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• Suggested that ingested 

bacteria could have positive 

influence on normal microbial 

flora in intestinal tract

• Hypothesized that Lactobacilli 
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Homo Bacteriensis?

• One of the most densely populated 
microbial ecosystems on Earth

• 100 trillion cells (10 x # of host cells)

• 3,000,000 encoded genes: complement 

Intestinal Microbiota

• 3,000,000 encoded genes: complement 
host’s metabolic pathways 

• 4 dominant phyla; ~1000 species; 
~10, 000 strains (”the microbiome”)

• Most (approximately 80%) have not yet 
been cultivated
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GUT ASSOCIATED LYNPHOID TISSUE 

Brandtzaeg, Immunological Investigations 2010

Gut-Associated Lymphoid Tissue structures are strategically 

situated in proximity to the greatest concentration of microbiota

• Peyer’s patches: distal ileum (nos. 100

• Isolated lymphoid follicles (ILFs): large bowel (nos. ~ 30 000)

• 70% of immunologically active cells in the body
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GUT ASSOCIATED LYNPHOID TISSUE 

Brandtzaeg, Immunological Investigations 2010

F

Associated Lymphoid Tissue structures are strategically 

situated in proximity to the greatest concentration of microbiota

s patches: distal ileum (nos. 100-250)

Isolated lymphoid follicles (ILFs): large bowel (nos. ~ 30 000)

70% of immunologically active cells in the body



GermGerm--free vs. Colonized Gutfree vs. Colonized Gut
Bacteria Stimulate Normal Immune responseBacteria Stimulate Normal Immune response

A healthy microbiota is critical to train the immune system to protect the host and 

decrease the chances for immune over expression  (immune related conditions).
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Function GI microbiota

Immune 

development & 

modulation

• IgA production 
• Control of local and general inflammation 
• Tightenning of 
• Induction of tolerance to foods 

Pathogen 

protection

• Pathogen displacement 
• Production of 
• Activation of local immune response 
• Contribution to the intestinal barrier function 

Adapted (JMS) from Buccigrossi et al. Curr Opin Gastroenterol

• Contribution to the intestinal barrier function 

Digestive and

metabolic functions

• Vitamin
• Fermentation
• Dietary

Neuronlogic 

development and 

function

• Modulation
develoment

• Motor control

microbiota
IgA production 
Control of local and general inflammation 
Tightenning of intercellular juntions 
Induction of tolerance to foods 

Pathogen displacement / Nutrient competition 
Production of mucin & antimicrobial factors 
Activation of local immune response 
Contribution to the intestinal barrier function 

Gastroenterol 2013;29:31-8.

Contribution to the intestinal barrier function 

Vitamin production
Fermentation of non-digestible carbohydrates
Dietary carcinogens metabolism

Modulation of brain gut axis during neuronal
develoment

control and anxiety behavious
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Sources of bacteria for the newborn:Sources of bacteria for the newborn:
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Vaginal delivery is not a sterile procedureVaginal delivery is not a sterile procedure

Are there immunologic consequences Are there immunologic consequences 

to a sterile birth (C
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Cesarean Delivery Cesarean Delivery Linked to Increases inLinked to Increases in

Chronic DiseaseChronic Disease

1,6

1,8

2
Increased Risk with C-section vs vaginal delivery

1

1,2

1,4

Type 1 Diabetes Asthma

*

D'Angeli MA, et al. Arch Pediatr Adolesc Med. 2010 Aug;164(8):732-8.

Davidson R, et al. BMC Pulm Med. 2010 Mar 16;10:14.

Decker E, et al. Pediatrics. 2010 Jun;125(6):e1433-40.

*

*p< .05
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Cesarean Delivery Cesarean Delivery and and 

Relative Risk of Childhood Relative Risk of Childhood Food AllergyFood Allergy
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Food Allergy to egg confirmed by testing at age 1 

Pistiner M et al. J Allergy Clin Immunol 2008; 122(2):274-279 

Table adapted from: Eggesbo M et al.  J Allergy Clin Immunol

2003;112:420-426

Food AllergyFood Allergy

7.8

CI  (1.9-32.0)

2.5

Maternal Hx of Allergy

(Vaginal Delivery)

Maternal Hx of Allergy

(Cesarean Section)

Food Allergy to egg confirmed by testing at age 1 – 2 y

*p<0.01; adjusted for covariates

CI (1.0-7.0)



Cesarean Section Linked to Increases inCesarean Section Linked to Increases in

Chronic Disease: Childhood ObesityChronic Disease: Childhood Obesity

Huh SY et al, Arch 

Cesarean Section Linked to Increases inCesarean Section Linked to Increases in

Chronic Disease: Childhood ObesityChronic Disease: Childhood Obesity

Huh SY et al, Arch Dis Child published online May 2012



Microbiota in C-section infants

• C-section infants

• Minimal or no vaginal microbes 

• Low Lactobacillus, Prevotella, Sneathia

• Higher skin bacteria • Higher skin bacteria 

(e.g., Staphylococcus, Corynebacterium, Propionibacterium spp.)

