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Antimicrobial resistance

is, indeed,

a slow motion tsunami

Hokusai, 1931



WHO publishes list of bacteria for 

which new antibiotics are urgently

needed

Priority 1: CRITICAL
Acinetobacter baumannii, carbapenem-resistant
Pseudomonas aeruginosa, carbapenem-resistant
Enterobacteriaceae, carbapenem-resistant, ESBL-producing

Priority 2: HIGH
Enterococcus faecium, vancomycin-resistant
Staphylococcus aureus, methicillin-resistant, vancomycin-
intermediate and resistant
Helicobacter pylori, clarithromycin-resistant
Campylobacter spp., fluoroquinolone-resistant
Salmonellae, fluoroquinolone-resistant
Neisseria gonorrhoeae, cephalosporin-resistant, 
fluoroquinolone-resistant
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Nouveaux antibiotiques

Tazobactam

Ceftolozane

Cefiderocol

FETCROJA®

ZERBAXA®

Ancien inhibiteur

Annals of Pharmacotherapy 2020



Source of Infection Preferred Treatment

Alternative Treatment 

(first-line options not available or 

tolerated) 

Cystitis 

Oral drug

Single-dose of an aminoglycoside

Meropenem1 (standard-infusion): only if 

ertapenem resistant, meropenem susceptible, 

AND carbapenemase testing results are either

not available or negative. 

Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-cilastatin-relebactam

Cefiderocol

Colistin (only when no alternative 

options are available) 

Pyelonephritis or cUTI2 

Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-cilastatin-relebactam

Cefiderocol

Meropenem1 (extended-infusion): only if 

ertapenem resistant, meropenem susceptible, 

AND carbapenemase testing results are either

not available or negative. 

Once-daily aminoglycosides

Recommended antibiotic treatment options for carbapenem-resistant Enterobacterales (CRE), 

assuming in vitro susceptibility to agents in table, for URINARY TRACT INFECTIONS

V1.0
August 2020
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Source of Infection Preferred Treatment 

Alternative Treatment

(first-line options not available

or tolerated) 

Infections outside of the urinary tract 

Resistant to ertapenem, susceptible to 

meropenem, AND carbapenemase testing

results are either not available or negative

Meropenem1 (extended-infusion) Ceftazidime-avibactam

Infections outside of the urinary tract 

Resistant to ertapenem, meropenem, AND 

carbapenemase testing results are either not 

available or negative

Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-cilastatin-relebactam

Cefiderocol

Tigecycline, eravacycline (IAI) 

KPC identified
(Or carbapenemase positive but identity of 

carbapenemase unknown3) 

Ceftazidime-avibactam

Meropenem-vaborbactam

Imipenem-cilastatin-relebactam

Cefiderocol

Tigecycline, eravacycline (IAI) 

Metallo-β-lactamase
(i.e., NDM, VIM, or IMP) carbapenemase

identified

Ceftazidime-avibactam + aztreonam

Cefiderocol
Tigecycline, eravacycline (IAI) 

OXA-48-like
carbapenemase identified

Ceftazidime-avibactam
Cefiderocol

Tigecycline, eravacycline (IAI) 

Recommended antibiotic treatment options for carbapenem-resistant Enterobacterales (CRE), 

assuming in vitro susceptibility to agents in table, for OTHER INFECTIONS



Source of Infection Preferred Treatment 

Alternative Treatment 

(when first-line options not 

available/tolerated) 

Cystitis 

Ceftolozane-tazobactam

Ceftazidime- avibactam

Imipenem-cilastatin-relebactam

Cefiderocol

or a single-dose of an aminoglycoside

Colistin

Pyelonephritis or cUTI1 

Ceftolozane-tazobactam

Ceftazidime- avibactam

Imipenem-cilastatin-relebactam

Cefiderocol

Once-daily aminoglycosides 

Infections outside of the urinary tract 

Ceftolozane-tazobactam

Ceftazidime- avibactam

Imipenem-cilastatin-relebactam

Cefiderocol

Aminoglycoside monotherapy: limited

to uncomplicated bloodstream

infections with complete source control2 

Recommended antibiotic treatment options for difficult-to-treat (DTR) Pseudomonas aeruginosa, 

assuming in vitro susceptibility to agents in table 

V1.0
August 2020



• Patiente de 70 ans, 45 kg

• Cancer du sein en 2011, HTA

• Fracture humérale gauche lors d’un voyage en Ouzbékistan 
(AVP)

