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e Living in a Microbial World....

http://apc.ucc.ie

Microbiome

IN NUMBERS
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aymbiotic microbes live in and on every there are stars in the

person and make up the human microbiota milky way ‘*
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Interfacing Food & Medicing

The microbiome is more
medically accessible

and manipulable than the
human genome
Itis

thought that

of disease can be linkad in some

way back to the gut and health of
the microbiome
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o The Forgotten Organ?

Stomach, Duodenum
100 = 10* CRUfiml

> Bacteria density increases in the s
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Q;' o Control of epithelial call differantiation
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Melzbolism of dietary carcinogens
Synthesis of yitamins
Farmentation of non-digestible detary
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Structural Functions

Barrier fortification
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> Exe rt ara nge of protective’ FIGURE 2 | Function of the intestinal microbiome. Commensal bacteria

exert a miscellany of protective, structural, and metabolic effects on the

Structural and metabOIic effects on intestinal mucosa,
the intestinal mucosa Grenham, Clarke et al., Frontiers in PRysiology 2011
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Role of the gut microbiota in nutrition and health

Ana M Valdes and colleagues discuss strategies for modulating the gut microbiota through diet
and probiotics
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Elizabeth G. Phimister, Ph.D., Editor

The Human Intestinal Microbiome
in Health and Disease

Susan V. Lynch, Ph.D., and Oluf Pedersen, M.D., D.M.Sc.

Gut Microbiota Functions Diseass Indications -
Clinical and preclinical examples of gut
Influsnces Meurologic E i B b o e
Immine maturation Psychiatric rnTu‘uhﬁh—mndmd therapy
and homeostasis Respiratony
Host cell profiferation Cardiovascular
Vascularization Gastrointestinal
Meurologic signaling Hepatic
Pathogen burden Autoimmune : 2 i i
X : : ; L Targetad molecular : ; Various specific Engineersd Eartylife probiotic
InI.'Feushn.al endocring *;“TI Stool ransplantation inhibstion of microbial Bacteroides frogilts commensals Eschenchia coli supplementation
EumI!-I;:rnr::}r e trimethylamine
Energy biogenesis synthesis

Hiosynthesis . l Y Y ¥
Vitamins Clostridiam difficle Al Pt e .
Meurctransmittars

Metabolism Figure 4. Gut Microbiota and Specific Commensals as Potential Preventive or Therapeutic Agents.
Branched-chain and
aromatic aming acids
Dietary camponents
Bile zalts
Drugs
Xenobiotics

Clinical studies are indicated in blue, and preclinical {mouse) studies in red.
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Tﬁhe Gut Microbiota
REVIEW

Interactions Between the Microbiota
and the Immune System

Lora V. Hooper,'* Dan R. Littman,” Andrew ]. Macpherson®
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Brain / Behaviour
Immune system
Stress [ HPA axis
CRI
MIMEREVIEW - J A
‘Cardiovascular - 4 - ._Nli .
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Mial Erdocrinal, Suquet 2014, T8IEF1I321-1238 merd. eradoicumals .o 5 - '
Minireview: Gut Microbiota: The Neglected r
Endocrine Organ
Gerard Clarke, Roman M. Silling, Paul J. Kennedy, Catherine Stanion, Host metabolism
fohn F, Cryan, and Timaothy G, Dinan Enteric nervous system |
Gastrointestinal tract

Abmantary Pharmabiotic Cenfre (6.0, RMS,, 1K, C5, LF.C., T.G:D.) and Desartments of Pepchiatry
iG.C., C5, T.G0J and Anatomy and Meurtscence {1LF.C}, University Coliege Cork, Cork, F=iand; and
Tesgass IC.5 ), Modespark, Farmay, Core, refand
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HIr:_ruhes maketh man

B

MEET THE PSYCHOBIOME

Mounting evidence that gut bacteria influence the
nervous system inspires efforts to mine the microbiome for brain drugs
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Cryan and Dinan, J Physiology 2017

Inflammation
Stress response Immunosenesence
Immune development
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The Real Science

Behind What We Eat
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Host Genetics
Geographical Exercise
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Professor Spector's son Tom spent 10 days eating only McDonald's
Gastric secretion ~l 9 ,m
'I'h
Antimicrobial peptides & Gastric motility

IgA

Clarke et al., Pharmacological Reviews 2019

iotics
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MILESTONES IN HUMAN MICROBIOTA RESEARCH
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It’s a gut feeling: How the gut microbiota affects the state initewiacion Food & b
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Adam D). Farmer, Holly A. Randall and Qasim Axiz
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Alpha diversity

@ . @
$ - 0 %0 ‘
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%
Rich and even Rich, not even Not rich or even

Stoll et al, The Rheumatologist 2016

Beta diversity

C [ Unweighted Unifac distance

A PCYT0.05%

i
|PC2:13.43%

Backhed et al, Cell 2015

» Alpha diversity is a measure of the
compositional complexity of a
community within a site

» Alpha diversity increases with the
number of present species and
with the evenness of their relative
abundances

» Beta diversity looks at difference in
taxonomic abundance profiles from
different samples

» Presence—absence data are often
used to identify which species are
shared by samples and which are
not.
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Briefings in Bioinformatics, 2016, 1-14
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US Immigration Westernizes the Human Gut

Microbiome
Graphical Abstract Authors
Pajau Vangay, Abigail J. Johnson,
Pre- New Long-term U.S-born European Tonya L. Ward, .... Purna C. Kashyap,
immigration arrivals residents (2nd gen.)] American Kathleen A. Culhane-Pera, Dan Knights
Correspondence

dknights@umn.edu

In Brief

Migration from a non-western nation to
the United States is found to be
associated with a loss in gut microbiome
diversity and function in a manner that
may predispose individuals to metabolic
disease.

Bacteroides
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Language, numeracy and logic in
microbiome science

Fergus Shanahancs'*= and Cofin Hill*-
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Thomas and Segata BMC Biology {2019) 17:48

https://doi.org/10.1186/512915-019-0667-2 BMC BIOIOgy

COMMENT

Multiple levels of the unknown in
microbiome research

Andrew Maltez Thomas and Nicola Segata ®

The human microbiome
What is known? What is unknown?

Undetected unknowns

Hidden taxa & strain-level diversity
~20% sequences not matching
microbial genomes

Functional unknowns
~40%"* genes without a match in
functional databases

Microbiome
Ireland

ttp://lapc.ucc.ie
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Human
~10 trillion cells
~23 thousand genes

Microbiota
~100 trillion cells
~3 million genes

e
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Elizabeth G. Phimister, Ph.D., Editor

The Human Intestinal Microbiome
in Health and Disease

Susan V. Lynch, Ph.D., and Oluf Pedersen, M.D,, D.M.Sc

Table 1. Tools for Analyzing Microbiota.

