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Epidemological data 



Epidemiological approaches of the 
hygiene hypothesis 

1.  Geographical distribution 
  Countries/ Regions/Cities  
  Migrants 
  Correlation with socioeconomical 

 factors (notably, sanitary conditions) 
  Effect of farming and pets 

2.  Order of birth (modalities of delivery) 
3.  Number of infections 



Adapted from : www.atlasofms.org 

Prevalence  
per 100,000 (2007) 

High (> 60) 

Intermediate (20 - 60) 

Low (0 – 20) 

No estimate 

MULTIPLE SCLEROSIS 



Adapted from : www.eatlas.idf.org 

Incidence  
per 100,000 children  
(0 – 14years) 

High (> 16) 

Intermediate (8 – 16) 

Low (0 – 8) 

No estimate 

TYPE 1 DIABETES (INCIDENCE IN CHILDREN 0 – 14 YEARS) 



Incidence rate  
per 100,000 (2004)  

High (≥ 100) 

Intermediate (25 – 99) 

Low (0 – 24) 

No estimate Adapted from : wwwn.cdc.gov 

TUBERCULOSIS INCIDENCE RATE 



Risk level 
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HEPATITIS A VIRUS ANTIBODIES PREVALENCE 

Adapted from : wwwn.cdc.gov 
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RISK AREAS FOR CHILDHOOD DIARRHEA 





PREVALENCE OF SELF-REPORTED LIFETIME ASTHMA IN  
YOUNG WHITE AND SOUTH ASIAN WOMEN 

C.E. Kuehni et al. Clin Exp All 2007, 37: 47  



MJ Ege et al. New Engl J Med 2011; 364:701-9 



The role of hygiene on 
establishment of the gut microbiota 



C De Filippo et al. Proc. Natl. Acad. Sci. USA 2010; 107:14691–96  

IMPACT OF DIET IN SHAPING GUT MICROBIOTA 
REVEALED BY A COMPARATIVE STUDY IN CHILDREN 

FROM EUROPE AND RURAL AFRICA 



Lin et al. PLoS ONE 2012; 8: e53838 





Mulder et al. BMC Biology 2009; 7:79 



Mulder et al. BMC Biology 2009; 7:79 



FACTORS AFFECTING MICROBIOTA 
COMPOSITION IN EARLY LIFE 

Diet 
  carbohydrate vs Fat 
  calories 
  breast feeding 

Hygiene/Sanitation 
  perinatal antibiotics 
  mode of delivery 

Other factors 
  geography 
  climate 
  life style 
  genetics 



Nature. 2014 Jan 23;505(7484):559-63. doi: 10.1038/nature12820.  
Epub 2013 Dec 11. 



FACTORS CONTRIBUTING TO THE 
APPEARANCE OF INFECTIONS 

Sources of pathogenic 
agents 
 - drinking water 
 - food (cold storage) 
 - climate 
 - housing conditions 

Anti-infectious  defense 
 - genetic factors 
 - nutrition 
 - antibiotics 
 - vaccination 



A Kondrashova et al. Ann Med 2005;37:67-72 



L von Hertzen et al. Allergy 2007; 62: 288–92 



Correlation between gut 
microbiota reduced diversity and 

dysimmune diseases 



C.T. Brown et al., PLoS ONE  2011,  6: e25792 

GUT MICROBIOME METAGENOMICS ANALYSIS AND 
DEVELOPMENT OF AUTOIMMUNITY : THE CASE OF 

TYPE 1 DIABETES 



C. Brown et al. PLoS ONE 2011;6:e25792 



Nylund et al. BMC Microbiology 2013, 13:12 



Spontaneous IDDM in NOD mice 
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L Yurkovetskiy et al. Immunity 2013; 39: 400-12 



M→F recipients  
(n = 38)  

F→F female recipients  
(n = 30)  

NOD Controls 
(n = 59)  

