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Définitions BMR / XDR / PDR
q Les classifications MDR / XDR / PDR = Définition microbiologiques
q Nécessité que les bactéries soient testées pour toutes les familles d’antibiotiques 

(voir tous les antibiotiques disponibles)
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SES DÉFINITIONS NE RENDENT PAS COMPTE DES 
DIFFICULTÉS DE TRAITEMENT



• DTR = Résistance à tous les ATB parmi les carbapénèmes, les b-lactamines et 
les fluoroquinolones

Définitions DTR : Difficult-to-Treat Resistance

Kadri S et al. Clin Infect Dis 2018 Huh K et al. Clin Infect Dis 2020



Impact +++ des DTR sur la mortalité
Huh K et al. Clin Infect Dis 2020 1167 bactériémies à BGN

DTR impact +++ sur la mortalité



Stratégie microbiologique

1) Tout testé d’emblée : Difficilement réalisable (voir impossible)

2) De manière adaptée

§ Nombreuses familles d’antibiotiques incluant plusieurs molécules
§ Certains antibiotiques nécessitent des méthodes spécifiques de détermination de 

la sensibilité (ex: colistine / CMI en milieu liquide, céfidérocol / déplétion Fer)
§ Tout tester pour < 1% de DTR : Peu rentable ($$$)

§ Facteurs de risques de DTR (bactérie, patient, épidémiologie locale, type 
d’infection)

§ Utilisation des tests rapide d’orientation



Facteurs de risque de BMR / DTR

Huh K et al. Clin Infect Dis 2020

§ Liés à la bactérie



Facteurs de risque de BMR / DTR

NDM
(XDR/PDR – DTR)

OXA-48
(BHR – non DTR)

Carbapénèmase = BHRe

§ Liés à la bactérie

§ Liés au mécanisme de 
résistance



Facteurs de risque de BMR / DTR

§ Liés à la bactérie

§ Liés au mécanisme de 
résistance

§ Liés au patient

§ Liés à l’épidémiologie locale

- ATB dans les mois précédents ???
- Voyage dans l’année (si oui où ?)
- Immunodépression
- Type d’infection (meningite > bacteriémie > respiratoire >> urinaire)

Epidémiologie des entérobactéries productrices de carbapnénèmases



Place des test rapides

q Moléculaire vs antibiogramme « rapide »

q Connaitre ce qui est cherché MAIS AUSSI ce qui n’est pas cherché par le test rapide

Hight risk of acquired resistance
Immunocompromized patient

Hospital acquired infection
Severe infection

Low risk of acquired resistance
Non immunocompromized patient

Community acquired infection
Urinary tract infection

OUI
NON



Hight risk of acquired resistance
Immunocompromized patient

Hospital acquired infection
Severe infection

Low risk of acquired resistance
Non immunocompromized patient

Community acquired infection
Urinary tract infection

q Any technician available to perform the technique ?

q Any microbiologist available to quickly validate the result ?

q Any reporting system to quickly transfer the result ?

q Any physician who can early adapt the treatment ?

REMAINING QUESTIONS THAT HAVE TO BE SOLVED before 
implementation of a rapid innovative AST in microbiology



STRATÉGIE THÉRAPEUTIQUE



Recommandations pour le traitement des 
infections dues à des Bacilles à Gram 

négatif multirésistants

Jeu de diapositives réalisé par le groupe recommandation de la SPILF le 11.10.2023
essentiellement à partir des recommandations de

European Society of Clinical Microbiology and Infectious Diseases
&

Infectious Diseases Society of America 



Ces recommandations concernent les traitements d’infections microbiologiquement 
documentées. Elles ne sont pas applicables aux antibiothérapies probabilistes.

La gravité est définie par la présence d’un sepsis ou d’un choc septique (définitions 
Sepsis3).

Sont considérés comme « nouveaux antibiotiques » ceux qui ont été règlementairement 
approuvés après 2010.

Les choix sont hiérarchisés selon les critères cliniques suivants : 

• Gravité

• Localisation de l’infection : infection urinaire/biliaire ou non

• Sont exclues les infections osseuses, neurologiques, et sur matériel étranger.

La résistance aux antibiotiques ne change pas la durée du traitement.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Enterobacterales résistantes aux C3G (C3G-R) ?

Carbapénème: Imipénème ou Méropénème
(Chez l’enfant privilégier Méropénème)

Traitement des infections graves



Tendance à surmortalité dans tous les sous-groupes avec PTZ

Sous-groupes n Décès (MER)
n/total (%)

Décès (PIP-TAZ)
n/total (%)

Revenus du pays

Revenu moyen 72 1/35 (2,9) 4/35 (11,4)

Revenu élevé 306 6/156 (3,9) 15/150 (10,0)
Score de Pitt
≥ 4 27 0/9 5/18 (27,8)
< 4  351 7/182 (3,9) 18/169 (10,7)
Bactérie
E. coli 328 7/166 (4,2) 17/161 (10,6)

K. pneumoniae 51 0/25 6/26 (23,1)

Infection associée aux soins (IAS)
IAS 214 4/107 (3,7) 18/107 (16,8)
Non-IAS 164 3/84 (3,6) 5/80 (6,3)
Antibiothérapie probabiliste
Adaptée 253 5/127 (3,9) 18/126 (14,3)
Non adaptée 125 2/64 (3,1) 5/61 (8,2)
Point de départ
Urinaire 230 4/128 (3,1) 7/102 (6,9)
Non urinaire 148 3/63 (4,8) 16/85 (18,8)
Immunodépression
Oui 91 1/40 (2,5) 10/51 (19,6)
Non 287 6/151 (4,0) 13/136 (9,6)

0 5 10 15 20 25 30 35 40 45 50 55-5-10

Différence entre les groupes, % (IC 95 %)

6,8 (-6,0 ; 22,1)
6,2 (0,5 ; 12,5)

27,8 (-5,9 ; 51,3)
6,8 (1,5 ; 12,8)

6,3 (0,7 ; 12,6)
23,1 (8,1 ; 42,3)

13,1 (5,3 ; 21,8)
2,7 (-4,6 ; 10,7)

10,3 (3,4 ; 17,3)
5,1 (-3,7 ; 15,2)

3,7 (-2,0 ; 10,7)
14,1 (3,6 ; 24,5)

17,1 (4,5 ; 30,5)
5,6 (-0,2 ; 12,2)

En faveur PIP-TAZ En faveur MER
Harris P,  et al. JAMA 2018

Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance
A Randomized Clinical Trial
Patrick N. A. Harris, MBBS; Paul A. Tambyah, MD; David C. Lye, MBBS; Yin Mo, MBBS; Tau H. Lee, MBBS; Mesut Yilmaz, MD;
Thamer H. Alenazi, MD; Yaseen Arabi, MD; Marco Falcone, MD; Matteo Bassetti, MD, PhD; Elda Righi, MD, PhD; Benjamin A. Rogers, MBBS, PhD;
Souha Kanj, MD; Hasan Bhally, MBBS; Jon Iredell, MBBS, PhD; Marc Mendelson, MBBS, PhD; Tom H. Boyles, MD; David Looke, MBBS;
Spiros Miyakis, MD, PhD; Genevieve Walls, MB, ChB; Mohammed Al Khamis, MD; Ahmed Zikri, PharmD; Amy Crowe, MBBS; Paul Ingram, MBBS;
Nick Daneman, MD; Paul Griffin, MBBS; Eugene Athan, MBBS, MPH, PhD; Penelope Lorenc, RN; Peter Baker, PhD; Leah Roberts, BSc;
Scott A. Beatson, PhD; Anton Y. Peleg, MBBS, PhD; Tiffany Harris-Brown, RN, MPH; David L. Paterson, MBBS, PhD;
for the MERINO Trial Investigators and the Australasian Society for Infectious Disease Clinical Research Network (ASID-CRN)

IMPORTANCE Extended-spectrum β-lactamases mediate resistance to third-generation
cephalosporins (eg, ceftriaxone) in Escherichia coli and Klebsiella pneumoniae. Significant
infections caused by these strains are usually treated with carbapenems, potentially selecting
for carbapenem resistance. Piperacillin-tazobactam may be an effective “carbapenem-
sparing” option to treat extended-spectrum β-lactamase producers.