Approach Data

Biomarker sequencing (e.g., Cormmunity compaosition
165 rRMA gene or internal
transcribed spacer region )*

Metagenamics Generalion of drafl genomes,
functional capacity, growth
dynarmics

M etatranscriptomics [RMNA GEne Bxpression

sequencing)
Metaprotéeomics Protein expression

Metabolomics Metabalie productivity

Platform

Mext-generation seéquencing

Mext-generation sequencing

Mext-generation sequencdng

Liquid or gas chromatogra phy-
rrass spect armnetry
Liquid or gas chromatogra phy—

Mass spectrometry of magnetic
resonance spectroscopy

Pros and Cons

|5 casl-dfedive, is serniguantitative, permits resolution of genus level
and in some cases s pecies level; shorts reads may make accurate
classification difficult

Has capacity for strain-level reconstruction, is quantitative, allows far
functional annotation with pathway predictions; is currently very costy,
has community coverage that may be relatively shallew in mare corm-
plex assemblages

Highly expressed genes are more likely than others to be detected, deple-
tion of human transcripts (s possible, requires immediate preservation
or pracessing of fresh or s nap-frezen intestinal specimens

Primarily detects dominant proteins; makes remaval of host-derived pro-
teins impossible

Is semiquantitative; can be targeted or untargeted; detects metabolites
thatare platform- and database-dependent detects metabolizes that
may aflginate from micobes, diet, or host

* The term r RNA denotes ribosarmal RRNA,

pc.ucc.ie
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Basic Functions Complex Functions

Stress S ?
Cognition oo Visceral Pain
- —~ Spinal Cord

Glucocorticoids

Hunger/
satiety

Permeability Mood/
Emotion

W& ' 5 LE
= . - e =
. . =

S 4 ([0 secretion |||

- ¥ |
“ ‘.1 g
Enteric Microbiota %’-‘?ﬁ o
ol :

Kennedy P.J. et al., Neurosci. Biobehav. Rev (2012).
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Nature Reviews | Neurostience

Cryan and Dinan, Nat Rev Neurosci Oct 2012
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23 32 40 P
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Microbista stabiling a N

Prenatal Infancy

heuronal complesity through the lifespan

£

\ {

—— e — e — e ——
Stages of brain development Age of onset of mental disorders
i ADHD
“Netrenal migration
[FAxanal and dendritic grawth Anxlety disarders
Programmed cell death ) Mood disarders
Synap ! imapulse-control disorders
Process modeling/synaptic refinement

TREMDS in Mooar Madicine

Borre et al., Trends Molecular Medicine 2014



C-section and Infant Microbiome

Mother's body habitat:
@ Oral mucosa
Vagina
Skin
Baby's delivery mode:
@ Vaginal
@ Cesarean

-
&
o«
oD
o
O
(+

Dominguez-Bello at al, PNAS 2010

Microbiome
Ireland
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Mode of nutritional provisi Mode of delivery
s Cesaraan
Bre ast- Diet
feeding o fomula

re-probiotic .I.
supplement L

[ ~
vl

MNewroscignce 32 (2017) 37-54

REVIEW

EARLY-LIFE ADVERSITY AND BRAIN DEVELOPMENT: IS THE
MICROBIOME A MISSING PIECE OF THE PUZZLE?

S. M. O'MAHONY, *"* G. CLARKE,"“ T. G. DINAN"* AND
J. F. CRYAN »"* 37

|
Maternal infection II I |
Maternal disease  Maternal stress Environmental Antibiotics

TRENDS In Molecular Medche

Borre et al. Trends Mol Med 2014
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Neurobiology of Stress

journal hemepage: http:/fwww.journals.elsevier.com/neurobiology-of-stress/

A novel role for maternal stress and microbial transmission in early @ummrk
life programming and neurodevelopment

Eldin Jasarevic, Ali B. Rodgers, Tracy L. Bale’

Departrent of Anmmal Bology, School of Veterinary Medicgne, University of Permsylvania, Philodephio, PA 19104 U5A
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Review series

2126

The Jourmal of Clinical Investigation  htepy//wwwjckorg  Volume 121 Number 6 June 2011

Gut microbiome, obesity,
and metabolic dysfunction

Herbert Tilg' and Arthur Kaser?

4ana racy L. Bale

=
20
Emergy meiabolism
g 15
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-%' 10
2 5
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2 0
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-20/ R R - 32 = : T
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Prenatal stress-induced alterations in major @H
physiological systems correlate with gut
microbiota composition in adulthood
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The maternal microbiome modulates fetal
neurodevelopmentin mice
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Maternal prenatal stress is associated with ) crovevra
the infant intestinal microbiota
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Antibiotic studies

Probiotic studies

Behaviour Infection studies
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Anxiety Depression Pain Cognition

Clarke et al., Encyclopedia Metagenomics 2013
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» FST is the most widely-used
pharmacological model for assessing
antidepressant activity preclinically.

» Animals will develop an immobile posture
when placed in an inescapable cylinder of
water.

» This immobility is thought to reflect
either, a failure of persistence in escape
directed behavior i.e. behavioral despair, N \\u/
or the development of passive behavior
that disengages the animal from active

forms of coping with stressful stimuli. Cryan et al., Trends Pharmacol Sci, 2002
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A Fluoxetine B Desipramine
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T
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Immobility Swimming  Climbing Immobility Swimming  Climbing

Slattery et al., ] Pharmacology, 2004

» Effects of Fluoxetine and Desipramine in the modified forced
swim test.

- (A) Fluoxetine decreased immobility time in the forced swim
test and increased swimming behavior

- (B) Desipramine decreased immobility time in the forced
swim test and increased climbing behavior
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BIOL PSYCHIATRY 2009,05:263-267
i@ 20009 Society of Biological Psychiatry

Moloney et al., 2015. Front Psychiatry .16;6:15
Early Life Stress Alters Behavior, Immunity, and

Microbiota in Rats: Implications for Irritable Bowel

Syndrome and Psychiatric llinesses

Siobhain M. O’'Mahony, Julian R. Marchesi, Paul Scully, Caroline Codling, Anne-Marie Ceolho,
Eamonn M.M. Quigley, John F. Cryan, and Timothy G. Dinan

Diversity of Microbiota

Maternal

Separation

Nesrogastreenterology & Motility

5 fitvnmrransd Merc i 20061 i (11 ]

Adverse childhood experiences are associated with
irritable bowel syndrome and gastrointestinal symptom
SEVerity
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Microbiota regulates visceral pain in the
mouse

Pauline Luczynski'™, Monica Tramullas™*, Maria Viela', Fergus Shanahan’,
Gerard Clarke'*, Siobhain O'Mahony'*, Timothy G Dinan"?, John F Cryan'**

'APC Microbiome Institute, University College Cork, Cork, Ireland; “Department of
Psychiatry and Neurobehavioural Science, University College Cork, Cork, Ireland;

‘Department of Anatomy and Neuroscience, University College Cork, Cork, Ireland
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Adult microbiota-deficient mice have distinct dandritic morphological
changes: diffarential effests In the amygoala and nippocampus
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e Morphological changes in pain-related brain
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Reduction in ACC and increase in Basilar dendritic elongation in ACC http://apc.ucc.ie
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e Microbiota Regulates Tryptophan Metabolism
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ORIGINAL ARTICLE
The microbiome-gut-brain axis during early life regulates the
hippocampal serotonergic system in a sex-dependent manner

G Clarke'*, 5 Grenham’, P Scully’, P Fitzgerald', RD Mcloney’, F Shanahan'~, TG Dinan"~ and JF Cryan™*
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PRIMEVIEW

MA]JOR DEPRESSIVE DISORDER

namre pEIss
REVIEWS Llilllliit

B MECHANISMS

Mo mechanismcan sxplainall azpects of MDD,
although several models are availabls that explain
aspectsof the dizeaze and implicated pathways

