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Probiotics:
Probiotics
“Live microorganisms which, when consumed in adequate
amounts, confer a health benefit on the host”
(FAO/WHO, 2002)

1.Must be alive when administered
2.Must be delivered at an effective dose (the effective dose is strain-specific and
depends on the intended target effect as well as related factors)
3.Must be a taxonomically defined microbe or combination of microbes
4.Must be safe for its intended use
5.Must undergo evaluation to document health benefits in the target host

WE LIVE IN A MICROBIAL WORLD

Has the Microbiota Played a Critical Role in the Evolution of the Adaptive Immune System?
Lee et al. Science 2010

The intestinal microbiota
4 main phyla: - Actinobacteria (Genera Bifidobacterium and Colinsella)
- Bacteroidetes (Genera Bacteroides and Prevotella)
- Firmicutes (Genera Lactobacillus, Clostridium, Eubacterium and
Ruminococcus )
- Proteobacteria (Genera Enterobacter)

The first thousand days – intestinal microbiology of early life: establishing a symbiosis

• Pioneer species (facultative anaerobic
bacteria) Staphylococcus,
Streptococcus, Enterococcus and
Enterobacter.
After 1-2 weeks: obbligate anaerobes
(Bifidobacterium, Bacteroides, Clostridium,
Eubacterium)
• After Introduction of first solid foods (4-6
months of age): decreased level of
Bifidobacteria and gradual diversification
towards adul type species (Bacteroides spp and
Clostridium IV and XIV)
• Healtly adults have a stable microbiota

Wopereis H. et al. Pediatric Allergy and Immunology Volume 25, Issue 5, pages 428-438, 5 JUN 2014

The function of our microbiota: who is out there and what do they do? Ottman N et al
Front Cell Infect Microbiol. 2012

Long-term stability but….
FLEXIBILITY

Effect of the microbiota on the host
• Aids in the digestion of foods and plays an important role in the
acquisition and absorption of nutrients
• Provides resistance to colonization and prevents the
overgrowth of harmful pathogenic organisms.
• Contributes to the local architecture of the gut by degrading
mucus glycoproteins that are produced by the epithelium, thus
preventing mucus accumulation, in addition to promoting
differentiation of the epithelium by modifying intestinal
epithelial lineage morphogenesis.

• Promotes the development of the gut immune system
and establishes immune tolerance.

.
- The intestinal mucosa is an immune-privileged site,
which under normal conditions can tolerate exposure
to a huge antigen load without resulting in an
inflammatory response
- The intestinal microbiota can affect both the innate
and adaptive immune pathways
- Induces TH1 cell differentiation, which is required to
establish a balance between TH1 and TH2 immune
responses, which corrects the TH2 skewing that is
thought to occur at birth.
- Expansion of Treg cell subsets in the gut is
critically involved in establishing immune tolerance.
Treg cells and immunomodulatory cytokines, such as
IL-10 and TGF-b, are involved in decreasing or
preventing effector T-cell responses that mediate
autoimmune or allergic disease

Immunomodulatory effects of the microbiota in the gut have the
potential to decrease allergic inflammatory responses.
Mc Loughlin RM et al. Journal of Allergy and Clinical Immunology 2011 127, 1097-1107

Influence of gastrointestinal commensal bacteria on the immune responses that mediate
allergy and asthma.

Hygiene hypothesis

1989

1998

2013

Microarray analysis reveals marked intestinal microbiota aberrancy in infants having
eczema compared to healthy children in at-risk for atopic disease.

•Composition of the microbiota did not differ
between study groups at age of 6 months, but
was significantly different at age of 18 months

•Healthy children harboured 3 -fold
greater amount of members of the
Bacteroidetes (p=0.01).
•Children suffering from eczema had
increased abundance of the Clostridium
clusters IV and XIVa, which are typically
abundant in adults.

Nylund et al. BMC Microbiol. 2013 Jan 23;13:12. doi: 10.1186/1471-2180-13-12.