• Higher levels of C. difficile

• Lower and delayed appearance of Bacteroides and Bifidobacterium 

spp. 

section infants

Sneathia spp (vaginal microbes)

(e.g., Staphylococcus, Corynebacterium, Propionibacterium spp.)

Lower and delayed appearance of Bacteroides and Bifidobacterium 



Breastfeeding is not a Breastfeeding is not a 

sterile proceduresterile procedure

Are there consequences to Are there consequences to 

exclusive formula feeding?
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Breastfeeding is Consistently Associated with Infant 
Health Outcomes

Breastfeeding is associated with:

Acute otitis media

Non-specific gastroenteritis

Severe lower respiratory tract infections

Atopic dermatitis

Infectious

Disease

Asthma (young children)

Type 1 diabetes

IBD (Crohn disease, U. Colitis)

Childhood leukemia

Obesity and Type 2 diabetes

S, et al. Evid Rep Technol Assess (Full Rep). 2007 Apr;(153):1-186; 2. Anderson JW, et al. Am J Clin Nutr. 1999;70:525

2008;65:578-84; 5. Daniels MC, Adair LS. J Nutr. 2005;135:2589-95. 6. Knip M, et al. Am J Clin Nutr. 2010;91(5):1506S

Immunologic

Disease

Metabolic

Disease

Breastfeeding is Consistently Associated with Infant 

Breastfeeding is associated with:

Acute otitis media1

specific gastroenteritis1

Severe lower respiratory tract infections1

Atopic dermatitis1

Asthma (young children)1

Type 1 diabetes1

IBD (Crohn disease, U. Colitis)

Childhood leukemia1

Obesity and Type 2 diabetes1

. 1999;70:525-35; 3. Kramer MS. Early Hum Dev. 2010;86:729-32; 4. Kramer MS, et al. Arch Gen Psychiatry. 

. 2010;91(5):1506S-1513S. 7. Klement E, et al. Am J Clin Nutr. 2004;80(5):1342-52.



� Breastfeeding is the best start to 

nutrition and health 

� Exclusive breastfeeding in the first 

Nutrition in early life sets the course for long term 

health of individuals and all society

� Exclusive breastfeeding in the first 

months of life provides unique 

benefits to infants and others

Breastmilk remains the model that 

inspires the way infants should be fed

Breastfeeding is the best start to 

nutrition and health – for life

Exclusive breastfeeding in the first 

Nutrition in early life sets the course for long term 

health of individuals and all society
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Exclusive breastfeeding in the first 

months of life provides unique 

benefits to infants and others

Breastmilk remains the model that 

inspires the way infants should be fed



C O M P O S I T I O N  o f  H U M A N  M I L K  ( n o t  e x h a u s t i v e  … )

H U M A N  M I L K

CARBOHYDRATES

Lactose

Oligosaccharides (>200)

PROTEINS

Whey (including amino acids)

Lactalbumin

Caseins

Serum Albumin

protein Nitrogen

Creatine

Creatinine

Uric Acid

Nucleotides

PEPTIDES
Whey peptides

Casein peptides

β-Defensin 1

β-Endorphins

Gastrin

Motilin

Neurotensin

Somatostatin

HORMONES
Insulin, Leptin

Adiponectin

Cortisol, T3, T4

TSH, TRH, Prolactin

Oxytocin, Ghrelin

ENZYMES

LIPIDS

Triaclyglycerols (TAG)

Diacylglcerols (DAG)

Monoacylglycerols (MAG)

Fatty acids (FA; esterified & free)

