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• Parto cesareo
• No latte materno
• Antibiotici
• Inibitori acidità gastrica
• Dieta povera di fibre e ricca di grassi saturi

Modified from Maynard CL et al. Nature 2012



ALLERGY STATISTICS

Worldwide, the rise in prevalence of allergic 
diseases has continued in the industrialized 
world for more than 50 years.

Worldwide, allergy rates to one or more 
common allergens among school children are 
currently approaching 40%-50%.

Downloaded on April 27° 2017



Immune tolerance: suppression of immune response to
dietary antigens mediated by Ag-specific regulatory T cells

Dynamic network modulated from birth by exposure
to dietary factors and acquisition of gut microbiota

Modified from Di Costanzo M and Berni Canani R  JPGN 2016



SCFAs
(Butyrate)

Modified from Maynard CL et al. Nature 2012



BY THE AGE OF 2 YEARS

LESS FOOD 
ALLERGY

MORE FOOD 
ALLERGY

+ +



BY THE AGE OF 9-19 
YEARS

LESS 
ASTHMA

MORE 
ASTHMA

+ +



FOOD

The Hippies Have Won
By CHRISTINE MUHLKE  APRIL 4, 2017

https://www.nytimes.com/pages/dining/index.html
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-5-6bgsnTAhWHcRQKHZwZBGoQjRwIBw&url=http%3A%2F%2Faerofarms.com%2Ftag%2Fnew-york-times%2F&psig=AFQjCNHu0qf1bOtAZBrR61MdQvXwDq-ItA&ust=1493532980972973


Dopo 10 giorni:
✓Perdita di >1300 specie batteriche
✓Aumento Bacteroidetes / Riduzione Firmicutes

Tre giorni consecutivi sono sufficienti per indurre
effetti simili

Spector TD et al. Cell 2015
Vanamala JKP Cell 2015
Nadeem O et al. Mol Nutr Food Res 2016



Bacteroidetes

Firmicutes

Healthy babies Non-IgE-mediated IgE-mediated

Modified from Berni Canani R et al ISME J 2015 and 2017 submitted

Prof. Jack Gilbert - ANL and U.Chicago, IL
Prof. Danilo Ercolini – U.Chicago, IL 
and Univ. Federico II, Naples, Italy

http://news.uchicago.edu/sites/all/files/imagecache/image_landingpage_zoom/images/image/20150924/moktnqysfp.20013.20150924.jpg


AA IN UN PAESE INDUSTRIALIZZATO

Smith PK, JACI 2016 



AGEs (Advanced Glycation End Products)
COMPOSTI CHIMICI PRODOTTI DALLA COMBINAZIONE DI ZUCCHERI CON PROTEINE O GRASSI 

(GLICAZIONE AVANZATA) 
Superfici dorate o abbrustolite di cibi fritti o grigliati, pane tostato, ecc. 

Smith PK, JACI 2016 



Antibiotic use by the mother Antibiotic use by the child



225.041 children born from Jan 1999 and Dec 2002: 7910 developed CMA







Depletion of butyrate-producing Clostridia from the 
Gut Microbiota Drives an Aerobic Luminal Expansion 
of Salmonella 

Rivera-Chavez F et al- Cell Host & Microbe 2016



Gut microbiota: Neonatal gut microbiota
induces lung immunity against pneumonia
SabrinaTamburini & Jose C. Clemente Nat Rev Gastro Feb 2017

ILC3=Innate lymphoid cells 3

http://www.nature.com/nrgastro/journal/v14/n5/full/nrgastro.2017.34.html#auth-1
http://www.nature.com/nrgastro/journal/v14/n5/full/nrgastro.2017.34.html
http://www.nature.com/nrgastro/journal/v14/n5/full/nrgastro.2017.34.html


Lynch VS  and Pedersen O. N Eng J Med  2016

Gut microbiota dysbiosis - imbalances 
in the composition and function of the 
intestinal microbes – is associated with 

diseases ranging from allergy, 
autoimmunity, cancer, and GI, 

neurologic respiratory, metabolic, 
hepatic and cardiovascular diseases.



Cathryn Nagler Lab
Univ. of Chicago

CMA infants Healthy infants

Germ Free C3H/HeN 3 wks old

Inoculated by gavage with fecal sample from  

Humanized mice model of FA



weaning 4 11 18 25 32 40

days

39

Sensitization with 20 mg of BLG 

using  10 μg  CT as  adjuvant

BLG-specific IgE

Fecal trasplant

Oral challenge with  50mg 

of BLG two times, 30 min 

apart.

Body temperature

Gut microbiota from healthy infant but not

from CMA infant protects against FA 

GF C3H/HeN 3-4 weeks old

Nagler C and Berni Canani R, submitted



Single child

Caesarean 
delivery

Disinfectant 
and antiseptic 
agent

Antibiotics and 
Gastric acidity inhibitors

Increasing family size 
and communal childcare

Probiotics and exposure to 
increased variety and 

aboundance of microorganisms 

Raw 
milkHigh fiber foods

Farming lifestyle

Home made foods

Pets

MICROBIAL RELATED FACTORS INCREASING RISK OF FOOD ALLERGY 

MICROBIAL RELATED FACTORS REDUCING RISK OF FOOD ALLERGY 

Diet

Fermented 
foods 

Diet
Junk foods/baby foods 

Aitoro R et al. Nutrients 2017 in press

Breast milk



Map of the most frequent terms in the title

of papers on Probiotics in Pediatrics

Sweileh WM et al. WAO J 2016



Sweileh WM et al. WAO J 2016

Top 10 list of institutions that published

research articles on probiotics in pediatrics

(1994-2015)



Microbiota





Quality of probiotic products. A Comment by the 
ESPGHAN Working Group on Prebiotics and Probiotics

Kolaček S, Hojsak I, Berni Canani R, Guarino A, Indrio F, Orel R, Pot B, Shamir R, Szajewska H, Vandenplas Y, 
van Goudouver H, Weizmann Z

JPGN 2107 in press 

Problematiche significative riguardo:

• descrizione/identificazione del ceppo 

• corrispondenza tra concentrazione effettivamente presente 

nella confezione e dichiarata nel bugiardino

• contaminanti

• ridotta vitalità e attività biologica

• Precisa identificazione di ceppo e dosi 

• Controlli di qualità effettuati in Laboratori Certificati con 

metodiche standardizzate. Risultati resi pubblici.

