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THE HUMAN

Bacteria, fumgi, and wiruses cutnumber human cells b ke body
by a factor of 10 to one. The microbes synthesize ey

nutrients, fend off pathogens and impact ewverything

Froams weelight gadn o perhaps ewern beain
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Project iz doing a census of the microbes
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Microbiota has many components
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Gut Bacteriome
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Microbial Taxonomic Rank
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.HOWEVER, EACH INDIVIDUAL
4-6 phyla

1

130-150 bacterial species

: 1

800-1200 subspecies

800-1000 gr, 3.000.000 genes

Microbiome “ Metabolome




Phylogenetic diversity of human gut Bacteriome
Faecalibacterium
Enterococcus .

prausnitzii

“,
Streptococcus &~

Clostridium
thermophilus

leptum (cluster IV)
Lactobacillales

Lactobacillus
Bacteroides
thetaiotaomicron

Firmicutes

“-lll...

60 to 80 %

/

Clostridium

coccoides (cluster
XIVa)
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\ NS
Actinobacteria

.

: Escherichiacoli :
Tan et al Fnviron Microhiol 2000 11(10) 2574-QA

Dethlefsen et al., Nature, 2007 18;449(7164):811-8 Ley et al., Science, 2008, 20;320(5883):1647-51
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breast-fed malnutrition
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solid food

65 to 80 years
formula-fed

malnutrition
antibiotic >100 years

breast-fed

™ Firmicutes

" Bacteroidetes

B Actinobacteria
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solid food Ag el n g

65 to 80 years
formula-fed

breast-fed malnutrition

antibiotic >100 years
treatment

™ Firmicutes
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others
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GUT MICROBIOTA AND HOST HEALTH

[ Barrier effect

U0 Immunocompetence/Tolerance
0 Synthesis

1 Metabolism

0 Drug metabolism

0 Behavior conditioning

éspeci fic effects
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MUCOSAL BARRIER: INTEGRITY OF ENTEROCYTES AND BRUSH BORDER
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IN GERIATRIA



BLEBBING: A PHASE OF PHYSIOLOGICCELL DEATH
WITH EXTRUSION OFAPOPTOTIC BODIES

Bonvicini F
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awin|oA/@0eLINS




| THE GAGEI NGd [GU

Normal morphology
Increased enterocyte
proliferation rate
Malabsorption in
stress conditions
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EFFECT OF THE MUCOLYTIC ACTIVITY OF BACTER!
SURFACE OF ENTEROCYTES

Gasbarrini G et al., SEM, 1985
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Almost any Digestive and extra-Digestive
Diseases have been associated to a
DYSBIOTIC and LEAKY GUT

Gastrointestinal infections

IBS and IBD

SIBO and CBO

Diverticulosis

Gastro-intestinal Cancers

Food Intolerance/Allergy

Celiac disease

Liver and Pancreatic diseases

Obesity, Diabetes and Metabolic Syndrome
Gynecological, Rheumatological,
Cardiovascul ar, Neuropsi chi ;
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Ageing is characterized by the onset of pathophysiological process
which can dramatically compromise the
homeostatic equilibrium between microbiota anchost

DIGESTION:

A Poor comminution of hard| f
dentition and decreased strength of muscles used in chewing

and oral processing.

A Diminished production of| s
A Possible swallowing difflic
related to impaired saliva production.

A Possible | ower acidity off

with conditions being treated by proton pump inhibitor drugs.
A Diminished production of]| d

A Decreased gut motility.
Boland M J Sci Food Agric 2016




Ageing is characterized by the onset of pathophysiological process
which can dramatically compromise the
homeostatic equilibrium between microbiota anchost

DIET:

Athe diet in elderly individuals can changefor a number of
reasonsjncluding loss of sensationof tasteand smell, tooth
lossandchewingdifficulties.

felderlyhaveanincreasedisk of malnutrition
Aooor quality of the diet increasedconsumptionof high

sugar/highfat foodsanda reductionin the proportionof plant
basedoodsconsumed

Jeffery IB et al. Nutrients 2013



Il"l._

B

Animal-based diets
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Abundance of bile-
tolerant microorganism -

Alistipes, Bilophila, and
Bacteroides

p A

F ~
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Roseburia, Eubacterium

rectale, and
Ruminococcus bromii)
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Plant-based diets
(high-fiber, low-fat)
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' y
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Kumar M'et al. Nutrition and He

althy Ageing 20



Ageing is characterized by the onset of pathophysiological process
which can dramatically compromise
the homeostatic equilibrium between microbiota andost

DETERIORATION OF THE IMMUNE SYSTEM FUNCTION
(IMMUNOSENESCENCE)
CAUSE:

AChanges in Innate Immunity

AChanges in Adaptive Immunity

Alnflammaging a chronic, lowgrade, preinflammatory condition

ADue to the increase in plasmatic levels and cell capability to
produce pranflammatory cytokines

Ostan R et al. Neuroimmunomodulation 2008



Intestinal microorganisms are kept
under a constant surveillance, to avoid an
excessive bacterial load on the intestinal mucosal surface.

