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A guided use of probiotics in
children



Antimicrobial stewardship

Antimicrobial stewardship refers to coordinated interventions
designed to improve and measure the appropriate use of
antimicrobials by promoting the selection of the optimal
antimicrobial drug regimen, dose, duration of therapy, and route
of administration.
Antimicrobial stewards seek to achieve optimal clinical
outcomes related to antimicrobial use, minimize toxicity and
other adverse events, reduce the costs of health care for
infections, and limit the selection for antimicrobial resistant
strains.



The human microbiome project
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Buccigrossi V et al. Curr. Opin Gastroenterol 2013; 29:31-38

Gut microbiota and  diseases:
the  concept of “signature”



•Trend culturale  verso la naturalità

•Assenza di effetti collaterali

•Palatabilità

•L’effetto clinico  in alcune condizioni

•Mancanza di alternative terapeutiche valide

•Costi ragionevoli
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Azienda Prodotto Ceppo Numero di pezzi
venduti

Quota di
mercato

Sanofi Enterogermina Bacillus clausii 7.600.000 23%

Sofar Enterolactis L. paracasei 3.400.000 10%

Bifidolactis Bifidobacterium-BB12 19.000

Montefarmaco OTC Lactoflorene mix 2.500.000 7,5%

Zeta Prolife mix 1.600.000 5%

Zambon Codex S.boulardii 1.500.000 4,5%

Bromatech Multibrand
(enterelle, bifiselle,
femelle ecc..)

L bulgaricus, altri 1.400.000 4,3%

Italchimici Reuflor Lactobacillus reuteri 1.120.000 3,4%

Unifarco LFP mix 930.000 2,8%

Dicofarm Dicoflor L.GG 840.000 2,5%

SigmaTau Yovis mix 740.000 2,4%

AgPharma Dicoflor L.GG 620.000 1,9%

Ferring VSL3 mix 560.000 1,7%

Noos Reuterin Lactobacillus
reuteri DSM 17938
e Lactobacillus
reuteri ATCC PTA 5289

470.000 1,4%

Numero  totale di pezzi venduti =
33.000.000 in 12 mesi

Probiotici: un successo
di mercato





Guidelines

In-vitro, In vivo trials, Expert Opinion

Metanalyses

La piramide delle evidenze
• Gastroenterite acuta
• Diarrea nosocomiale
• Diarrea associata ad antibiotici
• Enterocolite necrotizzante
• Infezioni respiratorie



Clinical effect
Microbiological effect
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Daily stool outputs from the first day of
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PROBIOTIC
STRAIN

STUDIES IN
SUPPORT

QUALITY OF
EVIDENCE

GRADE OF
RECOMMENDATION RECOMMENDATION

LGG 15 RCTs Low Strong May be considered +
ORS

S. boulardii 13 RCTs Low Strong May be considered +
ORS

L. reuteri (DSM
17938) 1 RCT Very low Weak May be considered +

ORS
Heat-killed L.
acidophilus LB 4 RCTs Very low Weak May be considered +

ORS

Recommended strains

Gastroenterite
acuta

Gastroenterite
acuta



PROBIOTIC
STRAIN

STUDIES IN
SUPPORT

QUALITY OF
EVIDENCE

GRADE OF
RECOMMENDATION RECOMMENDATION

L. rhamnosus
(573/L1-2-3) 1 RCT Moderate Weak Insufficient data

L. acidophilus 1 RCT Very low Weak Insufficient data

L. paracasei ST11 1 RCT Moderate Weak Insufficient data

L. helveticus 0052
L. rhamnosus 0011 None - - Insufficient data

L. rhamnosus
L. acidophilus
B. longum
S. boulardii

1 RCT Moderate Weak Insufficient data

B. mesentericus
C. butrycum
E. faecalis

1 RCT Very low Weak Insufficient data

L. delbrueckii
L. acidophilus
Str. termophilus
B. bifidum

1 RCT Very low Weak Insufficient data

B. lactis Bb12 None - - Insufficient data

B. lactis B12
Str. termophilus 1 RCT Very low Weak Insufficient data

B. clausii 1 RCT Very low Weak Insufficient data

Other strains
Gastroenterite

acuta
Gastroenterite

acuta



I,A (Muir-
Gray)
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Strong
recommendation

Active treatment with
probiotics, in adjunct to

ORS, is effective in reducing
the duration and intensity

of symptoms of
gastroenteritis. Lactobacillus

GG  and Saccharomyces
boulardii have the

strongest proof of efficacy.

TREATMENTTREATMENT
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Bruzzese E. et al, Aliment Pharmacol Ther, 2016

Variable LGG/Vitamin
DCB Group

(n= 45)

Placebo
Group
(n= 45)

O.R.
[95% C.I.]

p
NNT
[95% C.I.]