PHOSPHOLIPIDS
Phosphatidylcholine

Sphingomyelin

Phospatidylethanolamine

Phosphatidylserine

UDPH

UDPAH

UDPGA

GROWTH FACTORS
1β, IL-2

4, IL-6

8, IL-10

CSF, M-CSF

PDGF, VEGF

α, HGF-β

EGF, TNF-α

1, TGF β1

TGF β2

ENZYMES
BSSL

Amylase

Catalase

Histaminase

Phosphatase

Lysozyme

Xanthine Oxidase

Antiproteases

IMMUNE FACTORS
sIgA

IgA2

IgG

IgD

IgM

IgE

Phosphatidylserine

Phosphatidyliniositol

Lyso

Plasmalogens

SPHINGOLIPIDS
Gangliosides (GM1, GM3, GD3)

Glycosphingolipids

Ceramides

Glucosylceramides

Galactosylceramides

STEROLS
Cholesterol

Squalene

Lanasterol

Sitosterol

Dimethylsterol

Human milk is a ‘linving fluid’ that can be compositionally
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H U M A N  M I L K

LIPIDS

Triaclyglycerols (TAG)

Diacylglcerols (DAG)

Monoacylglycerols (MAG)

Fatty acids (FA; esterified & free)

SFA (16:0)

MUFA (18:1)
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MCFA (10:0, 12:0)

LCFA (18:0, 20:0)
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Phosphatidylcholine
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Phospatidylethanolamine

Phosphatidylserine

MINERALS

Na (Sodium)

Mg (Magnesium)

P (Phosphorus)

K (Potassium)

Ca (Calcium)

Fe (Iron)

Mn (Manganese)

Cu (Copper)

Zn (Zinc)

Se (Selenium)

I (Iodine)

VITAMINS

Vitamin A, Vitamin B6

Vitamin B9, Vitamin B12

Vitamin C, Vitamin DPhosphatidylserine

Phosphatidyliniositol

Lyso-phospholipids

Plasmalogens

SPHINGOLIPIDS
Gangliosides (GM1, GM3, GD3)

Glycosphingolipids

Ceramides

Glucosylceramides

Galactosylceramides

STEROLS
Cholesterol

Squalene

Lanasterol

Sitosterol

Dimethylsterol

Vitamin C, Vitamin D

Vitamin E, Vitamin K

Pantothenic Acid

Folic Acid, Carotenoids
Pantothenic acid

Folic acid

Niacin, Biotin

Choline, Inositol

CELLS AND OTHERS

Leukocytes

Macrophages

Lymphocytes

Stem Cells

mRNA

microRNA

compositionally emulated but not duplicated
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Breastmilk 

and microbial 

colonization

Gomez-Gallego Seminars in Fetal and Neonatal Medicine 2016



Breastmilk is not sterile

• Bacteria generally isolated in 

breastmilk of healthy women include:

• Staphylococcus

Streptococcus• Streptococcus

• Enterococcus

• Lactobacillus

• Bifidobacterium

Gronlund, MM, et al. Clin Exp Allergy 2007;37:1764-72; Gueimonde M., et al. Neonatology 2007;92:64

Solis, G, et al. Anaerobe 2010;16:307-10.

Breastmilk is not sterile

Bacteria generally isolated in 

of healthy women include:

72; Gueimonde M., et al. Neonatology 2007;92:64-66; 



Solid 

components

Composition of breast milk

Human

breast milk

Macro- and micro-

nutrients and HMO

Zivkovic AM, et al. Proc Natl Acad Sci USA. 2011;108(Suppl. 1):4653–8; Austin S, et al. Nutrients 2016;8:pii: E346; Sprenger

Bode L. Glycobiology 2012;22:1147–1162. 

Water

of breast milk

Sprenger N, et al. PLoS One 2017;12:e0171814; Kunz C, et al. J Pediatr Gastroenterol Nutr 2017;64:789–98; 
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Macro- and micro-

nutrients and HMO

Composition of breast milk

Zivkovic AM, et al. Proc Natl Acad Sci USA. 2011;108(Suppl. 1):4653–8; Austin S, et al. Nutrients 2016;8:pii: E346; Sprenger
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of breast milk

Sprenger N, et al. PLoS One 2017;12:e0171814; Kunz C, et al. J Pediatr Gastroenterol Nutr 2017;64:789–98; 



Human

breast milk

Solid 

components

Macro- and micro-

nutrients and HMO

Composition of breast milk

Zivkovic AM, et al. Proc Natl Acad Sci USA. 2011;108(Suppl. 1):4653–8; Austin S, et al. Nutrients 2016;8:pii: E346; Sprenger

Bode L. Glycobiology 2012;22:1147–1162. 

