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Antibiotico MIC mg/l

Piperacillina/tazobactam ≥128 R

Ceftazidime 64 R

Cefepime 64 R

Aztreonam ≥64 R

Imipenem 32 R

Meropenem 16 R

Amikacina ≥64 R

Gentamicina >32 R

Ciprofloxacina >32 R

Ceftolozane/tazobactam ≥8 R

Fosfomicina 128

Colistina 1 S

Cefiderocol 1 S

Antibiotico MIC mg/l

Imipenem >32 R

Meropenem 64 R

Amikacina 32 R

Gentamicina >16 R

Ciprofloxacina >32 R

TMP/SMT >320 R

Colistina 1 S

Cefiderocol 2 S
IE

IE

Antibiotico MIC mg/l

Piperacillina/tazobactam ≥128 R

Ceftriaxone ≥4 R

Ceftazidime >128 R

Cefepime >32 R

Imipenem 16 R

Meropenem >64 R

Fosfomicina 32 S

Amikacina ≥16 R

Gentamicina 2 S

Ciprofloxacina >4 R

Tigeciclina 0.5

Colistina 8 R

CAZ/AVI 2 S

MEM/VAB 0.5 S

Cefiderocol 2 S

IE

Antibiotico MIC mg/l

Piperacillina/tazobactam ≥128 R

Ceftriaxone ≥4 R

Ceftazidime >128 R

Cefepime >32 R

Imipenem >16 R

Meropenem >64 R

Fosfomicina 32 S

Amikacina >16 R

Gentamicina >8 R

Ciprofloxacina >4 R

Tigeciclina 1

Colistina 0.5 S

CAZ/AVI >16 R

MEM/VAB >16 R

Cefiderocol 1 S

IE

Pseudomonas aeruginosa

Acinetobacter baumannii

Klebsiella pneumoniae Klebsiella pneumoniae

VIM-1

OXA-23

KPC-3 NDM-1

Difficult-to-Treat 
Resistance in 
Gram-negative
Kadri SS. et al Clin Infect Dis 
2018
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Impact of Difficult-to-Treat Resistance in Gram-negative Bacteremia on Mortality: 
Retrospective Analysis of Nationwide Surveillance Data
Huh K. et al Clin Infect Dis 2020; 71:e487

conclusion
Crude mortality for GNBSI caused by DTR was 50.3%. 
A multivariable model showed that only DTR, but not 

other categories, was significantly associated with 
mortality (adjusted odds ratio [aOR], 3.58 [95% 

confidence interval {CI}, 1.27–10.19]). DTR was also a 
significant predictor for mortality in the analysis of 

propensity score–matched cohorts (aOR, 3.48 [95% CI, 
1.82–6.79]). In patients with GNBSI, DTR was 

associated with higher mortality than those in other 
resistance categories
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TRIMETOPRIM/SULFAMETOXAZOLO
TOBRAMICINA

PIPERACILLINA/TAZOBACTAM
OSELTAMIVIR
MEROPENEM

LINEZOLID
GENTAMICINA
FOSFOMICINA

COLISTIMETATO SODICO
CEFTRIAXONE

CEFTOLOZANO/TAZOBACTAM
CEFTAZIDIMA/AVIBACTAM
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Prescrizioni antibiotico per infezione localizzata nel polmone – germi resistenti ai carbapenemi
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Numero Infezioni con sede (SANGUE)
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Un microorganismo è considerato resistente ai carbapenemi se è resistente ad almeno un antibiotico appartenente a tale categoria. 
Considerati solo microorganismi per i quali è presente un antibiogramma



Prescrizioni antibiotico per infezione localizzata nel sangue – germi resistenti ai carbapenemi
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Mirata Polmoniti Klebsiella pneumoniae KPC - Report antibiotici anno 2015
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Mirata KPC durata > 72 ore - Report antibiotici anno 2015
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3.39 (1.41,8.16) 0.007
OR (95% CI) P-value

Multivariate analysis

Ryan K. J Infection 2018; 77(1):9-17

Potential risk factor  

OR (95% CI) P-value
ICU admission 1.59 (1.05,2.21)

Resistance to carbapenems
0.99 (0.98,1.00)

R to 3rd gen cephalosporins and 
carbapenem

0.98 (0.97,1.00)

Presence of MDR pathogen 1.88 (1.08,3.27)

Mechanical Ventilation 3.77 (2.44,5.82)

Univariate analysis

0.028

0.059

0.015

0.015

<0.001

The impact of initial antibiotic treatment 
failure: real-world insights in healthcare-

associated or nosocomial pneumonia 
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“The role of stratification 
of the risk of infection” 

“the impact of initial antibiotic treatment failure: role of AMR” 
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“Who goes 
into rapid 
diagnostics? 
Or rather, who 
is the right 
patient who 
can best 
benefit by 
rapid 
diagnostics?” 

HIGH
RISK

LOW
RISK

EMPIRICAL 
ANTIMICROBIAL
THERAPY

EMPIRICAL 
ANTIMICROBIAL
THERAPY

Anatomical site of infec>on 
Immunocompetent vs not 

Colonisa>on with MDR 
Suscep>bility paFerns 

An>microbial dosing (PK/PD) 
Impact of CRRT 

Broad spectrum vs narrow 
Combo vs mono therapy 

Algorithms in decision making

De
te

rm
in

an
ts

 o
f t

he
 

em
pi

ric
al

 c
ho

ic
e 

of
 a

tb

POSITIVE  BLOOD CULTURE 
(posBC) + Maldi ToF Identification

POSITIVE  BLOOD CULTURE 
(posBC) + Maldi ToF Identification

BSI

  RAPID DIAGNOSTIC TEST
Phenotypic & 
Molecular methods

2-6H

SEMI-TARGETED 
ANTIMICROBIAL  
THERAPY

BS
I-C

R-
BS

I

Lateral Flow assay for 
quick detec>on of the 

“big 5” carbapenemase 
enzymes

RAPID Syndromic Panel 
for Bloodstream 

Infec>ons

BIOFIRE® BCID2 Panel

1 h
15 min

RAPID an>bio>c 
suscep>bility tes>ng                                                               

within 6h

NG-Test® CARBA 5

ASTar® system

BS
I-C

R-
BS

I

PERSONALIZED 
ANTIMICROB IAL 
THERAPY

24H

SINERGY TEST 
+ TDM
+ Precise
   MIC definition

Daily monitoring of  DYNAMIC change of PCT

SELECTED NEW ANTIBIOTICS
(Companion Diagnostics) CDX

LR
TI

LRTI

BAS BAL

RAPID Syndromic Panel 
for Low Respiratory 

Tract Infec>ons

1,30 h

BIOFIRE® FILMARRAY® Pneumonia  
Plus Panel

Important 
message

test results in an 

average of 5.5 hours 
from availability of a 
positive blood culture

Coverage of SPECIFIC REVEAL® 
Gram negative PANEL
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Antibiogr. molecolare

