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Disclosures
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Objectives

• Describe the epidemiology of Carbapenem Resistant Enterobacterales
(CRE)

• Explain the mechanisms of Resistance of Carbapenem Resistant 
Enterobacterales (CRE) 

• Review diagnostic and treatment options for CRE



Outline

• Definition

• Epidemiology

• Transmission dynamics

• Therapeutics 



Enterobacterales

https://www.digicomply.com/blog/enterobacteriaceae-incidents-surge-again

68 genera including 355 species 
are under the Enterobacterales



Carbapenem Resistant Enterobacterales (CRE) 

• CRE:  Enterobacterales that are resistant to 
carbapenem antibiotics. 

• CP-CRE: 

• Carbapenemases - enzymes that break 
down carbapenems and related 
antimicrobials making them ineffective

• subset of all CRE.

• CRO:  Carbapenem resistant Organisms

• Non-enterobacterales carbapenem 
resistant organisms

• ESBL – Extended spectrum beta-lactamase

• Defined as enzymes produced by certain 
bacteria that are able to hydrolyze extended 
spectrum cephalosporin. 

• Effective against beta-lactam antibiotics such 
as ceftazidime, ceftriaxone, cefotaxime 

• Amp C (beta lactamase) 

• resistant to beta- lactamase inhibitors like 
clavulunate

• mostly found on chromosomes 

• Enzyme is inducible with exposure to any 
antibiotic



Antibiotic classes 

https://github.com/alexgoodell/antibiogram



Epidemiology

https://www.cdc.gov/hai/organisms/cre/cre-clinicians.html



Epidemiology

https://www.cdc.gov/hai/organisms/cre/cre-clinicians.html



Global Epidemiology

Ma J et. al. Microbiol Res . 2023 Jan:266:127249



Risk Factors for CRE 

Risk Factors for CRE Infections
1. Elderly age
2. Hospitalization and prolonged hospital stay
3. Immunocompromised conditions
4. Prolonged antibiotic treatments
5. Recent surgery and open wounds
6. Invasive medical devices like IV catheters
7. Chronic diseases like Diabetic, cancer, AIDS

Dong LT, Espinoza HV, Espinoza JL.AIMS Microbiol. 2020 Jul 1;6(3):176-182.



Transport of Resistance 

https://www.cdc.gov/drugresistance/pdf/threats-report/how-ar-moves-508.pdf



Transport of Resistance 

https://www.cdc.gov/drugresistance/pdf/threats-report/how-ar-moves-508.pdf



Noster J. et.al. Antibiotics (Basel). 2021 Sep 21;10(9):1140.



Beta-lactamase 
classification

Antibiotic resistance Common organisms Antibiotics affected  

Serine Beta-lactamase 
(Ambler Class A) 

- penicillinases and 
cephalosporinase

- extended-spectrum 
beta-lactamases (ESBLs) 
- TEM and SHV - Plasmid
CTX-M – hydrolysis 

- Carbapenemase 
KPC, GES, IMI, NMC-A

E. Coli
Klebsiella pneumoniae,  
Haemophilus influenzae, 
Proteus mirabilis
Klebsiella oxytoca
Serratia marcescens, 
Citrobacter
Enterobacter
Salmonella spp. 

1st and 2nd generation 
cephalosporins

Penicillins, 
cephalosporins except 
cefoxitin and 
carbapenems

Carbapenems 

Metallo-B-lactamases
(Ambler Class B)

- require zinc for activity 
- Hydrolysis of a wide 
range of beta- lactam 
antibiotics including 
carbapenems
- Plasmid vectors 
- VIM, IMP, NDM, GIM 

Escherichia coli
Klebsiella pneumoniae
other Enterobacteriacae 
Pseudomonas aeruginosa
Acinetobacter species

Wide range of beta-
lactams and 
Carbapenems 



Beta-lactamase 
classification

Antibiotic resistance Common organisms Antibiotics affected  

Serine β-lactamase
(Ambler Class C)

