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CHRISTMAS 2012° RESEARCH

Using a dog’s superior olfactory sensitivity to identify
Clostridium difficile in stools and patients: proof of
principle study

ERER] OPEN ACCESS

Marije K Bomers consuifant’, Michiel A van Agtmael consulfant’, Hotsche Luik canine irainer and
psychologist”, Merk C van Veen resident”, Christina M J E Vandenbroucke-Grauls professor’, Yvo
M Smulders ,crrr:rresacl.r'

Je suis CIiff, le nouveau
« Pet Scan » ! (Wouaff)

Results The dog's sensitivity and specificity for identifying C difficie in
stool samples were both 100% (95% confidence interval 91% ta 100%:).
During the detection rounds, the dog correctly identified 25 of the 30
cases (sensilivity B3%, 65% to 94%) and 265 of the 270 controls
(specificity 98%, 95% to 99%).

Conclusion A trained dog was able to detect C difficife with high
estimated sensitivity and specificity, both in stool samples and in hospital
patients infected with C difficile.

CHIT has baan raimsd o sniff oul the bacterna clostndmm difficils




Epidemiologie des infections a CDIF

POIDS DES ICD EN EUROPE ET AUX ETATS-UNIS

« Etats-Unis - * Europe

« 453 000 ICD/an? = 124 000 ICD/an

(IC 95% 397 100 — 508 500, HA et CO, HA (1C95% 61 000 — 285 000, HA=CDI = 3, ES
> 4 |, tous ES) court sejour)

= 29 300 déces/an = Mortalité attribuable: 3%
= 1¢ ggent respnnsahle (3 700 décés attrib./an)

d’IAS (12,5%) 2 = 8%mMe ggent responsable
* Menace urgente (CDC) d'IAS (5,4%)°

Uesun ot af, MEIRA 2015; ? Magill er o, NEIR 2014
hitt pefferww eodc europasewen/publications/jpublications fhealthcane - associated -infections-antimicrobial-us e- pps pdf
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INCIDENCE DES ICD

» Lincidence continue d’augmenter en Europe 57
Amelioration des techniques diagnostiques
Sensibilisation croissante des cliniciens
Diffusion du clone NAP1/027/Bl en Europe de I'Est
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EPIDEMIOLOGIE MOLECULAIRE des ICD
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TAUX DE MORTALITE et ICD

« Etude pan-Européenne hospitaliere (2008):*

+ 22% des patients décedent dans les 3 mois suivant I'ICD (toutes causes
confondes)

+ ~2% des patients décédent directement de leur infection
7% des cas : ICD cause contributive

 Etude prospective francaise ?
1316 cas
o 4% décedent dans le mois
» CDI est la cause attributable dans 1%

 Etude cas-témoins Canadienne (épidémie, 2004):?

~7% des patients décédent de leur ICD
 L'ICD a contribué a la mortalité dans 8% des cas

1-Bauer of o, Lantet 2011:377-63-73;
2-Ecken =t al., MBI 2013, 43 67-73
I-Loa WV, &t ol, N Engl ] Med 2011, 365, 1693-703




I’ICD AUGMENTE LE RISQUE DE MORTALITE
Données francaises

Haplan Makar survival curves of patients and matched controls

B5% confidence nieral

aHR 1.58 (Cly.,.=[1.27;1.97]).

Murnbar &1 ik

Base EGB (Echantillon Generaliste
de Béneficiaires)

482 patients avec ICD

964 témoins sans ICD appariés sur
age, sexe, comorbidités et durée de
sejour

Analyse de survie de Kaplan Meier
Modele de régression multivariee
de Cox est utilisé pour comparer le

risque de deces apres ajustement
sur score de propension

Barbut F., | Hosp Infect. 2017 Jul 13




MORTALITE ET RECIDIVE d’ICD

Etude rétrospective de cohorte
dans un ES US, 2003-2009

Donnés recueillies d'apres le

PMSI et la consultation des |
dossiers médicaux | I
Analyse de Kaplan Meier E

comparant la mortalité 8J180  ©° P<0,001
selon la présence ou non de

récidives

Modeles de Cox pour identifier

les facteurs de risque associés

au déces (HR=1,33, 95% ClI

1.12- 1_53} [p=D.ﬂDl] 3958 patients, 421 avec recidives

Olsen MA, ChI 2015, 21, 164-180



Présentations cliniques des
infections a CDIF

Tableau |. Facteurs de risque pour le développement
d'infections & Clostridium difficile

(Adapeé de réf).

* Uilisation d antibiotques {surtout céphalosporines de troiséme phné-
ration, flusroquinolones)

Age == ol ans
Hospitalisaton dans les 60 jours précédents et longue durée d'hospi-

ealisation

Utilisation d antacides (inhibitewrs de la pompe 4 protons et antihisea-
rrinigues H2)

Urilisation d antdiarrhéigues

Mutrition envérale

Chirurgie viscérale récente

Chimiothérapie

* Transplantation de cellules souches hémaropoiétiques

Zanella et al. Revue Médicale Suisse — octobre 2013



Tableau 2. Formes cliniques des infections a Clostridium difficile

Symptémes et signes clinlques Examens complémentaires
Dilarrhées & C. difficile Diarrhées, douleurs abdominales, + drar fobrile Coloseopie: sans particularicg

Colite & C. difficile Diarrhées, douleurs abdominsles, éar fébrile Syndrome inflammatoire, coloscople: sions &rythémateuses
éparses ou diffuses sans preudomembrane
Colite pseuvdomembramneuse Diarrhées, douleurs abdominales, éar fébrile Syndrome inflammatoire, coloscople: pseudamembranes

(plaques jaundtres 2-20 mm £ confluentes)

Colite fulminante Diarrhées profuses ou iléus, douleurs abdominales, | Syndrome inflammatoire (parfois leueocytose == 40 G,
étar febrile, * clinique de choc + hyperfactatémie, sipmoidoscopie: pseudomembranes,

CT abdominal: mégacdlon, * perforaton colique

Zanella et al. Revue Médicale Suisse — octobre 2013
Bagder et al. J Parenter Enteral Nutr 2012;36



Tableau 3. Définition de la sévérité des infections
>-80 em a Clostridium

(Adapré de réf' 7).
ICD: infection & Clostridium difffcle.

