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Outline

* The gut microbiome
e General introduction and current state of knowledge

« Commercial testing — is it worthwhile or not?
* How to care for the microbiome: fibre and its impact on health

* Antibiotics and their negative impact on the microbiome

* Physiological microbiota



Interest Is growing

RESEARCHARTICLE
Microbiome research in general and business A
newspapers: How many microbiome articles 2019: approx.
are published and which study designs make g [ =g [ 20,000/year ]
the news the most? —am Y
Andreu Prados-Bo -2+, Gonzalo Casino1%* %‘5‘ - :::":Z:*H : 00
1 Department of Communication, Pompeu Fabra University, Barcelona, Spain, 2 Blanguerna School of ; — Publed .' d {,-* E
Health Sciences, Ramon Liull University, Barcelona, Spain, 3 Ibercamerican Cochrane Centre, Biomedical ‘S P |I.' \ ..-f / ;
Research Institute Sant Pau (IIB Sant Pau), Barcelona, Spain 2 E
* The professional community takes :
note 2007: approx.
2,000/year
* The general public is taking notice

Year

4 N

Prados, Casino: Microbiome research in general and business newspapers: How many
microbiome articles are published and which study designs make the news the most?

You should too!
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A necessary introduction to the gut
microbiome

What it is, what it consists of, and what influences it




Microbiome

Microbiome

Microbiota <= “Theatre of activity”

Microbiome = a characteristic microbial
community that inhabits a specific, rationally

. . . . . . ' : Microbial structural el t
defined habitat with typical physical and chemical ({ Bectarin )| [{Achnes crobial strictural elements
oy . Proteins/ o Poly-
conditions Fungi Protists Saptdes Lipids sacha:;des
Berg et al, Microbiome, 2020 Algae Nucleic acids

structural DNA/RNA

mobile genetic elements

Internal/external structural elements
/ incl. viruses/phages relic DNA
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Berg et al, Microbiome, 2020
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Hou et al, Sig Transduct Target The, 2022 FN MOTOL 2L UK



Terminology

Microbiome A characteristic microbial community that inhabits a specific, rationally defined
habitat with typical physical and chemical conditions.

Microbiota A collection of living microorganisms within a given microbiome

Probiotics Living microorganisms that, when administered in sufficient quantities, confer a
health benefit on the host.

Prebiotics Food components that serve as "energy sources" for beneficial intestinal
bacteria.
Synbiotics Food supplements containing a combination of probiotics and prebiotics.

N
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Are we more humans or microbes (bacteria)?

human cells bacteria

A A
( | \

cells
[x10%?] I _
mass
Sender et al, PLOS, 2016

M erythrocytes [others M bacteria
[ adipocytes B muscle cells

0.2

Human 30 trillion 20-25 thousand 70-100 kg
ﬁ (3.0x 10%3) (2.0 x 10%)
Microbes 38 trillion 2-20 million 0.2 kg
@ (3.8 x 1013) (2.0 x 106 —2.0 x 107 )

2

1.3 times more bacteria@ 100 times more bacteria @ 350-500 times more human ﬁ
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Physiological functions of the gut microbiome

[ Defence against J [ Digestion J
infection
S O

§ , /j* = balance in the composition
pathcgemc %;. )

microbes Lo . and function of the gut

[ Immune system
fono microbiome

development

e
é}@ ﬁt)&;rgb 0}?8, \_[ Metabolism J

Stimulate the
immune system Gut Microbes

Synthesize
vitamins

ain fat

ort- ch

Protect epithelial Sh
cells of the gut i

[ I nteStI n al Wad l l I ntegrlty } Sommer & Backhend, Nat Rev Microbiology, 2013 @ @




Breast milk and microbiome nutrition

. g s ) HMOs are the 3rd largest solid
The crucial Importance of HMO (human milk component in human milk

oligosaccharides)

* The third most common component, indigestible for
infants but an important food source for bacteria:

Lactose (70 g/L)

1) Bifidobacteria. They prevent colonisation by other

pathogenic microbes from the mother's nipple, such as Lipids (40 g/L)
Staphylococcus.
HMOs (5-15 g/L)
2) Lactobacilli. These are able to break down sugars in P
HMO, which can then be used by the infant as a source
of energy. nestle.com

N
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https://www.nestlebabyandme.com.au/general-health/human-milk-oligosaccharides

What exactly is a high- .., ey '8

Monday
fibre diet? t
Ibre diet:
Tuesday
®
Diet low in animal fat and protein | % Diet high in animal fat and protein
but high in plant fibres g but low in plant fibres
Wednesday Host

proteases

hydrolysis l Proteolysis

digestion

Host enzyme l Acid

DO Peptides

Indigestible
polysaccharides Thursday / l \

Fermentation Sulfur Other Aromatic
Indigestible but amino acids amino acids amino acids