- Predominant enzyme is 
Amp C
- Found on the chromosome 
or can occur as a plasmid 

Enterobacter Cloacae
Klebsiella aerogenes
Citrobacter freundii
Serratia marcescens
Providencia stuartii
Pseudomonas aeruginosa
Hafnia alvei 
Morganella morganii

- Active against all beta-
lactam agents EXCEPT 
Cefepime and Carbapenems

Oxacillinases 
(Ambler Class D)

- Oxacillinase (OXA) – 
Penicillinase/Oxacillinase 
and ESBL 
- Carbapenemase genes 
(OXA48, OXA-23)
- secondary resistance - 
porin deficiencies or 
overexpressed efflux 
pumps.

Enterobacteriaceae, 
Acinetobacter baumannii, 
Klebsiella pneumoniae

- Active against nearly all 
beta-lactam agents 
including carbapenems 
(weak) 
- Exceptions may include 3rd 
and 4th gen cephalosporins



Mechanism of CRE Resistance 

a. Carbapenemase production

b. Altered pore proteins: inability of 
carbapenems to enter the bacteria
 
c. Efflux pump excretes carbapenems 

d. Changes in the structure of the penicillin-
binding protein (PBP) – carbapenems unable to 
bind
 
e.    Alteration of biofilm components leads to    
drug resistance, (e.g. Lipopolysaccharide) 

Ma J. et. Al.  Microbiological Research.  January 2023, Vol 266



Enzymes Conferring Carbapenem Resistance 

• Transposons: chromosomal segment that can 
transfer from a plasmid to other plasmids or 
from a DNA chromosome to plasmid and vice 
versa 

• Plasmid:  small, circular, double-stranded DNA 
molecule distinct from a cell's chromosomal 
DNA

• Gene cassette:   mobile genetic element that 
can transpose into or out of a specific receptor 
site

 

• Chromosome: spontaneous, random, and 
relatively rare alterations in the DNA

Perez F. et. al. Cleveland Clinic Journal of Medicine. Vol 80; 4; April 2013



Laboratory Tests 

• Traditional sensitivities 

• Modified Hodge Test

• Carbapenem Inactivation Method

• EDTA Inhibition Test

• Boronic Acid Inhibition Test

• Carba NP Test

• Matrix-assisted laser 
desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS)

• Polymerase Chain Reaction (PCR)

• Duplex multiple cross displacement 
amplification combined with lateral flow 
biosensor (MCDA-LFB) method. 

• Verigene Gram-negative blood culture assay: 
nucleic acid non-amplification test 

• DNA Microarray is another commonly used 
method. 

• BioFire Film Array Method (PCR)

• Xpert Carba-R 

• Whole Genome Sequencing

Smith H. Carbapenem-Resistant Enterobacterales. StatPearls Publishing;  2024 Feb 2.



Carbapenem timeline 

Ma J et. al. Microbiol Res . 2023 Jan:266:127249



Not active 
against MBL

Not active 
against MBL, 
OXA-48

Not active 
against MBL, 
OXA-48

Can be used in combo with 
Ceftaz/avi for MBL – Avi 
restores aztreonam 
activity

KPC > MBL > OXA-48

Ambler A,B,C,D – 
Siderophore using 
bacteria iron 
transport system to 
enter cell and bind to 
PBP

Non-replicating viruses 
that infect and lyse 
bacteria 

ANTIBIOTIC 
TREATMENT OF CRE 

Rabaan AA et. al (Kaunas). 2022 Nov 19;58(11):1675.



Key Takeaways

• CRE is an urgent public health threat which needs to be addressed globally

• Multiple mechanisms of resistance exist for CRE which dictates treatment options

• Development of laboratory testing, especially PCR is a critical piece of the 
diagnosis and treatment of CRE 

• Lack of effective antibiotics remains a challenge for treatment of CRE

• Antibiotic stewardship is an important part of preventing the emergence of CRE 
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