Water

• 5 to 15 g/L in breast 
milk

• >130 structures 
described, of which 
about 15 make up 
the bulk (>80%)

HMO

of breast milk

the bulk (>80%)

• Oligosaccharides not 
generally present in 
farmed animal milks

Sprenger N, et al. PLoS One 2017;12:e0171814; Kunz C, et al. J Pediatr Gastroenterol Nutr 2017;64:789–98; 



Composition of breast milk, Cow milk and Infant 
formula

Bode L. Glycobiology 2012;22:1147–62.

0.05–0.2 g/L OS

40 g/L fat

8 g/L protein
5–15 g/L HMO

of breast milk, Cow milk and Infant 

70 g/L

Lactose

40 g/L fat



What are HMO?

D-Glucose (Glc)

D-Galactose (Gal)

N-Acetylglucosamine (GlcNAc)

Bode L. Glycobiology 2012;22:1147–62; Austin S, et al. Nutrients 2016; 8:pii: E346; Sprenger N, et al. PLoS One 2017;12:e0171814.

Acetylneuraminic acid (Neu5Ac)

L-Fucose (Fuc)

N-Acetylglucosamine (GlcNAc)

One 2017;12:e0171814.



Maternal genotype determines Maternal genotype determines fucosylated HMOs

28





favoring FUT2-pos favoring FUT2-negBreastmilk:

Insight on HMO from observational clinical studies

• Lower risk for ARI during the predominant 

breastfeeding period

2’Fucosyl-HMO in breastmilk is related to:

0.1 1 10

0-6 m

0-12 m

0-24 m

Incidence Rate Ratio (95% CI)
for Infant ARI

p= 0.039

favoring FUT2-pos favoring FUT2-negBreastmilk:

ARI, acute respiratory infections.

Binia, Sakwinska, et al. NRC, unpublished results; Morrow AL, et al J Pediatr 2004;145:297–303; Davis JC, et al. Sci Rep 2017;7:40466; 

Insight on HMO from observational clinical studies

• Lower incidence of infectious diarrhea in 

infants at 9 months

• Lower morbidity at 4 months

Rep 2017;7:40466; Stepans MB, et al. Breastfeed Med 2006;1:207–15. 



Plasma baseline immune marker profile 

in 6-week-old infants

RCT infants fed a starter formula with 2’FL show a plasma immune 

marker profile similar to breastfed infants

15

Baseline plasma immune profile

IL6

BF, breastfed; FF, formula fed; GOS, galacto-oligosaccharides; RSV, respiratory syncytial virus.

Adapted from Goehring K, et al. J Nutr 2016;146:2559–66.

Control BF 2'FL 0.2g/L 2'FL 1g/L

0

5

10

IL1ra

TNFa

IL1a

Il1b

IL6

FF (GOS) FF (GOS+2’FL)

(n=30–40/group)

RCT infants fed a starter formula with 2’FL show a plasma immune 

marker profile similar to breastfed infants

Cytokine production by RSV-stimulated PBMCs 

from 6-week-old infants, ex vivo
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RCT infants fed a starter formula with HMO (2’FL & 
reported lower respiratory tract infections and antibiotics use during first year of life

Reduced morbidity and 
medication use 

• Fewer reports of infections 
and infestations, lower 
respiratory tract 
illnesses, notably illnesses, notably 
bronchitis through 12 
months

• Less frequent antibiotics 
use through 12 months 

• Less frequent antipyretics 
use through 4 months

Adapted from Puccio G, et al. J Pediatr Gastroenterol Nutr 2017;64:624–31.

(n=87 [Control]; n=88 [Test])

RCT infants fed a starter formula with HMO (2’FL & LnNT) have a lower risk for 
reported lower respiratory tract infections and antibiotics use during first year of life

(n=87 [Control]; n=88 [Test])



Early life 

microbial 

colonization

likely the 

‘normal’ or 

‘natural’ or 

Laforest-Lapointe et al, Frontiers in Immunology, 2017

‘normal’ or 

‘natural’ or 

‘desirable’ 

pattern of 

development



“Modern” Lifestyle Has Decreased  Exposure to “Modern” Lifestyle Has Decreased  Exposure to 
BacteriaBacteria