• Ostéosynthèse en Turquie

• Séjour en réanimation avec pneumonie nosocomiale 
(traitement par colistine-tigécycline)

Cas clinique 



• Ecoulement de la cicatrice humérale

• Reprise chirurgicale, ablation du matériel

• Abcès, pus franc, fracture encore non consolidée

• Antibiothérapie post-opératoire par céfépime-vancomycine

Rapatriement à Lyon 1 mois plus tard









Adaptation thérapeutique

• Aztréonam 2g/8h – Ceftazidime/avibactam 2g/8h –
Daptomycine

• Aztréonam 2g/8h – Ceftazidime/avibactam 2g/8h –
Fosfomycine 3g en 3h/8h



Adaptation thérapeutique

• Aztréonam 2g/8h – Ceftazidime/avibactam 2g/8h –
Daptomycine

• Aztréonam 2g/8h – Ceftazidime/avibactam 2g/8h –
Fosfomycine 3g en 3h/8h

• Aztréonam 3g dans un diffuseur sur 12h –
Ceftazidime/avibactam 3g dans un diffuseur sur 12h 



Aztréonam + Ceftazidime/avibactam ?

K. Pneumoniae NDM-1, CTX-M-15, DHA, SHV, TEM



Aztréonam + Ceftazidime/avibactam ?



ATM, aztreonam; CZA, ceftazidime-avibactam; C/T, ceftolozane-tazobactam; AMC, amoxicillin-clavulanate

Aztréonam + Ceftazidime/avibactam ?



Susceptibility testing showing with ellipsometry the effect of the synergistic combination of CAZ-

AVI and ATM. The combination (middle strip) was tested by first applying an ATM strip to the 

Mueller-Hinton (MH) agar, removing it after 5 min, and then applying a CAZ-AVI strip on the exact 

same location and placing back the ATM strip to read the susceptibility to ATM in the presence of 

AVI (and CAZ). K. pneumoniae NDM-1/OXA-48 from patient 1.

Aztréonam + Ceftazidime/avibactam ?



Figure 1 Example of synergistic combination of 
ceftazidime/avibactam (CAZ/AVI) and 
aztreonam (ATM) for an NDM + ESBL-producing 
K. pneumoniae. Susceptibility testing of ATM 
alone (a), combination of CAZ/AVI with ATM (b) 
and CAZ/AVI alone (c). 

J Antimicrob Chemother 2018
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IOA Complexe

(critère microbiologique)

R
Solutions

« simples »
Ablation du matériel

Antibiothérapie « originale »

Sur diffuseur
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Traitement adjuvant dans les bactériémies à S. aureus



Traitement vs placebo dans les colonisations ou infections urinaires



Phagos (PHRC 2015) 1/2         Bacteriophage cocktail Local (Pherecydes) S. aureus
PhagoPied (PHRC 2015) 1/2         Bacteriophage cocktail Local (Pherecydes) S. aureus
PhagoDAIR 1/2         Bacteriophage cocktail Local (Pherecydes) S. aureus

+
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Prof. Ran NIR-PAZ
Hadassah-Hebrew University Medical Center
Clinical Microbiology and infectious Diseases
Israël

Inauguration Committee Member Prof. Tristan FERRY
Hospices Civils de Lyon
Infectious Diseases
France

Inauguration Committee Member Prof. Patrick SOENTJENS
Department of Clinical Sciences
Institute of Tropical Medicine, Antwerp
Belgium

Inauguration Committee Member Prof. Zuzanna DRULIS-KAWA
University of Wroclaw
Department of Pathogen Biology and Immunology
Poland

