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What is the
“microbiome” ?



The Microbiome - a Rediscovered Organ

/—( Supraorganism h

Microorganisms
~100 trillion cells
~3 million genes

Human
~10 trillion cells
~23,000 genes

\ Y

Nature Reviews | Microbiology

Zhao L. Nature Reviews Microbiology 11, 639-6417 (2013)
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What happens to the
gut microbiota during
diseases and illnesses?
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Normal microbiota helps prevent
development of the “pathobiome”
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The Microbiome Mediates the
Immune System through MAMPs

MAMPs: Microbial-associated molecular patterns

MAMPs Cytokines, cytoprotective
factors, mucins and

Dendritic cell
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DC-SIGN .

Antigen
pfesentanon

w@<

Lebeer S, et al. Nat Rev Microbiol 2010;8(3):171e84.

== Co-stimulatory
molecules and
cytokines

Thelpericells — IL-12 and IFNY
Thelper 2 cells — IL-4 and IL-5

ngulatoqcells—b IL-10 and TGFB
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The Gut-Lung Axis
vs. COVID-19



The Gut-Lung Axis
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J Immunol 2016; 196:4839-4847



The Gut-Lung Axis
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~=Potential Role of the Gut Microbiome
. in SARS-CoV-2 Infection

Health

Prevalent Commensals:
Eubacterium, Faecalibacterium prausnitzii,
Roseburia, Lachnospiraceae taxa

g

short-chain fatty acids (especially butyrate) producer
immunity maintenance
anti-inflammatory properties

Gastroenterology 2020;159:944-955



st Potential Role of the Gut Microbiome
1t in SARS-CoV-2 Infection
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SARS-CoV-2

Primary infection in the
pes| Upper respiratory tract
by aerosols or contact
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mBio. 2021;12(1):e03022-20.



SARS-CoV-2

Primary infection in the
pes| Upper respiratory tract
by aerosols or contact
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Figure 5| Gut bacteria-derived chemical signals that might activate intestinal
satiety pathways. During their life in the qut, bacteria metabolize non-digestible fibre

Nat Rev Endocrinol. 2017 Jan;13(1):11-25.
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Physiol RevVOL 99 OCTOBER 2019 pp 1877-2013
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The Gut-Brain Axis
and Obesity &
Type 2 Diabetes



Obese subject

Commensal _

flora

GUT MICROBIOTA
VS. OBESITYAND
TYPE 2 DIABETES

Tsukumo DM et al.
Arch. Endocrinol.
Metab.vol.59 no.2.2015
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OBESITY-RELATED NEUROLOGICALAND
PSYCHOLOGICALCOMPLICATIONS ARE MEDIATED
THROUGH THE GUT-BRAIN AXIS

Obese Adipose Tissue
.Po -~ /
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— \
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4

Nutrients 2019, 11, 156



Eating Behavior is Influenced by
the Gut-Brain Axis

Vagal control Receptor alteration

Vagus nerve alteration Taste receptors altered

leads to weight loss by microbes
affect eating behaviour

Toxins

Negative mood induced Reward

by toxins may increase High level of dopamins
eating and serotonine in the gut

Nutrients 2019, 11, 156



AND
Epilepsy Treatment
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ARTICLE OPEN
The ketogenic diet influences taxonomic and functional

composition of the gut microbiota in children with severe
epilepsy
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d B after B before

f_.Bifidobacteriaceae

o_ Bifidobacteriales

g__ Bifidobacterium

c_Actlnbbactetia

p_Actinbbacteria
f_Bifidoba\:cternum_léngum_uné;lassified

: s_Bihdc:)bacteriun':a_longum
t_B|fidobacteripm_adolesfcentis_un:classified
s__Bifidobacterium_adolescentis

: t_Euba:acterium_r'ectale_un:classlfied
s_E,ubacteriurh_rec(ale

: g;Dialister

t_Eschefichla_coI\_Eunclassihéd
s__Escherichia_coli:
g__Escherichia

c_Gamnflaproteobé‘actena . . -
f_Enterobacteriacéae : :
: o_Enlerq':bacterialés " Llndefeldt M Ct 211.
. [ _¢oteobacteria | | 1 | oy - .
P npj Biofilms and Microbiomes (2019); 5:5

| | i
-6.0 -48 -3.6 -24 -1.2 00 12 24 36 48 6.0
LDA SCORE (log 10)