Faor axample, one explanation for MDD iz that—
against a backdrop of genetic vulnerability —stress,
particularly in sarly life. resultz in persistent increases
in the activity of the hypothalemic—pituitan—adrenal
{HPA} axiz, which produces cortisol and other

of the HPA axis might alter brain structure and
function; reducsed neuragenesiz and neuroplasticity
are thought to precipitate depression-like symptoms
by impairing the wress responzs. Other factors

that might have a rols in the develooment snd
pathopimyziology of MDD include reduced nynaptic
neurctranemizsion (for axample, of serotoning,
reduced velumss of certain brain regions {such as
the hippocampas, which is involved inemotional
regulation), increassd connectivity and activation ot
the amygdala (which ampdifies negative thought)
and hyperconnectivity of the default mods network:
{which contributes to seff-focus and rumination).
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@ @ien @222
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MDD iz diagnosed
when the
HPLOMS CaUse
considerable
diztress ar
Empairment,
cannot be
attributed to
another condition
or substance uis,
and the individual
has neot had manic
or hypomanic

- . ; &
- 3
8 L) Sleep disturbance Paychomotos l1

agitation o ar appetite
rl1a1:|.mnr:

.8 B

= .-"

-
|

=) Fealings of - Diminished ability : ) Ssicidal ideation
worthbemmess to think or or sttempt

Specifiers can also be applied to further characterize
the type of MDD, for exampls, MDD with melanchotic
o psychotic features.

e -

The 12-month prevalence of MDD 'Women are more affected than risk of MDD Later in life but also
has been estimated to be similar men, with s median age of onset  have higher symptom severity,
between high-income {5.5%) and  of approximately 25 years inboth & poorer disaase course and a
low-income and middie-income sexes Individuals who experience  grester likelihood of treatment
{5.9%) countries, showing that childhood trauma not only have non-responsivensss than those
MDD is a global heatth condition. & more than twofold increased without early-life reuma.

208 Macriles Pubisbaen L, put of Sprimge Moo, M nptyrmmesmd

! Changes in weight |

Pt thin Porovmesd, i L i RS

The trestment options for MDD cemvtre

on psychotherapy and pharmacotherapy.
Psychotharapies available include cognitive,
behaviowural, psychodynamic, problem-
solving, interpersonal and mindfulness-based
approaches. All have been shown to be
effective, although no differences batween
types ame evident. Available pharmacotherapies
largely target negrdransmitter recaptors,
reupieke ransporters and oxidases

that breakdown neurctransmitters once
reabsorbed. Patients who are unresponsive
to a given treatment can be given a

different one or combinations of treatments
{psychotherapies and pharmacotherapies).

Althaugh MDD negatively influsnces many
domairs of life, the most important concem for
patients with MDDy is suicide, the risk of which
haz been reported 1o be almost 20-foid higher
thanin the gensral population. Behavioural and
psychosocial interventions to prevent suicide
and suicide attempts have beenshown to be
effective. Furthermaore, restricting scceas to
and encouraging help-zeeking at areas known
to be 'suicide hotspots’ {oiten used for suicides)
might also be affective.

One in six individuals will experisnce
MDD in their lifstime

Acrticls iurer: L BO26; i L0038 e o JOLE E6; puti inkad eedlnm 15 S FIIE
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The neuroactive potential of the human gut
microbiota in quality of life and depression

Mireia Valles-Colomer 92, GwenFalony™?, YoussefDarzi(9'2, EttjeF. Tigchelaar?, Jun Wang (92,
Raul Y. Tito*2#, Carmen Schiwecks, Alexander Kurilshikov(®3, Marie Joossens(®'2, Cisca Wijmenga(®,
Stephan Claes®’, Lukas Van Oudenhove™®, Alexandra Zhernakova?, SaraVieira-Silva®'?

and JeroenRaes®'2*

= e e
e T B L
- | ly alal \_1. -:&\ \ '\'S\ h
) ; 85 A 1 ﬁﬁ I
.-”’ﬂ! E:I-i 5 Assassment of depression " - - - | ||. {l || N I
JELERSN RS and QOL scores Microbial relative '-li'uli&l"st‘# Hghts
R\ I{.IE'N"#“i WY abundance JAUy
ey J{;“g i il £ o , LifeLines DEEP cohort
i Hﬂ'ﬁ ' §=-8§-B % (n=1,083)
o SEW AREE i Vatsaion g
0 | ; ; k=] el ol an
Flemish Gut Flora Project = = = =
- (n= I.ﬂms:ia} : Microbiome assessment Bt B2 F R g ] .
{165 for all and shotgun Cohort could be divided : En_mmmm_ L
s g
metagenomics for subset) into four enterctypes {:ﬁ _\h,_‘:.
e l 5 Wi

. 38 | ,|| o
: : § L

Gul-brain medules were assessed using shotgun metagenomic data SE st M\t W -

] realment-resistan

Gui-brain modules were Gui-brain module patients with depression

curated from fiterature abuncdance (n=7)

Dinan and Cryan, Nature Microbiology 2019
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Irritable Bowel Syndrome

TGy RRITABLE BOWEL SYNDROME

Bacterial broadband

The involvement of intestinal bacteria in gut-brain communication could help to explain the
mysteries of irritable bowel syndrome, but the search continues for definitive evidence.

Mertz et al., Gastroenterology 2000
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Acute Stress Challenges - TSST

A) Key Procedural Stages:

T
Following baseline sample “lmagine you have applied
collections participant rests | for your ideal job for which
quietly alone in Room A you must convince the
committee members why
you are the perfect candidate™

—_Recovery Peri

Participant returns to Room A
for recovery and further
measures are collected

Room A

B) Example Sampling Schedule;

Baseline Rest & Task Instructions | IIIINNSIESSIPFOCEUUISINNNN Recovery Perjod

t-30 minutes {0 t+15 t+30 t+45 t+60 t+75
[ 1] (2| B I B 3
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Review

Gut memories: Towards a cognitive neurobiology of irritable bowel syndrome

Paul J. Kennedy *<, Gerard Clarke*<, Eamonn M.M. Quigley*<, John A. Groeger=,
Timothy G. Dinan*<, John F. Cryan 5+
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Cognitive performance in irritable bowel syndrome: hitpilape.ucc.e
evidence of a stress-related impairment in
visuospatial memory
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J.F. Cryan'" and T. G. Dinan"**
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A distinct profile of tryptophan metabolism along the

kynurenine pathway downstream of toll-like receptor

activation in irritable bowel syndrome

Geramd Clarke™ *, Declan P MdKeman®, Gabor Gaszner”, Eamonn M. Quigley **, John F Cryan"” and

Timothy G. Diran™
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Research article Open Access
Tryptophan degradation in irritable bowel syndrome: evidence of
indoleamine 2,3-dioxygenase activation in a male cohort

Gerard Clarke* !4, Peter Fitzgeraldt!-2, John F Cryan'®3, Eugene M Cassidyt!,
Eamonn M Quigley'24 and Timothy G Dinant!2
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Tryptophan catabolism in temales with irritable bowel
syndrome; relationship to interferon-gamma, severity of
symptoms and psychiatric co-morbidity
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Acute tryptophan depletion significantly Acute tryptophan depletion significantly "®"Peuec
depletes plasma tryptophan levels depletes plasma kynurenine levels
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Review article: probiotics for the treatment of irritable bowel htplpc.u.
syndrome — focus on lactic acid bacteria

G. Clarke*", J. F. Cryan™%, T. G. Dinan*"' & E. M. Quigley=*
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The probiotic Bifidobacteria infantis: An assessment
of potential antidepressant properties in the rat
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Recent advances in clinical practice

Dietary and pharmacological treatment

of abdominal pain in IBS

Michael Camilleri,' Guy Boeckxstaens?

