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Role du matériel
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Role du matériel
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Pathogenesis of implant-associated infection: the role
of the host

‘Werner Zimmerli « Parkam Sendi

1. Couverture par matrice extracellulaire
Collagéne, fibrine, fibrinogene ...

—> Adhésion, initiation de la formation de biofilm

2. Inhibition locale de I'immunité innée
- inhibition de la phagocytose
- dégranulation des PNN
- mort cellulaire
- activation du complément

= Diminution +++ de la clairance bactérienne

Pathogenesis of Foreign Body Infection
Evidence for a Local Granulocyte Defect

Werner Zimmerli, P. Daniel Lew,

and Francis A. Waldvogel

Infectious Disease Division, Department of Medicine, University
Hospital, 1211 Geneva 4, Switzerland
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Quantité de S. aureus nécessaire
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Idem S. epidermidis, P. acnes

THE VIRULENCE OF STAPHYLOCOCCUS PYOGENES FOR MAN.
A STUDY OF THE PROBLEMS OF WOUND INFECTION

S. D. ELEK axp P. E. CONEN
From the Department of Bacteriology, St. George’s Hospital Medical School
(Unaversity of London), London, S.W.1
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Pathogenesis of Foreign Body Infection: Description and
Characteristics of an Animal Model
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IOA chronique et persistance bactérienne

Début des Diagnostic
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Biofilm
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Biofilm : échappement au systeme immunitaire

Staphylococcus aureus Biofilms Prevent Macrophage
Phagocytosis and Attenuate Inflammation In Vivo

Lance R. Thurlow,*' Mark L. Hanke,* Teresa Fritz,* Amanda Angle,* Amy Aldrich,*
Stetson H. Williams,* Ian L. Engebretsen,” Kenneth W. Bayles,* Alexander R. Horswill,*
and Tammy Kielian*

Resident Tissue
Macrophage
Planktonic o, Biofilm
O \

M O M2
Macrophag m@go
1iNOS, NO, 1 Arginase,
TNFa, IL-1B, IFN-y IL-10, IL-4, 1IL-13

v

Pro-inflammatoire Anti-inflammmatoire
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Myeloid-Derived Suppressor Cells Contribute to
Staphylococcus aureus Orthopedic Biofilm Infection

Cortney E. Heim, Debbie Vidlak, Tyler D. Scherr, Jessica A. Kozel, Melissa Holzapfel,
David E. Muirhead, and Tammy Kielian
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Biofilm : « tolérance » aux antibiotiques

Architecture du biofilm
Barriére physique a la pénétration

~

+ augmentation fréquence
mutations

: (27
Effet inoculum : densité ‘

bactérienne importante

Induction de génes de
résistance spécifiques
Ex : pompes a efflux ndvB

Adsorption des antibiotiques
Ex : S. aureus et PNAG,
acides téchoiques

Inactivation par les
enzymes matricielles

Réduction du métabolisme bactérien
- Faible multiplication
- Diminution de I'expression des protéines
membranaires (porines)
- Anaérobiose et inactivité des aminoglycosides

Stewart, Lancet 2001 - Cremet, DMID 2013 - Richards, Chembiochim 2009 - Olsen, Eur J Microbiol Infect Dis 2015



Biofilm : « tolérance » aux antibiotiques

Impact : MBEC = 10-1000 x CMI !

MIC (wg/mil) MIC (ng/mi) MBEC (ug/ml) MBEC (ug/ml)
Antibiotic MNCCLS assayt Assay with CBDT Agsot 0 CFU/pegt
Cefazolin 0.5 0.5 >1,024 =>1,024
Ciprofloxacin 0.25 0.5 512 512
Clindamycin 0.12 0.25 128 256
Gentamicin 0.5 0.5 2 2
Oxacillin 0.12 0.25 >1,024 =>1,024
Penicillin 1 4 128 128
Vancomycin 1 1 >1,024 =1,024
Inhibition of Bactericidal
biofilm formation Biofilm activity in
Antibictics (adhesion) penetration biofilm
e W Con
i . ntimicrooia -
Pl el i e Chemotherapy Daptornycin + ++
Rifampicin 4= Apdear S
Impact of bacterial biofilm on the treatment of prosthetic joint infections Moxifloxacin £ 1t Tt
) Rifampicin+daptomycin + +++ +++
Cédric Jacqueline* and Jocelyne Caillon . . .
Rifampicin +vancomycin + ++ ++
Rifampicin+linezolid + +++ +++