L’
— J ' J
mucus layer mucus
with embebed - |a-defensins
microbiota '/'
-— J @

epithelial surface ____,
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Biagi E et al. Pahrmacological Research 2013



In the elderly, the impairment of the GALT capacity to efficiently

synthesize strauspecific secretory IgA, together with the reduced

efficiency of the innate immune defences, may result in the failure
control the resident microbiota.

mucus layer

with embebed
microbiota \ “
o
. : APLN

epithelial surface .

In this context enterocytes could
engage the activation of
iInflammatory cytokines and
chemokines, forcing dendritic
cells in the underlying GALT to
drive the differentiation of
effector TH1, TH2 and TH17
cells that induce a strong
pro-inflammatory response

-\,/

Bia&t al. Pahrmacological Research 2013
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¥

Modification of MICROBIOTA-HOST equilibrium
during lifetime

$

Quali-quantitative alteration of
gut microbiota and its functions

$

NAGEDoO GUT MICROBIOTA



Composition, variability, and temporal stability of the
intestinal microbiota of the elderly

Marcus J. Claesson®P®, Siobhan Cusack® Orla O’Sullivan®, Rachel Greene-Diniz®, Heleen de Weerd®, Edel Flannery®,
Julian R. Marchesi®f, Daniel Falush?, Timothy Dinan®", Gerald Fitzgerald®P®, Catherine Stanton"<, Douwe van
Sinderen®®, Michael O’Connor"l, Norma Harnedy'"), Kieran O’Connor*!, Colm Henry®!, Denis O’'Mahony'+*™,

Anthony P. Fitzgerald®", Fergus Shanahan®™, Cillian Twomey""™, Colin Hill*®, R. Paul Ross”*, and Paul W. O'Toole®""’

0.2% 0.2% 0.1
0.4% i =" "5.036% B y

1.9% 0.001%

ELDERLY IRISH
SUBJECTS

A Different Fecal Core
Microbiotacompared
toYoungerand Older
Adults

A BacteroidetedDominant
InterindividualVariability

A Increased abundance of
Faecalibacteriunspp.

= Bacteroidetes=FirmicutessProteobacteria - ActinobacteriamVerrucomicrobias Lentisphaeraes Fusobacteria

C

= Bacteroides = Alistipes = Parabacteroides

= Lachnospiraceae Incertae Sedis = Sporobacter = Faecalibacterium

= Ruminococcus = Roseburia » Ruminococcaceae |. S.

= Anaerophaga =Prevotella » Erysipelotrichaceae I. S C I aessoret al , PN AS 20 10

Coprococcus Peptostreptococcaceae I. S. Subdoligranulum



Gut microbiota composition correlates
with diet and health in the elderly

178 | NATURE | VOL 488 | 9 AUGUST 2012

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. Ftzgerald™?,
Jennifer Deane!, Michael O’Connor®®, Norma Harned}fs'ﬁ._ Kieran O'Connor®"®, Denis D’Malmnys'ﬁ‘a, Douwe van Sinderen'~,
Martina 'Wallace‘;', Lorraine Erenn;mq, Catherine St:mtcrnz‘d, Julian E. Mar{:hesim, Anthony P. Fitzgemlda‘n, Fergus Shﬂ.ﬂﬂhﬂ.ﬂllz,
Colin Hill"?, R. Paul Ross** & Paul W. O’ Toole!+

, Overall Long-stay

Community Hiah fat
igh fa

Low fiber diet

in long-stay residential care facilities was
different from that of the free living elderly,
within the same ethnogeographic region.



Gut microbiota composition correlates
with diet and health in the elderly

178 | NATURE | VOL 488 | 9 AUGUST 2012

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. Ftzgerald™?,
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Martina 'Wallace‘;', Lorraine Erenn;mq, Catherine St:mtcrnz‘d, Julian E. Mar{:hesim, Anthony P. Fitzgemlda‘n, Fergus Shﬂ.ﬂﬂhﬂ.ﬂllz,

Colin Hill"? R. Paul Ross®* & Paul W. O’ Toole'” Overall | ong-stay
: Community " e ;
High fat

Low fiber diet

in long-stay residential care facilities was
different from that of the free living elderly,
within the same ethnogeographic region.



Gut microbiota in the elderly

b Along-stayo associatednicrobiotagroup
C frailty, C consumption of sugars and fafsnutritional status

. 4

mostly found in londgerm care facilities, but were also detectable in 1
community in people with similar signs of biological aging

b ndiversity-associatedmicrobiotagroup
more healthy, healthy diet

usually communitglwelling elderly volunteers

Community associated microbiota configurations were impactec
more by the use of antibioticgthan the microbiota of individuals in
long-term care (more pronounced decressmvering process)

Jeffery IB et al. ISME J 20



Comparative analysis of gut microbiota in elderly
people of urbanized towns and longevity villages §{ BMC

Se-Hoon Park'", Kyung-Ah Kim*', Young-Tae Ahn'?, Jin-Ju Jeong?® Chul-Sung Huh?® and Dong-Hyun Kim?® MIEI‘Dblﬂmgy
A

=100, . . .