Table 1 Efficacy of interventions on the relief of symptoms in 1BS: relative risk (RR) or OR and Cl based on systematic reviews and

Camilleri M, Boeckxstaens G. Gut 2017;66:966—974. doi:10.1136/gutjnl-2016-313425

meta-analyses
intervention Parameter RR or OR Ref. #
Dietary or prohictics or antihiotics
Bran, ispaghula and unspecified fibre Abdominal pain AR 0.87 (0.76 to 1.00) Al
Low FODMAP diet Abdominal pain OR 1.81 (1.13 10 2.88) o
Probiotics Global improvement SEM: —0.25 (—0.36 ta —0.14) -
Probiotics: combination of Escherichia col and Enferococcus faecals or E. coli alone Abdominal pain RR 1.96 (1.14 to 3.36) .
Rifaximin Global improvement OR 1.57 (1.22 1o 2.01) £
Rifaximin Bloating OR 1.55.01.23 1o 1.96) £
Antispasmodics
Peppermint ail Global improvement RR 2.23 (1.78 10 2.81) o
Antidepressants
Antidepressant therapy Global improvement RR 0.66 (0.:57 10 0.78) =
Abdominal pain RR 0.62 (0.43 1o 0.88) s
Antidepressant therapy Global improvement RR 0,67 (0.58 10 0.77) FTe
Antidepressant therapy Ahdominal pain RR 0,62 (0.43 to 0.88) 2ol
Drugs targeting specific G receptors
Alosetron Abdominal pain and discomfort ~ RR 130 (1.2 t0 1.39) o
Overall risk difference 0.13 (0.1 10 0.16) =
Alosetron Abdominal pain and discomfort RR 123 (1.15101.32) B]
Global improvement RR 1.5{1.40 to 1.72) &
Ondansetron Adequate relief response RR 4.7 {2.6 to 8.5) -
Linaclotide Adequate relief response RR 1.95(1.3 1o 2.9) i

Abdominal pain

RR 1.58 (1.02 to 2.486)

FODMAP, fermentable oligosacchandes, disaccharides, menosaccharides and polyol,

http:

/la

pc.ucc.ie
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o
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A cognitive neurobiological model of brain-gut axis dysfunction: Focus on IBS.
Adapted from: Mayer E A et al., Am J Physiol Gastrointest Liver Physiol (2001).
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Clarke et al., Pharmacological Reviews 2019
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ORIGINAL ARTICLE

Antipsychotics and the gut microbiome: olanzapine-induced
metabolic dysfunction is attenuated by antibiotic administration
in the rat

KJ Davey'?, PD Cotter'?, O O'Sullivan'”, F Crispie®, TG Dinan'*, JF Cryan'® and SM O'Mahony'~

—

Psychopharmacology (2012) 221:155-169 '
DOL 10.1007/500213-011-2555-2

ORIGINAL INVESTIGATION

Gender-dependent consequences of chronic olanzapine

in the rat: effects on body weight, inflammatory, metabolic
and microbiota parameters

Kieran J. Davey + Siobhain M. O*Mahony - Harriet Schellekens - Orla O'Sullivan -
Juohn Bienenstock < Paal D. Cotter - Timothy G. Dinan - John F. Cryvan
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Leading Edge

Cell 180, January 23, 2020

Establishing or Exaggerating Causality
for the Gut Microbiome: Lessons
from Human Microbiota-Associated Rodents

Jens Walter,'-2245.* Anissa M. Armet,’® B. Brett Finlay,>5 " and Fergus Shanahan
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Probiotics,

What are probiotics?

Scientists define problotics as live
microorganisms that, when administerad
in adequate amounts, confer a health
benefit on the host. They can help support
the bacteria that Llive with us, especially
when our bacteria are challenged, for
example by antibiotics, poor diet or
traveling. Probiotics are presant in
numerous foods and dietary supplements.

What can probiotics do for you?
Probiotics can support health in different ways
- Help your immune system function properly
- Ald digestion by breaking down some of

the food we can't digest
« Keap harmful microorganisms in check

- Produce vitamins and aid in nutrient absorption

Some probiotics may:

« Halp reduce antibiotic-associated diarrhea

- Help manage digestive discomforts

- Help reduce colic symptoms and eczema
ininfants

« Help with the digestion of lactose

- Treat infectious diarrhea

- Decrease risk or duration of commeon infections,
including respiratory tract, gut and vaginal tract

INTERNATIONAL
SCIENTIFIC ASSOCIATION

FOR
PROBIOTICS ann PREBIOTICS

T -

For moare infermation visit 1SAPPscience.org
Follow ISAPP on Twitter @ISAPPscience

& zong, Internatlonal Scientifc Assoclation for Problotics and Prabldotics

Choosing a probiotic

Know your probiotic. Probiotics are known

by their genus, species and strain (for example,
Lactobacillus acidophilus ABC). Products should
display each strain's cdesignation.

Match the strain to the benefit you want.
Mot all strains are the same. Sea
usprobicticguide.com or probioticchart ca.

Amounts matter. Be sure the produce
contajns at least the level of probiotics that
was used in the study, Higher counts are not
necessarily better. Levels of live probiotics
should be provided through the "best by' date
(nottime of manufacture).

Supplements or foods? More important than
supplement vs food is getting an effective
probiotic strain at an effective dose. Same
yogurts, fermented milks and some other
foods may contain prabiotics, Look for added
probiotics listed on the label and for a faod
that fits within yvour healthy diet.

Other fermented foods? Traditional yvogurts
cantain live bacteria that can help digestion of
lactose, but not all fermented foods contain live
cultures that meet the definition of probiotic.
See ISAPPscience.org/fermented-foods

Safety. Probiotics are safe for most people, but
talk to your doctor ifyou suffer from an immune
disorder, have a serious underlying illness, have
short gut, or before giving to a young infant.

p—
: //74

Microbiome
Ireland

http://apc.ucc.ie



GO0D HEALTH

e

REVIEW
Psychobiotics:

Timothy G. Dinan, Catheri

Here, we define a psychobiotic as
suffering from psychiatric illness. Ag
such as gamma-aminobutyric acid 3
psychobiotics possess antidepressa
systems. 5o far, psychobiotics hay
syndrome, where positive benefits
emerging of benefits in alleviating
inflammatory actions of certain ps
scale placebo-controlled studies ar

o

Hypothalamus

( f,;n_;\
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Adrenal Cortex

Immune System
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THE

PSYCHOBIOTIC
REVOLUTION

Mood, Food, and the New Science
of the Gut-Brain Connection

vt
JOHM F. CRYAN, PH.D. &
TED DINAN, .0 PHD

SCOTT C, ANDERSON

¥ u v
) ‘, Psychobiotics
9

Wl

Gut Pathogens

opic

luces a health benefit in patients
delivering neuroactive substances
an in rodents suggests that certain
wve, spinal cord, or neurcendocrine
1 in patients with irritable bowel
idobacterium infantis. Evidence is
enefits may be related to the anti-
1al axis activity. Results from large
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Elie Metchnikoff (1845-1916))
Nobel Prize 1908
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Full-length Article

Lost in translation? The potential psychobiotic Lactobacillus rhamnosus @Cmmm
(JB-1) fails to modulate stress or cognitive performance in healthy male

subjects
John R. Kelly ™", Andrew P. Allen*", Andriy Temko , William Hutch", Paul ]. Kennedy *, Niloufar Farid ",
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OPEN

The International Scientific Association
for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition
and scope of prebiotics

Glenn R. Gibson', Robert Hutkins?, Mary Ellen Sanders®, Susan L. Prescott®,
Raylene A. Reimer:, Seppo J. Salminen®, Karen Scott’, Catherine Stanton®,
Kellu S. Swansan®. Patrice D). Cani'® Kristin Verheke'' and Greanr Reid'?

