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Bacterial translocation: the passage of viable bacteria from the gastrointestinal
tract through the epithelial mucosa into the lamina propria and then to the
mesenteric lymph nodes and possibly other organs

Bacterial translocation: the phenomenon by which viable or non-viable bacteria
or their products (PAMPs / endotoxin) cross the intestinal barrier and invade
normally sterile extraintestinal tissues




Evteplkoc ppayno¢

O YOOTPEVTEPLKOC OWANVOC amoTeAEL TO HeYaAUTEPO O eMLdAVELD OPLO UETOEL TOU
EOWTEPLKOV KL TOU €EWTEPLKOU TEPLPAAAOVTOC. ETtiteAel pla HLTTA Kol AVTLKPOUOEV
Aewtovpyia:

Arntotpor dtetoduonc BAaTkwyY
TIOPAYOVTWV (LLKPOOPYAVLIOUOL,

Aroppodnon
BpeMTIKWV

GUGTOTLKV gevdototivn, avtiyova)

H kavotnto autr tou eviepkol BAgvvoyovou va Sloywpeilel emAEKTIKA Tal BAOTTTLKA
OUOTOTIKA TOU s€wtepkol (evéoaulwkou) meptBarloviog (= Olapeplopartonoinon),
gival plo vhnAncg e€eldikevong Asttoupyio TOU MEPLYPADETOL UTIO TOV OPO «EVTEPLKOC
dbpaypoc», n emapkeld [ oL HETABOAEC TOU omoiou amoteAolv (WTIKAC onpoociog
TtopAyovTa o€ TIOLKIAEC HUGLOAOYLKEC KOl TTOOOAOYLKEC KATOLOTAOELG




Evtepwoc dpayuoc:
Aopun ko Asttoupyia



Evteplkoc dpayuoc

NapAyovTeC Mn 81kn apuva

- Evrepikn xAwpida

- KivnTikétnTa

- MpwTteoAuTIKG éviupa
- O&ivo pH

EvéoavAwkot

- AKivnTo UBATIVO OTPWHA

- ZTpwia BAEvvng
EmiOnAwakot - MikpOoAdXVEG

- EmOnAiakda kuTTOpa

- ATTOQPOKTIKEG EVWOEIG

- ZUVOETIKOG 10TOG
- Evdo0nAio Tpixosidwv
- AljaTiki pon

YnofBAevvoyaviol

AvooOAOYIKN ApuUvVa

- EKKpITIKA IgA

- AvTijikpoBIakd TreTTidia
- VTEQEVOIVEG
- KaOBgAIKIdivn
- Auoolupun

- Kotrapa M (Payer)
- Aep@okuTTapa

- AepgokuTTapa

- ZITEUTIKA KUTTOPO
- Makpo@aya

- OudeTep oI

- HwoivogiAa



Evteplkoc dpayuoc

BioAoyiko Qpayuod
v' QUOLOAOYIKN EVTEPLKA XAwpida

Mnyxaviko ®payuo

v' EruBnAiakd koTTOpQ

V' Anodpaktikéc evwoelc (Tight Junctions)
v' Ev600nALo tpryostdwv

Avocoloyiko Opayuo

Ekkpltiky avocoodalpivn A

AvtipikpoBlaka memtidla (viedpevoivn, kaBeAikidivn, Aucoluun)
EvéoemiBnAlakd Aepdokuttapa

Payer MAAKEC

Meoevteplot Aepdadeveg

A.E.2.

AN NI NI N NN



|. BlLoAoylkocg ppayuoc: evrepikn xAwpida (microbiota)

NN N X

<

Ewg 10'* pikpoPraka kuttapa (microbiota)

10 X TwV KUTTAPWV TOU EEVLOTN
100 X twv yovidiwv tou Eeviotn

Metagenomic technology (r RNS sequence analysis)
— 15.000-36.000 species

AvaepoBia >> agpofla (100 wg 1000 dopeg)

Ta avaepofla dnuiouvpyolyv pla entioctpwon (carpet)
napepnodifovrac tnv enadn Twv maboyovwy LE To
emiOnALo

Juvexeg “cross talk” pe emBnALo kot vocoAoyLKO
oUOTNO TOU EVTEPOU

Increasing numbers
Increasing diversity

Proximal
Gl tract

") Lactobacillus
Stomach 10" > Veillonella
_ Helicobacter

Duodenum  10°

Bacill
Streptococcaceae
Jejunum  10% L Actinobacteria
Actinomycinaeae
Corynebacteriaceae

lleum 107
™
Colon 10'2 »Lachnospiraceae
) Bacteroidetes
cells/gram

Distal
Gl tract



|. BLoAoywkoc ppaypoc: evtepikn xAwpida (microbiota)

MetaBoALlkOc POAOC

microbiota

v' Napaywyn Brrapwvwv B, K

v' Aldonaon tpodwv

v' Napaywyn Bpaxeiac aAvoou
N.O. -

v" OAokArjpwon Tou
EVTEPONTIATIKOU KUKAOU
XOALKWV aAATWV

Evepyelakn tpododoaoia embnAiou
QuoloAoyLkr LotoAoyik Soun Tou evtEpou

- @Antagom’sm : @ Immunomodulation E @ Exclusion
AVOGOAOYLKOC POAOC Bl YN “ Y {
v AVTQV(L)VLO'IJ.éC mzt:gltgg?;\“ vvvvv E { l&fﬁ S
v Avtiotaon oTov amolKLlopd ocus 1 zg'?b } &\ > %&ﬁ;
v QUOLOAOYLKF] OVOOOAOVYLKN Epithelium — Mgt ; Vg /

AELTOUPYLO TOU EVTEPOU IEC

"  QVOOOAOYLKA avoxi
" QTTOTEAECUOTIKA
OVOGOAOYLKH amoKpLon

&)
W=

Preidis GA, Gastroenterology 2011,140:8-14



|. BLoAoywkoc ppayoc: evtepikn xAwpida (microbiota)

Napdyovtec mou SLATUPAOCO0UV EVIEPLKN YAwPLOa

V" Melwon KvNTIKOTNTAC TOU YOLOTPEVIEPLKOU OWARvVA

v Mewwpévn yaotpikn ofutnta

V' Anouoia 1 LELWHEVN EKKPLON XOAKWY aAATWV

V' AvTIBLOTIKA



|. BLoAoywkoc ppayoc: evtepikn xAwpida (microbiota)