L’equilibrio dell’ecosistema intestinale può essere mantenuto:

 Favorendo i microrganismi già presenti
STRATEGIA PREBIOTICA

 Attraverso la somministrazione di microrganismi “amici”
STRATEGIA PROBIOTICA

 Attraverso la somministrazione di probiotici + prebiotici
STRATEGIA SIMBIOTICA

Prebiotics:
“a dietary prebiotic is a selectively fermented ingredient that results in
specific changes, in the composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health”.

All prebiotics can be classed as fibers, NOT all fibers are prebiotic.
Some prebiotics (i.e., inulin) occur naturally in several foods.
Many frequently eaten foodstuffs have been fortifiedwith prebiotic ingredients, such as
inulin, oligofructose (FOS),galactooligosaccharides (GOS) that have been evaluated by the
FDA and confirmed as “safe”.
Characteristics:
- Resist gastric acidity, hydrolysis by mammalian enzymes, and absorption in the upper
GI tract
-

Fermented by the intestinal microbiota

-Selectively stimulates the growth and/or activity of intestinal bacteria potentially associated
with health and well-being
J Nutr 2012 May;142(5):962-74

Caratteristiche essenziali che devono possedere i microrganismi probiotici
• Devono essere di provenienza intestinale umana: devono cioè essere normali
componenti del nostro microbiota
• Appartenenza a un gruppo batterico G.R.A.S. (generally regarded as safe): non
devono
cioè poter scatenare un’infezione, specialmente in pazienti immunocompromessi
• Devono essere attivi e vitali alle condizioni ambientali intestinali
• Devono resistere all’azione di succo gastrico, bile e succo pancreatico
• Devono essere in grado di persistere, almeno temporaneamente, nell’intestino
• Devono sintetizzare sostanze ad azione antimicrobica (batteriocine, ac. Lattico,
perossido di idrogeno)
Se il numero di ufc per ogni ceppo batterico è
Minore di un miliardo il preparato è scarso in
quantità
Se va da 1-3 miliardi il preparato è buono in
quantità
Se è maggiore di 3 miliardi è ottimo in quantità

SPECIE MICROBICHE UTILIZZATE IN PRODOTTI PROBIOTICI

…only a few strains, limited to lactobacilli, that have
been reasonably well documented in clinical studies…

…………….NEED FOR STRAIN – SPECIFIC
MICROBIAL THERAPY…………..

Effect of probiotics on the intestinal microbiota

Various effects of different probiotic strains in allergic disorders: an update from
laboratory and clinical data

Ozdemir O. Clin Exp Immunol. Jun 2010; 160(3): 295–304

•

Maturing gut barrier

•

Immunomodulation: cytokines,
Th1/Th2 balance, IgE production
and serum inflammatory
parameters

•

Development of tolerogenic
dendritic cells

•

Toll-like receptor (TLR)
stimulation

•

Treg production

Regulation of Intestinal Immune Responses through TLR Activation: Implications for Pro- and Prebiotics. De
Kivit S et al. Front Immunol. 2014

Lactic acid bacteria differ in their ability to induce functional regulatory T cells in humans

Some probiotic strains are potent inducers of regulatory cells, while others are not. The clear
differences between strains imply that an in vitro characterization of probiotic strains before
application is recommended.

De Roock S. Clinical & Experimental Allergy Volume 40. Issue 1. pages 103-110, 7 OCT 2009

2001

2009

2010

2012

Bifidobacterium lactis, Lactobacillus
acidophilus , Lactobacillus plantarum ,
Lactococcus lactis

Lactobacillus Acidophilus, Lactobacillus
Delbrueckii, Lactobacillus Rhamnosus,
Streptococcus Thermophilus

Lactobacillus helveticus, Bifidobacterium
bifidum, Lactobacillus rhamnosus,
scFOS, Vitamina C

Given the role of vitamin D in Treg and dendritic cell
development and function, it is possible that the host’s vitamin D
status could modify the effect of the intestinal microbiota on
the immune system.
Emerging evidence suggests that the vitamin D pathway is
a potentially important modifier of the effects of intestinal flora on
inflammatory disorders.

