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Learning objectives

• The human microbioma: influences on natural immunity

• The human microbioma: influences on adaptive immunity

• Illustrate the GLAD-p recommendations for the use of probiotics
in allergy prevention
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Why probiotics in pediatric allergy? 

• In Italy, trust in probiotics’ ability to promove immune health is driving
the market 

• This opens new opportunities to companies who want to expand their
probiotic range

• The already massive market of probiotic supplemens grew from 
€143m to €219m in just five years, between 2008 & 2012 

• By contrast, North America recorded €206m sales

• In Italy, the market is expected to grow to €279m by 2015 (a rise of 28 
per cent)

http://www.nutraingredients.com/Industry/Fast-paced-Italians-swell-probiotic-market



Why probiotics in pediatric allergy? 

• Italians are big with probiotic yogurth, which accounts for €415m

• By contrast, North America recorded €403m sales

• In Italy, yougurth grabs a 91% share of the functional food market

http://www.nutraingredients.com/Industry/Fast-paced-Italians-swell-probiotic-market



Probiotics: a concern for allergist

• Probiotics, originally conceived for treatment of gastrointestinal 
diseases and later applied to allergy prevention, are increasingly 
proposed for the treatment of allergic disease.

• A matter of concern for allergists because the translation from 
possible prevention effects to therapeutic efficacy remains to be 
demonstrated.

Fiocchi A, Burks W, Bahna SL, Bielory L, Boyle RJ, Cocco R, Dreborg S, Goodman R, Kuitunen M, Haahtela T, 
Heine RG, Lack G, Osborn DA, Sampson H, Tannock GW, Lee BW; on behalf of the WAO Special Committee on 

Food Allergy and Nutrition. Clinical Use of Probiotics in Pediatric Allergy (CUPPA): A World Allergy 
Organization Position Paper. World Allergy Organ J. 2012; 5:148-67
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Fiocchi A, Burks W, Bahna SL, Bielory L, Boyle RJ, Cocco R, Dreborg S, Goodman R, Kuitunen M, Haahtela T, 
Heine RG, Lack G, Osborn DA, Sampson H, Tannock GW, Lee BW; on behalf of the WAO Special Committee on 

Food Allergy and Nutrition. Clinical Use of Probiotics in Pediatric Allergy (CUPPA): A World Allergy 
Organization Position Paper. World Allergy Organ J. 2012; 5:148-67



Men & microbes

Microbes are ubiquitous in the biosphere

Microbes have existed and evolved over 3.8 billion years

The intestinal tract of humans harbors 100 trillion cells

The number of human cells x 10

GI microbiota: bacteria, archaea, eukarya, and viruses

Dave M. The human gut microbiome: current knowledge, 
challenges, and future directions. Transl Res. 2012;160:246-57



Microbes in the human gut



How does the body recruit a microbiome? . 

• Humans are born mostly microbially sterile 

• Founding microbiota acquired during delivery from vaginal canal

• Babies born via Caesarean section have an initial microbiota 

dominated by bacteria associated with the skin 

• The limited neonatal microbiota increases in diversity as 

environmental exposure accumulates with age. 

Lax S. Our interface with the built environment: immunity and the 
indoor microbiota. Trends Immunol. 2015;36:121-3



Infancy is a time of great plasticity for the developing microbiota

Neonatal antibiotic treatment induces changes in the microbial 

metabolome

promotes obesity 

 and depletes mucosa-associated bacteria crucial for fortifying the 

epithelial barrier to prevent allergic sensitization to food

Lax S. Our interface with the built environment: immunity and the 
indoor microbiota. Trends Immunol. 2015;36:121-3

How does the body recruit a microbiome? . 



Men & microbes

Dave M. The human gut 
microbiome: current knowledge, 

challenges, and future directions. 
Transl Res. 2012;160:246-57



The microbiota of an individual stabilizes with adulthood 

Continues to be shaped by environmental stimuli 

The intestinal microbiota of modern urban settings differs from that 

of rural pre-industrialized societies 

Diabetes

 Inflammatory bowel disease

Obesity

Allergies

 asthma. 
Lax S. Our interface with the built environment: immunity and the 

indoor microbiota. Trends Immunol. 2015;36:121-3

How does the body recruit a microbiome? . 



Human microbiota & hygiene hypothesis

Therefore,   hard to understand 

1. how each compartment problem should be addressed
2. by which microorganism
3. at what time in the disease process
4. at what dose 
5. for how long,

.

Fiocchi A, WAO Special Committee on Food Allergy and Nutrition. Clinical Use of Probiotics in Pediatric
Allergy (CUPPA).  World Allergy Organ J. 2012; 5:148-67



Effects of the probiotics in allergy 

Probiotics do not sustainably alter the intestinal microbiota 

They may stimulate some form of evolutionarily conserved 
homeostatic mechanism of tolerance opening the way towards 

- prevention 

- treatment. 