Microbiota kot Baktnplokn dtapetabson

v' Baktnptakn StapetaBson: Aspofila Gram (-) >> Avaepopila

v Ta agpofra Gram (-) petakivouvtot Stapéow ABIKTou emOnAiou

v" H SlapetdBeon twv avaepoPiwv npolnobtel BAGRN tou smubnAiov



Il. Mnxavikoc ¢payuoc

A Extrusion zone
apoptosis
Turnowver rate
about 3to 5d
Villus Migration (55X

Paneth cells

Zwvn anodoAidbwonc / e€wbnonc

v
Alatripnon opolootaciog
A

Zwvn roAAamtAaoLooov



Il. Mnxavikoc ppaypog: o pOAOC TNE ATTOMTWONG

Epithelial “shedding” from villous tip Crypt epithelial apoptosis

* Specialized process, apoptosis-like
* Neighboring cells join beneath shedding

Typical apoptosis
Cell completely separates

cell from its neighbors
e TJs’ redistribution * Disruption of Tls
* Shed into the lumen  Removed by phagocytosis

e Preserved barrier function e Disrupted barrier function



Il. Mnxavikog ¢payrog: o pOAOG TNG AOnTwaong

Cell in continuity
with epithelium

Cell detachment from Epithelial shedding
basement membrane . .
at villous tip
(=2 H ”
Tight junction redistribution leper mechanlsm

around shedding cell

Neighboring cells join
beneath shedding cell

Tight junction ‘zipper’ moves
in the apical direction

Cell shed without breaking
the epithelial barrier

Williams JM, Vet Pathol 2014



Il. Mnxaviko¢ ¢payuoc: o pOAOC TNE ATOTTTWONG

[MELOTIKA OTOLKELA YL TO POAO TNG ATTOTITWONG UTIAPXOUV
ylo TNV EPLOXN TNS KPUTITNG

Ouolootaoia enBnAiou:

*  «AuBopuntn» anomntwon otn 6€on twv stem cells: ~10% stem
cells uplotavrtal anmontwon KABs oTyun

» «Epithelial shedding» otnv kopudr Aaxvng

AUENUEVN QTTOTITWON OTO KPUTTTIKO ETIONALO =2 UELWUEVN
QVOLYEVVNTLKN LKavoTnTa o€ BAamtika epebiopata,
Bpaxuvon vLPouc Aaxvwv

Auv€nuévn anontwon =2 ducAettoupyia tou BED

v

Anpovpyia davlouv kKUKAou avatpododotnong tng
QATOTITWONG

Cell shedding




Il. Mnxaviko¢ ppayuoc: armoPpaKTKEC EVWOELC

Lumen

microvilli tight

LT antigen
endocytosis  junction N

enterocyte
desmosomes

nucleus

;. 4

exXOCylosis
paracellular  transcellular
route route

JAM

occludin
claudins

K Cingulin
|

Assimakopoulos SF, World J Gastrointest Pathophysiol 2011;2:123



Il. Mnxavikog Gpayuos: amoPPaKTLKEG EVWOELS

v Mukpol tdpol pe ekAekTIKOTNTA doptiou 8< 4A (1ovta, SLlahvTec, vepod)
v" Movorndtt Stapponc (HakpopopLa, Alyec mpwteivec 1 BaktnpLakd tohuoakyopisdia)

Paracallular Palhway

0 il
pii 8
. . . C
L\ AA R
U
- 8 8 Ocludin Y
X P S
X )
. [M lu) ool
R — lm)
’

Claudin
¥ {wxx ) hd
e

JAM Disassembly




Il. MnXavikoc ppayroC: armoPpaKTLKEC EVWOELC

MopAyoVTEC LELWONC TNC AVOTOULKNC KOL AELITOUPVLKNC EMAPKELAC TWV TJs

Evdokuttaplol

v" Evepyelaxn €avtAnon (pneiwon cAMP)
v Anomtwon

v XapunAo svdokuttaplo Ca

E¢wkuttdplol

v 'ExkBeon o€ BaktnpLaka ovtyova
V" NpoPAEYUOVWBOELS KUTTAPOKIVEC
V' O&elbWTLKO stress

Assimakopoulos SF, World J Gastrointest Pathophysiol 2011;2:123



Il. Mnxavikoc ppayproc: o&elOWTIKO stress

O&cLbWTLKO stress
oéelboavaywylkn
Looppornia

mmm) petafifacn pnvoportog

Amidwor

Npwteivee

EAcUBepec pilec oEuyovou

'V V VWV

~—

Evepyeloko petaBoAlopno
Metaypadikn dtadikaoia
Kuttapiko moAN/opo
Anontwon

Peuototnta
Alamepatotnta
AlopeBpavIKEG TIPWTEIVEG

AeLtoupyLlkoTnTA
PuBuo avakUkAwong
Antodounon

E€avtAnon ATP
MeTaAAAEELC
Amnontwon

mmm—p TPOUMOTIOUOC wmmmp AUCAELTOUPYLO
gmiOnAiou

Evteplkol ¢ppaypou



I1l. AvoooAoyLKOC dpayuoC

= Quowkn (eyyevng) avooia
= Avtiyovortapouvataotikad (APCs) kal pakpodaya

= APCs CD103+/CD11c+ emdyouv TNV avoooovoyr LEow uTtepekdpaonc Tregs
FOXP3+

" |oTka pakpodaya ekppalouv amodpaKTIKEC EVWOELS, oxnuatilouv
StemBnAlakoucg evdpiteg ot omoiol pOAvouv pEXPL TOV AUAO Kat delypatilouv Ta
e€wyevn avilyova

= Agpdokutrapa puoknc avoaiag (ILCs)

" Entiktntn (Mpoocappootikn) avooia
= T-Aepdokuttapa (CD4+): Thl, Th2, Th17, Treg
= EvdoemOnAwaka T-Asudokutrapa (IELs, pvnuovikd, cuvoutAia pe ta IECs,

aAlayn tou ¢awvoturo ano CD4+RM oe CD8+RM
= Rapidly responsive effectors

= B-Aepdokuttapa: IgA eKkpLTKA MAQCHATOKUTTOPO



l1l. AvoGoAoyLkog ppaypog

CD4 cells

Lamina propria

Nature Immunology 2001;2:1004-1009



I1l. AvoooAoyLKOC PpayLOC: EVTEPLKN MLKPOXAWPLO
KOlL EYYEVNC avooia

Commensal bacteria

B . wWs N
> Produce pathogen Bifidobacterium \
associated molecular =y /

patterns (PAMPs) and
metabolic byproducts
And regulate intestinal
immune responses

