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Determinants of Allergic Disease

• Rapid rise in prevalence must relate to changes in the environment

• Understanding the environmental factors leading to allergic disease 

can aid the development of prevention and treatment strategies 



Environmental Influences

• Microbial exposures in early life
– Hygiene hypothesis

– Intestinal microbiota

– Probiotics and Prebiotics

• Breastfeeding

• Timing of exposure to food allergens

• Vitamin D / UV exposure

• Immunomodulatory dietary factors
– Omega-3 fatty acids

– Folate?

• Pollutants



Prevention of Allergic Disease

• Prevention guidelines…. for babies at INCREASED RISK 

of allergic disease (family history of allergic disease)

– Breastfeed for at least 6 months

– If unable to breastfeed in first 4-6 months, introduce hydrolysed 

formula (in Australia, partially hydrolysed HA formulas) 

– Introduce complementary foods from 4-6 months

– Avoid exposure to cigarette smoke

– Elimination diets during pregnancy or lactation not recommended

• ASCIA infant feeding guidelines….  for ALL babies

– Breastfeed for at least 6 months

– Introduce foods from 4-6 months

– This applies to all foods

– This applies to babies with eczema



Benefits of breast milk and breastfeeding 

• Breast feeding helps the emotional bond between mother and child 

and contributes to the emotional development of the infant

• Breast milk is nutritionally complete for infants from 0 to 6 months    

- contains all the nutrients a baby needs for growth and    

development & is easily digested

• Breast milk contains large number of immune factors such as 

immunoglobulins, cytokines, prebiotics etc that assist in gut 

maturation, physiological development and immunity

- Breast fed babies have fewer and less severe infections

• Breast feeding may lower risk of developing chronic diseases such as 

childhood obesity, diabetes, CVD in later life 

• Breast milk promotes a healthy gut microbiota

- Higher numbers of ‘good’ bacteria, fewer pathogenic bacteria

Benefits of breastfeeding and breast milk



Breast feeding and Prevention of Allergic Disease

• Systematic Reviews fail to show a protective effect for 

breastfeeding in prevention of allergic disease 1

• Studies with longer term follow up show increased risk for food 

allergy, asthma, rhinitis 2-5

• Methodological issues with breastfeeding studies

– Unethical to randomise breastfeeding as an intervention

– Recall bias and reverse causation

– Variable definitions of breastfeeding and allergic outcomes

– Failure to adjust for confounding factors

• Risk factors for allergic disease

• Study population – allergic disease risk, breast milk composition

1. Yang YW et al. Br J Dermatol 2009;161: 373 

2. Matheson MC et al. J Allergy Clin Immunol 2007;120: 1051-1057 

3. Rusconi F et al. Am J Respir Crit Care Med 1999;160: 1617-1622 

4. Wright AL et al. Thorax 2001;56: 192-197 

5. Sears MR et al. Lancet 2002;360: 901-907 



Systematic Reviews show no beneficial effects for 

breastfeeding in prevention of allergic disease

Yang YW et al. Br J Dermatol 2009;161: 373 
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Breast Milk Immune Factors

Compounds with immunological properties in human milk 
 
Anti-microbial compounds   Immune development  
Immunoglobiuines: sIgA, SIgG,   compounds 
 SIgM      Macrophages 
Lactoferrin, lactoferrin B and H   Neutrophils 
Lysozyme      Lymphocytes 
Lactoperoxidase     Cytokines 
Nucleotide-hydrolizing    Growth factors 
Antibodies      Hormones 
к-casein and α-lactalbumin    Milk peptides 
Haptocorrin      Long-chain polyunsaturated 
Mucins       fatty acids 
Lactadherin      Nucleotides 
Free secretory component    Adhesion molecules 
Oligosaccharides and pre- 

biotics      Anti-inflammatory compounds 
Fatty acids      Cytokines: Il-10 and TGFβ 
Maternal leukocytes and    Il-1 receptor anatagonist 
 Cytokines     TNFα and Il-6 receptors 
sCD14      sCD14 
Complement and complement   Adhesion molecules 
 receptors     Long-chain polyunsaturated 
β-defensin-1       fatty acids 
Toll-like receptors     Hormones and growth factors 
Bifidus factor      Osteoprotegerin 
Tolerance/priming compounds   Long-chain polyunsaturated 
 Cytokines: Il10 and  TGFβ    fatty acids 
 Anti-idiotypic antibodies   Hormones and growth factors 
   



