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Enterobacteriales

The Enterobacterales order — Enterobacterales is an order of bacteria that contains 

seven groups (ie, families) of gram-negative bacilli. Bacteria within the Enterobacterales 

families include several clinically relevant bacteria that commonly cause infections.

The most clinically relevant families within the Enterobacterales order include the 

following:

●Enterobacteriaceae family – This family includes at least 33 genera of bacteria, some 

of which cause human disease. The most notable are Escherichia ( eg, Escherichia 

coli), Klebsiella, Enterobacter, Citrobacter, Salmonella, and Shigella. 

●Morganellacaeae family – Clinically relevant genera in this family include Proteus, 

Morganella, and Providencia.

●Other families include genera such as Serratia, Hafnia, and Yersinia



Enterobacteriaceae

Noster, J.; Thelen, P.; Hamprecht, A. Detection of
Multidrug-Resistant Enterobacterales—From ESBLs toCarbapenemases. 
Antibiotics 2021, 10,1140. https://doi.org/10.3390/antibiotics10091140



ESBL

Indicator agents:

Cefotaxime 

Ceftazidime 

Cefepime 

If I oR to any third generation or fourth generation oxyimino-

cephalosporin they are often ESBL

ESBL s are enzymes that can show different substrate affinity

Not all enzymes inactivate in the same way substrate drugs

Some enzymes hydrolyze more ceftazidime (TEM and SHV), others 

more cefotaxime (CTX-M). So both drugs should be used in 

susceptibility tests.



AmpC cephalosporinases

Indicator agents:

Cefotaxime

Ceftazidime

Cefoxitin: EUCAST reccomends to use cefoxitin MIC for screening only so it not 

reported in antibiogram usualy)

Many strains belonging to the Enterobacteriacceae family have one or more 

AmpC genes, which, however, are expressed mainly in strains of Enterobacter 

spp. (on chromosome)Proteus spp. (on plasmid).

Microrganisms under the acronim «SPICE» (Serratia, Pseudomonas,Indole 

positive Proteus, Citrobacter and Enterobacter) have chromosomal AmpC genes 

usually not expressed. Higher production can be induced under antibiotic 

therapy



Carbapenemases

Indicator agents:

Meropenem

Imipenem

Ertapenem

The United States Centers for 

Disease Control and Prevention 

(CDC) defines carbapenem-resistant 

Enterobacterales (CRE) as bacteria 

within the Enterobacterales order that 

are resistant to at least one 

carbapenem 

(ie, ertapenem, meropenem, 

doripenem, or imipenem) or that 

produce a carbapenemase enzyme

KPC (class A), 

IMP, VIM, NDM (class B), 

OXA 48 ( class D),

Enzymes that hydrolyze most penicillins and 

cephalosporins ,including oxyimino-beta-lactam 

compounds and carbapenems

https://www.uptodate.com/contents/ertapenem-drug-information?search=carbapenemasi&topicRef=471&source=see_link
https://www.uptodate.com/contents/meropenem-drug-information?search=carbapenemasi&topicRef=471&source=see_link
https://www.uptodate.com/contents/imipenem-and-cilastatin-drug-information?search=carbapenemasi&topicRef=471&source=see_link


Combined resistance mechanism may also 

affect carbapenem susceptibility (e.g., 

combination of dereprerssed AmpC or ESBL 

and decreased permeability)



Carbapenemanse by Country

Cui X, Zhang H and Du H (2019)
Carbapenemases in Enterobacteriaceae: Detection and Antimicrobial Therapy.
Front. Microbiol. 10:1823. doi: 10.3389/fmicb.2019.01823



KPC

Between 2018 and 2022, 

there was a significantly 

increasing trend in the 

EU/EEA population-

weighted mean 

percentage for carbapenem 

resistance, and the largest 

increase (+2.4%) in 

population-weighted mean 

AMR 

percentage under EARS-

Net surveillance during 

2018−2022 occurred in 

carbapenem-resistant 

K. pneumoniae



Impact of CRE on the Risk of IET 

and Associated Outcomes

Retrospective analysis of databases (2009−2013) in patients with 

Enterobacterales infections/N=40,137 patients; CRE=1,227 (3.1%)