» PAMPs are
recognized by

pattern recognition
receptor (PRR)-
bearing cells (TLR and
NOD receptors) of the
Innate immune system
and many epithelial
cells
> production of Regllly DC

in IECs and Paneth cells

through a dendritic cell
(DC)—innate lymphoid IL-23 % —
cell (ILC) axis

Lamina propria

Flagellin LPS Sphingolipids

)

TLR4

~ Y
/%OIO QL0 OIO e

TLRS

Enterocytes

IL-22

Trends in Molecular Medicine 2016 22, 458-478



I1l. AvOOOAOYLKOC PpayHOC: EVTEPLKN HUIKpOXAwpPLOa
KOlL ETILKTNTN avoola

Commensal bacteria Commensal bacterig ~ Bocteroides  Clostridium

> Microbiota P ‘ fragilis IV, XIVa, XVIll)

_ . ~ 7 7 - -,
stimulation leads to . ~ '\ w

B cell switch to
IgA, regulatory T
cell induction, T
cell differentiation
to Th1l7

» Short-chain fatty
acids (SCFA) »
Treg differentiation
(directly on T cells
and indirectly on

A VAP [ERoN.

DCs)

» Macrophages in

the LP - IL-10 and X o %
retinoic acid (RA) S\ |afnty matuaton ,~”

- expansion of

Tr e g Sp Lamina propria Peyer's patch Plasma cell

Trends in Molecular Medicine 2016 22, 458-478



MuwkpoBLakn aMéGson‘



MuwkpoBilakn aAAOBeon o€ VYLELC

v" M.A. oupBaivel og 5-10% vywwv
avOpwnwv (“innocent bystander”)

v’ Zuxvotepn o€ mepapatolwa (20%)

v MaBodpuotoloyLkdc poloc:
OVTLYOVLKOG €PEOLOUOC Kall
dnuloupyio avoooikavwy KUTTApwWV

-

v/ PUOULON ATOTEAECUATLKAC TOTILKAC
KOlL OUCTNMATLKN G avooiog

v Avartuén «avoync - tolerance» os
MANBOC LIKpOBLOKWY AVTLYOVWV TNG
gvdoyevouc xYAwpildag

| Barrier specialized »
for antigen uptake

FAE transports
antigens into
Peyers patch

sensitization “‘
~
- ﬁnigrabon

Mesenteric [~
lymph node §

Blood

Intact barrier

No antigen in
lamina propria

T cells die
by apoptosis

Extravasation into

/ Lamina propria



MuwkpoBlakn aAAoBeon o€ MAOOAOYLKEC KOATAUOTAOELC

a. MePAUATIKEC LEAETEC

Table |. Animal models of BT.

Model Animal
Burn injury Mouse, pig
Haemorrhagic shock Rat
Intestinal ischaemia Rat
Intestinal obstruction Rat
Small bowel bacterial overgrowth Rart
Acute liver injury Rat
Liver cirrhosis Rat
Pre-hepatic portal hypertension Rat
Jaundice Rart
Hepatopulmonary syndrome Rat
Acute pancreatitis Rat
Total parenteral nutrition Rat
Protein malnutrition Mouse
Small-bowel transplantation Rat
Graft-versus-Host-disease Rat
Chemotherapeutic agents Mouse
Oral antibiotics Mouse
Clostridium difficile Mouse
Small bowel syndrome Rat
Lectin-induced diarrhoea Rat
Sleep deprivation Rart
Low-dose endotoxin Mouse




MuwkpoBlakn aAAoBeon o€ MAOOAOYLKEC KOATAUOTAOELC

B. KAwika dedopeva

Table 2. Studies on BT in humans.
Clinical condition Method for testing BT
Burn injury BC, /M ratio
Trauma/haemorrhagic shock BC, ML, endotoxin, L/M ratio
Endotoxin L/M ratio
Obstructive jaundice MLM
Acute pancreatitis MLN, BC, /R ratio
Bowel transplant BC, stool, liver culture
Liver cirrhosis MLM
Intestinal obstruction MLN, serosa
Crohn's disease MLM, serosa
Organ donors MLN, BC, endotoxin
Elective surgery MLN, serosa
Aortic aneurysm repair MLN, serosa
Cardiopulmonary bypass Endotoxin, L/M ratio
Heart failure Serum endotoxin
Colchicine overdose BC
Meutropenia BC
Malignancy BC




NaBoyevela pikpofraknc aAAoBeonc

» Awatapayn tThE EVIEPLKAC XAwpidac

» Au&non diamnepatotnrac evrtepilkov ppaypou

> Alatapoxn TG tVOOOAOYLKAC AUVOG




Site and route of translocation

Paracellular route of BT

\

Tight Junctions Apoptosis Disrupted
w” ¢ 7 & o o “HEEE

Transcellular route of BT

(1) Bacterial passage through
Intermicrovillous space

[ Cell death-dependent or -independent
\ TJdisruption J o
4B : rial I a a qJ
Cytokine Free radical acteria
release —3 synthesis “"“Mb o Cytokines “an o
g, Free radicals o 0

I Epithelial-derived I

(5) Leukocyte ety I _T g %

activation \"‘.h‘ _" Innate immune

receplor acthvabion
| Leukocyte-derived |

Small intestine

v" MoapotL to ayL EVIEPO sival
TO reservoir Twv HikpoBiwv n
BT cupBaivel kuplwg oto
AETTO éviepo

v' I610¢ aplBuoG
padloonuacuévwy E.coli ot
isolated loops AemtoU Kal
nax€og evtépou = unAn BT
o€ Aento

v' To Aemtd €viepo Mo
«gvalobnto» og BAATTIKOUG
TIAPAYOVTEC (TEALKOC ELAEOC)

o

V' YPnAdtepn StemuBnAaki
avtiotaon nax£og evtEpou

V" YPnAdteEPO pKPOPLAKO
doptio =2 o
OTTOTEAECOTLKH TOTIKNA
EKKABAPLOTLKA LKavoTnTa



Ektipunon pkpoBrakne aAAoBeonc

Aueosc uédodot

KaAAépyereg MLN

AwapetaOeon padloonUaouHEVWY Baktnpiwv

Euueoec ugdodot

Métpnon LPS (muAaia, cuotnpatiki)