Inauguration Committee Member Prof. Joana AZEREDO
Universidade do Minho
Engenharia Biológica
Portugal

Inauguration

Committee

Members

• Creating standards

• Support knowledge exchange

• Designing, initiating and supporting clinical trials

• Discuss with EMA about monography for phages

• Creating an register & database for phage therapy

• … 
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Courtesy Pascal Maguin

Luciano Marraffini Lab

S. aureus being lysed

by the Sa2 phage

Bacterial DNA 

appeared in green

Only lytic phages have to be used
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250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. 2021

Number of 

patients 
2017 2018 2019 2020 Total

Managed in 

CRIOAc Lyon
557 594 647 520 2318

For whom a 

phagogram was 

performed

7  

(1.2%)

10 

(1.7%)

17 

(2.6%)

23 

(4.4%)

57 

(2.4%)

For whom phage 

therapy was done

4  

(0.7%)

2  

(0.3%)

8  

(1.2%)

7  

(1.3%)

21 

(0.9%)

Under the supervision of 



250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. 2021 30 patients in Lyon since 2017

• 27 with phages from

• 3 with phages from

• 26 BJI (including 22 PJI)

• 3 endocarditis

• 1 VAP + bacteremia

+ 3 patients managed outside Lyon

Under the supervision of 
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Implementation of a Phage Therapy Center in a CRIOAc

30 patients in Lyon since 2017

• 11 with phages from

• 2 with phages from

• 10 BJI (including 8 PJI)

• 2 endocarditis

• 1 VAP + bacteremia

13 patients (43%)
treated for P. aeruginosa severe infection

Under the supervision of 
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30 patients in Lyon since 2017

• 11 with phages from

• 2 with phages from

• 10 BJI (including 8 PJI)

• 2 endocarditis

• 1 VAP + bacteremia

13 patients (43%)
treated for P. aeruginosa severe infection
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Intravenous administration of personalized cocktail of bacteriophages as

salvage therapy in combination with ceftazidime/avibactam in patients

with relapsing P. aeruginosa bacteremia: Lesson learned from two cases

Conclusions: The type of filter used for the magistral preparation and the duration

of the perfusion influenced the phage titer, as the titer in the patient’s blood.

Personalized GMP bacteriophage therapy has the potential to be used as salvage

therapy of P. aeruginosa intravascular implant infections.



ID Clinic

Lab

Under the supervision of

French Health Authority

Phagogram

Selection of active bacteriophages

1 mL 1 mL 1 mL

Active GMP
S. aureus Bactériophages

Phage A Phage B Phage C

Pharmacy

SurgeryLyon Phage team

Extemporaneous

magistral 

preparation of the 

mix of 

bacteriophages
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Réunion de Lancement
Mercredi 8 Septembre 2021 

7 Workpackages – 10 partenaires

3 pathogènes cible 
Staphylococcus aureus / Staphylococcus epidermidis / Escherichia coli

Isoler, tester, caractériser, produire, purifier et libérer
des lots pharmaceutiques

de phages thérapeutiques académiques
à coût maîtrisé utilisables en clinique chez l’Homme



WP3 : DSP / FF
• Développement et validation 

process de purification
• Contrôles qualité
• Libération de lots
• Formulation / Stabilité

WP4 : Efficacité / PK-PD

• Modèle Lapin - Tissu Cage 
• Modèle Lapin - Infection sur prothèse
• Etude PK/PD in vitro et in vivo

WP2 : USP

• Sélection souche de production
• Développement et validation 

process amplification phagique
• Contrôles qualité

Safety
• Tolerance
• Toxicité

WP5 : Diagnostic

WP7 : Etude socio-antropologique
• Epistémologie / Suivi de l’émergence d’une innovation biomédicale
• Perception/Suivi/Accompagnement chez grand public-décideurs-politiques

