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As infants grow and develop, they are exposed to many new experiences and environments – 
from the challenge of climbing on a chair to playing in the mud after it has been raining. These 
experiences are valuable as they provide infants with learning opportunities to build their 
physical and emotional resilience.

To be resilient, infants need a strong immune system2

‘Resilience’, in this case, means the ability of a system to withstand 
changes in its environment while still functioning properly.2 The immune 
system develops during early life. Immune resilience is important for  
infants as it reduces the risk and/or incidence of allergies, infections, 
and certain diseases in later life.6,9,10

Infants need a  
strong immune system6–8

The immune system is a complex network of specialized 
organs, cells and molecules that help protect against 
diseases caused by bacteria, viruses, and toxins.2,11,12 

Did you 
know?
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The gut is the largest  
immune organ14

It hosts 70-80% of the human body’s immune 
cells and therefore, the gut microbiota  
plays a critical role in immune functioning  
and development.14,15 

A healthy gut microbiota  
is a balanced one20 

The gut microbiome is a delicately balanced 
ecosystem between commensal beneficial 
bacteria and potentially harmful (pathogenic) ones. 
Maintaining this balance is important as dysbiosis 
(imbalance) is associated with the development or 
pathogenesis of many long-term diseases.2,20 

Infants’ immune systems  
and the gut13

Establishing a 
healthy gut 

microbiota in early 
life is crucial for the 

development of a 
resilient immune 

system.6,15-19
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Breast milk is the source of inspiration for infant formula as it builds immunity through 
the gut and is widely recognized as the gold standard of infant nutrition.21-23 

It provides all the essential nutrients and protective bioactive substances necessary for 
optimal development.24 These components interact with each other in a unique and  
dynamic way that is specifically tailored to infants’ needs over time.2,23–25 

Breast milk helps build  
immunity through the gut21,22

Breastfeeding is highly recommended – the WHO and UNICEF recommend that infants are exclusively 
breastfed for their first 6 months of life.26 However, it may not always be possible to exclusively do so. Infant 
formula is an alternative that can provide adequate nutrition when (exclusive) breastfeeding is not possible.

Breast milk comprises of 88% water and major components such as:

•	 Lactose 
•	 Lipids 
•	 Human milk oligosaccharides 

(HMOs)  
•	 Proteins (8–10 g/L) 

•	 Immune cells, stem 
cells, bacteria, vitamins, 
minerals, and other bioactive 
components are also present 
in breast milk as minor 
components.
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It is important that the composition of infant 
formula mimics the composition and functionality 
of breast milk as much as possible,1,24 and this is 
where biotics come in. 

As mentioned, biotics are nutritionally active 
components that can, when consumed, provide a 
health benefit to the host.3 

There are four types of biotics:1,2,3,27

Prebiotics  
(including human-identical milk 

oligosaccharides (HiMOs*))

Postbiotics Synbiotics 
(a combination of  

pre- and probiotics)

Probiotics 

Breast milk helps build  
immunity through the gut21,22

*Read more about HiMOs on page 8.

The term ‘biotic’ is, in fact, derived 
from the Greek word biōtikós, 
meaning ‘pertaining to life’, and 
essentially refers to the biological ecosystem 
made up of living organisms (i.e. bacteria) 
together with their physical environment.27

Did you 
know?
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Biotics: 
what we know

ISAPP (The International Scientific Association for Probiotics and Prebiotics) is a widely recognized, independent, objective, 
science-based authority in the field of biotics. ISAPP communicates the latest scientific information about biotics primarily 
through meetings and publications.29

ISAPP 
definition28

Concept

Example

Prebiotics

A substrate that is 
selectively utilized by 
host microorganisms 

conferring a health 
benefit

scGOS/lcFOS

Food for  
‘good bacteria’

Probiotics

 Live microorganisms 
which when 

administered in 
adequate amounts, 

confer a health benefit  
to the host

Bifidobacterium breve M-16V

‘Good bacteria’

Postbiotics

Preparation of inanimate 
microorganisms and/or 
their components that 

confers a health benefit 
to the host

3’-GL  
(which is also an HiMO*)

Components created by  
‘good bacteria’

Synbiotics

A mixture comprising 
live microorganisms 

and substrate(s) 
selectively utilized by host 

microorganisms that confers 
a health benefit to the host

scGOS/lcFOS and 
Bifidobacterium breve M-16V

Food for ‘good bacteria’ +   
‘good bacteria’    

*Read more about HiMOs on page 8.
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More HiMOs are commercially available and although results are promising, future studies are needed to further explore  
the potential benefits of infant formulas with HiMOs. 

