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Probiotics

e Probiotics have mainly
transient effects —
“tourists”

e Anti-infective Immuno-
modulatory effects

e QOut-compete pathogens
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.\ Probiotics V Residen
) Microbiota

Resident microbiota

e Anti-infective/Immuno-
modulatory effects

e Key long term role in digestion

e Production of essential
nutrients

e Production of bioactive
substances




Probiotic IBS
Treatment Study ' AP_C

easy-to-swallow capsule that you take just once a day, every day to help e edene
even out the ups and downs of common digestive upsets such as
constipation, diarrhea, abdominal discomfort, urgency, gas, and bloating.

syndrome
O placebo
@ actobacillus
O O  Bifidobacterium
O
O o o
%5 @ O
O * O* O 0, *o O O
* * X * P<0.05
& @
Treatment period
Align containing Bifantis™ is a daily
probiotic supplement that helps build ——

and maintain a healthy, balanced 3 4 5 6 7 8 9 10 11 12weeks
digestive system when taken daily. T Mahoney et al, Gastro 2006
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Gl l@ met Community strata are separated by microbiota

232 subjects

doi:10.1038/naturel11319

ARTICLE

Gut microbiota composition correlates
with diet and health in the elderly

Marcus J. Claesson?*, Ian B. Jefferx1 % Susana Conde®, Susan E. Power!, E1bhh§ M. O Connor , Siobhan Cusack’, .
Hugh M. B. Harris' \Ialread Coaklex ma aneswari Lakt;hmmarax anan® , Orla O’Sulliv an* Gerald F. F1tzgeralc1l ?

Jennifer Deane’ \hchael o’ Connor’ 6 , Norma Harnedy™°, Kieran O’Connor®’-8 , Denis O’ \Iahonv’ 68 Douwe van Sinderen'*? NGH
Martina \‘.a]lace , Lorraine Brennan’ Catherme Stanton? 4 , Julian R. \Iarchemw Anthony P. F1tzgerald3 - , Fergus Shanahan®
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Figure 4 | Transition in microbiota composition across residence locationis  relative to background. The pie charts show residence location proportions
mirrored by changes in health indices. The PCoA plots show 8 groups of (colour coded as in Fig. 1¢c) and number of subjects per subject group. Curved
subjects defined by unweighted UniFrac microbiota analysis of community arrows indicate transition from health (green) to frailty (red). FIM, functional
subjects (left), the whole cohort (centre), and long-stay subjects (right). The independence measure; MNA, mini nutritional assessment; GDT, geriatric
main circle shows the Wiggum plots corresponding to the 8 groups from depression test; CC, calf circumference; CRP, C-reactive protein; IL,
whole-cohort analysis, in which disc sizes indicate genus over-abundance interleukin; BP, blood pressure; MMSE, mini-mental state examination.
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JOM 0093-1137112/512.00 Journal of Clinical Microbiology  p. 867-875
Clostridium difficile Carriage in Elderly Subjects and Associated
Changes in the Intestinal Microbiota

Mary C. Rea,»® Orla O'Sullivan,® Fergus Shanahan,* Paul W. OToole®? Catherine Stanton,® R. Paul Ross® and Colin Hill>4
Teagast Food Research Centre, Moarepark, Fermay, County Cork, reland®; Alimentary Pharmabiotic Centre, University College, Cork, Ireland® Department of Medicing,
University College, Cork, Irefand; and Department of Microbiokogy, University College, Cor, Irefand®

Asymptomatic carriage of Clostridium difficile in an Irish
continuing care institution for the elderly: prevalence
and characteristics

J. Ryan, C. Murphy, C. Twomey, RP Ross,
MC Rea, J MacSharry B. Sheil, F. Shanahan

The American Journal of GASTROENTEROLOGY VOLUME 104 | MAY 2000 www.amjgastro.com

The Vexed Relationship Between Clostridium Difficile
and Inflammatory Bowel Disease: An Assessment of
Carriage in an Outpatient Setting Among Patients in
Remission

Evelyn M. Clayton, BSc'2, Mary C. Rea, BSc, MSc', Fergus Shanahan, MD, BSc, FRCP (UK), FRCPI, FACP, FRCP(C),
Eamonn M.M. Quigley, MD, FRCP, FACP, FACG?, Barry Kiely, BSc, PhD?, Colin Hill, BSc, PhD? and R. Paul Ross, BSc, PhD'?