OBJECTIVES To determine whether definitive therapy with piperacillin-tazobactam is
noninferior to meropenem (a carbapenem) in patients with bloodstream infection caused by
ceftriaxone-nonsusceptible E coli or K pneumoniae.

DESIGN, SETTING, AND PARTICIPANTS Noninferiority, parallel group, randomized clinical trial
included hospitalized patients enrolled from 26 sites in 9 countries from February 2014 to
July 2017. Adult patients were eligible if they had at least 1 positive blood culture with E coli or
Klebsiella spp testing nonsusceptible to ceftriaxone but susceptible to piperacillin-
tazobactam. Of 1646 patients screened, 391 were included in the study.

INTERVENTIONS Patients were randomly assigned 1:1 to intravenous piperacillin-tazobactam,
4.5 g, every 6 hours (n = 188 participants) or meropenem, 1 g, every 8 hours (n = 191
participants) for a minimum of 4 days, up to a maximum of 14 days, with the total duration
determined by the treating clinician.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality at 30 days
after randomization. A noninferiority margin of 5% was used.

RESULTS Among 379 patients (mean age, 66.5 years; 47.8% women) who were randomized
appropriately, received at least 1 dose of study drug, and were included in the primary analysis
population, 378 (99.7%) completed the trial and were assessed for the primary outcome. A total
of 23 of 187 patients (12.3%) randomized to piperacillin-tazobactam met the primary outcome of
mortality at 30 days compared with 7 of 191 (3.7%) randomized to meropenem (risk difference,
8.6% [1-sided 97.5% CI, −! to 14.5%]; P = .90 for noninferiority). Effects were consistent in an
analysis of the per-protocol population. Nonfatal serious adverse events occurred in 5 of 188
patients (2.7%) in the piperacillin-tazobactam group and 3 of 191 (1.6%) in the meropenem group.

CONCLUSIONS AND RELEVANCE Among patients with E coli or K pneumoniae bloodstream
infection and ceftriaxone resistance, definitive treatment with piperacillin-tazobactam
compared with meropenem did not result in a noninferior 30-day mortality. These findings
do not support use of piperacillin-tazobactam in this setting.

TRIAL REGISTRATION anzctr.org.au Identifiers: ACTRN12613000532707 and
ACTRN12615000403538 and ClinicalTrials.gov Identifier: NCT02176122
JAMA. 2018;320(10):984-994. doi:10.1001/jama.2018.12163
Corrected on June 18, 2019.
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Quelle est l’antibiothérapie de choix pour traiter les 
infections à Enterobacterales Résistantes aux C3G (C3G-R)

Situation clinique Adulte Enfant

Infections autres que urinaires et biliaires Carbapénème : imipénème ou méropénème (ou 
ertapénème après avis spécialisé)

Méropénème

infections urinaires bactériémiques ou non, après contrôle 
de la source 
(cf reco SPILF / HAS IU et publications pédiatriques)

• Cotrimoxazole
• Fluoroquinolone
• Pipéracilline-tazobactam
• Témocilline 
• Céfoxitine uniquement pour E. coli producteur 

de BLSE
• Céfépime uniquement en l’absence de BLSE
• Amoxicilline/Acide clavulanique possible hors 

IU masculine
• Aminosides ou fosfomycine IV en 

monothérapie, après avis spécialisé 
indispensable

§ Cystites: privilégier Mecillinam, Fosfomycine 
trométamol, Nitrofurantoïne, Triméthoprime

Par voie IV (généralement traitement initial)
• Amikacine
• Témocilline
• Céfoxitine uniquement pour E. coli producteur 

de BLSE
• Pipéracilline-tazobactam
• Céfépime uniquement en l’absence de BLSE

Par voie orale (généralement relais de 
traitement)
• Cotrimoxazole
• Céfixime+Amoxicilline-Ac.clavulanique* 

Ciprofloxacine
Cystites: privilégier : Amox clav, Cotrimoxazole

§ Infections biliaires bactériémiques ou non, après 
contrôle de la source 

• Piperacilline-tazobactam peut être envisagé
• Fluoroquinolone
• Amoxicilline ac. Clavulanique
• Céfépime uniquement en l’absence de BLSE

• Piperacilline-tazobactam peut être 
envisagé

• Amoxicilline ac. clavulanique
• Ciprofloxacine
• Céfépime uniquement en l’absence de 

BLSE

Traitement des infections non graves

*(uniquement pour E. coli, K. pneumoniae ou Proteus producteur de BLSE sensible à pipé-tazo ou CMI≤1mg/L pour le céfixime associé à l’acide-clav)
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Abstract
Cefoxitin has demonstrated good in vitro activity against extended spectrum beta-lactamase (ESBL)–producing Escherichia coli
(ESBL-Ec) and is regarded as a carbapenem-sparing beta-lactam alternative in urinary tract infections. Its efficacy has never been
compared to carbapenems inmale UTIs. Our study aimed to compare the clinical andmicrobiological efficacy of cefoxitin (FOX)
and carbapenems (CP) in febrile M-UTI due to ESBL-Ec (F-M-UTI). We conducted a multicenter retrospective cohort study of
patients with F-M-UTI treated with FOX or CP as definitive therapy, between January 2013 and June 2015, in six French acute
care teaching hospitals. The clinical and microbiological efficacies of FOX and CP were compared using multivariable logistic
regression models, adjusting for propensity scores. Of the 66 patients included, 23 patients in FOX group and 27 in CP group had
clinical assessment at follow-up. Median follow-up after end of treatment was 63 days (interquartile range 26–114). Clinical
success was observed for 17/23 (73.9%) and 22/27 (81.5%) patients and microbiological success for 11/19 (57.9%) and for 6/12
(50.0%) patients in FOX and CP groups respectively. We did not find any significant difference for clinical (OR = 0.90, 95% CI
[0.12; 6.70]) neither microbiological (OR = 0.85, 95% CI [0.05; 14.00]) success between CP and FOX groups in univariate and
multivariable models. In the FOX group, high dose with use of continuous infusion was associated with clinical success. These
results add evidence that FOX is an effective alternative treatment to carbapenems for M-UTI caused by ESBL-Ec, particularly
when high doses and continuous infusion are used.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10096-019-03701-0) contains supplementary
material, which is available to authorized users.
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Discussion

In this retrospective multicentre study using a propensity
score-adjusted analysis, the efficacy of FOX therapy was not
significantly different from that of CP therapy in terms of
clinical and microbiological success in febrile M-UTI due to
ESBL-Ec. Furthermore, in FOX group, higher dose and con-
tinuous infusion of cefoxitin were significantly associated
with clinical success.

Data on FOX efficacy in infections due to ESBL-producing
Enterobacteriaceae are scarce and even though no clinical
study did a direct comparison of efficacy between FOX and
CP in this indication, our results are consistent with previous
studies. In a murine model, the activity of FOX was shown to
be comparable to that of imipenem and ertapenem against
CTX-M-15-producing E. coli strains in terms of both bacteri-
cidal activity and selection of resistant mutants [17]. Pilmis
et al. showed that there was no significant difference in clinical
or microbiological outcomes between patients treated with full
course of CP and those receiving FOX during the entire course
of treatment (n = 8) or after empirical treatment with CP (n =
9) for an ESBL-producing Enterobacteriaceae infection [18].
Kernéis et al. performed a retrospective study including 33
patients treated with FOX (23 UTI, including 16 prostatitis)
and showed a clinical success in 61%with a median follow-up
of 14 days [19]. Mambie et al. have also prospectively evalu-
ated FOX in UTIs without any severity criteria (10 M-UTI, 3
pyelonephritis and 2 cystitis) and recorded clinical success for
all patients and microbiological success was reached in 9 pa-
tients out of 10 at the end of treatment [20]. In a recent pro-
spective study including patients with chronic (n = 14) and
acute prosta t i t i s (n = 9) due to ESBL-producing
Enterobacteriaceae, Demonchy et al. showed that FOX ad-
ministered by continuous infusion over a long period (3 weeks

for acute and 6 weeks for chronic prostatitis) with intravenous
fosfomycin for the first 5 days was associated with a 83%
clinical cure rate at 3 months and 77% at 6 months with good
safety profile [21]. However, the very heterogeneous and ill-
defined nature of chronic prostatitis makes the conclusions of
the latter study difficult to interpret.

