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Mécanismes de résistance acquise à ceftolozane-tazobactam 
chez Pseudomonas

Mutations (2 à 4) sur Amp C        surproduction de AmpC

large amount of mutations on ampC genes was required for development

of high-level resistance (Cabot et al., 2014).

Mutation de l’Oxacillinase
duplication AA D149 sur OXA 2  devenant OXA 135

Absence de la PLP4



Mécanismes de résistance acquise à ceftazidime –

avibactam

- Plasmide de KPC3 variant apparaissant après 10 à 19j de traitement de 

KPC

- Mutations en 164 ou 179 sur KPC2  empêche la fixation (binding) de 

l’inhibiteur sur la ß-lactamase

- Variants de SHV-1 et KPC-2: une seule mutation isolée

Association  imperméabilité ompK 36 et 

surproduction AmpC

The expression of additional ESBLs along with an ompK36 (porin loss) mutation also

contributes to elevated CAZ/AVI MICs when in the presence of KPC-2 expression 

(Shields et al., 2015). 



929 Shields

novel ST258, clade II sublineage, which are not hypermutators 



prevent avibactam from binding to and 

inhibiting the ß-lactamase. 



Is the reported early development of resistance

a unique flaw of ceftazidime/avibactam or might it
be seen withother new ß-lactam/ß-lactamase 

inhibitor combinations? 

How commonly will the mechanisms causing this
phenotype be found in the clinic? 



Tremendous new !



Relebactam

= Vaborbactam

diazabicyclooctanes= DBO

bicyclo-acyl hydrazide = BCH

VNRX  5133

Nacubactam



Designed for Pseudomonas aeruginosa

Lab: MSD



•Relebactam



Recupération 66.5%

S.H. Lob et al. / Diagnostic 

Microbiology and Infectious

Disease 88 (2017) 171–176

Recupération 81 %



IMI /REL synergie maximale 4 mg/L



In P. aeruginosa, there was an MIC reduction in OprD-deficient strains from

16–64 mg/L to 1–4 mg/L. 

A minimal effect of relebactam was seen in OXA-48 producing isolates. Isolates

with an initial carbapenem MIC >64 mg/L had an MIC reduction to 16 mg/L with

the addition of high dose 32mg/L relebactam. 

Relebactam does not induce ampC as did avibactam

Inactivation of the porin protein OmpK36 in K. pneumoniae has been 

reported to confer resistance to both imipenem–relebactam and 

meropenem–vaborbactam. 





IMI/REL

CAZ/AVI



Bore atome déficient électron=  électrophile fort  liaison covalente avec sérine ß lactamases

Possède un thiophène comme la céfoxitine

Liaison covalente réversible

Inihibition réversible KPC > 15h vs <10 minutes pour ESBL et ampC

D’ou association avec le méropenème

Breakpoints 4/8 mg/L

Pas actif sur Pyo et Acineto ( activité = méropénème seul)

Perfusion lente de 3h  

Lab: Melinta





Actif sur BLSE, KPC

Non actif sur classe B  (VIM et NDM)

très peu actif sur classe D 

( OXA 48 et OXA 163)

Activité association  = activité du 

méropénème sur Acinetobacter, 

Stenotrophomonas,Pseudomonas

RPX7009

Résistance:  ompK 36 

Sur-copie des CTXM et efflux

Augmentation des copies du gène BLAkpc

Non affecté par  suppression ompK37

Efflux seul



Efflux by the multidrug resistance efflux pump AcrAB-TolC had a minimal impact on 

vaborbactam activity.

When deletion of the ompK36 gene, the meropenem MIC (128 µg/ml) was 4-fold higher

Strains of K. pneumoniae that carry a variant of OmpK36 with a duplication of two amino

acids, Gly134 and Asp135 (GD repeat), are frequently reported in clinical settings 





Classe B ?





Inhibiteurs de MDL

Zinc binding inihibitors:

Dérives du captopril

Thiazolidines

Dérivés de l’acide dipicolinique

Triazole –thiones

Zn chelator inhibitors: EDTA

phytotoxin aspergillomarasmine A 

(AMA)

spiro-indoline-thiadiazole



EUCAST 

Breakpoint



May The A+A Force Be With You!





