median

*\_/'
I wk
Total microbiota 1.59 133-1.77 1.58 1.42-1.83 J8
Firmicutes 081 048-1.27 0.86 0.51-1.10 53
Proteobacteria 0.15 0.03-0.30 032 0.05-0.37 A9
Actinobactena 0.29 0.07-0.41 0.27 0.10-0.37 58
B acteroidetes 0.02 0.00-0.51 0.20 (.00-0.39 Nalll]
1 mo
Total microbiota 147 1.16-1.66 1.69 1.53-2.15 004
Firmicutes 055 034-1.11 .61 0.44-092 g2
Proteobactenia (.15 0.06-0.35 027 0.12-0.33 29
Actinobactena 036 0.12-0.46 042 0.20-0.67 26
Bacteroidetes 0.05 0.00-0.36 048 0.08-0.60 0z
Bactemides species 0.01 0.00-0.28 044 0.08-0.49 01
12 mo
Total microbiota 290 225-3.30 262 2.22-327 B5
Firmicutes 231 1.71-2.58 1.589 1.49-2.39 A2
Proteobactenia 0.04 0.01-0.07 0.07 0.04-0.13 02
Actinobactena 021 0.11-0.41 0.17 0.02-0.38 43
Bacteroidetes 0.16 0.03-0.36 050 0.12-0.65 08

IOR, Interquartile range.
*Mann-Whitney L7 test.

Abrahamsson et al. JACI 2012




Antibiotic Use and Food Allergy

Table 2. Adjusted” associations of antibiotic orders with milk allergy at different ages of diagnosis up to age 7 years

Age at milk allergy diagnosis**

Diagnosed up to 300 days

Diagnosed after 300 days

Diagnosed up to 7 years

allergy diagnosest

Milk allergy cases
excluding cases with
another allergy
diagnosist

1-2 vs. none

1.35

0.84

0.98

1.64

1.23

0.87

(0.82 years) (0.82 years)
Antibiotic order Odds 95% confidence Odds 95% confidence | Odds ratio 95% confidence
count interval interval N interval
Milk allergy cases, 1-2 vs. none 143 )\ 0.97 2.09 1.51 1.04 221 [ 149 \ 1.5 1.96
with or without other | 31 vs.none \| 539 J 125 as9 \| 166 J 111 240 | 178 1.08 2.48

1.75

3+ vs. none

3.65

1.75

1.03

1.74

1.54

1.01

2.37

" Adjusted for Medical Assistance and race/ethnicity.
tIncludes milk allergy cases with and without diagnoses of other allergies: < 301 days includes 279 cases vs. 1395 controls; =300 days
includes 205 cases vs. 1025 controls; diagnosed up to 7 years includes 484 cases vs. 2420 controls.

TExcludes cases with a diagnosis of another allergy: < 301 days includes 200 cases vs. 1000 controls; =300 days includes 114 cases vs. 570
controls; diagnosed up to 7 years includes 314 cases vs. 1570 controls.

Hirsch et al., 2016 CEA




Probiotics and Food Allergy

Allergology International. 2012;61:107-113
DOI: 10.2332/ allergolint. 1 1-0A-0305

ORIGINAL ARTICLE m—

Prophylactic Probiotics Reduce Cow’s

Milk Protein Intolerance in Neonates
after Small Intestine Surgery and

Antibiotic Treatment Presenting

Symptoms That Mimics
Postoperative Infection

Shoichi Ezaki!, Kanako Itoh!, Tetsuya Kunikata!, Keiji Suzukil,

Hisanori Sobajima! and Masanori Tamura!