I

Selective utilization Substances that
by host microorganisms. affect the microbiome
| Y ' N
g S l: T J
1% F‘_r\_ta!l_:u‘c:_t.|_1::__'J i i Not Prebiotic

I Rt oo R
1 Dietary '
{ | i) e ; )
CtAsand || Humanmik || Readily Less || [ Proteins || [ Probistics
PUFAs | fermentable || © and fatz

kuligo:ectharl'desj armentable |

Ofligozacchandes —y
e.g. FO3, Inulin, Phenolics and .\!‘
GO5. MO5. X035 phyto ch&mica!s_)j C Antibiotios ] I:Vltamins J

Figure 1| Distinguishing what is considered a prebiotic with the proposed definition.
Prebiotics must be selectively utilized and have adequare evidence of health benefit for
the target host. Dietary prebiotics must not be degraded by the target host enzymes,
*The figure shows candidate as well as accepted prebioticsin that levels of evidence
currertly vary, with FOS and GOS being the most researched prebiotics.CLA. conjugated
linoleic acid: PUFA, polyunsaturated fatty acid; FOS, fructoeligosaccharides;

G035, galactooligosaccharides; MOS, mannanoligosaccharide: XO5, xylooligosaccharide.
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Targeting the Microbiota-Gut-Brain Axis:
Prebiotics Have Anxiolytic and Antidepressant-

like Effects and Reverse the Impact of Chronic
Stress in Mice

Aurelijus Burokas, Silvia Arboleya, Rachel D. Moloney, Veronica L. Peterson, Kiera Mumphy,
Gerard Clarke, Cathernne Stanton, Timothy G. Dinan, and John F. Cryan

Prebiotic reverses consequences of chronic stress
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ARTICLE Open Access

Prebiotic attenuation of olanzapine-
induced weight gain in rats: analysis of
central and peripheral biomarkers and gut
microbiota

Amy Chia-Ching Kao'. Sonia Spitzer’, Daniel . Anthony”™, Belinda Lennox@®' and Philip W. J. Burnet'
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Fig. 1 Effect of B-GOS™ (0.5 g/kg/day) ingestion and olsnzagine
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Prebiotic intake reduces the waking cortisol response
and alters emotional bias in healthy volunteers

Kristin Schmidt « Philip .J. Cowen +» Catherine J. Harmer -
Ceorge Tzortzis + Steven Errington - Philip W. J. Burnet

B0

_ B0
Cortisol

inmalil)

20

Placebo FOS GOS
W Pre-supplement @ Post-supplement  “p<0.05



GO0D HEALTH

oy Let food be thy medicine

Trarslational Research htp' lp u

224 Sandhuet al January 2017
Feeding The microbiota-gut-brain axis: ®

dief, microbiome, and neuropsychiatry

KIRAN V. SANDHU, EOIN SHERWIN, HARRIET SCHELLEKENS, CATHERINE STANTON,

TIR AAATLIN /= PRiRl A R e ol IASLIRT T AP A KD

Nutritional medicine as mainstream in psychiatry w®

CrossMark

Jerome Sarris, Alan CLegan, Tasnime N Akbaraly, G Paul Amminger, Vicent Balanzd-Martinez, Marlene P Freeman, Joseph Hibbeln,
Yutaka Matsuoka, David Mischoulon, Tetsuya Mizoue, Akiko Nanri, Daisuke Nishi, Drew Ramsey, Julia | Rucklidge, Almudena Sanchez-Villegas,

Andrew Scholey, Kuan-Pin Su, Felice N Jacka, on behalf of The International Society for Nutritional Psychiatry Research

Psychiatry is at an important juncture, with the current pharmacologically focused model having achieved modest  Lancet psychiatry 2015
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A randomised controlled trial of dietary @ewe

improvement for adults with major
depression (the 'SMILES’ trial)

Felice N. Jacka'**%% Adrienne O'Neil'**, Rachelle Opie®'?, Catherine Itsiopoulos®, Sue Cottor?,
Mohammedreza Mohebbi’, David Castle™' ', Sarah Dash""*, Cathrine Mihalopoulos’, Mary Lou Chatterton’,
Laima Brazionis™®, Olivia M. Dean'*'=", Allison M. Hodge® and Michael Berk'-' "
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Fermented foods

= What are fermerited foods?
h’“ LK A fermoanted food or beverage is a type of food made by axtensive microbial
e growth. These foods are nothing new. They've been arcaund for thousands
ofyears. To understand how fermentad foods are made, let's look 8t yogurt:
[l
1
[ Yopurt is a fermented food made from milk. During yegurt fermentations, —
: lactic acid-producing bacteria grow on the sugars and ather nutrients in milk == —
[ As they multiply, the bacteria produce compounds that change the flavaor, |
2 texturs, and nutrients in the milk to give us what we know as yogurt
[ ]
g S S L Py S UG- Uy S ')
Thavaluie of : brie risa s
12 vailue o Improve Mfood concenkrations B oy
e L Saurca of TRSEE, TAN TS, ot witamins reduce toxic or Incraake
fermented live, active e et i Wit e i Foerd salety
St i ary 00 an inact anti-nutrients Brd ahetl-Eie
foods digestibility :'Elirr!m.ldﬂd_ﬂ in raw foods
C 5 .

Fermented foods
and gut health

Y 1 The hurman digestive tract
contains 1040 trillion bactarial
cells, Thase bacrtaria, rarmed
cur intestinal micrebiota, are
Important toour biealth,

This sarma type of process happens in all fermeantad PModern practices,
foods. Depending on the food, certain species of bacter|s, =IIJ*'-_|‘| ! ‘f'-ﬂlﬂ[ﬂl-h'-ﬂ".
ywaasts and/or malds carry out the fermentation, Those antibiotic usa,

cassarean birth
mierobes are still alive when we eat yogure, kefir, choeeses, i i

kimchiand some ather fermented foods. But some Toods
that undargo fermentation are further procosced (by
pasteurization, baking, or Tiltaring) o they arg no longer
sources of active microbes

T3

.6

Fovrrmioba Feecing and

eating foods devoid of

Live cultures, miay be

leading toa pooriy

funcricsning intestinal

rrvlcrobrora

Fermented foods

contalning iving

cultures acld beneficial bacteriato the

dige stiva tract

Tho=za fermentod foods may benafit human
health by reducing risk for some acute and
chronic dissases and helping maincain a
healthy intestinal microbiota.

