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Overview

• Why is the immune system important?
• When does the immune system develop
• The link to the microbiome
• The role of the maternal microbiome
• Nutrition and the immune system
• Tips for building a strong immune system



Importance of the Immune System

• The infant immune 
system provides both 
defence against 
pathogens and 
tolerance to ‘safe’ 
antigens



Importance of the Immune System

• Delayed or inappropriate development of the 
infant immune system = increased risk of food 
allergies and increased susceptibility to 
infectious diseases



When Does the Immune System 
Develop?

• Immune cells are present 
from just a few weeks of 
pregnancy 

•After birth - a baby’s 
immune system needs to 
be able to fight infection, 
but this doesn’t happen 
straight away



Passive immunity 

•Antibodies transferred from 
mum via placenta and 
breast milk provide passive 
immunity

•This protects the baby 
while its immune system 
finishes developing 

•A few months after birth, 
the baby’s immune system 
is able to fight infections



The link to the microbiome



The Role of the Infant Microbiome

•Maturation of the gut is critical to  establish a 
physical barrier to minimise infection

•The development of the infant immune system is 
closely relate to the development of the infant 
microbiome



Infancy: a critical window in the 
development of the microbiome

• Inappropriate colonisation 
in infancy:
– Delayed gut 

development
– Delayed immune 

development
– Increased susceptibility 

to infection
– Adverse long-term 

health outcomes

• Important to optimise early 
microbial colonisation 



Infancy: a critical window in the 
development of the microbiome



Factors influencing microbiome 
development



Factors influencing microbiome 
development

• C-section delivery - tends to delay development 
of the microbiome

• Formula feeding – significantly alters microbiome 
development and tends to be associated with 
increased numbers of inflammatory bacteria

• Antibiotics – delay microbiome development (kill 
off good as well as bad bacteria)

• Probiotics – can support microbiome 
development 



Cell Host & Microbe, Bäckhed et al. 2015



The Role of the Maternal 
Microbiome



The Role of the Maternal Microbiome

• One of the key factors 
influencing the development 
of the infant microbiome is 
the maternal microbiome

• Microbes, antibodies and 
nutrients from the mother 
can affect development of 
the immune system



Experimental evidence for the link 
between maternal and infant 

microbiome

Nyangahu et al. Microbiome 2018



The maternal microbiome influences 
immune development in utero

• Gut microbes translocate from gut to placenta
• Some of these microbes can translocate t o the 

fetus and impact immunity
• Bacterial metabolites induce epigenetic changes
• Gut bacteria can also translocate to the 

mammary glands and affect the breast milk 
microbiome



The maternal microbiome influences 
immune development in utero



The maternal microbiome influences 
immune development at birth

• The vagina contains more than 170 species of 
bacteria 

• May be a source of microbes that reach the 
placenta, amniotic fluid and fetus

• Differences in microbiome composition between 
C-section and vaginal deliveries suggests a role 
of vaginal microbiota in immune education in 
offspring



Vaginal seeding

• Process of swabbing babies born by C-section 
with vaginal microbiome after birth

• Became popular following a study suggesting 
that this could promote microbial colonisation



Vaginal seeding

• More recent studies provide limited evidence of 
long-term benefit

• Encouraging breastfeeding and avoiding 
unnecessary antibiotics likely to be much more 
important



The Breast Milk Microbiome
• Breast milk once thought to be sterile
• Now clear that it has its own distinct microbiome 

– and that this can influence microbiome and 
immune development in the breastfed infant

• Source of breastmilk microbiome still not fully 
understood



Diet and the Maternal and Breast 
Milk Microbiome

• Maternal diet can alter maternal gut microbiome 
composition – which is turn can affect:
– Vaginal microbiome
– Fetal microbial transfer
– Breast milk microbiome
– Maternal immune function

• All of these can influence infant micrbiome and 
immune development



Diet and the Maternal and Breast 
Milk Microbiome

Padilha et al. Nutrients 2020



Diet and Microbiome composition 



Eating for a Healthy Microbiome

• Increase fibre intake 
(especially intake of resistant 
starch)

• Increase fruit and vegetable 
consumption 

• Choose food and drinks with 
high levels of polyphenols 
(e.g. nuts, seeds, brassica 
vegetables, tea)

• Eat plenty of fermented foods 
containing live microbes

• Avoid artificial sweeteners



The role of Probiotics

• The WHO defines probiotics as “live 
microorganisms which when administered in 
adequate amounts confer a health benefit for the 
host”

• Probiotics:
– Survive stomach acid and bile
– Reach the lower gut (intestines)
– Confer health benefits



