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A.Piperacillin-tazobactam

B.Ceftazidime-avibactam
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D.Cefiderocol





Epidemiology

• Roughly 30-60% of Enterobacterales in U.S. will harbor 

one of the big 5 carbapenemase genes

• KPC still responsible for >85% of carbapenemase-

producing CRE (CP-CRE)

• MBLs comprise 5-10%; 40-50% NDM, 30% VIM, 10-20% 

IMP

• 2-4% of P. aeruginosa are CP-CRPA in U.S.  

• 60-70% VIM, 10-20% IMP, <10% NDM

• S. maltophilia intrinsically co-harbors inducible L1 

(MBL) and L2 (class A) β-lactamases

• Now most common CR pathogen isolates from blood in 

U.S. 

van Duin D, et al. Lancet Infect Dis 2020; 20(6): 731-41. 1. Bush K, Bradford PA. Clinical microbiology reviews 2020; 33(2): e00047-19. Bush K.. Antimicrob Agents Chemother

2018; 62(10).Logan LK, Weinstein RA. J Infect Dis 2017; 215(suppl_1): S28-s36.Woodworth KR,, et al.. MMWR Morb Mortal Wkly Rep 2018;67:396-401. 



Epidemiology

van Duin D, et al. Lancet Infect Dis 2020; 20(6): 731-41. 1. Bush K, Bradford PA. Clinical microbiology reviews 2020; 33(2): e00047-19. Bush K.. Antimicrob Agents Chemother

2018; 62(10).Logan LK, Weinstein RA. J Infect Dis 2017; 215(suppl_1): S28-s36.Woodworth KR,, et al.. MMWR Morb Mortal Wkly Rep 2018;67:396-401. 



Epidemiology

• Metallo-β-lactamase (MBL)-producing Gram negative pathogens including carbapenem-resistant 

Enterobacterales (CRE), carbapenem-resistant Pseudomonas aeruginosa (CRPA), and 

Stenotrophomonas maltophilia are phenotypically best categorized as having difficult-to-treat 

resistance (DTR)

• DTR: non-susceptibility to all reported carbapenems, all reported extended-spectrum cephalosporins, 

and all reported fluoroquinolones among Escherichia coli, Klebsiella spp., Enterobacter spp., 

Pseudomonas aeruginosa, and Acinetobacter baumannii

• DTR phenotype delays time to effective therapy leading to increased mortality, longer length of 

stay, and necessitating the use of less effective, more toxic agents such as the aminoglycosides 

and polymyxins

• Although not traditionally considered DTR as its carbapenem resistance is intrinsic and 

chromosomally-mediated, S. maltophilia will be discussed alongside CRE and CRPA given 

emerging nature and similar challenges in detecting, testing, and treating 

1. Magiorakos AP, et al.. Clin Microbiol Infect. 2012;18(3):268-281. 2. Kadri SS, et al. Clin Infect Dis. 2018;67(12):1803-1814. 



Epidemiology

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.1.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48.



Treatment

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. Clin Infect Dis 2022.



ATM + CAZ-AVI

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.2.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48. 3.Mushtaq S, et 

al.. Antimicrob Agents Chemother 2020; 64(12).



ATM + CAZ-AVI

Bhatnagar A, et al. Antimicrob Agents Chemother. 2021 Jul 16;65(8):e0048621



ATM + CAZ-AVI

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.1.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48.



Susceptibility/Synergy Testing

Wenzler E, Deraedt MF, Harrington AT, Danizger LH. Diagn Microbiol Infect Dis. 2017 Aug;88(4):352-354. 



Susceptibility/Synergy Testing

Khan A, et al. Antimicrob Agents Chemother 2021; 65(11): e0084621.



ATM + CAZ-AVI

Falcone M, et al. Clin Infect Dis 2021; 72(11): 1871-8.



Treatment

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. Clin Infect Dis 2022.



Cefiderocol

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.2.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48. 3.Mushtaq S, et 

al.. Antimicrob Agents Chemother 2020; 64(12).