International Sclentific
Association for Probiotics
and Prebiotics

o -

For maore information visit 1ISAPPscience.org/fermanted-foods
or follow us on Twitter @ISAPPscience

& v e rnacanal Sclamidic Assocsazian far Prociutor snd Prekiotics
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Review article: dietary fibre in the era of microbiome science

John O'Grady'? &
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Pectin
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| Eibhlis M. Q'Connor®®

TABLE 1 Fibre subtypes™!# 48

Fibre subtype
Cellutose

Hemicellidose
Lignan

Gums:

Pacin

Beta glucan

Inulin
Psyllium

Oligosaccharides

Resistant starch
R51-5)

: :
Linear chains of glucose units with beta-1. 4 gcosidic
linkage

As cellulose with xylose, galactose, mannose and
arabinose sugar branches

Complex polymer of aromatic alcohols. Mot 2
polysaccharide
Mannose backbone with galactose sde chains

Pobygalacturonic add, D-galacturanic acid unit
backbaone, substituted with arzbinans. galactin,
arabinogalactin side chains

Beta-D glucose Enear backbone with 1-3 beta
ghycosidic linkage

Beta 1-2-fructan residue badibone, often glucosyl units
as chain terminating moieties

Heteroxylan with 14, 1:3 finkage backbone. side chalns
of arabinoss. wylnse, galacose and rhamnose

Beta- fructo- olignsaccharides (FOS) Alpha and beta-
galac tookgosaccharides (GOS)

Alpha-14-D-glucan links

| Fergus Shanahan®? (&

Cource

Cereals, legumes, nuts

Cereals, cell walls of
fruits, vegetables

Cereals, plant cell walls

Legumes, nats

Fruit peel, legumes,
beetroot

Cereals and grains,
yeasts, fungi and
bacteria

Chicory root, onion,
cereals

FPlartago Cvate

Polymers derived from
pokesaccharides by
hdrolysis

Cercals, legumes, fruits

Metabolic cffect

Increases stool bulk and stimulates peristalsis

Varies with sourcs; mix of mseluble, soluble
and viscous properties

Increases stool bulk and shmulates perstaleis

Cholesterol and ghecose lowering effects,
slow digestion and absorption. Fermentation
by microbiota

Chofesterol and ghecose lowering effacts,
Slow digestion and zbsorption, Fermantation
by microbictz

Chofesterol and glucose lowering effects,
Fermentation by microbinta

Lower triglyceride concentration,
Fermentation by microbiota

Chotesierol and glucose lowering, Stodl
forming effects

Fermentation by microbiota

Chalesterol and glucose lowering,
Fermentation by microbiota
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ORIGINAL INVESTIGATION

A specific dietary fibre supplementation improves cognitive
performance—an exploratory randomised, placebo-controlled,
crossover study

Kirsten Berding ' » Caitriona M. Long-Smith ' + Carina Carbia' - Thomaz F. S. Bastiaanssen ' « Marcel van de Wouw' «
Niamh Wiley "3# . Conall R. Strain ' - Fiona Fouhy '* - Catherine Stanton **- John F.Cryan (3 - Timothy G. Dinan '3
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REVIEW @ OPEN ACCESS

Fecal microbiota transplantation in metabolic syndrome: History, present
and future

P. F. de Groot®, M. N. Frissen (22 N. C. de Clerca®, and M. Nieuwdorp®>=

1990s
1989 Gordor uses OF mice studies to
1983 Enoncy puiianes evaluste effects of marobiota on
CAzE-Series Suppesing nadywaight sl msisbuiies
1958 Firss repart of - FWT affcscy in neny
1928 vuddon winght Nkt diasa < /
o 1 Eisgman curss four - gan aftar FMT 1
bl WI Diar o |
. #'ﬂ'l";"dimvnn German soldiers eal 1957 mr“:ﬁ:ﬁ:{;ﬂm Pt If?rgjawm lfTef Endes i
Andrea Levy, The Plain . panicilin camais stasks sgainct fecal snesmas 4 | qut micraijel compesition

dzertary in North Fallow breats Y b
\

\ Alrica® 9 surgury pationts |
1917 N witn ‘facal pits’ \
Taslation of £ s b \
Nitxla {EcN] by \

Missis [1874-1065)

with waight statusan mics ™

Turrosugh proves obesiby
toha & transimessibbe tmit”
thrnugh #HT in mica *

1erapy

Abtigarm deicibes the
unfmratypes of the human
it microbiame

1910

Bock an influspcing
humian Faatth with gut
micrnhe i ppation oy
Merchmbalf

{1845-1916] ' \\

.y

Che New 1o e
HEALTH

2012

Karisenn shows estrmata of

e ke oAt ol car e
mredicted by micodiols
anlyai *

2012
e )l I I Thursday, October 25, 2012

i male maotabolic syrdoome
pakinnts

EﬂLlIInI §1643-1712)

1681

fan Leeuwenfinek

wascnhac pracende of
Pirrobes = el ¥

A Promising ey

S e, . e /B 2013 ant | Life Society Culture

in animats by Acqusaandunis fidaura chaws FMT can
TTT wansler human alesty

[1533-1610)* [ a
S A AL LT 2, . R Invironment | News Features | People |
16"C.
spplications of tecal praducts 2015

far systamic complaints by L
Shizehn (151815931

T Deeni mimprates. microhts
CoETpCsitGn (0 CompuTer modsd
for perscnalized mariton

2016 m fz
Li shoiws differantis miciablta ol © 3 = | 0|

wngraftment 1o ke daperdent o deear
snd recipinnk micobicks charactanstics '

4the, =

Lat records of FMT Lss iy
Tramtional Chiness Megicing
by Gz Hong (283 - 3431

Elindate mamanism of actiar
Adviincos in ciltuiring pavsibities
Effectuste durable engraftment

veiicine acal transplants?




CIITT Downloaded from http/fgut.bmj.com/ on Cctober 2, 2017 - Published by group.bmj.com

Microbiome

European consensus conference on faecal Tty .
microbiota transplantation in clinical practice http://apc.ucc.ie

OPEN ACCESS
Giovanni Cammarota,’ Glanluca laniro,' Herbert Tilg,? M!qana Rajilic- St0|ancmc
Patrizia Kump,” Reetta Satokari,” Harry Sokol,® Perttu Arkklla Cristina Pintus,®
Ailsa Hart,? Jonathan Segal,” Marina Aloi,"® Luca Masucci,'' Antonio Molinaro, '
Franco Scaldaferri,’ Giovanni Gasbarrini," Antonio Lopez-Sanroman, '
Alexander Link, " Pieter de Groot,” Willem M de Vos,> '® Christoph Hogenauer,”
Peter Malfertheiner,'® Eero Mattila,’’ Tomica Milosavljevi¢,"® Max Nieuwdorp, ' ">
Maurizio Sanguinetti,'’ Magnus Simren,”” Antonio Gasbarrini,’ The European FMT
Working Group

Box 1  Key issues to select potential donors at the preliminary interview

INFECTIOUS DISEASES
» History of, or known exposure ta, HIV, HBV or HCV, syphilis, human T-lymphotropic virus | and Il, malaria, trypanosomiasis,
tuberculosis

»  Known systemic infection not controlled at the time of donation

» Use of illegal drugs

» Risky sexual behavicur (anonymous sexual contacts; sexual conmtacts wath prostitutes, drug addicts, individuals with HIV, viral
hepatitis, syphilis; work as prostitute; history of sexually transmittable diseasa)

» Previous reception of tissueforgan transplant

» Previous (<12 months) reception of blood products

> Recent (<6 months) needle stick accident

» Recent (<6 months) body tattoo, pierdng, earring, acupunciura

= Recent medical treatment in poorly hygienic conditions

» Risk of transmission of diseases caused by prions

» Recent parasitosis or infection from rotavirus, Giardia famblia and other microbes with Gl involvement