! Gut microbiota of elderly people of urbanizedtown

2 o] communitiegUTC) vs. longevity vilage communities

g 40} (LVC)

2 20}

= i e B S T The ratio of Firmi Bacteroidetesn the gut

® Firmicutes ®m Bacteroidetes
m Actincbacteria = Fusobacteria
Bacteria_uc m TM7
Others

unfortunately, none of the samplgk® adultsthanin UTC
tak inthe | ity Vil he population levels of
aken in the longevity villages W3Sy | achnospira were

from an effectively longevous | than in UTC, but the

individual, since the elderly grougi9ranulum, Megamonas
36 g were lower in LVC

Relative contribution (%)
P
o

: was aged 86 9 years!
Children 40's 50's 60's
uTC LvC
B Ruminococcaceae ® Bacteroidaceae B Lachnospiraceae

® Prevotellaceae = Veillonellaceae » Enterobacteriaceae A|though most of the Speciesdetectedin LVC were

B Erysipelotrichaceae m AM275436_f ® Clostridiales_uc ) ]
" Poptactrantococcaceas o Cloctiiacene o = Buassoss 1 detected in UTC, some Bacteroides spp. and
mL bacill ] lla f DQB099ss f . . .

Eroar i - Faecalibacterium spp. were detectedonly in LVC.

C
60

These findings suggest that maintaining gut
microbiota, including Faecalibacterium spp. play
an important role in preserving resident health in

lD(.'.lhil(iren 40's 50's B0's 40's 50's 60's 70's =80 LVC ) )
uTC LVC . Park et al. BMC Microbiology (2015) 15:49

40

20

Firmicutes/Bacteroidetes



Gut Microbiota Community and Its Assembly Associated with Age

and Diet in Chinese CentenariansH

J. Microbiol. Biotechnol. (2015), 25(8), 1195-1204

Fang Wang', Ting Yu', Guohong Huang'?, Da Cai', Xiaolin Liang’, Haiyan Su’', Zhenjun Zhu', Danlei Li’,
Yang Yang®, Peihong Shen®, Ruifeng Mao', Lian Yu', Mouming Zhao'*, and Quanyang Li""

PCoA - PC1 vs PC2
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PC2 - Percent variation e;
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elderlies (aged 899 years; RE)
living in Bama

= RE

1nmvi IU I

ce
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ntenarians (age

:ad 10408 years; RC)

CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 RC1 RC2 RC3 RC4 RC5 RC6 RC7 RC8 RE1 RE2 RE3 RE4 RES RE6 RE7 RE8

u Fusobacteria

m Euryarchaeota  wActinobacteria  wBacteroidetes u Chloroflexi u Cyanobacteria  w Elusimicrobia

uLentisphaerae u Proteobacteria  m Synergistetes u Tenericutes u Verrucomicrobia

Centenariansrelated OTUS:
Ruminococcaceae
Clostridiaceae

High-fiber diet-related OTUs:
Ruminococcaceae

The age and highfiber diet
were concomitant with changes
In the gut microbiota of
centenarians, suggesting that
age and highfiber diet can
establish a new structurally
balanced architecture of gut
microbiota that may benefit the
health of centenarians.



OPEN @ ACCESS Freely available online " PLOS Oone

Through Ageing, and Beyond: Gut Microbiota and
Inflammatory Status in Seniors and Centenarians

Elena B:iagi“‘Jr Lotta l'.l1_-..'lum‘.:lz'3,r Marco Candela’, Rita Ostan®, Laura Bucci®, Elisa Pini®, Janne Nikkila®,
Daniela Monti®, Reetta Satokari®, Claudio Franceschi® Patrizia Brigidi', Willem De Vos*®

A low diversity in terms of species —
composition was observed in centenarians
(Simpson index =127Pacteroidetes and

Firmicutes still dominate the gut microbiota so%
of extremely old people (representing over
93% of the total bacteria). However changes in

the relative proportion of Firmicutes ~ **
subgroups were observed, wéllecrease in
the contributing Clostridium cluster X1Va,
an increase in Bacilli, and a rearrangement
of the Clostridium cluster IV composition.
Moreover, the gut microbiota of centenarians« T
IS enriched in Proteobacteria, a group @ Clostridium cluster XV

B Proteobacteria

containing many of those bacteria recently @ Uncultured Clostridiales

redefined asépathobiontsd 6 i T~ O Verrucomicrobia

s 1 [ | I ]

B Actinobacteria

@ Bacilli

O Bacteroidetes

B Clostridium cluster IV
B Clostridium cluster Il
O Clostridium cluster IX

40%-




Cell Reports The Gut Microbiota of Rural Papua New Guineans:
Composition, Diversity Patterns,
and Ecological Processes