Compared to patients with CSE, patients with CRE:

• Had more comorbidities at baseline (P=0.009)

• Were more likely to have a healthcare-associated infection (P<0.001)

• Had a greater severity of illness at hospital day 2 (P<0.001)

• Were 4-fold more likely to receive inappropriate empirical antibiotic 

therapy (P<0.001)

IET results in: ↑ mortality by 12% ↑ LOS by 5.2 days ↑ costs by $10,312

CRE, carbapenem-resistant Enterobacterales; CSE, carbapenem-susceptible 
Enterobacterales; IET, inappropriate empirical treatment; LOS, length of stay Zilberberg MD et al. BMC Infect Dis. 2017; 17(1):279



The Impact of CRE Infections in 

Vulnerable Patients 

Van Duin D, et al. Clin Infect Dis 2018;66:163‒71; Satlin MJ, et al. J Infect 
2016;73:336‒45; Trecarichi EM, et al. Am J Hematol 2016;91:1076‒81.
The global spread of CRE is an important threat to vulnerable patient populations worldwide

The global spread of CRE is an important threat to vulnerable patient

populations worldwide

CRE have emerged as lethal causes of bacteraemia in neutropenic patients

with haematological malignancies

Understanding the local distribution of pathogens and their susceptibility

patterns and of patients’ risk factors for CRE K. pneumoniae is urgent to

improve the efficacy of therapeutic treatment protocols

Evidence from the real-world data demonstrates increasing frequency in the

rate of CRE K. pneumoniae isolates causing BSIs in patients with

haematological malignancies with impact on mortality

Inability to rapidly identify neutropenic patients who are bacteraemic with CRE

lead to a 2–3-day delay until administration of appropriate therapy



RISK FACTORS AND RISK 

ASSESSMENT TOOLS



Predictive Model – KPC-

producing K. pneumoniae

Tumbarello M et al. Antimicrob Agents Chemother. 2014; 58(6):3514-20
Predictive Model – KPC-producing K. pneumoniae
CVC, central venous catheter

Retrospective, matched case-control study in 5 Italian hospitals

Independent risk factors for KPC-producing K. pneumoniae infection: 

• Charlson index of ≥ 3

• Indwelling CVC

• Recent surgery

• Neutropenia

• ≥ 2 recent hospitalisations

• Recent fluoroquinolone and/or carbapenem therapy 

Models developed to predict isolation and infection

“This study provides information which might be useful for the clinical 

management of patients harboring KPC-producing K. pneumoniae and for 

controlling the spread of this organism.”



Risk Factors for CRE infection

The main risk factors for CRE infections in hospitals with high incidence included 

previous colonization, urinary catheter and exposure to broad spectrum antibiotics.



TREATMENT OPTIONS FOR 

CRE INFECTION:

PAST PRESENT AND FUTURE

“Older” Antimicrobial Agents for CRE Infections



The Antibiotic Pipeline is 

Delivering



New Antimicrobial Agents Active 

Against Carbapenemases

cUTI, complicated urinary tract infection; cIAI, complicated intra-abdominal infection; 
HAP, hospital-acquired pneumonia;  VAP, ventilator-associated pneumonia
Adapted from Kanj SS, et al. Int J Antimicrob):1066Agents. 2022 ;60(333



Mortality of Treatment of CRE 

Infections

Borer A, et al. Infect Control Hospital Epid. 2009;30:10; Gutierrez-Gutierrez, et al. BMJ 
Open. 2017:7:e015365;  
Trecarichi EM, et al. Virulence. 2017; 8(4):470-484; Shields RK, et al. Antimicrob Agents 
Chemother. 2017; 
61(8):e00883-17;  Tzouvelekis LS, et al. Clin Microbiol Infect. 2014; 20(9):862-72;  Wunderink 
RG, et al. Infect 
Dis Ther. 2018; 7(4): 439–455;  Motsch J, et al. Clin Infect Dis. 2020; 70(9):1799-1808



CEFTAZIDIME-AVIBACTAM

Avibactam is a DBO β-lactamase 

inhibitor

• FDA approved for cUTI, cIAI, 

HAP/VAP

• EMA approved for cUTI/AP, cIAI, 

HAP/VAP

• Bacterial infections due to Gram-

negative organisms with limited 

treatment options

• 7 randomized controlled studies

• Real-world indications include CRE 

infections

KPC NDM OXA-48 AmpC + porin

Baseline resistance due 

to MBL-producing CRE.