DO fermentable Friday l / \

polysaccharides ®
l 1 IS = Methionine Tyrosine Phenylalanine Tryptophan
2 @%‘ = Cystine )
ﬂ% ‘D — {} Q \-K g i = Cysteine ' e g L Y \
= aturday = Taurine B -
Sy R Y ey 2R CY
I Microbiota related to metabolic health | Sunday | Aberrant microbiota related to metabolic diseases
Sulfate = Deamination Miscellaneous
reduction = Decarboxylation reactions
SCFAs
T Muicus Hydrogen < Ammonia Phenylacetate T Luminal pH
T sulfide = Amines
- H, = p-Cresol * Indole
. 1 Mucus - CO * Phenyl- propionate
Propionate Acetate Butyrate T Methane secretion ® CH: propionate * Indole

acetate

= Organic
acids * Indole
1 Luminal pH
T Acetaldehyde

e PPARY
[a]®) e
OO\ p-Oxidation
AL Gut hormanes TBCFAs T TMAO PAMPs (LPS)

. : PY";orGLP—l _ )
"Thirty different plants 080 & 398t tuel SERT Seste

L Blood T Energy T Glucose-stimulated T Blood T Metabolic 1l Glucose-stimulated

1]
p e r We e k glucose expenditure insulin secretion glucose endotoxaemia insulin secretion
(Knight et al, American Gut Project, 2012) . o @ -:
Fan & Pedersen; Nature Reviews Microbiology, 2020 R
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Influence on the composition of the gut microbiome

Inflammatory bowel
disease (IBD)

Dysbiosis = imbalance in the composition and
function of intestinal microbes

C.diff infection
(CDI)

Atherosclerosis,
diabetes, obesity

—> Cancer

Irritable bowel
syndrome (IBS)

Allergies, asthma,
coeliac disease (CeD)




l Drivvrsity

SCFRA-procuci neg bacteria

Pathagen owergrowth

Microbiome metrics

How this translates into practice — an example on IBD

Microbiome modifiars

[ Microbiome predictors
Fermented Bhage FMAT
il thesapy
L]
l . Xy . _'_] Microblota Clinical indices Interventions
: : 4 h af o 4"
[closely linked to IBD, U and Crohn's) 52 e SCEA ‘ﬁb S s 0 §
y b, production 3@ \ - z
. N —A r x & Active Pediatric IBDs
= = = pe - —
ﬂ;:jj Entercbacienaceas ".I - =
i I Labaratory tests % %{. 'w' f
B valgatus: abundance im PEY R [ ] ( - @ Ensemble model with
| high performance
P vulgstus | Higher range . :'. o . L (AUC = 0.88)
2B “e At SN
P copr: abundance
Higher rarege Responder
ﬁ:;é
Increased inflammmation Prognosis Prediction :
Reduces Targets Restores B8 Nonresponder
| ke i inflarmmation pathogens divarsity ® >
Cytokine release
4 Understanding the N[ Finding measurable N 4 ) 4 )
mechanism metrics Find therapeutic tools Predict anything
Reduced diversity and Representation of Diet, phage therapy or
proportion of SCFA Phocaeicola vulgatus (neg) FMT
\ producers J \ and Prevotella copri (pos) J

Gilbert et al., Nature, 2025; Lee et al. iScience, 2025

\

Response to treatment based
on composition

J N
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How the microbiome is analysed

A bit boring, but it helps to understand the whole
thing




Methods for studying the gut microbiome

Stool sample collectio

At patients' homes
Storage:

- short term at -18°C
- long-term at -80°C

database

16S/18S rDNA profiling

Massively parallel
amplicon sequencing

.

PCR for 165/18S rDNA —> <

Comparison of ASV/OTU with reference

Evaluation of taxonomy

\

E ____— DNA extraction
)

Metagenomic sequencing

Random fragments,
ALL DNA

Sequencing
Genome assembly

Evaluation of both taxonomy (more in-depth)
and prediction of functional capabilities of
the microbiome

Comprehensive
bioinformatic analysis
and evaluation of

\_ outputs

uuuuu

\
More cool!

QW
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What the result might look like

British Gut Project [ microbio,mefBritishGut/authed/download/?barcode = 00003 8289 &filety paurasult-pdf

C!IT]EHCC]H

st YOUR AMERICAN GUT SAMPLE

What's in your American Gut sample?

100

= Firmicules Your most abundant microbes:  Your most enriched microbes:
| Baceroideles
s Pratecbactadia Taxonamy Sample Taxanomy Sampla Populaton Fold
E Actinobactaria Ganus Bacteroides 26.6% Ganus Peptoniphils 1.21% 011%  11x
g :""”m'““h"" Genus Faecalbaclerfum  15.8% Genus Lachnospira 7.29% 0.88% 8
i e ca';“‘“”m;m Family Lachnospiraceae  10.5% cont. Genus Muminococcus 1.78% 0.71%  3x
| F:Wmmi:. Genus Lachnespira 7.3% Genus Pyramigobactar 0.07% 0.00% 37x
- m—Othar ¥our sample cortained 8 rano taxa, induding |ha Iollowing: Gonus Actmabacudum, Genus Arcancbactanum, Gorus Anaeno-
(Pﬁt F F F 5 lust's, Genus Selenomenas, Genus Succiniclasticum
o ﬁp&‘
H d t mi b t th ? ¥our sample o oghors » Linspecifiod
OwW 40 your gut microbes compare 1o otners is hara
W 4P Focal I o Courny 29%
[ ] et Fecal S [ westom Dt
.MjF' Skin ¥ | :Amq: g
(B rrrcmer Siin & W viiiawiars
B crom

