
Let food be thy medicine

Hippocrates (460-377 BC)
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My day job is 

starting 

companies for 

infectious 

disease 

diagnostics and 

vaccines in a 

One Health 

setting mainly 

for zoonoses 

(animal to man)



Gerritse, Posno, Schellekens, Boersma & Claassen E. (1990) 

Oral administration of TNP-lactobacillus conjugates in mice: 

a model for evaluation of mucosal and systemic immune 

responses and memory formation elicited by transformed 

Lactobacilli. Res. Microbiology, 141, 955-962.





Andrew Maltez Thomas & Nicola Segata BMC Biology 17: 48 (2019)



Het humane microbioom heeft 1-10 maal 

zoveel bacteriën als lichaamscellen! 

• Er leven ongeveer  1014

(honderd-duizend-
miljard!) micro-
organismen in de mens

• Dat is 1-1½ kilogram per 
gezonde volwassene

• 100x meer bacteriële 
genen in vergelijking 
met humaan genoom



Phylogeny; ‘a reminder….’
Human phylogeny & namegiving

PHYLUM CLASS ORDER FAMILY GENUS SPECIES

Slide stolen from prof dr Kleerebezem



Phylogeny; ‘a reminder….’
Automobile phylogeny & namegiving ☺

PHYLUM CLASS ORDER FAMILY GENUS SPECIES
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Bacterial phylogeny; ‘a reminder….’
The yoghurt workhorse S. thermophilus

PHYLUM CLASS ORDER FAMILY GENUS SPECIES
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When children are born, they emerge from
the relatively sterile environment of the uterus
into a world teeming with bacteria . . .



Stunted microbiota and opportunistic pathogen colonization in caesarean-section birth

Yan Shao, Samuel C. Forster, Evdokia Tsaliki, Kevin Vervier, Angela Strang, Nandi Simpson, Nitin Kumar, Mark D. 
Stares, Alison Rodger, Peter Brocklehurst, Nigel Field & Trevor D. Lawley  Nature (2019)

KEIZERSNEDE GEEFT MICROBIOTA ACHTERSTAND



Stunted microbiota and opportunistic pathogen colonization in caesarean-section birth

Yan Shao, Samuel C. Forster, Evdokia Tsaliki, Kevin Vervier, Angela Strang, Nandi Simpson, Nitin Kumar, Mark D. Stares, Alison Rodger, Peter Brocklehurst, Nigel Field & Trevor D. Lawley  Nature (2019)



Nieuwboer, Claassen et al 2019, in druk



Nieuwboer, Claassen et al 2019, in druk



Darmvlokken (villi) geven oppervlakte vergroting 

• De totale oppervlakte 
van de ‘uitgespreide 
darm’ komt daarmee 
op meer dan 300 
vierkante meter

• Dat is een tennisveld
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Hier zit uw

BROODJE met uw

levende bacteriële

gasten!!







Bacterieen moeten aanhechten aan darm eptiheel om te koloniseren: competitie



MELKZUUR EN WATERSTOF PEROXIDE
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melkzuurbacteriën
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(boterzuur indirect)
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cyclische di-peptiden
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Darmwand en gezond epitheel is een barriere





Afbraak van de barriere functie -> opportunisten & ontsteking



Lactobacilli versterken tight junctions

Occludin

Claudin 1



Knol et al., 2002
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Slide from Yvan van den Plas

Reduction of pathogens in the gut after GOS&FOS



% w/w (vers)

Witlof / Cichorei 15-20
Knoflook 9 - 16
Schorseneer 4 - 10
Prei 3 - 10
Ui 2 - 6
Artisjok 2 - 6
Asperge 2 - 3
Tarwemeel 1 – 4
Borstvoeding Mens 0.5 - 1.5
Haver 0.5 - 1.5
Banaan 0.3 - 0.7
Zoogdier melk 0.01 - 0.1



Puntarelle is soort roodlof



From Holland witlof

designed © by slappo



Xenia Warrior Princess



Friedman & Zeiger (2005) J Allergy Clin Immunol 115: 1238-48

Breastfeeding reduces chance on allergy



Allergisch meisje of?



Allergisch voor meisjes?



