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Il neonato a termine:

latte materno e quale altro latte?





Diminuzione del rischio
dose dipendente

Depressione post
partum

Diabete mellito di tipo 2

(maggior durata di
allattamento -32%)

Tumore ovarico
(una maggior durata di

allattamento si associa a una
riduzione del rischio del 30%)

Victoria et al. Lancet 2016

Tumore al seno
(Per ogni aumento di 12 mesi nella durata

cumulativa di allattamento
sii ha una riduzione del rischio del 4.3%)



Obesità
(-13%)

 Patologie infettive (diarrea, infezioni respiratorie, otite)
 Mortalità e ospedalizzazione secondaria a patologie infettive
 SIDS (-36%)
 Leucemia (-19%)

Diabete tipo II

(-35%)

Diminuzione del rischio dose
dipendente

Victoria et al. Lancet 2016

… e
Promozione sviluppo cognitivo



Macro e micronutrienti
molecole di segnale

Pattern di crescita e
composizione
corporea

Fattori epigenetici

Modulazione del sistema
immune e dello sviluppo del
microbiota intestinale

Quali sono i potenziali meccanismi
attraverso cui il latte materno promuove lo

stato di salute dell’individuo?



Il microbiota materno “allena” il sistema immunitario feto-neonatale alla
tolleranza dei microorganismi commensali

MacPherson AJ, Nat Rev Immunol 2017

È dimostrato il
passaggio

transplacentare
diretto di

microorganismi vivi

Placenta as a sterile
environment?
Not so much!

Limitazione alla traslocazione e alla reattività immunologica
verso antigeni del microbiota materno



Human milk is a putatitve
innate immune system

Human milk is a putatitve
innate immune system

Il latte materno contribuisce a completare l’imprinting iniziato dalla mamma in gravidanza!



Breastfeeding
and microbiota
Breastfeeding

and microbiota

Ingredients in breast milk
can help to establish a
healthy community of

microorganisms in the infant
gut!

Nature 2018

Ingredients in breast milk
can help to establish a
healthy community of

microorganisms in the infant
gut!

Nature 2018



Increased bacterial diversity
in non exclusively breast fed

infants

Increased bacterial diversity
in non exclusively breast fed

infants

Allattamento non
esclusivo

vs
allattamento

esclusivo

1825 stool samples with 684 infants



Altered microbioma
in non exclusively breast fed

infants

Altered microbioma
in non exclusively breast fed

infants

Allattamento non esclusivo
vs

allattamento esclusivo



Perché è importante la modulazione dello
sviluppo del microbiota?



Salute

Disbiosi/Malattia



Growth, body composition, metabolic system programming
and immunomodulation

Adult health
Metabolic disease

susceptibility

Modified

Effects on composition on gut microbiota:
a possible mechanistic link?



Neonatal period and early infancyFetal life Birth

Sources of
microbes

Gut microbiota
characteristics

Amniotic fluid
Maternal gut

Low abundance of
Enterobacteriaceae
Staphylococcus
Streptococcus
Lactobacillus

Birth canal
Maternal gut

Lactobacillus
Prevotella
Bacteroides
Bifidobacterium

Modulation by human milk oligosaccharides
Microbes in human milk

Low diversity
Dominated by bifidobacteria

Potential
perturbations

Maternal antibiotics
Maternal obesity

Prematurity and
Caesarean section
-low bacterial richness
-low bacterial diversity
-delayed colonization
of Bacteroides

Neonatal antibiotics
-low bacterial diversity
-low bifidobacteria
-increase Proteobacteria

Formula feeding
-higher bacterial diversity
-fewer bifidobacteria
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Human
breast milk

Solid components

Macro- & Micro-nutrients

Water

Gli oligosaccaridi sono la terza
componente più abbondante
del latte materno e sono
caratterizzati da una elevata
complessità strutturale (5-15
g/L)
(Newburg et al. 1986; Kunz et

al. 2000)

 La loro produzione richiede il
10% dell’energia richiesta alla
mamma per produrre il latte

 Sono state identificate circa
200 strutture differenti

 Le implicazioni funzionali
relative alla diversità strutturale
degli oligosaccaridi
rappresentano una importante
area di ricercaZivkovic A et al. PNAS 2010;108 (Suppl 1):4653; Austin et al. Nutrients 2016;8:pii: E346;

Sprenger et al.  PlosONE 2017;12:e0171814; Kunz et al. JPGN 2017;64:789

OLIGOSACCARIDIOLIGOSACCARIDI



Bode, Glycobiology 2012;  Bode et al. Adv Nutr 2014;;22(9):1147-62 Jantscher-Krenn et al. Minerva Pediatr 2012; Sprenger et al.  PlosONE
2017;12:e0171814

Basis of HMOs

Different building blocks and linkages lead to different HMOs

5 monosaccardi sono i “building blocks” degli HMOs5 monosaccardi sono i “building blocks” degli HMOs



OLIGOSACCARIDI: metabolismo e funzioniOLIGOSACCARIDI: metabolismo e funzioni



OLIGOSACCARIDI: metabolismo e funzioniOLIGOSACCARIDI: metabolismo e funzioni



Come possiamo utilizzare le evidenze
scientifiche oggi disponibili per migliorare gli

effetti funzionali dei latte di formula in
mancanza del latte materno?