[ ot o

Firmcutaos Abundancs

Diflerent Body Sites Diflerent Nationalities The American Gul Population
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Alpha Diversity Measure

Diversity - alpha and beta

Observed Chao1 ‘ ACE Shannon
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4
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4
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>
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group_and_

Alpha = within one sample

Component 2 (20.1%)

PCoA on Bray-Curtis index on genus level

Cladosporium
A

Group

® AB
®cC

Cangid_a S

m;hai sezia

Component 1 (23.4%)

Beta = between samples

2. LFUK
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Non-bacteria: Blastocystis

The most abundant eukaryote in the human gut 13

Marker of high bacterial diversity >

Prevalence varies

* Higher in developing countries (40-100%) 68

e Lower in industrialised countries (7-50%) and intestinal
diseases (up to 5%) °-12

Marker of cardiometabolic health, more common
in people on a plant-based diet 13

o & ® B>V N/e® N —

‘”@‘ J High bacterial diversity and richness ” S,

Cyst /v"
> -.‘ie 'z.-'\\

External environment
5 & _F 8 03 _§ B &8 0 B _§ § § § &0 B _§ 8 § B § 8§ B § B § |

Large intestine

/\.

R Gut microbiota B \
¥ X)) - Oo@ , L
NG X \/

(1Y J ._\'Af - Vacuolar

Anaerobic conditions

Amoeboid

:_ b / mzﬁ v\ @éﬂﬁ
]

Binafy fission

LA

{wwﬁ

Trends In Parasitology
Stensvold, Trends in Parasitology, 2020

1)Tito. Gut. 2019; 2) Andersen. FEMS Microbiol Ecol. 2015; 3) Rostami.
Parasitol Res. 2017; 4) Clark. Adv Parasitol. 2013; 5) Cinek. Parasit Vectors.
2021; 6) Poulsen. Am J Trop Med Hyg. 2016; 7) Mohammad. Asian Pac J Trop
Med. 2017; 8) Oliveira-Arbex; Infect Genet Evol. 2018; 9)Wawrzyniak. Ther
Adv Infect Dis. 2013; 10) Stensvold. Parasitol Int. 2016; 10) Bart. BMC Infect
Dis. 2013; 11) El Safadi. BMC Infect Dis. 2016; 11) Scanlan. Infect Genet Evol.
2016. 11) Scanlan. FEMS Microbiol Ecol. 2014. 12) Lhotska. Front Cell Infect
Microbiol. 2020; 13) Piperni et al. Cell. 2024
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What is a "good and bad" composition?

GOOD

High alpha diversity (300-1000 species)

Anaerobic environment (e.g. very few
Proteobacteria)

More SCFA producers

Blastocystis positive

Healthy microbiome?

BAD

Low alpha diversity (less than 100
genera)

Many facultative anaerobes (e.g. more
Proteobacteria)

Few SCFA producers

Blastocystis negative




The concept of a healthy microbiome does
not yet exist

-
o -
o Q CMS ~ Pro odborniky v Pro pacienty a laiky v Podcasty  Procleny  English v
Ne

A jakeé by tedy mel mit zdravy clovek slozeni mikrobiomu?

NEVIME - a nevi to zatim nikdo, ani komeréni subjekty, které nabizeji, ze Vam mikrobiom opravi!
Védci maji jisté v&eobecnou predstavu o slozeni mikrobiomu, ale pro konkrétniho élovéka v konkrétni zivotni situaci to definovat zatim nelze.

Vezmeme-li v potaz, ze poéet gena mikroorganismu ve stfevnim traktu je 100-150x vétsi, nez pocet genu v genomu ¢lovéka, a zaroven je
geneticka informace mikroorganismu vysoce individudini a variabilni, odpovida to na otazku, prog je tak t&zké mikrobiom studovat a proé
nejsou vysledky vice uplatiiované v praxi. Zatim je prozkoumana pouze ¢ast mikroorganizmd, u nichz vime, jaké Ziviny spotfebovavaji a jaké
latky produkuji. Mnohé jsou prospésné, nékteré mohou za uréitych podminek organismu $kodit, o jinych zatim nevime témér nic.

V nékterych pfipadech Ize skuteéné fict, Ze konkreétni slozeni mikrobiomu je nezdravé (napf. pfevaha patogennich kmenua bakterie Clostridioides
difficile zpasobujicich aporné prajmy), ale nikdo dosud nedokdazal presné definovat ,,zdravé” nebo ,spravné” slozeni mikrobiomu.

www.mikrobiom-cms.cz s;

FN MOTOL 2 LFUK


https://www.mikrobiom-cms.cz/stanoviska-cms/analyza-mikrobiomu-uvod-do-problematiky/

Where is the knowledge about the microbiome?

