Additional data and resources
@ S H IONOG I are available on the

U.S. Medical >

Shionogi U.S. Medical website

Antimicrobial Resistance Series | Part 1 of 3

Mechanisms of Carbapenem Resistance in
Gram-Negative Pathogens

CARBAPENEM-RESISTANT GRAM-NEGATIVE BACTERIAL
PATHOGENS — A CONTINUED CRITICAL PRIORITY

e Carbapenem-resistant Gram-negative infections represent a persistent and significant
global and domestic health threat, and continue to be featured on the WHO Priority
Pathogens List and in the CDC Antibiotic Resistance Threats Report!?

e These pathogens represent critical priorities based on their:!?
- Opportunistic predilection for at-risk individuals
- Rapid colonization and nosocomial spread
- Association with high morbidity and mortality
- Rapid development of resistance through multiple mechanisms
- Limited availability of treatment options

Carbapenem-resistant Gram-negative organisms on the
WHO Bacterial Priority Pathogens List, 2024
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MECHANISMS OF CARBAPENEM RESISTANCE

¢ There are three primary mechanisms by which carbapenem resistance occurs in Gram-
negative pathogens: porin channel loss, active drug efflux, and enzymatic hydrolysis3#

e Carbapenem resistance is rarely driven by a single mechanism; when pathogens exploit
multiple mechanisms simultaneously, this can result in pan-drug-resistant phenotypes
with severely limited treatment options®*
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e Porin channel loss / downregulation

e Deletion, downregulation, or structural mutation of outer membrane porin
channels reduces B-lactam penetration®+

e Often acts synergistically with B-lactamase expression3#*

e Examples: OprD deletion (Pseudomonas aeruginosa), OmpK35/0mpK36
alteration (Enterobacterales), CarO alteration (Acinetobacter baumannii)®?®

e Efflux pump upregulation

e Overexpression of efflux pumps actively expels B-lactams before they reach their
target (i.e., penicillin-binding proteins)**

e Confers resistance to multiple classes of antibacterials*

e Examples: MexAB-OprM and MexCD-OprJ (P. aeruginosa), AcrAB-TolC
(Enterobacterales), AdeABC (A. baumannii), SmeABC and SmeDEF
(Stenotrophomonas maltophilia)®°

e B-lactamase & carbapenemase expression

e 3-lactamases hydrolyze the B-lactam ring of B-lactam antibacterials
(e.g., penicillin, cephalosporins, carbapenems, monobactams), rendering
them ineffective*
- B-lactamases can have different substrate specificities (e.g., penicillinases,
cephalosporinases, ESBLs, carbapenemases)*

e Carbapenemases are a subset of B-lactamases with the ability to hydrolyze
carbapenems, typically alongside other 3-lactams, thereby substantially limiting
B-lactam treatment options*

e Overproduction of certain non-carbapenemases, such as AmpC, can also
contribute to carbapenem resistance*

e Examples of carbapenemases: KPC, GES, NDM, VIM, IMP>#¢10-13

DIFFERENT B-LACTAMASE CATEGORIES

e The Ambler classification system categorizes (3-lactamase
enzymes into 4 groups (i.e., A, B, C, D) based on:*4
- The central catalytic domain (serine or zinc)

.\’ . - Substrate preference

e Carbapenemases are found in Classes A, B, and D;
Class C includes cephalosporinases, some of which
have weak hydrolytic activity against carbapenems
(e.g., AmpC when overexpressed can contribute to
carbapenem resistance)*14

e ~7300 B-lactamase genes have been identified
as of 20251

¢ The genes may be chromosomally encoded or acquired
via horizontal transfer of mobile genetic elements®

Ambler Classification of B-lactamases*®

Characteristic Example Example
active site carbapenemases non-carbapenemases

KPC, SME, GES TEM, SHV, CTX-M

Metallo (Zn?*) IMP, NDM, VIM

AmpC, CMY, GC1,

Serine DHA, FOX

OXA-48-like, OXA-1, OXA-2,
OXA-23-like OXA-9, OXA-10

CARBAPENEM RESISTANCE: RARELY ONE MECHANISM
ACTING ALONE

e Carbapenem resistance mechanisms rarely act in isolation—porin channel loss, efflux
pump upregulation, and B-lactamase/carbapenemase expression frequently co-occur
within a single isolate, with additive or synergistic effects3*

e These carbapenem resistance mechanisms alter the in vitro activity of agents against
isolates and can also lead to MDR, XDR, and DTR phenotypes, each representing a
phenotype with progressively more limited treatment options!®’

Awareness of the in vitro activity profiles of available agents against
carbapenem-resistant Gram-negative pathogens expressing different resistance
mechanisms can help inform clinical decision-making

See Parts 2 and 3 for more information

AmpC=ampicillin chromosomal cephalosporinase; CDC=Centers for Disease Control and Prevention; CMY=cephamycin-hydrolyzing B-lactamase; CTX-M=cefotaxime-
hydrolyzing B-lactamase—Munich; DHA=B-lactamase named after Dhahran Hospital, Saudi Arabia; DTR=difficult-to-treat resistance; ESBL=extended-spectrum
B-lactamase; FOX=plasmid-mediated class C B-lactamase; GC1=Global Clone 1; GES=Guiana extended-spectrum B-lactamase; IMP=imipenemase; KPC=Klebsiella
pneumoniae carbapenemase; MDR=multidrug-resistant; NDM=New Delhi metallo-B-lactamase; OXA=oxacillinase; SHV=sulfhydryl variant of the TEM enzyme;
SME=Serratia marcescens enzyme; TEM=Temoneira class A extended-spectrum B-lactamase; VIM=Verona integron-encoded metallo-B-lactamase; WHO=World Health
Organization; XDR=extensively drug-resistant.
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