Nosocomial infections 15 (33.3) 4 (8.8) 0.2
[0.06 ; 0.65]

0,008
5 [3 ; 17]

Nosocomial gastrointestinal tract infections 11 (24.4) 2 (4.4) 0.14
[0.03 ; 0.69]

0,016
5 [3 ; 17]

Nosocomial respiratory tract infections 4 (8.8) 2 (4.4) 0.48
[0.08 ; 2.75]

0,407 -



JAMA Clinical Evidence Synopsis 2016 Clinical Review & Education
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Goldenberg JZ, LytvynL, Steurich J, Parkin P, Mahant S, Johnston BC

LGG

L.Acidophilus

Saccharomyces
boulardii

Clearly, current evidence favors the use of probiotics in the
prevention of symptoms of AAD. Lactobacilli, S. boulardii, and
selected multistrain combinations, in appropriate dosages, are
clinically useful. The safety profile, with the exceptions noted
earlier, is acceptable particulary in view of the short-term use of
an antibiotic when accompanied by a probiotic.
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Recommendations:
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NNT
8

NNT
9



PLoS One. 2016 Aug 25;11(8):e0161654. doi:
10.1371/journal.pone.0161654. eCollection 2016.
Broad-Spectrum Antibiotic Treatment and Subsequent Childhood
Type 1 Diabetes: A Nationwide Danish Cohort Study

JAMA Pediatr. 2016 Aug 1;170(8):750-7. doi:
10.1001/jamapediatrics.2016.0585.
Association of Early-Life Antibiotic Use and
Protective Effects of Breastfeeding: Role of
the Intestinal Microbiota

Pediatr Ann. 2015 Nov;44(11):e265-9. doi:
10.3928/00904481-20151112-09.
Early-Life Exposure to Antibiotics, Alterations
in the Intestinal Microbiome, and Risk of
Metabolic Disease in Children and Adults.

Pediatrics. 2015 Apr;135(4):617-26. doi:
10.1542/peds.2014-3407.
Antibiotic exposure in infancy and risk of
being overweight in the first 24 months of life.

Ann Allergy Asthma Immunol. 2015
Mar;114(3):203-7. doi:
10.1016/j.anai.2014.11.014. Epub 2014 Dec
19.
Relationship between prenatal antibiotic use
and asthma in at-risk children.

La somministrazione precoce di antibiotici altera il microbiota e
condiziona il futuro

La somministrazione precoce di antibiotici altera il microbiota e
condiziona il futuro

La somministrazione di LGG ripristina l’eubiosi e riduce in
rischi della terapia antibiotica

PLoS One. 2016 Apr 25;11(4):e0154012. doi: 10.1371/journal.pone.0154012. eCollection
2016.
Lactobacillus rhamnosus GG Intake Modifies Preschool Children's Intestinal Microbiota,
Alleviates Penicillin-Associated Changes, and Reduces Antibiotic Use
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Hao Q et al
2015
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Liu S et al, Indian Pediatr 2013

LGG
• Reduced incidence of acute otitis

media.

• Reduced risk of upper respiratory
infections and antibiotic treatments.

• No significant difference in the risk of
overall respiratory infections and the
incidence of lower respiratory
infections.

The effect of probiotics
in preventing URTI
is species-related



Aliment Pharmacol Ther, 2016



IMMUNITA’
INFIAMMAZIONE

IMMUNITA’
INFIAMMAZIONE

MICROBIOTAMICROBIOTA

RESPIRATORY TRACT INFECTIONSRESPIRATORY TRACT INFECTIONS

PROBIOTICIPROBIOTICI

Infezioni respiratorieInfezioni respiratorie



The results indicate that probiotic use saved 573 000–2.3 million RTI-days, according to the
YHEC–Cochrane scenarios respectively. These reductions were associated with an avoidance
of 52 000–84 000 antibiotic courses and 330 000–500 000 sick-leave days.



Prematuri e probiotici: una questione di vita o di morte

NECNEC



•“NEC is a devastating disease in neonates characterized by
inflammatory changes in the intestines and microbial disruption
leading to gastrointestinal dysfunction that can quickly progress
from feeding intolerance to intestinal perforation, shock, and death
in severe cases.”

•“There is high associated morbidity and mortality, health care
burden, and long-term poor developmental outcomes for those
affected by NEC.”

•“The pathogenesis of NEC has been extensively studied yet still
remains incompletely understood. It is multifactorial, including
prematurity with intestinal immaturity and excessive inflammatory
response to intestinal stimuli, genetic predisposition, and
abnormal microbial colonization of the intestine”.