Joumal of Medical Microbiokgy (2012), 61, 1280-1294 DOl 101099/ jmm.0.040568-0

Carriage of Clostridium difficile in outpatients with
irritable bowel syndrome

Evelyn M. Clayton,'? Mary C. Rea,'? Fergus Shanahan23
Eamonn M. M. C.‘Luigleg,(,g'3 Barry Kiely,* R. Paul Ross'? and Colin Hill®®

Eldermet study (65years +)
Healthy in community

n=123 1.6%
Out-patients

n =43 9.5%
Short or long stay hospital

n=151 21%

Ribotypes isolated:
027,078, 014,018, 072, 220, 026, 216,
010 308, 050, 002

IBD Study

Ulcerative colitis/Crohns

n=122 8.2%
Controls

n =99 1.0%

Ribotypes isolated
015, 005, 020, 062, 050, 003

IBS Study

IBS outpatients

n =87 2.7%
Controls

n =388 1.1%

Ribotypes isolated

050, 005, 060, 062

Cystic Fibrosis

CF patients

n=27 95%
Ribotypes isolated

001, 014, 002, 039,126.140.078, 010, 046
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% C. difficile strains from the elderly

EM304CD R027 Rehab
EM306CD R027 Rehab
EM011CD R027 Day
EM136CD R014 Long Stay
EM188CD RO18 Long Stay
EM045CD RO72 Day
EM112CD R072 Long Stay
EM113CD RO72 Rehab
EM126CD RO72 Long Stay
EMO069CD RO72 Rehab
EM139CD R072 Long Stay
EM218CD R072 Long Stay
EM255CD RO72 Long Stay
EM140CD RO72 Long Stay
EM148CD R0O72 Rehab
EM243CD RO72 Long Stay
EM124CD RO72 Long Stay
EM156CD R220 Long Stay
EM321CD R026 Rehab
EM324CD R216 Rehab
EM334CD R216 Rehab
EM336CD R216 Community
EM149CD R0O10 Community
EM146CD Unassigned Long Stay
EM186CD Unassigned Long Stay
EM152CD R050 Rehab

| EM012CD R002 Day
EM308CD R078 Rehab




Gut microbiota different with active C. difficile infection

Ruminocococus
9.12% Bacteroides Bacteroides

1869% Fuminococcus M52%,
8.E6E%
_: Bifidokbacterium :
2.58% - .
4 Bifidobacterium

Parabacteroides -
14 87%
Clostridium Parabadteroides
B.11% 8.54%
Clostriclium
8.32%
Eubacterium
i . 10.07%
Faecalibacterium
18.37% Eubacterium
252 Farralihartarinm 715%
ntrol: :
Controls 18 asymptomatic

Enterococcus

//' 187%

Bacteroides
0.28%

Bacteroides
3116%

Closs idium

Parabacteroides 0.52%

B151%
Entercoceus

324%

Farabacteroides
o7 38%

individual subjects with active C. difficile infection at the time of sampling
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Gut bacteria produce an almost limitless set of
biopactives

Understanding these and the bacteria which produce
them is key to understanding probiotic effects

Pharmabiotics: Bioactives from Mining Host—Microbe—
Dietary Interactions

tergus Shananan, MD, Catherime Stanton, Ph), Pawl Ross, PRD Colin HlL PRD



Bacteriophages (bacterial viruses)

* Obligate intracellular parasites

* Minute particles (0.05 x 0.15um)
* Protein and DNA

ADVANTAGES

Activity against drug-resistant
microorganismes.

high specificity.

self-replicating and self-limiting

low cost




C. difficile phages induced.....

C.difficile phiC phiC
isolate 6356 | 6365
: . . DPC6218
Siphoviridae family ¥
. _ DPC6219 + +
phiC6356 phiC6365 oPce220 | + | +
pos DPC6221 . +
DPC6353 +
No plaques on
DPC6355 +
C. spongenes,
DPC6359 + + ; .
C. histolyticum,
DPC6365 + .
C. perfringens,
DPC6366 + + _
Lb. paracasel,
DPC6534 +
B. cereus or
DPC6538 +
S. aureus.
56 + +
Temperate phages, DPC6506 +
phiC6356 and phiC6365, DPC6508 +
induced from clinical DPC6511 +
C. difficile isolated from DPC6512 +
ulcerative colitis patient DPCE515 +
Total 13 10
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Phage therapy APC
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Mining Microbes for Mankind
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BIOMIBIN
ACIDOPHILUS FORTE

B Probiotics in the prevention of
antibiotic-associated diarrhoea
| and Clostridium difficile infection