Rarely nonfunctional 

porins plus ↑ bla KPC  

copy number



CAZ-AVI Compared to Colistin in 

the Treatment of CRE

Real-world prospective observational study in 18 US 

hospitals from  2011‒2016 in 137 patients with 

documented CRE infections 

(bloodstream [46%], respiratory tract [22%], and 

urinary tract infections [14%])

CAZ-AVI group (n=38)

Compared to colistin, patients treated 

with CAZ-AVI were

1) Less likely to die 

2) More likely to be discharged from 

hospital within 30 days of starting 

treatment

3) More likely to experience an overall 

better outcome, including less renal failure



CAZ-AVI + Aztreonam for MBL



Meropenem-Vaborbactam

FDA approved in 2017 for cUTI

EMA approved in 2018 for cUTI, HAP,  VAP, secondary bacteremia

• Treatment of infections due to Gram-negative organisms with limited treatment 

options 

Vaborbactam is a boronic acid β-lactamase inhibitor

• Inhibits other class A (KPC, CTX-M, SHV, TEM)

• Minimal impact against non-KPC-producing CRE

KPC NDM OXA-48 AmpC + porin



Imipenem-Cilastatin- Relebactam

Combination of the carbapenem imipenem, the renal dehydropeptidase-I inhibitor 

cilastatin, and the novel β-lactamase inhibitor relebactam

• Approved in the USA and EU for the treatment of adults with HABP,  VABP, cUTIs 

including pyelonephritis and cIAIs in  adults with limited or no alternative treatment 

options

• Potent in vitro activity against KPC-producing Enterobacterales

KPC NDM OXA-48 AmpC + porin



Cefiderocol: In Vitro Activity

Novel siderophore cephalosporin

• In vitro activity against all carbapenemase-producing Enterobacterales

• FDA approved in 2019

• Indicated for the treatment of cUTI, HAP/VAP

KPC NDM OXA-48 AmpC + porin

Results: similar clinical and  microbiological efficacy to BAT. 

Numerically more death occurred in the cefiderocol group, primarily 

in the patient subset with A baumannii infections.



“The best interpretation of cefiderocol that can be gleaned from these studies is that it 

is as good as comparator agents that are frankly suboptimal for the treatment of 

infections caused by carbapenem-resistant organisms”

Mortality at day 14 was higher in patients treated with cefiderocol

compared to BAT for pulmonary infections (25% vs 11%) and BSI (22% vs 

7%), but not in patients with complicated UTI (12% vs 40%)

• Mortality differences persisted at day 28 and at the end of the study



Plazomicin

A next-generation semi-synthetic aminoglycoside 

Approved by the FDA in 2018 for cUTI

KPC NDM OXA-48 AmpC + porin



Eravacycline

• A novel antibiotic of the tetracycline class

• Broad-spectrum of activity, including multi-drug resistant organisms

• Approved by the FDA for the treatment of cIAI in 2018 following IGNITE-1 and 

IGNITE-4 trials

KPC NDM OXA-48 AmpC + porin



Resistance to New Antibiotics



WHAT IS NEW IN THE FUTURE 

FOR CRE?







Assess your patient carefully before prescribing antibiotics

In  severe  infections,  start  FAST.

Choose  empiric  therapy  considering  local epidemiology  
and  patients’  individual  factors

Dosing matters, too

Get  the  bug

indication  and  expected  duration

Reassess  (and  adjust)  antibiotic  therapy  periodically 

Target antimicrobial therapy when possible

Switch to po (oral route) when possible.

Don’t  go  overtime  with  antibiotic  duration.



Conclusions

GRAZIE PER L’ATTENZIONE
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