Diet and gut bacteria

! A LISOA I f

In Japan, the genome of the gut
bacterium Bacteroidesplebeius revealed
presenceof a porphyran utilization locus

upstream of genes for conjugative DNA|

transfer, acquired by horizontal gene
transfer from seaweed-associated
bacteriafound in sushi

AATO FT2NJ ac

Heheann JH et aNature 2010



Several butyrate producers were found in lower amounts centenarians
(Ruminococcus obeuet rel.,Roseburia intestinalist rel.,E. ventriosunet rel.,E.
rectaleet rel.,E. hallii et rel. (all belonging Clostridium cluster XiVa), and
Papillibacter cinnamovoranet rel., and- prausnitziiet rel. (Clostridium cluster
I\VV)). The decrease of-. prausnitziiin centenarians is of interest as this species
known to affect the gut inflammation processes.

Conversely, the butyrate producers
Anaerotruncus colihominist rel.
(Clostridium cluster 1V), and
Eubacterium limosuret rel.
(Clostridium cluster XV) increased in
centenarians.
The increase ofE. limosumis high
(approximately 15- fold), and could
point to a group of bacteria
characteristic of the long life.
A decrease in bifidobacteriaand
iIncreased levels of the mucin
degrading A. muciniphila were also

detected in aged people if compared t§ MCPP. P = 0.002

the young adults.

Q
-

E. hallii et rel.

F. prausnitzii et rel.
Roseburia intestinalis et rel.

0.9%

[
E. ventriosum et rel.
E. rectale et rel.
C. sphenoides et rel.
C. nexile et rel.
R. lactaris et rel.
R. obeum et rel.
QOutgrouping C. XIVa
Coprococcus
eutactus et rel.
Lachnospira
pectinoschiza et rel.
Lachnobacillus
bovis et rel.

v

— A

ooa ///.
Yersinia €t rel.
Proteus ét rel. /
@ ./
/

/ C. leptum et rel.

Bacillus
Staphylococcus

Eggerthella lenta et rel.

Pseudomonas
Haemophilus

K. pneumoniae et rel.
Escherichia coli et rel.
Serratia

Vibrio

Leminorella

-1.0

' 1.0
Biagi, E et al. PLoS ONE 2010
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Gut Microbiota and Extreme Longevity

Cumrent Biology 26, 1-6, June 6, 2016
Elena Biagi,'* Claudio Franceschi,*** Simone Rampelli,’ Marco Severgnini,” Rita Ostan,=“ Silvia Turroni,’
Clarissa Consolandi,” Sara Quercia,’ Maria Scurti,* Daniela Monti,® Miriam Capri,* Patrizia Brigidi,’
and Marco Candela’*
young adults (30 years old In average)wgoung elderlp (aged 6575 years) vs. longjving
subjects, subdivided into a group of 15 centenariansl(®years old) and a group of 24 semn

supercentenarians (16509 years old), all enrolled in a restricted geographic area in Italy

PCo2

10

=

00

5

2

Christensenellaceae

105-109y

yd

Akkermansia - & gggerthella

Anaerotruncus

SynergMaceae
Bilophila g

Butyricimonas
Z

A

' N
Oscillospira

22-48y

Coprococcus

Roseburia

Faecalibacterium

Other_Bacteria
Bifidobacteriaceae
Coriobacteriaceae

wBacternidaceae

# Porphyromonadaceae

#Prévoiellaceae

»Rikenellaceae

w5247

»[Bamesiellaceae)

8 [Odoribacteraceae]

w [Paraprevotellaceae)
Enterococcaceae
Lactobacllaceas

» Streptococcaceae

# Turicbacleraceae
Other_Clostridiales
Uncd_Clostridiales
Christerseneliaceas

» Closiridiaceas

8 Lachnospiraceae

# Peptostreptococcaceae

B Ruminococcaceae

= Veillonellaceas

u[Mogbactenaceas)

# Erysipelotnchaceae
Alcaligenaceas

 Desulfovibrionaceae

# Entarobacteriaceas
Synergistaceae

Yerruoamicrobiaceae

typical signs of an elderltype gut
microbiota:decrease in

saccharolytic butyrate producers

(Faecalibacterium, Coprococcus

Roseburia)increase in possibly

opportunistic bacteria
(Enterobacteriaceae,
Desulfovibrionaceae)

centenarians and, especially, ser
supercentenarians showed an
unexpected increase in bacteria
possibly linked to good
immunological and metabolic
health, such as
Christensenellaceae, Akkermansie
Bifidobacterium,



Qualitative and Semiquantitative Analysis of Fecal
Bifidobacterium Species in Centenarians Living in Bama,
Guangxi, China

Curr Microbiol (2015) 71:143-149

Fang Wang' + Guohong Huang'* - Da Cai' - Danlei Li” - Xiaolin Liang" -
Ting Yu' - Peihong Shen” - Haiyan Su' - Jidong Liu' - Hongcang Gu® -
Mouming Zhao' - Quanyang Li'