Critkres de sévérité selon les experts américains

ICD non sévire | Leueacyrose =< |5 G et crdatiningmie
= |,5x% valeur de base

LS ICD sédwibpe Leucocyrose == |5 G/ ou erdatiningniie

Q = 5% valeur de base

: ICD sdvbire Hyporension ow
compliqués ket ol

ilus ou

mdgaedlon

de sévérité selon les experts européens

Age =65 ang ou

eomarbidivts sdvdres ou

PACMENL LXK £ O itendife o

i e d e e

au

riteres Uivants:

Prétence da == | de
Etar fébrile =385

Frizaons

BE g
L

Inzrabilivd hémodynamique [y compris choe septigue)
Sipnes de périvonioe
Sispres r_1'||l'-u='
Leucacyrose == |5 G
[:r-i':.'![ir'ul"rurnll" = |.5% valewr de base
Hyperlacmardmie
Calite psevdomembraneuze (endoicopbe)
Ciizrenzion colique (CT-scan)
Epaississement de la parod colique (CT-scan) Zanella et al. Revue Médicale Suisse — octobre 2013
Densité de la graisse péricalique (CT-scan) Cohen et al. Infect Control Hosp Epidemiol 2010;31
Ascite sans autre cause




Prise en charge diagnostique des
infections a CDIF

(linical Microbiology and Infection 22 (2016) S63 581

Contents lists available at ScienceDirect C M I

Clinical Microbiology and Infection oMo
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journal hoamepage: www.clinicalmicrobiologyandinfection.com BEESCMID 22

European Society of Clinical Microbiology and Infectious Diseases:
update of the diagnostic guidance document for Clostridium
difficile infection

M.J.T. Crobach ', T. Planche “, C. Eckert °, F. Barbut °, EM. Terveer ', O.M. Dekkers *°,
M.H. Wilcox °, E.J. Kuijper °

) Department of Medical Microbiology, Centre for Infectious Diseases, Leiden University Medical Center, Leiden, The Netherlands
£ Departments of (linical Epidemiology and Internal Medicine, Leiden University Medical Center, Leiden, The Netherlands

¥ Department of Clinical Epidemiology, Aarhus University, Aarhus, Denmark

M Department of Medical Microbiology, 5t. George's Hospital, London, UK

=) National Reference Laboratory for Clostridium difficile, Paris, France

% Department of Microbiology, Leeds Teaching Hospitals & University of Leeds, Leeds, UK




M.LT, Crobach et al / Clinical Microbiology and Infection 22 (2016) 563 581

(@)

Step 1:
Highly sensitive test: NAAT or GDH EIA
7 ~
Step 2: Mo further testing required:
Highly specific test: CDI is unlikely to be
Toxin A/B EIA present

(b)

1

¢ Positive test result_:;j "i';.iegati\re test resull_::;

CDI is likely to Clinical Step 3 (optional):
be present evaluation: CDI |- Perform TC or NAAT (in
or carriage of case first test was a GDH
(toxigenic) C. ElA)
difficile is
possible

Fig. 3. Recommended algorithms for CDI testing. (a) GDH or MAAT—Tox A/B algorithm. (b) GDH and Tox AJ/BE—MNAAT|TC algorithm. CDI, Clostridium difficile infection; GDH, glutamaie

Step 1:
Highly sensitive test: GDH and Tox A/B
ElA
- / 1 N
,f e GDH positive, Tmc I,-"' " =,
Enth negatl\'ﬂ @“E \wn\ﬁ‘i”)
Mo further testlng ; i Mo further testing
required: CDI is Steh;::jq?g:rggaﬂ. required: CDI is likely to
unlikely to be present be present
l:'.-_r:.legatitre ezt resq]ll-. ' -#Pnsilil.re test resuli:}
— -
L
CDl is unlikely Clinical

evaluation: CDI
or carriage of
(toxigenic) C.
difficile is
possible

to be present

dehydrogenase; NAAT, nucleic acid amplification test; TC, toxXigenic culture; Tox A/B, toxin AJB; EIA, enzyme immunoassay.




Prise en charge théerapeutiqgue des
infections a CDIF
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Clinical Infectious Diseases

Clinical Practice Guidelines for Clostridium difficile

Infection in Adults and Children: 2017 Update by the

Infectious Diseases Society of America (IDSA) and Society

for Healthcare Epidemiology of America (SHEA) o ] ] _
st ot st s oo’ (Glinical Microbiology and Infection
"Canters for Desearse Control and Prevantion, &lanta, Gearge; Edward Hines Jr Viterans Administration Hospital, Hines, and “Loyola Uriversity Medscal Cenler, Maywood, llinais,

Hespital, Duluth, Minnesota; " Johins Hopitires Urnvessily School of Medicine, Baltimose, Manyland; Childron's Hoespital of Philadalphia, Pannsylvane; "\'I'i;sllirl_'ﬁm Univensily Schoo
S Loases, Messourt; "University of Houston College of Pharmacy, Texas; Teth krasl Deatoress Medical Ceniter, Havard Medical School, Boston, Massathusetts; "MoGill University "J[] LUME 2D SUPPLEMEMT 2 MAH [:H 201 4
r L)