• Utilizzo clinico legato a particolari ceppi e dosi 

• Eventuali avversi riportati in apposito registro 

internazionale tenuto da Autorità Competenti 



Post-bioticsProbiotics
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Trattamento termico per inattivare

il batterio dopo la fermentazione a 

85°C per 20 sec

Approccio con “postbiotici”

Prodotto del processo di fermentazione 

altamente riproducibile 

Fermentazione di latte vaccino o riso con il

probiotico L.paracasei CBA L74 5.9x109 CFU/g 

(BCCM/LMG LMG S-24480) 15 h a 37°C





Numero totale di infezioni: riduzione del 60%

Numero di episodi di diarrea acuta: riduzione del 55%

Numero di episodi di infezioni a carico delle alte vie del respiro: riduzione del 60%

Utilizzo di antibiotici: riduzione del 75%



Latte fermentato e riso fermentato con 
L.paracasei CBA L74 esercitano una
significativa immunomodulazione

LF

RF

P

Nocerino R, et al. Clin Nutr 2015



Peptidi dell’immunità innata

Inibizione legame
patogeno

cellule bersaglio

Attivazione sistema
immunitario

Interazione diretta con 
espressione dei geni del 

patogeno

Alterazione membrana cellulare

Proteolisi

Modified from Duplantier AJ Front Immunol 2013



Stimolazione dei meccanismi di difesa
immunologici e non-immunologici

Latte fermentato e riso fermentato 
con CBA-L74

Butirrato 

Microbiota intestinalePeptidi Prodotti  
batterici 



Prof. Jack Gilbert – ANL and U.Chicago, IL
Prof. Danilo Ercolini – ANL and U.Chicago, IL 
and Univ. Federico II, Naples, Italy

• No significant effect on OTUs count, Shannon diversity Index, 
Bacterial load (16s RNA copies/gr of stool)

• Significant increase in Ruminococcaceae in FM-treated subjects 

• Significant increase in Lachnospiraceae in FM-treated subjects

Berni Canani R,  et al. manuscript in preparation 

http://www.hmpdacc.org/
http://news.uchicago.edu/sites/all/files/imagecache/image_landingpage_zoom/images/image/20150924/moktnqysfp.20013.20150924.jpg


Berni Canani R,  et al. manuscript in preparation 

Cow’s milk fermented with L.paracasei CBA L74 
shapes gut microbiota composition  



Famiglie batteriche con abbondanza 
significativamente diversa

CIDs

CLOSTRIDIACEAEE

Berni Canani R,  et al. manuscript in preparation 



Placebo T0 Placebo T3

FM CBA L74 T0 FM CBA L74 T3

Roseburia Oligotypes
16sRNA Next-generation sequencing *

•An abundance of these bacteria is a 
strong indication of a healthy gut. 

•A lower abundance of Roseburia has 
been observed in patients suffering 
from IBD and IBS. 

uBiome 2017

Specific Roseburia oligotype is 
promoted by FM CBA L74 

(Roseburia oligotype 1) and shows 
positive correlation with sIgA

(ρ=0.63, P=0.038) 

Berni Canani R,  et al. manuscript in preparation 



FM CBA L74 T0

Placebo T0

FMCBA L74 T3

Placebo T3

Blautia Oligotypes
16sRNA Next-generation sequencing

*

*

•An abundance of these 
bacteria is a strong indication 
of a healthy gut. 
•Blautia levels are increased in 
healthy people when 
compared to patients with liver 
disease and colorectal cancer 
and children with diabetes.

uBiome 2017

FM CBAL74 promotes an 
increase in oligotypes 5 and 13,  
that were positively correlated 

with alpha-defensin (ρ=0.84, 

P=0.007; ρ=0.58, P=0.040) 

Berni Canani R,  et al. manuscript in preparation 



Stimolazione della produzione di 
butirrato a livello intestinale
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Berni Canani R,  et al. manuscript in preparation 



Effect of butyrate on LL-37 production 
by human enterocytes

Control Butyrate

Berni Canani R,  et al. manuscript in preparation 
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Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Lachnospira

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Dorea

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Bacteroides

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Eubacterium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Ruminococcus

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Clostridium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Roseburia

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Pseudobutyrivibrio

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Ruminococcus

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;Other

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Anaerofilum

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Blautia

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Coprococcus

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;Other

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Anaerostipes

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Anaerotruncus

Root;k__Bacteria__Bacteroidetes;c__Bacteroidia;f__Bacteroidaceae;g__Bacteroides

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Ethanoligenens

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Clostridium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Faecalibacterium

Root;k__Bacteria__Firmicutes;c__Bacilli;f__Lactobacillaceae;g__Lactobacillus

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Epulopiscium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Lachnobacterium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Lachnospiraceae;g__Shuttleworthia

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Eubacterium

Root;k__Bacteria__Firmicutes;c__Clostridia;f__Ruminococcaceae;g__Oscillospira

-1 -0.5 0 0.5 1

Value

Color Key

Correlazione tra modifiche della composizione del 
microbiota intestinale e attivazione dell’immunità innata 
ed acquisita

Berni Canani R,  et al. manuscript in preparation 



Conclusioni

+ Il microbiota svolge un ruolo fondamentale nel regolare 
sviluppo e funzioni del sistema immunitario

+ Alterazioni di composizione e funzioni del microbiota sono 
associati a diverse patologie croniche non trasmissibili

+ Fattori ambientali (in primis dieta e farmaci) svolgono un 
ruolo cruciale nel regolare sviluppo e funzioni del 
microbiota intestinale 

