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The Bacterial Colonisation and the Feeding 
in the Early Stage: Why it matters ?  



• It initiates the mucosal immune system 
rendering it able to favour the HOST 
DEFENCE but in the same time the 
DIETARY ANTIGEN TOLERANCE

The Bacterial Colonisation and the Feeding 
in the Early Stage: Why it matters ?  



• It initiates the mucosal immune system 
rendering it able to favour the HOST 
DEFENCE but in the same time the 
DIETARY ANTIGEN TOLERANCE

• An adequate presentation of the dietary 
antigen to the mucosa in the early stage is 
likely to be a CRUCIAL STEP in 
optimising this tolerance to the 
DIETARY ANTIGEN. 

The Bacterial Colonisation and the Feeding 
in the Early Stage: Why it matters ?  



The Bacterial Colonisation of 
the NeonatalIntestine

is mandatory 
to get Diet Antigen Tolerance
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The Fetus and its Immunological 
protection….



Warner JO
Arch Dis Child 
2004;89:97



Warner JO
Arch Dis Child 
2004;89:97



The Process of Birth triggers  a 
dramatic Immune Induction at the 
Sterile Intestine Mucosal level…

….a challenging step initiated by 
the Invasive Microbiotia….



Physiological Fetal Immune Imbalance 
to be corrected by invasive bacteria 

in the Early Stage

Th1,Th17 impulse and up-regulation 
of CD4+ iT reg cells (Bystander Suppression)
in a progressively increased TGF-ββββ immune 

climate.
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Crucial role of bacteria to induce HOST 
DEFENCE but also in the same time to 

get DIET ANTIGEN TOLERANCE ……

……but, how can it be possible to get this 
opposite effect at the mucosal level ….

….how does it work ?  
which Actorsare involved in the process of 

the dietary antigen tolerance ?



…….. 3 Challenging Steps (a, b, c) to 
Get the Dietary Antigen

Tolerance…... 

From experimental studies but which
tend to be recently confirmed in 

HUMANS ……..
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Zheng Y and Rudensky AY.
Nature Immunol 2007;8:457.
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Newberry et al Nature Med 1999; 5: 900





Broere et al Mucosal Immunology 2009;2:254.



Chen W  
Nature Immunol
2011;12:809



Insoft RM, Sanderson IR & Walker A 
Pediatr Clin N Am 1996;43:551JPL, NICU, Rocourt



Immunological Immaturity in Early Life

(CD103+CX3CR1- or CD11b+CX3CR1+)

• Limitations of the Innate immune response
- Immature APC function
- Adenosine antagonises TLR-mediated cytokines production

• Limitations of early life antibody responses
- Limited responses to protein antg’s, to PS and LPS antg’s    
- Influence of maternal antibodies

• Limitations of T cell responses
- Reduced expression of MHC class II
- Defective IFN-gamma secretionand low Th-17 activation
- CD4+/CD25+ T reg’s fully functional and abundant

• Limitations in mucosal immunity
- Deficiency in BPI (bactericidal/permeability-increasing protein)

- Limited sIgA’s synthesis in the first months (IgM’s)
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Our modern perinatal ways of care 
badly interfere with the bacterial
colonisation at birth….. and could

favour immune deviances….  
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Marra et al, Chest 2006;129:610. 
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Exclusive Breast- Feeding  :  Optimising Bacterial/Mucosal Interface 

� Glycoproteins {κκκκ Casein (N-Acetyl-Glucosamine)}

� Mono-oligosaccharides, GOS, ….

� Low protein level

� High lactose concentration

� Low phosphate concentration

� Virtually all known immune components/nutriments found in       
HM are relevant for specific protective action on the epithelial cell

� Of outstanding interest: sCD14, Il-10,  TGF-β, (S)IgA.

� Whey proteins (Lactoferrin, Lysozyme, Defensins, EGF, PAF-AH..)

� Osteoprotegerin, adiponectin, 

� PUFA’s

Bifidogenic Factors

Biologically active Components

Immunomodulating Components



Jones et al 
J Allergy Clin Immunol
2002;109:858.



THE BEST WAY TO PROGRESS WITH THE INFANT FEEDING 
IN ORDER TO FAVOUR THE DIETARY ANTIGEN TOLERANCE:

NEW DATA FROM EXPERIMENTAL STUDIES 



Nature Immunol2008; 14: 170.