Meill Univesitg, Montral, Duabor, Carada; " Beston Ohildran's Hospital, Meassachusatts and “Leeds Toaching Hospetals NHS Trust, Usited Kingdom
ORIGINAL ARTICLE

European Society of Clinical Microbiology and Infectious Diseases: update
of the treatment guidance document for Clostridium difficile infection

S. B. Debast', M. P. Bauer’, E. ). Kuijper’, on behalf of the Committee*
I) Department of Medical Microbiology, Radboud University Medical Center, Mijmegen, Departments of 2) Infectious Diseases and 3) Medical Microbiology,
Centre for Infectious Diseases, Leiden University Medical Centre, Leiden, the Netherlands



Clinical Microbiology and Infection

VOLUME 20, SUPPLEMENT 2, MARCH 2014

ORIGINAL ARTICLE

European Society of Clinical Microbiology and Infectious Diseases: update
of the treatment guidance document for Clostridium difficile infection

S. B. Debast', M. P. Bauer’, E. |. Kuijper’, on behalf of the Committee*

I) Department of Medical Microbiology, Radboud University Medical Center, Nijmegen, Departrents of 2) Infectious Diseases and 3) Medical Microbiology,
Centre for Infectious Diseases, Leiden University Medical Centre, Leiden, the Netherands

A: Initial Clostridium difficile Infection: non-severe Disease

Non-antibiotic treatment

® In non-epidemic situations and with (non-severe) CDI clearly induced by the use of antibiotics, it
may be acceptable to stop the inducing antibiotic and observe the clinical response for 48 h, but

patients must be followed very closely for any signs of clinical deterioration and placed on therapy
immediately if this occurs. (C-I).

Oral antibiotic treatment

® Metronidazole orally 500 mg three times daily for 10 days (A-l)
¢ VVancomycin orally 125 mg four times daily for 10 days (B-I)

® Fidaxomicin orally 200 mg twice daily for 10 days (B-l)




B: Severe Clostridium difficile Infection

Oral antibiotic treatment

® Vancomycin orally 125 mg four times daily for 10 days (A-I)
o Fidaxomicin orally 200 mg twice daily for 10 days (B-l)

Motes:

® |t can be considered to increase the vancomycin dosage to 500 mg four times daily for
10 days (B-1lI)

e There is no evidence that supports the use of fidaxomicin in life-threatening CDI (D-1Il)

The use of oral metronidazole in severe CDI or life-threatening disease is strongly discouraged (D-)

Surgical treatment

Total abdominal colectomy with ileostomy should be performed in case of:

¢ Perforation of the colon

* Systemic inflammation and deteriorating clinical condition not responding to antibiotic

therapy; including toxic megacolon, an acute abdomen and severe ileus.

Surgical treatment should preferably be performed before colitis becomes very severe. Serum lactate
may, inter alia, serve as a marker for severity (operate before lactate exceeds 5.0 mM).

A future alternative to colectomy may be diverting loop ileostomy and colonic lavage, combined with
antibiotic treatment (intracolonic antegrade vancomycin and intravenous metronidazole).




C: First Recurrence or (Risk of) recurrent Clostridium difficile
Infection

Oral antibiotic treatment

¢ Fidaxomicin orally 200 mg twice daily for 10 days (B-)
e Vancomycin orally 125 mg four times daily for 10 days (B-l)
* Metronidazole orally 500 mg three times daily for 10 days (C-l)

Note: Fidaxomicin was not associated with fewer recurrences in CDI due to PCR ribotype 027 as
opposed to non-027 ribotypes.

D: Multiple recurrent Clostridium difficile Infection

Oral antibiotic treatment

® Fidaxomicin orally 200 mg twice daily for 10 days (B-lI)
e Vancomycin orally 125 mg four times daily for 10 days followed by pulse strategy (B-11)
e or

® Vancomycin orally 125 mg four times daily for 10 days followed by taper strategy (B-I1)

Non-antibiotic treatment in combination with oral antibiotic treatment

For multiple recurrent CDI unresponsive to repeated antibiotic treatment, faecal transplantation in
combination with oral antibiotic treatment is strongly recommended (A-l).




E: Treatment of Clostridium difficile Infection when oral
Administration is not possible

Antibiotic treatment

Non-severe CDI: intravenous metronidazole 500 mg three times daily for 10 days (A-I1).

Severe CDI: intravenous metronidazole 500 mg three times daily for 10 days (A-1l) combined with
vancomycin retention enema 500 mg in 100 mL normal saline four times daily intracolonic, or
combined with vancomycin 500 mg four times daily by oral/nasogastric tube for 10 days (B-Ill).




Clinical Infectious Diseases - -
A g
IDSA GUIDELINE SIDSA - v

Clinical Practice Guidelines for Clostridium difficile
Infection in Adults and Children: 2017 Update by the
Infectious Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA)

L Clifford McDonald," Dale M. Gerding.” Stuart Johnsan,™ Johan 5. Bakken," Karen C. Carroll® Susan E. Coffin,® Erik R. Dubberke,’
Kevin W. Garey," Carolyn V. Gould," Ciaran Kelly," Vivian Loo," Julia Shaklee Sammons,” Thomas J. Sandara,” and Mark H. Wilcax™

"Canters Tor Deseerse Control and Provention, Alant, George; “Edwand Hines Js Voterans Admenistration Hospital, Hines, and “Loyols Uriversity Modscal Centor, Maywood, llinots, *St Like's
Hemspatal, Duluth, Minnesota; FJuhres Haopitires Urmersily Sehoal of Modicing, Baltimoss, Maryland: "Childron's Hospital of Phikadalphia, Ponnsghans: Washington University Schaol of Mudscing,
A Liouses, Messourt: *Lnivarsiey of Hauston College of Pharmay, Temas: “Heth kol Deatoreass Medical Centen, Havard Medscal Sshool, Boston, Massachasetts; "MeGill Univeresity Heatth Gentra,
Robeliild Univansity, Montral, Qudbor. Canada; " Beston Childean's Hespital, Massachusatts: and Leeds Toaching Haspitals NHS Trost, Urited Kingdom