Examples Atopic / Constitutional Eczema





Yazdanbakhsh et al. 2002

The Africa Paradox and the hygiënehypothesis



‘Old friends trigger 
regulation through 

innate dendritic cell 
receptors’



Scout senses

no danger

(sees “old

friends”): info to

officer “steady 

state of 

tolerance” 

“Hold your fire”

Allergy: Scout 

senses danger & 

no old friends: 

info to officer and 

command to fire
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Directly linked to gut dysbiosis
• Inflammatory Bowel Disease (IBD)

• Irritable Bowel Syndrome (IBS)

• Diarrhea 

• Antibiotic associated diarrhea

• Travelers diarrhea

• Infantile diarrhea (Rotavirus)

• Caused by food pathogens

• Constipation

• Helicobacter pylori infections 

Indirectly linked to gut dysbiosis
• Allergies

• Cancer

• Cardiovascular disease

• Urinary tract infections

• Bacterial vaginosis

• Upper respiratory tract infections

Disturbance microbiota (=dysbiosis)

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.fao.org/&ei=VJJdVc2hHsblUueOgdgP&bvm=bv.93756505,d.d24&psig=AFQjCNEFv3ZzLhDCoDlOBpCqFd6tlHke3Q&ust=1432282058540420


The human microbiota

In health and disease



With increased food safety our food has also became more and more sterile
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The history of probiotics: the untold story.

Ozen M, Dinleyici EC

Probiotic, a word derived from Latin, means 'for life'. A long time before 

the awareness of probiotic microorganisms, fermented products, such as 

beer, bread, wine, kefir, kumis and cheese had been very frequently used 

for nutritional and therapeutic purposes. 

Yoghurt is most likely resulted from a fermentation process within the 

animal skin bags used for transportation of water and milk in regions 

with low humidity and high temperatures (Middle Asia and Middle East). 

The history of probiotics goes parallel with the evolution of human race 

and, thanks to the sophisticated techniques at the moment, can be traced 

back to the ancient times, nearly 10,000 years ago. 







Volume 156, Issue 3, September 1979, Pages 309-319

Cellular and Humoral Adjuvant 
Activity of A Mistletoe Extract
Nanne Bloksma,  HansVan Dijk, PieterKorst & Jan M.Willers

https://www.sciencedirect.com/science/journal/0340904X/156/3
https://www.sciencedirect.com/science/article/pii/S0340904X79800524#!
https://www.sciencedirect.com/science/journal/0340904X
https://www.sciencedirect.com/science/journal/0340904X/156/3


Cheese

Salami and pickles

cured ham

Yogurt

Sauerkraut

Vinegar

Beer

Sourdough 

bread



GEFERMENTEERDE VOEDING BEVAT TUSSEN 10 EN 10.000.000.000 MELKZUURBACTERIEEN PER ML/G







Lower GI Digestive Health Segments

Severe
Diarrhea

Severe
Constipation

BalanceOccasional 
Constipation

Occasional 
Diarrhea

Your body strives for good 
digestive health (balance).

However, when digestive health is 
out of balance, one can suffer 

constipation or diarrhea.  



.







Baba Vasilka Tudor Vasilka



concept of probiotic in medicine 

“biotherapy”

1935
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Meta-analysis
of RCTs

Randomised controlled 
trial (RCT)

Observational studies
(case-control, cohort)

Observational studies
(case report, case series) 

Experimental studies

Hierarchy of evidence
For questions about the effectiveness of an intervention



First Overpowered study 2012: 

500+ AAD Volunteer study
Ouwehand et al., in press

Antibiotic-associated diarrhea (AAD) incidence by study group. Low 

dose 4.17×109 colony forming units (CFU), High-dose: 1.70×1010

CFU, Placebo: microcrystalline cellulose. 
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META ANALYSIS



The forest plot 

D’Souza AL. et al. BMJ 2002; 324: 361-4

LEFT 

LESS EFFECT 

RIGHT 

MORE EFFECT 

Line of no effect





Cochrane forest

plot 2019



Guo Q, Goldenberg JZ, Humphrey C, El Dib R, 

Johnston BC. Probiotics for the prevention of pediatric 

antibiotic-associated diarrhea. Cochrane Database of 

Systematic Reviews 2019, Issue 4. Art. No.: CD004827. 

DOI: 10.1002/14651858.CD004827.pub5.