Métpnon Baktnplakov DNA

LBP

EndoCab

EpyaotnpLlaKEC TEYVIKEC

AepoBiec/avaepofieg K/eg

LAL test

PCR 16S r-RNA gene

ELISA

ELISA (IgM, IgG, IgA)

Neplopiouoi

Movo {wvta BaKtipla 6 ApKETO aplOuo
Aev anopovwvel {wvta aAAd pn
KaAALepynoLa Baktipla

NepopaTikd POvo

EmpoAuvvon avtidpaotnpiou
AvaoToAEiG MAGOHATOG
Movo ywa Gram (-)

EmipéAuveon avudpaot./dsiypoatog
Noco kukAodopouvtog Bakt. RNA

Napdystat and nratokuTTapa, ENnPealeTol
oo nrat Asttoupyia

Mewwpévol Tithol o oeia evdotofaipia
(ouvéeon) ko avénuévol og xpovia n
MEPLOSIKN



EKTLLNON EMAPKELAC EVIEPLKOU ppayUOU

Astrovpyikéc ugdadot

METpnon MapOKUTIAPLOG SLOEPATOTNTOG

Métpnon SiembnAlaking avtiotaong

Bloynuikéc uédodot

a. AglKTEC aKepaloTNTOAC EMUINALAKWY KUTTAP WYV

Intestinal-Fatty Acid Binding Proteins (I-FABP)

Citrulline

b. Aciktec akepaiotnrac Tight Junctions

Zonulin

Claudin-3

Mop@oldoyikéc ugdodot

EKTitnon oto ontiko pKpookomio (H&E)

HAEKTPOVIKO HLKPOGKOTILO

IOCTOXNMLKEG TEXVIKEG

EpyaotnplaKég TEXVIKESC

In vivo (Dual Sugar test L/M, Cr —EDTA, PEG)
Experimentally: permeability of radiotracers in isolated loops
Ex vivo (Ussing champer in biopsies)

Ex vivo (Ussing champer)

Métpnon o€ mAdopa Kat oupa (ELISA) (enterocyte damage)

Métpnon oe mAdopa (functional enterocyte mass)

Métpnon o€ MAdopa

OUpa (ELISA)

Mopdopetpia (UPog Aaxvwv, Adxve/cm, rtdxog BAevvoyovou)
Anontwtikd cwudtia / Muawoelg / Asypovwdng duénon

AKEPOLOTNTO UIKPOAOXVWV / KUTT. LEUBPAVNG
ATIOTTTWTLKA owiaTia, AleDpuVon MAPAKUTTAPLAG 08500

Npwrteiveg Twv TJs
TUNEL (améntwon)



MeOBobol: isolated loops (bacterial translocation)

Loop in the
distal small intestine

Méetpnon Stamnepatotnrac/BA os
OUYKEKPLUEVA TUNHOTA
Aev g€aptdTal oo KvnNTKoTnTa

Clips

Amtelkovion Blopwtalyelog HETA Ao EVeon
E. Coli mou ekdppdalel Aovoidepdon



MeBoboL: Ussing champers (transepithelial resistance)

* Danish zoologist and physiologist Hans Henriksen Ussing in 1946



MeBodot: dual sugar test (L/M) (gut permeability)
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XapaKTnpLloTka

v’ Suvduaopévn xopynon Hakpo/UKpo
LOPLOKWYV OUCLWV

Mabntikn amoppodnon amnod EvViepo

Aev petaBoAilovral

Amekkpivovtal avaAloiwta ota oupa

H anékkplon euBEwc avaloyn tng
aroppopnong

H pikpopoplakn ouoia Staxeetol eAeUBepa
Kol elval ecwTt. control yLa cuyxUTIKOUG
TIOPAYOVTEC AVEEAPTNTOUC SLATIEPATOTNTOG
(ekkploelg, KlvnTKOTNTA)

SN X

<

Awadkaaia

Tavtoxpovn ANYPn Twv cokxapwv SLaAUUEVWY
0€ VEPO

Nnoteia 2 wpeg = ouAoyn oUpwv

O Aoyoc lactulose/mannitol otn cuAAoyr) oUpwv
TWV MPWTWV 6 wpwv =2 dlamepatotnta Asmtol
EVTEPOU




MuwkpoBrlakn aAAoBeon: na®oduacLoAoyLkoC pOAOC

V' Nepapatikéc pehétec (1940) oe okUAOUC pe atpoppaytkd shock £6si€av
NV napoucia {WVTtwv BaKTNpLlwV EVIEPLKAC TIPOEAEUONC OTO TIEPLTOVAIKO
LUYPO (=2 TO €vtePOo UMOpPEL va amoTeEAECEL TO “reservoir” cUOTNUOTIKWY

AOLLWEEWV)

v' To 1954 mepopatiky HEAETN Seixvel OTL eVTEPLKA BakTrpLlo KOpouUV va
SLamePAOOUV EVOL LOLKPOOKOTILKA AOLKTO EVTEPLKO EMONALO O€ alpoppayia,
XNULKA Ttepttovitida Ko tpavpa

)

v' Tn 6ekaetia 1980 to pawvopevo e «UkpoPLaknc aAAoBsonc» kepSilel
evoladbEpov we miBavn maBodpucoloAoyLk) EPUNVELR TNG TTOAUOPYQVLKIG
OVETIAPKELOC TIOU avVOTtUooouV PBapewc maoyoviec aoBeveic oe MEO,
XwpLic aviyvevolun sotia Aotpwénc (oute kata tn vekpoia)

V" Neotepec pehétec (petd to 2000) ouoyxetilouv tn pkpoBLakr aAN6BOson pe
uLa TAELad o TaOoAoyLKWY KATOOTACEWVY Ol OTIOLlEC oxeTilovTal e XapnAou
BaBuou xpovia cuotnuatikn pAeypov) ota Aaiolo evOoTOoELVaLULOG



MuwkpoBrakn aAAoBeon: maBodpuaololoykoc poAoC

MuwkpoBLakn AAOBeon

YynAou BaBuou M.A. XapunAoU BaBuov M.A.
(o€eia) (xpovia)

BapEw¢ maoyovteg Xpoviwc magyovTeg
NoAvtpavpatie (MEO) Kippwon Amatog
EyKaupaTieg Xpovia nrmatitida B, C
BapLd VEKp. TTIAYKPEATITLC NASH, NAFLD
Bapld onyn Maxvoapkia
QAeypovwdn voo. eviEpou
‘ HIV Aolpwén

Y NTTTIKEC ETILITAOKEC
MODS Xpovia avoooAoyLKN

gvepyornoinon

Mpoodog vooou




MuwkpoBrakn aAAoBean
o€ BapPEWC MMAOYOVTEC
\
«ZNYP N EVIEPLKNC TIPOEAELANCY
NaBoduololoyikn Bswpnon




The “gut hypothesis” of sepsis and M.O.D.S.