WP6 : Utilisation clinique

• Référentiels
• Etudes de cohorte
• Essais cliniques

WP1 : Phage discovery 
• Isolement
• Caractérisation
• Entrainement

• Titration
• Phagogramme

Organisation du projet PHAG-ONE

CIQCLE



FRIPHARM®
PHARMACIE À USAGE INTÉRIEUR (PUI) – HÔPITAL EDOUARD HERRIOT– UCBL -ISPBL

PRODUCTION de médicaments hospitaliers, non disponibles sur le marché, ou pour le

traitement de maladies orphelines ; production de médicaments expérimentaux

adaptés au protocole de recherche clinique (mise en insu …)

CONTRÔLES QUALITÉ des matières premières à usage pharmaceutique et des
préparations hospitalières. Centre de référence pour contrôles des eaux de dialyse
(endotoxines). ETUDES DE STABILITÉ selon la méthodologie ICH.

RECHERCHE ET DEVELOPPEMENT de nouvelles préparations adaptées à des besoins
cliniques spécifiques ou adaptées aux exigences du protocole de recherche clinique.

EXPERTISE TECHNIQUE et REGLEMENTAIRE de la gestion des essais cliniques associée
à la fabrication/contrôles des médicaments expérimentaux (essais institutionnels).

62



Lysines de bactériophages



Antimicrob Agents and Chemother 2015



• Nouveaux inhibiteurs de b-lactamase à disposition
• En combinaison avec des “vieux” antibiotiques

• Nouveaux antibiotiques
• En combinaison avec des “vieux” inhibiteurs

• Céphalosporine siderophore

Evaluation clinique, AMM

Positionnement en fonction des pathogènes et des pathologies

• Développement des thérapies non traditionnelles (definition OMS)
• Bactériophages

• Industriels

• Académiques

• Lysines de phages

• Groupe ESCMID

Conclusion

CIQCLE

?



Lyon BJI Study group
Coordinator: Tristan Ferry
Infectious Diseases Specialists – Tristan Ferry, Florent Valour, Thomas Perpoint, Florence Ader, Sandrine Roux, Agathe Becker, Claire

Triffault-Fillit, Anne Conrad, Cécile Pouderoux, Pierre Chauvelot, Paul Chabert, Johanna Lippman, Evelyne Braun

Surgeons – Sébastien Lustig, Elvire Servien, Cécile Batailler, Stanislas Gunst, Axel Schmidt, Elliot Sappey-Marinier, Quentin Ode, Michel-

Henry Fessy, Anthony Viste, Jean-Luc Besse, Philippe Chaudier, Lucie Louboutin, Adrien Van Haecke, Marcelle Mercier, Vincent Belgaid, Aram

Gazarian, Arnaud Walch, Antoine Bertani, Frédéric Rongieras, Sébastien Martres, Franck Trouillet, Cédric Barrey, Ali Mojallal, Sophie Brosset,

Camille Hanriat, Hélène Person, Philippe Céruse, Carine Fuchsmann, Arnaud Gleizal;

Anesthesiologists – Frédéric Aubrun, Mikhail Dziadzko, Caroline Macabéo, Dana Patrascu;

Microbiologists – Frederic Laurent, Laetitia Beraud, Tiphaine Roussel-Gaillard, Céline Dupieux, Camille Kolenda, Jérôme Josse;

Imaging – Fabien Craighero, Loic Boussel, Jean-Baptiste Pialat, Isabelle Morelec;

PK/PD specialists – Michel Tod, Marie-Claude Gagnieu, Sylvain Goutelle;

Clinical research assistant and database manager– Eugénie Mabrut

Coordinators: Tristan Ferry and Frédéric Laurent
Mathieu Medina, Camille kolenda, Floriane Laumay, Melanie Bonhomme, Leslie Blazere, Tiphaine Legendre, Eline Terrazzoni, Fabrice Pirot,

Camille Merienne, Samira Filali, Benjamine Lapras, Gilles Leboucher, Thomas Briot.
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- Published cases

- Open acces studies in pdf

- All thesis in pdf

- All recommendations

- Newsletter
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