+ La conoscenza di questi meccanismi sta offrendo nuove 
prospettive di intervento nella prevenzione e trattamento 
di molte patologie del bambino





Comparative relative abundance (% of total reads) 

for the genera identified as significantly different

Phyla  Family  Species    Strain 

Firmicutes Clostridia Lachnospiraceae Blautia/Roseburia

Firmicutes Clostridia Ruminococcaceae Faecalibacterium

Firmicutes Clostridia Ruminococcaceae Eubacterium

Firmicutes Clostridia Ruminococcaceae Oscillospira

Berni Canani R,  et al. manuscript in preparation 
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http://www.genome.jp/kegg-bin/show_pathway?map=map00650&show_description=show

KEGG pathwaysMetabolism Butanoate metabolism (Butyrate)

Metagenome prediction using PICRUSt : focus on butyrate



butyryl coA transferase (E.C. 2.8.3.8) butyrate kinase (E.C. 2.7.2.7)

The predicted abundance of key enzymes in butyrate 
production pathways such as butyryl coA transferase
(E.C 2.8.3.8) and butyrate kinase (E.C. 2.7.2.7) increased 
upon FM CBAL74 treatment

Berni Canani R,  et al. manuscript in preparation 



Effect of cow’s milk fermented with 
Lactobacillus paracasei CBA L74 on common 
infectious diseases in children: a multicenter 
randomized controlled trial

Numero totale di infezioni: riduzione del 30%

Numero di episodi di diarrea acuta: riduzione del 32%

Numero di episodi di infezioni a carico delle alte vie del respiro: riduzione del 29%

Numero di terapie antibiotiche: riduzione del 31%

Giorni di assenza da scuola: riduzione del 75%

Giorni di assenza da lavoro: riduzione dell’ 80%

Berni Canani R. 2017, submitted 



Stimolazione dei meccanismi di difesa
immunologici e non-immunologici

Approccio post-biotico con 
latte fermentato e riso fermentato 

con CBA-L74

Butirrato 

Microbiota intestinalePeptidi Prodotti  
batterici 



Punti di forza dell’approccio 
“post-biotico”  con FM CBA L74 

+ Probiotico di origine umana, ben caratterizzato

+ Probiotico inattivato = No traslocazione batterica/sepsi

+ Elevata facilità di conservazione e utilizzo

+ Monitoraggio preciso del processo tecnologico e 
identificazione precisa della dose da somministrare = 
Elevata riproducibilità degli effetti 

+ Positiva modulazione del sistema immunitario e del 
microbiota intestinale

= Dimostrata efficacia clinica nella prevenzione delle 
infezioni del bambino 



L’attività di ricerca continua…..

• Attività biologiche/meccanismi di azione 

• Caratterizzazione molecolare (lipidi,  nucleotidi, 

piccoli peptidi termostabili derivanti dalle PLV e 

dal batterio, ecc) 

• Nuove applicazioni cliniche 

• Trial clinici randomizzati controllati



Fermented milk Placebo  

Baseline

Fermented milk Placebo  

1st month
Fermented milk Placebo  

2nd month

Fermented milk Placebo  

3rd month

Total number CIDs

Fermented milk vs Placebo: 119 vs 169, p<0.05
-30%

Subjects with ≥1 CID

NO CID 

CID 

60%56% 60%81%

ITT analysis, p=0.002



FM CBA L74

Modified from 
Velasquez-Manoff M. Nature 2015  
Paparo L et al. Nutrients in press 

GUT MICROBIOTA 
SHAPING

BUTYRATE PRODUCERS 
BACTERIA AND/OR 

FIBER ABSENT  

FM CBA L74: The Peace-keeper for GI 
tract 



Stimolazione dell’immunità innata ed
acquisita dopo 3 mesi di trattamento

LF 

P

Berni Canani R. 2017, submitted 



Although a great variability 

was observed, the gut 

microbiota composition of 

treated children was different 

from that of the placebo 

group.

Significant differences 

between PL and 

rice/milk treated children 

(P<0.05)



a) K01034  : acetate CoA/acetoacetate CoA-transferase alpha subunit

b) K01035 : acetate CoA/acetoacetate CoA-transferase beta subunit

EC 2.8.3.8 : acetate CoA-transferase (butyryl coenzyme A transferase)



EC 2.7.2.7 : butyrate kinase (K00929) 



•Lachnospiraceae increased after 3-months treatment with fermented rice

•Ruminococcaceae were boosted by fermented milk (P<0.05)



 milkt0 
 milkt3 

 plt0 

 plt3 

 ricet0 

 ricet3 

PCA



BLAUTIA
COPROCOCCUS

OSCILLOSPORA FAECALIBACTERIUM





Placebo t0 Placebo t3

Milk t0

Rice t0

Milk t3

Rice t3

Roseburia Oligotypes

*

*

Specific Roseburia oligotypes were promoted by milk 
(Roseburia oligotype 1) or rice (Roseburia oligotype 8) 

treatments  and showed positive correlations with sIgA
(ρ=0.63, P=0.038) or beta-defensin (ρ=0.87, P=0.023), 

respectively.



Bla1

Bla2

Bla3

Bla4

Bla5

Bla6

Bla7

Bla8

Bla9

Bla11

Bla13

Bla17

Bla20

Bla22

Bla24

Bla26

Bla27

Bla29

Bla40

Bla45

Bla46

Bla55

others

Rice t0

Milk t0

Placebo t0

Milk t3

Placebo t3

Rice t3

Blautia Oligotypes

*

*

Blautia oligotype pattern was affected only by milk 
treatment, that promoted an increase in oligotype 5 and 

13, that were also positively correlated with alpha-
defensin (ρ=0.84, P=0.007; ρ=0.58, P=0.040) 



Bacteroides
oligotypes

Rice t0

Milk t0

Placebo t0

Milk t3

Placebo t3

Rice t3

*

*

Bacteroides oligotypes 12 and 19 increased after milk treatment, while 
Bac18 was apparently stimulated by rice treatment.