Cell

The Gut Microbiota Mediates the Anti-Seizure

Effects of the Ketogenic Diet

Graphical Abstract

Ketogenic diet
« High fat, low carbohydrates

Gut microbiota
* Decreased alpha-diversity -
Increased A. muciniphilaand Parabacteroides spp.
» Decreased gamma-glutamyltranspeptidase activity

v

Colonic lumenal metabolome
= Decreased gamma-glutamyl amino acids

|

Blood metabolome
+ Decreased gamma-glutamyl amino acids

e\
Brain metabolites V Jol e

* Increased GABA/glutamate content = =
N p— ¥

Seizure susceptibility
* Protection against 6-Hz seizures
* Reduced spontaneous seizures in Kcna1” mice

A A | - = | A -
O Yol A4®, 8, <8 Yo7 L9

Highlights
e Changes in the gut microbiota are required for the anti-
seizure effects of the KD

e Specific KD-associated bacteria mediate and confer the
anti-seizure effects of the KD

e KD microbiota regulate amino acid y-glutamylation and
hippocampal GABA/glutamate

Authors

Christine A. Olson, Helen E. Vuong,
Jessica M. Yano, Qingxing Y. Liang,
David J. Nusbaum, Elaine Y. Hsiao

Correspondence
ehsiao@ucla.edu

In Brief

The beneficial effects of a ketogenic diet
on epileptic seizures are mediated by the
gut microbiome through their modulation
of hippocampal GABA/glutamate ratios.

Olson etal., 2018,
Cell 173, 1728-1741
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What is preventing us
from using this approach
at the bedside ?



“* What is an “optimal microbiome” ?
Is there one ?

< High interindividual variability

age, sex, diet, genetics, medications
< Limited generalizability
< Data analysis platforms lack consensus

“ Lack of clinician access/understanding to
current tools
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What can we
currently do to
help patients?




Potential gut microbiota-based
Interventions
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Preidis and Versalovic 2009, Gastroenterology



INVITED ARTICLE BNS:NSR RO = A RN VRN OARORCA |

Robert A, Weinstein, Section Editor

Infection Control in the Multidrug-Resistant
Era: Tending the Human Microbiome
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Potential gut microbiota-based
Interventions
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Preidis and Versalovic 2009, Gastroenterology
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Potential gut microbiota-based
Interventions
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What 1is ERAS ?

Standardized protocol for perioperative care

** Multi-modal intervention

. -
** Reduce operative stress
* Support organ function

% Reduced morbidity

5y
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Traditional Care

<

% Accelerate convalescence Enhanced Recovery

Henrik Kehlet, Br | Anaesth 1997; 78 : 606




Enhanced Recovery after Surgery

Avoidance of hypothermia

e

Intra-operative

Pre-operative
4 Preadmission counseling ™
Fluid and carbohydrate loading
No prolonged fasting
No bowel preparation
Antibiotic prophylaxis
\_ No premedication )
"‘
/ ~
Short acting anaesthetic agents J Mo nasogastric tube/urinarycatheter
No drains Prevention of nausea & vomiting
Avoidance of salt & water e
overload Paracetamolas analgesia

Early mobilization

N

J

Post-operative




“Severe” Surgical Injury
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BJS 2017; 104: el4—e23
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ERAS: "Limited” Surgical Injury
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Potential gut microbiota-based

Interventions

e Judicious use of
antibiotics

* Nutrition: early EN

* Surgery: ERAS
protocol

e Prebiotics
* Probiotics

* Fecal microbiota
transplantation
(FMT)
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Preidis and Versalovic 2009, Gastroenterology




Microbiota as a Therapeutic Target

B |Targeting microbiome function

A |Targeting microbiome structure

Prebiotics,

. fiber
= Bioengineered

Bacteriophage
transfection

Postbiotics

G.D.Kitsios etal./ Journal of Critical Care 38 (2017) 84-91
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Duodenal Infusion of Donor Feces for Recurrent