* It is getting closer and closer to practical application. We can point to:

* microbial metrics that can help diagnose diseases !
* or indicate the success of treatment (currently only for FMT) 2

Not yet in common
use, large studies
are still ongoing

(see below)
"The future use of personalised ,
) . ) . nature medicine
microbiome interventions that take
into account individual microbiome Review article i ol 1010384 41551025-03615-9

composition and realistic lifestyle

Clinical translation of microbiome research

C h a n ge S Wi I I h e I p b ri d ge t h e ga p Received: 27 October 2024 Jack A. Gilbert®'** -, Meghan B. Azad® *%%, Fredrik Backhed™®,

Accepted: 26 February 2025

between research and practice in

Martin J. Blaser®®®, Mariana Byndloss'™", Charles Y. Chiu® ™%,

Hiutung Chu®™*, Lara R. Dugas™*, Eran Elinav® 2%, Sean M. Gibbons ® #2224
Published online: 11 April 2025 Katharine E. Gilbert?, Matthew R. Henn®®, Suzanne L. Ishaq® 27,

Ruth E. Ley®®, Susan V. Lynch®®, Eran Segal ©@°°, Tim D. Spector™®,

the futu re . n_ G i I be rt et a | . Na ture #|Check for updates Philip Strandwitz*, Jotham Suez ®3*, Carolina Tropin| ® 533,

Katrine Whiteson® & Rob Knight'*3%3340

Medicine, 2025

1) Schmartz, G. P. et al. Nat. Commun. 2024
2) Weingarden, A. et al. Microbiome. 2015.

N
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FN MOTOL 2 LF UK
"The microbiome is the key to health," and the

key to health is the diversity of plant foods.

The question is: "Can | have
oy my microbiome tested

Key to Overall

Well-being commercially?"

The answer: YES!




F TOL 2 LFUK

Question: "Can | test my microbiome and
obtain valid information that will help me?"

Answer: No.

And why?



What are the problems? I.

Co si predstavit pod pojmy ve zpraveé o slozeni mikrobiomu

Insufficient depth of taxon
identification

pomérného zastoupeni
MIKROBIALNICH KMENU
" lw Bacteroidetes : Firmicutes

Y
(nové Bacteroidota)
A

* Information about the representation -
of the main "groups” — usually phyla
and their ratios
(Firmicutes/Bacteroidetes)

mikrobiomu nejcastéji
* The Firmicutes/Bacteroidota (F/B) ratio mal it o
has long been considered a simple
indicator of health or dysbiosis, but the st
current scientific consensus strongly S
questions this indicator. e




W h at a re t h e p ro b I e m S I I o Dysbidzu ve stievé si lze pfedstavit jako dim po zasahu tornada

Potentially incorrect - ,
interpretation of the function Buce potfeha mnoho femmestnlkl, napk. zedk

. . Zednik = clovék (Homo sapiens)
Of t h e m I c ro b I O m e ALE Ne kazdy Homo sapiens je ale zednik
Homo sapiens Homo sapiens Homo sapiens
- chemik . - doktor - zednik
a @ {1 @.}
Zednik = umi stavét dim

® =ma tu schopnost
ALE — nékdy to nedéla

* Insufficient depth — see point 1.

* The mere presence of a certain bacterium
does not imply specific abilities, and these
in turn do not imply that a process, e.g.
the production of certain substances, is

actually taking place (see Fig.). r
Mu|t|om|cs —_— the need for meta bolomics Stejné tak napf. ne kaida bakterie Lactobacillus reuteri ma
potiebné schopnosti pravé pro vase stievo, a i kdyZ ty schopnosti

bude mit, za urcitych podminek je nemusi projevit.




What are the problems Ill.

Conclusions based on a

single sample

* Although the gut microbiome is very
stable in the long term, its specific
composition can fluctuate

considerably in the short term.




How variable is the microbiome?

* In the short term (hours to days) PR P ——
. . Temporal variability in quantitative human gut
* Cha.nges after eati ng, defecatlon! Cha nge of microbiome profiles and implications for clinical
environment, stress, use of medication (e.g. research
a nti b i Oti CS) Doris Vandeputte, Lindsey De Commer, Raul Y. Tito, Gunter Kathagen, Jodo Sabino, Séverine Vermeire
Karoline Faust & Jeroen Raes
Nature Communications 12, Article number: 6740 (2021) | Cite this article
o FIUCtuationS in the relative abundance Of 19k Accesses | 112 Citations | 145 Altmetric | Metrics

certain species
* e.g. anaerobes such as Bacteroides or Clostridium

High variability — but the overall

composition quickly returns to its original
state — the so-called resilience of the gut

* Vandeputte et al. Nat Commun. 2021

SOwW
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How variable is the microbiome?

P Letter | Published: 11 December 2013
S h o rt te rm ( h ours to d ays ) Diet rapidly and reproducibly alters the human gut
 Dietary intervention (n=10): high-fat diet meeweme o
(a n i m a I_ ba Sed ) E. Wolfe, Alisha V. Ling, A. Sloan Devlin, Yug Varma, Michael A. Fischbach, Sudha B. Biddinger, Rachel J.