Probiotics (+)

Probiotics (-)

n=18 n=12 p-value
Gestational age, weeks 34.5 (23.5-38.4) 34.4 (26.4-40.0) 0.67
Birth weight, g 1978 (206-3646) 2004 (542-3522) 0.82
Age at surgery, days 4 (0-84) 1.5 (0-16) 013
Disease requiring surgery
Smaill intestinal atresia 12 10 0.42
Localized intestinal perforation B 2
Surgical procedure
Development of fistulae 11 B 0.71
Anastomosis 7 B
Mutrition
Age after surgery when enteral feeding was initiated, days 75(3-13) 6.0 (3-10) 0.06
Type of nutrition
Breast milk 7 5 1.0
Breast milk and formula or Artificial milk 11 7
Family history of allergic disegse 2011 2017 1.0
Cases of milk intolerance 1 (B) 8 (67) <0.001



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

dai: 10.1111/cea. 12253 Chinicol & Experimenta! ANerngy, 44, B42-850

OLRCIL Y. AR I B W Clinical Mechanisms in Allergic Disease 2015 Jehn ey & sors L

Low gut microbiota diversity in early infancy precedes asthma at school
age
T. R. Abrahamsson', H. E. Jakobsson®, A. F. Andersson®, B. Bjiorkstén®®, L Engstrand® and M. C. Jenmalm'®
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Gut microbiome and allergy

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

e 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



Diet hypothesis

Lifestyle changes in diet in westernised countries:

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




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

Linear |ogit (log-odds) of asthma
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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

rural African village of Burkina Faso European children

A

BF u Provatella
Hylanibactes
B Acetitormacuium

g % . W Acetitomaculum
w Faecalivactesium | Firmicutes w Faecalibacteriom S
Firmicutes

J Bacteraidetes EU Alistipes Bactercideles
® Bactercides

Subdolgranubusm ¥ Roseburia
Others Subdolgranulem
Qrhers

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



Gut microbiota metabolism of dietary fiber influences
allergic airway disease and hematopoiesis

Differential
cell number (x 10%)

Aurélien Trompette!, Eva S Gollwitzer!, Koshika Yadava!, Anke K Sichelstiel', Norbert Sprenger?,
Catherine Ngom-Bru?, Carine Blanchard?, Tobias Junt®, Laurent P Nicod!, Nicola L Harris* & Benjamin ] Marsland'

1.0 - - o Control diet 2.079 © Control diet
' glalale ontrol di — . . P
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e - ---- Naive
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Trompette et al. Nature medicine 2014



Infant diet and atopic dermatitis

*OR and 95%CI

900 - ® All ¢ no allergic parents A at least one allergic parent
1.50 -
1.00 - — - T
N L
0.50 - A 4
' =
0.00
yogurt vegetables or fruits

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

Roduit et al. JACI 2012



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

Results from the PASTURE/EFRAIM birth cohort:

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



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

2 main sources from the diet:

1) Eating fiber: the gut microbiota

will metabolize it by fermentation complex pla"tiﬂlysamha”des
iInto SCFAs v
Gut microbiota
2) Present in butter or yogurt v}
(Butyrate) ~ E KoL &
H,CH xma \CI ~
SCFA

Microbial metabolites



IMMUMNOLOGY

Feed Your T,.,. More Fiber

Fatty acid
Starch metabolites ——

- b2 oA -

Inflammatory response
is blocked

Bacterial metabolites fight intestinal inflammation. Commensal bacteria metabolize fiber and generate short-chain fatty
acids. These fatty acids are ligands for GPR43 expressed by T, cells and stimulate their expansion and immune-suppressive
properties such as the production of IL-10, thereby controlling proinflammatory responses in the gut.

» 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.
Julia Bollrath and Fiona Powrie, Science 2013



SCFA levels in fecal samples of children: PASTURE study
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Acetate Propionate Butyrate
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%



Health outcomes depending on the level of butyrate

Butyrate < 97P Butyrate = 97P
Health outcomes (<20.9 umol/g) n=754 ((220.9 umol/g) n=24
T n % n %
Asthma up to 6 years 57 9.1 1 5.0
Allergic rhinitis up to 6 years [y 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

. 14.
(cut off 0.7) 106 157 3 3



Level of SCFA and exposures

Butyrate < 97P Butyrate 2 97P
Exosures (<20.9 p.mol/g) n=754|(220.9 p.mol/g) n=24