Hourigan SK et al
Clin Ther 2016

NECNEC



NEC

All cause
mortality

NECNEC



Guarino A et al. J Clin
Gastroenterol 2015

Recommendations for use of probiotics in preterms
in available guidelines

NECNEC



Probiotics and NEC events in  VLBW infants (RR of 0.57 p < 0.0001)

NECNEC

GUIDELINES IN
PREPARATION



Probiotics and all cause  mortality in VLBW infants (RR 0.72, p = 0.009)

NECNEC

GUIDELINES IN
PREPARATION



NECNEC



SCHEMA: Efficacia di specifici probiotici in bambini basata su prove scientifiche

DISEASE EVIDENCE EFFECT STRAINS

GASTROENTERITIS Multiple RCT, multiple guidelines Reduces duration and severity by
30% (1 day on average)

LGG, S. boulardii

ANTIBIOTIC-ASSOCIATED
DIARRHEA (and Clostridium
difficile)

Multiple RCT, multiple guidelines Reduces the risk of diarrhea by
25-30%

LGG, S. boulardii

NOSOCOMIAL INFECTIONS Multiple RCT, few guidelines Reduces intestinal and respiratory
infections

LGG

URTI Multiple RCT, metanalyses Reduces incidence LGG, Bifidobacteria

NEC/DEATH IN PRETERMS Multiple RCT, guidelines in
preparation

Significantly reduces risks of NEC
and
all cause mortality

Various



Guidelines
production

FINAL TARGET

For many health conditions, there is a GAP between what medical

science has shown to be effective practice and what is actually done

NICU study:
best practices are not always followed.

Healthcare Benchmarks Qual Improv. 2003



Albano – J Pediatrics 2010
Kita – J Clin Phar Ther 2010

Weizman – J Clin Gastroenterol 2011

OUT-PATIENTSIN-PATIENTS

Implementation study in 11 European country
(Nicastro PLOS One 2015)

Use of probiotics 9,4% (33/351)

Observational study in 31 Italian Hospitals
(Lo Vecchio PIDJ 2014)

Use of probiotics 38% (193/502)

Prescrizione di probiotici in bambini con
gastroenterite acuta



*     p<0.05
**  p<0.01

Nicastro – PLOS One 2015

Violations to guidelines
for gastroenteritis
before and after an e-
learning    course

Uso di ceppi difformi da
quelli indicati nelle linee
guida



In-patientsIn-patients
N= 612

Prescrizione di probiotici in bambini
ospedalizzati per gastroenterite acuta

Yes No

85.7%
34.8%

p <0.0001 26%

51%

23%

83%

13%
4%

Strongly recommended Weakly recommended Not recommended



Barriere

• Non conoscenza
• Disponibilità dei ceppi (ospedale)
• Delega della scelta ad altre figure (farmacia)
• Terapie alternative
• Costi (per cicli lunghi)
• Sottovalutazione dell’efficacia
• Fake news







PROBIOTIC USE IN ACUTE
GASTROENTERITIS:

Does one day matter?
• Two billion episodes of diarrheal disease per year

(WHO)

• Therefore probiotics could prevent 2 billion days
of diarrhoea.

• At an estimate of 1 liter of stool per day of
diarrhea,  this volume would take:



12 days to flow past in
the Seine

Ganges – 3 minutes.  Yangtze 1.5 minutes Courtesy of Don
Cameron



14 minutes to flow over
the Niagara Falls

Courtesy of Don
Cameron



Metà del contenuto del Canal
Grande



ANTIBIOTICS: Strategies to optimize and control the
use of antibiotics to prevent the unnecessary use of
antibiotics and decrease the resistance of bacterial
pathogens

PROBIOTICS: A strategy to optimize and promote the
use of probiotics to fully exploit their benefits in
children based on evidence (and also to eventually
limit the use of antibiotics…)

LGG is the strain for which solid proof
of evidence is available and should be
considered as standard of care



A guided use of probiotics in
children



Specifici ceppi di  probiotici sono oggi
lo standard di cura o di prevenzione di:

• Gastroenterite
• Diarrea da antibiotici (in particolari

categorie/condizioni)
• Infezioni nosocomiali
• Enterocolite necrotizzante (in attesa di linee

guida)
• Prevenzione di infezioni respiratorie in

particolari categorie (in attesa di linee guida)





Condizione Effetto dei probiotici Ceppo consigliato
Gastroenterite
acuta

Riduzione della durata e intensità
dei sintomi

LGG, S. boulardii

Prevenzione
infezioni
respiratorie

Riduzione del rischio LGG, altri

Disordini funzionali
gastrointestinali-
correlati al dolore
addominale

Alcuni probiotici riducono intensità
del dolore (specialmente in
sindrome del colon irritabile)

LGG VSL3

Mantenimento
della remissione in
colite ulcerativa

Evidenze limitate che i probiotici
aggiunti alla terapia standard
possano apportare modesti
benefici

VSL3, E. coli  Nissle1917

Diarrea da
antibiotici

Riduzione del rischio LGG,      S. boulardii

Infezioni
nosocomiali

Riduzione del rischio  di diarrea e
potenzialità di infezioni respiratorie

LGG

M. Crohn I probiotici non hanno effetto
nella terapia né nel mantenimento.

Stipsi funzionale Fino a quando non saranno
disponibili ulteriori dati, l’uso dei
probiotici dovrebbe essere
considerato sperimentale

NEC Riduzione del rischio di NEC e della
mortalità sia da NEC che da altre
cause

Vari

Clostridium difficile Raccomandato in specifiche Saccharomyces boulardii

Uso di probiotici nelle linee guida internazionali