Dutton & Peter J. Turnbaugh &

Nature 505, 559-563 (2014) | Cite this article

Animal-based 198k Accesses | 1953 Altmetric | Metrics
diet
Baseline I Washout e - - T T T T r T
- o 0 2 4 6 8 10 - & 0.7 H Bty it i (). T
a ' : ' ; f ; ' b ;
30 28 | —80% 130 % 0.6 { 10.6
= CE =
g 2 38 e s > 05] 105
2 x ao Medlan @ o ’
gg 20 - - 210 EED.;; i
_— s 4 1
£ 15 115 a % ‘
= @
LR Lo =1L 03} 10.3
= @
73]
> P g 0.2 o2
=
0 10 -
- n'l ] ] 1 ] ] 01
-4 =2 0 2 4 6 8 10
Fibre intake Day

Dramatic changes within 48 hours with
extreme dietary change, but return to original @
state within another 48 hours “‘
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Factors influencing variability

* Long term (months to years)

* |n adults, the microbiome tends to be relatively stable unless there are major
interventions (e.g., antibiotics, FMT).

* In childhood and old age, the microbiome is generally more dynamic and less
stable

* Stability is supported by a consistent lifestyle, diet, and absence of antibiotics

_ Effect on variability

Antibiotics Very strong, often causing disruption for months

Diet moderate to significant (especially with extreme changes)
Travel temporary changes (e.g. traveller's diarrhoea)

Age The microbiome of children and seniors is more variable
Chronic diseases e.g. IBD or metabolic syndrome alter stability

Freely adapted from Vandeputte et al. Nat Commun. 2021

S @
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What are the problems IV.

Potentially incorrect interpretation of
microbiome health/dysfunction

* The host-microbiome relationship is highly individual,
and the (un)beneficial nature of a particular
microbiome composition always depends on the
current context.

* With the exception of clear pathogens, it is impossible
to say with certainty which specific bacteria are
beneficial to a given host and which are not.

Notable exceptions (it seems): Faecalibacterium prausnitzii and a protozoan called Blastocystis

{E“ )
FN MOTOL 2 \. F.L.JK



What are the problems V.

Offer of personalised food supplements

The current state of scientific knowledge and our
technical capabilities do not currently allow us to predict
the exact "behaviour" of the microbiome or, based on an
analysis of its composition, to prepare an individualised

probiotic or prebiotic preparation that will lead to a
predefined, specific, long-term and sustainable change.




SUMMARY

e Commercial analyses (so far):
* They cannot provide targeted advice

e Cannot be used to prepare individualised meal plans or tailor-made
probiotics

* It is therefore important to consider carefully whether it is worth
spending so much money on them
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How to take care of your
microbiome

Fibre




L] L] .
Adequate fibre intake (especially . Weokty defocation b
Monday
soluble fibre) promotes SCFA &:7% t
. %‘—" Cag) Tuesday :
p rOd u Ctlo n Diet low in animal fat and protein I % Diet high in animal fat and protein
but high in plant fibres but low in plant fibres
: Wednesday
Host enzyme | Acid Host i
digestion | hydrolysis > proteases l Proteolysis
Indigestible DO Peptides
polysaccharides Thursday / 1 \
Remisnietion Sulfur Other Aromatic
Indigestible but amino acids amino acids amino acids
DO fermentable Frid /
polysaccharides e ay. 1 ey ) / \
l I * Methionine Tyrosine Phenylalanine Tryptophan
‘h = Cystine
/ ‘:D cﬁﬁ’i ﬁ X . . = Cysteine / * —'5""_" i \\
aturday = Taurine
Y Y - e
I Microbiota related to metabolic health | Sunday | Aberrant microbiota related to metabolic diseases
Sulfate * Deamination Miscellaneous
reduction = Decarboxylation reactions
SCFAs
T Mucus Hydrogen < Ammonia Phenylacetate T Luminal pH
secretion sulfide = Amines
I . Hb . g;‘Creslo{ = Indole
- - i T
Propionate  Acetate  Butyrate T Methane 1 ::té::tsion 2 EH‘ p.-:;iyc,nage . ﬂgg{: s
« Organic acetate
acids * Indole
1 Luminal pH
T Acetaldehyde
Supports intestinal epithelial function o
44

. . ‘ . B-Oxldation .

/

= celis ut hormones T BCFAs T TMAO PAMPs (LPS)
PY}or GLP-1 )
O OO0 ©%0%g ©_o O OSc0Y © a0
@) &) GRS (@) %&‘ e
SO Q ©“0®%o° o e OOOQ "% %0 o
1 Blood T Energy T Glucose-stimulated T Blood T Metabolic Ll Glucose-stimulated
glucose expenditure insulin secretion glucose endotoxaemia insulin secretion

Fan & Pedersen; Nature Reviews Microbiology, 2020

O W
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And not just food for the intestinal epithelium. It increases sensitivity

to INS, reduces the production of pro-inflammatory molecules and

increases MK oxidation

b Fibre Liver

::x. i e,

N || |

. R a | |

1 Insulin sensitivity o[ 5 ) |
L)

4 Inflammmation

r"F;"f ~
4 Fatty acid oxidation J ||.* \4\|
1 1
a
-]
o ® ] ° L)
e o T ° @
]
(=]
[ -]