Table 6. Evidence for Resolution of Symptoms and Sustained Resolution ~1 Month (21-30 Days) Aher Treatment for Specific Clostridium difficile Treatment
Agenis

Mo, of Particypants Percentege Relative Effect” Chuality of Evidencea Haferanca, First
Outcomas (Mo, of Studies] Hasalution (95%: Clf Fivalue (GRADE Author

Direct compansons ol metronidarale and vancarmyein
Hosolution of digrhog at and of RCT=s pniar to 2000 95 IRATRH) AR, 097 {81103 rl!il!'\JI!'lll' (165
(10 days) traatimont 166G (21 S (WA Wionisch [310]

RCTs since 2000 5 IMTR) AR, 0,80 {82 56] Far | T8E]
Rt B (VAN Johingan [1.70]

All RCTs 78 (MTR) AR, 0.89 {85 56) 0008 agag High
Hdd 5] BT AN
Heaohution of dierthaa at end of RCTa phiar to A0 kG (AATH) HH, 1.0 [ 50-1:2} 1.0 Teashay |168)

traatmant without C0H recur 156 {21 i (WA Waniach [310]
rance =1 manth after irsatmeant

RCTs since 2000 B0 (RATH) HH, .84 {. M-.04)] dar [THE
BETE (3 JU0 VAN Johinsan |10

All RCTs: B IMTR) HA, 087 {. 75— BE] E&aaa High
H43 (G I3 (VAN

[irect compansons of hdawmmian and vancomgcm
Hasodution of disrhos at and of T0&* (2] B (D) HA, 1.0 (.88-11) 36 a&gaa High L [321)
(10 days) treatmant 86 (VAN Cornaly [324]

Hosodubon of dimrhos ot and ol 105" 7 D HE, 1.2 11.1=1.4] = (0 @gEdE High Lo [321)
traatrment withaut GO0 racu s F (A Cornaly [324]
rance =1 monih wltar rasiimeni

Direct compansons of FAMT and vancoamyoin
Hosolbhon of disrrhoa af and of FAIRRE i1 (FRAT) HH, 26111, 6.7 EgEa Modoraia
traatimant sathout G0N recu 31 (AN win Moo |67
ranca BB diys ales reatmant




Table 1. Recommendations for the Treatment of Clostridium difficile Infection in Adults

Climical Defintion Supportive Clinical Data

Recommended Treatment®

strength of Recommendation/
Quality of Evidence

Initial episode, Leukocytosis with a white
Non-severs blood cell count of <15000
cells/ml and a serum creati-
nine level <1.5 mg/dL

Initial episode, Leukocytosis with a white

severe” blood cell count of 215000

cellsimL or a serum creatr

VAN 125 mg given 4 times daily for 10 days, OR
FDX 200 mg given twice daily for 10 days

Alternate if above agents are unavailable: metronidazole, 500 mg 3 times

per day by mouth for 10 days

VAN, 125 mg 4 times per day by mouth for 10 days, OR

FO¥ 200 mg given twice daily for 10 days

Strong/High
Strong/High
Weak/High

StrongfHigh
Strong/High

nine level =15 mg/dL

Initial episode, Hypotension or shock, ileus, VAN, 500 mag 4 times per day by mouth or by nasogastnc tube. If ileus, Strong/Moderate (oral VAN
fulminant megacolon consider adding rectal instillation of VAN. Intravenously administered met- Weak/Low (rectal VAN);
ronidazole (500 mg every 8 hours) should be administered together with Strong/Moderate (intrave-
oral or rectal VAN, particularly if ileus is present. nous metronidazole)

First recurrence VAN 125 mg given 4 times daily for 10 days if metronidazole was used for Weak/Low
the intial episode, OR
Use a prolonged tapered and pulsed VAN regimen if a standard reg- Weak/Low
imen was used for the inal episode (eg, 125 mg 4 times per day for
10-14 days, ? times per day for a week, once per day for a week, and
then every 2 or 3 days for 2-8 weeks), OR

FOX 200 mg given twice daily for 10 days if VAN was used for the inhal  Weak/Moderate
episode

Second or VAN in a tapered and pulsed regimen, OR Weak/Low

subsequent VAN, 125 mg 4 times per day by mouth for 10 days followed by rifaximin -~ Weak/Low
recurrence 400 mg 3 times daily for 20 days, OR

FDX 200 mg given twice daily for 10 days, OR
Fecal microbiota transplantation®

Weak/Low
Strong/Moderate




Table 1. Recommendations for the Treatment of Clostridium difficile Infection in Adults

Clinical Definition

Supportive Clinical Data

Recommended Treatment®

strength of Recommendation/
Quality of Evidence

Initial episode,
nofn-severe

Initial episode,

E-E-"'.l‘EI'lE.‘I'r

Initial episode,
fulminant

First recurrence

Second or
subsequent
recumrence

Leukocytosis with a white
blood cell count of <15000
cells/ml and a serum creati-
nine level <1.5 mg/dL

VAN 125 mg given 4 times daily for 10 days, OR
FDX 200 mg given twice daily for 10 days

Alternate if above agents are unavailable: metronidazole, 500 mg 3 times
per day by mouth for 10 days

VAN, 125 mg 4 times per day by mouth for 10 days, OR
el g given twice daily for 10 days

10-14 days, ? times per day for a week, once pé
then every 2 or 3 days for 2-8 weeks), OR

