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We are living 
longer: We 

are not living 
happier



A microbiome

Characterisation of an 
entire habitat including all 
microbes, their genomes, 

and surrounding 
environmental conditions
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The tree of life
Is dominated by single 

celled organisms 
(prokaryotes)

DENNIS KUNKEL MICROSCOPY/ SPL

Phyla
92 Bacteria
26 Archaea
5 Eukaryote

YOU



23,000
genes
code
you

232 million microbial genes

We are 0.001% human at genomic
 level: YOU are a superorganism

DARK 
MATTER



23`,000
Genes`
code
you

23,000
genes
code
you

The human microbiome is 
MASSIVE and UNMAPED

1Kg of microbes in the gut

100 trillion bacteria

Same number of microbes as 
cells in the human body



The meta hypothesis: Gene-environment -
microbiome (GEM) interactions

Long-lived individuals show a 
unique aging pattern of the gut 
microbiome

https:// doi.org /10.1038/s43587-023-00389-y

centenarians displayed youth -associated 
features in the gut microbiome 
characterized by an over -representation 
of a Bacteroides-dominated enterotype



Challenging dogma in human colonisation

DOI:https ://doi.org/10.1016/j.cell.2021.04.039

ÅFetal organs show 
diverse bacterial 
genera that can be 
cultured and 
propagated

https://doi.org/10.1016/j.cell.2021.04.039
https://doi.org/10.1016/j.cell.2021.04.039


MONET MOUTRIE

Maternal 
microbial 

metabolites
 protect the infant 

against obesity
NCDs and 
emotional 

development 

Placenta does not develop normally 
without a healthy microbiome

Antibiotics No antibiotics 

Gut 2022;71:1332-1339.

Maternal obesity and 
dietary -microbiome 

interactions shape CRC risk 
in offspring



Inflammation 

Our immune system is not a cold war 
defense system. It is a collective memory 
educated by the microbiome. 



Orchestral 
signaling

The symphony our 
children listen to is 

changing



The male and 
female 

microbiome is 
different at all 

body sites for our 
whole lives

https:// doi.org /10.1038/s41467-023-39931-2



A high fat diet in mothers influences intestinal 
microbiome and gut function in offspring

Number of neurons per ganglia in the fundus (left), corpus 
(middle) and duodenum (right). PGP-IR neurons per ganglia were 

significant decreased by 4 weeks of age in the fundus and 
duodenum, and by 6 weeks of age in the corpus. 

ÅDietary fat shapes commensal microbial 
communities in primates 

ÅA high-fat maternal or postnatal diet, 
but not obesity per se, structures the 
ÞÂÂïèëÇÙÃŉïŐÇÙõ¹ïõÇÙ¥ÒŐØÇ±ëÞ°ÇÞØ¹

ÅThis in turn modifies intestinal motility 
in the baby because it modifies the 
development of the second brain



The 
ņoestrobolomeŇŐ

regulates the 
amount of free 

oestrogen in our 
bodies



BUGS!
BUGS!

BUGS!

BUGS!

BUGS!

The Diversity of Gut Microbiota 
at Weaning Is Altered by 
Prolactin

doi: 10.3390/nu15
153447

https://doi.org/10.3390/nu15153447
https://doi.org/10.3390/nu15153447


Magical Milk Ł what we know (it does a lot)

Milk Component Key Functions Main Targets / Pathways

HMOs (Human Milk Oligosaccharides)
Feed Bifidobacterium; block pathogens; modulate immunity 
& gut barrier

Microbiota, immunity; NF- Bˁ, TLR, MAPK, SCFA & tryptophanς
serotonin pathways

Lipids & Fatty Acids (incl. DHA, ARA) Neurodevelopment; immune regulation; metabolic signaling
Neurodevelopment, immunity; PPAR-ʴΣ NF- Bˁ; intracellular lipid-
signaling pathways

Bioactive Peptides (lactoferrin, casein 
peptides, h -lactalbumin)

Antimicrobial defense; iron regulation; gut/immune 
modulation; serotonin production

Immunity, gut signaling; LRP1, TLR4, TGF-ʲΣ opioid receptors; 
serotonin pathways

MFGM Components
Support brain development; shape microbiota; block 
pathogens

Neurodevelopment, microbiota; PPAR-ʴΣ NF- Bˁ; EGFR/MAPK, 
Wnt/ -̡catenin

Immunoglobulins (IgA, IgG, IgM) Passive immunity; coat commensals; reduce inflammationImmune cells; TGF-ʲ ϧ JAK/STAT pathways

MicroRNAs Regulate gene expression; metabolic programming Immune & epithelial cells; RNA interference; PI3K/Akt, mTOR

Hormones & Growth Factors (Leptin, 
Adiponectin, EGF, IGF-1)

Appetite & energy regulation; intestinal maturation; tissue 
growth

Metabolic & endocrine systems; JAK/STAT, AMPK, EGFR/MAPK, 
IGF-1ςPI3K/Akt

Polyamines Enhance intestinal growth & homeostasis Cellular growth pathways (polyamine biosynthesis)

Microbial Metabolism of Bile Acids Lipid digestion; energy metabolism; microbiota diversity Microbiota & metabolic regulation; FXR & TGR5 pathways



10³ï10  CFU/ 

mL

of healthy milk

.

New born

babies

ingest 10ï109 

bacteria/day https:// doi.org /10.1038/s43705-023-00325-6

Breast milk is a 
living tissue with 
its own 
microbiome
Å Probiotic
Å Prebiotic
Å Postbiotic



оΦр× мл5 cells/ml, 
of fungi

of healthy milk

.

Malassezia, 
Candidaand

Saccharomyces
https:// doi.org /10.1038/s41598-017-13270-x



https:// doi.org /10.1186/s12967-025-06967-5

Home sterilization of collection kits may minimize 
changes to the HM microbiota during expression.



@õŉïŐ¥ŐùÙÇĂ¹ëï¥ÒŐÞ°ï¹ëĂ¥õÇÞÙŐõÆ¥õŐ°ë¹¥ïõŐ
feeding alters diversity in the infant gut

https:// doi.org/10.1038/s41467-018-06473-x

1825 stool samples from 684 infants

In the first 6 months of life, gut bacterial diversity, microbiota age, relative abundances of Bacteroidetes and Firmicutes, and predicted microbial 
pathways related to carbohydrate metabolism are consistently higher in non -EBF than in EBF infants, whereas relative abundances of pathways related 
to lipid metabolism, vitamin metabolism, and detoxification are lower



PHASE 1
(Months 3Ł14)

PHASE 2
(Months 15-30)

PHASE 3
(Months 31-46)

The Environmental Determinants of 
Diabetes in the Young (TEDDY) 
study

Å Breastfeeding  associated 
with higher levels 
of Bifidobacteriumspecies 
(B. breveandB. bifidum)

Å Cessation of breast milk 
resulted in faster maturation 
of the gut microbiome

Subtle associations between 
microbial taxonomy and the 

development of islet 
autoimmunity or type 1 

diabetes

N= 903
https:// doi.org /10.1038/s41586-018-0617-x https:// doi.org /10.1186/s12866-018-1358-6

Bifs stay in the gut for a long 
time, but not in all



Å Hospital versus at-
home delivery impacts 
infant microbiota 
transmission

Å Human milk is a key 
modulator of infant 
microbiota during the 
first year

Å Species transmissibility 
varies across delivery 
modes and places, 
except Bifidobacteria

https:// doi.org /10.1016/j.chom.20
24.05.005