Unmetabolized
SCFAs enter
portal circulation

T Mucus secretion

T Barrier
function

lfibre , 4 Luminal pH

Immune modulation

Small amount of
SCFAs reach
systemic circulation

T GLP1, PYY | =

l

T Satiety

_| Inhibits growth
" | of pathogens

Ross et al. Nat Rev Micro. 2024



Mediterranean diet

|

Faecalibacterium spp. T
Roseburia spp. T
Collinsella spp. 4
Ruminococcus spp. 4

v

+ Secondary bile acids

+ SCFA fermentation
pathway

+ Dietary fibre
degradation, pectin
degradation, mannan
degradation pathway

+ SCFA production

High-fibre diet

l

Prevotella spp. T
Bifidobacterium spp. *
Lactobacillus spp. +
Faecalibacterium spp. +

¥
+ Lipid profile

¥ Colon transit time

4 Inflammatory markers
+ SCFA production

Plant-based diet

|

Prevotella spp. T
Bifidobacterium spp. T
Lactobacillus spp.
Bacteroides spp. *
Akkermansia spp. T

r

1 Polyphenols and, thus,
antimicrobial property
against pathogens

1+ SCFA production

M Lipids

M Carbohydrates

[ Proteins

Alcohol

High-protein diet

|

Bacteroides spp. T
Bacillus spp.
Clostridium spp. *
Propionibacterium spp. T
Fusobacterium spp. *

A

1 Short peptides,
free amino acids

o

T SCFA, BCFA
production, indoles,

phenolic compounds
I

Ross et al. Nat Rev Micro. 2024

Ketogenic diet

Very bad

|

Bifidobacterium spp. 4
Actinobacteria 4
Firmicutes 4
Bacteroides spp.t

1 B-Hydroxybutyrate
ketone levels

4 Intestinal T 17 cells
4 SCFA production

Western diet

|

Bacteroides spp. *
Bilophila spp. *
Alistipes spp.
Blautia spp. T
Ruminococcus spp. T

l

4 SCFA production

4 Secondary bile acid
production

1+ Endotoxins
T TMA, TMAD

l

4 Chronic inflasmmation

+ Increased oxidative
stress

1+ Immune dysregulation

4+ Risk of metabolic
disorders

Your life is




Confirmation of what ... ——

Monday
Was already known... t
Tuesday
®
Diet low in animal fat and protein | % Diet high in animal fat and protein
but high in plant fibres g but low in plant fibres
Wednesday Host

proteases

hydrolysis l Proteolysis

digestion

Host enzyme l Acid

DO Peptides

Indigestible
polysaccharides Thursday / l \
Fermentation Sulfur Other Aromatic
Indigestible but amino acids amino acids amino acids
DO fermentable Friday l / \
polysaccharides ®
l + I % = Methionine Tyrosine Phenylalanine Tryptophan
_ > = Cystine }
# ‘D = {} Q = Cysteine S P = g %"
Q"‘-f& @f Pl Saturday = Taurine B - Pt

> FoN Vg t el AN

I Microbiota related to metabolic health | Sunday | Aberrant microbiota related to metabolic diseases
Sulfate = Deamination Miscellaneous
reduction = Decarboxylation reactions

SCFAs
T Muicus Hydrogen = Ammonia Phenylacetate T Luminal pH
T sulfide = Amines
= H, * p-Cresol = Indole
imM - CO * Phenyl- propionate
Propionate Acetate Butyrate T Methane sez:'::ts;on - CH propicnate * Indole

acetate

= Organic
acids * Indole
1 Luminal pH
T Acetaldehyde

~ PPARY
[a]®) e
OO\ p-Oxidation
AL Gut hormanes TBCFAs T TMAO PAMPs (LPS)

. : PY";orGLP—l _ /)
"Thirty different plants 80 &WB 5980 crores SRR Seete

L Blood T Energy T Glucose-stimulated T Blood T Metabolic 1l Glucose-stimulated

1]
p e r We e k glucose expenditure insulin secretion glucose endotoxaemia insulin secretion
(Knight et al, American Gut Project, 2012) . o @ -:
Fan & Pedersen; Nature Reviews Microbiology, 2020 R
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Practical recommendations

« >30 different plant-based foods per week 12

* Regularly three servings of fermented foods per day (different types) 3
* Main source of protein: less meat, more legumes and whole grain sources 12

* Limit ultra-processed foods that promote "bad" bacteria?

* Diversity > uniformity — no single food or bacterium is a panacea; a
balanced and varied diet is key

1) Knight et al, American Gut Project, 2012.
2) Fackelman et al. Nat Microbiology. 2024
3) Asnicar et al. 2021. Cell



ATBs and their role in dysbiosis

The dysbiosis model and the effect of ATB treatment on
the gut microbiome




Intestinal microbiome dysbiosis

Irritable bowel syndrome
(IBS)

Dysbiosis = imbalance in the composition and

function of intestinal microbes

Clostridial colitis

(CDI)

Atherosclerosis,
T2D, obesity

Inflammatory bowel
disease (IBD)

Cancer

Allergies, asthma, coeliac
disease

S W
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Difficilogenic ATB

* ATBs whose use is associated with a higher risk of clostridial colitis

Clindamycin

Cephalosporins

4 llCll

Stefan, Antibiotics, 2024

Co-aminopenicillins

Ciprofloxacin (+other FQs)