Bacterial Endotoxin

Portal blood

Systemic circulation

Systemic IL-1, IL-6, TNF-a,
' ' INF-y, NO, ROS

MODS

Deitch EA, J Trauma 1990:30:5184-5189



The “three hit” model of SIRS and MODS

Critical illness
i

. . Release of gut-derived
|'v‘|sceral hypoperfusion == """
proinflammatory factors

——emodynamic resuscitation
|
Ischemia-reperfusion injury

[ Loss of gut barrier function
|

Augmentation of gut
inflammatory response

Bacteria and endotoxin cross
mucosal barrier

m Release of chemaokines
cytokines and other mediators

SIRS and MODS

Deitch EA, Surgeon 2012;10:350-6, Deitch EA, Surgery 2002;131:241-4



The “gut-origin sepsis” hypothesis: clinical data (I)

MeAéteg ag xetpoupytkoug aadsveic (Proof-of-Principle studies)

v" Apeon ektipnon tou Bacterial Translocation pe SswypatoAnio peoeviéplwv Aepdadévwy kat k/o
V" E&L KAWVIKEC pENETEC e 2125 aoBeveic utoBalAOpEVOUC O AamapoTopia

v BT o€ 5-21% twv acBevwv

v' 3xéon BT pE LETEYXELPNTIKEC ONTTTLKEC ETILITAOKEG

BT (+) 45% HETEYXELPNTIKEC AOLUWEELC
BT (-) 19% LETEVXELPNTIKEC AOLUWEELC Bacterial translocation
= < =
v 1610 maBoyovo otoug MLNs kal o€ eotia Aoipuwéng METEYXELPNTLKEG AOLUWEELG
O€E XELPOUPYLKOUC aloOEeVELC

v' Evteplkic mpogeuong aboyova (genomic analysis)

O xelpoupyikoi aocBeveic Sev eival o LOAVIKOG TANOUGHOG yLa TN HEAETN TNG
ox€ong tou BT pe tnv avantuén «onYPng eVTEPLKAC TPOEAELONG» KL

M.O.D.S. mou avantUCooETaL OE MOAUTPOLUOTLEC KOl BAPEWG TTALGXOVTEG
aoBeveic oe MEO

Gut 1998;42:29e35, Gastroenterology 1994;107:643e9, Br J Surg 2000;87:439e42
Gut 1999;45:223e8, Br J Surg 2006;93:87e93, Clin Nutr 2007;26:208e15



The “gut-origin sepsis” hypothesis: clinical data (ll)

Boapéwc naocyovtec acOeveic (Ttpavuo) UeE TOAUOPYAVIKA QVETTAPKELO: AUEON EKTIUNON
Tou BT

v' KAaoowkr) pehétn twv Moore et al (1991) pe dueon ektipnon tou BT

v’ MNpoortik HeEAETN: 20 coBapd TPAUHATIOMEVOL ACOEVEIC = eTElyovoa AQTTAPOTOLLLOL
v' 60% Twv acBsvwv oe shock katd TNV MPooéAevon

v' KaBetnplaopoc nulaioc = osiplakéc AUELS alpatoc yia 5 nUEPEC

BACTERIAL TRANSLOCATION EKBAZH

v' 2% twv K/wv rtvlatlog (+) 30% Twv acBsvwv

¥

TIOAUOPYQVLKH OVETIAPKEL

v' 0% svdotofvatpia uAaio/cuoTnUATIKA

J Trauma 1991;31(5):629-36, The Surgeon 2012;10:350-6



The “gut-origin sepsis” hypothesis: clinical data (lll)

Mepottépw UEAETEC UE BAPEWC MAOYOVTEC AOIEVEIC UE TTOAUOPYOVIKN OIVETTOPKELX:

v" AbokoAn n dpeon ektipnon tou BT (Aqyn MLNSs)
v' MEAETEC KUPLWE TNC EMAPKELAC TOU EVTEPLKOU Ppaypov
v' ME£Tpnon evtepLkAC SLAmEPATOTNTAC KAl OUOTNHUATIKAC PAEYHOVWSOUC amAvtnong

ENTEPIKH AIAMNEPATOTHTA EMINAOKEZ
2E BAPEQZS NAZXONTEZ (MEQ)
> ARDS
v’ Auénuévn og peydAo mocooto ) » Inyn

BeAtiwon evtepikrig MpoAnyn
(evtepikn oition)



AvaBswpnon tn¢ maboyevelac tne “gut-origin sepsis”: Nea
untoBeon

not supported by

clinical data
First Hypothesis Bacterial Portal
- SN i  venous - - _
-~ translocation ~ o
7 blood ~.
/ \\
— = 'L ......................................................... .‘; __________

e SIRS.

. M.O.D.S.
Dysfunction [

\
\ Gut-derived _ Lymphatic /

factors route

Second Hypothesis

For check..



Neotepec anoPeLc: o pOAOC TNC LECEVTEPLIKNC AEUDOU

J MBavn e€nynon tng peAétng tou Moore (amouoia pikpoBiwv — evdototivng
otnVv vAaia) — evalAaktikr) 060¢ translocation “intestinal lymphatics”

J O mveLpovog glvol TO MPWTO OPYOVO KAl TO TILO SUXVA MPOTPAANOUEVO OpYyOvVO
niou SuoAettoupyet oto Bapld moAvtpavpatia (ARDS)

J O mvevpovog elval To MPWTO OPYAVO TIOU EKTELBETAL OTN HEOEVTEPLKN AEUPO
(Aépdoc peoevteplov 2 BwPOKLKOC TTOPOGC—> ap. UTOKAEOLL PAEPa = Sella
Kapdilo = MVEUOVLIKN KukAodopia)

N

Alatunwan véac unodeonc
H ondn evteplkAc MPoEAEUONC KAl N CUVAKOAOUON TTOAUOPYAVLKH OVETIAPKELN
pneooAaBouvtal amno evieplkng MPOoeAEVOEWC TIPOPAEYUOVWOELC TIOPAYOVTEG TIOU
pnetadEpovral Pe TN PHecEVTEPLK AEpdO