Some retrospective studies in Asia compared efficacy of
other cephamycins (flomoxef and cefmetazole) and CP for
t rea tment of infec t ions due to ESBL-producing
Enterobacteriaceae with mixed results. They did not show
any difference between cephamycins and CP in studies in-
volving predominantly E. coli [22, 23], but cephamycins were
associated with higher mortality than CP in patients with
ESBL-Klebsiella pneumonia hemodialysis access-related
bacteremia [23].

Special attention should be paid to the risk of emerging
resistance when treating Klebsiella infections with
cephamycin. Treatment failures associated with emergence
of strains resistant to cefoxitin resulting from loss of outer
membrane porins, which can be combined with acquisition
of plasmid-mediated cephalosporinases, have already been
reported [24, 25]. To the best of our knowledge, no emergence
of E. coli resistance under cefoxitin therapy has ever been
published. Based on these data, we focused on E. coli infec-
tions in our study.

In our study, higher dose of cefoxitin (median dose
8000 mg/24 h) combined with continuous infusion was sig-
nificantly associated with clinical success. Short half-life and
high plasma protein binding of cefoxitin [26] favor continuous
infusion. Using a pharmacological model, Guet-Revillet et al.
showed that continuous administration of cefoxitin was the
sole route of administration to reach free cefoxitin concentra-
tions above the minimum inhibitory concentration (MIC) dur-
ing the whole length of treatment [27]. Recently, Demonchy

Table 2 Clinical and
microbiological efficacy of
cefoxitin compared to
carbapenem for the treatment of
F-M-UTI due to ESBL-E. coli

Number (%) Crude OR [95%CI] p value Adjusted OR [95%CI]a p value

Clinical success (N = 39/50)

Carbapenem 22/27 (81.5) 1 (ref) 1 (ref)

Cefoxitin 17/23 (73.9) 0.64 [0.17; 2.47] 0.52 0.90 [0.12; 6.70] 0.92

Microbiological success (N = 17/31)

Carbapenem 6/12 (50.0) 1 (ref) 1 (ref)

Cefoxitin 11/19 (57.9) 1.38 [0.32; 5.88] 0.67 0.85 [0.05; 14.00] 0.91

The propensity score for exposure to cefoxitin was built using a multivariable logistic regression. The dependent
variable was exposure to cefoxitin, and the independent variables were study center, age, Charlson comorbidity
index, history of kidney transplant, type of infection, bacteremia, JJ stent, and effective empirical therapy. The
propensity score corresponds to the probability of receiving FOX treatment
aMultivariable logistic regression models for clinical success and microbiological success. Both models were
adjusted for propensity score, total duration of effective treatment, and effective empirical treatment. The model
was adjusted for total duration of effective treatment because it could not be included in the propensity score as it
occurs after the treatment decision-making. And it is also adjusted for effective empirical treatment, even though it
was included in the propensity score, because it may be a major confounder in the association between cefoxitin
therapy and clinical success

Eur J Clin Microbiol Infect Dis

Clinical success was observed for 17/23 (73.9%) and
22/27 (81.5%) patients and microbiological success for
11/19 (57.9%) and 6/12 (50%) patients in FOX and CP
groups respectively (Table 2). We did not find any sig-
nificant difference for clinical (OR = 0.90, 95% CI
[0.12; 6.70]; p = 0.92) neither microbiological (OR =
0.85, 95% CI [0.05; 14.00]; p = 0.91) success between
CP and FOX groups in univariate and multivariable
models after adjustment for propensity score, total dura-
tion of effective treatment, and effective empirical treat-
ment. Propensity score model is shown in Table S3.

Goodness-of-fit was good (p = 0.26 and 0.23 for models
for clinical and microbiological successes, respectively).
Areas under the ROC curves were 0.58 and 0.56 for
models for clinical success and microbiological success,
respectively.

In FOX group, a higher dose of cefoxitin (med [IQR] 8000
[8000–8000] vs. 6000 [3000–6000], p = 0.02) and continuous
infusion was significantly associated with clinical success, as
was the combined variable of dose and type of infusion
(Table 3). No resistance to cefoxitin emerged during treat-
ment, and 614 days of carbapenems were spared.

Table 1 Characteristics of males
with febrile urinary tract
infections caused by ESBL-
producing E. coli treated with
cefoxitin versus carbapenem in
the population analyzed for the
primary end point (N = 50)

Cefoxitin—FOX

N = 23

Carbapenem—CP

N = 27

p value

n (%) n (%)

Patients

Age (years), mean ± SDa 64.6 ± 12.3 67.4 ± 9.4 0.36

Mc Cabe score, med [IQR]a 1 [1–1] 1 [1–2] 0.08

Charlson comorbidity index, med [IQR] a 3 [0–4] 1 [0–4] 0.67

Immunosuppression 6 (28.6) 8 (38.1) 0.51

History

Underlying uropathy 15 (78.9) 18 (78.3) 0.99

Recurrent urinary tract infections 5 (26.3) 12 (52.2) 0.09

Trans-urethral resection of the prostate 2 (10.5) 2 (8.7) 0.99

Benign prostatic hyperplasia 3 (15.8) 10 (43.5) 0.05

Lithiasis disease 3 (15.8) 0 (0.0) 0.08

Neurological bladder 1 (5.2) 3 (13) 0.61

Urothelial cancer 3 (15.8) 1 (4.3) 0.31

Other 7 (36.8) 4 (17.4) 0.15

Urinary cathetera 5 (23.8) 8 (29.6) 0.65

JJ stenta 4 (17.4) 3 (11.1) 0.69

Kidney transplant 3 (13.0) 2 (7.4) 0.65

Renal or perirenal abscess 3 (13.6) 1 (20.0) 0.99

Infection characteristics

Type of infection 0.98

Community-acquired 8 (34.8) 9 (33.3)

Nosocomial infection 7 (30.4) 9 (33.3)

Healthcare associated infection 8 (34.8) 9 (33.3)

Severe sepsis 0 (0) 2 (8.3) 0.49

Septic shock 1 (4.5) 1 (4.2) 0.99

Bacteremia 6 (26.1) 7 (25.9) 0.99

Antibiotic regimen

Effective empirical therapy 4 (17.4) 12 (44.4) 0.04

Total duration of effective treatment (days), med [IQR] a 22 [17–23] 18 [14–21] 0.14

Number of missing data: McCabe score: n = 1; immunosuppression: n = 8; underlying uropathy, recurrent urinary
tract infections, trans-urethral resection of the prostate, benign prostatic hyperplasia, lithiasis disease, neurological
bladder, urothelial cancer, other uropathies: n = 8; renal or perirenal abscess: n = 23; severe sepsis, septic shock:
n = 4; urinary catheter: n = 2
a SD standard deviation, med [IQR] median [interquartile range]
b JJ stent and urinary catheter at time of urine culture sampling
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Clinical success was observed for 17/23 (73.9%) and
22/27 (81.5%) patients and microbiological success for
11/19 (57.9%) and 6/12 (50%) patients in FOX and CP
groups respectively (Table 2). We did not find any sig-
nificant difference for clinical (OR = 0.90, 95% CI
[0.12; 6.70]; p = 0.92) neither microbiological (OR =
0.85, 95% CI [0.05; 14.00]; p = 0.91) success between
CP and FOX groups in univariate and multivariable
models after adjustment for propensity score, total dura-
tion of effective treatment, and effective empirical treat-
ment. Propensity score model is shown in Table S3.