» Recent (<6 months) ravel in tropical countries, countries at high risk of commuonicable diseases or raveller's diarrhoea

= Recent (<6 months) history of vaceination with a live attenuated virus, i there is a possible risk of transmission

» Healthcare workers (to exclude the nsk of transmission of multidrug-resistant organisms)

»  individual wead eclude the rick of transmission of zoonotic infections)

eliac disease, other chronic Gl disorders
b Gl involvemeant

History of IBS, IBD, functional chronic constipatiol
History of chronic, systemic autoimmune disorders
History of, or high risk for, GI cancer or polyposis
Recernt appearance of dr-arrhuea hematochezia
History of neumlogical/neurodegenerative disorders
HFsm:y of psychiatric conditons

erweight and obesity (body mass i

yYYVYYy

DRUGS THAT CANT G MICROBIOTA COMPOSITION
= Recent (<2 months) exposure to antibiotics, immunosuppressants, chemotherapy
» Chronic therapy with proton pump inhibitors
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Improvement of Insulin Sensitivity after Lean Donor http://apc--
Feces in Metabolic Syndrome Is Driven by Baseline
Intestinal Microbiota Composition

Graphical Abstract Authors

Ruud 5. Kootte, Evgeni Levin,
Jarkko Salojar, ..., Erk 5.G. Stroes,
Alpert K. Groen, Max Mieuwwd orp

Correspondence
m. nisuwwdorp @amc. unsa. mi

In Brief

Kootte et al. show that fecal microbiota
transplantation from lean donors to
obese patients with metabolic syndrome
improves insulin sensitivity, a transient
effect associated with changes in
microbiota composition and fasting
plasma metabolites. Basaline fecal
microbiocta composition in recipients
predicts the response to lean donor fecal
microbiota transplantation.

B

[0 unpredn g Sty e Ly
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o Lean donor PFT in obese metabolic syndrome patients R e A ek B .. At Wi
improwves insulin sensitivity }II \\‘
. 13
V. .. .
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Adta Padiatrica ISSN 0803-5255

REVIEW ARTICLE

Priming for health: gut microbiota acquired in early life regulates
physiology, brain and behaviour

G Clarke (g.darke@uccie)* SM O'Mahony'™*, TG Dinan'?, JF Cryan'>

LAlmentary Phammabictic Centre, University College Cork, Cork, tredand

2Deparment of Poychiatry, Uinversity College Cork, Cork, ineland
3 Depantment of Anatomy and Neurcscience, University College Cark, Cork, ireland

Keywords ABSTRACT

Behaviows, Brain Developrment, Bresstieeding, Bacly The infant gut microbiome is dynamic, and radical shifis in composition occur during the
Lt MTobicns first 3 years of life. Disruption of these developmental patterns, and the impact of the
Correspondence microbial composition of our gut on brain and behaviour, has atiracted much recent

G Oarke, Department of Psychiatry /Alimentany i i ok . . ; hf :

Phammabictc Centre. 1.15 Biosciences instinme. attention. Integmting these obsenvations is an important new research fronter.

Uiniersity College Cork, Cork, ireland Conclusion: Early-life perturbations of the developing gut microbiota can impact on the
Tel +353 214 901 408 |

central nemnvous svstem and potentiallv lead o adwerse mental health outcomes.

Dy Discovery Today » Wolurna 17, Murmbors 8710 « May 3013

Can we vaccinate against depression?

Graham A.W, Rook’', Charles L. Raison? and Christopher A. Lowry®
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Maternal microbiota in
pregnancy and early life

The maternal microbiota shape offspring development,
including susceptibility to some illnesses

By Braedon McDonald® and remains the subject of debate. In support of
Kathy . MeCoy® this, a recent study found that the human pla-

Effects of the maternal microbiota in pregnancy and early life
Through effects onearly-life colonization, immune development, and neurodevelopment, the maternal
microbiota repulates susceptibility toa number of childhood illnesses and can vertically transmit
dyshiosis-mediated pathologiss,

Matemal microbiota Fetal immune Seeding Early-life immune
Vaginal, intestinal/fecal, and gut mucosal ear ly-life development and
breastmilk, skin micobes development microbiota neurodevelopment

Susceptibility to childhood
llnesses including
infections, asthma, obesity,
and neuodewe lnpmental
disomders

Breastmilk
Matemal microbes,
nutrients,

antimic robial
) peptides
rintestines
Metabolites

#ﬁ Microbiota
Transplacental
signals from the
maternal microbiota

Vertical transmission of maternal
vaginal and fecal microbes
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Special Issue: Nurturing the Next Generation

The infant microbiome development:
mom matters

Noel T. Mueller'“, Elizabeth Bakacs”, Joan Combellick®, Zoya Grigoryan®, and
Maria G. Dominguez-Bello”

Cell- 1

! De partment of Epidemialogy, Mailman School of Public Health, Columbia University Meadical Center, Mew York, MY, USA
2 lnstitute of Human Mutrition and Department of Medicine, College of Physicians and Surgeons, Columbia University Medical

Center, New York, NY, USA

2Divislon of Translational Medicine, Mew York University Schoaol of Meadicine, New York, MY, USA
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Table 1. Perturbations to the assembly of the neonatal microbiome, prevention strategies, and approaches for microbiome

restoration

Parturbation to Prevention strategiss Rastoration approaches
microbioma assambly

C-section delivery

Gestational, perinatal,
or postnatal antibiotics

Formula feeding

Support efforts to increase use of midwives

Champion evidence-based labor management

Optimize managing labor (reduce pain, increase matemal comfort)
Educate women about the potential conseque noes of C-section
delivery

Change policies around physician incentives and malpractice
insurance

Implemant robust antimicrobial stewardship programs (hitp!
www.awhitehousa govithe-prass-office 2014091 B/
sxacutive-ordar-combating -anti bioticresistant-bacteria)

Develop safe strategies that limit use of antibiotics in women in
labor (e.g., rapid PCR testing for group B Streptoccccus at the time
of admission to the delivery unit)

During C-section delivery, give antibiotics after cord clamping to
gliminate fetal exposure to antibiotics

Use more prudency in antibiotic administration during pregnancy
Adopt WHO/UNICEF Baby Friendly Hospital Initiative

Develop other policies that incentivize breastfeeding

Do not offer formula to newborns without request or medical
indication

Promote use of donor breast milk rather than formula when
maternal milk is not an option

Inoculation of neonate with maternal
vaginal flora immediately following
C-zection delivery

Breastfeeding

Pre-and probiotic supplementation of
neonate

Breastfeeding

Pra- and probiotic supplementation of
mother during pregnancy and
neonate after birth

Reintroduce breastfeeding
Pre- and probiotic supplementation
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. : At 1 3 v estimated 15% of births that require C-section delivery to protect
Partial restoration of the microbiota ¢timated I3% of births th #ER