Cefiderocol

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.2.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48. 3.Mushtaq S, et 

al.. Antimicrob Agents Chemother 2020; 64(12).4. Kazmierczak KM, et al. Int J Antimicrob Agents 2019; 53(2): 177-84. 1. Meredith A. Hackel et al. Antimicrob. Agents Chemother. 

2018; doi:10.1128/AAC.01968-17 2. Simner PJ, Patel R. J Clin Microbiol. 2020 Jul 29:JCM.00951-20. 3. Yamano Y. Clin Infect Dis. 2019;69(Suppl 7):S544-S551. 



Susceptibility Testing

Morris CP, et al. J Clin Microbiol. 2020 Dec 17;59(1):e01649-20. 



Susceptibility Testing

Morris CP, et al. J Clin Microbiol. 2020 Dec 17;59(1):e01649-20. 



Susceptibility Testing

Bonnin RA, et al. Clin Microbiol Infect. 2022 May 6:S1198-743X(22)00221-X



Susceptibility Testing

Bonnin RA, et al. Clin Microbiol Infect. 2022 May 6:S1198-743X(22)00221-X

• Sensititre panel: 87% EA, 95% CA, 2.8% VME, 1.6% ME

• MTS strips: 6% EA, 63% CA, 95% VME, 0% ME



Cefiderocol

1. Falcone M, Tiseo G.. Clin Infect Dis 2022. 2. Timsit JF, Paul M, Shields RK, et al. Clin Infect Dis 2022. 3. Paterson DL, et al. Infect Dis Ther 2022; 11(2): 853-70. Falcone M, et al. Clin Infect Dis. 2021 Jun 1;72(11):2021-2024.

• 18 patients treated with CFDC for MBL infections during 

an outbreak in Italy

• 2 NDMs resistant to CFDC without prior exposure

• 10 ICU patients (most with COVID) treated with CFDC; 3 

for NDM producing K. pneumoniae alone and with S. 

maltophilia and A. baumannii

• Overall clinical cure rate 71% (15/21)

• Overall ACM at 28-30 days 24% (5/21)

• Comparable to outcomes observed with ATM + CAZ-

AVI



Cefiderocol

1. Falcone M, Tiseo G.. Clin Infect Dis 2022. 2. Timsit JF, Paul M, Shields RK, et al. Clin Infect Dis 2022. 3. Paterson DL, et al. Infect Dis Ther 2022; 11(2): 853-70.

• Post-hoc analysis of 34 patients enrolled 

in the Phase 3 CREDIBLE-CR (N=23) and 

APEKS-NP (N=11) studies who were 

infected with an MBL

• 20 Enterobacterales and 14 non-

fermenters 

• 82% of CFDC MICs vs. NDM ≤4 mg/L

• Only death in CFDC arm of CREDIBLE-CR 

had Enterobacter cloacae with MIC 16 

mg/L

• In CREDIBLE-CR 28 ACM was 6.3% for 

CFDC (1/16) vs. 57% for BAT (4/7)

• Overall 28 ACM was 12.5% (3/24) for 

CFDC and 50% (5/10) for comparator



Cefiderocol

1. Falcone M, Tiseo G.. Clin Infect Dis 2022. 2. Timsit JF, Paul M, Shields RK, et al. Clin Infect Dis 2022. 3. Paterson DL, et al. Infect Dis Ther 2022; 11(2): 853-70.



Treatment

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. Clin Infect Dis 2022.
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Genotype-phenotype

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.1.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48. Tan X, et al. Infect 

Drug Resist. 2021;14:125-142. Tamma PD, Simner PJ. Phenotypic Detection of Carbapenemase-Producing Organisms from Clinical Isolates. J Clin Microbiol 2018; 56(11).



Genotype-phenotype

1. Lutgring JD,et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e00499-20.1.Biedenbach DJ, et al. Antimicrob Agents Chemother 2015; 59(7): 4239-48. Tan X, et al. Infect 

Drug Resist. 2021;14:125-142. Tamma PD, Simner PJ. Phenotypic Detection of Carbapenemase-Producing Organisms from Clinical Isolates. J Clin Microbiol 2018; 56(11).



