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Difficult diagnosis…



DEVICE-RELATED INFECTIONS

Vascular central catheters

Ventricular derivations

Oro-tracheal tubing

Prosthetic cardiac valves and 
pacemakers

Peripheral vascular catheters

Diagnosis: clinical signs

• Fever, weight loss

• Signs of infective endocarditis

• Local signs

Pictures: Laure Delaval

Picture: C. Dreyer, Beaujon

Only in 10-20% of the patients



DEVICE-RELATED INFECTIONS

Vascular central catheters
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Diagnosis: microbiological tools

• Paired blood culture (CVC and peripheral vein) +++

• 14 days blood cultures (IE)

• Culture of removed device



DEVICE-RELATED INFECTIONS

Vascular central catheters

Ventricular derivations

Oro-tracheal tubing

Prosthetic cardiac valves and 
pacemakers

Peripheral vascular catheters

Diagnosis: imaging

• Echocardiography +++

• (18F-FDG) PET/CT

• ECG-gated cardiac CT

• leucocyte scintigraphy



Habib, G. et al 2015 Europ Heart J

Diagnosis: imaging



Gomes, A. et al 2017 Lancet Infect Dis

- Cardiac CT (3 prospective studies, mostly prosthetic):

- ~30 patients/study. 93-100% Sensitivity; 83-88% Specificity

- Before surgery: paravalvular lesions +++ / coro-TDM

Diagnosis: imaging in infective endocarditis



Gomes, A. et al 2017 Lancet Infect Dis

- Cardiac CT (3 prospective studies, mostly prosthetic):

- ~30 patients/study. 93-100% Sensitivity; 83-88% Specificity

- Before surgery: paravalvular lesions +++ / coro-TDM

- (18F-FDG) PET/CT (16/24 prospectives):

- Prosthetic valves (8 studies) : 73-100% Sensitivity; 71-100% 
Specificity. Only after 3 months post-surgery

- Native valves: 6-39% Sensitivity

Diagnosis: imaging in infective endocarditis

Rouzet, F. al; J Nucl Med. 2014Gomes, A. et al 2017 Lancet Infect Dis



(18F-FDG) PET/CT and Implantable cardiac electronic device

21 patients with suspected infection vs 14 controls

- Ss, Sp, PPV and NPV: 80%, 100%, 100% and 84.6% 

- Generator: 100% 

- Leads: 60%, 100%, 100% and 73% 

Importance of antibiotic treatment prior to (18F-FDG) PET/CT 

20 days (false-negative) vs 3 days (true-positive)

Bensimhon et al Clin Microbiol Infect. 2011

Diagnosis: imaging



Orthopedic prosthesis

Diagnosis: upgraded microbiology

• Use of beads-containing vials

+/- Blood culture bottles

Arvieux, C. and Common H. OTSR 2018
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Orthopedic prosthesis

Diagnosis: upgraded microbiology

• Use of beads-containing vials

+/- Blood culture bottles

• Sonication bath

• 14 days culture (Cutibacterium acnes)

• +/- Molecular biology if previous antibiotic

treatment

Arvieux, C. and Common H. OTSR 2018



In vitro method to assess biofilm formation

• BioFilm Ring Test ®

• Standardized method to assess the in vitro biofilm 

formation a strain

Di Domenico, E.G. et al Frontiers Microbiol Infect 2016
Olivares, E. et al J Clin Microbiol 2016
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In vitro method to assess biofilm formation

• BioFilm Ring Test ®

• Standardized method to assess the in vitro biofilm 

formation a strain (1-2)

• In vitro assessment of antibiotics for prevention or 

eradication (3-4)

• Clinical impact  to be studied +++++

1-Di Domenico, E.G. et al Frontiers Microbiol 2016
2-Olivares, E. et al J Clin Microbiol 2016

3-Tasse, J. et al Pathogens and Disease 2016
4-Olivares, E. et al Frontiers Microbiol 2017
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Biofilm eradication…



Biofilm eradication?