Nepapatikog EAeyxoc tne Bewploag TnNC HECEVTEPLIKNC AEpudOoU

Nepapatikd povrédo tpavpatoc/apoppayikov shock:

v H amoAlvworn Tou anaywyou LECEVTEPLOU AspdayyEiov TPOOTATEVOE Ta
nelpopatolwa amno tnv avamntuén npwipng BAAPNGS twv nveupovwy (ARDS) kot MODS

v 3€ KUTTOPOKAANLEPYELEC N peoevTepLk Aéudoc amod nmepapatolo mouv iyov UooTel
Tpavpa/atpoppaytkdo shock mpokaAet:
= BAAPn evboBnAlokwyv KUTTAPWVY
= Evepyormnoinon ovdetepodilwv
= BAAPN HUOKOPSLOKWY KUTTAPWY
=  AvocAeltoupyia epuBpwv atpoodalpiwv

V' Ta Selypata Aépdou twv netpopatolwwyv Sev mepleiyav evbotofivn f Baktripla

v To aipo ¢ muAaiag anod to 6Lo MEPAPATIKO HOVTENO Sev elxe BAATTIKEC ETUSPAOELC

Magnotti LJ, Ann Surg 1998,228:518-527
Upperman Shock 1998;10:407-414



The “mesenteric lymph” hypothesis of sepsis/MODS

SPLANCHNIC HYPOPERFUSION

GUT ISCHEMIA-REPERFUSION
INJURY

N\

LOSS OF GUT GUT INFLAMMATORY
BARRIER FUNCTION RESPONSE

T
GUT-DERIVED INFLAMMATORY FACTORS
CARRIED IN MESENTERIC LYMPH

SIRS, ARDS, MODS

New evidence on mesenteric lymph

= Does not contain bacteria/endotoxin
» Effect non-cytokine-mediated

=  Contains DAMPS

= Action through TLR4

Deitch EA, Surgery 2002;131:241



ZUYXPOVEC TtLBOYEVETIKES Ao LS yia Tn «oPn EVIEPLKAC
POEAEVONCY: 0 POAOC TNC HkpoBLakng aAAoBeanc (1)

Integrated models of gut-origin sepsis

Gut Injury
Bacterial Translocation Gut derived non-bacterial
Endotoxin Tranelecation Pro-inflammatory tissue injurious
Factors
l \ l anouvoia
Portal Blood Lymphatics; : . = KAWILKNG
+ MLNs Mesenteric Lymphatics ET[LBEBOLinr]q
Systemic Infection Systemic Inflammatory State
(Surgical patients) ARDS/MODS - ICU patients |

Bacterial translocation # gut derived sepsis

Deitch EA, Surgeon 2012;10:350-6, Deitch EA, Surgery 2002;131:241-4



ZUYXPOVEC ABOYEVETLKEC ATOYELC YLa TN «onNPn EVIEPLKNC
POEAEVONCY: 0 POAOC TNC HkpoBrakng aAAoBeanc (1)

BapEwg maoxwv
oe MEO

.

Enidpaon o€ €vtepo
* AlotopaxEg pikpokukAodopiag
loyaupio/emavalpdtwon
O&eldbwTLKO stress
Amnoucia tpodkwv epeblopdTwy

v

BAaBn svtepkou ppayuov DAEVLOVLSNC OTTAVTNG
MODS » ¢ AMOTTWON EVTIEPOKUTIAPWYV [ s e nen
- . GALT
) * Awrapoyn Tight Junctions

A

A 4

AU&non SlamepatotnTog

| Bacterial Translocation
(YroBAevvoyévio oto)

2°¢ pavAog
KUKAOG

A 4

‘Evtepo =2 npodAeypovwdeg 6pyavo

SIRS

A

DAMPs o€ pecevtepikni Aédo

A 4

DAMPs Mvevpovag
JUOoTNMOTLKA KUKAOdopla ARDS

A




2UUTEPACHOTOL

v

v

v

H M.A. &gv elvat €va «0Aov 1 oudEvy» GalVOUEVO
M.A. oupPaivel og 5-10% vylwv avBpwniwv (“innocent bystander”)

MoBoduoLoAOYLKOC pOAOC: OVTLYOVLKOC EPEBLOMOC Kat dnuLloupyia
OVOOOIKOVWYV KUTTAPWV

H avénuevn evtepikn dtamepatotnta Kot N M.A. EVEXETAL OTLC ONTTTLKEC
ETUITAOKEC KOLL OTNV TIOAUOPYOVLKN AVETIAPKELD BAPEWC TTACXOVTWY 0LloOEVWV
otn MEO

To €vtepo wWC «TIPOPAEYUOVWOEC OpYaVO» KOl N K LECEVTEPLKA AEUDOCH WG
uetadopeac DAMPs dradpapatilel Kevtplko maBodpuoLoAoyLKO POAO OTOUC
aoBeveic autouc (KAvikn emPBefaiwon?)



MuwkpoBrakn aAAoBeon
o€ UKPORBLAaKEC AOLUWEELC
(onyn exktoc MEO)




The level of endotoxemia in sepsis varies in relation to the underlying
infection: Impact on final outcome

loannis Kritselis® 1, Vassiliki Tzanetakou®:!, Georgios Adamis<!, George Anthopoulosd1,

Eleni Antoniadou®!, Magdalini Bristianou®™!, Anastasia Kotanidou®!, Michail Lignos ™1,

Kostantinos Polyzos™!, Theodoros Retsas’!, Panagiota Sassopoulou®!,
Andrianna L. Papaioannou®!, Dimitrios Sinapidis®!, Kalliopi Sereti™!1,
Vasileios Vittoros™!, Panagiotis Ghanas®!, Charalambos Gogos®!,
Immunology Letters 152 (2013) 167-172

Evangelos . Giamarellos-BourboulisP-*1

UNCOMPLICATED SEPSIS SEVERE SEPSIS/SHOCK
6 6

E E
5 =5
a w c,d
24 2-
a,b a,b
ab 54 1
-+
) B2 - .
; o Ao ‘
uTI 1Al e

MuwkpoBlakn aAAoBeon (evdotofivaipia) os acBeveic pe CAP, SnAadn pe gram (+) Aoipwén,
e BePALWVEL TV «EVTEPLKA POEAEVGN» TG EVOoTOEivnG 6TO ONMTIKO acOevh (=
ducAetoupyia evt. ppaypou)




2e evdokolAlakn Aolpwén n dLaocmaon ToU EVIEPLKOU
bpaypov sival peyaAutepn? =2 vdnAotepn BT?