The overall evidence suggests a moderate protective effect of probiotics for preventing 

AAD (NNTB 9, 95% CI 7 to 13). Using five criteria to evaluate the credibility of the 

subgroup analysis on probiotic dose, the results indicate the subgroup effect based on 

high dose probiotics (≥ 5 billion CFUs per day) was credible. Based on high-dose 

probiotics, the NNTB to prevent one case of diarrhea is 6 (95% CI 5 to 9). The overall 

certainty of the evidence for the primary endpoint, incidence of AAD, based on high dose 

probiotics was moderate due to the minor issues with risk of bias and inconsistency 

related to a diversity of probiotic agents used. Evidence also suggests that probiotics may 

moderately reduce the duration of diarrhea, a reduction by almost one day. The benefit of 

high dose probiotics (e.g. Lactobacillus rhamnosus or Saccharomyces boulardii) needs to 

be confirmed by a large well-designed multi-centered randomized trial. It is premature to 

draw firm conclusions about the efficacy and safety of 'other' probiotic agents as an 

adjunct to antibiotics in children. Adverse event rates were low and no serious adverse 

events were attributable to probiotics. 

Guo Q, Goldenberg JZ, Humphrey C, El Dib R, Johnston BC. Probiotics for the prevention of pediatric antibiotic-

associated diarrhea. Cochrane Database of Systematic Reviews 2019









The influence on metabolism

• This explains the differences in metabolic mechanisms
• These insights are a base to understand the Mechanism Of Action (MOA) of future probiotic 

treatment
• Probiotic microorganism might manipulate these mechanisms

– Reducing effect on weight and weight gain

Probiotics & Obesity Marcel Mekkes © 1-6-2012 76
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Decrease of gingival inflammation markers 





PI & Bleeding on Probing





LGG PROBIOTIC

CONTROL 





Lifetime +376%  Replacements – 40%



Peventie van biofilm vorming op voice 

prothese
• In vitro (R. Free et al. 2000,L. Schwandt et al. 2004 )

- Vermindering van bacteriën na spoelen met karnemelk, 

Yakult, Yakult Light, Vifit, halfvolle melk en verschillende

soorten magere yoghurt. 

- Soms vermeerdering van gisten

- Grootste effect met karnemelk, Yakult en Yakult Light.

• In vivo (L. Schwandt et al. 2005)

- Geen effect karnemelk

- Yakult Light geeft vermindering biofilm en verlengde

levensduur van de prothese met factor 3.7.



Probiotica en Halitose

• Kang et al zagen een vermindering van vluchtige 

sulfide verbindingen na gebruik van Weisella cibaria. 

Waarschijnlijk is het mechanisme gebaseerd op 

waterstofperoxide productie door W. cibaria

• Streptococcus salivarius onderdrukt ook vluchtige 

zwavelcomponent productie, waarschijnlijk door 

competitie voor kolonisatiegebieden met 

zwavelverbinding producerende bacterien



DEALING WITH THE REMAINING 

CONTROVERSIES OF PROBIOTIC 

SAFETY

M. van den Nieuwboer and E. Claassen. Beneficial Microbes
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Van den Nieuwboer et al., 2014





Beneficial Microbes: 2016, in press

This study aimed to systematically evaluate safety of probiotics and synbiotics in immune 1 

compromised adults (≥ 18 years). Safety was analysed using the Common Terminology Clinical 2 

Adverse Events (CTCAE version 4.0) classification, thereby providing an update on previous reports 3 

using the most recent available clinical data (2008-2013). Safety aspects are represented and related 4 

to number of participants per probiotic strain/culture, study duration, dosage, clinical condition and 5 

selected afflictions. Analysis of 57 clinical studies indicates that probiotic and/or synbiotic 6 

administration in immune compromised adults is safe with regard to the current evaluated probiotic 7 

strains, dosages and duration.  8 





Safety of Probiotics and 
Synbiotics in Children Under 

18 Years of Age
Van den Nieuwboer, M., Brummer, R.J., Guarner, F., Morelli, L., Cabana, M. , 

and Claassen, E.

