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Penicillins Cephalosporins

1st et 2nd

generation
*

ß-lactams/

Classical Inhibitors of

ß-lactamases

(clavulanic acid, 

tazobactam)

Carbapenems

Ambler class

Cephalosporins

3rd /4 th 

generation

cefepime

cefpirome

Enzyme

A

B
Metallo-enzymes*: NDM-1 VIM, IMP.. 

* Aztreonam excluded

D
Oxacillinases =OXA-48, OXA-163, OXA-181..OXA-23, OXA-40, OXA-58 

The carbapenemases

Penicillinases derivatives: KPC, IMI, GES..



ß-Lactamases

Inhibitors of ß-lactamases
ESBL

AmpC
Enteroba

cterales

AmpC

P. 
aer

Carbapenemases

KPC NDM,

VIM, IMP

OXA-48

like

OXA-23 
OXA-40

OXA-58

Dérivés de ß-lactamines

Clavulanic acid

Tazobactam

Diazabicyclooctanes

Avibactam

Relebactam

Boronic acid derivative

Vaborbactam



Source of Infection Preferred Treatment
Alternative Treatment

(first-line options not available

or tolerated)

Cystitis

Oral drug

Single-dose of an aminoglycoside

Meropenem(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 cUTI

Ceftazidime-avibactam 

Meropenem-vaborbactam

Imipenem-cilastatin-

relebactam, Cefiderocol

Meropenem(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 , for URINARY TRACT INFECTIONS

2020 Courtesy T. Ferry



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

in vitro susceptibility to agents , for OTHER INFECTIONS

2020 Courtesy T. Ferry



Source of Infection Preferred Treatment
Alternative 

Treatment (when 

first-line options not 

available/tolerated)

Cystitis

Ceftolozane-

tazobactam  

Ceftazidime-

avibactam 

Imipenem-

relebactam 

Cefiderocol

or a single-dose of an aminoglycoside

Colistin

Pyelonephritis or cUTI

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 

V1.0
August 20202020 Courtesy T. Ferry



Resistances



Imipenem Relebactam



Imipenem Relebactam

• Inactivation OprD/ MexAB-Opr M + mutation PBP 1 a (P .aeruginosa;
Gomis-Font et al. 2020)

• Mutations in OmpK35/36  ( K. pneumoniae; Balabanian et al. 2018; Haidar
et al. 2017)

• contribution of GES to a given level of resistance to inhibitory effect
of relebactam in P. aeruginosa ? (Young et al,
2019; Lob et al. 2019, Fraile-Ribot et al. 2020)



Ceftazidime/avibactam



Enterobacterales Pseudomonas spp. Acinetob
acter 
spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD
loss

Imipenem - Relebactam

Active

Inactiv
e

Partial/unreliable 
activity

Potential 
resistance



Meropenem-Vaborbactam



Meropenem Vaborbactam

•Emergence of resistance in vivo OmpK35/36 + overexpression KPC 
(K. pneumoniae, Sun et al. 2017)
• Mutations in Omp proteins and efflux systems ( Enterobacterales; 
Hecker et al. 2015; Lapuebla et al. 2015; Bush 2015; Hackel et al. 
2017)



Meropenem Meropenem/Vaborbactam (MIC)

Meropenem-Vaborbactam



Ceftazidime/avibactam



Enterobacterales Pseudomonas spp. Acinetoba
cter spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD
loss

Meropenem - Vaborbactam

K. pneumoniae OmpK36 porin
mutation, non-functional OmpK35-37

Active

Inactiv
e

Partial/unreliable 
activity

Potential 
resistance



Cefidericol



Simner et al., Multi Drug Res 2021



Emergence of non-susceptibility to cefidericol in
P. aeruginosa









Enzyme

Specific activity (μmol.min-1.mg-1)
Benzylpenicillin Cefiderocol 

PER-1 6.72 2.14
NDM-1 13.30 0.28
CTXM-2 26.28 NH
VEB-1 19.07 NH
VIM-2 8.5 NH
CTX-M-15 2.65 NH



Interesting combination



Enterobacterales Pseudomonas spp. Acinetoba
cter spp.

ESBL AmpC KPC OXA-48 MBLs Efflux AmpC MBLs OprD
loss

Cefiderocol

Active

Inactive

Partial/unreliable 
activity

Potential 
resistance

PER and NDM may potentially
contribute to cefiderocol

resistance

P. aeruginosa
Overexpression of FecA

(ferric citrate 
transporter)/AmpC mutations



Take home message

• Novel antibiotics are either being already available against MDR Gram negatives

• Acquired resistance to novel molecules is increasingly reported but depending of the  
couple molecule/bacterial species

• Still difficult to treat bacterial infections ; metallo-enzymes producers (++ NDM) in 
Enterobacterales and multidrug-resistant A .baumannii


