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Nosocomial bacterial pathogens in France
(SPARES 2020)

https://www.santepubliquefrance.fr



Causes of ICU-acquired pneumonia in Europe: ECDC 2017

https://www.ecdc.europa.eu/



Causes of ICU-acquired BSI in Europe: ECDC 2017

https://www.ecdc.europa.eu/



Drug resistance of invasive Acinetobacter in Europe 2020

Population weighted mean of carbapenem resistance in Europe : 38% in 2020 (36.9% in 2016)
Population weighted mean of fluoroquinolone + aminoglycoside + carbapenem resistance : 34.1% in 2020 (32.3% in 2016) 

ECDC report 2020: https://www.ecdc.europa.eu



Rates of invasive CRAB in Europe 2020

ECDC report: https://www.ecdc.europa.eu



Drug resistance of A. baumannii in France
(SPARES 2020)

https://www.santepubliquefrance.fr



Antibioresistance associated Deaths in 2019

The Lancet 2022: doi.org/10.1016/S0140-6736(21)02724-0



Carbapenemase positive A. baumannii in France
(CNR data 2021, n=188 CRAB)
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CRAB XDR profiles

PIP TZP FDCFEP

TIC TCC CAZ MEM

IPM GM TOB SAM

SXT MIN CIP AKN

PIP TZP FDCFEP

TIC TCC CAZ MEM

IPM GM TOB SAM

SXT MIN CIP AKN

NDM-1 NDM-1/OXA-23



Epidemiology of CRAB in France
(CNR data 2017-2021)

Total CRAB (n=1605) OXA-23 producing CRAB
± OXA-51,-72, PER, NDM (n=1191)



NDM-1 producing CRAB in France
(CNR data 2017-2021)

NDM-1 producing CRAB
± OXA-23, -24, -58, -420 (n=275)



Novel anti-CRAB solutions

Cefiderocol

o Active intracellular penetration through siderophores uptake 
pathways

o Stability to many β-lactamases
o Poor substrate of efflux pumps

Fe3+

Durlobactam (DBO)

o Broad inhibitor of serine β-lactamases (A-, C-, and D-types)
o Restores sulbactam activity against CRAB by β-lactamase 

inhibition
o Activity impaired by PBP3 mutations or MBL production

Shapiro A.B. et al. Front, Microbiol. 2021, 12: 709974



Principle of action of siderophore-antibiotics

Porins pathway
Passive diffusion

Siderophores pathway
Specific active uptake

Porins pathway
Passive diffusion

Siderophores pathway
Specific active uptake
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CRAB drug susceptibility to cefiderocol
(CNR data, n=73 strains, CA-SFM 2022 or PK/PD breakpoints)

TZP: piperacillin/tazobactam (16/4-64/4 mg/L)
CAZ: ceftazidime (8-16)
CZA: ceftazidime/avibactam (8-16)
C/T: ceftolozane/tazobactam (4/4)
FEP: cefepime (8-16)
IPM: imipenem (2-4)
I-R: imipenem/relebactam (2-4)
MEM: meropenem (2-8)
FDC: cefiderocol (2)
AKN: amikacin (8)
CST: colistin (2)

65.8% (48/73) CRAB exhibited FDC MICs of ≤ 2 mg/L (ThermoFisher microdilution technique)
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International studies
(n=368 strains from 52 countries)

89.7% (330/368) CRAB exhibited FDC MICs of ≤ 4 mg/L (CLSI microdilution technique)

Hackel M.A. et al. AAC 2018, 62:e01968-17



International studies (2)
(n=652 Acinetobacter sp. from the USA and Europe)

Shortridge D. et al. Microbiol. Spectrum 2022, 10:e0271221

S ≤ 4 mg/L

S ≤ 4 mg/L



Cefiderocol is not a good substrate for β-lactamases

! Acquired β-lactamases
– Relative stability to most carbapenemases (IMP-, VIM-, CHDL OXA-types)
– Low hydrolysis by carbapenemases of KPC-, NDM- and SPM-types
– Low hydrolysis by ESBL of PER-, BEL- and SHV-types (GES ?)