Open Forum Infectious Diseases {%l l)bA

Iafuctimus [Rmeanes Sasiny of dAmesica by medone sseoston OXFORD

Comparison of Different Antibiotics and the Risk
for Community-Associated Clostridioides difficile
Infection: A Case-Control Study

Aaron C. Miller,"* Alan T. Arakkal.’ Daniel K. Sewell.” Alberta M. hrl, Joseph Tholany,"* and Philip M. Ful|reer:. CODC MinD-Healthcare Group ﬁ
: id
" Unersity of howa, Career C kg of Madizing, bowa City, lowa, UES, 2L ol lown, Collage of Pl h, b oty lowes, USA, and =Tk e of Compaied Soenee Unvesrsty of liva, B 4¢‘§ ;




FN MOTOL 2 LFUK

FMT outside the main indications

THE ONLY APPROVED INDICATION IS STILL
rCDI




Not this!

https://www.youtube.com/watch?v=VMFSwMvac8l|



https://www.youtube.com/watch?v=VMFSwMvac8I

Overview of studies on FMT in direct treatment for non-CDI diagnoses

Diagnosis Summary of FMT use
RCTs
Ulcerative colitis 13 Potential for inducing remission in ulcerative colitis; further research needed for long-term results.
ARB carriage 1 Single RCT with non-significant conclusion, cohort studies show potential for decolonisation.
Crohn's disease 2 Promising results in Crohn's disease; stronger evidence needed for wider application.
Irritable bowel 9 Some suggest improvement in IBS symptoms, but results are mixed; larger studies needed.
syndrome (IBS)
Metabolic 4 Evidence of effect on metabolic parameters (insulin sensitivity, lipids); requires combination with
syndrome other interventions.
Hepatic 3 Results suggest that FMT may reduce the frequency of hepatic encephalopathy recurrence and
encephalopathy improve patients' quality of life by modulating the gut microbiota and reducing systemic
inflammation.
Chronic fatigue 1 Possible effect on alleviating CFS symptoms by restoring the balance of the gut microbiota.
syndrome (CFS) However, the results are limited so far and further studies are needed.
Autism 0 Observational studies, some of which suggest alleviation of autism symptoms and improvement in

gastrointestinal problems. However, no randomised controlled trials have been conducted to date,
limiting the evidence to support this therapy for ASD.

Parkinson's disease 2 Promising initial results in influencing GI symptoms and possibly neurological outcomes; need for
confirmation.
Obesity 3 Some studies show an effect on weight and metabolic health in obese patients. Results are mixed,



Statement on FMT

* FMT may be accompanied by mild side effects (diarrhoea, cramps or
abdominal pain, fever, bloating, flatulence and/or constipation), but
some can be very serious or even fatal (however, these are usually the
result of inadequate donor screening and the subsequent
transplantation of pathogenic microorganisms).

* FMT must therefore always be performed under strict medical
supervision. The Czech Medical Association strongly warns against
unprofessional attempts at home FMT — this could endanger the
health and even the life of the recipient! This is due to the need for
thorough screening for the presence of pathogenic microorganisms in
donated stool and the prevention of serious intestinal infections. Not
to mention injuries resulting from self-administration or
contamination during processing at home.

https://www.mikrobiom-cms.cz/stanoviska-cms/fekalni-mikrobialni-transplantace/ @ @
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https://www.mikrobiom-cms.cz/stanoviska-cms/fekalni-mikrobialni-transplantace/

SUMMARY

* Irrational use of antibiotics leads to dysbiosis and thus to the risk of
other diseases, not only CDI

* The most difficult antibiotic is clindamycin, but cephalosporins,
potentiated aminopenicillins and fluoroquinolones are also high-risk.

* FMT is only approved for the treatment of recurrent C. difficile
infection.



s it the real key to health or
a commercial illusion?



What is its real impact on health and what are the

limits of current knowledge?

* From a microbiome perspective, the saying "we are what we eat"
applies.

 Limits: is it the cause or the effect? We do not know.
* Variability over time: Need to monitor dynamics, not test once.

* Resistance: Antibiotics have a negative effect (but perhaps not
permanently).

@ s}
FN MOTOL 2.1 F.UK



Can nutritional recommendations be personalised

based on microbiome analysis?

* Not yet. We can see what the microbiome characteristics of healthier
people are.

* The recommendations are still the same and relatively simple — "eat
more than 30 plant-based foods a day" (and these are not tailor-
made diets or probiotics).