Goodness-of-fit was good (p = 0.26 and 0.23 for models
for clinical and microbiological successes, respectively).
Areas under the ROC curves were 0.58 and 0.56 for
models for clinical success and microbiological success,
respectively.

In FOX group, a higher dose of cefoxitin (med [IQR] 8000
[8000–8000] vs. 6000 [3000–6000], p = 0.02) and continuous
infusion was significantly associated with clinical success, as
was the combined variable of dose and type of infusion
(Table 3). No resistance to cefoxitin emerged during treat-
ment, and 614 days of carbapenems were spared.

Table 1 Characteristics of males
with febrile urinary tract
infections caused by ESBL-
producing E. coli treated with
cefoxitin versus carbapenem in
the population analyzed for the
primary end point (N = 50)

Cefoxitin—FOX

N = 23

Carbapenem—CP

N = 27

p value

n (%) n (%)

Patients

Age (years), mean ± SDa 64.6 ± 12.3 67.4 ± 9.4 0.36

Mc Cabe score, med [IQR]a 1 [1–1] 1 [1–2] 0.08

Charlson comorbidity index, med [IQR] a 3 [0–4] 1 [0–4] 0.67

Immunosuppression 6 (28.6) 8 (38.1) 0.51

History

Underlying uropathy 15 (78.9) 18 (78.3) 0.99

Recurrent urinary tract infections 5 (26.3) 12 (52.2) 0.09

Trans-urethral resection of the prostate 2 (10.5) 2 (8.7) 0.99

Benign prostatic hyperplasia 3 (15.8) 10 (43.5) 0.05

Lithiasis disease 3 (15.8) 0 (0.0) 0.08

Neurological bladder 1 (5.2) 3 (13) 0.61

Urothelial cancer 3 (15.8) 1 (4.3) 0.31

Other 7 (36.8) 4 (17.4) 0.15

Urinary cathetera 5 (23.8) 8 (29.6) 0.65

JJ stenta 4 (17.4) 3 (11.1) 0.69

Kidney transplant 3 (13.0) 2 (7.4) 0.65

Renal or perirenal abscess 3 (13.6) 1 (20.0) 0.99

Infection characteristics

Type of infection 0.98

Community-acquired 8 (34.8) 9 (33.3)

Nosocomial infection 7 (30.4) 9 (33.3)

Healthcare associated infection 8 (34.8) 9 (33.3)

Severe sepsis 0 (0) 2 (8.3) 0.49

Septic shock 1 (4.5) 1 (4.2) 0.99

Bacteremia 6 (26.1) 7 (25.9) 0.99

Antibiotic regimen

Effective empirical therapy 4 (17.4) 12 (44.4) 0.04

Total duration of effective treatment (days), med [IQR] a 22 [17–23] 18 [14–21] 0.14

Number of missing data: McCabe score: n = 1; immunosuppression: n = 8; underlying uropathy, recurrent urinary
tract infections, trans-urethral resection of the prostate, benign prostatic hyperplasia, lithiasis disease, neurological
bladder, urothelial cancer, other uropathies: n = 8; renal or perirenal abscess: n = 23; severe sepsis, septic shock:
n = 4; urinary catheter: n = 2
a SD standard deviation, med [IQR] median [interquartile range]
b JJ stent and urinary catheter at time of urine culture sampling
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Dans le groupe Cefoxitine : 
forte dose + perfusion 
continue = succès clinique.
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pressure sore. Of the eight cases, three were due to temocillin- 
resistant bacteria, which led to antibiotic treatment modification.

Finally, cure rate at Day 28 was 86.7%, and favourable out-
come at the last visit was 71.4%, with a mean follow-up of 
289.8 ± 206.0 days.

Among patients treated with a temocillin dosage of ≥6 g per 
day, 55/68 (80.9%) presented with UTIs, and 59/68 (86.8%) pa-
tients had a favourable outcome at Day 28.

Among patients treated with a temocillin dosage lower than 
6 g per day, 36/39 (92.3%) presented with UTIs, and 33/39 
(84.6%) patients had a favourable outcome at Day 28.

Risk factors for failure in the univariable and multivariable ana-
lyses were: respiratory tract infection (RTI) [adjusted OR (aOR): 
23.34; 95%CI: 1.52–358.18; P = 0.02); and neurological disease 
(aOR: 5.26; 95%CI 1.49–18.61; P = 0.01) (see Table 2).

The dosage or infusion method of temocillin, the type of bac-
teria, severity and other comorbidities seem to have had no im-
pact on outcome.

Adverse events
Four cases of Clostridioides difficile infection were reported. Other 
adverse events reported included a maculo-papular rash (n = 1) 
and an acute renal failure (n = 1).

No serious adverse drug reactions were observed.

Discussion
We performed a large, multicentred, retrospective cohort study 
observing real-life use of temocillin. We also assessed the clinical 
effectiveness of this antibiotic on treatment of infections due to 
ESBL Enterobacterales, and factors associated with failure.

We found that temocillin is a well-tolerated and effective 
treatment, mainly used for ESBL Enterobacterales UTIs, confirm-
ing earlier studies and case reports.7–10 Temocillin was mainly 
used as a carbapenem-sparing treatment, after broad-spectrum 
empirical antibiotic therapy by carbapenems, which could partly 
explain the high cure rate.

In our study, the cure rate in patients managed with temocillin 
was independent from the causative microorganism; however, 
the sample size does not allow a definitive conclusion in this 
regard.

So far, there are limited data on the effectiveness of temocillin 
in treating infections due to MDR Gram-negative bacteria, includ-
ing ESBL-producing Enterobacterales. A retrospective study in-
cluding 53 infections due to ESBL and AmpC producing-bacteria 
treated with temocillin showed a clinical cure rate of 89%.11

Retrospective cohort studies and small case series found similar 
results.7–10

A recent French matched case–control study that compared 
temocillin with carbapenems for UTIs due to ESBL-producing 
Enterobacterales (72 patients per group) reported similar cure 
rates between both groups at the end of antibiotic therapy 
(94% versus 99%, P = 0.206).8

Considering the ecological pressure and possible emergence 
of bacterial resistance, a study demonstrated that, compared 
with ceftriaxone, temocillin did not increase the proportion of 
ESBL-producing Escherichia coli in faeces of colonized mice.12

The favourable ecological profile of temocillin was also confirmed 
in a randomized multicentre clinical trial that compared temocil-
lin with cefotaxime in the treatment of febrile UTIs.13

Yet, emergence of resistance to temocillin was observed in 
one study, including two cases of resistance to temocillin among 
patients with UTI previously treated with 6 g per day.8 Therefore, 
close monitoring of emerging temocillin resistance among pa-
tients treated with temocillin is needed.

Moreover, the pharmacokinetic/pharmacodynamic (PK/PD) 
properties of temocillin need to be further investigated with add-
itional in vitro and animal model studies, to support appropriate 
clinical breakpoints.14

In our study, the main dosage was 6 g per day, as suggested 
by previously published Monte Carlo simulations, which showed 
that with a dose of 6 g per day (2 g three times a day), a target 
of 80% fT>MIC was reached for the mean population for an MIC 
of 16 mg/L and a target of around 40% for an MIC of ≤32 mg/L.15

Based on available data, EUCAST and CA-SFM/EUCAST current-
ly support MIC breakpoints of 16 mg/L in both UTI and systemic 
infections, recommending a daily dose of 6 g of temocillin with 
the exception of uncomplicated UTIs where a daily dose of 4 g 
has been used with success.16,17

Nonetheless, there is no consensus for MIC breakpoints, espe-
cially in UTI. Indeed, BSAC advises MIC breakpoints of 8 mg/L in 
systemic infection and 32 mg/L in UTI, while EUCAST considers 
16 mg/L in both situations.16,18,19 Unfortunately, we do not 
have the MIC of strains in our study. But, in this real-life study, 
we found no impact of 6 g dosage (or equivalent) or more com-
pared with 4 g or less. This should be interpreted with caution, as 
our sample size was low, and more UTIs were probably treated 
with a 4 g dosage.