Probiotic Foods



Probiotics vs Prebiotics



Prebiotics and Probiotics for 
Infants

• Most of the foods listed above 
are not suitable for infants

• Breast milk is the optimal 
source of probiotics and 
prebiotics for infants
– “Good” bacteria – passed 

from mother to infant via 
breastmilk 

– Breastmilk contains human 
milk oligosaccharides 
(prebiotics) which provide 
food for the good bacteria 
in the gut



Human Milk Oligosaccharides
• Breastmilk contains about 200 different types 

of HMOs 
• These act as prebiotics- and feed good 

bacteria in the gut
• Most abundant HMO in human milk is 2’FL
• Several studies show benefits to immune 

development of supplementing infant 
formulas with 2’FL

• Regulatory challenges



Probiotic supplements for babies
• Increasing number of products on the market
• Research indicates that probiotics are safe 

and well- tolerated in normal, 
healthy infants

• Good tolerance has also been observed in 
premature infants, very low birth 
weight babies.

• Research on the benefits of probiotics for 
babies is still limited, but evidence that some 
strains can be helpful for infants with 
diarrhoea, colic and eczema

• Unlikely to provide additional benefits for 
exclusively breastfed infants



Nutrition after weaning

• Recommendation is to continue breastfeeding 
while introducing solids 

• This assists in building immune tolerance and 
reduce risk of allergy

• Expose infant to a wide variety of solid foods 
once developmentally ready



Nutrition and the Immune System

• Consuming a healthy 
balanced diet is the best 
way to strengthen your 
immune system

• A healthy microbiome is 
also important – given the 
close connection between 
gut and immune health

• There are some nutrients 
that are particularly 
important:

• Protein, Vitamin A, Vitamin 
C, Iron, Zinc



Important Nutrients for the Immune 
System: Protein

Protein
• Promotes healing and 

recovery
• Good food sources: 

Lean meat, seafood, 
legumes and soy 
products



Important Nutrients for the Immune 
System: Vitamin A

Vitamin A
• Helps keep skin and other 

barriers healthy
• Good food sources: Sweet 

potato, carrots, broccoli, 
spinach, eggs, cheese and 
fortified foods



Important Nutrients for the Immune 
System: Vitamin C

Vitamin C
• Stimulates formation of 

antibodies
• Good food sources: 

strawberries, tomatoes, 
citrus fruits



Important Nutrients for the Immune 
System: Iron

Iron
• Essential for the activation and 

proliferation of immune cells
• Good food sources: Meats, 

leafy greens, fortified infant 
cereals



Important Nutrients for the Immune 
System: Zinc

Zinc
• Important for maintaining a strong 

gut barrier and immune function
• Supports wound healing
• Good food sources: Lean meat, 

poultry, seafood, milk, whole grain 
products, beans, seeds and nuts



What about 
“Superfoods” and 

Supplements?



What about “Superfoods” and 
Supplements

• Individuals eating a well-
balanced diet are unlikely 
to benefit immune 
boosting supplements or 
“Superfoods” 

• Individuals struggling to 
get a balanced diet may 
get some benefit

• Need to read the labels



Non-nutritional factors the influence 
immune development

• Maternal stress
• Maternal and infant illness
• Antibiotics
• Hygiene/disinfectants
• Sleep



Tips for Supporting Infant Immune 
Development

• Follow a healthy, well-balanced diet, 
with plenty of fruit and vegetables

• Eat a wide variety of foods (including 
allergenic foods) while pregnant and 
breastfeeding

• Try to minimise stress and get enough 
sleep

• Breastfeed
• Expose infant to a wide variety of solid 

foods once developmentally ready



Take Home Messages
• Delayed or inappropriate development of the infant 

immune system = increased risk of food allergies and 
increased susceptibility to infectious diseases

• Development of the immune system is tightly linked to the 
development of the infant microbiome

• A number of factors play an important role in microbiome 
development – especially maternal microbiome composition, 
mode of delivery, feeding mode and antibiotics

• Maternal diet important for maternal gut and breastmilk 
microbiome composition

• Including allergenic foods in the diet during pregnancy and 
breastfeeding important for immune tolerance



Take Home Messages
• Pre- and probiotics are important to suppor microbiome 

development after birth – breastmilk is the best source for 
infants

• Infants should be exposed to a wide variety of foods 
when developmentally ready

• A healthy balanced diet is the best way to support 
immune function

• Specific nutrients are particularly important (Vitamin C, 
Vitamin A, Protein, Iron, Zinc)

• “Immune boosting” supplements and superfoods vary in 
their efficacy and can’t replace a well-balanced diet



Importance of the immune system



Thank You!