! Intrinsic class C cephalosporinases (AmpC)
– Good stability to overexpressed cephalosporinases from P. aeruginosa, 

E. cloacae, and A. baumannii
– Partially hydrolized by AmpC variants (PDC E221K)
– Not inducer of AmpC production

! Cefiderocol therapeutic targets
– XDR strains including carbapenemase positives

Ito T. et al. AAC 2016, 60: 4384
Ito A. et al. AAC 2018, 73: 3049
Ito A. AAC 2018, 62: e01454-17

Poirel L. et al. AAC 2021, 76: doi:10.1128/AAC.00877-21
Poirel L. et al. IJAA 2018, 52: 866

Mushtaq S. et al. AAC 2020, 64: 12 e01582-20
Simner P. et al. Open Forum Infect Dis. 2021, 8(7):ofab311



Role of β-lactamases in CRAB resistance to cefiderocol ?
(CNR data, n=73 strains)

FDC MIC Total OXA-23 OXA-24 OXA-58 OXA-72 OXA-420 IMP-63 NDM-1 PER-1 PER-7 GES-11 CTX-M-115 OXA-35 CARB-14 CARB-16 TEM

≤ 0.5 32 23 1 3 5 4 2 6

1 4 4 4

2 12 6 2 3 1 4 1 1 3 1

4 10 4 1 4 5 1 1 1

8 8 5 1 7 1

> 8 7 1 1 6 1 1

Other mechanisms ? ADC structural variants, alteration of iron uptake and metabolism, PBP mutations, active efflux…

Karakonstantis C. et al. Antibiotics 2022, 11: 723



What about the heteroresistance of A. baumannii ?

Antibiotic concentrations at twofold increments

El-Halfawi O. et al. Clin. Microbiol. Rev. 2015, 28: 191
Choby J.E. et al. The Lancet, 2021, 21:597
Choby J.E. et al. The Lancet, 2021, 2:e648
Bassetti M. et al. The Lancet, 2021, 21:908

Discrepancies between clinical outcomes 
(mortality) and AST data in CREDIBLE-CR trial

A problem of in vitro testing method ?



Other problematic non-fermenting bacilli

PIP TZP FDCFEP

TIC TCC CAZ MEM

IPM GM TOB LEVO

SXT MIN CIP AKN

PIP TZP FDCFEP

TIC TCC CAZ MEM

IPM GM TOB LEVO

SXT MIN CIP AKN

XDR S. maltophilia MDR Achromobacter sp.

Gibb J. et al. Antibiotics 2021, 10: 1226
Isler B. et al. AAC 2020, 64: e01025-20



Cefiderocol vs S. maltophilia
(n=338 S. maltophilia from the USA and Europe)

SIDERO-WT Surveillance Studies 2014 to 2019
(n=2,030 strains) : 98.6% of strains inhibited at ≤ 1 mg/L (CZA MIC50 = 16 mg/L)

Shortridge D. et al. Microbiol. Spectrum 2022, 10.1128/spectrum.02712-21
Karlowsky J.A. et al. AAC 2022, 66:e1990-21



Cefiderocol vs Achromobacter sp.
(n=23 Achromobacter sp. CF patients, France)

Beauruelle C. et al. Microorg. 2021, 9:2473



Conclusions

§ Cefiderocol shows a good in vitro activity against OXA- or IMP/VIM-producing 
CRAB isolates, as well as against XDR S. maltophilia and Achromobacter sp.

§ Cefiderocol is a last-resort option to consider for the treatment of patients with severe 
nosocomial CRAB infections, as an alternative to colistin 

§ Co-expression in some CRAB strains of still not fully characterized mechanisms (β-
lactamases, PBP alterations, loss of siderophore receptors, upregulation of active efflux 
systems…) is able to confer moderate levels of cefiderocol resistance or 
heteroresistance, of which the clinical relevance needs to be addressed by further 
studies

§ The in vitro activity of cefiderocol can be assessed with commercial microdilution tests 
along with that of last-resort antibiotic molecules such as colistin

§ Bacterial population analyses have not been validated yet to predict the effectiveness of 
cefiderocol in vivo.



http://www.cnr-resistance-antibiotiques.fr
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