CTX-M RIL / No ril
KPC RILEVATO
OXA-48 Non rilevato
IMP Non rilevato
VIM Non rilevato
NDM Non rilevato

CAZ-AVI 
MER-VAB 
IMI-REL 
FDC
Carbapenems 
TOL-TAZ

FDC 
ATM + CAZ-AVI 

Carbapenems 
TOL-TAZ 
CAZ-AVI

Carbapenems 
TOL-TAZ 
CAZ-AVI 
MER-VAB 
IMI-REL

🙂

🙁

CAZ-AVI 
FDC

Carbapenems 
MER-VAB 
IMI-REL

CAZ-AVI, Ceftazidime-Avibactam 
MER-VAB, Meropenem-Vaborbactam 
IMI-REL, Imipenem-Cilastatin-Relebactam 
FDC, Cefiderocol 
TOL-TAZ, Ceftolozane-Tazobactam

Antibiogr. molecolare

CTX-M RIL / No ril
KPC RIL / No ril
OXA-48 RIL / No ril
IMP

RILEVATO 
(qualsiasi)

VIM
NDM 

Antibiogr. molecolare

CTX-M RILEVATO
KPC Non rilevato
OXA-48 Non rilevato
IMP Non rilevato
VIM Non rilevato
NDM Non rilevato

Antibiogr. molecolare

CTX-M RIL / No ril
KPC RIL / No ril
OXA-48 RILEVATO
IMP Non rilevato
VIM Non rilevato
NDM Non rilevato

Gatti M, Viaggi B, Rossolini GM, Pea F, Viale P 
Exp Rev Anti Infect Ther Sep 2021

Infect Drug Resist Jun 2021

Guidance by Molecular Antibiogram (Enterobacterales)
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Algorithms for targeted therapy of IVACs/BSIs caused by Enterobacterales KPC + in critically ill adult  patients 

Gatti M, Viaggi B, Rossolini GM, Pea F, Viale P Exp Rev Anti Infect Ther Sep 2022 - Infect Drug Resist Jun 2021  - Antibiotics dec 2021

2/2 g q8h 
Extended 

infusion 3h

0.5/0.5/0.25 g 
q6h 

In 30 min

loading dose

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

Meropenem/
Vaborbactam

Imipenem/
Relebactam

Ceftazidime/
Avibactam Fosfomycin

IVAC BSI

Ceftazidime/
Avibactam

Meropenem/
Vaborbactam

Imipenem/
Relebactam

2.5 g q8h 
Con>nous Infusion 

4 g  q6h 
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2/2 g q8h 
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infusion 3h
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In 30 min

loading dose
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Con>nous 
Infusion 

loading dose

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

K. pneumoniae KPC-31

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam 32 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime 16 R

Meropenem 2 S

Fosfomicina >128 R

Amikacina >16 R

Gentamicina 1 S

Ciprofloxacina >4 R

Colistina 0,5 S

CZA 32 R

MVB 0,5 S

CFD 2 S

B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi University Hospital 



Algorithms for targeted therapy of IVACs/BSIs caused by Enterobacterales KPC + in critically ill adult  patients 

Gatti M, Viaggi B, Rossolini GM, Pea F, Viale P Exp Rev Anti Infect Ther Sep 2022 - Infect Drug Resist Jun 2021  - Antibiotics dec 2021

2/2 g q8h 
Extended 

infusion 3h

0.5/0.5/0.25 g 
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In 30 min

loading dose

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

Meropenem/
Vaborbactam

Imipenem/
Relebactam

Ceftazidime/
Avibactam Fosfomycin

IVAC BSI

Ceftazidime/
Avibactam

Meropenem/
Vaborbactam

Imipenem/
Relebactam

2.5 g q8h 
Con>nous Infusion 

4 g  q6h 
Con>nous Infusion

loading dose

2/2 g q8h 
Extended 

infusion 3h

0.5/0.5/0.25 g 
q6h 

In 30 min

loading dose

2.5 g q8h 
Con>nous 
Infusion 

loading dose

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

K. pneumoniae KPC-31

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam 32 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime 16 R

Meropenem 2 S

Fosfomicina >128 R

Amikacina >16 R

Gentamicina 1 S

Ciprofloxacina >4 R

Colistina 0,5 S

CZA 32 R

MVB 0,5 S

CFD 2 S

K. pneumoniae KPC-3 
IPERESPRESSA

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam >128 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime >32 R

Meropenem >64 R

Fosfomicina 32 S

Amikacina 8 S

Gentamicina >8 R

Ciprofloxacina >4 R

Colistina >8 R

CZA 16 R

MVB 32 R

CFD 2 S

B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi University Hospital 



Antibacterial agent Dosage regimen
ELF to plasma ratio 

based on AUC

Ceftaroline 600 mg IV q12h x 7 doses 0.23

Cefiderocol 2000 mg IV x 1 dose 0.24

Piperacillin/
tazobactam

Piperacillin 4 g IV q6h x 3 
doses / Tazobactam 0.5 g IV 

q6h x 3 doses

0.26 
0.54

Ceftolozane/
tazobactam

Ceftolozane 1 g IV q8h x 3 
doses / Tazobactam 0.5 g IV 

q8h 3 doses

0.48 
0.44

Ceftazidime/
avibactam

Ceftazidime 2000 mg IV q8h 
x 9 doses / Avibactam 500 

mg IV q8h x 9 doses

0.31 
0.35

Cefepime/
zidebactam

Cefepime 2 g IV q8h x 7 
doses / Zidebactam 1 g IV 

q8h x 7 doses

0.39 
0.38

Cefepime/
enmetazobactam

Cefepime 2 g IV over 2h q8h 
x 9 doses / Enmetazobactam 
1 g IV over 2h q8h x 9 doses

0.61 
0.53

Meropenem/
vaborbactam

Meropenem 2 g IV q8h x 3 
doses / Vaborbactam 2 g IV 

q8h x 3 doses 

0.63/0.65 
0.53/0.79

Imipenem/
relebactam

Imipenem 500 mg IV q6h x 5 
doses / Relebactam 250 mg 

IV q6h x 5 doses

0.44/0.55 
0.43/0.54

Durlobactam/
sulbactam

Durlobactam 1 g 
IV q6h x 3 doses 
Sulbactam 1 g IV 

q6h x 3 doses

0.50/0.81 
0.37/0.41

Penetration of 
Antibacterial Agents 
into Pulmonary 
Epithelial Lining 
Fluid: An Update