Centenariangendto havemore complexfecal Bifidobacteriumspecies
thanyoungelderliesfrom differentregions

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

T T 1

Group B

Bama
centenarian

Group M
Bama
ounger
Iderlies

Group A

Nanning
elderlies

" B.saeculare/B.pullorum/B.gallina
rum

*B.minimum B. minimum, B.
B fiorigoiise saecularmay/B. pullorum/B.
gallinarum, and B.

m B.adolescentis . .
mongoliense were found in
u B.thermophilum centenarians but were absen
u B.pseudocatenulatum/B.catenula In the youn_g_er elder“e_s' In
tum addition, Bifidobacterium
mEngn species found in centenarians
u B.dentium were different from those

found in Bama young elderly
and Nanning young elderly



AAged gut microbiota:
éonly deranged or a traje

Accommodating
opportunistic
and allochthonous bacteria

might possibly support
health maintenance during
aging, such as an
enrichment and/or higher

subdominant

variable fraction prevalence of health

105-109y

C associated groups (e.g.,
.’Q Akkermansia ,
'g“‘

Bifidobacterium ,
LONGEVITY:

- CORE MICROBIOTA SHRINKAGE and Christensenellaceae).

* ACQUISITION OF A LONGEVITY-
ADAPTED SUBDOMINANT FRACTION




Gut microbiota
sighatures of
longevity

Fanli Kong'*#, Yutong Hua'4,
Bo Zeng', Ruihong Ning', Ying Li*-*5*,
and Jiangchao Zhao*&*

168 individuals from Dujiangyan and Yaan,
Sichuan province, China
67: longliving group (U 90 years old),
54: elderly
47 young adults

Greatercommunityrichness(numberof taxa), including both expectec
(Chao) and observednumbersof OTUs, were observedin the long
living group (p [J 0.001). Although not listed as one of the top
predictors,communitydiversity (Shannonndex) wasalsogreatenn the
long-living groupthanin theyoungergroup(p = 0.012).
Validation by comparison with the Italian dataset from Biagi et al.
Kong F et al. Curr Biol 2016



Among the top 50 features that differentiate the Chineselloimg people from the
younger groups, 11 were also listed as the top 50 in the Italian dataset, includ
community richness (Chao index and observed OTUs), members of Blautia
(OTUO014), Clostridium XIVa (OTU173), Faecalibacterium (OTUO0O03),
Escherichia_Shigella (OTUOO05), unclassified Lachnospiraceae (OTU043, 028
282), Ruminococcaceae (OTUO018), and Erysipelotrichaceae (OTU158)

el 2B Chao index C Observed OTUs D Clostridium XVa
(OTU173)
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OTUs enriched in the Iongllvmg groups In both cohorts,
Including members of the Clostridium cluster XIVa,
Ruminococcaceae, Akkermansia and Christensenellaceae,
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Consequences of gut microbiota ageing



Conseqguences of gumicrobiotaageing
A Susceptibility to Cdifficile infection

A Increased inflammatory status



Conseqguences of gumicrobiotaageing

A Increased inflammatory status



Bloodstream input sites
of inflammatory products

ADIPOSE

TISSUE | LIVER ‘
IMMUNE |
INFLAMM-AGEING

(Circulating molecular mediators)

/ N\

Site-restricted

inflammation: . f?ysterrlt[c
mnriammation:

brain > dementia; ammaio
liver 2hepatites, cirrhosis; | el frailty, CVD and

muscle <> sarcopenia; atherosclerosis, cancer
adipose tissue - obesity (..)

NN A

ANTI-INFLAMMATORY
REGULATORS Cavenini E et al. Currt Pharm Des 2010




INFLAMM -AGEING CONSEQUENCES:

A Progression of chronic diseases

A Metabolic alterations such as insulin resistance and muscle

A catabolism garcopeni@r cachexia).

A The lymphocyte cell cycle can be altered within an inflammatopy
microenvironment, this may explain the higher frequency of
autoimmune phenomena

A A sustained inflammatory response can induce the compensato
production oimmunosuppressanediators that can tip the balanc
to a relativelyhyporeactivammune system.

Ostan R et al. Neuroimmunomodulation 2008



Ageing inevitably affects guinicrobiome

(. MASTICATORY B " DIETARY CHANGES:
DYSFUNCTION REDUCTION IN FRUITS
REDUCTION OF APPETITE AND VEGETABLES
CONSTIPATION

. REDUCTION OF MOTILITY \
\ DEPRESSION 5 \_  LOWFIBER DIET

MICROBIOTA
REARRANGEMENT

PROINFLAMMATORY , ‘ _/,
LOOP DYSBIOSIS ———

IMMUNOSENESCENCE ‘ INFLAMM-AGING

A Candela M et al. Mech Ageing Dev 2013



LIMITATIONS OF GUT MICROBIOME RESEARCH IN AGEING:

A Unfeasibility of longitudinal studies to assessitreab evolution of
gut microbiome throughout life

A Limitations of studies conducted in different Countries (different
diet/lifestyle)

A Lack of consensus on the definitionfelderlyo

However, once a large number of microbiota studies focused o
subjects of different age, including longliving individuals, will be
available from several different countries, a comparative

unconstrained approach of NGS data will be useful to isolate
microbiota signatures of longevity independent of the nationality
the involved subjects.
Describing a sort ofiuniversab longevity dynamics may help in
unraveling how the gut microbial ecosystem could affect our
lifespan and, more importantly, healthspan.