Effect of breastfeeding on gut microbiota



Breast Milk Immune Factors

• A systematic review showed that TGFb levels in human breast 

milk correlated with protection against allergic disease in infancy 

and early childhood 1

• In mice, presentation of food or inhaled allergen within breast-

milk can induce tolerance to that allergen in offsrping; and 

tolerance induction is dependent upon the presence of TGFb

and CD4+ T cells within breast milk 2,3,4

• Mother mice previously sensitised to an allergen and re-

exposed to that allergen during breastfeeding have allergen-IgG 

immune complexes within breast milk that induce tolerance in 

offspring without a requirement for TGFb 5

• Introducing foods while breastfeeding may promote 

tolerance

1. Oddy WH, Rosales F. Pediatr Allergy Immunol 2010;21: 47-59.

2. Verhasselt V el al. J Pediatr 2010 Feb; 2010 156: S16-20.

3. Verhasselt V et al. Mucosal Immunol 2010 3: 326-333.

4. Verhasselt V et al. Nat Med 2008;14: 170-175. 

5. Mosconi E et al. Mucosal Immunol 2010;3: 461-474.  



Timing of Introduction of Complementary Foods

• Recent studies suggest a “window of opportunity” for tolerance 

induction between 4-6 months

• Delayed introduction of egg into the diet (at 7-12m vs 4-6 m) 

was associated with ~1.5 times increased risk of egg allergy

• Introduction of wheat prior to 3 months or after 6 months is 

associated with increased risk of islet cell autoantibodies than 

introduction between 4-6 months

• Exposure to gluten prior to 4 months or after 6 months was 

associated with increased risk of coeliac disease auto-

antibodies and biopsy-diagnosed coeliac disease compared to 

exposure between 4 to 6 months

Koplin J et al. J Allergy Clin Immunol 2010;126:807-13; 

Norris JM et al. JAMA 2003; 290:1713-20; 

Norris JM et al. JAMA 2005; 293:2343-51 
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The Hygiene Hypothesis

Bach, NEJM 2002;347: 911-920



60 -70% of immune cells

Surface of approximately 

300m2

100 million neurons

100 trillion bacteria

“ Gut Microbiota”

Gut Microbiota and Immune Development

The most abundant microbial exposure during life is establishment 

of the gut microbiota … major impact on immune responses



Intestinal Microbiota and Immune Regulation

• Mice bred in germ free conditions have abnormal Gut 
Associated Lymphoid Tissues (GALT)
– Small underdeveloped Peyer’s Patches that lack germinal centres

– Fewer IgA plasma cells and CD4+ T cells in the lamina propria

– Fewer IEL with reduced cytolytic activity

– These abnormalities can be corrected by seeding the intestine with 
Bacteroides fragilis

• Mice bred in germ free conditions have failure of oral 
tolerance induction and persistent Th2 responses 
– This can be corrected if reconstitute microbiota with B fragilis

– But… ONLY if this occurs in the neonatal period

Klaasen HL et al. Infect Immun 1993 61(1): 303-6; Umesaki Y et al. Microbiol Immunol 1995 39(8): 555-62; 

Mazmanian SK et al. Cell 2005;122:107-18; Sudo N et al. J Immunol 1997;159:1739-45



