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Objectives 
• Review the importance of a balanced microbiota for a normal 

functioning immune system and health

• Discuss the science behind the relationship between the brain and the 
gastrointestinal tract and concept of dysbiosis

• Provide the evidence demonstrating the importance of the 
gastrointestinal tract microbiota and brain function in particular 
psychological/emotional health

• Describe the concept of functional gastrointestinal disease

• Outline the data supporting use of probiotics in functional GI disorders as 
well as manipulating the microbiota as a novel approach to functional GI 
disorders



Microbiome, 
Immune Development, and

Dysbiosis



• Gut microbiota help support gut 
barrier function:

 ↑ Mucin production

 ↓ Permeability

• Gut microbiota help support the 
adaptive immune response:

 Generate IgA activity (humoral)

 Balance in T helper cell subclasses 
(cellular)

 Enhances T regulatory cell function

Li D et al. Biotechnology Advances 34 (2016) 1210–1224

Isolauri E., et al. Am J Clin Nutr 2001;73(suppl):444S-450S

Saavedra JM. Nutr Clin Pract 2007; 22:351-365

Role of Intestinal Microbiota 
in Immune Health 



Microbiome:  Microbiota and biofilm
A Balanced Ecosystem

Potentially Harmful Bacteria

 Diarrhea/constipation

 Altered Motility

 Decreased diversity with 

 Increased Allergy and

 Increased Auto-immune disease

 Infections

 Production of Toxins

Proteus

Staphylococci

Pseudomonas

Clostridia

Enterococci

E. coli

Lactobacilli

Streptococci

Eubacteria

Bifidobacteria

Bacteroides

Potentially Helpful Bacteria

 Inhibition of exogeneous and/or 
harmful bacteria

 Stimulation of immune functions 
and healthy immune 
development

 Aid in digestion and/or 
absorption

 Synthesis of vitamins
 Supports the GI barrier

Dirk Haller – Microbiome in Health and Disease 2018



Microbiome and Dysbiosis 
• Dysbiosis is the condition of having imbalances in the microbial communities either in or 

on the body

• Dysbiosis is associated with many diseases, such as inflammatory bowel disease, Celiac 
disease and gastrointestinal allergy

Dirk Haller – Microbiome in Health and Disease 2018;  CR Tiffany et al.  Am J Phyiol GastroLiver 2019; 317: G602–G608
LJ Wilkins et al. Nature Scientific Reports | (Sept 2019) 9:12918 | https://doi.org/10.1038/s41598-019-49452
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Adapted from Rautava S. et al, JPGN 2004:38;378–388.

The Microbes and Infant is Exposed to Help 
Define their Intestinal Microbiota

Prenatal Period

Role of placenta
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Fetal lumen microbes

Days 1 - 3

Microbiota influenced by:

Genetics

Mode of Delivery

Days 4 – 10 Days 11 – 120

Microbiota influenced by:

Feeding Type

Environmental Factors



A Healthy Gut Microbiota Is Important For 
Maturation Of The Gut Barrier Function And 

Immune System Development

Important phases of gut microbiota development in early life

Potential exposure to the 
microbial communities in 
the placenta and amniotic 
fluid

Mode of delivery 
influences exposure to the 
mother’s vaginal and 
intestinal microbiota as 
well as skin microbiota

Type of feeding, use of 
antimicrobials and the 
mother’s skin microbiota

Major 
influencing 
factors

Initial colonisation Increasing diversity

In the womb At birth Introduction to oral feeding

First inoculation

Arrieta et al., Front Immunol, 2014.
Rodrigruez et al., Microb Ecol Health Dis, 2015.
Collado et al., Sci Rep, 2016.
Collado et al., Gut Microbes, 2012; Bäckhed et al., Cell Host Microbe, 2015.
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Each Person Develops a Unique GI Microbiome

Influenced by:

Environment

Antibiotics
Genetics

Gestational 
Age

Mode of 
Delivery

Diet

Healthy 
Development

Disease

Microbiome

or

Martin R, Nauta AJ, Amor KB, Knippels LMJ, Knol J, Garssen J. Benef Microbes. 2010;1(4):367-82.

Stiemsma LT, Michels KB. Pediatrics. 2018;141(4):e20172437.