™ Mary Hickson

Good evidence for AAD

Evidence for CDAD equivocal
Need good clinical studies

May be other strains with better efficacy


http://images.google.ie/imgres?imgurl=http://www.biomed.fi/uploads/images/acidophilus_forte_white.jpg&imgrefurl=http://www.biomed.fi/index.php%3Fpage%3Dproducts&usg=__k2gCyBypCy9P-nqRrI50GLodU74=&h=156&w=237&sz=56&hl=en&start=99&itbs=1&tbnid=oDWspjympXiUTM:&tbnh=72&tbnw=109&prev=/images%3Fq%3Dprobiotic%2Bintestine%26start%3D80%26hl%3Den%26sa%3DN%26gbv%3D2%26ndsp%3D20%26tbs%3Disch:1
http://images.google.ie/imgres?imgurl=http://www.nsc24.com/ProBiotic1.jpg&imgrefurl=http://www.nsc24.com/Probiotic.htm&usg=__KDwSOHepqsWaDDyPAp0AMWZSZMQ=&h=487&w=249&sz=44&hl=en&start=20&itbs=1&tbnid=E8i_wYqDPGMb6M:&tbnh=129&tbnw=66&prev=/images%3Fq%3Dprobiotic%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1

BM

Probiotics and CDAD

RESEARCH

Use of probiotic Lactobacillus preparation to prevent
diarrhoea associated with antibiotics: randomised double

blind placebo controlled trial

Mary Hickson, research dietitian,” Aloysius L D'Souza, research fellow,* Nirmala Muthu, research nurse,”
Thomas R Rogers, professar of clinical microbiclogy and honorary consultant (Hammersmith Hospitals MHS
Trust),* Susan Wart, clinical scientist? Chakravarthi Rajkumar, senior lecturer? Christopher | Bulpitt,

professor of geriatric medicing®

Hickson et al., BMJ 335:80

‘APC’

Alimentary Pharmabiotic Centre
Mining Microbes for Mankind

ACTIMEL DRINKS
STOP SUPERBUG

Cheap yoghurt fights off killer C.Diff

A  YOGHURT drink By EMMA MORTON system, making people more effects

can fight off a killer the patients given dail T wa publ
2 . s given a y

hospital ;aorbug, @ dose of cheap Actimel

v

fhey were exposed to

They he
ol L;losnxdlum Difficile bug
oy D ; then given Actimel or a
he buy. M7 milkshake to drink

tients given

nt on to develop
the chronic diarrhoea that
_m C.Diff  so
" deadly
It also slashed the the
effec

oping other side sands in drug bills
8 Cheap. .. Actimet deink e.morton@the-sun.co.uk

‘Prescribed =
probiotic’ ina
Dublin Hospital



W = Many gut bacteria
WM Droduce Bacteriocins

\

Antimicrobial peptides produced by
one bacterium which can kill other
bacteria

Bacteriocins are heat stable, active
at nanomolar range, producers are
immune to their own bacteriocin

Bacteriocin production is widespread
among bacteria, including gut
bacteria



Lumen

Microbiota

Epithelium

Immune
cells

Bacteriocin production as a probiotic trait?

Colonising Killing Signalling
peptide peptide peptide
%0 . %0 o __\Pathogen %0 o
¢ .. . Bacteriocin * . ..‘ ;"‘,,;'.") : . o. . pacteriocin
. * .. o. Bac:erio.ci\; AS\/ . ..
Vorol, {0 g |y oot 20 Vv B G
90000 000 e

From: Bacteriocin Production as a Probiotic Trait?
Dobson et al, AEM minireview, in Press, 2011



Bacteriocin Corr S. C. et.al. PNAS 2007:104:7617-7621 genes

Placebo




(A~P‘a Thuricin CD Selectively Kills C. difficile

Alimentary Pharmabiotic Centre
Mining Microbes for Mankind

Thuricin CD, a posttranslationally modified
bacteriocin with a narrow spectrum of activity against
Clostridium difficile

Mary C. Rea™™', Jarfsa 5. SH™", Evelyn Qayton™, Paula M. O°Connor™, Randy M. WhittalF, Jling Zheng®,
ohn . Vederas®, . Paul Ress™™2, and Colin HIP-2

B ol nology Denartm ant, Teagacs, Moorenas Food Resea Farmey, leeland; “Allm an Gy Praemah botic Cenvtee, Corl, Inelaind; “Department of
Onemistry, Uniersity of Alberia, Bdmonton, AB, Canada TOG 203, and ol Miorol ooy, Universly Colkige, Toe, Ineland