Gavage of female NOD pups with male  
NOD-derived intestinal microbiome 

JGM Markle et al. Science 2013;339:1084-8 



Direct evidence for a role of gut 
microbiota in the control of 

dysimmune diseases 



Russell et al. EMBO Reports  2012, 13: 440-447 



EFFECTS OF THE GERM FREE STATUS ON 
AUTOIMMUNE DISEASES 
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(NOD mice) 

EAE 

Arthritis 

Variable 

Conventional 

Transgenic TCR 

CIA 

KBxN 



PROBIOTICS IN GF MICE 

Segmented Filamentous Bacteria       TH17 cells (IL-17) 

Clostridium 
Bacteroides fragilis    Treg, IL-10 

VSL#3      No Effect 





PREVENTION OF EXPERIMENTAL AUTOIMMUNE 
DISEASES BY PROBIOTICS 

NOD Mice  VSL#3 

BB Rats  Lactobacillus Johnsonii 

EAE   Bifidobacterium animalis 
   Lactobacillus plantarum + Lactobacillus casei 

CIA   Lactobacillus rhamnosus 



PROBIOTICS PROTECT 
FROM AUTOIMMUNE DIABETES  

Daily administration of Probiotics: (1) 1.109 bacteria/mouse 

                                                      (2) 5.109 bacteria/mouse	





Treatment effect of Lactobacillus GG  
on atopic dermatitis 

The Lancet, 2001 
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The major role of pathogens 





PREVENTION OF IDDM IN NOD MICE 
BY INFECTIOUS AGENTS 

Bacteria   streptococci 
    salmonella 
    mycobacteria (CFA, BCG, …) 

Viruses   LCMV 
    MHV 
    LDHV 

Parasites   schistosoma 
    pimworms 
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B. M. Greenwood  et al, Science, 1970 



Alyanakian et al. Diabetes. 2006, 55:179-185 



DIABETES PROTECTION BY OM-85  

p<0.001 
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Underlying mechanisms :  
the major role of Toll-like receptors 



Proc. Natl. Acad. Sci (USA) 2010;107:12204-209 

TLR2 DEPENDENCY OF THE PROTECTIVE 
EFFECT OF PSA ON COLITIS AND  

CYTOKINE PRODUCTION 



PROBIOTICS PROTECTION FROM ALLERGIC 
ASTHMA IS IL-10-DEPENDENT  
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CYTOKINE DEPENDENCY OF THE OM85-INDUCED 
DIABETES PROTECTION 



PRODUCTION OF IL-12 BY OM-85 IS ABOLISHED  
IN DENDRITIC CELLS FROM MYD88-DEFICIENT MICE 
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THE PROTECTIVE EFFECT OF om-85 (BV) ON ALLERGIC 
ASTHMA IS TLR-DEPENDENT 

S Navarro et al. Mucosal Immunology  2011; 4: 53-65 



PROBIOTICS-INDUCED PROTECTION IS 
MyD88-DEPENDENT  



Immune response of dendritic  
cell to TLR agonists 
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 EFFECT OF PAMMET TREATMENT ON THE 
INCIDENCE OF DIABETES IN FEMALE NOD MICE  



EFFECT OF POLY (I:C) TREATMENT ON THE 
INCIDENCE OF DIABETES IN FEMALE NOD MICE  



p <0.05 

p <0.05 

Thieblemont N et al. PLoS ONE 2010, 5(7): e11484 

p <0.05 

PROTECTION BY TLR AGONISTS 
AND IMMUNOREGULATION 



Thieblemont N et al. PLoS ONE 2010, 5(7): e11484 

EXACERBATION OF ALLERGIC ASTHMA 
IN MyD88 INVALIDATED NOD MICE 



Conclusions 

1.  High hygiene predisposes to the development of 
autoimmune, allergic and inflammatory bowel 
diseases 

2.  The respective role of commensals and pathogens 
is ill-defined but most likely both of them are 
involved 

3.  A common major mode of action of commensals 
and pathogens involves TLR stimulation 