- Choose the right antibiotics (molecule, dose, duration)

- Removal of the device (not always feasible…)

- Or at least local treatment (debridement, ALT)



Anti-biofilm antibiotics? Rifampin

Zimmerli, W. et al J Antimicrob Chemother 1994

Perforated teflon tubes

V : vancomycine
T : teicoplanin
R : rifampicin
C : ciprofloxacin
F : penicillin M



Zimmerli et al JAMA 1998

Prospective study
Orthopedic implant–related staphylococcal Infections 

Initial debridement (implants left in place)
Cip/Rif (18 patients) VS Cip/placebo (15 patients)

2w IV, 3-6 months treatment

Anti-biofilm antibiotics? Rifampin



Anti-biofilm antibiotics? Rifampin/quinolones

Senneville, E. et al Clin Infect Dis 2011

Retrospective study
Total hip/knee prosthetic joint-related infections 

S. aureus 
98 patients (100% surgery)

RFP/FQ

Other regimen



Anti-biofilm antibiotics? Rifampin in other settings

Legout, J, et al BMC Infect Dis 2014

Prospective study
84 PVGI (71 surg)

S. aureus (65) or CoNS (22)
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RFP-containing regimen

No RFP



Anti-biofilm antibiotics? Rifampin in PVIE

Habib, G et al Eur Heart J 2015
Riedel, D.J. et al Antimicrob Agents Chemother 2008

Previous guidelines….
1 case report of S. capitis PVE…

A series of 42 native valve S. aureus endocarditis (VS 42 controls without)

RFP group:
56% (9/16) of RFP-R S. aureus if introduction before BSI clearance
Longer duration of BSI
Higher mortality



Daptomycin against MRSA biofilms

John, A.-K. et al Antimicrob Agents Chemother 2009

Tissue-cage model
Against MRSA



Meije, Y. et al 2014 J Infect

in vivo rabbit model of catheter-related infections

1 lock and then sacrifice

Daptomycin against MRSA biofilms



Clinical data with Daptomycin against biofilms



Tatarelli, P. et al 2014 Infection

Comparative studies are 

needed

Daptomycin as lock therapy…



Daptomycin in endocarditis…

Habib, G et al Eur Heart J 2015



Daptomycin in endocarditis…

• ICE cohort : 29 Left-sided endocarditis treated with dapto

(9.2 mg/kg) 

• 18% PVIE

• Combination = 31% (fosfo, rifampin, …)

• 149 controls

• Comparable mortality

• Faster bloodstream clearance (1 VS 5d, P<0.01)

• Discontinuation of daptomycin: n=4 (14.3%)

Carugati, M et al Antimcrob Agents Chemother 2013



Daptomycin in endocarditis…

• Retrospective study (2005-2011), S. aureus (84%)

• 70 right or left-sided endocarditis treated with dapto (≥8 

mg/kg)

• 11% PVIE

• Combination = 34,3% (fosfo, rifampin, …)

• Clinical success = 86%

• Discontinuation of daptomycin: n=0

Kullar, R et al J Antimcrob Chemother 2013



Daptomycin + fosfomycin in endocarditis…

• In vitro and in vivo data: synergistic in 11/14 strains

• Few reported cases

Miro, J.M. et al Antimcrob Agents Chemother 2012

In vitro



Daptomycin + fosfomycin in endocarditis…

• In vitro and in vivo data: synergistic in 11/14 strains

• Few reported cases

Miro, J.M. et al Antimcrob Agents Chemother 2012

In vivo (rabbit IE model)



Garrigos, C.  et al Antimicrob Agents Chemother 2013

Tissue-cage model
Against MRSA

Fosfomycin against MRSA biofilms



Daptomycin in other settings

1-Arnaiz de la Revillas, F.  et al Int J Infect Dis 2018
2-Roux, S. et al BMC Infect Dis 2016

3-Hermsen, E.D. et al BMC Infect Dis 2016

• Vascular graft infections: retrospective study, 11 patients (1)

• 5/11 combinations (rifampin)

• 67% were cured

• Complex bone and joint infections, 43 patients (2)

• 86% combination (fosfo, rifamp, clinda)

• 77% favorable outcome

• Device-related osteomyelitis, 82 patients (3)

• ? % combination

• 82% clinical success



DEVICE-RELATED INFECTIONS

Vascular central catheters

Ventricular derivations

Oro-tracheal tubing

Prosthetic cardiac valves and 
pacemakers

Peripheral vascular catheters

Removal of colonized devices?

Sandoe, J.A.T et al J Antimicrob Chemother 2015
Habib, G. et al 2015 Europ Heart J

Mermel, L. et al 2009 Clin Infect Dis

Implantable cardiac electronic device infection

Prosthetic valve IE, if:
• Heart failure
• Abscess, fistula
• Fungi
• Persisting positive BC
• Prevention of embolism



Removal of colonized devices?