Physiological microbiota




Microbiome

Microbiome

Mlcroblqme =a FharaFterlstlc rr.n-croblszl Microbiota ' “Theatre of activity"
community that inhabits a specific, rationally .
defined habitat with typical physical and chemical st | ol Microbial structural elements
. ) . Proteins/ = Poly-
conditions Fungt Protists peptides Lipiee sacharides
Berg et al, Microbiome, 2020 \ _ Algae / SNt::::Lcr:ri[;’:ijNA

mobile genetic elements

Internal/external structural elements
/ incl. viruses/phages relic DNA

A =

Respirato %ral Microbial metabolites

Act.i‘noizacreria 2 :; fg;;colggirer'a Environmental Signalling Toxins (An)organic

" i aya

;:;”:;‘;‘g:;eda Bacteroidetes conditions molecules molecules

Bacteroidetes Actmobacrgna

Fusobacteria
Berg et al, Microbiome, 2020
Skin R
Actinobacteria ( \ Gut
Bacteroidetes Actinob ; ° ° °
Cyanobaceris Bactororetes Intestinal microbiome
Firmicutes Firmicutes
Proteobacteria maciobacillae
sm
Enterobacteri I
k ) nterobacteria . ‘
ST Bacteriome Archeome Virome Proteome
Vagina
Lactobacilli
Mycobiom : Transcriptom
y Parasite P Metabolome

e
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PHYSIOLOGICAL MICROBIOTA

‘ Coagulase-negative

staphylococci, diphtheroids

Lo
/i

Viridans streptococci, oral

| ‘ neisseria, diphtheroids

-

Viridans streptococci, oral
neisseria, diphtheroids

Viridial streptococci
(swallowed)

CoN staphylococci,
diphtheroids, enterococci
(1032 and less in urine)

Lactobacilli,
diphtheroids CoN
staphylococci, viridal
streptococci

Almost everything:

- except Gl infections

(Campylobacter, Salmonella,

Yersinia)

- Toxigenic C. difficile and H.
pylori (in stool)

- Parasites (Cryptosporidium,
Entamoeba histolytica etc.) but
not Blastocystis unless
symptoms are present

Coagulase-negative
staphylococci, diphtheroids,
micrococci (Cutibacterium
acnes)

Anal Swab

FN MOTOL 2LFUK



PHYSIOLOGICAL
MICROBIOTA

Most common materials with physical
microbiota

e Skin swabs

* Nasal and nasopharyngeal swabs
* Throat swab

* Vaginal swab

* Rectal and stool swabs

(Sputum and aspirates from DCD — but this
is contamination from HCD)

Throat (URTI)

GIT

Skin and

derivates
Genitals

@ 7 x
. :
FN MOTOL 2 \FUK




Skin swab
Nasal and nasopharyngeal swabs
Throat swab

Sputum and aspirates from DCD

Vaginal swab

Rectal swab and stool

Coagulase-negative staphylococci,
diphtheroids

Coagulase-negative staphylococci,
diphtheroids, S. aureus carriage

Viridans streptococci and Neisseria,
anaerobes

Almost "sterile"

Lactobacilli, coagulase-negative
staphylococci

Enterobacteria, enterococci, coagulase-
negative staphylococci



Skin swab
Nasal and nasopharyngeal swabs
Throat swab

Sputum and aspirates from DCD

Vaginal swab

Rectal swab and stool

Coagulase-negative staphylococci,
diphtheroids

Coagulase-negative staphylococci,
diphtheroids, S. aureus carriage

Viridans streptococci and Neisseria,
anaerobes

Almost "sterile"

Lactobacilli, coagulase-negative
staphylococci

Enterobacteria, enterococci, coagulase-
negative staphylococci



S. aureus Physiologically in the nose (approx.
20%);
CoNS are not just S. epidermidis and S. Pathogenic potential:

saphrophticus

- Soft tissues, orthopaedic,
pneumonia (! PVL+), UTI, BSI,
- Enterotoxicosis, STSS, SSSS

S. capitis Yes +
S. epidermidis No 4 Physiologically on the skin;
o Colonisation of catheters, prostheses

S. hominis No + e valvee

S. haemolyticus Yes +

S. lugdunensis Yes ++ Physiologically on the skin;
Soft tissues, orthopaedics,
endocarditis, BSI

S. saphrophticus No t Physiologically on the skin;

UTI

FN MOTOL 2LFUK



Coagulase-negative staphyl

e Where does it make sense to
address this? In all materials with a

risk of - formationl

Blood cultures*
Catheters with significant quantities™

Orthopaedic materials (tissues, swabs,
punctures)

Wound swabs from spinal surgery
patients

Deep wounds with signs of infection

OCOCCI

P
=N o) = 4 = ¢
(e | L y 5 o, - o -
%+ _'-"J__I- Y -
- R o =
4 . ‘.. . .- - ’ . 3
i i J Fa
ol . -~ . .,

il

g Tk 12 o4 PRI S AL

Staphylococcus aureus biofilm collected from an infected indwelling catheter (The
Role of Bacterial Biofilms in Antimicrobial Resistance, ASM, 2023)

{ :
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Everything in a sterile sample:

J Tissues
J Heart valves

o Blood cultures (except for one of several

bottles, where CoNS — suspected contamination)

d Joint aspirate

J CSF

Among others:

(d More than 103 CFU from
suprapubic puncture

(1 STDs pathogens in children

d E. coli from stool sample in
children under 2 years of age

VAl
FN MOTOL 9\ FUK



THANK YOU FOR YOUR
ATTENTION

Jakub Hurych

Dept of Medical Microbiology, Second Faculty of Medicine,
Charles University and Motol University Hospital

jakub.hurych@Ifmotol.cuni.cz
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