Biofilm : role de la rifampicine

Prospective on Rifampin

L_ RMP +FQ
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Biofilm : role des fluoroquinolones

Gram-negative prosthetic joint infection: outcome of a debridement, Au d |t0 ri um Pasteur Jeu d | 15 h-1 6 h 15

antibiotics and implant retention approach. A large multicentre study

Session de communications orales libres

D. Rodriguez-Pardo', C. Pigrau', ). Lora-Tamayo?, A. Soriano’, M. D. del Toro*, J. Cobo®, ). Palomino®, G. Euba?, M. Riera’,

M. Sdnchez-Somolinos®, N. Benito®, M. Fernandez-Sampedro'®, L. Sorli'!, L. Guio'?, J. A. Iribarren'?, J. M. Baraia-Etxaburu'?, H 4 H H

A.Ramos'®, A. '6, X. Flores-Sanchez'’, P. S. Corona'’ and J. Ariza® on behalf of the REIPI Group for the Study of I nfeCtlonS OSteoartlcu Ial reS

Prosthetic Infection*

Cliical Mictobilogy and Infection, Volume 20 Number 11, November 2014 IOA sur matériel a Pseudomonas aeruginosa : expérience d'un centre de

référence francais
M. Cerioli, C. Batailler, A. Conrad et al, on behalf of the Lyon BJI study group
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Réservoir intracellulaire

Van de Velde H.

Etude sur le mécanisme de la virulence du
staphylocoque pyogene.

La Cellule 1894;10:403-60.

THE SURVIVAL OF STAPHYLOCOCCI WITHIN HUMAN
LEUKOCYTES*
By DAVID E. ROGERS,{ M.D., Ax0 RALPH TOMPSETT, M.D.

(From the Depariment of Medicine, New York Hospital-Cornell
Medical Center, New York)
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(Received for publication, October 10, 1951)
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Staphylococcus aureus persistence in non-professional phagocytes

Bettina Loffler, Lorena Tuchscherr, Silke Niemann, Georg Peters

International Journal of Medical Microbiology 304 (2014) 170-176

- Cellules endothéliales
- Cellules épithéliales

- Kératinocytes

- Fibroblastes
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Bettina Loffler, Lorena Tuchscherr, Silke Niemann, Georg Peters

International Journal of Medical Microbiology 304 (2014) 170-176

- Cellules endothéliales Bosse, 2005

- Cellules épithéliales
THE SURVIVAL OF STAPHYLOCOCCI WITHIN HUMAN - Kératinocytes
LEUKOCYTES® - Fibroblastes
By DAVID E. ROGERS,{ M.D., axp RALPH TOMPSETT, M.D,
(From the Department of Medicine, New York Hospital-Cornell ... et les cellules osseuses

Medical Cender, New York)
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Mini Review
Interaction of staphylococci with bone
John A. Wright, Sean P. Nair*

International Joumnal of Medical Microbiology 300 (2010) 193-204




Réservoir intracellulaire : ostéoBlastes

Membrane cellulaire

—_—b
d’intﬁncgﬁgtion Hoffmann et al.
(ohagosore) Eur J Cell Biol 2011
Lk 3 ' g W & trontiers . review
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&t
ot LS T
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A |:l. .:l' - * 3 5 "}‘.';.- 3 Jéréme Josse, Frédéric Velard and Sophie C. Gangloff *
- -".'.:;-_-i - -'I':-T"'i:l:" 2 EA 4697 Biomatériaux et inflammation an site ossewy, Pdle Santd, Université da Aeims Champagne-Ardannes, Aeims, France
Photographies, Céline Dupieux




Réservoir intracellulaire : ostéoBlastes

May 2013 | Volume & | lssue 5 | e83176 @Pl_os ‘ ONE

PSMs of Hypervirulent Staphylococcus aureus Act as
Intracellular Toxins That Kill Infected Osteoblasts

Jean-Philippe Rasigade™?23*, Sophie Trouillet-Assant”, Tristan Ferry Binh An Diep®, Anais Sapin®,

Yannick Lhoste®, Jérémy Ranfaing', Cédric Badiou', Y Beni Mlchele Bes?, Florence Couzon’',
Sylvestre Tigaud®, Gérard Lina'?, Jéré6me Etienne’ '2 Francois Vandenesch'>, Frédéric Laurent'?=
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Réservoir intracellulaire : ostéoBlastes
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Delta-toxin production deficiency in Staphylococcus aureus: a diagnostic
marker of bone and joint infection chronicity linked with osteoblast

invasion and biofilm formation B ——

F. Valour'™*, |.-P. Rasigade™", . Trouillet-Assant’, |. Gagnaire’, A. B iz', J. Karsenty', C. Lacour’, M. Bes™", §. Lustig™*~,
T. Bénet’, C. Chidiac'**, J. Etienne’**, F. Vandenesch™, T. Ferry'"* and F. Laurent™**, on behalf of the Lyon BJI Study Group