FOX 200 mg given twice daily for 10 days if VAN was used for the intal
episode

VAN in a tapered and pulsed regimen, OR

VAN, 125 mg 4 times per day by mouth for 10 days followed by rifaximin
400 mg 3 times daily for 20 days, OR

FDX 200 mg given twice daily for 10 days, OR
Fecal microbiota transplantation®

Strong/High
Strong/High
Weak/High

StrongfHigh
Strong/High

Strong/Moderate (oral VAN);
Weak/Low (rectal VAN);
Strong/Moderate (intrave-

vigakiModerate

Weak/Low
Weak/Low

Weak/Low
Strong/Moderate
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Table5. Quasi-experimental Studies on the Association Between Antibiotic Stewardship Interventions and Clostridium difficile Infection
Targated  Global Change Haduction
Yaar Dominant Antibiotics  in Hospital  CDI Rate Pre- Post- n CDI
|[Referanca| Area  Tirme Frame  Setting (Bed Size) Strain Stewardship Mathod Targat Decrease Antibiotic Use Mathod intervention intervention Ratas
1984 [272] s 1880-1882 Hosoital (168) J7 (Flasmmwa use ) Chndamycin >B80% ) MR . 16.8 18 BE%
1997 (273 LK 1924-1895 Hospital (NR] MR Rastrictive use Cefurgxima =30 % MNA . 53 23 B7%
1968 [274] s 1892-18568 Heospital (703) Clanal strain & | Restrictive use Clindarmycin =80% No changs = 1.5 33 T1%
2003 [(278] ] 4 1996=2000 Hospital (B800) MR Restrictive use Cattnaxona =80% NR " 14.8 34 T7%
2003 [278] Us 1881-1988 Hospital (158) MA Prospective audit Third-ganeration cephalosponin 76% Decraasad . 2.2 03 BE6%
and feedback and aztreonam
2004 (2771 LK 1997-2002 Hoaspital MR Rastrictive use Cafotaxime B3% Mo changa ' 45 22 52%
124 ward beds)
2004 [278] S 2001-2003 LTCF {100 A Restrictive use Gatifioxacin >80% MNo change ' 132 B1 61%
2007 [278] Canada 2003-20068 Hospital (683) 027 Rastrictive use High-risk antibiotics 80% Decreasad 2.03 082 60%
2007 [280] W14 1999-2003 Hospital MR Prospective audit Cephalosporing and E0%=70% [No changa 2 NA NR 65%
{78 ward beds) and feedback armaxicllin-clavulanate
2011 [281] LK 2006=2007 Hospital [496) 027 Rastrictive use High-risk antibiatics B0%-=78% [Mo change s 2.22 0.45 80%
2012 [282] Canada 2008-2010 Hospital MR Prospective audit High-risk antibiatics 20% Decreasad - 112 on 7%
{48 |CL beds) and feedback
23 |283] LIK 2008-2011  Hospital 1216) MR Hastrictve use Ceftriaxons and T0%-80% |NRB 4.398 12 50%
ciprofioxacin
2011 [284] Ireland 2004-2002 Hospital (B65) 027 Rastrictive usa Cuinolonas *20% NR . 08 0.8 .
2012 | 285] Irefand 2004-2010 Hospital (233) MR Hastrictive use High-risk antibiotics T0%-80% [Decreasad 08 o7 .
2012 |286] us 2007-20nQ@  LTCF {180 NR Prospective audit Higherisk antibotics 26%-50% |Decreased : NA NR :
and fesdback




Thérapeutiques baseées sur le
microbiote et infections a CDIF

» PROBIOTIQUES
» TRANSPLANTATION FECALE DE MICROBIOTE
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1. Establishment of suscaptibility

\J _/“Lﬁ /r
Loss of colonization 1 - _F_r - 5 ,'

rasistance garmination
suscoptible microbiota

Marmal micrblota

Ingeastion of
. difficile sporas

Antibiotics, surgery, age,
im mIJI'IEIELJ[J[:IrEIHﬁIﬁh
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Restoration of
colanization

resigtance
3. Qutcomes ) " R dad ot

Parsistant 2. Disease initiation

shedding
Vegetative

Recovery C. difficile
Recurrant
dispase
toxin
production
Heclrrenée cycle
Clearancea
asymptomatic

CDI treatment calonization

[antibiolics)

CDI treatment
(fecal transplanf)

. Fecal Microbiota Transplantation for the Treatment of
. difficile

- 1 - I‘ L] - - & -
infection (CDI) Clostridium difficile Infection J Hosp Med. 2016 January : 11(1).

Krishna Rao, MD'-2 and Nasia Safdar, MD, PhD.?"




Probiotics for the prevention of Clostridium difficile-
associated diarrhea in adults and children (Review)

2017 The Cochrane Collaboration.

Goldenberg JZ, Yap C, Lytvyn L, Lo CKF, Beardsley J, Mertz D, Johnston BC

Probiotics compared to control for preventing . & associated diarrhea

Patient or population: preventing C. &ifedl- associated diarrhea
Setting: inpatient and outpatiant

Intervention; probiotics

Comparlson: contral

Outcomes

Anticipated absolute effects* (95% Cl)

Risk with control

Risk with probiotics

Relative affact
(95% CI)

« of participants
(studies)

Certainty of the evi-
dence
(GRADE)

Comments

Incidence COAD:; com-
plete case

Study population

( )
RA0.40

40 per 1,000

16 per 1,000
(12 to 21)

(0,30 to 0.52)

4572
(31 RCTs)

EBBO
MODERATE !