Drwiega EN et al. Clin 
Pharmacokinet 2021

2022 Aug 29;11(9):1164

2022 Sep 3;11(9):1193

the knowledge of tissue 
penetration ratio values retains its 

importance, especially in ICU 
settings, where the expected 

clinical benefit depends on prompt 
and adequate chemotherapy to 

treat infections. The choice of drug 
doses, the administration scheme, 

and the evaluation of plasma 
concentrations by TDM protocols 

are based on that knowledge, which 
is still in need of further clinical 

studies

Ceftolozane/
tazobactam

Ceftolozane 1 g IV q8h x 3 
doses / Tazobactam 0.5 g IV 

q8h 3 doses

0.48 
0.44

Cefepime/
enmetazobactam

Cefepime 2 g IV over 2h q8h 
x 9 doses / Enmetazobactam 
1 g IV over 2h q8h x 9 doses

0.61 
0.53

Meropenem/
vaborbactam

Meropenem 2 g IV q8h x 3 
doses / Vaborbactam 2 g IV 

q8h x 3 doses 

0.63/0.65 
0.53/0.79

Imipenem/
relebactam

Imipenem 500 mg IV q6h x 5 
doses / Relebactam 250 mg 

IV q6h x 5 doses

0.44/0.55 
0.43/0.54
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Ceftazidime-Avibactam for Carbapenem-Resistant Gram-
Negative Bacteria Infections: A Real-World Experience in 
the ICU 
Yu J. et al. Infect Drug Res 2023; 16:6209-6216

 Purpose: Ceftazidime-avibactam (C-A) is a treatment 
option for carbapenem-resistant gram-negative bacterial (CR-
GNB) infections, but little is known regarding its suitability for 

the intensive care unit (ICU). The current study aimed to 
analyze use of C-A for critically ill patients, determine 

independent predictors of clinical outcome and mortality and 
explore routine dosages for patients in continuous renal 

replacement therapy (CRRT)  a single-center, retrospective and observational study 

Results: a total of 43 patients with CR-GNB infection were enrolled, 
including 14 (32.6%) patients received C-A monotherapy. C-A monotherapy 
and combination with other agents did not affect 14-day clinical response or 90-
day survival. All-cause mortality at 90-days was 39.5% (17/43). Multivariate 
Cox analysis showed that concomitant with bloodstream infection was 
independent risk factors for 90-day mortality and that the time to initiation of 
C-A and Acute Physiology and Chronic Health Evaluation (APACHE) score was 
independent predictors of 14-day clinical response. Five CRRT patients who 
received high-dose C-A therapy (>3.75 g/d) had prolonged survival compared 
with 5 who received low-dose C-A (<3.75 g/d, p = 0.03)Conclusion

C-A was an effective therapy for severe 
CR-GNB infections and clinical 

response correlated with the time of C-
A initiation. A dosage >3.75g/d C-A 

was associated with prolonged survival 
of CRRT patients. Randomized 

controlled trials or multicenter studies 
are needed to confirm these findings
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Results: a total of 132 eligible patients were 
divided into CAZ/AVI combination therapy (n = 
43) and monotherapy (n = 89) cohorts. 
Multivariate logistic regression showed that there 
was no statistically significant relationship between 
combination therapy and a lower risk of in-hospital 
mortality [odds ratio (OR) 0.907, 95% confidence 
interval (CI) 0.329–2.498, p = 0.850]

PSM propensity score matching, 
IPTW inverse probability of 

treatment weight

Combination Therapy of Ceftazidime/Avibactam for the 
Treatment of Patients Infected with Carbapenem-Resistant 
Klebsiella pneumoniae: A Multicenter Retrospective Study

Lin J et al. Infect Dis Ther 2023; https://doi.org/10.1007/s40121-023-00852-8 
published online 01 September

Methods: we retrospectively analyzed 
observational multicenter data from 38 

hospitals in China

In the subgroup of critical patients who were in the intensive care
unit (ICU) (OR 0.943, 95% CI 0.221–4.033, = 0.937) or with sequential 
organ failure assessment (SOFA) ≥ 3 (OR 0.733, 95% CI 0.191–2.808, p = 
0.650), CAZ/AVI combination therapy was not a lower risk factor for in-
hospital mortality

conclusion
Combination therapy (or CAZ/AVI 
combined with tigecycline) and 
monotherapy with CAZ/AVI had 

similar prognoses in patients with 
only CRKP infection (or CRKP-

associated pneumonia), as well as in 
critically ill patients
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Jumping into the future: overcoming 
pharmacokinetic/pharmacodynamic hurdles 
to optimize the treatment of severe difficult 
to treat-Gram-negative infections with novel 
beta-lactams 

Gatti M. et al. Expert RevAnti Infect Ther 2023; 21(2):149-166

Challenging scenarios in critically ill renal patients  

Sepsis-associated transient acute kidney injury (AKI), 
application of continuous renal replacement therapy 
(CRRT) and augmented renal clearance (ARC) are the 
three most challenging scenarios of critically ill renal 
patients in which the application of altered dosing 
strategies may be needed for maximizing PK/PD targets 

A proposal of algorithm for the management of critically ill patients requiring 
novel beta-lactams in challenging scenarios concerning variations in renal 
function. In case of persistent AKI after 48 hours, renal dose adjustment 

without adjustment of dosing interval would be recommended

Exp Rev Clin Pharmacol 2021

Real-world evidence showed that 
when administering the CZA and 

MEV at the labeled dosing regimens 
aggressive PK/PD targets against 

pathogens with an MIC up to the 
clinical breakpoint were not attainable  

Kline EG. et al. Open Forum Infect Dis 2020; 7:S663-4 
Kufel WD. et al. J Antimicrob Chemother 2019; 74:2117
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Loading dose plus continuous/extended infusion versus intermittent 
bolus of β-lactams for the treatment of Gram-negative bacteria 
bloodstream infections: a propensity score-adjusted retrospective 
cohort study

Bavaro DF. et al. J Antimicrob Chemother 2023

Results: Overall, 224 patients were 
enrolled: 140 and 84 in the IB and EI/CI 
groups, respectively. β-Lactam regimens
were chosen according to pathogen 
antibiogram, clinical judgement and 
current guidelines. Interestingly, the LD +
EI/CI regimen was associated with a 
significant lower mortality rate (17% 
versus 32%, P = 0.011)

Background: Optimal β-lactam dosing for the treatment of 
Gram-negative bacteria bloodstream infections