Bac12 and 19 were also positively correlated with alpha-defensin
levels, while Bac18 correlated with LL37



• Positive correlations between Lachnospiraceae and alpha-defensin 

• Ruminococcaceae correlated to LL-37

• Lachnospira and Ruminococcus correlated with beta-defensin levels 



milkt0 milkt3 plt0 plt3 ricet0 ricet3

0
.0

0
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0
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0
5

0
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1
0

0
.0
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0
.0

2
0

0
.0

2
5

Faecalibacterium

Ruminococcaceae family increased by fermented milk matrix

*(P<0.05)

*



Development of gut microbiota

Tojo R et al. World J Gastroenterol. 2014





LGG ODN ID35 stimulates mucus
production in human enterocytes:

non-immune protective mechanism

p=0.002

Dose Tickness
(µm)

CTRL -

1 μM 1±2

Paparo L et al. ESPGHAN Meeting 2016



Rare
Strain-specific effects

Neurological effects
Immunological effects

Endocrinological effects
Production of specific bioactives

Frequent
Observed at species level

Vitamin synthesis
Direct antagonism

Gut barrier reinforcement 

Bile salt metabolism
Enzymatic activity

Neutralization of carcinogens

Widespread
Among studied probiotics

Colonisation resistance
Enterocytes growth

Regulation of intestinal transit

Normalization of perturbed microbiota
Competitive exclusion of pathogens

2014;11:506–14



Modulazione dinamica indotta sin dalle prime epoche della vita dalla esposizione 
a fattori ambientali (dieta) e dallo sviluppo  del  microbiota intestinale

Tolleranza orale: soppressione risposta immunitaria ad Ag
della dieta mediata da cellule T regolatorie Ag-specifiche

Di Costanzo M and Berni Canani R  JPGN 2016



Guidelines

In-vitro, In vivo trials, Expert Opinion



Immunonutrizione

Fattori
dietetici

Sistema
immunitario

Microbiota 
intestinale

Stato
nutrizionale

Salute del 
bambino





• Acute gastroenteritis

• Nosocomial diarrhea

• Antibiotic-associated diarrhea

• C.difficile infection

• H.pylori infection

• FGIDs

• IBD

• NEC

Indications to probiotics in 

pediatric gastroenterology



Stimolazione della produzione di 
butirrato a livello intestinale

Fermented milk Fermented rice Placebo

p<0.005

p < 0.005 p < 0.005

p<0.005

MF                  RF                      P

Berni Canani R,  et al. submitted 



Conclusioni

• Scarse evidenze su utilizzo “clinico” di prebiotici
• Uso raccomandato di particolari ceppi di probiotici a 

determinate dosi per alcune condizioni patologiche 
(GEA, AAD, CDD)

• Per altre indicazioni utilizzare ceppi, dosi e modalità di 
somministrazione riportate nei RCTs

• Autoprescrizione
• Ben tollerati e sicuri
• Controllo di qualità/efficacia
• Approccio “post-biotico” promettente





LF

n=141

RF

n=123

P

n=127

Maschi, n (%) 72 (51.1) 64 (52) 65 (51.2)

Età, mesi (±DS) 32 (10) 31 (11) 34 (9)

Peso, kg (±DS) 14.6 (2.8) 14.5 (2.7) 14.8 (2.9)

Altezza, cm (±DS) 93.3 (9) 92.7 (9) 94.3 (7.2)

Allattamento materno, n (%) 99 (70.2) 88 (71.5) 97 (76.4)

Durata dell’allattamento, mesi (±DS) 7.6 (6.1) 6.2 (4) 6.4 (5.1)

Età alla scolarizzazione, mesi (±DS) 13.4 (2.4) 12.9 (2.2) 12.8 (2.3)

Fratelli, n (%) 108 (76.6) 96 (78) 100 (78.7)

N. di fratelli, (±DS) 1.30 (0.6) 1.4 (0.6) 1.4 (0.6)

Fumo passivo, n (%) 65 (46.1) 56 (45.5) 59 (46.5)

Caratteristiche della popolazione di studio 



Soggetti che hanno presentato ≥ 1 episodio
infettivo

%

Nocerino R, et al. Clin Nutr 2015



Soggetti che hanno presentato 1 episodio
di gastroenterite acuta o infezione alte vie del respiro

*p<0.05, RF vs P
**p<0.0001, LF vs P

%

**
*

**

Nocerino R, et al. Clin Nutr 2015

LF

Gastroenterite acuta 

Infezione alte vie del respiro



I bambini che hanno assunto latte o riso
fermentato hanno presentato meno episodi

infettivi

Nocerino R, et al. Clin Nutr 2015

Numero totale di infezioni
Riduzione del 60% nei bambini che assumevano latte fermentato e del 40% 
nei bambini che assumevano riso fermentato

Numero di episodi di diarrea acuta
Riduzione del 55% nei bambini che assumevano latte fermentato e del 45% 
nei bambini che assumevano riso fermentato

Numero di episodi di infezioni a carico delle alte vie del respiro
Riduzione del 60% nei bambini che assumevano latte fermentato e del 40% 
nei bambini che assumevano riso fermentato



Soggetti che hanno presentato episodi
infettivi ricorrenti

%

LF vs RF

p

LF vs P

P 

RF vs P

p

0.010 <0.0001 0.010
Nocerino R, et al. Clin Nutr 2105



*I valori di p restano significativi dopo la correzione di Bonferroni 

Utilizzo di farmaci

Nocerino R, et al. Clin Nutr 2015
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Soggetti che hanno assunto almeno 1 antipiretico 

Soggetti che hanno assunto almeno 1 steroide 

Soggetti che hanno assunto almeno 1 antibiotico 

Soggetti che hanno assunto almeno 1 farmaco 

Almeno 1 farmaco 

Antibiotici  

Antipiretici

Steroidi 

Riduzione dell’utilizzo di antibiotici del 75% 
nei bambini che assumevano latte 

fermentato e del 58% nei bambini che 
assumevano riso fermentato



Latte fermentato e riso fermentato con 
L.paracasei CBA L74 esercitano una significativa
immunomodulazione