Furthermore, in a study describing PK/PD characteristics of 
temocillin administered either via continuous or intermittent in-
fusions in critically ill patients with pneumonia, while PK/PD indi-
ces were best found with continuous infusions, they remained 
below recommendations for systemic infections, except in 

Table 2. Factors associated with failure in univariable and multivariable analysis

Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

UTI 0.253 (0.073–0.877) 0.030 — —
Neurological disease 5.079 (1.631–15.818) 0.005 5.259 (1.486–18.611) 0.010
Immunosuppression 3.918 (1.040–14.761) 0.044 4.136 (0.994–17.211) 0.051
RTI 24.250 (2.333–252.072) 0.008 23.336 (1.520–358.183) 0.024
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130 infections; 113 à E-BLSE ESBL.
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Microbiologie : Escherichia coli (49.6%), Klebsiella pneumoniae (44.2%) and Enterobacter cloacae (8.8%)
Monothérapie : 90%
Efficacité : 87,3%



Quelle est l’antibiothérapie de choix pour traiter les 
entérobacterales sensibles aux C3G
 et à risque de production d’AmpC ?

! Enterobacter cloacae

! Klebsiella aerogenes  (ex Enterobacter aerogenes)

! Citrobacter  freundii

! Serratia marcescens

! Morganella  morganii

! Providencia  spp

! Hafnia  alvei  

Principales entérobactérales à risque de production d’AmpC



Quelle est l’antibiothérapie de choix pour traiter les 
entérobacterales sensibles aux C3G
et à risque de production d’AmpC ?

! Céfépime est le traitement de rŽfŽrence

! Alternatives si Žvolution clinique favorable ET rŽduction de lÕinoculum (contr™le de la 
source) :

o CŽfotaxime ou ceftriaxone
o PipŽracilline  ± tazobactam
o TMP-SMX
o FQ 

Nitrofuranto•ne , TMP-SMX, fosfomycine tromŽtamol , aminoside peuvent •tre envisagŽs pour le 
traitement dÕune cystite.



HYPER MUTATOR / LOW MUTATOR MæME RISQUE ACCRU 
DÕƒCHEC AVEC C3G OU PIPERACILLINE-TAZOBACTAM VS 

CƒFEPIME OU CARBAPƒNéME 



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Entérobacterales résistantes aux carbapénèmes (ERC) ?

! OXA 48 & OXA 48 « like » : Ceftazidime -avibactam  est recommandŽ y compris chez lÕenfant.

! KPC : Ceftazidime -avibactam, MeropŽn•me -vaborbactam , ou ImipŽn•me -cilastatin -
relebactam sont recommandŽs.

! ERC productrices de métallo-bêta-lactamases et/ou rŽsistantes ˆ tous les autres 
antibiotiques, y compris Ceftazidime -avibactam  et MŽropŽn•me -vaborbactam  : lÕassociation 
AztrŽonam  + Ceftazidime -avibactam  ou le CŽfidŽrocol peuvent •tre proposŽs apr•s avis 

spŽcialisŽ.
 Chez lÕenfant l'association AztrŽonam  + Ceftazidime -avibactam  est prŽfŽrŽe au 

CŽfidŽrocol, pour lequel peu de donnŽes sont actuellement disponibles.

Traitement des infections graves



SPECTRE DÕACTIVITƒ



! CŽphalosporinetype sidŽrophore

! Liaison au fer ferrique transportŽ 
dans les cellules bactŽriennes 

CEFIDEROCOL
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In the carbapenem-resistant microbiological ITT 
popu lation, the proportions of patients with HAP, VAP, 
or HCAP achieving a clinical cure at test of cure were 
50% (95% CI 33á8Ð66á2; 20 of 40) of the ceÞderocol 
group and 53% (28á9Ð75á6; ten of 19) of the best 
available therapy group (table 3). For patients with 
bloodstream infection or sepsis, a clinical cure at test of 
cure was achieved by 43% (23á2Ð65á5; ten of 23) of the 
ceÞderocol group and 43% (17á7Ð71á1; six of 14) of the 
best available therapy group (table 3). For patients with 

complicated UTIs, micro biological eradication at test of 
cure was achieved by 53% (27á8Ð77á0; nine of 17) of the 
ceÞderocol group and 20% (0á5Ð71á6; one of Þve) of the 
best available therapy group (table 3). In subgroup 
analyses of clinical and microbiological outcomes at test 
of cure, numerical di! erences were noted by age 
(ie, <65 years or " 65 years), pathogen group (ie, 
Enterobacterales), region (ie, North America and South 
America), race (ie, white, other, etc), and APACHE II 
score (ie, #15; appendix p 22).

Nosocomial pneumonia Bloodstream infections or 
sepsis

Complicated urinary tract 
infections

Overall

CeÞderocol 
(n=40)

Best available 
therapy (n=19)

CeÞderocol 
(n=23)

Best available 
therapy (n=14)

CeÞderocol 
(n=17)

Best available 
therapy (n=5)

CeÞderocol 
(n=80)

Best available 
therapy (n=38)

Clinical outcomes

End of treatment

Clinical cure 24 (60%; 
43á3Ð75á1)

12 (63%; 
38á4Ð83á7)

16 (70%; 
47á1Ð86á8)

7 (50%; 
23á0Ð77á0)

13 (77%; 
50á1Ð93á2)

3 (60%; 
14á7Ð94á7)

53 (66%; 
54á8Ð76á4)

22 (58%; 
40á8Ð73á7)

Clinical failure 13 (33%) 7 (37%) 6 (26%) 7 (50%) 1 (6%) 1 (20%) 20 (25%) 15 (40%)

Indeterminate 3 (8%) 0 1 (4%) 0 3 (18%) 1 (20%) 7 (9%) 1 (3%)

Test of cure

Clinical cure* 20 (50%; 
33á8Ð66á2)

10 (53%; 
28á9Ð75á6)

10 (43%; 
23á2Ð65á5)

6 (43%; 
17á7Ð71á1)

12 (71%; 
44á0Ð89á7)

3 (60%; 
14á7Ð94á7)

42 (53%; 
41á0Ð63á8)

19 (50%; 
33á4Ð66á6)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 3 (16%) 4 (17%) 1 (7%) 3 (18%) 1 (20%) 11 (14%) 5 (13%)

Follow-up

Sustained 
clinical cure

20 (50%; 
33á8Ð66á2)

6 (32%; 
12á6Ð56á6)

9 (39%; 
19á7Ð61á5)

4 (29%; 
8á4Ð58á1)

9 (53%; 
27á8Ð77á0)

3 (60%; 
14á7Ð94á7)

38 (48%; 
36á2Ð59á0)

13 (34%; 
19á6Ð51á4)

Relapse 0 3 (16%) 1 (4%) 1 (7%) 1 (6%) 0 2 (3%) 4 (11%)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 4 (21%) 4 (17%) 2 (14%) 5 (29%) 1 (20%) 13  (16%) 7  (18%)

Microbiological outcomes

End of treatment

Eradication 12 (30%; 
16á6Ð46á5)

5 (26%; 
9á1Ð51á2)

14 (61%; 
38á5Ð80á3)

4 (29%; 
8á4Ð58á1)

12 (71%; 
44á0Ð89á7)à

1 (20%; 
0á5Ð71á6)à

38 (48%; 
36á2Ð59á0)