(GNB-BSIs) remains a debated issue. Herein, the efficacy and 
safety of a loading dose (LD) followed by extended/

continuous infusion (EI/CI) versus intermittent bolus (IB) of 
these drugs for the treatment of GNBBSIs

was evaluated

conclusion
The use of LD + EI/CI of β-lactams in patients with a 
GNB-BSI may be associated with reduced mortality; 
also in patients with severe presentation of infection 

or with additional risk factors, such as 
immunodepression 
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Clinical consequences of very major errors 
with semi-automated testing systems for 
antimicrobial susceptibility of carbapenem 
resistant Enterobacterales

Bartoletti M. et al. Clin Microbiol Infect 2022

a multicentre, retrospective study enrolling patients with 
monomicrobial BSI caused by CRE from January 2013 to 

December 2016

Results: We enrolled 366 patients with CRE-BSI. When 
compared with the results of the reference methods, 
those of the semi-automated systems exhibited variable 
rates of very major errors (VMEs; i.e. false susceptibilities)
and major errors (MEs; i.e. false resistances). The highest 
rates of  VMEs were observed with fosfomycin
(14%) and colistin (13.9%), and the highest rates of MEs 
were observed with gentamicin (21%),
fosfomycin (7.7%), and tigecycline (34%)

Overall, VMEs and MEs led clinicians to 
prescribe or confirm ineffective therapy 
in 25 of 341 patients (7%)

In conclusion
our results showed that MEs and 

VMEs of semiautomated AST 
systems are common and might be 
associated with poor outcome due 
to the more frequent inappropriate 

use of antibiotics
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Treatment of KPC-Kp infections has dramatically 
shifted in the past decade away from less desirable 
aminoglycoside-, polymyxin-, or tetracycline-based 

combination therapy to newer β-lactam/β-
lactamase inhibitors such as ceftazidime-avibactam, 

imipenem-relebactam, and meropenem-
vaborbactam

Tumbarello M. et al. Clin Infect Dis 2019;68(3):355-364 - Ackley R. et al. Antimicrob Agents Chemother 2020;64(5):e02313-19 - Shields RK. et al. Antimicrob Agents Chemother 2018;62(5):e02497-17

In conclusion ..
Individually, no findings from these 

studies have demonstrated a difference 
in clinical efficacy, mortality, or 

development of resistance following 
treatment with ceftazidime-avibactam 
or meropenem-vaborbactam. Taken 
together, however, some trends have 

been consistently identified, including 
higher rates of survival and lower rates 

of resistance associated with 
meropenem-vaborbactam
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K. pneumoniae KPC-3

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam >128 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime >32 R

Meropenem >64 R

Fosfomicina 32 S

Amikacina >16 R

Gentamicina 1 S

Ciprofloxacina >4 R

Colistina 1 S

CZA 4 S

MVB 1 S

CFD 1 S

K. pneumoniae KPC-31

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam 32 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime 16 R

Meropenem 2 S

Fosfomicina >128 R

Amikacina >16 R

Gentamicina 1 S

Ciprofloxacina >4 R

Colistina 0,5 S

CZA 32 R

MVB 0,5 S

CFD 2 S

K. pneumoniae KPC-3  
IPERESPRESSA

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam >128 R

Ceftiaxone >4 R

Ceftazidime >128 R

Cefepime >32 R

Meropenem >64 R

Fosfomicina 32 S

Amikacina 8 S

Gentamicina >8 R

Ciprofloxacina >4 R

Colistina >8 R

CZA 16 R

MVB 32 R

CFD 2 S

Courtesy Prof Rossolini

Antibiogramma molecolare vs convenzionale di K. pneumoniae KPC+

Isogenotypic 
Discrepancies 
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dati clinici paziente

NIHSS 8 occlusione passaggio M1-
M2 di ACM sx - uomo 68 AA 
Ipertensione arteriosa
Seminoma metastatico, 
orchiectomia, in corso primo ciclo 
di CHT 
Trombolisi sistemica rTPA 76.5 mg 
e successiva procedura 
endovascolare - Stroke Unit
Neutropenia e piastrinopenia
Ricovero in Malattie Infettive: 
meropenem + vancomicina in 
empirica - dopo 5 gg 
deterioramento neurologico GCS 
8 nuova TC e ricovero in TINCH

Tampone rettale PCR Tampone rettale

Gene per Carbapenemasi KPC Non Rilevato

Gene per Carbapenemasi NDM Non Rilevato

Gene per Carbapenemasi IMP Non Rilevato

Gene per Carbapenemasi VIM Non Rilevato

Gene per Carbapenemasi OXA-48 Non Rilevato

Gene per Carbapenemasi VanA Non Rilevato

09 lug

2023

11 lug

2023

Gb 3.86 mila
Linfociti 340

pct 3.27 ng/ml 

Notte

Emocolture 
in corso

Test con molecolare con 
pannello sindromico

(TTR 75 min)

ID molecolare:  
K. pneumoniae group

Antibiogr. molecolare

CTX-M RILEVATO
KPC RILEVATO
OXA-48 Non rilevato
IMP Non rilevato
VIM Non rilevato
NDM Non rilevato

Tampone rettale PCR Tampone rettale

Gene per Carbapenemasi KPC Non Rilevato

Gene per Carbapenemasi NDM Non Rilevato

Gene per Carbapenemasi IMP Non Rilevato

Gene per Carbapenemasi VIM Non Rilevato

Gene per Carbapenemasi OXA-48 Non Rilevato

Gene per Carbapenemasi VanA Rilevato

Nuovo tampone rettale 

Tp 

empirica

MEM 2g x 3 
LNZ 600 x 2

11 lug

2023

Pf 140
Fibrillo/flutter

PAS 90/60

Emocolture 
(CVC, arteria, 
periferica) - 
BAL - CF 

urine

norAdr 0.8
Amiodarone
Lattati 3.4
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12 lug

