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-­‐	
  Less	
  hay	
  fever	
  and	
  atopic	
  derma44s	
  among	
  children	
  
with	
  siblings,	
  large	
  families,	
  having	
  most	
  likely	
  more	
  
infec4ons	
  by	
  contact	
  as	
  single	
  children.	
  	
  
	
  
-­‐	
  Evidences	
  from	
  various	
  studies	
  suggested	
  that	
  “the	
  
hygiene	
  hypothesis”	
  plays	
  a	
  large	
  role	
  in	
  the	
  allergy	
  
epidemic.	
  

The	
  hygiene	
  hypothesis	
  



Farm	
  environment	
  protects	
  against	
  allergies	
  

Riedler et al. Lancet 2001 



Prenatal	
  exposure	
  to	
  an	
  increasing	
  number	
  of	
  farm	
  
animal	
  species	
  protects	
  against	
  atopic	
  derma<<s	
  

Roduit et al. JACI 2011 



Ege et al. NEJM 2011 

Exposure	
  to	
  a	
  large	
  diversity	
  of	
  microbes	
  reduces	
  
the	
  risk	
  of	
  asthma	
  



Early	
  postnatal	
  environment:	
  increased	
  diversity	
  
of	
  food	
  introduced	
  in	
  the	
  1st	
  year	
  protects	
  against	
  
asthma	
  

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

Roduit et al. JACI 2014 



Lifestyle	
  changes	
  in	
  westernised	
  countries:	
  
Reduc<on	
  of	
  consump<on	
  of	
  fiber	
  in	
  industrialized	
  
countries	
  compared	
  to	
  developing	
  countries	
  

- In industrialized countries:  
average consumption of fibers: 20-25 g per day 
 
- While in developing countries:  
100 g per day, (great consumption of vegetal 
products)  



Impact	
  of	
  diet	
  on	
  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. 
 
 
- Among children from Africa: a lower 
prevalence of allergic diseases was 
observed compared with the prevalence 
seen in children from western Europe 
 

De Filippo C, et al. Proc Natl Acad Sci U S A 2010 
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Cells: 
-  10% human  
-  90% microbes 
 
-> Microbiota = micro-organism within a  
given niche 

- Ley R., et al.  Ecological and evolutionary forces shaping microbial diversity in the human intestine. Cell 2006 
- Qin J., et al.  A human gut microbial gene catalogue established by metagenomic sequencing. Nature 2010 

Genes: 
- 1% human 
- 99% microbes 

-> Microbiome = all the genetic material of 
micro-organisms within a given niche 

Human	
  microbiome	
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Human	
  
microbiome	
  

Curtis Huttenhower and Nicola Segata, Harvard School of Public Health; National Institutes of Health Human Microbiome Project 
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Are	
  we	
  born	
  with	
  bacteria?	
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Are	
  we	
  born	
  with	
  bacteria?	
  



-­‐	
  Crohn’s	
  disease	
   	
   	
  Diversity	
  decrease	
  –	
  reduced	
  F.	
  prausnitzii	
  
-­‐ 	
  Ulcera4ve	
  coli4s	
  	
   	
   	
  Diversity	
  decrease	
  –	
  reduced	
  A.	
  muciniphila	
  
-­‐ 	
  Irritable	
  bowel	
   	
   	
  Increased	
  Dorea	
  and	
  Ruminococcus	
  
	
  	
  	
  	
  	
  	
  syndrome 	
   	
  	
  
-­‐ 	
  Clostridium	
  difficile	
   	
  Strong	
  diversity	
  decrease	
  
	
  	
  	
  	
  	
  	
  infec4on 	
   	
  	
  
-­‐ 	
  Obesity 	
   	
   	
  Specific	
  bacterial	
  ra4os	
  (Bacteroidetes/Firmicutes)	
  
-­‐ 	
  Colorectal	
  cancer 	
   	
  Varia4on	
  in	
  Bacteriodes	
  spp	
  
-­‐ 	
  Celiac	
  disease 	
   	
  Altered	
  composi4on	
  
-­‐ 	
  Allergy,	
  asthma 	
   	
  Altered	
  diversity 	
   	
  	
  
-­‐ 	
  Diabetes 	
  	
  
-­‐ 	
  Mental	
  health	
  disorders	
  
-­‐ 	
  Alzheimer 	
   	
   	
  	
  

Low	
  diversity	
  of	
  the	
  microbiome	
  appears	
  to	
  
be	
  less	
  healthy	
  	
  

Gut	
  microbiota	
  altera<ons	
  are	
  associated	
  with	
  
diseases:	
  





Ellekilde M. et al. Transfer of gut microbiota from lean and obese mice to antibiotic-treated mice. Scientific Reports 2014 

Transferring	
  the	
  gut	
  microbes	
  of	
  mice	
  treated	
  with	
  low	
  dose	
  of	
  penicillin	
  from	
  
early	
  life	
  into	
  germ-­‐free	
  mice	
  results	
  in	
  weight	
  gain	
  in	
  the	
  recipient	
  mice	
  

Gut	
  microbiota	
  and	
  obesity	
  



Bailey LC. et al. Association of antibiotics in infancy with early childhood obesity. JAMA Pediatr. 2014 

An<bio<c	
  exposure	
  during	
  the	
  first	
  24	
  months	
  
promotes	
  obesity	
  later	
  in	
  life	
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Microbiome	
  

Immunity	
  and	
  
metabolism	
  

Disease	
  suscep<bility:	
  
IBD,	
  diabetes,	
  obesity,	
  
allergy,	
  autoimmune	
  

diseases…	
  

Gene4cs	
  

Environment:	
  
-­‐	
  diet,	
  mode	
  of	
  delivery,	
  family	
  
size,	
  an4bio4c	
  use,	
  farm	
  
animal	
  /pet	
  contacts,…	
  	
  

Gene	
  expression	
  

Biodiversity	
  and	
  health	
  



Von Hertzen L., et al. Annals of Medicine 2015  

The	
  biodiversity	
  hypothesis	
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Von Hertzen L., et al. Annals of Medicine 2015  

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

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. 
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