• Cesarean  birth

• No breastfeeding

• Sanitized food supply 

- including Infant 

formulaformula

• Urban life

• Antibiotics

Rautava S., et al. JPGN 2004;38:378-388

Rook GA. Immunol Today 1998;19:113-116

“Modern” Lifestyle Has Decreased  Exposure to “Modern” Lifestyle Has Decreased  Exposure to 

Lower 

Oral microbial 

exposure

Altered 

Inadequate immune 

response

Altered 

Intestinal microbiota:

Dysbiosis
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Candida albicans

Helicobacter pylori

Lactobacillus
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Jejunum

105-107 CFU/g

Bacteroides

Candida albicans

Bacteria in the GI Tract: Complex EcosystemBacteria in the GI Tract: Complex Ecosystem

ResidentResident and and IngestedIngested

Candida albicans

Lactobacillus

Streptococcus

Colon

1010-1011 CFU/g

Bacteroides

Bacillus

Bifidobacterium

Clostridium

Enterococcus

Eubacterium

Fusobacterium

Peptostreptococcus

Ruminococcus

Streptococcus

500 – 1000 
species

Duodenum

103-104 CFU/g

Bacteroides

Candida albicans

Lactobacillus

Bacteria in the GI Tract: Complex EcosystemBacteria in the GI Tract: Complex Ecosystem

Lactobacillus

Streptococcus

Ileum

107-108 CFU/g

Bacteroides

Clostridium

Enterobacteriaceae

Enterococcus

Lactobacillus

Veillonella
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104 CFU/g

Candida albicans

Helicobacter pylori

Lactobacillus

Streptococcus

Jejunum

105-107 CFU/g

Bacteroides

Candida albicans
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Several thousands of species possible 
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1010-1011 CFU/g

Bacteroides

Bacillus
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Several thousands of species possible 

in human GI tracts.

Many not cultivated yet.
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in human GI tracts.

Many not cultivated yet.
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Neisseriales

Vibrionaceae, 
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Salmonella, Yersinia, 

Vibrio, Pseudomonas, 

Escherichia, Shigella

Campylobacter, 

Helicobacter

Bifidobacteria spp
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16S ribosomal RNA 
– based phylogeny

16S rRNA gene

• Present in almost all bacteria and archaea

• Its function has been preserved over time

• It consists of both conserved and variable regions • It consists of both conserved and variable regions 

• The conserved region makes universal amplification 
possible

• Sequencing the variable regions allows discrimination 
between specific different microorganisms 

• Described from an initial group of 11 bacterial phyla 
in 1987, 

• As of February 2012, 2 million 16S rRNA sequences 
and 35 phyla described



DysbiosisDysbiosis::

Altered Microbiota associated with Altered Microbiota associated with 

acute and chronic diseasesacute and chronic diseases

Maslowski KM, Nature Immunology, 2011 12:6

Crohn’s

Disease

Type 2

Diabetes

Spor et al Nature Reviews - Microbiology 2011

NEC



~ 65%

~ 16%

Adult Microbiome

Main human GI 

microbial phyla

et al Nature Reviews – Microbiology, 2011

~ 16%

~  9%

~  5%



~ 65%

~ 16%

Adult Microbiome

Main human GI 

microbial phyla

et al Nature Reviews – Microbiology, 2011

~ 16%

~  9%

~  5%

Healthy

Mature 

microbiota

Premature Premature 

Infants



Phyla

Microbiota & obesity

Chiericco et all 2018

Firmicutes

Bactreroidetes

Faecalibacyterium

prausnitzii

Phyla

Genus / species



Dusko Ekrlich S, Compte Rendus Biologies, 2016

Cortini F et al, NGS tools, 2016

Next Generation Sequencing has changed the way we look at the mocrobiome
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The TEDDY Study

Germany, Sweden, Fin

land, USA 

N = 903
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Stewart C et al, Nature, 2018

Amount of variance explained by each covariate

N = 987 children, >10,000 samples
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Amount of variance explained by each covariate

N = 987 children, >10,000 samples



Can we modify the intestinal 
microbiota?