2023

IMI/REL 
q6 in 1.5h

LNZ 600 x 2

TAC TORACE
ENCEFALO

Addensamenti consolidativi 
bibasali con broncogramma aereo 

e versamento pleurico 
consensuale di 2 cm 

Maggiormente definita la nota 
ipodensità cortico-sottocorticale 

fronto-parieto insulare sx

13 lug

2023

IMI/REL        
q6 in 1.5h

LNZ 600 x 2

Gb 6.67 mila
Linfociti 360

pct 1.92 ng/ml

14 lug

2023

Dopo 48h

Antibiotico MIC mg/l

Amoxicillina/clavulanato >16 R

Piperacillina/tazobactam >128 R

Ceftriaxone >4 R

Ceftazidime >128 R

Meropenem 32 R

Fosfomicina  0.5 S

Amikacina >16 R

Gentamicina >4 R

Ciprofloxacina >4 R

Colistina  1 S

Tigeciclina 0.5

CZA  4 S

MER/VBR  1 S

IMI/REL  0.5 S

Cefiderocol  0.5 S

Gb 5.69 mila
Linfociti 460

pct 1.10 ng/ml

15 lug

2023

IMI/REL        
q6 in 1.5h

LNZ 600 x 2
IMI/REL        

q6 in 1.5h

Pf 212
PAS 138/75
norAdr 0.3
Lattati 1.3

20 lug

2023

Stop

Pf 289
PAS 138/75
Lattati 0.9
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The changing epidemiology of 
carbapenemase-producing Klebsiella 
pneumoniae in Italy: toward polyclonal 
evolution with emergence of high-risk 
lineages
Di Pilato V. et al. J Antimicrob Chemother 2021; 76:355-361

Results: 24 laboratories provided 157 CR-KP isolates, of which 156 were confirmed as K. 
pneumoniae sensu stricto by WGS and found to carry at least one carbapenemase-encoding 

gene, corresponding in most cases (96.1%) to blaKPC. MLST- and SNP-based phylogeny 
revealed that 87.8% of the isolates clustered in four major lineages: CG258 (47.4%), with 

ST512 as the most common clone, CG307 (19.9%), ST101 (15.4%) and ST395 (5.1%). A 
close association was identified between lineages and antibiotic resistance phenotypes and

genotypes, virulence traits and capsular types. Colistin resistance, mainly associated with mgrB 
mutations, was common in all major lineages except ST395
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The changing epidemiology of 
carbapenemase-producing Klebsiella 
pneumoniae in Italy: toward polyclonal 
evolution with emergence of high-risk 
lineages
Di Pilato V. et al. J Antimicrob Chemother 2021; 76:355-361

Results: 24 laboratories provided 157 CR-KP isolates, of which 156 were confirmed as K. 
pneumoniae sensu stricto by WGS and found to carry at least one carbapenemase-encoding 

gene, corresponding in most cases (96.1%) to blaKPC. MLST- and SNP-based phylogeny 
revealed that 87.8% of the isolates clustered in four major lineages: CG258 (47.4%), with 

ST512 as the most common clone, CG307 (19.9%), ST101 (15.4%) and ST395 (5.1%). A 
close association was identified between lineages and antibiotic resistance phenotypes and

genotypes, virulence traits and capsular types. Colistin resistance, mainly associated with mgrB 
mutations, was common in all major lineages except ST395

conclusion
This WGS-based survey showed 

that, although CG258 remained the 
most common CR-KP lineage in 

Italy, a polyclonal population has 
emerged with the spread of the new 

high-risk lineages CG307, ST101 
and ST395, while KPC remained 

the most common carbapenemase
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PHENOTYPE 
BREAKDOWN

1
24

43

68

carbapenem-hydrolyzing
inhibitor-resistant extended-spectrum
inhibitor-resistant carbapenem-hydrolyzing
inhibitor-susceptible extended-spectrum

136 varianti KPC
[Nov/2022 - NCBI AMR database]

Haidar et al. AAC 2017 
Compain & Arthur AAC 2017 
Shields et al. AAC 2017 
Humphries & Hamarajata AAC 2017 
Shields et al. OF Infect Dis 2017 
Barnes et al. mBio 2018 
Wand et al. JGAR 2019

Antonelli et al. JAC 2019 
Oueslati et al. JAC 2019 
Carattoli et al. AAC 2021 
Bianco et al. JGAR 2021 
Bianco et al. JHI 2022

Non rilevate dai sistemi LFIA commerciali con 
mutazioni nell’Ω loop:
KPC-31, KPC-33, KPC-66, KPC-68, KPC-69, 
KPC-70

*attività carbapenemasica mantenuta

Rilevate con sistemi LFIA commerciali e mutazioni 
esterne all’Ω loop: KPC-14, KPC-28, KPC-29*, 
KPC-53, KPC-67*

Varianti KPC e loro profile di attività
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Deciphering variable resistance to novel carbapenem-
based β-lactamase inhibitor combinations in a multi-clonal 
outbreak caused by Klebsiella pneumoniae carbapenemase 

(KPC)-producing Klebsiella pneumoniae resistant to 
ceftazidime/avibactam

Di Pilato V. et al. Clin Microbiol Infect 2023

Conclusions: in this multi-
clonal outbreak of KPC-Kp, the 

overproduction of KPC-3 was the leading 
mechanism of cross-resistance to CZA 
and MVB, whereas resistance to IMR 

appeared less affected. The emergence 
and dissemination of similar resistance 
mechanisms may have relevant clinical 

and diagnostic implications, and their 
surveillance is warranted
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Comparison of the MIC of different BLICs with blaKPC gene dosage and meropenem-hydrolyzing activity in KPC-Kp included in this study
Di Pilato V. et al. Clin Microbiol Infect 2023
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Impatto Epidemiologico 
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++++ CG258 CG307 ST101

NDM outbreak Toscana

+++

Carbapenem resistant Klebsiella pneumoniae- Italia

Giani T. et al. – Euro Surv 2013; 18(22):20489 
Conte V. et al. – JAC 2016; 71(12):3386-3391 
Giani T. et al. – Euro Surv 2017; 22(31):30583 
Grundmann H. et al. – Lancet Infect Dis 2017; 17(2):153-163 
Di Pilato V. et al. – J Antimicrob Chemother  2021; 76:355-361
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Prolonged outbreak of New Delhi metallo-beta-lactamase-
producing carbapenem-resistant Enterobacterales (NDM-
CRE), Tuscany, Italy, 2018 to 2019

Tavoschi  L. et al. Euro Surveillance 2020; 25(6):2000085

www.ars.toscana.it

0
10
20
30
40
50
60
70
80

JAN FEB MAR
APR MAY

JU
N JU

L
AUG

SEP
TCa

se
s o

f C
RE

-N
DM

 (c
lin

ic
al

sa
m

pl
es

) AVNO

AVSE

AVCTR

2019

161 BSI
(Feb 2020)

2021: 153 casi 2022: 88 casi

Tra novembre 2018 e il 30 giugno 2022 i batteri 
NDM in Toscana sono stati isolati nel sangue di 503 

pazienti
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CRE-NDM outbreak Toscano: 
resistenza agli antibiotici

Di Pilato V. et al. Lancet Microbe 2022
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Progressive Development of Cefiderocol Resistance in 
Escherichia coli During Therapy is Associated With an 
Increase in blaNDM-5 Copy Number and Gene 
Expression
Simner PJ. et al. Clin Infect Dis 2022; 75(1):47-54

 Synergy testing with the combination of ceftazidime-
avibactam and aztreonam demonstrated expansion of the 

zone of inhibition between the disks for all isolates. The 
patient was successfully treated with this combination and 

remained infection free 1 year later 

conclusion
The findings in our patient 
suggest that increased copy 

numbers of blaNDM  genes through 
translocation events are used by 

Enterobacterales to evade 
cefiderocol-mediated cell death. 