Probiotic for the
treatment in allergic
diseases

Effects of probiotics on atopic dermatitis. A randomised controlled trial

DATO SUI DIFFERENTI LIVELLI DI GRAVITA’

p=0,01

Supplementation with probiotic L fermentum VRI-003 PCC is beneficial in improving
the extent and severity of AD in young children with moderate or severe disease.

Weston S et al. Arch Dis Child 2005;90:892-89

Efficacy of probiotic Lactobacillus strains in children with atopic
dermatitis

43 pazienti con AEDS
Età 1-13 anni
6 weeks

• A combination of L
rhamnosus 19070-2
and L reuteri DSM
122460 was beneficial
in the management of
AD.
• The effect was more
pronounced in patients
with a positive skin
prick test response and
increased IgE levels.

J Allergy Clin Immunol 2003;111:389-95

Effects of probiotics for the treatment of atopic dermatitis: a metaanalysis of randomized controlled trials

• The dose of probiotic preparation used in the trials
ranged from 0.3 billion to 20 billion colony-forming
units. This might contribute to the heterogeneity
among the studies.
• Applying the same dose criteria to various products
that consist of different strains might be
inappropriate: to find the optimal dose of
probiotic preparation, a direct head-to-head
comparison study is required.

Kim et al. Ann Allergy Asthma Immunol 13(20149217e226

Change in quality of life score in allergic rhinitis

Probiotics as additives on therapy in allergic airway diseases: a systematic review of benefits and
risks. Das RR et al. Biomed Res Int 2013

Adjuvants for allergy vaccines

Bacteria selected specifically for their capacity to induce a strong production
of IL10 and IL12 by mucosal DCs, such as Lactobacillus plantarum or
Bifidobacterium bifidum, were shown to enhance tolerance following SLIT in
mice with induced asthma to OVA

New adjuvants and vector systems are needed to improve the efficacy of
allergy vaccines, reduce the dose of allergens required and simplify
immunization schemes during desensitization

Moingeon P. Human Vaccines & Immunotherapeutics 8:10, 1492-1498; October 2012

Lactic acid bacteria as adjuvants for sublingual allergy vaccines

Two representative strains inducing the
production of either IL-12p70/IL-10 or IL12p70 alone, namely L. helveticus and L.
casei, respectively, were selected for further
studies.
DCs stimulated with L. helveticus skew
CD4+ T cells towards IFN- and IL-10 gene
expression DCs stimulated with L. casei only
elicited a Th1 differentiation

Van Overtvelt L. et al Vaccine 28 (2010) 2986–2992

Lactic acid bacteria as adjuvants for sublingual allergy vaccines

• Multiple types of lactic acid bacteria can
be defined based on their distinct
capacities to influence T cell polarization.
• Strains acting as Th1/possibly Treg
inducers represent valid candidate
adjuvants

• The observed reduction in AHR and
inflammation following treatment with L.
helveticus-OVA was correlated with a
decrease in the number of OVA-specific
IL-5 and IL-10-producing Th2 cells in the
lungs or in the spleen. In contrast,
• OVA or L. helveticus alone had no or
only a limited effect on cytokine
production, respectively
• Treatment with L. helveticus reduced T
cell proliferation whereas L. casei had no
effect

Van Overtvelt L. et al Vaccine 28 (2010) 2986–2992

Prevention for allergic diseases?