Beneficial Microbes 2015 March online





PROBIOTICS REDUCE COMPLICATIONS

5

- Confidential -

REDUCED COMPLICATIONS - Probiotic intake is associated 

with a reduction in symptoms and AEs compared to the 

placebo. Examples are:

✓ In the prevention of Clostridium difficile associated diarrhoea, probiotics reduce the 

risk of AEs by 17% 

✓ Probiotic intake for preventing necrotizing enterocolitis is associated with fewer 

infections and gastrointestinal symptoms and 50% reduced mortality rate

✓ Lower rates of respiratory and gastrointestinal infections in healthy infants as a 

result of probiotic intake 

✓ Reduced incidence of catheter related bloodstream infections in mechanically 

ventilated individuals

✓ Lower incidence of complications after surgery with probiotic intake.

▪ It is difficult for an investigator to discriminate whether 

an AE is a result of the patient condition or from the 

investigated product. 

▪ Effects of probiotics can be widespread, exerting a subtle 

positive influence extending far beyond the gut

▪ Experienced AEs in placebo and probiotic groups are 

often a result of the health condition of the individual

Due to heterogeneity and publication bias, the evidence for this reduction in adverse

events is low. In order to make these general conclusions, additional data is required.







Probiotics & elderly care: Costs perspective

• Saving potential probiotics AAD: £ 399 per hospitalized 
patient over age of 65 years and treated with antibiotics

• Mean total costs chronic constipation direct medical costs in 
first year after diagnosis: € 310 ± 845

Lenoir Wijnkoop, Nijten, Craig, Butler, Frontiers in Pharmacology 2014, 5(13), 1-9
Dik, Siersema, Joseph, Hodgkins, Smeets, van Oijen, European J. Gastr. & Hepatol. 2014, 26: 1260-1266









http://www.biomaatschappij.nl/product/ons-microbioom/
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Health Maintenance of 

Athletes with Probiotics

Marta Oliveira

School of Sport, Exercise & Health Sciences

Loughborough University, UK
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▪ 47 army cadets

▪ Daily 100 ml L. casei DN-114 001 probiotic drink or placebo for 3 weeks 
training, followed by a 5-day combat course 

▪ No difference in incidence of respiratory illness

▪ Significant saliva IgA decrease only in placebo group 

EFFECT OF A PROBIOTIC ON RESPIRATORY INFECTIONS AND SALIVA IGA DURING INTENSE 
MILITARY TRAINING

Tiollier et al 2007 Military Med 172: 1006-1011



• ‘Healthy’ Shift-workers Probiotics 
and resistance to infections

•Gastro-intestinal and respiratory





water – YLT – melk –

YOR – dubbelfris –

fruitshoot

fristi – ijsthee –

drinkontbijt – ijskoffie 

cappuccino – jus 

d’orange – appelsap

energy drank – cassis –

druivensap – cola –

chocolademelk –

sportdrank





Medical Doctors: reasons not to advice

Flach, Dias, Rademaker, Van der Waal, Claassen & Larsen, PharmaNutrition 5 (2017) 103–108



Medical Doctors: information sources

Flach, Dias, Rademaker, Van der Waal, Claassen & Larsen, PharmaNutrition 5 (2017) 103–108



Recommendations for Probiotic Use

or: ‘A’ claims (Floch et al., 2015)

• Infectious diarrhea children (treatment)

• AAD (antibiotic associated diarrhea; prevention)

• Pouchitis (prevention and maintenance of remission)

•Ulcerative Colitis (maintenance only)

• Immune response

• Atopic Eczema ass. with Cow milk allergy (prev.& treat.)



• Groente en fruit zijn de basis van dagelijkse voeding

• Verwen je darm eet witlof, asperge, artisjok, ui, knoflook, prei

• Eet gefermenteerde producten

• Eet elke dag een handje ongezouten noten

• Eet ten minste 2x per week vette vis

• Eet matig vlees (gevogelte is beter dan rood) en altijd met groene groente

• Let op en beperk je suiker inname waar je maar kunt

• Drink water/koffie/thee in plaats van fris- of fruitdrank

• Wees zuinig met zetmeel (brood, pasta, rijst, aardappelen)

• Gebruik liever altijd volkoren graanproducten (met mate)

• Gebruik volvette melkproducten, vooral yoghurt, kwark en kaas

• Vermijd industrieel geproduceerde voedingsmiddelen

• Gebruik olijfolie als dressing en om te braden

Voedingsadvies



NOTABLE EXCEPTIONS HIGH DOSE CLINICALLY TESTED SUPERMARKET PRODUCTS





PROPATRIA - TRIAL
- Confidential -

3

- Lactobacillus acidophilus W70

- Lactobacillus casei W56

- Lactobacillus salivarius W24

- Lactococcus lactis W58

- Bifidobacterium bifidum W23

- Bifidobacterium lactis W52

MULTI-STRAIN PROBIOTIC 

PRODUCT
Probiotics

Placebo

72 hours

Randomization

End of study

Patients with 

predicted SAP

STUDY DESIGN

WHAT WENT WRONG?