The frequency of increased 
blaNDM-5 expression in 

contributing to cefiderocol 
resistance needs investigation

Klebsiella pneumoniae NDM 
producer  only 51.4%  were 

susceptible to cefiderocol

In vitro activity of the siderophore 
cephalosporin, cefiderocol, against 

molecularly characterized, carbapenem-
non-susceptible Gram-negative bacteria 

from Europe
Longshaw C. et al. JAC Antimicrob Resist 2020; 2(3):dlaa060. 

doi: 10.1093/jacamr/dlaa060
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CRE-NDM outbreak Toscano: 
resistenza agli antibiotici

Emocoltura positiva

Pz. COVID+ ricoverato in TI 
Cardiotoracica

Antibiotico MIC mg/l

Amoxicillina/clavulanato >64 R

Piperacillina/tazobactam 128 R

Ceftriaxone >4 R

Ceftazidime >64 R

Cefepime >16 R

Meropenem >16 R

Cefto/Tazob >32 R

Fosfomicina  16 S

Amikacina >16 R

Gentamicina >8 R

Ciprofloxacina >4 R

Colistina 0.5 S

CZA >64 R

MER/VBR >32 R

Cefiderocol 128 R

ATB 
fenotipico

Klebsiella 
pneumoniae NDM+

Klebsiella 
pneumoniae

Cefiderocol

blaNDM-1, blaCTX-

M-15, ΔcirA 

Sequenziamento Genoma

B.Viaggi - GiViTi da più di 30 anni un grande progetto: Curare attraverso la ricerca MEETING GIVITI 2023



Siderofori in Klebsiella 
pneumoniae

Cir, Fiu

❖K. pneumoniae utilizza 
un'ampia varietà di gruppi 
chimici nei siderofori 

❖L’ enterobactina (trasportata 
da FepA, Cir e Fiu) è il 
sistema di assorbimento del 
ferro primario utilizzato da K. 
pneumoniae

❖Il cefiderocol 
presenta un gruppo 
catecolato simile 
all’enterobactina
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A nosocomial outbreak by cefiderocol (FDC)-resistant NDM-1-
producing Klebsiella pneumoniae (NDM-Kp) occurred in a large 
tertiary care hospital from August 2021–June 2022 in Florence, 

Italy, an area where NDM-Kp strains have become endemic. 
Retrospective analysis of NDM-Kp from cases observed in 

January 2021–June 2022 revealed that 21/52 were FDC-resistant. 
The outbreak was mostly sustained by clonal expansion of a 
mutant with inactivated cirA siderophore receptor gene, which 

exhibited high-level resistance to FDC (MIC ≥ 32 mg/L) and 
spread independently of FDC exposure

Euro Surveillance 2022

conclusion
The importance of surveillance, including genomic 
surveillance and active surveillance, and of strict 
compliance with infection prevention and control 

measures – based on a tight collaboration 
between clinical and laboratory personnel – are 

fundamental to avoid further spread of these 
difficult-to-treat Gram-negative bacteria and to 

preserve the activity of novel antimicrobials 
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Gatti M, Viaggi B, Rossolini GM, Pea F, Viale P 
Exp Rev Anti Infect Ther Sep 2022

Infect Drug Resist Jun 2021  
Antibiotics dec 2021

Algorithms for targeted therapy of IVACs/BSIs caused by Enterobacterales MBL + in critically ill adult  patients 

VIM/IMP NDM

Ceftazidime/
Avibactam Aztreonam

2.5 g q8h 
Con>nous Infusion 

2 g  q8h 
Con>nous Infusion

loading dose

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

Imipenem/
Relebactam Aztreonam

loading dose

2 g  q8h 
Con>nous Infusion

0.5/0.5/0.25 g q6h 
In 30 min

2g q6h

Cefiderocol
loading dose

2 g  q8h 
Con>nous Infusion

Antibiotico MIC mg/l

Amoxi/clav >64 R

Piperacillina/tazobactam 128 R

Ceftriaxone ≥4 R

Ceftazidime >64 R

Cefepime >16 R

Imipenem >16 R

Meropenem >16R

C/T >32R

Fosfomicina 16 S

Amikacina >16 R

Gentamicina >8 R

Ciprofloxacina >4 R

Colistina >4 R

CAZ/AVI >64 R

MEM/VAB ND

I/R ND

Cefiderocol 128 R 

blaNDM-1, blaCTX-M-15, ∆cirA

Conventional anti-CPE 
(Fosfomycin + genta?

+meropenem HD?+colistin?)
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Soto  CL. et al. Clin Infect Dis 2023; DOI: 10.1093/cid/ciad476 1 

 Identifying Effective Durations of Antibiotic Therapy for the 
Treatment of Carbapenem-resistant Enterobacterales 
Bloodstream Infections: A Multicenter Observational Study 

Results: 66 (36%) received a short-course of active antibiotics: 
and 117 (64%) received a prolonged-course of active antibiotics. 
The most common CRE were Klebsiella pneumoniae (96 [52%]) 
and Enterobacter cloacae complex (66 [36%]). Of the 183 isolates, 
64 (35%) had a carbapenemase gene; all belonged to the blaKPC 
family. Common treatment regimens included ceftazidime-
avibactam (75, 41%); meropenem-vaborbactam (19, 11%); and high-
dose extended-infusion meropenem with or without an 
aminoglycoside, fluoroquinolone, or polymyxin (89, 49%). The 
addition of an aminoglycoside, fluoroquinolone, or polymyxin to a 
beta-lactam/beta-lactam inhibitor was administered to 15% of 
patients. No patients received imipenem-cilastatin-relebactam or 
cefiderocol. All patients with a blaKPC identified received a beta-
lactam/beta-lactamase inhibitor

 In a propensity-score-weighted cohort of 183 
adults with carbapenem-resistant Enterobacterales 
bacteremia at 24 United States hospitals, patients 

receiving short-courses of active therapy (7-10 days, 
median 9 days) experienced similar odds of 

recurrent bacteremia or death within 30 days as 
those receiving prolonged courses of active therapy 