Biagi E et al. Mechanisms of Ageing and Development 2016



In the future, the agtailored and personalized modulation of the gt

microbiome composition will be aimed at maintaining the microbi:

profile with the highest probability to help the host in preventing
diseases and promoting health in that specific stage of life

Antibiotic
Lifestyle MNutrition

Probiotic Prebiotic

= — - — 3
) <

Nikoletopoulou V et al. Trend in Endocrinology and Metabolism 2014




Conseqguences of gumicrobiotaageing

A Susceptibility to Cdifficile infection



C DIFF INFECTION
Socioeconomic burden in EU

Wien Klin Wochenschr, 2014 Jul 126(13-14):427-30. doi. 10.1007/500508-014-0548-x. Epub 2014 Jun &
Severe Clostridium difficile infection: incidence and risk factors at a tertiary care university hospital in

]
_ Vienna s Austria.

Starzengruber P!, Senanni Lusignani L, Wrba T, Mittereqoer D, Indra A, Graninger W, Prester E, Diab-Elschahawi M.

5.23 CDI /10.000 patiernidays
4.41 severe CDI /10.000 patierdays

84.5% severe CDI accordini to ESCMID guidelines

Infection. 2014 Jun42(3):585-9. doi: 10.1007/215010-014-0597-1. Epub 2014 Feb 13,
A cluster of fulminant Clostridium difficile colitis in an intensive care unit in Italy.

Guastaleaname M' Grieco 8, Giuliano S, Falcone M, Caccese R, Carfaana P, D'ambrosio M, Taliani G, Venditii M.

2,61/1.000 admissions in 2013 vs 1,26/1.000 admissions in 2012




C. difficile, antibiotics and
diarrhoea

Other Pathogens
Clostridium perfringens
Staphylococcus aureus o -

Clostridium difficile

Diarrhea and Colitis
e

710%-80%

Nonspecific
™ Diarrhea

i‘,f %’%

e

LARGE "

Mo

 Pseudomembranous \ S,
N \b@

- {’ < \colms
M

Hurley BW Jama 20



Antibiotics, C. difficileand diarrhoea

No antibiotics
(or FMT)

QSQ

Primary bile salts

0
8
C. scindens @ G Q

— 89

Secondary bile salts

(cholate) (deoxycholate)
A - .
o . ‘ h
Germination Vegetative
growth
C. difficile C. Difficile
spore (vegetative)

Broad-spectrum
antibiotics

Loss of C. scindens

Qg% ,,,,,,,, + §

Primary bile salts Secondary bile salts

(cholate) (deoxycholate)
:
]
]
]
]
:
' -&-
o9 S 3
() _
Germination Vegetative
growth

Tanya M. Monaghaaet al, Inflamm Bowel Dis 201



Gut microbiota compositionand  hospitalized el

Clostridium difficile infection in 65) under standard diet: 25 CPI
hospitalized elderly individuals:a ~ Positive (CDI group), 23 CDBI

: negative exposed to antibiotic
metagenomic study treatment (AB+ group) and 30
Gabrisle Ancea Luglt, L aonarde Mancabellr, Francesca foront Sabrina Durant, CDl-negative subjects not on
Marta Mangifesta’, Alice Viappiani?, Chiara Ferrario?, Marcello Maggio®", Fulvio Lavretan®, o 0t i bhi Ot i C t reas

Willem De Vos*®, Douwe van Sinderen’, Tiziana Meschi?*?® & Marco Ventura?

CDI was associatedvith a significant under-representation of
gut commensals with putative protective functionalities,
Including BacteroidesAlistipes, LachnospiraandBarnesiellaand
overrepresentationf opportunistigpathogens

In CDI- patients, antibiotic treatment was associatedwith
significant depletion of few commensaldike Alistipes, but not
with areduction in speciegichness

Sci Rep 2016



European Consensus Conference on Faecal Microbiota Transplantation in Clinical
Practice

FMT for recurrent Clostridium difficile infection

Statement: FMT is recommended as a highly effective and safe treatment option for both mild
and severe rCDI. Its implementation in clinical practice is recommended

Quality of evidence: high Strength of recommendation: strong

FMT for refractory Clostridium difficile infection

Statement: FMT can be considered as a treatment option for refractory CDI

Quality of evidence: high Strength of recommendation: strong

FMT for the first episode of Clostridium difficile infection

Statement: There is insufficient evidence to recommend FMT as a treatment for the first episode
of CDI. Additional studies are needed to determine if FMT could have an advantage over
antibiotics for this indication