Mote: Risk with control
calculated by pooled
avant rale across con-
trol groups

CDAD (baseline risk 0-
2%)

Study population

RRO.77

11 par 1,000

8 per 1,000
(5 to 14)

(0.4510 1.32)

5845
{156 RCTs)

SBEBO
MODERATE *

CDAD (bassling risk 3-
5%)

Study population

RRO.53

38 per 1,000

20 per 1,000
{6 o B7)

(0.16 10 1.77)

373
(3RCTs)

CDAD (baseling risk
»5%)

Study population

RR Q.30

118 per 1000

35 per 1,000
(24 10 49)

0.2110 0.42)

2454
(13 RCTs)

BBBE0
MODERATE *

Incidence of C. 4iff-
cue Infaction: complete
case

Study population

RRO.86
(0.67 10 1,10)

N

1214
(15 RCTs)

BREO
MODERATE ¢




Probiotics for the prevention of Clostridium difficile-
associated diarrhea in adults and children (Review)

2017 The Cochrane Collaboration.
Goldenberg JZ, Yap C, Lytvyn L, Lo CKF, Beardsley J, Mertz D, Johnston BC

Probiotics compared to control for preventing . & associated diarrhea

Patient or population: preventing C. &ifedl- associated diarrhea
Setting: inpatient and outpatiant

Intervention; probiotics

Comparlson: contral

Outcomes Anticipated absolute etfects® (35% Cl) Ralative affact « of participants Certainty of the avi- Commeants
(95% Cl) (studies) dence
(GRADE)

Risk with control Risk with probiotics

Incidence CDAD: com- Study population RR0.40 8672 =1e Tt Il Note: Risk with control
plete case (0.30 to 0.52) (31 RCTs) MODERATE ! calculated by pooled
40 per 1,000 16 per 1,000 avant rate across con-

{12t 21) . trol groups

This review includes 39 randomized trials with a total of 9955 participants. Thirty-one studies (8672 participants) assessed the
effectiveness of probiotics for preventing CDAD among participants taking antibiotics. Our results suggest that when probiotics are
given with antibiotics the risk of developing CDAD is reduced by 60% on average. Among trials enrolling participants at high risk of
developing CDAD (> 5%), the potential benefit of probiotics is more pronounced with a 70% risk reduction on average. Side effects
were assessed in 32 studies (8305 participants) and our results suggest that taking probiotics does not increase the risk of developing
side effects. The most common side effects reported in these studies include abdominal cramping, nausea, fever, soft stools, fatulence,

and taste disturbance. The short-term use of probiotics appears to be safe and effective when used along with antibiotics in patients who

are not immunocompromised or severely debilitated. Despite the need for further research, hospitalized patients, particularly those at
high risk of CDAD, should be informed of the potential benefits and harms of probiotics.

Incidence of C. &4f- Study population RRO.86 1214 BB
cile Infaction: completa (0.67 to 1.10) {15 RCTs) MODERATE ¢
case
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Microbial taxa positively correlated to select gut conditions in human subjects.

Diminution de la diversité microbienne

Plus de Proteobacteria
Moins de Bacteroidetes
Moins de Firmicutes

Condition Study size/details

Microbial taxonomic changes associated with condition®

Reference

CDI

Fecal samples from n = 14 recurrent CDI patients (4 within this
group given FMT)
Fecal samples from n = 94 CDI, and n = 89 non-CDI inpatients

Fecal samples from n = 9 recurrent CDI patients given FMT in van
MNood et al. (2013) study

Fecal samples from n = 22 C. difficile culture-positive elderly
subjects, and n = 252 healthy elderly subjects

Fecal samples from n = 39 CDI patients, n = 36 C. difficile-negative
nosocomial diarrhea patients, and n = 40 healthy control subjects

Stool samples from n = 6 CDI patients given FMT

t Proteobacteria, | Bacteroidetes,

| Firmicutes

t Proteobacteria, | Firmicutes (except Enterococcus and
Erysipelotrichia and some Lachnospiraceae)

t Proteobacteria, 1 Bacilli,

| Bacteroidetes, | Firmicutes,

| overall microbial diversity compared to post-FMT and healthy
donor samples

t Proteobacteria, Firmicutes (| Enterococcaceae and 1
Lactobacillaceae), | overall microbial diversity

| Firmicutes, 1 Proteobacteria,

| Microbial diversity in both diarrheal groups compared to healthy
controls

t Proteobacteria, | Bacteroidetes,

| Firmicutes (specifically Lachnospiraceae, | overall microbial
diversity

Weingarden et al.,
2015
Schubert et al., 2014

Fuentes et al., 2014

Rea et al., 2012

Antharam et al., 2013

Shahinas et al., 2012




Le 1°" essai cliniqgue randomisé évaluant la FMT dans les infections a CDIF
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Table 2. Adverse Events in 16 Patients in the Infusion
Group.*
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Donors Patients before Patients after

Infusion Infusion

On Day of Infusion During

Adverse Event of Donor Feces Follow-up

no. of events

Belching 3 0
MNausea 1 0
Vomiting 0 0
Abdominal cramps 5 0
Diarrhea 15 0
Constipation 0 3
Abdominal pain 2 (associated with 0
cramping)
Infection 0 27
Hospital admission NA 1%
Death 0 0
Other adverse event 1§ 1%

Figure 2. Rates of Cure without Relapse for Recurrent Clostridium difficile
Infection.

Shown are the proportions of patients who were cured by the infusion of
donor feces (first infusion and overall results), by standard vancomycin
therapy, and by standard vancomycin therapy plus bowel lavage.

Figure 3. Microbiota Diversity in Patients before and
after Infusion of Donor Feces, as Compared with
Diversity in Healthy Donors.