_351 46-6 12 50-0
Contact to pets (cats or dogs) in 1% year 425 56.5 12 50.0

Antibiotic during pregnancy 174 23.2 2 8.3

Farm animal contact during pregnancy:
3or4 specues 83 11.5 3 13.6

| lor2species  EIENEENVE 12 54.6
298 4122 7 31.8
_

T S A 403~ 53.4 15 62.5
 Yogurt:yesvsno  [SVEREEEGE: 17 70.8
| Other milk products:yesvsno [ NVEW; 19 79.2
 Butter:yesvsno  [yVEEENE: 20 83.3
| Margarine:yesvsno SR 11 45.8
o R 497  66.4 16 66.7
R 444 59.4 14 58.3
| Meat (in first 9 months): yesvsno [ SEENNG:N 13 54.2
| Cereals (in first 9 months):yesvsno  [{VERYAE 15 62.5
| Vegetables/fruits (in first 6 mo): yes vs no  EZEREENVLR: 7 29.2

1

1



SCFAs and Allergen Sensitization

Proportion %

B Inhalant sensitisation at 4yrs

P< 0.05
50 | 439 43.9 44.6
40 -
30 - 25.0 25.0
20 -

12.5
10
RRNCH £ & o &
g P P S 7

(95P= 95th percentile)

Roduit & Frei et al., in preperation



Diagramm6

		43.9

		25

		43.9

		25

		44.6

		12.5



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
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Atopic Dermatitis

Proportion %
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Asthma

Proportion %
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dr_foodallerg_6c

Proportion %
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Inhalant sensitisation at 4yrs
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Food sensitisation at 4yrs
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Allergic airway inflammation model (ovalbumin, OVA)

with SCFA application

Alum +/- 10pg i.p.
inhalation
d-5 do d14 d21 d26-d28 d2
s> Analysis

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




Application of SCFA reduces BAL cells counts

p=0.004
80 - p=0.007
— Bl Control - NaCl
P=|Ei03 Bl Allergic-inflamm. - NaCl

60 7 Bl Allergic-inflamm - Acetate

1 Allergic-inflamm - Proprionate
1 Allergic-inflamm - Butyrate

x104 Cells in BAL
Y
-
|

Eos Neut Mac Lymph



Application of SCFA reduces airway hyper-reactivity
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T regulatory cells in the lungs
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Roduit & Frei et al., in preperation



SCFA enhances oral tolerance and protects against
food allergy

img FE + 10mg CT i.g.

Anaphylaxis Score

I 10mg PE i.g. img PE i.p.
| | | |
0 7 21 28
171 | |
| | 4 —
5 = 400 -
s
e ke 8 9 —
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Anaphylaxis score at day 28 Total IgE in serum Treg cells

Tan, J. et al. Cell Reports 2016



Cell Reports

Dietary Fiber and Bacterial SCFA Enhance Oral
Tolerance and Protect against Food Allergy through

Diverse Cellular Pathways

Graphical Abstract

High-fiber diet
Acetate / I Buty rate

.
@ GPT43 ' Microbiota

SRR gl

A

|Epithelium

Yitamin A

Th2 induction

Oral Tolerance

Promote Treg
©__ differentiation

CD103+ DC \ @
‘ Retinoic acid

Susceptibility to food allergy
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Jian Tan, Craig McKenzie,
Peter J. Vuillermin, ..., Reina E. Mebius,
Laurence Macia, Charles R. Mackay

Correspondence

laurence.macia@sydney.edu.au (L.M.),
charles.mackay@monash.edu (C.R.M.)

In Brief

Tan et al. examine the beneficial roles of
dietary fiber in peanut allergy using mice.
The authors find that this effect involves
reshaping of the gut microbiota as well as
increased levels of short-chain fatty acids
and activity of their receptors GPR43 and
GPR109a. High-fiber feeding also
increased tolerogenic CD103* DCs
activity, leading to increased Treg cell
differentiation.



Therapy versus Prevention
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FAB-Study
Food Allergy treatment with Butyrate




FAB — Study: interventional study on food allergy

¥ 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)




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 (1gG4, IgE, Basophil activation, Treg)

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