Of cesarean,born infants Via Vaginal Here we exposed C-section—delivered infants to their maternal
vaginal fluids at birth and longitudinally determined the composition

micr{)bial tl‘allsfer of their microbiota to assess whether it developed more similarly to
vaginally born babies than to unexposed C-seclion—delivered infants.
Maria G Dominguez-Bello!, Kassandra M De Jesus-Laboy?, ‘We collected samples from 18 infants and their mothers, including 7
Man Shen?, Laura M Cox!, Amnon Amir?, Antonio Gonzalez?, born vaginally and 11 delivered by scheduled C-section, of which four
Nicholas A Bokulich', Se Jin Song"*, Marina Hoashi'#, were exposed to the maternal vaginal fluids at birth (Supplementary
Juana I Rivera-Vinas’, Keimari Mendez’, Rob Knight*5 & Table I). Briefly, the microbial restoration procedure, or vaginal micro-
Jose C Clemente® bial transfer, consists of incubating sterile gauze in the vagina of moth-
a b @ Vaginal @Unknown mSkin mOral mAnal (]
1.00 H ¥aginal Hinoculsted [ C-section
S @ ®o = 0.75 1
RN wE 0.50 - T El E
k\-ﬁ\ A % 0.5 5 g 4 _
5 g -~ o 020 o g 0204
Gk 1.00 4 = 04 = == o,
T = g;g 2 i ’E 0.15 ' £ o454
i “ﬁ?‘ = 50 3 031 i =
8 = e © | azs @ 2 E 0.2 5
Swvile contminer] 04 _E oz £ 0404 = 5 040
-, o [ 1.004 o -E -E E
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Fiease o the aricke in press a2 Korpei ot 4., Matamal Facal Morotioi Trenspiantaton it Cesarsan-Bom infants Ranidy Rsettes Nooma
Gt Miorobe! Devenpment A Praoof-of-Gonoent Stody, Gl (30, hfpswdatong/ 10,0010 6ol X 008047

Cell

Maternal Fecal Microbiota Transplantation in

Cesarean-Born Infants Rapidly Restores Normal Gut

Microbial Development: A Proof-of-Concept Study

Graphical Abstract

1-3 Months Intestinal Microbiota

""?f.‘l?ﬁ' I\
? Bacteroicdes

Bifidabacteria

C-zaction birth

+ maternal FH'IT =
a 0 Pathoblonts
Clostridium

Lachnospiraceas &
Ruminococcaceas

C-section
birth

Authors

Katri Korpela, Otto Helve,
Kalja-Leena Kolho, .., Amne Salonen,
Sture Andersson, Willem M. de Vos

Correspondence
willem.devos&wur.n|

in Brief

A proof-of-concept safety study shows
that oral fecal fransplantation can shift
the microbiome composition of infants
who are bomn via cesarean section to a
profile that is more similar fo those bom
via vaginal delivery.
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Targeting the perinatal diet to modulate the gut microbiota
increases dietary variety and prebiotic and probiotic food
intakes: results from a randomised controlled trial

Samantha L Dawson'?* @, Mohammadreza Mohebbi?, Jeffrey M Craig?#,
Phillip Dawson®, Gerard Clarke®”+8, Mimi LK Tang”'® and Felice N Jacka!-11:12:13

SL Dawson et cl,

n Gestation period Birth Postpartum period

Week 26 Week 31 Week 36 i Week 4

s
Set dietary goals (intervention group)
Dietary workshop \f |
Support calls v v i
Dietary assessment
Short-term diet (SDQ) v v v v
Longer-term diet (DQES) Vv &
Dietary advice received Vv v v v

‘ Baseline ! Follow-up I
|
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Gut microbiota composition correlates
with diet and health in the elderly

Marcus J. Claesson™™*, Ian B. Jeffery"”*, Susana Conde’, Susan E. Power', Eibhlis M. O’Connor', Siobhan Cusack’,

Hugh M. B. Harris', Mairead Coakley®, Bhuvaneswari Lakshminarayanan®, Orla O Sullivan®, Gerald F. Fitzgerald™?,

Jenmnifer Deane’, Michael O'Connor™®, Norma Harnedy™®, Kieran O’ Connor®?®, Denis O'Mahony™®8, Douwe van Sinderen'?,
Martina Wallace®, Lorraine Brennan®, Catherine Stanton™*, Julian R. Marchesi'®, Anthony P. Fitzgerald !, Fergus Shanahan®,
Colin Hill'?, R. Paul Ross™* & Paul W. O'Took'?

Alterations in intestinal microbiota composition are associated with several chronic conditions, inchiding obesity and
inflammatory diseases. The microbiota of older people displays greater inter-individual variation than that of younger
adulits. Here we show that the faecal microbiota composition from 178 elderly subjects formed groups, correlating with
residence location in the community, day-hospital, rehabilitation or in long-term residential care. However, clustering
of subjects by diet separated them by the same residence locationand microbiota groupings. The separation of microbiota
composition significantly correlated with measures of frailty, co-morbidity, nutritional status, markers of inflammation
and with metabolites in faecal water. The individual microbiota of peoplein long-stay care was significantly lessdiverse
than that of commumity dwellers. Loss of community-associated microbiola correlated with increased frailty.
Collectively, the data support a relationship between diet, microbiota and health status, and indicate a role for
diet-driven microbiota alterations in varying rates of health decline upon ageing.
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Trends in Neurosciences January 2015, Viol. 38, No. 1 CEII d L
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Adding fuel to the fire: the impact
of stress on the ageing brain

Jack A. Prenderville’, Paul J. Kennedy', Timothy G. Dinan'?, and John F. Cryan'"*

Ageing

b [ ;f Chronic

???

Cognitive impairment
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[mmune responde mesiure Intestinal
(pro- and anti-nflammatory) permeability

Potential psychobiotic therapies
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Fermented foods Paraprobiotics
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Long-Smith et al 2019, Annual Review Pharmacology and Toxicology
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e Summary & Conclusions

» Promising preclinical and clinical research

» Regulates behaviours and physiology relevant to
neurogastroenterology

> Increasing translational efforts i
» Mechanistic insights and focus on causation ]
?

» Fact or fiction: Expect some attrition along the 7,
way

» Microbial-based strategies for the treatment of
stress-related gut-brain axis disorders?
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Science news you won’t read nowhere else

Pope Francis To Award Sainthood To All
Microbiome Researchers

3 5? f Facebook

¥ Reddit

Vatican City - Pope Francis announced today that he was going to award automatic sainthood t
all microbiome researchers worldwide for “Doing God’s Work".
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Thank you

g.clarke@ucc.ie

“I told him as an expert in the field | strongly recommend
wearing it, but he just kept bringing up his rights.”

I Science
University College Cork, Ireland Foundation

Calaiste na hOllsceile Corcalgh
Ireland For what's next



	The Gut Microbiome in Health and Disease: Focus on the Microbiome-gut-brain Axis
	Slide Number 2
	Slide Number 3
	Slide Number 4
	The War on Bacteria
	The Forgotten Organ?
	Slide Number 7
	Slide Number 8
	Slide Number 9
	The Gut Microbiome in Disease
	Forgotten Organ No More!
	Slide Number 12
	Slide Number 13
	Factors Defining the Gut Microbiome
	Slide Number 15
	Slide Number 16
	Alpha and Beta Diversity
	Diversity is Key
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Microbiota and Neurodevelopment
	C-section and Infant Microbiome
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Forced Swim Test
	Forced Swim Test
	Tests for Assessing Anxiety Response
	Elevated Plus Maze
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Functional Annotation of Brain Regions
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Abnormal Brain Development in Microbiota �Deficient Mice: Hippocampus
	Slide Number 55
	Slide Number 56
	Tryptophan – A (microbial) Building Block
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Microbial Regulation of Hepatic Gene Expression
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Acute Stress Challenges - TSST
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	Slide Number 121
	Slide Number 122
	Slide Number 123
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131