A number of clinical observations have now been published

evaluating aztreonam combined with ceftazidime/avibactam

These have shown successful outcomes in small numbers

of patients with infections due to NDM-producing

Enterobacteriaceae, carbapenem-resistant P. aeruginosa and 

Stenotrophomonas maltophilia. 

However, no randomized controlled trials are underway

with this combination, nor have analyses been published

evaluating the optimal time of administration of aztreonam

relative to the ceftazidime/avibactam. 

These are important considerations that need investigation.



Nacubactam is a DBO inhibitor with in vitro activity against class A, class C, 
and some class D β-lactamases.

Nacubactam (NAC, RG6080, OP0595) is a novel dual action 

diazabicyclooctane having both a ß- lactamase inhibitor activity and a 

direct antibacterial activity that can additionally translate to an 

“enhancer” effect when partnered with beta-lactams. 

Activité > DBO sur MDL, also inhibit enterobacterial PBP2, achieving 

antibacterial activity and potentiating PBP3- targeted β-lactams; this 

can allow activity against strains with enzymes not inhibited by 

DBOs, including MBLs. 

Lab :Roche



Nacubactam (RG6080) alone and in combination against metallo-beta-
lactamase (MBL)-producing Enterobacteriaceae

D. Livermore

Activité > DBO sur MDL

2 populations   MIC 1-8 mg/L (85%) ou >32mg/L ( Proteae)

ACTIVITY ON MBLs

309 Enterobacteriaceae: 158 NDM,52 VIM,99 MBL

8+4 mg/L aztreonam-nacubactam inhibited 308

8+4 mg/l aztreonam + avibactam                     303

8+4 mg/l cefepime + nacubactam 278

8+4 mg/l Cefepime+  avibactam 68

4+4 mg/l meropenem +nacubactam 262

8+4 mg/l  meropenem + avibactam 85



Boronic acid compounds

Lab: venatox



Ria Donnelly, Wendy Kloezen, Mark Goldman, Anita C. Van Mil, Claudia 
M. Lagarde, Joseph Meletiadis,2, Johan Mouton  P1539

VNRX-5133 is a novel cyclic boronate-based broad-spectrum β-
lactamase inhibitor with potent and selective direct inhibitory activity 
against both serine- and metallo-β-lactamases (Ambler Classes A, B, C 

and D). 
At a fixed concentration of 1 mg/L VNRX-5133, the MIC50 and MIC90 were reduced to 

0.25 and 2 mg/L, respectively, for Enterobacteriaceae isolates, and to 16 and 64 mg/L, 

respectively, for P. aeruginosa isolates. 

To obtain a breakpoint MIC of ≤16 mg/L cefepime for 90% of the P. aeruginosa isolates, 

including strains with reduced permeability, 4 mg/L VNRX-5133 was required. 

Shazad Mushtaq1, Anna Vickers1, Neil Woodford1, David Livermore :

by VNRX 5133 at 8 mg/L 

With KPC carbapenemases (GM MIC cefepime reduced from 24.8 mg/L to 0.16 mg/L),

VIM carbapenemases (15.2 mg/L to 0.23 mg/L), 

NDM carbapenemases (104 mg/L mg/L to 2.9 mg/L),

Combinations of ESBL plus impermeability (93.8 to 1 mg/L) 

and AmpC plus impermeability (2.7 mg/L to 0.38 mg/L)

Actif sur VIM, NDM et pas IMP

Pas actif sur Acinetobacter et variable Pseudomonas

Faible sur Stenotrophomonas



155 Enterobacteriaceae (130 NDM-producers, 25 
OXA-producers), and 50 VIM-producing P. aeruginosa 
from 2013-2015 were included in this analysis. MICs 
of cefepime with VNRX-5133 at a fixed concentration 

of 4 mg/L (FEP/VNRX-5133) 
The combination of 

cefepime and VNRX-

5133 demonstrated 

potent in vitro activity 

against these highly 

resistant 

Enterobacteriaceae, 

and was the most 

active antimicrobial 

tested. 