Clostridium difficile

Els van Nood, M.D., Anne Vrieze, M.D., Max Nieuwdorp, M.D., Ph.D.,, Susana Fuentes, Ph.D,,
Erwin G. Zoetendal, Ph.D., Willem M. de Vos, Ph.D., Caroline E. Visser, M.D., Ph.D., Ed J. Kuijper, M.D., Ph.D.,
Joep F.W.M. Bartelsman, M.D., Jan G.P. Tijssen, Ph.D., Peter Speelman, M.D., Ph.D.,

Marcel G.W. Dijkgraaf, Ph.D., and Josbert ). Keller, M.D.,

Ph.D.

ABSTRACT

BACKGROUND

Recurrent Clostridium difficile infection is difficult to treat, and failure rates for anti-
biotic therapy are high. We studied the effect of duodenal infusion of donor feces
in patients with recurrent C. difficile infection.

METHODS
‘We randomly assigned patients to receive one of three therapies: an initial vanco-
mycin regimen (500 mg orally four times per day for 4 days), followed by bowel
lavage and subsequent infusion of a solution of donor feces through a nasoduode-
nal tube; a standard vancomyein regimen (500 mg orally four times per day for
14 days); or a standard vancomyein regimen with bowel lavage. The primary end
point was the resolution of diarrhea associated with C. difficile infection without
relapse after 10 weeks.

RESULTS

The study was stopped after an interim analysis. Of 16 patients in the infusion
group, 13 (81%) had resolurion of C. difficile—associated diarrhea after the first infu-
sion. The 3 remaining patients received a second infusion with feces from a differ-
ent donor, with resolution in 2 patients. Resolution of C. difficile infection occurred
in 4 of 13 patients (31%) receiving vancomycin alone and in 3 of 13 patients (23%)

From the Departments of Internal Medi-
cine (E.N., AV, M.N., P.5.), Microbiology
(C.EV.), Gastroenterclogy (J.FW.M.B.,
JJ.K), and Cardiology (J.G.PT) and the
Clinical Research Unit (M.GW.D.), Aca-
demic Medical Center, University of Am-
sterdam, Amsterdam; the Laboratory of
Microbiology, Wageningen University,
Wageningen (S.F, EG.Z, W.MV); the
Department of Experimental and Medical
Microbiology, Leiden University Medical
Center, Leiden (E.).K); and the Department
of Gastroenterology, Hagaziekenhuis, The
Hague ()).K) — all in the Netherlands;
and the Department of Bacteriology and
Immunclogy, Medical Faculty, University
of Helsinki, Helsinki (W.M.V.). Address
reprint requests to Dr. Keller at the Aca-
demic Medical Center, Department of
Gastroenterology, Meibergdreef 9, 1105
AZ Amsterdam, the Netherlands, or at
keller @hagaziekenhuis.nl

This article was published on January 16,
2013, at NEJM.org.
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In a fecal transplant, stool from a healthy donor
is used to replace a patient’s gut microbial flora.

Exact preparations vary, but
usually the stool is blended with
saline and put through a strainer.
It can be frozen before use.

j’ .'\, The stool can be applied into the small intestine
5 ) | via a tube through the nose or mouth (a) or deep \’
{ into the colon, using a colonoscopy (b). Enemas C @

= reach the lower end of the colon (c).

are popular for at-home treatments, but they only

In the future, scientists
hope to replace fecal
transplants with an
odorless mix of bacterial
strains derived from

\\ human stool, grown in

| the lab. It could be
applied using existing
metheds or in capsules.




< The microbiome is highly unique to each
individual
“» "Dysbiosis” occurs during disease states

< The gut-lung axis controls the severity of
COVID-19 infection through host iImmune
response and the respiratory microbiome



< The gut-brain axis Is responsible for
numerous brain functions including mood,
cognition, stress, and food intake

“* The gut-brain axis Is altered in obesity
and type 2 diabetes

<+ Clinical applications are limited by Iinter-
individual microbiome variabllity,
heterogeneity In analyses, lack of access

< Potential applications include prebiotics,
probiotics, postbiotics, FMT
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