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The role of the gut microbiome
in infant development

A balanced gut microbiota is essential for proper immune, metabolic and cognitive
development in infants and children.

The gut microbiome plays an important role in regulating host processes such as:’
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Factors influencing the development of the gut
microbiome in early life

Immune system

Gut microbiota
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Life
stage
Pregnancy Birth 12 Months * 2 Years _,
Neonatal factors*: Postnatal factors*:
Maternal microbiota Feeding type (breastfeeding vs formula feeding)
Mode of delivery Antibiotic use

Gestational age Environment (for example, family lifestyle)
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How does mode of delivery affect
microbiome colonization in the gut?

- Mode of delivery is generally accepted as a A Mother’s body habitat
major factor that influences initial gut * Oral cavity
microbiota colonization.* ‘ 5 e

- Babies delivered by vaginal birth have @ D
a different gut microbiome than babies .

delivered by Caesarean-section (C-section).®

- Vaginally delivered infants are exposed to
maternal vaginal and fecal microbes which

) ® o
then colonize the gut.# e ()
- Babies delivered by C-section do not
come into direct contact with maternal
vaginal and fecal microbes and are more g @
likely to be colonized by maternal skin and % ®

environmental microbes.* .
PC1 (12%)

Figure adapted from Dominguez-Bello et al. PNAS 2020;107:11971-11975.
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Differences in gut microbiota composition
between infants delivered vaginally and
through C-section
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Infants born by C-section Vaginally delivered These differences in infant
have delayed gut microbiota infants show a greater gut microbiome are present
colonization as well as diversity of gut at 1year and beyond.”® This
lower levels of important microbiota compared can have long-term effects on
‘keyst loni ' h with C-section immunological and metabolic
Y e o CT) 85 delivered infants.* development of infants.’

Bifidobacterium and Bacteroides.>¢

The gut microbiota of C-section infants differs significantly from that
of vaginally delivered infants, which may have serious consequences on the

long-term health of C-section infants.
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Long term impact of C-section delivery

A higher incidence | A higher need for
of respiratory infections ' . antibiotics during
in early life™ the 1st year of life™

Q *
10% higher risk of - °D V\ﬁ:l:nvzagi?\(:l &é} 2x risk of asthma
infections that require 2 ST Ceseaiian even at 6 years and an
hospitalization, with the o : increased risk of other

risk persisting over 5 years? delivery is immune disorders™"
associated
with:
BMI‘
Potentially higher risk Indication for
of obesity™™" differences in brain

development®,
cognition™ and behavior”
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Increasing C-section rates across the
world are a cause for concern

. ) In 2015, an estimated
- C-section can be a medically necessary

intervention to prevent maternal and 297
newborn mortality.”® i
swborn mortality million -
- However, C-section delivery is associated babies were born Itis projected
i _ _ i 18 through C-section,
with short- and long-term risks. almost twice as that by 2030,
- The World Health Organization (WHO) many as in 20007 28 59
has stated that C-section use should of pregnant
not exceed 10%-15% of all births."® women worldwide
will deliver by
C-section.?®

The impact of C-section delivery on infant health is thus

becoming an increasing concern.
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Does early life antibiotic exposure impact
gut microbiome development?

- Antibiotic use in
infants reduces gut

microbiota diversity and Bifdobacteria Clostridia
. 504 p=0.057 =0.053 804 p=0.025 =0.095
Imp§CtS abu nd.a nce _ 2:0.014 1 5:0.0094 _ g:o.oozl 1 Z:o 058
of bifidobacteria as £ 40- & ‘
. - [0} [0
important early life o e
colonizers.%® 230‘ é
Q o)
- Infants treated with o 207 o
antibiotics showed Sa0d [ L 5
reduced infant-type @ FETETTTITN &
bifidobacteria while 04 \ 0-
adult-type clostridia 0 025 3 12 48 0 025 3 12 48
increased in abundance.5® Age (months] Age (months)

Normal e Caesarean e Antibiotic-treated



Early life antibiotic
use is associated
with anincrease in
immune-related
disorders and impacts

metabolism. There is
also some evidence
that it can affect
cognitive
development.
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Impact of antibiotic use in early life

Impact of antibiotic use on:

Higher likelihood
of Clostridioides
difficile infection?'

Higher risk of
developing allergies
and asthma?22

Higher susceptibility
to develop auto-
immune disease and
non-communicable
disorders?