10 (26%; 
13á4Ð43á1)

Persistence 15 (38%) 9 (47%) 1 (4%) 1 (7%) 0 0 16 (20%) 10 (26%)

Indeterminate 13 (33%) 5 (26%) 8 (35%) 9 (64%) 5 (29%) 4 (80%) 26 (33%) 18 (47%)

Test of cure

Eradication¤ 9 (23%; 
10á8Ð38á5)

4 (21%; 
6á1Ð45á6)

7 (30%; 
13á2Ð52á9)

4 (29%; 
8á4Ð58á1)

9 (53%; 
27á8Ð77á0)à

1 (20%; 
0á5Ð71á6)à

25 (31%; 
21á3Ð42á6)

9 (24%; 
11á4Ð40á2)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 23 (58%) 8 (42%) 13 (57%) 8 (57%) 3 (18%) 3 (60%) 39 (49%) 19 (50%)

Follow-up

Sustained 
eradication

8 (20%; 
9á1Ð35á6)

3 (16%; 
3á4Ð39á6)

6 (26%; 
10á2Ð48á4)

3 (21%; 
4á7Ð50á8)

7 (41%; 
18á4Ð67á1)à

1 (20%; 
0á5Ð71á6)à

21 (26%; 
17á0Ð37á3)

7 (18%; 
7á7Ð34á3)

Recurrence 0 1 (5%) 0 0 0 0 0 1 (3%)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 24 (60%) 8 (42%) 14 (61%) 9 (64%) 5 (29%) 3 (60%) 43¦  (54%) 20¦  (53%)

Data are n (%) or n (%, 95% CI), categorised by clinical diagnosis and visit. *Primary endpoint for patients with nosocomial pneumonia, or bloodstream infections or sepsis. 
 Indeterminate clinical responses were reported as either deaths (for seven patients assigned ceÞderocol and three assigned best available therapy), or missing 
(for six patients assigned ceÞderocol and four assigned best available therapy [deÞnitions in the appendix, p 8]). àEradication was deÞned as reduction of urine culture Gram-
negative uropathogens from at least 105 colony forming units (CFU) per mL at baseline to less than 103 CFU per mL. ¤Primary endpoint for patients with complicated urinary 
tract infections. ¦ Indeterminate microbiological responses were reported as deaths (21 patients assigned ceÞderocol and six assigned best available therapy); additional 
therapy required (for ten patients assigned ceÞderocol and seven assigned best available therapy); or missing (for 12 patients assigned ceÞderocol and seven assigned best 
available therapy [deÞnitions in the appendix, p 10]).

Table ! : Clinical and microbiological secondary outcomes in the carbapenem-resistant microbiological intention-to-treat population

¥ PN : GuŽrison clinique dans le 
groupe cŽfidŽrocol 50.0% (20/40) 
vs 52.6% (10/19) 

¥ BSI/Sepsis : GuŽrison clinique 
dans le groupe cŽfidŽrocol  43.5% 
(10/23) vs 42.9% (6/14) 

¥ IU : Eradication microbiologique 
dans le groupe cŽfidŽrocol 52.9% 
(9/17) vs 20.0% (1/5)

¥ MortalitŽ J28 (toute cause) :
33% (13/40) dansle groupe
cefiderocolvs16% (3/19)
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E! cacy and safety of ceÞderocol or best available 
therapy for the treatment of serious infections caused by 
carbapenem-resistant Gram-negative bacteria 
(CREDIBLE-CR): a randomised, open-label, multicentre, 
pathogen-focused, descriptive, phase 3 trial
Matteo Bassetti, Roger Echols, Yuko Matsunaga, Mari Ariyasu, Yohei Doi, Ricard Ferrer, Thomas P Lodise, Thierry Naas, Yoshihito Niki, 
David L Paterson, Simon Portsmouth, Julian Torre-Cisneros, Kiichiro Toyoizumi, Richard G Wunderink, Tsutae D Nagata

Summary
Background New antibiotics are needed for the treatment of patients with life-threatening carbapenem-resistant 
Gram-negative infections. We assessed the e! cacy and safety of ceÞderocol versus best available therapy in adults 
with serious carbapenem-resistant Gram-negative infections.

Methods We did a randomised, open-label, multicentre, parallel-group, pathogen-focused, descriptive, phase 3 study 
in 95 hospitals in 16 countries in North America, South America, Europe, and Asia. We enrolled patients aged 18 years 
or older admitted to hospital with nosocomial pneumonia, bloodstream infections or sepsis, or complicated urinary 
tract infections (UTI), and evidence of a carbapenem-resistant Gram-negative pathogen. Participants were randomly 
assigned (2:1 by interactive web or voice response system) to receive either a 3-h intravenous infusion of ceÞderocol 
2 g every 8 h or best available therapy (pre-speciÞed by the investigator before randomisation and comprised of a 
maximum of three drugs) for 7Ð14 days. For patients with pneumonia or bloodstream infection or sepsis, ceÞderocol 
treatment could be combined with one adjunctive antibiotic (excluding polymyxins, cephalosporins, and 
carbapenems). The primary endpoint for patients with nosocomial pneumonia or bloodstream infection or sepsis 
was clinical cure at test of cure (7 days [plus or minus 2] after the end of treatment) in the carbapenem-resistant 
microbiological intention-to-treat population (ITT; ie, patients with a conÞrmed carbapenem-resistant Gram-negative 
pathogen receiving at least one dose of study drug). For patients with complicated UTI, the primary endpoint was 
microbiological eradication at test of cure in the carbapenem-resistant microbiological ITT population. Safety was 
evaluated in the safety population, consisting of all patients who received at least one dose of study drug. Mortality 
was reported through to the end of study visit (28 days [plus or minus 3] after the end of treatment). Summary 
statistics, including within-arm 95% CIs calculated using the Clopper-Pearson method, were collected for the primary 
and safety endpoints. This trial is registered with ClinicalTrials.gov (NCT02714595) and EudraCT (2015-004703-23).

Findings Between Sept 7, 2016, and April 22, 2019, we randomly assigned 152 patients to treatment, 101 to ceÞderocol, 
51 to best available therapy. 150 patients received treatment: 101 ceÞderocol (85 [85%] received monotherapy) and 
49 best available therapy (30 [61%] received combination therapy). In 118 patients in the carbapenem-resistant 
microbiological ITT population, the most frequent carbapenem-resistant pathogens were Acinetobacter baumannii (in 
54 patients [46%]), Klebsiella pneumoniae (in 39 patients [33%]), and Pseudomonas aeruginosa (in 22 patients [19%]). In 
the same population, for patients with nosocomial pneumonia, clinical cure was achieved by 20 (50%, 95% CI 
33á8Ð66á2) of 40 patients in the ceÞderocol group and ten (53%, 28á9Ð75á6) of 19 patients in the best available 
therapy group; for patients with bloodstream infection or sepsis, clinical cure was achieved by ten (43%, 23á2Ð65á5) 
of 23 patients in the ceÞderocol group and six (43%, 17á7Ð71á1) of 14 patients in the best available therapy group. For 
patients with complicated UTIs, microbiological eradication was achieved by nine (53%, 27á8Ð77á0) of 17 patients in 
the ceÞderocol group and one (20%, 0á5Ð71á6) of Þve patients in the best available therapy group. In the safety 
population, treatment-emergent adverse events were noted for 91% (92 patients of 101) of the ceÞderocol group and 
96% (47 patients of 49) of the best available therapy group. 34 (34%) of 101 patients receiving ceÞderocol and 
nine (18%) of 49 patients receiving best available therapy died by the end of the study; one of these deaths (in the best 
available therapy group) was considered to be related to the study drug.