)

. -~ @ STB-USA300-1V
= 7
' /a \\ @ STB0-IV
% 201 ® A ST30-USA1100-IV
. & s o sT2391l
8 |
23 AR g = ] ¢ ST2281
82 15 sl -——-—-— A STB-EMRSA2-IV
5 \ ! A -~ HT20040117 ~ O ST22-EMRSA15-IV
S¢g o 7/ = Y N
2 S m 8\
Sq0f ~L7% r
3 N me” L% 0 8’
z S -
0.5 r —_—— = = ;
0 1 2 3 4

Intracellular bacterial load
(n-fold change to 8325-4 strain)

p<0.05

1000-

800+

L

400+

200+

0 I

IOA aigués 104 chronigues

Taux d'internalisation (3 8325-4)




Réservoir intracellulaire : ostéoBlastes

Alogl0 pour
100,000 cellules

Antimicrobial Activity against Intraosteoblastic Staphylococcus aureus

Florent Valour,®® Sophie Troulllet-Assant,” Natacha Riffard,” Jason Tasse,” Sacha Flammier,” Jean-Philippe Raslgade,®™®
Christlan Chidiac,®” Frangols Vandenesch,™ Tristan Ferry,®® Frédéric Laurent,”* on behalf of the Lyon Bone and Joint Infection
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Journal of _
J Antimicrob Chemother 2016; 71: 438-448 Antimicrobial
doi:10.1093/jac/dkv371 Advance Access publication 20 November 2015 Chemotherupy

Staphylococcus aureus develops increased resistance to antibiotics
by forming dynamic small colony variants during chronic osteomyelitis

L. Tuchscherrl*}, C. A. Kreist, V. Hoerr134, L. Flint®, M. Hachmeister®, J. Geracil, S. Bremer-Strecks,
M. Kiehntopf®, E. Medina®, M. Kribus?, M. Raschke?, M. Pletzt, G. Peters* and B. Léffler’.?




Réservoir intracellulaire : ostéoBlastes
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Réservoir intracellulaire : ostéoClastes

Dual Impact of Live Staphylococcus aureus on the

Osteoclast Lineage, Leading to Increased Bone Augmentation de la résorption
Resorption osseuse par les OC matures
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Réservoir intracellulaire : ostéoClastes
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Small colony variants

Modifications phénotypiques réversibles

Adaptation a un environnement hostile : os, biofilm, intracellulaire
* Croissance lente (temps de doublement x 10)
* Petites colonies atypiques
* Reésistance accrue aux antibiotiques
* Adhérence +++
*  Survie intracellulaire +++
* Révertant

. Environmental
stress

Proctor, Nat Rev Microbiol 2006 - Proctor, CID 1995 - Tuchscherr, JID 2010 - Tuchscherr, JAC 2016



Small colony variants : chronicité

Clinical Characteristics and Outcomes of Prosthetic Joint Infection ) ) i )
Caused by Small Colony Variant Staphylococci Retrospective series of 113 patients with
staphylococcal PJI, with prospective testing
of archived sonicate fluid samples

Aaron J. Tande,™® Douglas R. Osmon,® Kerryl E. Greenwood-Quaintance,” Tad M. Mabry,® Arlen D. Hanssen,® Robin Patel®t-d

mBic  September/October 2014 Volume 5 lssue 5 201910-14

38 subjects (34%) with SCVs and 75 (66%) with only normal-phenotype (NP) bacteria

Characteristic? Sy
Yes (n = 38) Mo (n = 75) P value
Orthopedic history
Joint age in days, median (range) 1,295 (216-13,712) 646 (23-11,883) 0.007
Prior arthroplasty revision 32 (84.2) 52 (70.3) .17
| Time since last surgery in days, 743 (31-10,030) 306 (20—8,686) =0.0001
median (range)
Cemented arthraplasty 33 (86.8) &0 (80.0) 044
Antibiotic-loaded cement in place® 8 (44.4) 16 {39.0) 0.78
Aminoglycoside in cement® 7(38.9) 8(19.5) 019
FI1 history
Sinus fract 11 {28.9] 19 {253} (.82
Duration of PJI symptoms in days, 491 (14-2,306) 165 (2-1,656) 0.0003
median {ran
475}'1—1_1=ri|:pr:—.u:g,m.r or this PIT 23 (60.5) 28 (373) 003
Cumulative antibiotic days in prior 66 (0-180) 13 {(0-180) 0.37
6 mo, median (range)
Receiving 120 or more days of 16 (42.1) 17 (22.7) 0.048
antibiotics in prior & mo