Prebiotics and HiMOs

Prebiotics are substrates which are selectively 
utilized by host microorganisms thereby 
conferring a health benefit.28 

While there are various prebiotics suitable for use in 
infant formula, the prebiotic mixture of scGOS/lcFOS 
is the most studied (in over 40 clinical studies and 
90 publications).2,30,31 

Human-identical milk oligosaccharides or HiMOs 
are natural prebiotics which are present in or have 
been added to infant formulas.34 They have been 
described to have:2

The HiMO 2’-FL is the most abundant HMO in  
breast milk and its benefits have been linked to 
gut health and immunity.2 HiMO 3’-GL is linked to 
improved gut barrier function as well as a reduced 
inflammatory response.2 

The mixture of scGOS/lcFOS:2,4,32,33

Modulates the gut microbiota 
closer to that of breastfed infants

Reduces infections and fever episodes

Reflects the quantity, diversity, and 
functionality of oligosaccharides in breast milk

Softens the stool

Direct effect on 
immune cells

Blocking the  
route of 

infections
Brain building 
blocks 

Prebiotic 
effect
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Probiotics

Probiotics are live microorganisms which when 
administered in adequate amounts, confer a 
health benefit to the host.28 

Probiotic products may contain one or more 
bacterial strains.

While health benefits are strain and disease 
specific, there are many potential common 
benefits such as:2,35-37

Bifidobacterium breve is one of the most commonly 
isolated bifidobacterial species from breast milk and 
is naturally present in the gut of breastfed infants.38,39

Bifidobacterium breve M-16 V is a notable strain that 
has been shown to:

The two most frequently 
studied bacterial probiotic 
genera in infants are:2,30,35 

Bifidobacterium

Lactobacillus

Protection against pathogen 
colonization and infection

Benefits to the immune system  

Restore 
beneficial 

bacteria 
balance40,41

Reduce skin 
symptoms40,43

Be safe40

Give no 
undesired 
antibiotic 
resistances40

Reduce 
allergy risk40,42 
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Synbiotics

Synbiotics are a mixture comprising live 
microorganisms and substrate(s) which are 
selectively utilized by host microorganisms and 
confer a health benefit.28 

The reason for combining pre- and probiotics is to 
achieve stronger positive effects than could be 
achieved by either component alone.1,2,44 

Therefore, working together:2

Prebiotics can help improve 
the survival of probiotics 
during their transit through the 
upper intestinal tract

Prebiotics stimulate the growth 
of probiotics and/or activate 
their metabolism

Various combinations of synbiotics are available  
in infant formula. The prebiotic mixture of  
scGOS/lcFOS and Bifidobacterium breve M-16V 
in healthy infants has been shown to create a gut 
environment closer to that of breastfed infants, 
and in C-section born infants it has been shown 
to rebalance the gut microbiota similar to those of 
vaginally born infants.2 
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Postbiotics

Postbiotics are a preparation of inanimate 
microorganisms and/or their components that 
confer a health benefit to the host.28

Postbiotics can consist of different components, 
such as lipids, carbohydrates (including HiMOs 
e.g. 3’-GL), complex molecules, proteins, 
bacterial cells and more.2 They show relative 
stability during storage and are unaffected by 
emerging antibiotic resistance.2

Postbiotics in infant formula produced during 
fermentation of Bifidobacterium and Lactobacillus 
– in particular, the Bifidobacterium breve C50 and 
Streptococcus thermophilus 065 strains have 
been shown to:

Promote higher proportions 
of bifidobacteria46

Carbohydrate ProteinLipids

Help modulate the gut microbiota and 
immune system capabilities45,46

Reduce diarrhea severity47

Lower incidence of potential 
allergic adverse events48
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The gut microbiome can be thought of as a forest, with the community of trees (representing the community 
of ‘good’ gut bacteria) needed to bring health to the planet (or infant). The forest has many important parts, 
such as the soil and nutrients which nurture and maintain the growth of the trees, while preventing the 
invasion of weeds (i.e. harmful, pathogenic bacteria).

Whilst breast milk is the optimal 
infant nutrition,21–23 biotics offer 
a way to modulate the gut 
microbiota of non-exclusively 
breastfed infants. 

Biotics may help further optimize 
their health outcomes and help 
to reduce the risk of disease in 
later life.2

The gut microbiome can be 
thought of as a thriving, dynamic forest

As the research into the roles 
and benefits of biotics continues 
to grow, new developments 
and insights which emerge will 
continue to be incorporated into 
infant formula.

Prebiotics
are like water, soil  

and fertilizer which 
help the trees grow

Probiotics
are like the trees  

of the forest

Postbiotics
are like the fruit  

produced by the trees

For healthcare professional use only

11



References:

1.		 Salminen S, Stahl B, Vinderola G, et al. Infant Formula Supplemented with Biotics: Current Knowledge and 	
	Future Perspectives. Nutrients. 2020;12(7):1952.

2.		 Salminen S, Szajewska H, Knol J, Eds. The Biotics Family in Early Life. Chichester, UK: John Wiley and Sons Ltd, 2019.

