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• What is probiotic?
– Pro-biotic: “Pro/for life”
– WHO defines probiotic as “live
microoorganisms,which when consumed in adequate
amounts confer health and benefit to the host”

History Behind “the Beneficial Bacteria”
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Definition of
probiotic concept
1989 “A live microbial feed
supplement which beneficially
affects the host animal by improving
its intestinal microbial balance.”

Mechnikov: Gut Microbiome, Aging and Probiotics
•

Aging is caused by toxic bacteria in the gut

•

Lactic acid could prolong life by restricting
the “bad bacteria”

•

He drank sour milk every day

•

He wrote The Prolongation of Life:
Optimistic Studies, in which he proposed
the potential life-lengthening properties of
lactic acid bacteria
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Probiotics market today

$1.4 billions in sales of probiotics in 2014
US and world market for probiotics:
o 60-75% yogurts
o 8-20% fermented milks
o 15-30% supplements
Probiotics Market Size to Exceed USD 64 Billion by
2023

• Clarke TC, Black LI, Stussman BJ, Barnes PM, Nahin RL. Trends in the use of complementary health approaches among adults: United States,
2002–2012. National health statistics reports; no 79. Hyattsville, MD: National Center for Health Statistics. 2015.
• Global Market Insights Inc.

What Is a Good Probiotic?
 Able to maintain good viability
 Able to survive the passage through the digestive system
 Carry no antibiotic resistance genes that could be transferred

 Able to utilize the nutrients present in a regular human diet
 Exert beneficial health effects on the host
 Be safe, noninvasive, nonpathogenic to the host

How Probiotics Work
 Help to maintain a desirable community of microorganisms
 Stabilize the digestive tract’s barriers against undesirable
microorganisms or produce substances that inhibit their growth
 Help the gut microbiome to return to normal after being disturbed
(for example, by an antibiotic or a disease)
 Outcompete undesirable microorganisms
 Stimulate and or modulate the immune response
 Production of beneficial products such as vitamins,
neurotransmitters, short chain fatty acids, etc.
de Vrese M. Adv Biochem Eng Biotechnol. 2008;111:1-66; Davis CD. J Nutr Biochem. 2009;20:743-52; Parvez. J.app. Microb. 2006. 6, 1171-1185.

Evidence for the use of probiotics in humans:

Gastrointestinal diseases
Obesity
Psychobiotics
Ageing
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Preventing Diarrhea Associated with
Antibiotics
– The incidence of AAD in the probiotic group was 8% compared to 19% in the
control group
• 22 trials; 3898 participants
• RR 0.46, 95% CI 0.35 to 0.61; moderate-quality evidence

– Lactobacillus rhamnosus or Saccharomyces boulardii at 5 to 40 billion colony
forming units/day may be appropriate for preventing AAD in children receiving
antibiotics
– Adults exposed to antibiotics
• 25 trials; 4097 participants
• RR 0.60, 95% CI 0.49 to 0.72, moderate-quality evidence
Goldenberg J. Cochrane Database of SystematicReviews. [1361-6137] yr:2015 iss:12 pg:CD004827 -CD004827.

Prevention of C Difficile associated diarrhea
– 23 trials; 4213 participants
– The incidence of CDAD in the
probiotic group was 2.0%
compared to 5.5% in the placebo
or no treatment control group
• RR 0.36, 95% CI 0.26 to 0.51,
moderate-quality evidence
• NTT: 29

Goldenberg J. Cochrane Database of Systematic Reviews. [1361-6137] yr:2015 iss:12 pg:CD004827 -CD004827.

Prevention of Clostridium difficile-Associated
Diarrhea in Hospitalized Subjects
•
•
•
•

Incidence of C. difficile infection was lower in probiotic users than in
controls (1.6% vs. 3.9%; pooled RR: 0.42).
The protective effect of probiotics was lower if started >2 days after
antibiotic initiation versus within 2 days (relative risk, 0.70 vs. 0.32).
Meta-regression showed an 18% decline in benefit for every day of
delay in starting probiotics.
No probiotic was better than the other

Shen NT et al. Gastroenterology 2017 Feb 10.
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Probiotics in Inducing Remission of Active UC

VSL#3, failure to achieve remission: 56.3% vs. 66.3% placebo. NTT: 5
Derwa Y. Alimentary Pharmacology & Therapeutics. 2017;46: 389-400.

Probiotics in Preventing Relapse in Quiescent UC

Derwa Y. Alimentary Pharmacology & Therapeutics. 2017;46: 389-400.

Probiotics for People with Chronic Pouchitis
• Maintenance of clinical remission
– Probiotic (VSL#3) vs. placebo: (2 trials; 76 participants)
• RR 20.24, 95% CI 4.28 to 95.81 low-quality
evidence.