Interpretation CeÞderocol had similar clinical and microbiological e! cacy to best available therapy in this 
heterogeneous patient population with infections caused by carbapenem-resistant Gram-negative bacteria. 
Numerically more deaths occurred in the ceÞderocol group, primarily in the patient subset with Acinetobacter spp 
infections. Collectively, the Þndings from this study support ceÞderocol as an option for the treatment of carbapenem-
resistant infections in patients with limited treatment options.
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MORTALITƒ SELON BACTƒRIE

Cefiderocol
n/N (%)

(95%IC (%))

MTD
n/N (%)

(95%IC (%))

Tousles patients 34/101 (33,7)
(24,6- 43,8)

10/49 (20,4)
(10,2-34,3)

Patients avec une infection ˆ Acinetobacter 
spp. 

21/42 (50)
(34,2- 65,8)

3/17 (17,6)
(3,8-43,4)

Patients avec une infection sans 
Acinetobacter (comprenant entŽrobactŽries ou 
P. aeruginosaÉ)

EntŽrobactŽries
P. aeruginosa

13/59 (22)
(12,3-34,7)

6/28 (21,4)
2/11 (18,2)

6/32 (18,8)
(7,2- 36,4)

4/15 (26,7)
2/11 (18,2)

*Parmi ces patients, 30% (16) avaient des souches ayant une CMI au mŽropŽn•me supŽrieure ˆ 64 mg/L. 
Bassetti 2020 Lancet ID et rapport de lÕ! tude CREDIBLE-CR; 2: Wunderick 2020 Lancet ID
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Quelle est l’antibiothérapie de choix pour traiter les infections à 
Pseudomonas aeruginosa résistant aux carbapénèmes (CRPa) ?

Associations dÕantibiotiques

! En l'absence de donnŽes probantes, il nÕest pas possible de recommander ou dŽconseiller 
l'utilisation dÕassociations avec les nouveaux §L/ I§L (Ceftazidime -avibactam  et Ceftolozane-
tazobactam ) ou le CŽfidŽrocol.

! En cas dÕutilisation de Colimycine , Aminoside ou Fosfomycine, une association de 2 
antibiotiques est recommandŽe.

     Aucune recommandation pour ou contre des combinaisons spŽcifiques ne peut •tre fournie.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii  résistant aux carbapénèmes (CRAB) ?

Ampicilline -sulbactam  est le traitement de rŽfŽrence (forte dose : ampicilline 6g/sulbactam 3g 
IV toutes les 8h)

Traitement des infections graves ou à haut risque

Une association est recommandŽe, comportant 2 antibiotiques actifs in vitro en privilŽgiant 
une association ˆ base dÕAmpicilline -sulbactam , parmi :
- Ampicilline -sulbactam ,
- Colimycine , 
- Aminoglycosides, 
- TigŽcycline, 
- MeropŽn•me  (si CMI< 8mg/L, ˆ dose ŽlevŽe en perfusion prolongŽe)

Les associations Colimycine -CarbapŽn•mes et Colimycine -Rifampicine ne sont pas 
recommandŽes. 

Le CŽfidŽrocol ne doit •tre utilisŽ quÕen lÕabsence dÕautre alternative et en association.



Quelle est l’antibiothérapie de choix pour traiter les infections à 
Acinetobacter baumannii  résistant aux carbapénèmes (CRAB) ?

Traitement des infections non graves

Une monothŽrapie est possible

! Ampicilline -sulbactam  est le traitement de rŽfŽrence
! Colimycine  ou TigŽcycline ˆ forte dose peuvent •tre utilisŽes
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In the carbapenem-resistant microbiological ITT 
popu lation, the proportions of patients with HAP, VAP, 
or HCAP achieving a clinical cure at test of cure were 
50% (95% CI 33á8Ð66á2; 20 of 40) of the ceÞderocol 
group and 53% (28á9Ð75á6; ten of 19) of the best 
available therapy group (table 3). For patients with 
bloodstream infection or sepsis, a clinical cure at test of 
cure was achieved by 43% (23á2Ð65á5; ten of 23) of the 
ceÞderocol group and 43% (17á7Ð71á1; six of 14) of the 
best available therapy group (table 3). For patients with 

complicated UTIs, micro biological eradication at test of 
cure was achieved by 53% (27á8Ð77á0; nine of 17) of the 
ceÞderocol group and 20% (0á5Ð71á6; one of Þve) of the 
best available therapy group (table 3). In subgroup 
analyses of clinical and microbiological outcomes at test 
of cure, numerical di! erences were noted by age 
(ie, <65 years or " 65 years), pathogen group (ie, 
Enterobacterales), region (ie, North America and South 
America), race (ie, white, other, etc), and APACHE II 
score (ie, #15; appendix p 22).

Nosocomial pneumonia Bloodstream infections or 
sepsis

Complicated urinary tract 
infections

Overall

CeÞderocol 
(n=40)

Best available 
therapy (n=19)

CeÞderocol 
(n=23)

Best available 
therapy (n=14)

CeÞderocol 
(n=17)

Best available 
therapy (n=5)

CeÞderocol 
(n=80)

Best available 
therapy (n=38)

Clinical outcomes

End of treatment

Clinical cure 24 (60%; 
43á3Ð75á1)

12 (63%; 
38á4Ð83á7)

16 (70%; 
47á1Ð86á8)

7 (50%; 
23á0Ð77á0)

13 (77%; 
50á1Ð93á2)

3 (60%; 
14á7Ð94á7)

53 (66%; 
54á8Ð76á4)

22 (58%; 
40á8Ð73á7)

Clinical failure 13 (33%) 7 (37%) 6 (26%) 7 (50%) 1 (6%) 1 (20%) 20 (25%) 15 (40%)

Indeterminate 3 (8%) 0 1 (4%) 0 3 (18%) 1 (20%) 7 (9%) 1 (3%)

Test of cure

Clinical cure* 20 (50%; 
33á8Ð66á2)

10 (53%; 
28á9Ð75á6)

10 (43%; 
23á2Ð65á5)

6 (43%; 
17á7Ð71á1)

12 (71%; 
44á0Ð89á7)

3 (60%; 
14á7Ð94á7)

42 (53%; 
41á0Ð63á8)

19 (50%; 
33á4Ð66á6)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 3 (16%) 4 (17%) 1 (7%) 3 (18%) 1 (20%) 11 (14%) 5 (13%)

Follow-up

Sustained 
clinical cure

20 (50%; 
33á8Ð66á2)

6 (32%; 
12á6Ð56á6)

9 (39%; 
19á7Ð61á5)

4 (29%; 
8á4Ð58á1)

9 (53%; 
27á8Ð77á0)

3 (60%; 
14á7Ð94á7)

38 (48%; 
36á2Ð59á0)

13 (34%; 
19á6Ð51á4)

Relapse 0 3 (16%) 1 (4%) 1 (7%) 1 (6%) 0 2 (3%) 4 (11%)

Clinical failure 16 (40%) 6 (32%) 9 (39%) 7 (50%) 2 (12%) 1 (20%) 27 (34%) 14 (37%)

Indeterminate 4 (10%) 4 (21%) 4 (17%) 2 (14%) 5 (29%) 1 (20%) 13  (16%) 7  (18%)

Microbiological outcomes

End of treatment

Eradication 12 (30%; 
16á6Ð46á5)

5 (26%; 
9á1Ð51á2)

14 (61%; 
38á5Ð80á3)

4 (29%; 
8á4Ð58á1)

12 (71%; 
44á0Ð89á7)à

1 (20%; 
0á5Ð71á6)à

38 (48%; 
36á2Ð59á0)

10 (26%; 
13á4Ð43á1)

Persistence 15 (38%) 9 (47%) 1 (4%) 1 (7%) 0 0 16 (20%) 10 (26%)

Indeterminate 13 (33%) 5 (26%) 8 (35%) 9 (64%) 5 (29%) 4 (80%) 26 (33%) 18 (47%)

Test of cure

Eradication¤ 9 (23%; 
10á8Ð38á5)