81% of isolates were inhibited 

at the susceptible breakpoint 

of 8 mg/L, and a total of 89% 

were inhibited at 16 mg/L. In 

comparison, susceptibility was 

17% for ceftazidime-

avibactam, 16% for 

ceftolozane-tazobactam,17% 

for meropenemvaborbactam



P1542 In Vitro activity of cefepime in combination with VNRX-5133 against meropenem and/or cefepime resistant clinical isolates of 

Pseudomonas aeruginosa

Mark Estabrook*1, Meredith Hackel1, Dan Sahm1 817 P. aeruginosa

FEP/VNRX-5133 was the most active compound 

against 817 highly resistant isolates of P. 

aeruginosa.

70% of isolates were inhibited at the susceptible 

breakpoint of 8 mg/L, and a total 85% inhibited at

16 mg/L. 

This compares with 56% for ceftolozane-

tazobactam, 51% for ceftazidime-avibactam and 

26% for meropenem-vaborbactam at their

respective susceptible breakpoints.



Zidebactam Lab: Wockhardt

Zidebactam (ZID) and WCK 5153 (Fig. 1) are the first 

described Gram-negative ß-lactam enhancers

belonging to the bicyclo-acyl hydrazide (BCH) series. 

ZID in combination with cefepime (FEP) is currently

under clinical development for infections caused by 

MDR Gram-negative organisms, including P. 

aeruginosa and Acinetobacter

baumannii. 

Although derived from a diazabicyclooctane (DBO) 

scaffold, BCHs were designed with the objective of 

augmenting PBP2 binding in P. aeruginosa and A. 

baumannii rather than the conventional approach of 

optimizing the ß-lactamase inhibitory activity of the 

compound. 

Avibactam, the first example of a DBO,in contrast

possessed weak PBP2 affinity in Enterobacteriaceae





Zidebactam

• Activité intrinsèque 60% des Entérobactérales à 4 mg/L

• E. coli Enterobacter 0,06-0,25

• Klebsiella 0,12 >128

• Proteae, Serratia >> 128mg/L

• + céfépime actif sur 75% à 2 mg/L et 90% à 8 mg/L

• Peu actif sur OXA

• Pyo actif sur MBL 91% à 8 mg/L





Zidebactam and WCK 5153 MICs for the AmpC ß-lactamase-hyperproducing

derivatives remained within 1 doubling dilution, suggestive of low-level to no 

class C -lactamase hydrolysis. 

Likewise, neitheroverexpression nor lack of the intrinsic efflux pump MexAB-

OprM caused a MIC change of more than 1 doubling dilution.

On the other hand, cefepime showed potent PBP1a and PBP3 inhibition, while

meropenem inhibited PBP2, PBP3, and PBP4.

Nevertheless, none of the compounds demonstrated significant class D 

enzyme inhibition

P. aeruginosa



Zidebactam alone exhibited potent in vitro activity against some Enterobacteriaceae and 

P. aeruginosa, including ß-lactamase-producing strains. 

Cefepime/zidebactam MIC values were lower than those of each agent tested alone for 

many ß-lactamase-producing strains, indicating synergy. 

Cefepime/zidebactam (1:1) was very active against Enterobacteriaceae producing CTX-

M-15 (MIC50/90 0.25/1 mg/L), SHV ( MIC50/90 0.12/0.25 mg/L), other ESBLs (20, 

including GES-18, OXA-1/30 andOXY-, PER-, TEM- and VEB-like; MIC50/90 0.25/1 

mg/L), plasmidic AmpC  (MIC50/90 0.06/0.06 mg/L), derepressed AmpC ( MIC50/90 

0.12/0.5 mg/L), KPC ( MIC50/90 0.25/1 mg/L) and metallo-ß-lactamases (MBLs

including VIM, IMP and NDM; MIC50/90 0.5/8 mg/L).

Cefepime/zidebactam (1:1) was also active against Pseudomonas aeruginosa with

overexpression of AmpC (MIC50/90 4/8 mg/L) and MBLs (VIM and IMP); MIC50/90 4/8

mg/L]. 

Cefepime/zidebactam showed moderate activity against OXA-23/24/58-producing 

Acinetobacter baumannii [MIC50/90 32 mg/L (1:1)].