✓ The mortality was significantly higher in the probiotic arm compared to 

the placebo arm (16% vs. 6% respectively)

✓ Skewed randomization – Patient were in a worse condition when

allocated to the probiotic group

✓ Poor timing - bacterial overgrowth occurs within 24 hours after onset 

of symptoms, patients were allocated after 72 hours

✓ Administrative and procedural issues in the trial

WHAT WENT RIGHT?

✓ Mortality was within the expected range of 11-18%

✓ Mortality in the placebo arm was relatively low

✓ No infections were confirmed to be caused by any of the probiotic strains 

administered

✓ An independent monitoring committee was installed to monitor safety of 

patients. 

✓ Underlying causal relationship between the administered probiotics and the 

higher mortality rate observed in the PROPATRIA trial is lacking* 

* Refs:

van Baal, M.C., 2014. 

These strains inhibit bacterial growth for all well-known pathogens that 

play a role in the necrosis of the pancreas 



- Bacterial translocation leading to systemic infections

- Transfer of antimicrobial resistances genes to more 

pathogenic bacteria

- Aberrant short‐ and long‐term immune stimulation in 

susceptible populations

- Unwanted metabolic activities (e.g. lactic acidosis)

HYPOTHETICAL RISKS

SAFETY OF PROBIOTICS
- Confidential -

4

- No reports of sepsis related to probiotic use in healthy 

persons

- Bacteraemia has been observed in isolated cases in patients 

with severe underlying diseases 

- No clinical evidence in humans of transfer of antimicrobial 

resistance has ever been observed

- Adverse effects with probiotic consumption are limited to mild 

gastrointestinal symptoms, such as nausea, diarrhoea, 

flatulence (not statistically different compared to placebo).  

ACTUAL RISKS

24.615 participants 

receiving probiotics 

5.642 infants (0-2y) 

receiving probiotics 

✓ No indication that the number of

reported adverse events (AEs) was

increased in short-term probiotic

intervention compared to the

placebo

✓ RR 0.98; 95% CI: 0.93-1.04

✓ No significant difference in the 

number of AEs between probiotic 

and control groups. 

✓ Even at very high dosages, 

study products were generally 

well tolerated (1012 cfu/day)

8.472 children (0-18y) 

receiving probiotics 

✓ No significant difference 

between reported AEs in the 

probiotic and control group

✓ There were no events of 

infection, bacteraemia or sepsis 

associated with the administered 

probiotics

57 

Studies

2.563 immune 

compromised adults 

receiving probiotics 

✓ None of the serious AEs were 

related, or suspected to be 

related, to the probiotic product

622

Studies

74

Studies

57 

Studies

Refs:

- van den Nieuwboer et al. 2014a, b, 2015

- Hempel et al. 2011



NEED FOR STANDARDIZATION
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SCIENCE

MARKET

BUSINESS 

DEVELOPMENT

SOCIETY
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Idea

Research

POC and prototyping

Realisation

Evaluation

Upscaling

Market introductionCustomer feedback

Unmet need

Demand articulation

Barrier: hampers

studying probiotics in 

vulnerable individuals

Barrier: probiotics

are not developed

for specific

vulnerable

individuals

Barrier: Probiotics are not

recommended or 

subcribed by health 

professionals 

Barrier: no 

acceptance and

demand for

probiotics by society

- Confidential -

▪ Intake of probiotics is not associated with 

increased health risks

▪ Structural- and/or incorrect safety reporting

limits making definitive conclusions

▪ The poor documentation of AEs does not mean

probiotics are unsafe

▪ The lack of a clear safety profile hampers 

innovation in each domain of the valorisation

cycle

▪ Consensus is needed amongst stakeholders 

regarding a standardized manner to document 

and report adverse events 

▪ We suggest using the Common Terminology 

Criteria for Adverse Events (CTCAE) Version 5.0 

(2017) → can be utilized for Adverse Event 

reporting and provides a grading (severity) scale 

for each AE term. 