The GI Microbiota is a stable ecosystem 

– difficult to disrupt– difficult to disrupt

• Diet

• Antibiotics

• Oral ingestion of bacteria (probiotics)

• Oral ingestion of bacterial substrates (prebiotics)

• Replacement of microbiota (fecal transplantation

Can we modify the intestinal 

The GI Microbiota is a stable ecosystem 

Oral ingestion of bacteria (probiotics)

Oral ingestion of bacterial substrates (prebiotics)

Replacement of microbiota (fecal transplantation



Rationale

Bifidobacteria, the most abundant genus in breastfed infants

Technology allowed the growth and production of adequate 

cultures

Potential for competing with pathogenic bacteria

, the most abundant genus in breastfed infants

Technology allowed the growth and production of adequate 



October 1994
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Defining Defining 

ProbioticsProbiotics

‘Live organisms which when 

administered in adequate amounts 

confer a health benefit on the host

‘Live organisms which when 

administered in adequate amounts 

confer a health benefit on the host



DefinitionDefinition

• Live microorganisms that, when 
administered in adequate 
amounts, confer a health benefit on 
the host

FAO/ WHO – adapted by ISAPP

* B. lactis and L reuteri are the only two probiotics with GRAS status approved for use in term 

infant formula from day 1 by US FDA

B lactis

L. reuteri

Live microorganisms that, when 
administered in adequate 
amounts, confer a health benefit on 

adapted by ISAPP

are the only two probiotics with GRAS status approved for use in term 

L. Rhamnosus GG



Bifidobacterium lactisBifidobacterium lactis

• Bifidobacteria

– Predominant bacteria in the gut of 

breastfed infants

Positive outcomes reported:

• Immune system development and 

modulation

Nomenclature - B. lactis also: B. animalis sub-species lactis, B. bifidum

B.lactis, strain Bb-12

modulation

• Increase in Secretory IgA

• Reduce risk of acute diarrhea

• Antibiotic diarrhea risk reduction

• Emerging Evidence in Allergy and NEC

• FDA GRAS status in infant formula from 

birth

Bifidobacterium lactisBifidobacterium lactis

Bifidobacteria found in breastmilk

Predominant bacteria in the gut of 

breastfed infants

Positive outcomes reported:

Immune system development and 

modulationmodulation

Increase in Secretory IgA

Reduce risk of acute diarrhea

Antibiotic diarrhea risk reduction

Emerging Evidence in Allergy and NEC

FDA GRAS status in infant formula from 



Lactobacillus reuteriLactobacillus reuteri

• Isolated from breastmilk

Most relevant areas of clinical research

showing positive results:

• Reduced infant colic and crying

• Improved GI motility 

Nomenclature – L. reuteri: Parent strain ATCC 55730, cured strain DMS 17938

L. reuteri

strain ATCC55730, DSM 17038

• Improved GI motility 

• Reduced intensity of abdominal pain

• Regulated bowel movements

• Improved feeding tolerance in premature 

infants

• Diarrhea

• FDA GRAS status in term infant 

formula from 

Lactobacillus reuteriLactobacillus reuteri

Isolated from breastmilk

Most relevant areas of clinical research

showing positive results:

Reduced infant colic and crying

Improved GI motility 

: Parent strain ATCC 55730, cured strain DMS 17938

Improved GI motility 

Reduced intensity of abdominal pain

Regulated bowel movements

Improved feeding tolerance in premature 

FDA GRAS status in term infant 

formula from birrth



Lactobacillus Lactobacillus rhamnosusrhamnosus

• The most studies probiotic bacterium

Most relevant areas of clinical research

showing positive results:

• Improved GI motility / constipation

• Management of diarrhea

https://www.ingredientsnetwork.com/chr-hansen-lgg-news042798.html 

Nomenclature –

L. Rhamnosus

• Management of diarrhea

• Diarrhea / 

• Antibiotic associated diarrhea

• Allergic manifestations

• No FDA GRAS status in term infant 

formula from birth. Approved for 

therapeutic formulas

rhamnosusrhamnosus (GG)(GG)

The most studies probiotic bacterium

Most relevant areas of clinical research

showing positive results:

Improved GI motility / constipation

Management of diarrhea

news042798.html 

Management of diarrhea

Diarrhea / acut respiratory infections

Antibiotic associated diarrhea

Allergic manifestations

No FDA GRAS status in term infant 

formula from birth. Approved for 

therapeutic formulas



Bouhnik Y et al Gastroenterology, 1992



Documented Effects of ProbioticDocumented Effects of Probiotic

on Protective Gut Barrier and Immune Functionon Protective Gut Barrier and Immune Function

• Decreased gut permeability

• Increased mucin production

• Increased IgA secreting cells and 

• Increased natural killer cell tumor

• Increased production of macrophages and 

activated phagocytosis

• Immune modulation towards antigen tolerance

Fukushima Y., et al. Int J Food Micorbiol 1998;42:39-44

Rautava S., et al. Pediatr Res 2006;60:221-224

Stratiki Z., et al.  Early Hum Dev 2007 on-line at: http://dx.doi.org/10.1016/j.earlhumdev.2006.12.002