Helio S. Sader* J Antimicrob Chemother 2017; 72: 1696–170



Designed Acinetobacter
Lab: Entasis









ETX 2514 sulbactam



Agent KPC

A

MDL

B

ampC

C

Oxa

D

Pseudomonas
aeruginosa

MDR

Acinetobacter
baumannii

MDR

Avibactam-ceftazidime X N X v X N

Aztreonam-Avibactam X X* X N N

Relebactam-imipenem X X X N

Vaborbactam-Meropenem X N X N N N

VNRX 5133 -Céfépime X X X X X N

Zidebactam--Céfépime X X X Xf X Xf

Nacubactam-Méropenem X X X v f X

ETX 2514- Sulbactam X X X N X

* Entérobactérales

L. Dubreuil 2018

Activités comparées des inhibiteurs de ß-lactamases



Probability of Target Attainment Against Enterobacteriaceae 
1.5-g CEFTOLOZANE/TAZOBACTAM dose

• PTA is  80.9% for the 
1 log10 kill target 
against 
Enterobacteriaceae
with an MIC value up 
to 4 mg/L in plasma 
for the 1.5 g 
ceftolozane/tazobacta
m dose

%T>MIC, percentage of time that the drug concentration exceeds minimum inhibitory concentration. Rubino et al. ICAAC 2014. Poster A-1347.
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Probability of Target Attainment Against Enterobacteriaceae 
1.5-g CEFTOLOZANE/TAZOBACTAM dose

• PTA is  80.9% for the 
1 log10 kill target 
against 
Enterobacteriaceae
with an MIC value up 
to 4 mg/L in plasma 
for the 1.5 g 
ceftolozane/tazobacta
m dose

%T>MIC, percentage of time that the drug concentration exceeds minimum inhibitory concentration. Rubino et al. ICAAC 2014. Poster A-1347.
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In Vitro Efficacy of Tazobactam Correlates Best With %Time > 
Threshold

• Dose fractionation studies used to establish pharmacokinetic/pharmacodynamic 
(PK/PD) parameters of tazobactam in combination with ceftolozane

• The %Time > threshold concentration was the exposure measure most associated with 
tazobactam efficacy, regardless of enzyme expression

48For Internal Training Purposes Only

aThe threshold concentration was 0.05 mg/L for the low- and moderate-β-lactamase genetic constructs and 0.25 mg/L for the high-β-lactamase genetic 

constructs 

AUC, area under the plasma concentration-time curve; Cmax, maximum (peak) plasma drug concentration. 

VanScoy et al. Antimicrob Agents Chemother. 2013;57:2809-14.
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CTX-M-15‒producing Escherichia coli



The Relationship Between Tazobactam %T>Threshold and Change in 
Log10 CFU 
PK/PD In Vitro Infection Model

For Internal Training Purposes Only

Vanscoy B, Mendes RE, McCauley J, Bhavnani SM, Bulik CC, Okusanya OO, Forrest A, Jones RN, Friedrich LV, Steenbergen JN, Ambrose PG. 

Pharmacological basis of β-lactamase inhibitor therapeutics: tazobactam in combination with Ceftolozane. Antimicrob Agents Chemother. 2013 

Dec;57(12):5924-30. 

The threshold concentration 

identified for each isolate

ranged from 0.5 to 4 mg/liter.

Ceftolozane-

tazobactam
Seuil de 

tazobactam



M. J. Melchers, E.  et al.           Ceftolozane-tazobactam
AAC 2016   60  (12)

The main PDI (pharmacokinetic/PD index (PDI)-response) that correlated with

the effect of tazobactam was the fTCT achieved with a CT of 0.5 mg/liter 

tazobactam.



CT = ½ CMI

The enabling translational relationship for the tazobactam threshold that allowed

comodeling of all four clinical isolates was the product of the individual isolate’s

ceftolozane-tazobactam MIC value (determined with a tazobactam concentration of 

4 mg/liter) and 0.5.