Quality of evidence: low Strength of recommendation: weak

Cammarota et al T Gut 2016




Gut microbiota composition and
Clostridium difficile infection in
hospitalized elderly individuals: a
metagenomic study

Christian Milani%*, Andrea Ticinesi>*", Jacoline Gerritsen*, Antonio Nouvenne??,
Gabriele Andrea Luglil, Leonardo Mancabelli, Francesca Turroni!, Sabrina Duranti?,

Marta Mangifesta?, Alice Viappiani®, Chiara Ferrario!, Marcello Maggio®€, Fulvio Lauretani?,

Willem De Vos*®, Douwe van Sinderen’, Tiziana Meschi?*?® & Marco Ventura?

hospitalized el

65) under standard die25 CDF
positive(CDI group), 29 CDF
negativeexposed tantibiotic
treatment (AB+group) and30
CDI-negativesubjectsnoton

anti bioti c dgroum.a

A significantly lower microbial diversity was detected in CDI samples,
whose microbiomes clustered separately from Chegative specimens
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P-value=<0.0001
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Sci Rep 2016



Preliminary Communication

Oral, Capsulized, Frozen Fecal Microbiota Transplantation
for Relapsing Clostridium difficile Infection

AZO pts with rCDI received 15 FMT capsulesby healthy
volunteers on 2 consecutivedays and were followed up for
symptomresolution and adverseeventsfor up to 6 months

AResqution of diarrhea Iin 14 patients (70%; 95%ClI, 47%-
85%) after a singlecapsulebasedFMT

AAII 6 non-responders were re-treated; 4 had resolution of
diarrhea, resulting in an overall 90% rate of clinical
resolution of diarrhea (18/20)

A No seriousadverseeventsattributed to FMT

Youngsteri JAMA 2014



/" Polypharmacy:
Antibiotics, Proton

Pump Inhibitors, \ Dysregulated inflammation
Inadequate antibody production /

Immunosuppressants
& PR J

Comorbidities:
Medical,
Surgical

—.

l

Aging Host:

Altered intestinal microbiota

(" Health care .
exposure:
Medical, surgical
interventions;

Altered gastrointestinal physiology
Impaired functional status

N

a

POOR OUTCOMES =)

T Susceptibility to infection & recurrence
T Disease severity
I Response to treatment

T Death >

Shin JH et al. J Gerontol A

\C. difficile spores v,

C difficile!

Biol Sci Med Sci, 2016



MICROBIOTA-GUT-
BRAIN AXIS

CNS processes regulated by the microbiota
Microghia activation and abundance
Newogenesis
Monocamine turnover
Long-term polentiation
GABAergic transmission
HPA 3xis activation
BBE ntegrity
Neuwrotrophic facters

Circulation

SCFAs

Gut peptides
Tryplophan metaboksm
Cytokines
Corticosterone
Lipoglycans and
peptidoglycans

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N Y Acad
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



MICROBIOFSU FBRAIN AXIS

A Neurotransmitters
SAUESS

A Modulation of the

: A Neuroinflammation
immune system

. A Stress
A Neuroactive .
metabolites A Neurotransmission
production A Neurogenesis
A Vaguspathway A Modulation of complex
A Modulation of key behaviors
dietaryamino-acids
(TRP)

—

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



NEUROLOGIC
GUT MICROBIOH ' piSEASES

At NJAYVA2Y Q4
Al 1 KSAYSNRQa
A Cerebrovascular diseases

A Affective disorders
A Alcohol addiction

A Autism spectrum disorders|  Not typical of the
A Multiple Sclerosis elderly

—

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



GUT MICROBIOTA IN PARKINSONIAN PATIE

specieswhichproduce

mucin — Increasdn intestinalpermeabilityand

A Lowerlevelsof antiinflammatoryassociatedacteria

(Blautig Roseburia
of acetate, andpropionate

A Small intestine:

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



t 1l wYLb{hbQ{ 5L{09
HELICOBACTER PYLORI

A H. pylori may contribute to the developement
of parkinsonian symptoms through

ehnances the onset time
of levodopa and |

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



STROKE AND BRAIN INJURY

A Alterationsto the human microbiotdollowing
strokehavebeenobserved with specific
observedn the
group and cluster
noted

A Microbialmetabolismwasalsoaffected by
stroke with decreasesn fecalconcentration
of aceticacide andncreasesn valericacid
andisovalericacid.