Modified

Probiotici
Prebiotici/HMO

Postbiotici
Sinbiotici



Shift alla biotecnologiaShift alla biotecnologia



Quali possono essere le implicazioni terapeutiche
della supplementazione con HMO strutturalmente

identici a quelli presenti nel latte materno?



RCT
(307 alimentati con

formula; 107 allattati al
seno)



I lattanti alimentati con formule supplementate con 2’FL producevano quantità di citochine similari agli
allattati al seno e significativamente inferiori a quelle prodotte dai lattanti alimentati con formula di

controllo

I lattanti alimentati con formule supplementate con 2’FL producevano quantità di citochine similari agli
allattati al seno e significativamente inferiori a quelle prodotte dai lattanti alimentati con formula di

controllo



Non vi sono differenze significative nella crescita per quanto riguarda i parametri antropometrici durante la
durata dello studio

Non vi sono differenze significative nella crescita per quanto riguarda i parametri antropometrici durante la
durata dello studio

Weight

Lenght

Head circumference



Stessa formula ma
con  1.0 g/L  2’FL e
0.5 g/L LNT

Proteine
intere,
formula di
controllo



La crescita e la tolleranza gastroenterica è sovrapponibile in entrambi i gruppi durante tutto lo studio
la formula supplementata appare sicura e ben tollerata

La crescita e la tolleranza gastroenterica è sovrapponibile in entrambi i gruppi durante tutto lo studio
la formula supplementata appare sicura e ben tollerata



Riduzione del rischio di sviluppare bronchite, infezioni delle basse vie respiratorie nei primi
due anni di vita, minor uso di antibiotici 0-12 mesi, minor uso di antipiretici 0-4 mesi nei

soggetti che hanno assunto la formula supplementata

Riduzione del rischio di sviluppare bronchite, infezioni delle basse vie respiratorie nei primi
due anni di vita, minor uso di antibiotici 0-12 mesi, minor uso di antipiretici 0-4 mesi nei

soggetti che hanno assunto la formula supplementata





Modified

Probiotici
Prebiotici/HMO

Postbiotici
Sinbiotici



many of the beneficial biological effects associated with the gut microbiota
are driven by bacterial metabolic by-products

Aguilar-Toaláa et al. 2018

many of the beneficial biological effects associated with the gut microbiota
are driven by bacterial metabolic by-products

Aguilar-Toaláa et al. 2018
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Postbiotics are mainly obtained from Lactobacillus and Bifidobacterium
strains; however, some authors have investigated Streptococcus and
Faecalibacterium species as a source of postbiotics (Tsilingiri and Rescigno 2013;
Aguilar-Toaláa et al. 2018).

Postbiotics are mainly obtained from Lactobacillus and Bifidobacterium
strains; however, some authors have investigated Streptococcus and
Faecalibacterium species as a source of postbiotics (Tsilingiri and Rescigno 2013;
Aguilar-Toaláa et al. 2018).

Different set of postbiotics, characterized by specific biological activities, may
be produced according to the type of probiotic strains employed and the
fermentation process used (Tsilingiri and Rescigno 2013; Aguilar-Toaláa et al. 2018).

Different set of postbiotics, characterized by specific biological activities, may
be produced according to the type of probiotic strains employed and the
fermentation process used (Tsilingiri and Rescigno 2013; Aguilar-Toaláa et al. 2018).





The host-microbiota interface

Hooper et al., Nat. Rev. Immunol. 2010

Improvement of
intestinal barrier
function

commensal
microbiota
composition

Immunomodulation
activity

Tight Junction

mucus layer



Quali evidenze scientifiche sono
disponibili relativamente all’utilizzo dei

postbiotici nel neonato?



Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.

Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.

Aim

To compare the activities of two different dietary regimens (standard formula and

Lactobacillus paracasei CBA L74 fermented formula) with the reference group of

breastfed infants on immune defense mechanisms (antimicrobial peptides, IgAs),

the microbiota and its metabolome.



Inclusion criteria
• Healthy full term newborns, with a gestational age 37-41 weeks and a birth weight

adequate for gestational age (10 e 90° centile according to the World Health
Organization charts)

• Maternal agalactia
• Controindications to breastfeeding

Exclusion criteria
• Newborns with a birth weight < 10 or > 90° centile according to the World Health

Organization charts
• Newborns with congenital and/or chromosomal diseases and/or cardiac, gastroenteric,

respiratory, neurological, metabolic diseases
• Perinatal infections
• Family history positive for cow’s milk protein allergy
• Newborns born to parents that will move within 3 months from birth

Reference group
• Exclusively breast fed newborns for the first three months of life.

SubjectsSubjects



Newborns FORMULA M

Newborns FORMULA C
Vaginal delivery

birth 3 m

Newborns FORMULA M

Newborns FORMULA C
Caesarean
section

BREASTFED newborns

BREASTFED newborns

1 m

Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.

Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.