Yang I, Corwin EJ, Brennan PA, Jordan S, Murphy JR, Dunlop A.  Nurs Res. 2016;65(1):76

Dysbiosis



H Sbihi et al.  Allergy. 2019;74:2103–2115

Infant Exposures Help Define their 
Intestinal Microbiota



Microbiome 

and the

Brain-Gut Axis (Connection)



Microbiota-Gut-Brain Axis cont’d

• Enteric microbiota interacts with the host to establish 
relationships governing homeostasis

• Multiple studies focusing on the impact of enteric 
microbiota on the host particularly the central 
nervous system

• Germ‐free mice display alterations in 
stress‐responsivity, central neurochemistry and 
behavior – a reduction in anxiety in comparison to 
conventional mice; potential therapeutic target



Microbiota-Gut-Brain Axis cont’d

T Cerdo et al.  Curr Opin Pharmacol 2020; 50:33-37



Microbiota-Gut-Brain Axis cont’d



Defining Functional Gi Disease
and

Probiotics 
Modulate Brain-Gut Interactions 

Influencing Gut-Brain Health



Breastmilk is the ideal way to nourish an infant, and it provides support to 
the mother and the infant in the following ways:

Breastfeeding is the Gold
Standard of Infant Feeding

Nutritional

Psycho-social

Functional

Immunologic

Maternity by Pablo Picasso, 1904/5



• Nonpathogenic, live microorganisms in the 
food supply that, when consumed or ingested
in adequate amounts, are capable of 
conferring a health benefit to the host

• Main genera used in commercial probiotics
– Bifidobacteria

– Lactobacilli

– Yeasts (S. boulardii)

CJL Day et al  Future Sci (OA) May 2019

Douglas LC, Sanders ME. JADA. 2008:108(3):510-521

Neu, J. et al. NCP 2007:22:174-182

Probiotics

Bifidobacteria

Lactobacilli 

Yeast



Statements on Probiotic Safety

• “To date, these products (probiotics) seem to be safe for healthy infants and 
children.”

• “Probiotics should not be given to children who are seriously or chronically ill 
until the safety of administration has been established.”

• “All ingredients used in infant formula must be safe and lawful—that is, 
food ingredients that are, to date, generally regarded as safe (GRAS)… 
Prebiotics and probiotics now being added to commercial infant formulas are 
classified as GRAS.”

Thomas D, et al. Pediatrics. 2010;128(6):1217-1231

AAP Clinical Report on 
Probiotics and Prebiotics in Infants

Confidential and Proprietary

JPGN 2017;65: 117–124)

No head-to-head clinical trials comparing 
one probiotic to another!



• L. reuteri isolated from human breastmilk

• Most relevant areas of clinical research

showing positive results:

 Reduced infant colic and crying

 Balanced microbiota

 Reduced frequency of spit-ups

 Improved GI motility 

 Reduced intensity of abdominal pain

 Regulated bowel movements

 GRAS status in term infant formula from day 1

Lactobacillus reuteri 

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

L. reuteri
Strain ATCC55730, DSM 17938



• Most studied probiotic in functional GI disorders

• Balances the microbiota

• Supports a healthy digestive tract and immune system

• Helps reduce occasional digestive upset

L. reuteri 



L. reuteri Supplementation Reduced Crying Time In 
Colicky Infants In Multiple Clinical Studies

Crying time min/day

Source,

Year

L. 

reuteri

Contr

ol

Difference at 

day 21 (95 % 

CI) P=

Savino et al,

2007
74 154

-80

(-95 to -60)
0.001

Savino et al,

2010

35 90
-55*

(N/A)
0.022

Szajewska 

et al, 2013
75 128

-53

(-83 to -45)
0.0001

Sung et al,

2014
56 63

-7*^

(N/A)
0.4

Mi et al,

2015
82# 137# -82#

(N/A)
0.01

Chau et al, 

2015
60 102

-42

(-74 to -10)
0.045

Savino et al. 

2018
95# 188#

-93*

(NA)
.009



L. reuteri Reduced Frequency of Spit-ups 

in Infants with Reflux*
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L. reuteri Placebo

Spit-ups in Healthy Breastfed Infants with Reflux*

Conclusion:

“In infants with functional GER, L. reuteri DSM 17938 reduce gastric distension and accelerate

gastric emptying. In addition, this probiotic strain seems to diminish the frequency of regurgitation.”

Indrio 2011 NJ Talley Am J Gastroenterol 2020;115:41-48



• Intestinal microbiota is critical to infant health and a number of factors 
can influence establishment of the microbiota, i.e. dysbiosis with long-
term consequences

• Targeting the microbiota, i.e. psychobiotics is a critically needed area to 
target for brain and enteric nervous system development

• Functional gastrointestinal disease affects both children and adults and 
can be life long without intervention

• Breastmilk has “good” bacteria which diversify the developing 
microbiome conferring benefit to the host

• Probiotic L. reuteri in infant feeding may help support the developing 
microbiota

• L. reuteri helps with functional GI Disorders
 Reduce crying time and fussiness in infants with colic
 Reduce frequency of spit-up
 Normalized stool frequency in constipated infants

• Psychobiotics is the new frontier for treatment of FGIDs 

Conclusions

L. reuteri
Strain ATCC55730, DSM 17938

(GRAS status in term infant formula)