• Exclusive Breast-feeding is the best way by 
which the Antigen Epitopes are presented to the 
infant intestinal mucosa(Verhasselt et al, Nature Immunol
2008;14:170)  

• Whatever the postnatal age (preferably not 
before 4 months), the dietary diversification 
should progress ahead according to the 4 points 
rule: 1) antigen in very slow amount; 2) daily
repeated; 3) increased; 4) very progressively
(Friedman A. Ann NY Acad 1996;778:103; Williamson et al J 

Immunol 2002;169:3606; Mahic et al Eur J Immunol 2008;38:640).



Nature Immunol2008; 14: 170.



Nature Immunol2008; 14: 170.

Breast milk-mediated transfer of an antigen to the neonate results in oral 
tolerance induction leading to antigen-specific protection from allergic 
airway disease. 



Nature Immunol2008; 14: 170.

Breast milk-mediated transfer of an antigen to the neonate results in oral 
tolerance induction leading to antigen-specific protection from allergic 
airway disease. The presence of TGF-β in breast milk together with the 
antigen was needed and mandatory to get this tolerance .



Verhasselt et al J Pediatr  2010; 156: S16.

Hypothesis emerging from Verhasselt’s studies: to be confirmed in humans



« This study may pave the way 
for the design 

of new strategies to prevent 
the development of allergic diseases…... such as 

deliberate exposure of mothers to allergens 
during breastfeeding …. {to try enhancing their 

tolerance to the progeny}.»

Author’s sentence :

Verhasselt et al J Pediatr  2010; 156: S16.



• Exclusive Breast-feeding is the best way by 
which the Antigen Epitopes are presented to the 
infant intestinal mucosa(Verhasselt et al, Nature Immunol
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• Whatever the postnatal age (preferably not 
before 4 months), the dietary diversification 
should progress ahead according to the 4 points 
rule: 1) antigen in very slow amount; 2) daily
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Recommendations are needed to ameliorate Infant Bacterial  
Colonisation of the Intestine as well as the Mode 

of Presentation of the Dietary Antigen to the Intestine Mucosa  
= PUBLIC HEALTH IMPACT IN ALLERGY PREVENTION

• Prefer vaginal delivery when possible

• Exclusive breast feeding as long as possible
⇒ optimal immune response after optimal mucosal microbial stimulation

⇒ allows low early diet antigen stimulation on immature mucosa

• Progressive introduction of complementary foods

= not before four or six months = according to the 4 points rule

• Rationale use of antibiotics and anti-COX’s:
⇒ restriction in the early stage when possible

⇒ avoid excessive use of broad spectrum AB (esp. in prophylaxis).
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EpigeneticsEpigeneticsEpigeneticsEpigenetics can be defined 
as mitotically and 

meiotically heritable 
changes in gene changes in gene changes in gene changes in gene 

expressionexpressionexpressionexpression that do not 
involve a change in the 

DNA sequence.



The control of 3 epigenetic stable process (environmental factors) 
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Early life environment 

“Stress” response signaling 

Epigenetic changes  

Inter-individual epigenetic 

Gene expression programming variation 

Phenotypic variation
Health disease and behavioral pathologies  

Szyf M.   Acta Paediatrica 2009;98:1082.



EPIGENETIC MODIFICATIONSEPIGENETIC MODIFICATIONSEPIGENETIC MODIFICATIONSEPIGENETIC MODIFICATIONS

could be issued from 
an inadequate bacterial 

interface and/or diversity at 
the intestinal sub-mucosal 
level in the early stage ….. 

……leading to

IMMUNE DEVIANCESIMMUNE DEVIANCESIMMUNE DEVIANCESIMMUNE DEVIANCES later on....



CD103+CX3CR1- or
CD11b+CX3CR1+ 

APC (myeloïd 
or 

plasmacytoïd)

B7-1/2

CD28

CD4+
NaïveTcell

MHC

Class II

Th17

Il-17
Il-22

CD4+CD25+

T-reg’s   

TGF-β
Foxp3

TGF-βTGF-β
Il-6
Il-21ROR-γγγγt

TLR’s 
2,4,5,9

dectin-1 = defence 
= tolerance

Costimulation or not 

Th1

IFNγγγγ
Il-2
Il-12

IFN-γ
Il-12

T-bet

Th2 Il-4GATA-3

Il-4
Il-5
Il-6

hypersensitive
=  site to epigenetics

modifications 

Th3   

Tr1   

Il-10

TGF-β

TGF-β
Il-27

TGF-β

T-reg’s

= diet antigen 

= LPS antigen 

IMMUNITY
Th subsets

TOLERANCE
nT-regs and iT-regs

subsets

IDO

COX2’s

CTLA-4



Lee et al Immunology 2006;24:369.

Hypersensitive sites to Epigenetic modifications 
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