Small colony variants : diagnhostic

The NEW ENGLAND JOURMNAL of MEDICINE

ORIGINAL ARTICLE

Sonication of Removed Hip and Knee
Prostheses for Diagnosis of Infection

Andrej Trampuz, M.D., Kerryl E. Piper, M.S., Melissa ]. Jacobson, A.S.,
Arlen D. Hanssen, M.D., Krishnan K. Unni, M.D., Douglas R. Qsmon, M.D.,
Jayawant M. Mandrekar, Ph.D., Franklin R. Cockerill, M.,

James M. Steckelberg, M.D., James F. Greenleaf, Ph.D., and Robkin Patel, M.D.

17 suspicion de sepsis, 9 cultures +
6 avec SCV

S. aureus

S. epidermidis
P. aeruginosa
S. gallolyticus
P. acnes

S. sanguinis



Conclusions

SURVIE DANS LES INFECTION DES BIOFILM
OSTEOBLASTES OSTEOCLASTES J
J J Apoptose OB, stimulation OC
Réservoir intracellulaire Augmentation résorption Inhibition phagocytose
Inactivité des ATB J Réservoir, tolérance ATB
Emergence « persisters » Ostéolyse Emergence « persisters »
J Descellement d
Persistance et récidive L Ostéolyse, descellement
- -7+ T~ -Persistance et récidive
I’ o ) ===
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Conclusions

Importance du débridement
Molécules « anti-biofilm » : rifampicine, daptomycine, fluoroquinolones
Activité intracellulaire : rifampicine, fluoroquinolones

Thérapeutiques ciblées
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Réservoir intracellulaire
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Réservoir intracellulaire
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Réservoir intracellulaire
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Réservoir intracellulaire : ostéoBlastes

Impact du pH intralysosomal
I 0

pH 7 pH 5 p-value pH 7 pH 5 p-value
Daptomycin 0,25 1,83 0,002 0,29 2,00 0,002
Oxacillin 0,50 0,06 0,047 106,70 0,35 0,001
Ceftaroline 4,00 0,08 0,059 8,00 0,062 0,047

= Intracellular restauration of oxacillin activity against MRSA is (at least partly) due
to a major decrease in MICs at the intralysosomal acidic pH

= Intracellular weak activity of daptomycin might be partly due to its decrease in activity
at acidic pH



Réservoir intracellulaire : ostéoBlastes

- - - - o - - -

6850 strain dinical strainn’1 dinical strainn°2
= ey = =
= 2009 = 200 = 2001
= —Rifampicin 2 e ——Rifampicin 2 R ifam picin
= e Ritap e ntin = e Rifapentin 2 e Rifa p e ntin
S 1801 -I--I_ Ritabutn = B0 Ritebuin = D0 ey Rifabutn
= = = =
R R R EED P L 5—— §1oo-—-]}—{--———{—_ ———————————— §1oo-——*:1—_* —————————————————
= I, I = = |y
= 50 I ‘I = 50+ ti I @ P = 50+ { cer
bt bed E3 bt T £ I T
=0 T T T T = 0 T T —— T = 0 T T T
= & @) &’o & = @ 9 & & = 9 ¢ 9]
- & - & - & }‘/

—> Bonne activité intracellulaire des 3 rifamycines a concentration osseuse



Réservoir intracellulaire : ostéoBlastes
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—> Bonne activité intracellulaire des 3 rifamycines a concentration osseuse
—> Meilleure activité de la rifabutine a faible concentration (dés 0,1 CMI)
—> Maintien de l'activité de la rifampicine et de la rifabutine a J7 (vs rifapentine)

e Rifamopicin
=== Rifapentin
Rifabutin



Conclusions

Adaptation bactérienne
I0A aigué e 2B [0 chronique
Biofilm

Persistance
intracellulaire

SCVs
T Toxines 4 Adhésines  Toxines T Adhésines
Agression tissulaire J Inflammation, dommages tissulaires
Réponse immunitaire / inflammatoire - Echappement au systéme immunitaire
- Destruction cellulaire -« Tolérance » aux ATB : débridement, RMP, FQ

- Invasion et destruction tissulaire - Thérapeutiques ciblées
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