LF

RF

P

Nocerino R, et al. Clin Nutr 2015



Peptidi dell’immunità innata

Inibizione legame
patogeno

cellule bersaglio

Attivazione sistema
immunitario

Interazione diretta con 
espressione dei geni del 

patogeno

Alterazione membrana cellulare

Proteolisi

Modified from Duplantier AJ Front Immunol 2013



Mechanisms of Action
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Exploring the direct interaction with
human enterocytes

RF
P MF

Caco-2

After 15 days post-confluence
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1. Protection against infection: innate immunity
stimulation in human enterocytes

**

*p<0.05 MF and RF vs P
**p<0.001 MF vs P

Dose (mg/ml)

Berni Canani R, data on file



The effect is heat-stable

Fermented milk product (11.5 mg/ml) treated at 95°C for 10 min
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Berni Canani R, data on file



2. Protection against infection:non-immune mechanisms
Effect on cell proliferation 
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Effects on cell differentiation 

*MF dose:11.5 mg/ml
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Effect on mucus production  

48h incubation

Dose (mg/ml) Layer (µm)

Not-treated -

1.15 3±2

11.5 6±2

Berni Canani R, data on file



Effect on Mucin 2 expression

Dose (mg/ml)
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FM and FR stimulate butyrate
production in human gut

Fermented milk Fermented rice Placebo

p<0.005

p < 0.005 p < 0.005

p<0.005

MF                  RF                      P

Berni Canani R, data on file





Centri partecipanti 



Flusso dei soggetti durante le fasi dello studio 



LF

n=73

P

n=73

Maschi, n (%) 39 (53.4) 45 (61.6)

Età, mesi (±DS) 32.5 (9.7) 33.7 (8.6)

Peso, kg (±DS) 14.8 (3.2) 15 (3)

Altezza, cm (±DS) 92 (8.1) 94 (7.6)

Allattamento materno, n (%) 50 (68.5) 41 (56.2)

Durata dell’allattamento, mesi (±DS) 7.1 (6) 7 (8.5)

Età alla scolarizzazione, mesi (±DS) 23.2 (9) 25.9 (8.5)

Fratelli, n (%) 60 (82.2) 52 (71.2)

N. di fratelli, (±DS) 1.4 (0.6) 1.4 (0.6)

Fumo passivo, n (%) 28 (38.4) 30 (41.1)

Principali caratteristiche della popolazione di studio 
all’arruolamento



Soggetti che hanno presentato ≥1 episodio infettivo
(analisi ITT)
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Soggetti che hanno presentato ≥1 episodio di
gastroenterite acuta/infezione alte vie del respiro
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Upper respiratory tract infection
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Gastroenterite acuta 
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Subjects assuming at least medication course

Subjects assuming at least once antibiotics

Subjects assuming at least once antipyretics

Subjects assuming at least steroids

Soggetti che hanno assunto almeno 1 farmaco 

Soggetti che hanno assunto almeno 1 antibiotico 

LF P

Soggetti che hanno assunto almeno 1 antipiretico 

Soggetti che hanno assunto almeno 1 steroide 

Almeno 1 farmaco 

Antibiotici  

Antipiretici
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Utilizzo di farmaci



Punti di forza degli alimenti 
funzionali fermentati 

• Contengono probiotici di origine umana 

• Contengono probiotici inattivati

• Nessun rischio di traslocazione batterica 

• Elevata facilità di conservazione e trasporto 

• Elevata riproducibilità (monitoraggio preciso 
del processo tecnologico)



L’impatto 

LF

RF

Costi stimati 

M
il
io

n
i$

/a
n

n
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Incidenza infezioni 



• Popolazione italiana età <4 aa: 2.652.845 

• Il 53% ha assunto almeno 1 antibiotico nel 2015

• L’utilizzo di latte fermentato con CBA-L74 riduce del 75%  l’utilizzo di antibiotici

Si antibiotico: 351.502 bambini        

No antibiotico: 1.054.505 bambini

ISTAT 2015

• Spesa sanitaria per consumo antibiotici in Italia nel 2015 in età : 15.661.863 €    

• Utilizzo di latte fermentato con CBA-L74 riduce del 75% l’utilizzo di antibiotici

Spesa per consumo di antibiotici: 3.915.715 € 

Risparmio di € 11.746.397



1. Segui sempre seguire le tue passioni
2. Vivi in una dimensione internazionale
3. Sii sempre utile e collaborativo
4. Raccogli le sfide e ascolta gli altri
5. Impara dai pazienti: sono il centro di tutto
6. Condividi sempre idee e risultati

A.Mantovani - Corriere della Sera 2015



Duplantier AJ Front Immunol 2013

Interazione diretta con 
espressione dei geni

Alterazione membrana cellulare



Mechanisms of Action

http://img219.imageshack.us/i/f18comp1.gif/


Exploring the direct interaction with
human enterocytes

RF
P MF

Caco-2

After 15 days post-confluence
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The effect is heat-stable

Fermented milk product (11.5 mg/ml) treated at 95°C for 10 min
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2. Protection against infection:non-immune mechanisms
Effect on cell proliferation 
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Effects on cell differentiation 

*MF dose:11.5 mg/ml
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Effects on gut permeability

p<0.05

P MF

p=0.008

P MF
*MF dose:11.5 mg/ml



Effect on mucus production  

48h incubation

Dose (mg/ml) Layer (µm)

Not-treated -

1.15 3±2

11.5 6±2

Berni Canani R, data on file



Effect on Mucin 2 expression
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FM and FR stimulate butyrate
production in human gut

Fermented milk Fermented rice Placebo

p<0.005

p < 0.005 p < 0.005

p<0.005

MF                  RF                      P

Berni Canani R, data on file





IgE-mediated CMA children (1-4 yrs) all positive for SPT and 
specific  IgE against β-lactoglobulin (BLG)