12+ P<0.05
NS
10— P<0.001
=3 — —
s
S g
oo
=
=
E 5
O
=
(@]
e v
-
Control Abdominal Extraabdominal
(n=12) Sepsis Sepsis
(n=34) (n=41)

Assimakopoulos, et al. Am J Med Sci 2020,;359(2):100-107



MW EKTLHATOL N AKEPALOTNTA TOU EVTEPLKOU ppayHoU?

Methods to assess intestinal permeability.

Methods

Assay

Advantage and disadvantage

References

Morphology analysis

H&E staining of intestinal sections

Assessing intestinal tight junctions

(electron microscopy, gene and protein

expression)

Histology is easy to perform and to interpret

No functional analysis
No functional analysis

Szabo et al. (1985)

Hartmann et al. (2012); Chen
et al. (2014)

Functional analysis

Methods to assess flow
from lumen to blood

Methods to assess flow
from blood to lumen

Enteral administration of non-digestible

markers such as sugars, radioisotopes
(e.g. >'Cr-EDTA) and polyethylene
glycols (PEG)

Creating isolated intestinal loops and
injection of labeled bacterial products,
markers or live bacteria

Fecal albumin measurement

In vivo perfusion system

Performed under in vivo conditions, but
affected by factors such as gastrointestinal

motility, mucosal blood flow and the

distribution of the markers in the body

Inert markers are being used

Serves with modifications a wide variety of
purposes and are independent from intestinal

motility

Able to determine the site of increased leakiness

Surgery required

Non-invasive, does not require any
manipulation of the animal,

Requires normal blood albumin levels

Can be used to test the effects of drugs on

intestinal permeability
Surgery required

Sun et al. (1998); Bjarnason et al.
(1984a); Bjarnason et al. (1984b);
Peeters et al. (1994)

Chen et al. (2014 ); Hartmann
et al. (2012); Hartmann et al.
(2013)

Hartmann et al. (2013)

Clayburgh et al. (2006);
Marchiando et al. (2010b)

Microbiology tests

Measurement of translocated microbial
PAMPs

Culturing translocated live bacteria

Direct assessment of gut-derived and

translocated PAMPs in extraintestinal space
Levels are dependent on the immune system

Direct assessment of gut-derived and
translocated bacteria

Numbers are dependent on the immune system
Not able to detect non-culturable translocated

bacteria

Hartmann et al. (2012); Chen

et al. (2014); Chen et al. (2015);
Cuenca et al. (2014)

Fouts et al. (2012)




NMwc YUropetl va eKTLUNOEL 1N EMEUBATIKA N
QKEPOALLOTNTA TOVU EVT. GPAYHOU OTO ONMTLKO aocBevn?

Test Measured in Indicative for Tissue specificity

I-FABP Blood or urine Intestinal epithelial integrity Yes (predominantly proximal small gut)
Single sample

L-BABP Blood or urine Intestinal epithelial integrity Yes (predominantly ileum)
Single sample

L-FABP Blood or urine Intestinal epithelial integrity No
Single sample

GST-a Blood Intestinal epithelial integrity No
Single sample

Claudin 3 Urine Paracellular integrity No
Single sample

Dual Sugar Test Urine Functional intestinal barrier function Yes
5 h collection

PEG Urine Functional intestinal barrier function Yes
6 h collection

*Cr-EDTA Urine Functional intestinal barrier function Yes
24 h collection

LAL-assay Blood Intestinal barrier function N/A
Single sample

EndoCAD Blood Intestinal barrier function N/A
Single sample

D-Lactate Blood Intestinal barrier function Yes

Single sample

World J Gastrointest Surg 2010 March 27; 2(3): 61-69



NopAUETPOL TNC AKEPALOTNTOC TOU EVIEPLKOU €TLONALOU
LETPOUEVEC oTOV 0pO (BLodeikTec)

» Evtepkn mpwteivn mov deopevel ta Atnopda oé€a (I-FABP):
»  KUTTOPOTIAQCUOTLKN TIPWTEVN TwV EMONALOKWY KUTTAPWV

» avénon twv emuMedwv TNC OTO 0PO OVIAVOKAA TNV KATOOTPpodr TwV EMONALAKWY
KUTTAPWV SEIKTNC TNC AKEPALOTNTAC TWV EMLONALAKWY KUTTAPWY TOU EVTEPOU

» ZovouAivn (zonulin):

ouvVOEDN TWV MPWTEIVWV TWV ATIOPPAKTIKWY EVWOEWV LE TOV KUTTOUPOOKEAETO

pLOULON TTAPAKUTTAPLOG SLATIEPATOTNTOG

avénueva emntimeda otov opo oxetidovral pe SuoAeLtoupyia Tou evtepikol ppayuou
OelkTNG TNG aKEPALOTNTAC TWV OSLAKUTTOPLKWY OCUVOECEWV HETOELY TwV emOnALaKkwv
KUTTAPWV TOU EVIEPOU

> D-lactate:

> TIOPAYETAL ATIO TNV EVIEPLKA HLKPOXAwpLda evw o avBpwrog dev SLabEtel Ta avaykaio
eVIULLKA cUOTAMATO YL TO YPAYOPO UETABOALOUO TOU

» auénuéva emnineda tou D(-)-lactate otov opo amoteAetl deiktn dtaduyng PakTnplakwy
TPOLOVTWV oTNV KUKAodopia

» Oelktng ¢ SuoAetoupylog Tou PAevvoyoviou evieptkoU ¢ppaypou)

YV VYV



The Prognostic Value of Endotoxemia
and Intestinal Barrier Biomarker ZO-1

a y i Bact i Sepsi
/ IN Bacteremic SepsIS ., ved sci 2020;359(2):100-107

Stelios F. Assimakopoulos, MD, PhD', Karolina Akinosoglou, MD, PhD’,
Anne-Lise de Lastic, MD, PhD?, Aikaterini Skintzi, MSc’,
Athanasia Mouzaki, MD, PhD? and Charalambos A. Gogos, MD, PhD'

I\

= Seventy-five patients with bacteremic sepsis of abdominal origin (n = 34) or
non-abdominal origin (n = 41) and 12 healthy controls

= Blood samples upon sepsis diagnosis analyzed for serum ZO-1, I-FABP and
endotoxin

= Prognostic scores SOFA, gSOFA and APACHE-Il were determined over the
first 24 hours after sepsis diagnosis

= Qutcome in terms of 28-day mortality was recorded.