Legatzki et al. Curr Allergy Asthma Rep (2014) 14:466

•

•

A weel-balanced microbial intestinal colonization in
early postnatal life is necessary to establish
immune homeostasis later in life
Prenatal and postnatal environmental stimuli
are capable of balancing the immune system
toward a tolerogenic response

Pfefferle PI et al. J Allergy Clin Immunol 2013 jun; 131(6):1453-63

When considering probiotic studies
collectively, around half showed a
significant reduction in the development
of eczema (from 25% to 50% reduction),
whereas there were no benefits in the
remaining studies, even when the same
probiotic strains and similar protocols
were used.
There have been no consistent effects on
other allergic outcomes, and fewer studies
have assessed the longer-term effects on
respiratory allergic disease.

Pfefferle PI et al. J Allergy Clin Immunol 2013 jun:131(6):1453-63

Another key point: the strains used and whether these are used alone or in
combination.
Impact of maternal supplementation with probiotics during pregnancy
on atopic eczema in childhood – a meta-analysis
Doege et al.Br J nutr 2012;107.1-6

•

7 randomised, DB, PC trials, (published between 2001 and 2009).

•

Significant risk reduction for atopic eczema in children aged 2–7 years by the administration of probiotics during pregnancy
(reduction 5·7 %; P=0·022).

•

This effect was only significant for lactobacilli (reduction 10·6 %;P= 0·045), but not for a mixture of various bacterial strains
as probiotics (difference 3·06 %, P=0·204).

•

Administration of lactobacilli during pregnancy prevents atopic eczema in children aged from 2 to 7 years. However, a
mixture of various bacterial strains does not affect the development of atopic eczema, independent of whether they
contain lactobacilli or not.

Maternal probiotic supplementation during pregnancy and breast-feeding reduces the risk of eczema in the
infant
Rautava S. J Allergy Clin Immunol 2012;130:1355-60

•

Maternal supplementation with combination of probiotics (LPR and BL999 or ST11 and BL999) during the
last 2 months of pregnancy and the first 2 months of breast-feeding may reduce the risk of infant eczema in a
clinically and statistically significant manner in infants with mothers with allergic disease positive on skin
prick testing.

Meta-analysis of probiotics and/or prebiotics for the prevention of eczema

• Incidence of eczema was
reduced by 31% with the
consumption of probiotics, but
was not significantly changed
with the consumption of
prebiotics.
• Combining nonspore
lactobacilli and bifidobacteria
resulted in a 42% reduction in
the incidence of eczema
• Administration of probiotics
and synbiotics may reduce
the incidence of infant eczema,
whereas prebiotic administration
alone has no effect

Dang D. et al. Journal of International Medical Research 41(5) 1426–1436

Probiotic and prebiotics:
High-risk families:
•Probiotic supplements have been tested during
infancy, but there is little evidence to support
their effectiveness.
•Four randomized controlled trials (63–66) found
no benefit against food allergy or sensitization
Unselected families:
•There is no evidence to support prebiotics or
probiotics to prevent food allergy in unselected or
mixed-risk population
• Morisset M et al. A non-hydrolyzed, fermented milk formula reduces digestive and
respiratory events in infants at high risk of allergy.
Eur J Clin Nutr 2011
• Kukkonen AK et al. Ovalbumin-specific immunoglobulins A and G levels at age 2
years are associated with the occurrence of atopic disorders. CEA 2011
• Kuitunen M, et al.Probiotics prevent IgE-associated allergy until age 5 years in
cesarean-delivered children but not in the total cohort. JACI 2009
• Marschan E et al. Probiotics in infancy induce protective immune profiles that are
characteristic for chronic low-grade inflammation.CEA 2008

CONCLUSIONS
- Probiotics do not have an established role in the prevention or treatment of allergy.
- No single probiotic supplement or class of supplements has been demonstrated to
efficiently influence the course of any allergic manifestation or long-term disease or to
be sufficient to do so.

Waiting for next
generation probiotics…

- Further epidemiologic, immunologic, microbiologic, genetic, and clinical studies are
necessary to determine whether probiotic supplements will be
useful in preventing allergy.
- Until then, supplementation with probiotics remains empirical in allergy medicine.

World Allergy Organ J. 2012 Nov;5(11):148-67