Singh S, Stroud AM, Holubar SD, Sandborn WJ, Pardi DS. Cochrane Database Syst Rev. 2015. Nov 23;(11):CD001176.

Probiotics for People with Crohn’s Disease
• There was no benefit of probiotics in inducing remission of
active CD, in preventing relapse of quiescent CD, or in
preventing relapse of CD after surgically induced remission
–

Inducing remission of active CD (2 trials, 37 patients)
• RR of failure to achieve remission=0.99; 95% CI=0.57-1.72

–

Preventing relapse in quiescent CD (2 trials,195 patients)
•

–

RR of relapse of disease activity=1.03; 95% CI=0.70-1.51

Preventing relapse in CD in remission following a surgical resection
(4 trials, 333 patients)
• RR of clinical relapse of disease activity=1.06; 95% CI=0.59-1.92

Derwa Y. Alimentary Pharmacology & Therapeutics. 2017;46: 389-400.
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Probiotics for Prevention of Obesity in Kids
Study in Finland
Double blind, randomized study
–

•
•

Mothers were randomized to receive
Lactobacillus rhamnosus GG (ATCC 53103)
or placebo once a day for 4 weeks before
expected delivery. After delivery, the capsule
contents were given either to the mothers, if
they were breastfeeding, or otherwise to the
children mixed in water for 6 months.

Kids were followed for 10 years
Overweight babies were at higher risk
to become overweight later in life

Luoto. Int. J. Obes. 2010. 34 1531–1537.
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Probiotics for Management of Obesity
Table 2. Intervention Studies on the Effect of Different Probiotics on Weight and Body Compositions in Humans.
Reference

Design

Subjects

Probiotic Strain and Duration of Intervention

Anthropometric Parameters

Metabolic Changes

Kadooka (2010,
2013)92,93

Multicenter DBPCR

n = 87, obese

Streptococcus thermophilus, Lactobacillus delbrueckii ssp bulgaricus,
and Lactobacillus gasseri SBT2055 (1011 CFU/d),
12 wk

 Weight, BMI, abdominal
visceral fat area, and hip and
waist circumferences

––

Ogawa (2014)94

SBPC

n = 20, adults with
triacylglycerol ≥200
mg/dL, glucose <100
mg/dL

S thermophilus, L delbrueckii ssp bulgaricus and L gasseri SBT2055
(1011 CFU/d), 4 wk

No change in weight or BMI

 Postprandial serum
nonesterified fatty acid and
triacylglycerol levels

Jung (2013)95

DBPCR

n = 62, obese

L gasseri BNR17 (6 x 1010 CFU/d), 12 wk

 Weight and waist and hip
circumferences

No change in glucose, insulin,
and lipid profile

Omar (2013)96

DBPCR crossover

n = 28, obese

Yogurt + Lactobacillus amylovorus (1.39 x 109 CFU/d); yogurt +
Lactobacillus fermentum (1.08 x 109 CFU/d), 43 d

 Total fat mass with
L amylovorus

 Abundance of Clostridial
cluster IV with L amylovorus

Karlsson (2015)98

DBPCR follow-up

n = 179,
children 8-9 y

Lactobacillus paracasei ssp paracasei (108 CFU/d), from 4th to 13th
month of age

No change in BMI z score,
fat, and lean mass (dualenergy X-ray absorptiometry)

 Total cholesterol but also in
prebiotic only (herbal compound)
group

 Weight, BMI, fat mass (%),
and waist circumference but
also in prebiotic only (herbal
compound) group

 HDL cholesterol in herbal
compound + probiotic

 Risk of central adiposity 6
mo postpartum (waist
circumference >80 cm)

 Glucose levels at 6 and 12 mo
postpartum

Lee (2014)100

DBPCR

n = 36, overweight
females

Herbal compound + S thermophilus KCTC
11870BP + Lactobacillus plantarum KCTC
10782BP + Lactobacillus acidophilus KCTC
11906BP + Lactobacillus rhamnosus KCTC
12202BP + Bifidobacterium lactis KCTC
11904BP + Bifidobacterium longum KCTC
12200BP + Bifidobacterium breve KCTC
12202BP (5 x 1012 CFU/d), 8 wk

Ilmonen (2011)101

DBPCR

n = 185, pregnant
women

L rhamnosus GG (ATCC 53103) (1010 CFU/d) and B lactis Bb12
(1010 CFU/d), from first trimester to end of exclusive breastfeeding

BMI, body mass index; CFU, colony-forming units; DBPCR, double-blind, placebo controlled, randomized study; HDL, high density lipoprotein; SBPC, single-blind, placebo-controlled, within subject
repeated-measures (all subject consumed first the control yogurt and after a wash-out perioud [4 wk] the probiotic).