Bdbed® by Todd R Klasniaerenar, Morth Caenling Staie Un sty Rabsig b, B and appnovsd Mandh 330, 3000 (seoebhesd Tor sewieys Debonm D 1, 2006)

Effect of broad- and narrow-spectrum antimicrobials
on Clostridium difficile and microbial diversity in
a model of the distal colon

(AN  EESENAS

\

L

Mary C Rea®®, Alleson Dobson®®, Oda O Sullivan®, Aona Crisple®®, Aona Fouly®, Paul D. Cotter®®,
Fergus Shanahan®, Bamry Kely®, Colin HIlF*", and R. Paul Ross™®

“Teagasx, Moampark Food Research Centre, Fermay, County Cork, Feland; * Almen ry Fhamabiofc Gentre and Deparmants of “Madicine and
Mook inbogy, Unieersty Coliege Cosk, Cor, leland, and “Alimentany Heallth Lid, Cori, lmeland

Edited bty Todd B Kilesnihaerener, Morth Caroling Stte Univesity, Raleigh, NG and approwed June B 010 jrecebasd Tor nevies Fabsiany 2, 20000

The 3D Structure of Thuricin CD, a Two-Component Bacteriocin

with Cysteine Sulfur to a-Carbon Crosslinks
Clarissa 5. Sit,|” Ryan T. McEay.? Colin Hill.¥! . Paul Ross, "™ and John C. Vederas™

Depariment of Chemisiry and Nafional High Field NWR Centre (NANTC), University of Alberte, Edmonton, 4iberta, Canada
TéG 262, and Department of Wicrobielogy and Alimentary Pharmabiotic Cantre, University Collepe, Cork, Ireland, and Big-

technoiogy Deparimens, Teagase, Moorepark Food Research Centra, Fermay, Freland.
E-pail- johs vederss@malbarta. ca




Thuricin CD

pmh > << p... .iﬁ--: >

Q Thuricin CD; a two
component
bacteriocin

s|LjUo}RR ¥,

‘ 30,000 sporeformers

Q

: Overlaid with Clostridium difficile
Rea et al., unpublished
Rea et al. PNAS 2010 (1)






Thuricin Spectrum
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Thuricin contains unusual post-translational modifications

Thuricin operon

bmp > << ;...- mp > _--' <

BC transporter B Radical SAM proteins Protease

® o] A new class of
"t antimicrobial
. || peptides called

sactibiotics
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Rea et al., unpublished
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Vederas Group

OH Cys 13
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Thr 25 Ser 21

Rea et al. PNAS 2010 (1)









BMJ RESEARCH

Use of probiotic Lactobacillus preparation to prevent
diarrhoea associated with antibiotics: randomised double
blind placebo controlled trial

Mary Hickson, research diettian,” Aloysius LDSouza, research feflow.” Nimala Muthy, research nurse,”
Thomas R Rogers, professor of cinical microbiclogy and honorary consultant (Hammessmith Hospitals NHS

Trust).* Susan Want, cinical sciertist.” Chekravarthi Ragkumar, senior lecturer? Clristopher ) Bulpitt,
professor of geratric medicne”

ACTIMEL DRINKS
STOP SUPERBUG

(heap yoghurt fights off klller ¢ lef

B. factis Bb12 L. casei (Actimel)

Rea et al. PNAS 2010 (2)



Distal Colon Model

20% human faecal slurry

}

108 Clostridium

difficile
|
| V { { 174
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Faecal fermentations
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Rectally in conjunction with C. difficile ribotype 027
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Gut Soutions to a
Gut Problem

Conclusions:
Carriage up to 10 fold higher in elderly and IBD

Gut microbiota radically changed in active
infection

Pharmabiotics: both bacteriocins and
bacteriophage hold promise to selective target
infection

Probiotics is still at an early stage for C. diff
treatment
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Fidaxomicin was shown to have a lesser effect on the microbiome as measured by
gPCR. Vancomycin treated patients showed a 2-4 log reduction in the
Bacteroides/Provetella group which persisted up to 28 days which was absent in
the Fidaxomicin treated group. In addition reappearance of the toxin in the culture
filtrates was apparent in 28% of the vancomycin treated patients compared to 14%
of the Fidaxomicin treated group post treatment and also there was decreased
incidences of reoccurrences of CDAD in the Fidaxomicin treated group.