The tazobactam %Timethresholds associated with net bacterial stasis and 1- and  2-

log10 CFU reductions in bacteria at 24h were 65.9, 77.3, and 90.2% of the dosing

interval



Aztréonam-Avibactam



Dose fixe de cépépime on fait varier: 

les concentrations de Tazobactam

les rythmes d’administration du tazobactam

Abaissement logarithmique de la charge bactérienne   [Δlog10 CFU] dans 

la cuisse de souris

The first approach was to determine the relationship between exposure

and efficacy for a range of threshold levels and by visual inspection to 

decide which looked best.



To quantify these relationships, the R2 for each of the plots was plotted

against the concentration threshold value, and a fourth-order

polynomial was fitted to the data points to allow calculation of the optimum 

value. 

The calculated CT with the highest R2 was subsequently used as the 

tazobactam threshold for each strain.

0,25mg/L

ax4 + bx3 + cx2 + dx + e = 0  Ferrari (1522 - 1565)



Agent Inhibiteur Antibiotique associé

fT > CT % T > CMI

Ceftolozane-Tazobactam 0,5
(½ CMI)

35-50%

Ceftazidime-avibactam 1 50 50%

Aztréonam-avibactam 2,5 50%

Céfépime-tazo 0,25 25% 
bactériostase

Mero-vaborbactam AUC vabor
free /
CMI 

association

40-60%

Nacubactam ¼ CMI

CB 618 AUIC  ≥ 136

L. Dubreuil 2018

PK/PD



Oxa 24

Oxa

135

tyrosine or 

phenylalanine

and a 

methionine

The 

differences

in the Ω-loop

might cause 

significant

variations in 

the plasticity

of these

loops and 

therefore in 

the efficacy

of the 

ligands.

OXA 23



The hydrophobic bridge of OXA-24/40 (composed of Tyr-112 and Met-223) was shown to be important in 

conferring inhibition by LN-1-255.

However, this bridge is not a universal feature of CHDLs; for example, OXA-48 does not possess it. 



Conclusions
Inhibiteurs à 

- Spectres différents  Entérobactérales ou/et Pseudomonas 
ou/et Acinetobacter

- profils d’inhibition des ß lactamases différents en fonction 
des classes ABCD

PK/PD différents

Sur une même classe (Oxacillinases D):

Variation d’activité selon la structure 3D ou les mutations sur 
boucle Ω rendant fragiles ces molécules au long court 



Cefiderocol (S-649266), A Siderophore Cephalosporin,
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Antibacterial activity against CRE

The test strains include both KPC- and NDM-producers
Ceftazidime, Meropenem: MIC was determined in CAMHB

Carbapenem resistant  Enterobacteriaceae (n=149)
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MIC (g/mL)

Influence du chélateur sur les valeurs de CMI de la 

sidérophore-céphalosporine S 649266



†:Change from baseline control log10CFU/lung 

Efficacy against MDR P. aeruginosa and A. baumannii

Test strains Results of rat infusion study†
Chelex treated ISB

MIC (µg/mL) %Tf>MIC

P. aeruginosa ATCC27853
1-hour infusion -2.9

0.5
100

3-hour infusion -2.9 100

P. aeruginosa SR27001
(IMP-1 producer, MDRP)

1-hour infusion -2.8
8

50

3-hour infusion -3.1 100

A. baumannii 1484911
1-hour infusion -2.6

0.125
100

3-hour infusion -2.0 100

A. baumannii 1485176
(MDRA, CC92)

1-hour infusion -3.6
0.25

100

3-hour infusion -3.8 100

A. baumannii 1515988
1-hour infusion -4.3

0.25
100

3-hour infusion -4.7 100

A. baumannii 1485247
(MDRA)

1-hour infusion -0.7
2

100

3-hour infusion -3.1 100

Relationships between %Tf>MIC and Efficacy in Rat RTI Models

Conclusion: 
The probability of achieving a PK/PD exposure based on 75% of Tf>MIC in plasma is 
recommended to be the appropriate target to demonstrate the clinical efficacy of S-649266.

: ≥-ca 2 log10 reduction 
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Triazaacénaphthylène Spiropyrimidénétrione

No cross-resistance has been described









Connait 

rien à la 

bactério!

Ferait mieux 

de faire de la 

musique!