PBMCs

BLG BLG +RFRF CTRL
100 μg/ml



…after 48h of incubation…
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2014;11:506–14



Rare
Strain-specific effects

Neurological effects
Immunological effects

Endocrinological effects
Production of specific bioactives

Frequent
Observed at species level

Vitamin synthesis
Direct antagonism

Gut barrier reinforcement 

Bile salt metabolism
Enzymatic activity

Neutralization of carcinogens

Widespread
Among studied probiotics

Colonisation resistance
Enterocytes growth

Regulation of intestinal transit

Normalization of perturbed microbiota
Competitive exclusion of pathogens

2014;11:506–14





Common infectious diseases observed during the study period

Disease Group A Group B p

Acute gastroenteritis, n (%)

[number of episodes]

12 (18.2)

[19]

24 (40)

[28]
0.007

Rhinitis, n (%) 

[number of episodes]

22 (33.3)

[44]

24 (40)

[50]
0.438

Otitis, n (%)

[number of episodes]

8 (12.1)

[11]

13 (21.7)

[17]
0.151

Pharyngitis, n (%)

[number of episodes]

13 (19.7)

[22]

25 (41.7)

[30]
0.007

Laringitis, n  (%)

[number of episodes]

6 (9.1)

[7]

14 (23.3)

[14]
0.029

Tracheitis, n (%)

[number of episodes]

11 (16.7)

[16]

19 (31.7)

[30]
0.048



Visit 1
(Enrollment)

• Anamnestic and clinical
evaluation

• Informed consent
• Randomization
• Start study products
• Clinical diary instruction
• Stool sampling 

Visit 2
(1 months)

Visit 3
(2 months)

Visit 4
(3 months)

• Clinical evaluation
• Clinical diary checking
• Compliance evaluation

•Clinical evaluation
• Clinical diary collection
• Compliance evaluation
• Stool sampling

Study design 

A visit by the FP was planned whenever it was necessary because infectious diseases or other morbidities



Beta-defensins pathway
Lipoteichoic acid (Gram + bacteria)

TLR2
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Anti-inflammatory effects
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Antimicrobial effects within gut lumen 

Defensins expression

Immunological effects within and beyond
the intestinal mucosa

Stimulation of cell growth and 
differentiation at mucosal level

Modified from Berni Canani R. et al. CML–Gastroenterology 2012

Mechanisms of action

L.paracasei CBA-L74

http://www.wellsphere.com/linkOut.s?link=http://drgina.files.wordpress.com/2008/08/bacteria.jpg


Prof. C.Nagler – U.Chicago, IL
Dr. D.Antonopoulos – ANL, IL
Prof. Jack Gilbert – ANL, IL and U.Chicago

• No significant effect on OTUs count, Shannon diversity Index, 
Bacterial load (16s RNA copies/gr of stool)

• Significant increase in Firmicutes phyla in FM-treated subjects 

• Significant increase of a particular OTU falling in Bifidobacterium 
species in FM>FR-treated subjects

• Significant increase in Lachnospiraceae in FM>FR-treated subjects

• Eubacterium increase in FR-treated children

http://www.hmpdacc.org/
http://news.uchicago.edu/sites/all/files/imagecache/image_landingpage_zoom/images/image/20150924/moktnqysfp.20013.20150924.jpg


• Positive influence on gut microbiota

• Intestinal discomfort/GER

• Immune response to vaccinations

• Intestinal sIgA production

• Thymus size

• Acute gastroenteritis prevention

• CMP sensitization

• Allergy prevention 

Mullie C, et al. Pediatr Res 2004
Roy P et al. Arch Ped 2004
Thibault H, et al. JPGN 2004
Indrio F, et al. Pediatr Res 2007
Chouraqui JP, et al. Am J Clin Nutr 2008
Campeotto F, et al. Br J Nutr 2011
Morrisset M, et al. Eur J Clin Nutr 2011
Granier A et al. Pediatr Res 2011
Van de Heijning BJ et al. Nutrients 2014
Szajewska H et al. Eur J Pediatr 2015

Fermented Functional Foods



Proportion of children presenting at least one common infectious disease 
(ITT analysis)



Proportion of children presenting at least one episode of acute gastroenteritis 
or at least one episode of upper respiratory tract infection 

(PP analysis) 



*the p-values remain significant after Bonferroni correction 

Common infectious diseases observed during the study period



Visit 1
(Enrollment)

• Anamnestic and clinical
evaluation

• Informed consent
• Randomization
• Start study products
• Clinical diary instruction
• Stool sampling 

Visit 2
(1 months)

Visit 3
(2 months)

Visit 4
(3 months)

• Clinical evaluation
• Clinical diary checking
• Compliance evaluation

•Clinical evaluation
• Clinical diary collection
• Compliance evaluation
• Stool sampling

Study design 

A visit by the FP was planned whenever it was necessary because infectious diseases or other morbidities



COORDINATOR CENTER 
7 FP involved

105 randomized subjects
13 drop-out subjects

7 FP involved
24 randomized subjects

5 drop-out subjects

5 FP involved
17 randomized subjects

2 drop-out subjects

Centers



Flow of children through the study



BY THE AGE OF 5 YEARS
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ASTHMA
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Group A

n=73

Group B

n=73

Male, n (%) 39 (53.4) 45 (61.6)

Age, months (±SD) 32.5 (9.7) 33.7 (8.6)

Weight, kg (±SD) 14.8 (3.2) 15 (3)

Height, cm (±SD) 92 (8.1) 94 (7.6)

Breastfeeding, n (%) 50 (68.5) 41 (56.2)

Duration of breastfeeding, months 

(±SD)

7.1 (6) 7 (8.5)

Age at schooling, months (±SD) 23.2 (9) 25.9 (8.5)

Siblings, n (%) 60 (82.2) 52 (71.2)

N. of siblings, (±SD) 1.4 (0.6) 1.4 (0.6)

Passive smoking, n (%) 28 (38.4) 30 (41.1)