(14-21 days, median 14 days) 

conclusion
there were no 

differences with regards 
to all-cause mortality 
(3.4% versus 4.6%) or 
recurrent bacteremia 
(6.1% versus 5.7%) 

within 30 days between 
the short-course and the 

prolonged-course 
groups 
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Zuercher P. et al. J Crit Care 2023; doi.org/10.1016/j.jcrc.2023.154257  

Background: the primary outcome of interest 
was the time from start of antimicrobial 

treatment to in-hospital death or hospital 
discharge, whichever comes first. The predictor 
of interest was adequate antimicrobial treatment 

duration, further divided into shorter (≤10 
days) and longer (>10 days) durations

Conclusions: we 
found no evidence 

for a survival benefit 
of longer (>10 days) 

versus shorter 
treatment course in 
ICU patients with 

bacteremia

Results: Out of the 707 patients with positive blood 
cultures, 382 were included into the primary analysis. Median 
duration of antibiotic therapy was 14 days (IQR, 7–20). Most 
bacteremia (84%) were monomicrobial; 18% of all episodes 

were primary bacteremia. Respiratory (28%), intra-abdominal 
(23%) and catheter infections (17%) were the most common 
sources of secondary bacteremia. Using methods to mitigate 
the risk of confounding associated with antibiotic treatment 
durations, shorter versus longer treatment groups showed no 

differences in in-hospital survival (time-dependent Cox-model: 
HR 1.5, 95% CI (0.8, 2.7), p = 0.20; Cloning approach: HR 1.0, 

95% CI (0.7,1.5) p = 0.83). Sensitivity analyses showed that 
the interpretation did not change when using a 7 days cut-off 

The effect of duration of antimicrobial treatment for 
bacteremia in critically ill patients on in-hospital 
mortality – Retrospective double center analysis 
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Zuercher P. et al. J Crit Care 2023; doi.org/10.1016/j.jcrc.2023.154257  

Background: the primary outcome of interest 
was the time from start of antimicrobial 

treatment to in-hospital death or hospital 
discharge, whichever comes first. The predictor 
of interest was adequate antimicrobial treatment 

duration, further divided into shorter (≤10 
days) and longer (>10 days) durations

Conclusions: we 
found no evidence 

for a survival benefit 
of longer (>10 days) 

versus shorter 
treatment course in 
ICU patients with 

bacteremia

Results: Out of the 707 patients with positive blood 
cultures, 382 were included into the primary analysis. Median 
duration of antibiotic therapy was 14 days (IQR, 7–20). Most 
bacteremia (84%) were monomicrobial; 18% of all episodes 

were primary bacteremia. Respiratory (28%), intra-abdominal 
(23%) and catheter infections (17%) were the most common 
sources of secondary bacteremia. Using methods to mitigate 
the risk of confounding associated with antibiotic treatment 
durations, shorter versus longer treatment groups showed no 

differences in in-hospital survival (time-dependent Cox-model: 
HR 1.5, 95% CI (0.8, 2.7), p = 0.20; Cloning approach: HR 1.0, 

95% CI (0.7,1.5) p = 0.83). Sensitivity analyses showed that 
the interpretation did not change when using a 7 days cut-off 

The effect of duration of antimicrobial treatment for 
bacteremia in critically ill patients on in-hospital 
mortality – Retrospective double center analysis 

Reducing antibiotic treatment duration for ventilator-
associated pneumonia (REGARD-VAP): a trial protocol for 

a randomised clinical trial

Participants are assessed daily until fever 
subsides for >48 hours and have stable 

blood pressure, then randomised to a 
short duration treatment strategy or a 

standard-of- care duration arm. 
Antibiotics may be stopped as early as 

day 3 if respiratory cultures are negative, 
and day 5 if respiratory cultures are 

positive in the short-course arm. 
Participants receiving standard-of- care 

will receive antibiotics for at least 8 days. 
Study participants are followed for 60 

days after enrolment

Mo Y. et al. BMJ Open apr 2021
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Rusu A. et al. Pharmaceutics 2021; 13:2085

The Development of Third-Generation Tetracycline Antibiotics and New Perspectives
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Brauncajs M. et al. biomedicines 2023; 11:1784

In Vitro Activity of Eravacycline against Carbapenemase-Producing Gram-
Negative Bacilli Clinical Isolates in Central Poland

We analyzed 102 strains producing KPC, MBL, 
OXA-48, GES, and other carbapenemases. 

Eravacycline susceptibility was determined following 
the EUCAST guidelines. The highest susceptibility 

was found in KPC (73%) and MBL (59%) strains

the highest susceptibility
was found in KPC strains: 73%, MBL strains: 59%, 

and among OXA-48 strains: 40% of
isolates showed susceptibility

inhibits protein synthesis by binding to the
30S subunit of the bacterial ribosome, preventing 

the amino-acyl tRNA from binding to the acceptor
site on the mRNA–ribosome complex

conclusion
Eravacycline is one of 

the drugs that could play 
a role in reducing the 
spread of multidrug-

resistant microorganisms
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Moreover, resistance to cefepime-
enmetazobactam was observed for many 

recombinant strains, including those 
producing β-lactamases of class A (SHV-1, 

SHV-2a, SHV-12, PER-1, PER-7, KPC-2, KPC-3, 
KPC-41), class B (NDM-type, VIM-type, SPM-1, 

AIM-1), class C (CMY-type), and class D 
(OXA-23), whereas resistance to cefepime 

taniborbactam was only observed for those 
producing β-lactamases of class A (KPC-41), 

class B (VIM-1, AIM-1, NDM-type, IMP-1, 
SPM-1), class C (CMY-2), and class D (OXA-1, 

OXA-23)

As expected, cefepime-
taniborbactam was active against 

all of the ESBL and 
carbapenemase producers, 
including MBL producers, 
except when IMP-1 and 

NDM-9 were produced, and these 
results are in line with previous 

observations highlighting the lack 
of inhibitory activity of 

taniborbactam against IMP-1 and 
NDM-9 

Meropenem-nacubactam was 
also effective against most of 
the recombinant strains, with 
the exception of the MBL 

producers, such as those 
producing AIM-1, NDM-5, 

VIM-1, SPM-1, and IMP-1, as 
expected

As a result, resistance to 
cefepime-zidebactam was 

observed for the P. 
aeruginosa recombinant 

strains producing VEB-1, KPC-
like, NDM-like, VIM-like, IMP-1, 

and CMY-like enzymes. A 
reduced susceptibility was 
observed among SHV-1, 
PER-2, PER-6, PER-7, and 

OXA-23 producers;