4 (21%; 
6á1Ð45á6)

7 (30%; 
13á2Ð52á9)

4 (29%; 
8á4Ð58á1)

9 (53%; 
27á8Ð77á0)à

1 (20%; 
0á5Ð71á6)à

25 (31%; 
21á3Ð42á6)

9 (24%; 
11á4Ð40á2)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 23 (58%) 8 (42%) 13 (57%) 8 (57%) 3 (18%) 3 (60%) 39 (49%) 19 (50%)

Follow-up

Sustained 
eradication

8 (20%; 
9á1Ð35á6)

3 (16%; 
3á4Ð39á6)

6 (26%; 
10á2Ð48á4)

3 (21%; 
4á7Ð50á8)

7 (41%; 
18á4Ð67á1)à

1 (20%; 
0á5Ð71á6)à

21 (26%; 
17á0Ð37á3)

7 (18%; 
7á7Ð34á3)

Recurrence 0 1 (5%) 0 0 0 0 0 1 (3%)

Persistence 8 (20%) 7 (37%) 3 (13%) 2 (14%) 5 (29%) 1 (20%) 16 (20%) 10 (26%)

Indeterminate 24 (60%) 8 (42%) 14 (61%) 9 (64%) 5 (29%) 3 (60%) 43¦  (54%) 20¦  (53%)

Data are n (%) or n (%, 95% CI), categorised by clinical diagnosis and visit. *Primary endpoint for patients with nosocomial pneumonia, or bloodstream infections or sepsis. 
 Indeterminate clinical responses were reported as either deaths (for seven patients assigned ceÞderocol and three assigned best available therapy), or missing 
(for six patients assigned ceÞderocol and four assigned best available therapy [deÞnitions in the appendix, p 8]). àEradication was deÞned as reduction of urine culture Gram-
negative uropathogens from at least 105 colony forming units (CFU) per mL at baseline to less than 103 CFU per mL. ¤Primary endpoint for patients with complicated urinary 
tract infections. ¦ Indeterminate microbiological responses were reported as deaths (21 patients assigned ceÞderocol and six assigned best available therapy); additional 
therapy required (for ten patients assigned ceÞderocol and seven assigned best available therapy); or missing (for 12 patients assigned ceÞderocol and seven assigned best 
available therapy [deÞnitions in the appendix, p 10]).

Table ! : Clinical and microbiological secondary outcomes in the carbapenem-resistant microbiological intention-to-treat population

¥ PN : GuŽrison clinique dans le 
groupe cŽfidŽrocol 50.0% (20/40) vs 
52.6% (10/19) 

¥ BSI/Sepsis : GuŽrison clinique dans 
le groupe cŽfidŽrocol  43.5% (10/23) 
vs 42.9% (6/14) 

¥ IU : Eradication microbiologique dans 
le groupe cŽfidŽrocol 52.9% (9/17) vs 
20.0% (1/5)

¥ MortalitŽJ28 (toutecause) :33% 
(13/40) dansle groupecefiderocolvs
16% (3/19)
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E! cacy and safety of ceÞderocol or best available 
therapy for the treatment of serious infections caused by 
carbapenem-resistant Gram-negative bacteria 
(CREDIBLE-CR): a randomised, open-label, multicentre, 
pathogen-focused, descriptive, phase 3 trial
Matteo Bassetti, Roger Echols, Yuko Matsunaga, Mari Ariyasu, Yohei Doi, Ricard Ferrer, Thomas P Lodise, Thierry Naas, Yoshihito Niki, 
David L Paterson, Simon Portsmouth, Julian Torre-Cisneros, Kiichiro Toyoizumi, Richard G Wunderink, Tsutae D Nagata

Summary
Background New antibiotics are needed for the treatment of patients with life-threatening carbapenem-resistant 
Gram-negative infections. We assessed the e! cacy and safety of ceÞderocol versus best available therapy in adults 
with serious carbapenem-resistant Gram-negative infections.

Methods We did a randomised, open-label, multicentre, parallel-group, pathogen-focused, descriptive, phase 3 study 
in 95 hospitals in 16 countries in North America, South America, Europe, and Asia. We enrolled patients aged 18 years 
or older admitted to hospital with nosocomial pneumonia, bloodstream infections or sepsis, or complicated urinary 
tract infections (UTI), and evidence of a carbapenem-resistant Gram-negative pathogen. Participants were randomly 
assigned (2:1 by interactive web or voice response system) to receive either a 3-h intravenous infusion of ceÞderocol 
2 g every 8 h or best available therapy (pre-speciÞed by the investigator before randomisation and comprised of a 
maximum of three drugs) for 7Ð14 days. For patients with pneumonia or bloodstream infection or sepsis, ceÞderocol 
treatment could be combined with one adjunctive antibiotic (excluding polymyxins, cephalosporins, and 
carbapenems). The primary endpoint for patients with nosocomial pneumonia or bloodstream infection or sepsis 
was clinical cure at test of cure (7 days [plus or minus 2] after the end of treatment) in the carbapenem-resistant 
microbiological intention-to-treat population (ITT; ie, patients with a conÞrmed carbapenem-resistant Gram-negative 
pathogen receiving at least one dose of study drug). For patients with complicated UTI, the primary endpoint was 
microbiological eradication at test of cure in the carbapenem-resistant microbiological ITT population. Safety was 
evaluated in the safety population, consisting of all patients who received at least one dose of study drug. Mortality 
was reported through to the end of study visit (28 days [plus or minus 3] after the end of treatment). Summary 
statistics, including within-arm 95% CIs calculated using the Clopper-Pearson method, were collected for the primary 
and safety endpoints. This trial is registered with ClinicalTrials.gov (NCT02714595) and EudraCT (2015-004703-23).

Findings Between Sept 7, 2016, and April 22, 2019, we randomly assigned 152 patients to treatment, 101 to ceÞderocol, 
51 to best available therapy. 150 patients received treatment: 101 ceÞderocol (85 [85%] received monotherapy) and 
49 best available therapy (30 [61%] received combination therapy). In 118 patients in the carbapenem-resistant 
microbiological ITT population, the most frequent carbapenem-resistant pathogens were Acinetobacter baumannii (in 
54 patients [46%]), Klebsiella pneumoniae (in 39 patients [33%]), and Pseudomonas aeruginosa (in 22 patients [19%]). In 
the same population, for patients with nosocomial pneumonia, clinical cure was achieved by 20 (50%, 95% CI 
33á8Ð66á2) of 40 patients in the ceÞderocol group and ten (53%, 28á9Ð75á6) of 19 patients in the best available 
therapy group; for patients with bloodstream infection or sepsis, clinical cure was achieved by ten (43%, 23á2Ð65á5) 
of 23 patients in the ceÞderocol group and six (43%, 17á7Ð71á1) of 14 patients in the best available therapy group. For 
patients with complicated UTIs, microbiological eradication was achieved by nine (53%, 27á8Ð77á0) of 17 patients in 
the ceÞderocol group and one (20%, 0á5Ð71á6) of Þve patients in the best available therapy group. In the safety 
population, treatment-emergent adverse events were noted for 91% (92 patients of 101) of the ceÞderocol group and 
96% (47 patients of 49) of the best available therapy group. 34 (34%) of 101 patients receiving ceÞderocol and 
nine (18%) of 49 patients receiving best available therapy died by the end of the study; one of these deaths (in the best 
available therapy group) was considered to be related to the study drug.

Interpretation CeÞderocol had similar clinical and microbiological e! cacy to best available therapy in this 
heterogeneous patient population with infections caused by carbapenem-resistant Gram-negative bacteria. 
Numerically more deaths occurred in the ceÞderocol group, primarily in the patient subset with Acinetobacter spp 
infections. Collectively, the Þndings from this study support ceÞderocol as an option for the treatment of carbapenem-
resistant infections in patients with limited treatment options.
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