VVan Nood, NEJM 2013




Complete Microbiota Engraftment Is Not Essential for Recovery from
Recurrent Clostridium difficile Infection following Fecal Microbiota
Transplantation

Christopher Staley,® Colleen R. Kelly,®c Lawrence J. Brandt,® Alexander Khoruts, 2 " Michael J. Sadowsky=f
mBio" mbic.asmorg - 3016 Volume 7 lssue 6
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Efficacy of Sterile Fecal Filtrate Transfer for Treating Patients ®
With Clostridium difficile Infection

Stephan J. Ott,'* Georg H. Waetzig,”* Ateequr Rehman,”* Jacqueline Moltzau-Anderson, ™
Richa Bharti,” Juris A. Grasis,” Liam Cassidy,” Andreas Tholey,” Helmut Fickenscher,’

Dirk Seegert,” Philip Rosenstiel,”* and Stefan Schreiber’**
Gastroenterology 2017;152:799-811

e Restauration de la diversité du microbiote intestinal
e Diminution des Proteobacteria
« Augmentation des Firmicutes
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(day 0)

FFT Patient Patient Patient
filtrate stool stool stool
(day 0) (dayD) (+1wk) (+6wk)

Enterobacteria phage K1E
Lactococcus phage jj50
Enterobacteria phage alpha3
Enterobacteria phage WA12 sensu lato
Lactococeus phage c2
Lactococcus phage bILE/
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Lactococcus phage 340
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Streptococcus phage TP-778L
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Efficacy of Sterile Fecal Filtrate Transfer for Treating Patients  ®
With Clostridium difficile Infection
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- Restauration de la diversité du phageome intestinal
- Diminution des phages Enterobacteria
- Augmentation des phages Lactococcus
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- Restauration de la diversité du phageome intestinal
- Diminution des phages Enterobacteria
- Augmentation des phages Lactococcus




Bacteriophage Combinations Significantly Reduce Clostridium difficile
Growth In Vitro and Proliferation In Vivo

Janet Y. Nale,” Janice Spencer,” Katherine R. Hargreaves,® Anthony M. Buckley,” Przemystaw Trzepifiski,® Gillian R. Douce,”
Martha R. J. Clokie®

Drepartment of Infection, Immunity and Inflammation, University of Leicester, Leicester, England, United Kingdom®; Institute of Infection, Immunity and Inflammation,
College of Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow, Scotland, United Kingdom®

Antimicrobizl Agents and Chemotherapy February 2016 Volume 60 Mumber 2
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ORIGINAL ARTICLE

Bacteriophage transfer during faecal microbiota
transplantation in Clostridium difficile infection is
associated with treatment outcome ot cuzniseren o

What is already known on this subject?
» Faecal microbiota transplantation (FMT) is

highly effective for the treatment of recurrent
Clostridium difficile infection (CDI).

p Studies have shown bactenal colonisation after

FMT, but data on viral alterations in (DI and
the assodation between viral colonisation and
treatment outcome are largely unknown.

Objective Faecal microbiota ransplantation (FMT) is
effective for the treatment of recurment Clastrdium
difficile infection (CDI). Studies have shown bacterial
colonisation after FMT, but data on viral alterations in
CDA are scarce. We investigated enteric virome
alterations in CDI and the association between viral
transfer and dlinical outcome in patients with CDI.
Design Ulira-deep metagenomic sequencing of vinus-
like particle preparations and bacterial 165 rRNA
sequencing were performed on stool samples from 24
subjects with CDI and 20 healthy controls. We
longitudinally assessed the virome and bacterial
micobiome changes in nine CDI subjects treated with
FMT and five treated with vancomyan. Enteric virome
alterations were assessed in assodation with treatment
response.




ORIGINAL ARTICLE

Bacteriophage transfer during faecal microbiota
transplantation in Clostridium difficile infection is
associated with treatment outcome 7wt aumiseren-oo
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What are the new findings?

p (Dl was characterised by a high abundance of
Caudovirales bacteriophages and a low
Caudovirales diversity, nchness and evenness
compared with healthy household controls.
Donor-denived Caudovirales taxa occupied a
significantly larger fraction of the enteric
virome in (DI subjects who responded to FMT

Caudovirales  Nidovirales  Herpesvirales Unclassified_Order  Multiple compared with those who did not.

FMT was associated with alterations in the

enteric virome and bacterial microbiome, while

vancomycin treatment was associated with
alterations of the bacterial microblome only.

Redpients infused with donor faeces consisting

of a higher nchness of Caudovirales than that

of redpient were all cured with FMT. CDI
subjects who had restoration of bacteria
community only were found to have disease

MECLITENCE.

Relative abundance

-
-

Richness




ORIGINAL ARTICLE

Bacteriophage transfer during faecal microbiota
transplantation in Clostridium difficile infection is
associated with treatment outcome ot cuwiseran o

What are the new findings?

>

(DI was characterised by a high abundance of
Caudovirales bacteniophages and a low
Caudovirales diversity, rnchness and evenness
compared with healthy household controls.
Donor-denived Caudovirales taxa occupied a
significantly larger fraction of the enteric
virome in (DI subjects who responded to FMT
compared with those who did not.

FMT was associated with alterations in the
enterc virome and bacterial microbiome, while
vancomycin treatment was associated with
alterations of the bacterial microbiome only.
Redpients infused with donor faeces consisting
of a higher nichness of Caudovirales than that
of reapient were all cured with FMT. CDI
subjects who had restoration of bacteria
community only were found to have disease

MECLmeEnce.

How might it impact on dinical practice in

the foreseeable future?

» The restoration of virome community is as
FMT.