Mean features of the study population at enrollment 



Proportion of children presenting at least one common infectious disease 
(ITT analysis)



Proportion of children presenting at least one episode of acute gastroenteritis 
or at least one episode of upper respiratory tract infection 

(PP analysis) 



Common infectious diseases observed during the study period

Disease Group A Group B p

Acute gastroenteritis, n (%)

[number of episodes]

12 (18.2)

[19]

24 (40)

[28]
0.007

Rhinitis, n (%) 

[number of episodes]

22 (33.3)

[44]

24 (40)

[50]
0.438

Otitis, n (%)

[number of episodes]

8 (12.1)

[11]

13 (21.7)

[17]
0.151

Pharyngitis, n (%)

[number of episodes]

13 (19.7)

[22]

25 (41.7)

[30]
0.007

Laringitis, n  (%)

[number of episodes]

6 (9.1)

[7]

14 (23.3)

[14]
0.029

Tracheitis, n (%)

[number of episodes]

11 (16.7)

[16]

19 (31.7)

[30]
0.048



Rate of subjects requiring medication use during the study period*
(PP analysis)

*the analysis has been made only on 123 out 126 subjects for incomplete data for 3 subjects 



Determination of innate and acquired immunity biomarkers at enrollment 
and after 3-month treatment in children evaluated in the two study groups

Values are means and 95% confidence intervals from random effect linear regression with correction for baseline



Road Map

• Biological activities/mechanisms of action  
characterization

• Molecular characterization (lipids, 
nucleotides, small heat-stable peptides, etc.)

• New clinical applications

• Well designed RCTs



Visita 1
(arruolamento)

• Valutaz. anamestica e clinica
• Consenso informato
• Randomizzazione
• Consegna dei prodotti
• Consegna diario clinico
• Raccolta feci

Visita 2
(1 m)

Visita 3
(2 m)

Visita 4
(3 m)

• Valutazione clinica
• Raccolta e valutazione del diario clinico

• Valutazione aderenza

• Valutazione clinica
• Raccolta e valutazione 

del diario clinico
• Valutazione aderenza
• Raccolta feci

Cow’s milk and fermented rice with L.paracasei CBA L74 
prevent common winter infectious diseases in children 

Nocerino R, et al. 2015 submitted



Assessed for eligibility (n=449)

Excluded (n=17)

Analysis (n=137, lost to follow up n=4)

Group A
(received fermented milk, MF)

(n=141)

Allocation

Analysis

Randomized (n=432)

Enrollment

Group B
(received fermented rice, RF) 

(n=123)

Group C
(received placebo, P) 

(n=127)

Analysis  (n=118, lost to follow up n=5) Analysis  (n=122, lost to follow up n=5)

Declined to participate after randomization  even 
before the first dose of study product   (n=41)

Allocated to intervention (n=391)

Flow of children through the study



Rate of subjects requiring medication use 
%

*the p-values remain significant after Bonferroni correction

MF RF P

MF vs RF

p

RF vs P

p

MF vs P

p

At least one

medication course
0.004* <0.0001* 0.021

Antibiotics 0.003* <0.0001* 0.001*

Antipyretics 0.163 0.001* 0.058

Steroids 0.141 0.001* 0.070



Milk and Rice fermented with L.paracasei CBA L74 
elicit a potent immunomodulation

ALFA-DEFENSIN HBD-2

LL 37 sIgA

MF                 RF               P MF                 RF             P

MF                 RF               P MF               RF             P



Nutritional Immunology

Host Diet  

Immune 
function 

Gut microbiota

Nutritional 
status

Child’s 
Health



Strengths of Fermented
Functional Foods

• Preparations contain safe probiotic  

• No living organisms

• No risk of bacterial translocation

• Easy storage

• Reproducibility (precise monitoring of the 
technological process)



7 FP involved
105 randomized subjects

13 drop-out subjects

7 FP involved
24 randomized subjects

5 drop-out subjects

5 FP involved
17 randomized subjects

2 drop-out subjects

Centers



Group A
Fermented milk

n=73

Group F
Placebo

n=73

Randomly allocated to treatment 
n=146

Lost to follow up 
(n=20)

Group A
n=7

Group F
n=13

Completed 3-m 
treatment (n=126)

Group A
n=66

Group F
n=60

Flow of participants throughout the study



Main features of the study population

Group A Group F

Male, n (%) 37 (53.6) 32 (46.4)

Age, months (±SD) 32.89 (9.66) 33.6 (8.53)

Weight, kg (±SD) 14.85 (3.21) 14.9 (3)

Height, cm (±SD) 92.35 (8.17) 93.42 (7.7)

Breastfeeding, n (%) 48 (69.6) 38 (54.3)

Duration of breastfeeding, months (±SD) 7.14 (6) 6.6 (8.38)

Age at schooling, months (±SD) 23.49 (9.05) 25.87 (8.49)

Siblings, n (%) 56 (81.2) 50 (71.4)

N. of siblings, (±SD) 1.37 (0.61) 1.34 (0.55)

Passive smoking, n (%) 26 (41.4) 29 (37.7)



Rate of children presenting at least one infectious disease 
(ITT analysis)

%

p=0.003



Main features of the study population

MF

n=137

RF

n=118

P

n=122

Male, n (%) 70 (51.1) 61 (51.7) 62 (50.8)

Age, months (±SD) 32.32 (10.23) 31.28 (10.95) 33.79 (9.17)

Weight, kg (±SD) 14.55 (2.75) 14.53 (2.74) 14.88 (2.93)

Height, cm (±SD) 93.48 (8.99) 92.92 (9.04) 94.47 (7.22)

Breastfeeding, n (%) 97 (70.8) 86 (72.9) 94 (77)

Duration of breastfeeding, months (±SD) 7.33 (5.63) 6.38 (3.98) 6.51 (5.03)

Age at schooling, months (±SD) 12.90 (2.56) 12.55 (2.32) 12.79 (2.34)