Documented Effects of ProbioticDocumented Effects of Probiotic Supplementation Supplementation 

on Protective Gut Barrier and Immune Functionon Protective Gut Barrier and Immune Function

Decreased gut permeability

production

Increased IgA secreting cells and secretory IgA

Increased natural killer cell tumor-killing activity

Increased production of macrophages and 

phagocytosis

Immune modulation towards antigen tolerance

line at: http://dx.doi.org/10.1016/j.earlhumdev.2006.12.002
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AntiAnti--Rotavirus IgA Increases with Rotavirus IgA Increases with 
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Holscher H. J Parenter Enteral Nutr. 2012;36:106S-17S 2012.
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Supplementation in Infants Born via CSupplementation in Infants Born via C--sectionsection

Control
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Clinical Outcomes reported with Clinical Outcomes reported with 

specific probiotics documented in Infants and specific probiotics documented in Infants and 

ChildrenChildren

•• Modification of intestinal microbiota Modification of intestinal microbiota 

•• Reduced risk and duration of acute diarrheaReduced risk and duration of acute diarrhea

Reduced risk of respiratory infectionsReduced risk of respiratory infections

Langhendries JP, et al. J Pediatr Gastroenterol Nutr. 1995; 21(2):177-181

Agostoni C, et al. J Pediatr Gastroenterol Nutr. 2004:38:365-374

•• Reduced risk of respiratory infectionsReduced risk of respiratory infections

•• Reduce crying time in Infant colicReduce crying time in Infant colic

•• Reduced risk of atopic dermatitisReduced risk of atopic dermatitis

•• Reduced risk of NECReduced risk of NEC

Clinical Outcomes reported with Clinical Outcomes reported with 

specific probiotics documented in Infants and specific probiotics documented in Infants and 

Modification of intestinal microbiota Modification of intestinal microbiota 

Reduced risk and duration of acute diarrheaReduced risk and duration of acute diarrhea

Reduced risk of respiratory infectionsReduced risk of respiratory infectionsReduced risk of respiratory infectionsReduced risk of respiratory infections

Reduce crying time in Infant colicReduce crying time in Infant colic

Reduced risk of atopic dermatitisReduced risk of atopic dermatitis

Reduced risk of NECReduced risk of NEC



Saavedra
Lancet 1994

B. Bifidum

+ S. therm

Penna
Pediatria 2009

L. delbrueckii 

H2B20

Szajewska 

Prevention of nosocomial diarrhoea

Szajewska 
J Pediatr 2000

L. rhamnosus GG

Mastretta
JPGN 2002

L. rhamnosus GG

Hojsak
Pediatrics 2010

L. Rhamnosus GG

RR (95% CI) NNT (95% CI)

0.2 (0.06-0.8) 5 (3-20)

1.6 (0.6-4.0) NS

Prevention of nosocomial diarrhoea

0.2 (0.06-0.6) 4 (2-10)

0.8 (0.6-1.3) NS

0.4 (0.25-0.7) 15 (9-34)



Probiotics in preventing infections 
in day care centers

Probiotic

Ribeiro  1998 L plantarum 299v

Pedone 2000 L casei DN 114 001 

Chouraqui 2004 B lactis Bb12

Hatakka 2001 LGG

Thibault 2004 B breve + Str therm

Saavedra 2004 B lactis + Str thermSaavedra 2004 B lactis + Str therm

Weizman 2005 B lactis OR L reuteri ATCC 55730

Binns 2007 B lactis + FOS + GUM

Waligora 2006 Oligofructose

Leyer 2009 L acidophilus + B animalis

Merenstein 2010 L casei DN 114 001 

Hojsak 2010 L rhamnosus GG

Agustina 2012 L reuteri DSM 17938 

Gutierrez-Castrellon 2014 L reuteri DSM 17938

Weizman Z. Beneficial Microbes 2014 doi 10.3920/BM2014.0101

preventing infections 

Diarrhea Respiratory inf.