» Donor selection based on virome characternistics
should be considered in FMT practice.
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The Human Gut Phage Community and Its
Implications for Health and Disease

Pilar Manrique !, Michael Dills ! and Mark J. Young ** Viruses 2017, 9, 141

Microbial
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- High number of clinical trials

- Highly succesful in C. difficile
infection treatment

= Variable success rate in other
diseases

= Pilot study in C. difficle infection
patients

- High succes in pilot study

« Additional elinleal studies nesded




Stable core virome despite variable microbiome after fecal transfer

GUT MICROBES
2007, WOL 8, NOD. 3, 214-220

Felix Broecker®™", Giancarlo Russo™, Jochen Klumpp®, and Karin Moelling™®

*nstitute of Medical Microbiclogy, University of Zurich, Zurich, Switzerland; "Max Planck Institute for Molecular Genetics, Berlin, Germany;
“Present address: Department of Microbiology, lcahn School of Medicine at Mount Sinal, New York, NY, USA; dFunctional Genamics Center
Zurich, University of Zurich and ETH Zurich, Zurich, Switzedand; “Institute of Food, Mutrition and Health, ETH Zurich, Zurich, Switzerland
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The Human Gut Phage Community and Its
Implications for Health and Disease

Pilar Manrique !, Michael Dills ! and Mark J. Young ** Viruses 2017, 9, 141

Des capacités de resilience differentes entre phageome et microbiome

_*‘
! :

- Stable over time

- Persisient phages

- Shared phage fraction
- Individual-specific
fraction

GUT PHAGE
COMMMUNITY
STEADY STATE

Antibiotic
application

- Conserved at the
phyla level

- Relatively stable
aver time

- Conserved
functionality over time

BACTERIAL
COMMMUNITY
STEADY STATE

\

- Moderate changes in
community membership
- Conserved diversity

- Activation of
prophages

-Persistent viruses

Gene mobilization

/

&

- Profound changes in
community membership
= Decreased diversity

-

HEALTH ————————————s) STRESS ) RECOVERY

Similar to initial steady state
Potential community
functionality recovery

Long recovery period
Similar to initial steady state
Community functionality
recovery




The human gut microbiota and virome: Potential therapeutic
implications

Emidio Scarpellini?, Gianluca Ianiro®, Fabia Attili¢, Chiara Bassanelli?,
Adriano De Santis? , Antonio Gasbarrini ™*

POTENTIAL THERAPEUTIC APPLICATIONS
OF BACTERIOPHAGES

ANTIMICROBIAL PURPOSES | MICROBIOTA MODULATION

B)

Pure Antibiotics + Phages +
lyticphages || lytic phages healthy gut microbes

Mono-phagic administration | Multi-phagic administration ‘

» (Clonal selection

+ Phage preparation * Nutrients biosynthesis

alteration « Nutrients degradation

S s

Rapid development | synergistic action Host/microbiome benefit
of resistance

to phages Less resistance
to phages

High microbiota stability
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La transplantation de microbiote fecal et son
encadrement dans les essais cliniques

anNsin

Agence nationale de sécurrté du médicament
ot des produits de sante

Novembre 2016 (Actualisation de la version de juin 2015)

En France

A ce jour, le Code de la Santé publique ne prévoit pas de statut particulier pour le microbiote fécal.
Toutefois, dans la mesure ol le microbiote fécal est utilisé & visée curative a I'égard de maladies
humaines, il doit &tre considéré comme un médicament conformément a l'article L. 5111-1 du Code de
la Santé publique, qui définit un médicament comme « toute substance ou composition présentée
comme possedant des proprietés curatives ou préventives a légard des maladies humaines ou
animales, ainsi que toute substance ou composition pouvant étre utilisée chez 'homme ou chez I'animal
ou pouvant leur étre administree, en vue d'etablir un diagnostic medical ou de restaurer, corriger ou
modifier leurs fonctions physiologiques en exercant une action pharmacologique, immunologique ou
metabolique. [...J ».

A ce stade précoce de developpement de ce produit et en I'absence d'autorisation de mise sur le
marché, celui-ci peut étre utilisé dans le cadre législatif et réglementaire applicable aux préparations
magistrales et hospitaliéres (article L. 5121-1 du Code de la Santé publique), ou aux médicaments
experimentaux destines a un essai clinique (article L. 5121-1-1 du méme code).




Chronologie (versant « donneur ») de la transplantation fécale (en I'absence de congélation)

Préparation du
transplant

£ Don pour fatio
Prelevement _
transplant

Entretien 1 Tests de depistage Entretien 2

Questionnaire de Fecotheque Questionnairedes
preselection selection

S 1 | TSR <12h

Préselection Don Sélection

Transplantation

Coprotheque
Recueil des evénements
post-don

Surveillance



Pour résumer : profil « idéal » du donneur

Age : 18-65 ans

IMC<30

Absence de pathologies chroniques

Absence de traitement curatif au long cours

Absence de prise d’antibiotiques dans les 3 mois précédant le don
Absence de séjour a I'étranger dans les 3 mois précédant le don
Absence de résidence de plusieurs années en zone intertropicale
Absence d’hospitalisation a I'étranger dans les 12 mois précédant le don

Absence de troubles digestifs a type de diarrhée aiglie ou chronique dans les 3 mois
précédant le don

Absence d’antécédents de fievre typhoide

Aspect macroscopique normal des selles

Dépistage négatif d’agents infectieux (cf. liste proposée en annexe 1)




Conclusions

1. Le microbiote fecal répond a la definition d'un meédicament dont la preparation releve de la
responsabilité d'une Pharmacie a Usage Intérieur.

2. L'encadrement du risque pour un patient faisant I'objet d'une transplantation de microbiote fecal
repose sur les elements suivants :

a) Utilisation dans le cadre d’essais cliniques autorises par TANSM

b) Sélection rigoureuse et standardisée des donneurs : questionnaire, entretien médical et depistage
d'agents infectieux dans le sang et les selles

c) Tragabilité du produit
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