%Susceptible Isolates

Organism
Resistance 

Marker n SAM CRO FEP CIP GEN MEM TZP T/S

K.pneumoniae

None 2629 82 98 99 89 98 99 94 87

CTX-M 156 0 0 19 7 37 94 30 10

KPC 64 0 0 13 8 64 8 0 37

OXA 6 0 0 0 0 50 50 0 50

Proteus  
None 501 98 97 99 57 93 100 100 70

CTX-M 7 100 0 0 0 71 100 100 0

Pseudomonas 
None 715 70 -- 84 79 88 80 81 --

VIM 6 0 -- 0 0 0 0 0 --

Genotype-phenotype



Genotype-phenotype

Claeys KC, et al. Open Forum Infect Dis 2018; 5(10): ofy233.



Treatment

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. Clin Infect Dis 2022.

Severity of Infection Preferred Treatment Alternative Treatment 

Mild TMP-SMX, minocycline Tigecycline, levofloxacin, cefiderocol

Moderate-severe TMP-SMX + minocycline, ATM + CAZ-AVI
Two drug combination of TMP-SMX, 

minocycline, tigecycline, or cefiderocol



S. maltophilia

Biagi M, Tan X, Wu T, et al. J Clin Microbiol 2020; 58(2). 2. Biagi M, et al.. Antimicrob Agents Chemother 2020; 64(9). 3.Biagi M, et al.. Antimicrob Agents Chemother 2020; 

64(12).



Susceptibility Testing

Morris CP, et al. J Clin Microbiol. 2020 Dec 17;59(1):e01649-20. 



Susceptibility Testing

Khan A, et al. Antimicrob Agents Chemother. 2021 Feb 8;65(5):e02631-20. 



Treatment

Kullar R, Wenzler E, Alexander J, Goldstein EJC. Open Forum Infect Dis. 2022 Mar 21;9(5):ofac095. 



Treatment

Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. Clin Infect Dis 2022.

Severity of Infection Preferred Treatment Alternative Treatment 

Mild TMP-SMX, minocycline Tigecycline, levofloxacin, cefiderocol

Moderate-severe TMP-SMX + minocycline, ATM + CAZ-AVI
Two drug combination of TMP-SMX, 

minocycline, tigecycline, or cefiderocol



Pipeline

Theuretzbacher U, Bush K, Harbarth S, et al.. Nat Rev Microbiol 2020; 18(5): 286-98. 2. Meletiadis J,, et al.. Int J Antimicrob Agents 2021; 58(5): 106440.



Cefepime-taniborbactam

Theuretzbacher U, Bush K, Harbarth S, et al.. Nat Rev Microbiol 2020; 18(5): 286-98. 2. Meletiadis J,, et al.. Int J Antimicrob Agents 2021; 58(5): 106440.



Cefepime-taniborbactam

Lomovskaya O, et al.. Antimicrob Agents Chemother 2021; 65(6). 2. Hernández-García M, et al.. Antimicrob Agents Chemother 2022; 66(3): e0216121.



Cefepime-taniborbactam

Lomovskaya O, et al.. Antimicrob Agents Chemother 2021; 65(6). 2. Hernández-García M, et al.. Antimicrob Agents Chemother 2022; 66(3): e0216121.



Cefepime-taniborbactam

Theuretzbacher U, Bush K, Harbarth S, et al.. Nat Rev Microbiol 2020; 18(5): 286-98. 2. Meletiadis J,, et al.. Int J Antimicrob Agents 2021; 58(5): 106440.



Cefepime-taniborbactam

Theuretzbacher U, Bush K, Harbarth S, et al.. Nat Rev Microbiol 2020; 18(5): 286-98. 2. Meletiadis J,, et al.. Int J Antimicrob Agents 2021; 58(5): 106440.



Summary

• Prevalence of MBL-producing Gram negative pathogens continues to increase 

in the U.S. and globally

• High mortality due to delays in recognition, detection, time to effective 

antimicrobial therapy, and the very limited number of treatment options

• ATM + CAZ-AVI should be first line for MBL producing Enterobacterales

• Cefiderocol should be first line for MBL producing P. aeruginosa 

• S. maltophilia??
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