Impact of Acquired Broad Spectrum β-Lactamases on Susceptibility to 
Novel Combinations Made of β-Lactams (Aztreonam, Cefepime, 
Meropenem, and Imipenem) and Novel β-Lactamase Inhibitors in 
Escherichia coli and Pseudomonas aeruginosa
Le Terrier C. et al. Antimicrob Agents Chemother 2023

Among the newly developed β-lactamase
inhibitors, there are diazabicyclooctane (DBO) molecules, namely, 

zidebactam and nacubactam, that efficiently inhibit most class A and 
class C (also class D for zidebactam) β-lactamases. Additionally, they 
possess an antibiotic effect on PBP2, compared to avibactam. 
Another class of inhibitors corresponds to the boronic acid derivatives 
vaborbactam and taniborbactam, both of which inhibit class A and class 

C β-lactamases, with taniborbactam additionally being an excellent 
inhibitor of the metallo-b-lactamases (MBLs) of most of the NDM- and 

VIM-types. Finally, another class of inhibitors corresponds to penicillin-
based sulfones, such as enmetazobactam, which is a derivative of 

tazobactam, and it is reported to be an excellent inhibitor of class A β-
lactamases

gene primers - into plasmid pUCp24 that is capable

of replicating in both E. coli and P. aeruginosa

the MICs were determined via 
broth microdilution

it is worth highlighting that 
meropenem-nacubactam


significantly decreased the MICs of 
some of the class β-lactamase 

producers (NDM-1, NDM-7, NDM-9, 
DIM-1, GIM-1, IMP-1), and this was 
likely due to the intrinsic activity of 

nacubactam, as previously suggested

In contrast, this combination 
remained active against producers


of class D-lactamases, as the 
latter enzymes do not hydrolyze 
cefepime at a significant level
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Moreover, resistance to cefepime-
enmetazobactam was observed for many 

recombinant strains, including those 
producing β-lactamases of class A (SHV-1, 

SHV-2a, SHV-12, PER-1, PER-7, KPC-2, KPC-3, 
KPC-41), class B (NDM-type, VIM-type, SPM-1, 

AIM-1), class C (CMY-type), and class D 
(OXA-23), whereas resistance to cefepime 

taniborbactam was only observed for those 
producing β-lactamases of class A (KPC-41), 

class B (VIM-1, AIM-1, NDM-type, IMP-1, 
SPM-1), class C (CMY-2), and class D (OXA-1, 

OXA-23)

As expected, cefepime-
taniborbactam was active against 

all of the ESBL and 
carbapenemase producers, 
including MBL producers, 
except when IMP-1 and 

NDM-9 were produced, and these 
results are in line with previous 

observations highlighting the lack 
of inhibitory activity of 

taniborbactam against IMP-1 and 
NDM-9 

Meropenem-nacubactam was 
also effective against most of 
the recombinant strains, with 
the exception of the MBL 

producers, such as those 
producing AIM-1, NDM-5, 

VIM-1, SPM-1, and IMP-1, as 
expected

As a result, resistance to 
cefepime-zidebactam was 

observed for the P. 
aeruginosa recombinant 

strains producing VEB-1, KPC-
like, NDM-like, VIM-like, IMP-1, 

and CMY-like enzymes. A 
reduced susceptibility was 
observed among SHV-1, 
PER-2, PER-6, PER-7, and 

OXA-23 producers;

Impact of Acquired Broad Spectrum β-Lactamases on Susceptibility to 
Novel Combinations Made of β-Lactams (Aztreonam, Cefepime, 
Meropenem, and Imipenem) and Novel β-Lactamase Inhibitors in 
Escherichia coli and Pseudomonas aeruginosa
Le Terrier C. et al. Antimicrob Agents Chemother 2023

gene primers - into plasmid pUCp24 that is capable

of replicating in both E. coli and P. aeruginosa

the MICs were determined via 
broth microdilution

it is worth highlighting that 
meropenem-nacubactam


significantly decreased the MICs of 
some of the class β-lactamase 

producers (NDM-1, NDM-7, NDM-9, 
DIM-1, GIM-1, IMP-1), and this was 
likely due to the intrinsic activity of 

nacubactam, as previously suggested

In contrast, this combination 
remained active against producers


of class D-lactamases, as the 
latter enzymes do not hydrolyze 
cefepime at a significant level

Among the class A β-lactamase-producing P. aeruginosa 
strains, imipenem-relebactam, cefepime-taniborbactam, 
and meropenem-nacubactam appeared to be the best 
options, whereas aztreonam and aztreonam-avibactam 
remained the best options against the class β producer

Important message
Therefore, our results highlight that the continuous 

spread of class β-lactamases (NDM, IMP, and VIM) and, 
more rarely, KPC-type enzymes in P. aeruginosa may still 

be considered a significant source of concern when 
considering treatment with newly available therapeutics
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Umemura  Y. et al. Crit Care Med 2023; 51(9):1210-1221

MEASUREMENTS AND MAIN RESULTS: this study used data of adult 
patients with sepsis extracted from a large-scale database in Japan. Patients 

were divided into two groups as follows: patients receiving carbapenems and 
patients receiving noncarbapenem broad-spectrum beta-lactam antibiotics as 

initial treatment. In-hospital mortality was compared between the groups by a 
logistic regression model adjusted by an inverse probability treatment weighting 

using propensity scores. Among 7,392 patients with sepsis, 3,547 patients 
received carbapenems, and 3,845 patients received noncarbapenem agents. The 

logistic model showed no significant association between carbapenem therapy 
and lower mortality (adjusted OR 0.88, p = 0.108). Subgroup analyses suggested 
that there were significant survival benefits associated with carbapenem therapy in 

patients with septic shock, in ICUs, or with mechanical ventilation (p for effect 
modifications: < 0.001, 0.014, and 0.105, respectively)

Efficacy of Carbapenems Compared With 
Noncarbapenem Broad-Spectrum Beta-Lactam 
Antibiotics as Initial AntibioticTherapy Against 
Sepsis: A Nationwide Observational Study

there were no significant differences
in mortality between carbapenems and 
tazobactam/piperacillin, between 
carbapenems and fourth-generation
cephalosporins, between meropenem 
and tazobactam/piperacillin, and 
between meropenem and fourth-
generation cephalosporins

conclusion
Compared with the noncarbapenem 

broad-spectrum antibiotics, 
carbapenems as an initial therapy for 

sepsis were not associated with 
significantly lower mortality

Rapid diagnostic tests allow for timely 
modification of antimicrobial regimens, 

either toward expanding coverage (in the event 
of a resistant organism) or in streamlining therapy to a 

medication with a narrower spectrum
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