Nova. Nutr Clin Pract. 2016. Jun;31(3):387-400.

Probiotics for Management of Diabetes and
Metabolic Syndrome: Effect on HbA1C
388 participants (196 consuming probiotics, 192 not consuming probiotics),

Wang, J. Pediatr Endocrinol Metab. 2017. May 24;30(6):611-622.
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Are Probiotics Psychobiotics?

Cryan Lab, Proc Natl Acad Sci U S A. 2011 20;108(38):16050-5.
Bercik , Gastroenterology. 2010;139:2102–2112

Are Probiotics Psychobiotics?

Probiotics resulted in significantly reduced preclinical psychological symptoms
of anxiety, depression, and stress in healthy individuals
McKean. J Altern Complement Med. 2017 Apr;23(4):249-258.

Are Probiotics Psychobiotics?
•

•

Healthy women were randomly
assigned to 2 weeks of:
–

probiotic (n = 12)

–

a nonfermented milk product
(n = 11, controls)

–

no intervention (n = 13)

Bifidobacterium
animalis subsp Lactis, Streptococc
us thermophiles, Lactobacillus
bulgaricus, and Lactococcus
lactis subsp Lactis.

Tillisch. Gastroenterology. 2013. Jun;144(7):1394-401.

Brain’s response to emotional stimuli

Aging and gut microbiota

Aging and gut microbiota

24 semi-supercentenarians: 105–109 years old
Long life associated bacteria: Eubacterium limosum ,
Akkermansia, Bifidobacterium
Biagi, Curr. Biol.,2016 26 , pp. 1480-1485

Aging and gut microbiota
Probiotics
Preclinical studies:
• Longevity *
• Skin photo-aging
• Immune regulation
• Dementia
Clinical studies:
• Lacking….
24 semi-supercentenarians: 105–109 years old
Long life associated bacteria: Eubacterium limosum ,
Akkermancia, Bifidobacterium
Biagi, Curr. Biol.,2016 26 , pp. 1480-1485
* Ayala, Microb Cell. 2017 Mar 16;4(4):133-136.

Are Probiotics Safe?
•
•

Yes, they are….
Only few exceptions pending on host characteristics; cases of
bacteremia and fungemia have been reported in really sick patients.

Populations Potentially at Risk According to FDA
Population

Examples

Immunosuppressed

Anti-rejection medication after stem cell or solid organ transplant, injectable immunosuppressive drugs for
autoimmune disease, or corticosteroids (greater than ½ mg per kg body weight or prednisone or its equivalent);
chemotherapy or radiation

Structural heart disease

Valve abnormality or replacement, history of endocarditis

Inpatient
Pregnant

Potential for translocation of
probiotic across bowel wall

Presence of an active bowel leak, acute abdomen, active intestinal disease including colitis, or significant bowel
dysfunction; presence of neutropenia or anticipation of neutropenia after chemotherapy;
radiation therapy

Didari T. Expert Opin Drug Saf. 2014. Feb;13(2):227-39; Clin Infect Dis. 2015;60 (suppl): S129-S134.

Implications for Future Research
•

•
•

Road obstacles to do research on clinical applications of probiotics
– In 2010, the FDA define probiotics as live biotherapeutic products = need an
investigational new drug (IND) to be filed before implementation of the very
needed clinical trial in humans.
– In 2013, FDA guidance on INDs and human research “if an edible product
that might otherwise be a conventional food is intended for a use other than
providing taste, aroma, or nutritive value, such as blocking the absorption of
carbohydrates in the gut, that product becomes a drug because the primary
purpose of consuming it has changed”.
European Food Safety Authority (EFSA) has similar position
Japan does not regulate probiotics per se but created a category called Food for
Specific Health Uses (FOSHU)

Future….
• Designer probiotics (age, gender, needs, own
microbiome characteristics, etc)
• Engineered probiotics….
– Live attenuated pathogens for immunotherapy, drug delivery,
metabolites
– Lactococcus lactis for intestinal delivery of human interleukin 10 for
IBD.
– Modified E Coli to deliver metabolites that modify appetite and
weight gain
– Modified commensal bacteria… potential for long lasting effects……
Nemunatis, Cancer Gene Ther. 2003; 10: 737–744
Steidler, Nat. Biotechnol. 2003; 21: 785–789
Chen, J. Clin. Invest. 2014; 124: 3391–3406
Nimee, Cell Syst. 2015 Jul 29;1(1):62-71.
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