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You have 10e13 cells BUT you support 10e14 
microorganisms

YOU ARE 10 X MORE SOMETHING ELSE 
THAN YOURSELF!

Microbiota: the group of microorganisms 
occupying a specific niche

Microbiome: the sum of the microbiota and their habitat



~100 000 000 000 000 
microbes are spread over the 
size of your kitchen and living 
room, separated from you by a 

one cell-thick wall. . .



Commensal relationship
You provide:

Nutrients

A warm, moist environment

They provide an almost unfathomable amount of things back

Metabolize complex nutrients to SCFA

Metabolize mucins and fibre to simple sugars

Produce useful substances like folate and Vit K

Enhance proliferation of epithelial cells

Protect against invasion of many pathogens







Faecalibacterium prausnitzii





community state type





DEVELOPMENT OF THE NEONATAL 
MICRO BIOME



MODE OF DELIVERY



J Nutrition 2019; 00: 1-13Baby poop Baby mouth

Breast milk Mom mouth Mom poop



Nature Commun 2019; 10: 1517









The brain-gut-microbiome 
axis

“Gut feelings”

“Trust your gut”

“Butterflies in my stomach”



KEY EVENTS IN LIFE 
CAN CAUSE DRASTIC 
CHANGE. . .



Single course of vancomycin in newborn rats -
10 days of treatment starting at day 4 of life









IS IT POSSIBLE YOU 
ARE NOT IN CONTROL 
OF YOUR OWN 
ACTIONS?
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Table 1. Select ed small molecules f rom the human microbiot a. A representative set of compounds are shown that cover the chemical classes discussed
in the review. Asterisks indicate bacterial pathogens that are not normally present in human-associated communit ies.

Class Compound Producer (example) Phylum Host sit e Known/ predicted act ivit y

RiPP (thiopeptide) lactocillin L. gasseri Firmicutes vagina antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) epidermin S. epidermidis Firmicutes skin antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) salivaricin A2 and B S. salivarius Firmicutes mouth antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) cytolysin E. faecalis* Firmicutes gut ant ibiotic, cytotoxic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) ruminococcin A R. gnavus Firmicutes gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) staphylococcin Au-26 (Bsa) S. aureus Firmicutes skin antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (lantibiotic) SA-FF22 S. pyogenes Firmicutes oral/ skin antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (bacteriocin) ruminococcin C R. gnavus Firmicutes gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (microcin) microcin C7/ C51 E. coli Proteobacteria gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (microcin) microcin B17 E. coli Proteobacteria gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (microcin) microcin J25 E. coli Proteobacteria gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (microcin) microcin H47 E. coli Proteobacteria gut antibiot ic............................................................................................................................................................................................................................................................................................................................................
RiPP (TOMM) streptolysin S S. pyogenes Firmicutes oral/ skin cytotoxic............................................................................................................................................................................................................................................................................................................................................
RiPP (TOMM) clostridio lysin S C. sporogenes Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
RiPP (TOMM) listeriolysin S L. monocytogenes Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
RiPP heat-stable enterotoxin E. coli Proteobacteria gut GI motility (guanylate cyclase 2C)............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite indolepropionic acid C. sporogenes Firmicutes gut immunomodulatory............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite indole unknown unknown gut converted to indoxyl sulfate............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite skatole Clostridium spp. Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite tryptamine R. gnavus Firmicutes gut neurotransmitter............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite phenyllact ic acid Bifidobact erium spp. Actinobacteria gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite phenethylam ine Lactobacill us spp. Firmicutes gut neurotransmitter............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite d-aminovaleric acid Clostridium spp. Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite GABA unknown unknown gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite a-aminobutyric acid unknown unknown gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite 3-aminoisobutyric acid Clostridium spp. Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
Amino acid metabolite p-cresol Clostridium spp. Firmicutes gut unknown............................................................................................................................................................................................................................................................................................................................................
Acid (short-chain) propionic acid Bacteroides spp. Bacteroidetes gut immunomodulatory (GPR43)............................................................................................................................................................................................................................................................................................................................................
Oligosaccharide polysaccharide A B. fragilis Bacteroidetes gut immunomodulatory (TLR2)............................................................................................................................................................................................................................................................................................................................................
Oligosaccharide capsular polysaccharide Streptococcus pneumoniae Firmicutes airways immunomodulatory............................................................................................................................................................................................................................................................................................................................................
Glycolipid a-galactosylceramide B. fragilis Bacteroidetes gut immunomodulatory (CD1d)............................................................................................................................................................................................................................................................................................................................................
Glycolipid corynomycolic acid Corynebacterium spp. Actinobacteria skin unknown............................................................................................................................................................................................................................................................................................................................................
Glycolipid mycolic acid Mycobact erium spp. Act inobacteria airways immunomodulatory (CD1b)............................................................................................................................................................................................................................................................................................................................................
Glycopeptide muramyl di- and tripeptides Fusobacterium nucleatum Fusobacteria oral immunomodulatory (NOD1, NOD2)............................................................................................................................................................................................................................................................................................................................................
Terpenoid staphyloxanthin S. aureus Firmicutes skin unknown (antioxidant ?)............................................................................................................................................................................................................................................................................................................................................

Terpenoid bile acids (e.g., deoxycholic acid) Clostridium spp. Firmicutes gut
metabomodulatory [TGR5,

farnesoid X receptor (FXR), VDR]............................................................................................................................................................................................................................................................................................................................................
NRP phevalin S. aureus Firmicutes skin unknown (virulence inducer?)............................................................................................................................................................................................................................................................................................................................................
NRP cereulide B. cereus* Firmicutes gut cytotoxic, immunomodulatory............................................................................................................................................................................................................................................................................................................................................
NRP yersiniabactin Yersinia pestis* Proteobacteria bloodstream siderophore............................................................................................................................................................................................................................................................................................................................................
NRP corynebactin Corynebacterium spp. Actinobacteria skin siderophore............................................................................................................................................................................................................................................................................................................................................
NRP tilivalline K. oxytoca* Proteobacteria gut cytotoxic............................................................................................................................................................................................................................................................................................................................................
NRP-PK zwittermicin B. cereus* Firmicutes gut ant imicrobial............................................................................................................................................................................................................................................................................................................................................
NRP-PK mutanobactin S. mutans Firmicutes mouth unknown............................................................................................................................................................................................................................................................................................................................................
NRP-PK colibactin E. coli Proteobacteria gut cytotoxic............................................................................................................................................................................................................................................................................................................................................
PK mycolactone M. ulcerans* Actinobacteria skin immunomodulatory............................................................................................................................................................................................................................................................................................................................................
Porphyrin coproporphyrin III Propionibacterium acnes Actinobacteria skin unknown............................................................................................................................................................................................................................................................................................................................................
Citrate amide staphyloferrin B S. aureus Firmicutes skin siderophore............................................................................................................................................................................................................................................................................................................................................



“Dauntingly complex”



• \

The microbiome is a great frontier in medicine
We know almost nothing about it

It will change everything