Gut Microbiota and Immune Disorders

Bach, NEJM 2002;347: 911-920



Intestinal Microbiota in 

Allergic and Non-allergic Children

• Allergic children have altered microbiota 1,2,3

– lower counts of lactobacilli and bifidobacteria

– higher levels of Staphylococcus aureus and Clostridium difficile

• Differences precede onset of allergic disease 4,5

– lower counts bifidobacteria and enterococci at 1 mos

– lower counts of bifidobacteria and bacteroides at 12 mos

– higher counts of clostridia in first weeks and at 3 months

– more often colonised with staphylococcus at 6 mos

1. Bjorksten B et al. Clin Exp Allergy 1999;29:342-6.

2. Kalliomaki M et al. J Allergy Clin Immunol 2001;107:129-34.

3. Sepp E et al. Clin Exp Allergy 2005;35:1141-6

4. Kalliomaki M et al. J Allergy Clin Immunol 2001;107:129-34

5. Bjorksten B et al. J Allergy Clin Immunol 2001;108:516-20.



The Importance of Microbial Diversity

Infants with eczema at 18mos have reduced diversity of fecal microbiota at 1mos 

Wang M et al. J Allergy Clin Immunol 2008;121:129-34



Probiotics and Prebiotics Modulate the 

Intestinal Microbiota and Immune Responses

Probiotics Prebiotics

Healthy microbiota

Modulation of immune responses

• Epithelial integrity
• IgA secretion

• Treg, Th1/Th2 activity

Allergic disease

Treg

Th2

Th1

Interaction with PRR SCFA epigenetic modification



PRObiotics 

Most common 
probiotics are 

bifidobacteria and 
lactobacilli

“ Live bacteria when administered in adequate 
amounts confer health benefits on the host” 1

1. FAO & WHO Working Group, 2002 

Lowering of pH in 
environment Inhibition of pathogens 

Activation of the 
immune system

Probiotics



Probiotics for Prevention of Eczema

Tang MLK et al. Curr Opin Pediatrics 2010; 22:626-634 



Probiotics Commenced Prenatally: 

Eczema 

Tang MLK et al. Curr Opin Pediatrics 2010; 22:626-634 



Probiotics Commenced Prenatally:

IgE-associated Eczema

Tang MLK et al. Curr Opin Pediatrics 2010; 22:626-634 



Probiotics Commenced Postnatally: 

Eczema

Tang MLK et al. Curr Opin Pediatrics 2010; 22:626-634 



Species Specificity of Probiotic Effects

• Probiotic bacteria have common effects on innate immune responses but 

species specific effects on adaptive immune responses

Wickens K et al. J Allergy Clin Immunol 2008



Effects on Other Allergic Conditions: 

Increased Asthma?

• Effect on asthma and wheezing
– 3 fold increase in recurrent (≥5 episodes) wheeze at 2 years (LGG) 1

– Trend to increased wheeze or asthma at 7 years (LGG) 2

– Trend to increased wheeze with OR 1.92 (L acidophilus LAVRI A1) 3

– No difference in cumulative incidence of ‘any allergic disease’
(eczema, food allergy, asthma, allergic rhinitis) at 2 years or FE(NO) at 

5 years with probiotic mix/prebiotic 4,5

– No effect on asthma or rhinitis at 2 years 6

1. Kopp MV et al. Pediatrics 2008;121:e850 

2. Kalliomaki et al. JACI 2007;119:1019

3. Prescott et al. Allergy 2008;63:1481-90

4. Kukkonen et al. JACI 2007;119:192-8; 5. Kukkonen et al. PAI 2011;22:249-51

6.    Dotterud et al. Allergy 2009; 64:64



PREbiotics 

"non-digestible oligosaccharides that selectively 

stimulate the growth of non-pathogenic bacteria 

in the large intestine”

• resist digestion and absorption 

reach the large bowel unmodified and can 
selectively feed friendly bacteria.  

- increase in beneficial bacteria (bifidobacteria)

- increase metabolic mediators: SCFA,      pH

- direct effects on gut immune system

Prebiotics



Prebiotics and Prevention of Allergic Disease
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Moro G et al. Arch Dis Child 2006;91:814-819; Arslanoglu S et al. J Nutr 2008;138:1091-1095

High Risk for Allergic Disease Cohort



Prebiotics for Prevention of Allergic Disease

Low Risk for Allergic Disease Cohort

Prebiotic vs Control Formula  p = 0.0377

Gruber C et al. J Allergy Clin Immunol 2010;126:791



Prebiotics and Prevention of Allergic Disease

Ziegler E et al. JPGN 2007;44:359–364
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Gene-Environment Interactions

• Genetic polymorphisms can modify the impact of 

environmental exposures 

– Eg: CD14 polymorphisms modify beneficial effects of farm milk 

Bieli et al. J Allergy Clin Immunol 2007;120:1308-15.



Summary

• Limited prevention strategies available at present and 

aimed at high risk infants

• Current guidelines

– Breastfeeding for at least 6 months

– Introduce foods (including common allergenic foods

– For high risk infants - hydrolysed formula if unable to 

breastfeed in first 4-6 months of life

• Probiotics and prebiotics may offer additional 

avenues for prevention of allergic disease

– Further clinical studies required to clarify specific agents, 

timing (probiotics), dose

– Additional investigation of mechanisms of action 