Siblings, n (%) 106 (77.4) 92 (78) 96 (78.7)

N. of siblings, (±SD) 1.30 (0.57) 1.33 (0.58) 1.40 (0.57)

Passive smoking, n (%) 64 (46.7) 56 (47.5) 56 (45.9)

Nocerino R, et al. 2015 submitted



Number of children experienced at least one CWID 
during the study period and total number of episodes

Disease MF RF P
MF vs RF

p

MF vs P

p

RF vs P

p

Acute gastroenteritis, n (%)

[n. episodes]

18 (13.1)

[21]

23 (19.5)

[26]

38 (31.1)

[47]
0.169 <0.0001* 0.038

Rhinitis, n (%) 

[n. episodes]

19 (13.9)

[23]

31 (26.3)

[47]

35 (28.7)

[46]
0.013 0.003* 0.675

Otitis, n (%)

[n. episodes]

3 (2.2)

[3]

5 (4.2)

[5]

18 (14.8)

[31]
0.477 <0.0001* 0.006*

Pharyngitis, n (%)

[n. episodes]

21 (15.3)

[28]

41 (34.7)

[57]

53 (43.4)

[84]
<0.0001* <0.0001* 0.168

Laryngitis, n  (%)

[n. episodes]

9 (6.6)

[10]

11 (9.3)

[13]

22 (18)

[40]
0.415 0.005* 0.05

Tracheitis, n (%)

[n. episodes]

36 (26.3)

[44]

32 (27.1)

[41]

49 (40.2)

[76]
0.880 0.018 0.033

*the p-values remain significant after Bonferroni correction



Dose-dependency of the effect on HBD-2 synthesis
in human enterocytes

*p<0.05, MF and RF vs P

**p<0.001 MF vs P

1.15 11.50.115 115 575

Dose (mg/ml)

**

1150.115 1.15 11.5 575





Visit 1
(Enrollment)

• Anamnestic and clinical
evaluation

• Informed consent
• Randomization
• Start study products
• Clinical diary instruction
• Stool sampling 

Visit 2
(1 months)

Visit 3
(2 months)

Visit 4
(3 months)

• Clinical evaluation
• Clinical diary checking
• Compliance evaluation

•Clinical evaluation
• Clinical diary collection
• Compliance evaluation
• Stool sampling

Study design 

A visit by the FP was planned whenever it was necessary because infectious diseases or other morbidities
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Bacteroides Oligotypes

Milk t0

Placebo t0

Milk t3

Placebo t3

Bac 12            in milk t3

Bac 19             in milk t3

Bac 18             in rice t3

*

*
*

*

*



Bacteroides Oligotypes *

1_Bacteroides dorei                                                         (419/420)

2_Bacteroides fragilis strain NCTC 9343                       (419/420)

3_Bacteroides fragilis strain JMC 11019                       (418/420)

4_Bacteroides dorei strain 175                                      (420/420)

5_Bacteroides fragilis ATCC 25285                                 (420/420)

6_Bacteroides fragilis strain NCTC, ATCC, JMC              (419/420)

7_Bacteroides uniformis strain JCM 5828                     (417/420)

8_Bacteroides vulgatus strain ATCC 8482                      (419/420)

9_Bacteroides caccae strain JCM 9498                           (418/420)

10_Bacteroides vulgatus strain ATCC 8482                     (402/420)

11_Bacteroides uniformis strain JCM 5828                    (418/420)

12_Bacteroides vulgatus strain ATCC 8482                    (420/420)

13_Bacteroides caccae strain ATCC 43185                     (419/420)

14_Bacteroides dorei strain 175                                     (405/420)

15_Bacteroides uniformis strain JCM 5828                   (404/420)

16_Bacteroides xylanisolvens strain XB1A                     (419/420)

17_Bacteroides vulgatus strain JCM 5826                     (418/420)

18_Bacteroides faecis strain MAJ27                               (419/420)

19_Bacteroides vulgatus strain JCM 5826                    (417/420)

Milk treatment

Milk treatment



Faecalibacterium Oligotypes

1. Faecalibacterium prausnitzii strain ATCC 27768 (416/422)

2. Faecalibacterium prausnitzii strain ATCC 27768 (422/430) 

3. Faecalibacterium prausnitzii strain ATCC 27768 (422/430)

4. Faecalibacterium prausnitzii strain ATCC 27768 (416/420)

5. Faecalibacterium prausnitzii strain ATCC 27768 (423/420)

6. Faecalibacterium prausnitzii strain ATCC 27768 (416/422)

7. Faecalibacterium prausnitzii strain ATCC 27768 (422/430)

8. Faecalibacterium prausnitzii strain ATCC 27768 (416/422)

9. Faecalibacterium prausnitzii strain ATCC 27768 (395/430)

10. Faecalibacterium prausnitzii strain ATCC 27768 (389/422)

11. Faecalibacterium prausnitzii strain ATCC 27768 (422/430)

12. Faecalibacterium prausnitzii strain ATCC 27768 (389/422)



Progetto#5

Analisi del microbiota intestinale in bambini trattati con matrici 

fermentate di latte e riso con L. paracasei CBA L74

• Valutazione della modificazione della composizione del 

microbiota intestinale 

• Correlazione con livelli di butirrato fecale

• Correlazione con stimolazione peptidi dell’immunità innata e 

acquisita

• Correlazione con insorgenza episodi infettivi 



Analisi del microbiota

Sequenziamento del 16S RNA  

Livelli di butirrato

Gas -cromatografia ELISA

Analisi dei peptidi dell’immunità 
innata e acquisita







Dietary fibers/ 

Probiotics



Lynch VS  and Pedersen O. N Eng J Med  2016



Rare Cretaceous Stingray Fossil Cyclobatis major

from the sublithographic limestone deposits of Haqel, Lebanon

Cretaceous (146 to 65 mya)

Gastric acid secretion is a phylogenetically 

old function

The preservation of this highly energy 

consuming and at times hazardous function 

reflects its biological importance





Vanamala JKP Cell 2015