BMI

5

Metabolism#

Increased
susceptibility
to obesity??®

Cognitive
development®
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Nutritional strategies offer a good
opportunity to rebalance the compromised
microbiota in early life®®

Microbiome modulation strategies

. ST eieeneesenenens Health
To supportinfant e
development, Health &
a nutritionally
completediet | . B . T Disease
isimportantto | S =L LT
ensupr)e adequate Repiated rags 1000, :l.gl':)a"ergy'
. g : antibiotics  lIfestyle. food S
intake of nutrients " Poor diet components
such asiron and 1
vitamin D.%0 j Antibiotics
Preterm ._._::"" C-section w Time
Pre-natal Birth Infancy Weaning Childhood

NCD, non-communicable diseases
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Breast milk is the gold standard in infant nutrition

Breast milk contains nutritional and bioactive compounds that support
development of a healthy gut microbiota and immune system?"4*

Immune cells and other immune modulatory components
Conferring active and passive immunity

>200 identified Human Milk Oligosaccharide (HMOs)
Prebiotic effect, direct effect on immune cells and blocking the
entry of pathogens to reduce infections

Bacteria and bacterial metabolites
To support the development and functioning of a healthy gut and
immune system

- Unique lipids profile with essential fatty acids and
| Microbiota . .
/ D \iiomins complex lipid structures
| metabolites & minerals To support brain development
)

Lipids S r Nucleotides, vitamins, minerals, micronutrients
.. Essential for growth and development
® . . .
: ® Protein Carbohydrates (including lactose) and lipids
.—Y\:‘ Most important sources of energy
Proteins
Essential for growth and development
*88% water /

mn
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The role of prebiotic, probiotic and synbiotics
in gut microbiota colonization

Prebiotics Probiotics Synbiotics
Substrates that Live micro-organisms A mixture of pre- and
are selectively which when probiotics that improve the
utilized by host administered in survival of live microbial
micro-organisms, adequate amounts dietary supplements in the
conferring a confer a health gastrointestinal tract by
health benefit.# benefit on the host.¢® selectively stimulating the

growth of health-promoting
bacteria.’

12
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Biotics-containing formula:
A valid nutritional alternative

=
Frog
TN
%2 .’(‘w.’
- az<,
,f:. Y%A
L4 When exclusive breastfeeding ‘3):1' 4

is not possible, biotics-containing (L4 (]
formula could be considered as a " *\.“
valid nutritional alternative.

Several biotics are available in the market,

but only a few have been proven to provide health benefit to infants.

13
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Prebiotics with proven benefits:
scGOS/IcFOS (9:1) and 2'-FL

- Short-chain galacto-oligosaccharide (scGOS)/long-chain fructo-oligosaccharides (IcFOS)
(9:1) is a unigue blend of scGOS and IcFOS which has demonstrated positive effects on infant
microbiota and health in over 40 studies.**®

- 2'-fucosyllactose (2'-FL) is the most abundant HMO found in breast milk.5?

scGOS/IcFO0S (9:1) in infant formula: Adding 2'-FL to scGOS/IcFOS enhances

. Increased beneficial bacterias3s45? immune and microbiota benefits.

. Reduced infectionsss-57.¢8 + Improved influenza vaccination response®®¢'

+ More favorable microbial ecosystem?®®

Up to2 years of life

2 6 ek

Any infection Infection requiring Upper respiratory
(p=0.02) antibiotic therapy (p=0.05) tract infection (p<0.01)

- Suppressed the growth of harmful bacteria®'%5.5?

14



Bifidobacterium breve M-16V is a
probiotic with proven health benefits

-

- Bifidobacterium are
a family of beneficial
bacteria naturally found
in the gut of
breastfed infants.®?

- B. breve M-16V is a species
originally isolated from a
healthy infant gut.®®

+ B. breve M-16V has been
extensively studied, with
well-established clinical
data on its safety and efficacy
in infants.®®

4
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B. breve M-16V dietary supplementation:

Promotes early gut
microbial colonization

Regulates immune
response to prevent
allergic disorders

15
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Infant formula with B. breve M-16V and
scGOS/IcFOS (92:1) corrects delayed gut
colonization in babies born by C-section

JULIUS study: Randomized, double-blind multicentre study?’

- 163 infants delivered by C-section
randomized to receive synbiotic (n=52),
prebiotic (n=51), or control formula (n=50)

O

p<0.0001 p<0.009

p<0.0001 7l>l
7 - Vaginal
./ - birth

- From day 3/5 to week 4, the proportion of
bifidobacteria in the synbiotic group was

Estimated mean of total
Bifidobacterium gene count
(Log10 copies/g of feces)

significantly higher than the > C-section -
control group.? 5 — synbiotic

- The delayed colonization of bifidobacteria in N _
infants born by C-section was restored with 3 - ﬁ'seCt'b‘?”tT
synbiotic treatment resembled the vaginally D3/5 wk2 Wk4 e ©

born reference.?
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Reduced incidence of skin disorders with
infant formula containing B. breve M-16V
and scGOS/IcFOS (9:1)

STV
’// Incidence of skin disorders during 16 weeks of intervention (reported AEs)
. 10
Compared with
the control group,
significantly fewer
infants in the
synbiotic group
reported skin
disorder-related
adverse events.?

\_ /

53%

reduction
p=0.017

Proportion of infants with
skin disorders

Control Synbiotic Vaginal birth

17
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Summary

The gut microbiota plays a
key role in immunoregulation
and normal development.

Where breastfeeding is not
possible, including babies
delivered by C-section,
choosing an evidence-
based synbiotic infant
formula can support the
development of a healthy
gut microbiome.

The gut microbiome
colonization is influenced
by various factors such
as mode of delivery at
birth and feeding type
during infancy.

18
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