Products Package Macronutrients/100 ml Functional ingredients

Fermented
Formula (M)

800 g Energy: 69 kcal
Lipids: 3.6 g
Carbohydrates: 7.4 g
Proteins: 1.4 g

•Nucleotides (3,4 g/100 ml)
•GOS (0,4g/100 ml)
•Fermented milk with L.paracasei
CBA L74 (2.34% out of 100 g
powder)

Control Formula (C) 800 g Energy: 68 kcal
Lipids: 3.6 g
Carbohydrates: 7.3 g
Proteins: 1.4 g

•Nucleotides (3,4 g/100 ml)
•GOS (0,4g/100 ml)

Composition of the study formulasComposition of the study formulas



*P < 0.05; ***P < 0.001

IGAIGA



*P < 0.05; **P < 0.01; ***P < 0.001

IGAIGA



At enrollment formula fed infants demonstrated a differentiation in fecal metabolites
compared to breastfed infants.
No differences among the two study formulas.

At enrollment formula fed infants demonstrated a differentiation in fecal metabolites
compared to breastfed infants.
No differences among the two study formulas.

Arruolamento

Formula C
Formula M
Breastfed

Metabolomic analysisMetabolomic analysis



Metabolomic analysis
C

C

C

3 mesi

At 3 months, although fecal metabolites of formula fed infants were still different
compared to those of breastfed infants, the metabolome of formula M fed infants was
more similar to that of the reference group

At 3 months, although fecal metabolites of formula fed infants were still different
compared to those of breastfed infants, the metabolome of formula M fed infants was
more similar to that of the reference group

3 mesi

Formula C
Formula M
Breastfed

Metabolomic analysisMetabolomic analysis



Arruolamento

Vaginal delivery
Formula C

Vaginal delivery
breastfed
Caesarean section
breastfed
Vaginal delivery
Formula M

Caesarean section
Formula M

Caesarean section
Formula CBreastfed infants born from a vaginal delivery were clearly separated and

distant from the other groups with a different clusterization of fecal
metabolites already at enrolment, suggesting that both mode of delivery
and feeding impact on metabolite composition already in the first week of
life

Breastfed infants born from a vaginal delivery were clearly separated and
distant from the other groups with a different clusterization of fecal
metabolites already at enrolment, suggesting that both mode of delivery
and feeding impact on metabolite composition already in the first week of
life

Metabolomic analysisMetabolomic analysis



Metabolomic analysis

3 mesi

At 3 months although formula fed infants remained different from breastfed infants, formula M fed
infants had a pattern of fecal metabolites more similar to that of breastfed infants compared to
formula C fed infants.

At 3 months although formula fed infants remained different from breastfed infants, formula M fed
infants had a pattern of fecal metabolites more similar to that of breastfed infants compared to
formula C fed infants.

Vaginal delivery
Formula C

Vaginal delivery
breastfed
Caesarean section
breastfed
Vaginal delivery
Formula M

Caesarean section
Formula M

Caesarean section
Formula C

Metabolomic analysisMetabolomic analysis



Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.

Lactobacillus paracasei fermented infant formula favors the maturation of the
immune system, gut microbiota and metabolome more similarly to human milk
than standard formula: evidence from a randomized controlled clinical trial.



Modified

Probiotici
Prebiotici/HMO

Postbiotici
Sinbiotici



 Current synbiotic approaches have
focused on the most well-characterised
probiotics, which belong to the genera
Bifidobacterium and Lactobacillus

 The function of synbiotics can be either
complementary or synergistic

 Current synbiotic approaches have
focused on the most well-characterised
probiotics, which belong to the genera
Bifidobacterium and Lactobacillus

 The function of synbiotics can be either
complementary or synergistic



There is not enough evidence to state that supplementation of term infant formula with synbiotics does result in
modification of  growth and clinical outcomes in full term infants

There is not enough evidence to state that supplementation of term infant formula with synbiotics does result in
modification of  growth and clinical outcomes in full term infants





Supplementation with specific synbiotics resulted in levels of bifidobacteria approximating levels of breastfed
group infants
Supplementation with specific synbiotics resulted in levels of bifidobacteria approximating levels of breastfed
group infants



Lactobacillus plantarum plus fructooligosaccharideLactobacillus plantarum plus fructooligosaccharide

These findings suggest that a large proportion of neonatal sepsis in developing countries could be effectively
prevented using a synbiotic containing L. plantarum ATCC-202195.
These findings suggest that a large proportion of neonatal sepsis in developing countries could be effectively
prevented using a synbiotic containing L. plantarum ATCC-202195.



Considerazioni conclusive

La nutrizione nelle prime epoche della vita svolge un ruolo cruciale

nel guidare l’imprinting della risposta immunitaria feto-neonatale.

Il latte materno umano è un sistema biologico estremamente

complesso, la cui composizione si caratterizza per la presenza sia di

nutrienti che di fattori bioattivi non nutrizionali, che contribuiscono

all’estrinsecazione dei numerosi benefici associati all’allattamento

nel breve e nel lungo termine

 La ricerca è indispensabile per poter migliorare gli effetti funzionali

dei latte di formula in mancanza del latte materno



Thank you for your attention!