The WAO Special Committee on Food Allergy. Clinical Use of Probiotics for Paediatric Allergy (CUPPA). 
A WAO position paper, WAO Journal 2012; 5:148–67

The idea that supplemental
probiotic bacteria can be used to 
manipulate allergy omoeostatic

mechanisms remains a hypothesis
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 pathogen-associated molecular patterns (PAMPs) 

metabolic by-products

PAMPs (LPS) induce antimicrobial peptides (RegIIIg) from IEC

 flagellin is recognized by CD103+ lamina propria DCs

 innate lymphoid cells (ILC) secrete IL-22,

 IL-22 induces antimicrobial peptides (AMPs) 

Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence on the innate immune responses
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 pathogen-associated molecular patterns (PAMPs) 

metabolic by-products

PAMPs (LPS) induce antimicrobial peptides (RegIIIg) from IEC

 flagellin is recognized by CD103+ lamina propria DCs innate 

lymphoid cells (ILC) secrete IL-22 antimicrobial peptides (AMPs) 

Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota induce antimicrobial peptides from IEC
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Microbiota activates the NOD-like family receptors (NLRs)

 IL-18 production

 SCFA activates the G protein-coupled receptor (GPR)

 IL-18 production

 SCFAs (e.g. acetate by Bifidobacterium) induce antiapoptotic

response in the IEC

promote epithelial cell barrier function

Microbiota-derived sphingolipids presented on CD1d by DC ↓ 

colonic invariant natural killer T cells (iNKT) development. 
Kabat AM. Modulation of immune development and function by 

intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota induces IL-18 from IEC
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Bacterial antigens through M cells

B cell activating factor of the TNF family (BAFF) 

proliferation–inducing ligand (APRIL) 

 transforming growth factor (TGF)-β

 B cells  (Ig) A+ plasma cells 

Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota induces IgA plasma cells



Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence on the adaptive responses



 follicular dendritic cells (FDC) in the Payer’s patches  TGF-β

differentiation of B cells into IgA+ plasma cells

 innate lymphoid cells (ILC), membrane bound lymphotoxin

(LTa1b2)  DC  T cell-independent IgA induction. 

 soluble form of ILC-derived lymphotoxin (sLTa3)  T follicular 

helper (Tfh) population  T cell homing to the lamina propria

T cell-dependent IgA induction

Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota drives IgA induction



Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence on the adaptive responses



 Segmented filamentous bacteria (SFB), in close contact with IEC, 

 serum amyloid A (SAA)  DC   T helper (Th) 17. 

Presentation of SFB antigens by DC on major histocompatibility 

complex (MHC)  Th17 induction

 interleukin (IL)-1β production by mononuclear phagocytes 

promotes Th17 differentiation

ATP produced by certain commensals  DCs and  induction of 

Th17 cells. 

Th17 cells can differentiate into Tfh cells  contribute to IgA 

production. Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota promotes Th17 differentiation



Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence on the adaptive responses



Polysaccharide A (PSA) produced by Bacteroides fragilis

 toll-like receptor (TLR) 2  Treg differentiation 

 DCs  Treg differentiation 

SCFA  

 via G protein-coupled receptor (GPCR)  Treg cell generation 

 via IEC  Treg cell generation 

Clostridium species (clusters IV, XIVa, and XVIII)  TGF-β production 

in IEC,  Treg differentiation in the colon.

Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence Treg



Kabat AM. Modulation of immune development and function by 
intestinal microbiota. Trends Immunol. 2014;35:507-17 

Microbiota influence on the adaptive responses
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Vaughan VT. Primer of allergy. Mosby, St Louis MO, 1939
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Proposals for reducing the risk of food allergy

Marrs T. Is there an association between microbial exposure and food allergy? A 
systematic review. Pediatr Allergy Immunol. 2013;24:311-320
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Lactobacillus GGPlacebo

Kalliomaki M. Probiotics and prevention of atopic disease: a randomised 
placebo controlled trial. Lancet 2001; 357:1076-79

Reduction of AD by 50%



Probiotic & prevention of allergic disease
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High risk for allergy in a child =  

- a biological parent or sibling with existing or history of 
- allergic rhinitis, 

- asthma, 
- eczema,

- food allergy.

Who are the high-risk children? 

WAO / McMaster working group. GuideLines for Allergic Disease Prevention. 
WAO Journal, 2015; 8:3, 28 January 2015 



The WAO guideline panel suggests using probiotics in 
pregnant women at high risk for allergy in their children

Considering all critical outcomes  net benefit resulting 
primarily from prevention of eczema 

Pregnancy 

WAO / McMaster working group. 
GuideLines for Allergic Disease Prevention. 

WAO Journal, 2015; 8:3, 28 January 2015 



The WAO guideline panel suggests using probiotics in women 
who breastfeed infants at high risk of developing allergy 

Considering all critical outcomes  net benefit resulting 
primarily from prevention of eczema 

Breastfeeding 

WAO / McMaster working group. GuideLines for Allergic Disease 
Prevention. WAO Journal, 2015; 8:3, 28 January 2015 



The WAO guideline panel suggests using probiotics in infants 
at high risk of developing allergies 

Considering all critical outcomes  net benefit resulting 
primarily from prevention of eczema 

Infants 

WAO / McMaster working group. GuideLines for Allergic Disease 
Prevention. WAO Journal, 2015; 8:3, 28 January 2015 
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The deep changes in lifestyle deeply influences the human 
microbiota

These changes impact on immune system

… diabetes
…. IBD

… celiac disease
… autoimmune diseases

… obesity

Conclusions - 1



Current recommendations for allergy prevention:
1. avoidance of cigarette smoke
2. promotion of breastfeeding 
3. use of hydrolysed formula

GLAD-p recommendations on probiotics: 

1. in pregnant women  

2.  in breastfeeding women

3. in breastfed infants 

Conclusions - 2 





Allergy Prevention 
can be achieved 

without giving up 
the benefits of civilization