A&loAoynaon BlodelkTwv EMAPKELAC TOV EVT. dpayuUou
O€ ONIMTLKOUC AoBeVELC

Z0-1 (ng/mL)

3.5 P<0.001 3000 P<0.05
P<0.01
3,04 NS 2500 o)
P<0.001
P<0.001

%) 2000 T

iy
2,04 E

?‘0 1500 —|'

o
1,57 —

&

1000
500+
51 J-
0 0
T T T T T T
Control Abdominal Extraabdominal Control Abdominal Extraabdominal
(n=12) Sepsis Sepsis (n=12) Sepsis Sepsis
(n=34) (n=41) (n=34) (n=41)

» Ta enineda I-FABP emnpealovtal oo tnv eVOOKOWALOKA EVTOTILON TNC
Aolpwénc (oxL katdAAnAoc deiktnc)

» Ta enineda Z0-1 avédvovtal oTouc onmTikouc aoBeveic avetdaptnta amno
TNV evéoKoLALaKN evtomion tn¢ Aolpwéng



MNpoyvwoTtikn aéla BlodelkTtwy EMAPKELAC TOVU EVT HpaAyYLOU
ROC Curve: Endotoxin
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MuwkpoBrakn aAAoBeon
otnVv «woyevn cnyn»
To napadeypa tnc COVID-19




Severe COVID-19 and hyperinflammation

Neurological disorders

Hyperinflammation

Cardiac dysfunction
Hypercoagulability
Acute kidney injury

IR \ultisystem inflammatory

syndrome in children (MIS-C)



Clinical Infectious Diseasos -
Y

Alterations of the Gut Microbiota in Patients With
Coronavirus Disease 2019 or HIN1 Influenza

Silan Gu,'* Yanfei Chen,'* Zhengjie Wa,"? Yunbo Chen,"* Hainv Gao,’ Longxian Lv,' Feifei Guo,” Xwewu Zhang,® Rui Luo,' Chenjie Huang,' Haifeng Lu,’
Baeiwen Zheng,' Jiaying Zhang,' Ren Yan,' Hua Zhang,' Huiyong Jiang,” Qisomai Xu,' Jing Guo,” Yiwen Gong,' Lingling Tang,™ and Lanjuan Li'*

» In this cross-sectional study in a Chinese
population
» 30 COVID-19 patients,
» 24 influenza A (H1N1) patients
» 30 matched healthy controls (HC)

» specific signatures of the fecal microbiota

» high-throughput 16S rRNA gene sequencing



Changes in fecal microbial diversity

a. a-diversity How many different species

A B

Shannon index Chao index
4l u: | 500 -
1'['- .. : 400{ | -
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Changes in fecal microbial taxonomy

b. Venn diagram showing the overlap of open taxonomic units

C Venn
® HC
® H1N1
o CoviID-19
H1N1 HC

COVID-19




Changes in fecal microbial composition

c. B-diversity How different is the microbial composition (Main focus is
on the difference in taxonomic abundance)

PCoA

¢+
0.2- A ¢ ¢ HINI HC
¢ ¢4

o
=]
*

PC2(7.5%)
-]
N

COVID-19 ®

0.44 o HC

¢ H1N1 R=0.3634, P=0.001
COVID-19

0.4 0.2 0.0 0.2
PC1(14.7%)
» The Bray—Curtis dissimilarity is bounded between 0 and 1, where O means the two

sites have the same composition (that is they share all the species), and 1 means
the two sites do not share any species



Sensitivity

Microbiota changes are predictive of the type of

infection
Prediction of 5 biomarkers in the Prediction of 7 biomarkers in the
microbiome of COVID-19 patients and microbiome of COVID-19 and H1IN1
healthy controls patients
ROC analysis on Genus level ROC analysis on Genus level
1 ' |
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Intestinal dysbiosis and systemic complications in COVID-19

> Dy‘sgivosis
SARS-Cov-2 infection > Gut barrier dysfunction

-

(
Endotoxemia
S.I.R.S: IL-1, IL-6, TNF-a, INF-y, PAMPs translocation
oxidative stress Bacterial translocation
\_

Neurological disorders

Hyperinflammation

Cardiac dysfunction

Hypercoagulability

Acute kidney injury

—
P A
/ 4

BN |\ultisystem inflammatory
| syndrome in children (MIS-C)
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2TpaTNYKEC IpoAndnc kat Bepareiag

Alwatripnon Amnooteipwon Evioxuon AvocoloyLkn
Ouolootaciag Tng Memtikol amo Evtepkol dppaypou napeppaon
Evteplkng xYAwpidoag LULKPOBLa e
SUVAULKO
aAANOBeong
* [poPLotika * Mn * ‘Eykaipn *  Baktnploktovog/auvéavouoa
* [peflotika anoppodnaolua QLMOSUVALLKN ™ SlamepatdtnTa npwteivn
s Juvplotka avtiBLloTka avavnyn (Bactericidal/permeability
(SDD) * [lpwiun evtepLKN increasing protein)
oltion
* Avooodiatpodn *  aVTLOEELOWTEG
*  yAouTtapivn,
*  Apyuwivn
*  0-3A\utapa
* 0glnRvio
Xelpoupytkol Bapewg maoyovieg aoBeveic MEO Yno afloAdynon
aoBeveic MpwLun evtepLkn oltion og peilova
XELPOUpPYEia

TIEPLEYXELPNTLKA



Tpomormnoinon UKPORLWHATOC WE BEPATIEVTIKOC XELPLOUOG OE
onyn
Shock. 2020 Jun 2. doi: 10.1097/SHK.0000000000001566. Online ahead of print.

Fecal Microbiota Transplantation and Hydrocortisone
Ameliorate Intestinal Barrier Dysfunction and
Improve Survival in a Rat Model of Cecal Ligation and
Puncture-Induced Sepsis

Stelios F. Assimakopoulos, lliana Papadopoulou, Dimitra Bantouna,

Anne-Lise de Lastic, Maria Rodi, Athanasia Mouzaki, Charalambos

Gogos, Vassiliki Zolota, loannis Maroulis
Survival Functions
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