Orthopedic prosthesis

• Duration of symptoms?
• Stable implant?
• Absence of sinus tract?
• Susceptibility to antibiotics with

activity against biofilms?

Debridement with retention

One-stage exchange

Two-stage exchange

Long-term suppressive 
antimicrobial treatment

Zimmerli, W. and Sendi, P. APMIS 2017



Local / high concentration of antibiotics

(up to 1,000 x MIC)

Long dwelling time (12-24 hours)

Associated with systemic antibiotics

Messing, B. J Parenter Enteral Nutr 1988
Rijnders, B. J. et al 2005 J Antimicrob Chemother 55, 90

Mermel, L.A. et al 2009 Clin Infect Dis 49, 1
Lebeaux, D. et al 2014 Lancet Infect Dis

Antibiotic lock technic (ALT)
for catheter-related 

infections

Eradication of catheter-associated biofilms

IDSA 2009: « Conservative treatment of Uncomplicated
long-term intravenous catheter-related BSI caused by 

CoNS or enterobacteria »



Funalleras, G. et al 2011 Clin Infect Dis 

Lock therapy against Gram-negative bacteria…

Ciprofloxacine or amikacine

2000 µg/ml



ALT with ethanol, why not

• Ethanol has a wide antimicrobial spectrum

• Active against in vitro biofilms

• Clinical data (catheter-related infections)

- Between 75-92% success

- Shorter treatment length (1 to 5 days)

- Can be used against polymicrobial infections

• But

- Many pediatric studies

- Tolerance/thrombosis issues

- Direct comparison: ETHALOCK (O. Lesens), JNI 2018

Broom, J. et al Scand J Infect Dis 2008

Onland, W. et al Arch Pediatr Adolesc Med 2006

Valentine, K.M. et al Pediatr Crit Care Med 2011

McGrath, E.J. et al Clin Pediatr (Phila) 2011



Biofilm eradication?

Zimmerli et al JAMA 1998

Can we do better?

- Choose the right antibiotics (molecule, dose, duration)

- Removal of the device (not always feasible…)

- Or at least local treatment (debridement, ALT)



Biofilms are tolerant towards antibiotics

Persisters
Impaired 
antibiotic 
diffusion

%
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Lebeaux, D. et al 2015 J Antimicrob Chemother
Lebeaux, D. et al 2014 J Infect Dis

Chauhan A., Lebeaux, D.  et al 2012 Antimicrob Agents Chemother
Chauhan A., Lebeaux, D.  et al 2012 PLoS One



Anti-persister 
compounds?

Anti-matrix
+ antibiotics?

Gentamicin + EDTA

Genta+
pH8,5

Banin, E. et al AEM 2006
Turakhia, M.H. et al AEM 1983 

propidium iodide = 
Dead bacteria

GFP P. aeruginosa biofilm

+ EDTA 
alone

Biofilms are tolerant towards antibiotics
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Lebeaux, D. et al 2015 J Antimicrob Chemother
Chauhan A., Lebeaux, D.  et al 2012 Antimicrob Agents Chemother

Chauhan A., Lebeaux, D.  et al 2012 PLoS One



Bioluminescence 
monitoring

Surgical implantation

Biofilm formation

Light

Bioluminescent bacteria

In vivo model of catheter-associated biofilm

Light

Luminescent bacteria

Lebeaux, D. et al 2014 J Infect Dis / Chauhan A., Lebeaux, D. et al 2012 PLoS One
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Anti-biofilm strategy: gentamicin + EDTA

in vivo
•S. aureus
•S. epidermidis
•E. coli
•P. aeruginosa

in vitro
•18 clinical strains

- Staphylococcus aureus -

Lebeaux, D. et al 2015 J Antimicrob Chemother
Chauhan A, Lebeaux D et al 2012 Antimicrob Agents Chemother

Lebeaux, D. et al 2012 Medicine (Baltimore)



For long-term catheters

Antibiotic lock therapy (ALT)

Local / high concentration of antibiotics

Long dwelling time (12-24 hours)

Already used in clinics 

Antibiotic lock technic (ALT)
for catheter-related 

infections

Uncomplicated C-RBSI caused by 

coagulase-negative staphylococci

or enterobacteria

Success ~ 50%  80%??