3.		 Hill C, Guarner F, Reid G, et al. Expert consensus document. The International Scientific Association for 		
	Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic.  
	Nat. Rev. Gastroenterol. Hepatol. 2014;11:506-14.

4.		 Joint FAO/WHO Expert Consultation on Evaluation of Health and Nutritional Properties of Probiotics in 		
	Food including Powder Milk with Live Lactic Acid Bacteria. Cordoba, Argentina. 1–4 October 2001.

5.		 Vyas U, Ranganathan N. Probiotics, prebiotics, and synbiotics: gut and beyond. Gastroenterol Res Pract. 		
	2012;2012:872716.

6.		 Wu HJ, Wu E. The role of gut microbiota in immune homeostasis and autoimmunity. Gut Microbes. 2012;3:4-14.

7.		 Plaza-Diaz J, Ruiz-Ojeda FJ, Gil-Campos M, et al. Immune-mediated mechanisms of action of probiotics and 		
	synbiotics in treating pediatric intestinal diseases.  Nutrients. 2018;10:E42.

8.		 https://www.immunology.org/public-information/bitesized-immunology/organs-and-tissues/immunity-	
	in-the-gut. Accessed Mar, 2022.

9.		 Pabst O, Mowat AM. Oral tolerance to food protein. Mucosal Immunol. 2012;5:232-9.

10.		Wambre E, Jeong D. Oral tolerance development and maintenance. Immunol Allergy Clin North Am. 2018;38:27-37.

11.		 InformedHealth.org [Internet]. Cologne, Germany: Institute for Quality and Efficiency in Health Care (IQWiG); 		
	2006-. The innate and adaptive immune systems. [Updated 30.07.2020]. Available from: https://www.ncbi.nlm.	
	nih.gov/books/NBK279396/ [01.03.2022.]

12.		Chaplin DD. Overview of the immune response. J Allergy Clin Immunol. 2010;125:S3-S23.

13.		Francino MP. Early development of the gut microbiota and immune health. Pathogens. 2014;3:769-90.

14.		Chassaing B, Kumar M, Baker MT, et al. Mammalian gut immunity. Biomed J. 2014;37:246-58.

15.		Wiertsema SP, van Bergenhenegouwen J, et al. The Interplay between the Gut Microbiome and the Immune 	
	System in the Context of Infectious Diseases throughout Life and the Role of Nutrition in Optimizing 		
	Treatment Strategies. Nutrients. 2021;13:886.

16.		Martin R, Nauta AJ, Ben Amor K, et al. Early life: gut microbiota and immune 			 
	development in infancy. Benef Microbes. 2010;1:367-82.

17.		 Oozeer R, Rescigno M, Ross RP, et al. Gut health: predictive biomarkers for preventive 			 
	medicine and development of functional foods. Br J Nutr. 2010;103:1539-44.

18.		Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell. 2014;157:121-41.

19. 		West CE, Dzidic M, Prescott SL, et al. Bugging allergy; role of pre-, pro- and synbiotics in 			 
	allergy prevention. Allergol Int. 2017;66:529-38.

20.		Carding S, Verbeke K, Vipond DT, et al. Dysbiosis of the gut microbiota in disease. Microb 			 
	Ecol Health Dis. 2015;26:26191.

21.	 Walker WA, Iyengar RS. Breast milk, microbiota, and intestinal immune homeostasis. Pediatr Res. 2015;77:220-8.

22.		Toscano M, De Grandi R, Grossi E, et al. Role of the Human Breast Milk-Associated 			 
	Microbiota on the Newborns’ Immune System: A Mini Review. Front Microbiol. 2017;8:2100.

23.		Zhang S, Li T, Xie J, et al. Gold standard for nutrition: a review of human milk 			 
	oligosaccharide and its effects on infant gut microbiota. Microb Cell Fact. 2021;20:108.

24.		Martin CR, Ling PR, Blackburn GL. Review of Infant Feeding: Key Features of Breast Milk 			 
	and Infant Formula. Nutrients. 2016;8:279.

25.		Walker A. Breast milk as the gold standard for protective nutrients. J Pediatr. 2010 Feb;156:S3-7.

26.		https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding. Accessed Mar, 2022.
27.	 Wegh CAM, Geerlings SY, Knol J, et al. Postbiotics and Their Potential Applications in Early Life Nutrition  
	 and Beyond. Int J Mol Sci. 2019;20:4673.

28.		https://isappscience.org/a-roundup-of-the-isapp-consensus-definitions-probiotics-prebiotics-		
	synbiotics-postbiotics-and-fermented-foods/. Accessed Mar, 2022.

29.		https://isappscience.org/. Accessed Mar, 2022.

30.		Patel RM, Denning PW. Therapeutic use of prebiotics, probiotics, and postbiotics to prevent necrotizing 		
	enterocolitis: what is the current evidence?. Clin Perinatol. 2013;40:11-25.