Decreased Decreased

Decreased NA

Decreased NA

NS Decreased

Decreased NA

NS NSNS NS

ATCC 55730 Decreased NS

Decreased NS

Decreased NS

N/A Decreased

Decreased Decreased

NS Decreased

Decreased NS

Decreased Decreased

10.3920/BM2014.0101



L. rhamnosus GG and respiratory infections

Overall respiratory infections 2 RCTs, n=794, RR 0.73, 95% CI:0.57

Otitis media 4 RCTs, n=1805, RR 0.76, 95% CI: 0.64-0.91) 

Upper respiratory infections 1 RCT, n=281, RR 0.62, 95% CI 0.50

Liu 2013

GG and respiratory infections

0.73, 95% CI:0.57-0.92). 

0.91) 

1 RCT, n=281, RR 0.62, 95% CI 0.50-0.78)



Reduction in Crying Time with Reduction in Crying Time with 
L. L. reuterireuteri Supplementation vs. Supplementation vs. 
PlaceboPlacebo
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*p<0.0001



Potential Mechanisms by which Potential Mechanisms by which 
ProbioticsProbiotics May be May be BB
CColicolic

• Promote microbial balance (increase lactobacilli & 

decrease coliforms and bacteroides

• Improve gut motility in infants

Enhance mucosal barrier (decrease gut • Enhance mucosal barrier (decrease gut 

permeability)3

• Neuro - chemical mechanism through the gut

brain axis (?)

1. Savino, F, et al. Pediatrics 2010; 126(3):e526-33. 

2. Indiro F, et al. J Peds 2008;152(6):801-6. 

3. Savino F, et al. Pediatrics 2007;119(1):e124-30. 

4. Rosenfeldt V. et al. J Pediatr 2004:145:612-16. 

Potential Mechanisms by which Potential Mechanisms by which 
BBeneficial in Infant eneficial in Infant 

Promote microbial balance (increase lactobacilli & 

bacteroides)1

Improve gut motility in infants2

Enhance mucosal barrier (decrease gut Enhance mucosal barrier (decrease gut 

chemical mechanism through the gut-



Probiotics in Probiotics in PrematuresPrematures
NECNEC

PrematuresPrematures Effect on  Stage 2 Effect on  Stage 2 

73% Risk reduction



Probiotics in Probiotics in PrematuresPrematures
MortalityMortality

PrematuresPrematures: : 

53% Risk reduction



Brief general summary: Clinical use of  Brief general summary: Clinical use of  
probioticsprobiotics**

The use of specific probiotics can 

• Decrease risk and duration of acute diarrhea in healthy infants

B.lactis, B. bifidum, B. infantis, LGG, L. 

• Decrease in antibiotic assoiated

L.GG, [S. boulardi]

• Decrease respiratory infections• Decrease respiratory infections

L.GG, L. reuteri

• Decrease crying time in infants with colic

L. reuteri

• Decrease NEC in premature infants

Bifidobacteria & lactobacilli

• Decrease allergic manifestations

L. GG

*Not exhaustive or all encompassing

Brief general summary: Clinical use of  Brief general summary: Clinical use of  

can 

Decrease risk and duration of acute diarrhea in healthy infants

, LGG, L. reuteri, S boulardi

assoiated diarrhea

Decrease respiratory infectionsDecrease respiratory infections

Decrease crying time in infants with colic

Decrease NEC in premature infants

Decrease allergic manifestations



Considerations when interpreting 
probiotic studies

Not all probiotics are created equal

• Consider genus, species and strain

• Dose • Dose 

• Mode of administration

Considerations when interpreting 

Not all hosts are created equal

• Different risk populations 

• C section• C section

• Breastfeeding

• Diet

• Antibiotics



BirthBirth

• Vaginal 
delivery

• Breast feeding

Promote

A "healthy” intestinal microbiota 

modulates important GI functions

Improved Gut Function

Improved Immune Response

Promote

BirthBirth

• C- section
• Formula feeding
• Antibiotic use
• Environment

(hospital & sterility)

Hinder

A "healthy” intestinal microbiota 

modulates important GI functions

Improved Gut Function

Improved Immune Response

Hinder



Promote

BirthBirth

• Vaginal 
delivery

• Breast feeding

Probiotics 

Prebiotics

Promote Promote

A "healthy” intestinal microbiota 

modulates important GI functions

Improved Gut Function

Improved Immune Response

Promote Promote

BirthBirth

• C- section
• Formula feeding
• Antibiotic use
• Environment

(hospital & sterility)

Hinder

Probiotics 

Prebiotics

Promote

A "healthy” intestinal microbiota 

modulates important GI functions

Improved Gut Function

Improved Immune Response

Hinder
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