With Gentamicin + EDTA



Conclusions

• Diagnostic improvement: imaging, microbiology

• A lot to be done with standardized tests

• Rifampin/fluoroquinolones for orthopedic implant–related

staphylococcal Infections +++

• Beside, lower level of evidence

• A large room for improvement….



Daptomycin + oxacillin/nafcillin…

• MRSA persisting bloodstream infection

• Antistaphylococcal beta-lactam increases:

• Daptomycin bactericidal activity

• Daptomycin membrane binding

• Seven patients: cured, 2 relapsed

Dhand, A.  et al Clin Infect Dis 2011



Daptomycin as lock therapy…

Del Pozo, J.L. et al 2012 Int J Clin Practice



Toward a clinical study: a steeplechase run 

Microbiology
Is it strain specific ?

18 clinical strains
C-RBSI, Beaujon

Genta/EDTA
S. aureus

S. epidermidis
E.coli

P. aeruginosa

Lebeaux, D. et al 2015 J Antimicrob Chemother
Lebeaux, D. et al 2012 Medicine (Baltimore)



Toward a clinical study: a steeplechase run 

Microbiology
Is it strain specific ?

18 clinical strains
C-RBSI, Beaujon

Pharmacy

EDTA + AB 
Stability ?

Genta/EDTA
S. aureus

S. epidermidis
E.coli

P. aeruginosa

Pharmacie hôpital E. Herriot, 
Hospices Civils de Lyon, 
Plateforme FRIPHARM 

Fabrice Pirot
Elise Jandot

Pauline Doucet
Anne-Sophie Fiolet

Lebeaux, D. et al 2015 J Antimicrob Chemother
Lebeaux, D. et al 2012 Medicine (Baltimore)



Toward a clinical study: pharmacology

Pharmacie hôpital E. Herriot, 
Hospices Civils de Lyon, 
Plateforme FRIPHARM 

Fabrice Pirot, Elise Jandot
Pauline Doucet, Anne-Sophie Fiolet

Gentamicin 
(Mass spectrometry)

EDTA
(Mass spectrometry)

At 12 months :
Stability (25 and 40°) (Mass-spec and UHPLC)
No bacterial endotoxin
No visible particle
Sterility tests = ok

Foliet, A.S. et al 2017 J Pharmaceutical Analysis



Toward a clinical study: a steeplechase run 

Microbiology
Is it strain specific ?

18 clinical strains
CR-BSI, Beaujon

Pharmacy

EDTA + AB 
Stable

Methodology
for clinical study

Phase 2
Funding?

Genta/EDTA
S. aureus

S. epidermidis
E.coli

P. aeruginosa

Lebeaux, D. et al 2015 J Antimicrob Chemother
Lebeaux, D. et al 2012 Medicine (Baltimore)



Toward a clinical study

• Phase 2 study

• 35 patients: HEGP, St-Louis, Mondor

• Adverse effects, efficacy

• Conservative treatment of uncomplicated LTIVC-related BSI

• Coagulase-negative staphylococci + Enterobacteriaceae

• Funding: 

– CRT Pasteur (technical/human support = 100 k€)

– Labeix Pasteur (20 k€)

– Fondation Descartes, Sauver la Vie (35 k€)

– 25 k€ are missing: crowdfunding (Thellie)  November 2018



New approaches for biofilm eradication

Anti-persisters?
Anti-matrix

+ antibiotics?

 pH
(L-arginine) 

Gentamicin

Sugar

Rifampicin

ADEP4

Aminoglycosides

Chelators (EDTA)

Antibiotics

Pro-dispersal agents
Dispersin B, Dnase I,

Autoinducing peptides (QS)

Others?Phages N-acetylcystein

Mino/EDTA/EtOHLebeaux, D. et al 2014 J Infect Dis
Allison, K.R. et al 2011 Nature

Kim, J.-S. et al 2011 Antimicrob Agents Chemother
Chauhan, A., Lebeaux D. et al 2012 Antimicrob Agents Chemother

Morones-Ramirez, J.R. et al 2013 Sci Transl Med

Izano, E.A. et al 2008 Appl Environ Microbiol
Nijland, R. et al PLoS One 2010

Raad, I. et al 2013 Antimicrob Agents Chemother
Donlan, R.M. et al Clin Infect Dis 2011 

Antibiotic

Silver
(ROS 

production)

Clinical studies must now 

be performed