31.		Boehm G, Stahl B, Jelinek J, et al. Prebiotic carbohydrates in human milk and formulas. Acta Paediatr 		
	Suppl. 2005;94:18-21.

32.		Ayechu-Muruzabal V, van Stigt AH, Mank M, et al. Diversity of Human Milk Oligosaccharides and Effects on 	
	Early Life Immune Development. Front Pediatr. 2018;6:239.

33.		Fanaro S, Jelinek J, Stahl B, et al. Acidic Oligosaccharides from Pectin Hydrolysate as New Component 		
	for Infant Formulae: Effect on Intestinal Flora, Stool Characteristics, and pH. J Pediatr Gastroenterol  
	Nutr. 2005;41:186-90.

34.		Phipps KR, Lynch B, Stannard DR, et al. Genotoxicity and neonatal subchronic toxicity assessment of a 		
	novel mixture of the human-identical milk oligosaccharides lacto-N-fucopentaose I and 2’-fucosyllactose. 	
	J Appl Toxicol. 2021;41(4):632-649.

35.		Muñoz-Quezada S, Chenoll E, Vieites JM, et al. Isolation, identification and characterisation of three novel 		
	probiotic strains (Lactobacillus paracasei CNCM I-4034, Bifidobacterium breve CNCM I-4035 and Lactobacillus 	
	rhamnosus CNCM I-4036) from the faeces of exclusively breast-fed infants. Br J Nutr. 2013;109:S51-62.

36.		Pandey KR, Naik SR, Vakil BV. Probiotics, prebiotics and synbiotics- a review. J Food Sci Technol. 2015;52:7577-87.

37.		Plaza-Diaz J, Ruiz-Ojeda FJ, Gil-Campos M, et al. Mechanisms of Action of Probiotics. Adv Nutr. 		
	2019;10(suppl_1):S49-S66.

38.		Soto A, Martín V, Jiménez E, et al. Lactobacilli and bifidobacteria in human breast milk: influence of 		
	antibiotherapy and other host and clinical factors. J Pediatr Gastroenterol Nutr. 2014;59:78-88.

39.		Bozzi Cionci N, Baffoni L, et al. Therapeutic Microbiology: The Role of Bifidobacterium breve as Food 		
	Supplement for the Prevention/Treatment of Paediatric Diseases. Nutrients. 2018;10:1723.

40. Wong CB, Iwabuchi N, Xiao JZ. Exploring the Science behind Bifidobacterium breve M-16V in Infant Health. 	
	Nutrients. 2019;11(8):1724.

41.		Horigome A, Hisata K, Odamaki T, et al. Colonization of Supplemented Bifidobacterium breve M-16V in Low 	
	Birth Weight Infants and Its Effects on Their Gut Microbiota Weeks Post-administration. Front Microbiol. 		
	2021;12:610080.

42.		Hougee S, Vriesema AJ, Wijering SC, et al. Oral treatment with probiotics reduces allergic symptoms in 		
	ovalbumin-sensitized mice: a bacterial strain comparative study. Int Arch Allergy Immunol. 2010;151:107-17.

43.		Inoue Y, Iwabuchi N, Xiao JZ, et al. Suppressive effects of bifidobacterium breve strain M-16V on T-helper 		
	type 2 immune responses in a murine model. Biol Pharm Bull. 2009;32(4):760-3.

44.		Kolida S, Gibson GR. Synbiotics in health and disease. Annu Rev Food Sci Technol. 2011;2:373-93.

45		Menard S, Lahxarie D, Asensio C, et al. Bifidobacterium breve and Streptococcus thermophilus Secretion 		
	Products Enhance T Helper 1 Immune Response and Intestinal Barrier in Mice. Exp Biol Med (Maywood). 		
	2005;230:749-56.

46.		Mullie C, Yazourh A, Thibault H, et al. Increased Poliovirus-Specific Intestinal Antibody Response Coincides 	
	with Promotion of Bifidobacterium longum-infantis and Bifidobacterium breve in Infants: A Randomized, 		
	Double-Blind, Placebo-Controlled Trial. Pediatr Res. 2004;56:791-5.

47.		Thibault H, Aubert-Jacquin C, Goulet O. Effects of long-term 	
	consumption of a fermented infant formula (with Bifidobacterium 	
	breve c50 and Streptococcus thermophilus 065) on acute diarrhea 	
	in healthy infants. J Pediatr Gastroenterol Nutr. 2004;39:147-52.

48.		Morisset M, Aubert-Jacquin C, Soulaines P, et al. A non-hydrolyzed, 
fermented milk formula reduces digestive and respiratory events in 
infants at high risk of allergy. Eur J Clin Nutr. 2011;65:175–83.

For healthcare professional use only

12