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



STROKE AND BRAIN INJURY
PRECLINICAL DATA

administrationworsenedthe survivalrate of mice
followingthe

A In the middlecerebralartery occlusion
IS associatedvith adysregulationof the
murine microbiota, with aeductionin bacterialh -
diversity intestinalmotility andintestinalbarrier
dysfunction

A Microbiatderivedmetabolitesmayinfluencestroke
susceptibilitythrough modulat

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



STROKE AND BRAIN INJOURY
PRECLINICAL DATA

A Thegut microbiotamodulatesimmune signalingand
Influencesthe pathologicaloutcomeduring stroke

A An increasedactivation of the sympatheticnervous
system may also influence dysregulation to the
microbiotafollowing stroke

A The may influence the of
, a complication associated

with stroke

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.
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Accumulationof amyloid plaques taufibrils andneuroinflammatiorwidespread

A Higherlevelsof Shigell&Escherichia Systemic
A Increasedf hematicll-1i and CXCL2 | inflammation

A LPSwasfoundto colocalizewith Bacterial
A 1-40 inamyloidplaques } components
translocation

A Molecularmimicrymayalsoplay arolein! f T K S dise&SaIQ
neurodegeration

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



DEPRESSION

(reduction in species richness and microbial diversity)

|

of these patient so- mi
depleted rats, they developed a depression behavioral phenoty
They also had an ,indicating
that perhaps the:

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



THE ROLE OF AMYLOID IN
NEURODEGENERATION

|

The | ate onset of Al zheil mer andc
minute alterations in proteostasis and inflammation to have
cumulative effects

A What are the principal sources of microbial
amyloid in humans?

Friedland RP et allhe role of microbial amyloid in neurodegeneratiBhoS Pathog. 2017 Dec 21;13(12):e1006654. doi:
10.1371/journal.ppat.1006654. eCollection 2017 Dec.



ALCOHOL ADDICTION

The psychological status of with
was worse
than that of controls and alcoholics with regular
Intestinal permeability

l

A dysregulated microbiotgut-brain axis
facilitates the psychological symptoms
observed in alcoholics

Sherwin E et alRecent developments in understanding the role of the gut microbiota in brain health and disease. Ann N
Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



AUTISM

A Growingevidencessuggesthat the gut microbiota
compositionmayaffectsomefacetsof socialbehaviors
INn mammals

A In manyanimalmodelsof autismspectrumdisorders
there isan alteredmicrobiotacomposition

A Recentevidencesuggestshat the modulationof the
gut microbiota (hroughdiet, probioticsand microbiota
transfer)mayaffect somebehaviorstypical of autism
spectrumdisorders

A Therelationshipbetweenthe K 2 ageriicsand the
gut microbiota inaffectingthe behavioris still to
clarify.

Sherwin E et alRecent developments in understanding the role of the gut microbiota in b
health and disease. Ann N Y Acad Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



PANS / PANDAS AND GUT
MICROBIOTA

Pediatric acut®nset

neuropsychiatric syndrome Sudden developement diics
(PANS) ord

— obsessivecompulsive disorder
and behavioral symptoms

Pediatric autoimmune
neuropsychiatric disorders
associated with streptococcic_|
Infections ( )

In a cohort of 30 PANS/PANDAS patients,it has been
demonstratedthe presence of an altered intestinal
bacterial community structure comparingto controls

Quagliariell o A&G-Misrbbata Profiing and GeBrairt Craadtalk in Children Affected by
Pediatric AcuteOnset Neuropsychiatric Syndrome and Pediatric Autoimmune Neuropsychiatric Disorders
Associated With Streptococcal Infections. Front Microbiol. 2018 Apr 6;9:675. doi: 10.3389/fmicb.2018.00
eCollection 2018.



A

A

PANS / PANDAS AND GUT
MICROBIOTA

PANS/PANDAS patiergtged 48

showed a strong increase in Streptococcal
BacteroidetegBacteroides, Infection can lead
OdoribacterOscillospirgand in the gut microbiota
many pathways regarding the ..
antibody response to gut composition 1o a
inflammation, while pathways pro-inflammatory

concerning brain functions

resulted to be decreased. status through the

In PANS/PANDAS patiepiger selection of

than 9it was not possible to bacterial strains
identify a distinct biomarker in associated with gut
the bacterial population; however, o ) q

a negative correlation emerged inflammation an
betweenFirmicutesand anti- Immune activation.

streptolysinO titer, with a positive
correlation withOdoribacter

Quagliariell o A Gét@iarsbimta Profiingand @GeBrart Croaskalk in Children Affected by
Pediatric AcuteOnset Neuropsychiatric Syndrome and Pediatric Autoimmune Neuropsychiatric Disorders
Associated With Streptococcal Infections. Front Microbiol. 2018 Apr 6;9:675. doi: 10.3389/fmicb.2018.00
eCollection 2018.



MULTIPLE SCLEROSIS

In patientswith

relapsingremittingMS

A IncreasecirculatingLBP in patients

with remitting'relapsingVl s—» from the

Intestinal lumen

1

It usstill to bedeterminedvhetherthesealterationsare
comorbidconsequences multiple sclerosisor play anactive
rolein thedevelopmenof thedisease

A In mice, thegut microbiotainfluencesmyelinationwithin the
prefrontalcortexand thecompositionof

Sherwin E et alRecent developments in understanding the role of the gut microbiota in bt
health and disease. Ann N Y Acad Sci. 2017 Aug 2. doi: 10.1111/nyas.13416.



nella pratica clinica

?



Doctor, should
| eat yogurth?



