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•MDR: resistant to ≥3 antibiotic 
classes

•XDR: resistant to all but two 
classes, such as polymyxins and 
glycylcyclines), 

•PDR: resistant to all commercially 
available antibiotics 

•Cause serious infections 
associated with increased 
morbidity and mortality

•Prolong hospital stay and 
increase cost

•Limited treatment options

An international expert proposal for interim standard definitions for 
acquired resistance
Magiorakos AP et al. CMI 2012; 18: 268–281. 

Definitions Consequences
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• 130 Infections/100.000 population

• 6.5 deaths/100.000 population



WHO priority pathogens list “Critical priority”

Geneva: World Health Organization; 2017(WHO/EMP/IAU/2017.12).
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FIGURE 1 | Epidemiological features of KPC-producing Klebsiella pneumoniae. (1)USA; (2)Colombia; (3)Brazil; (4) Argentina; (5) Italy; (6)Greece; (7)

Poland; (8) Israel; (9) China; (10) Taiwan; (11) Canada; (12) Spain; (13) France; (14) Belgium; (15) Netherlands; (16) Germany; (17) UK; (18) Ireland; (19)Sweden; (20)

Finland; (21) Hungary; (22) India; (23)South Korea; (24) Australia; (25)Mexico; (26)Cuba; (27) Puerto Rico; (28) Uruguay; (29) Portugal; (30) Switzerland; (31) Austria;

(32) Czech Republic; (33)Denmark; (34)Norway; (35) Croatia; (36) Turkey; (37) Algeria; (38)Egypt; (39) South Africa; (40) Iran; (41) United Arab Emirates; (42)

Pakistan; (43) Russia; (44) Japan.

Italywhich isarepresentativesouthernEuropeancountrywhere

KPC isbecoming endemic, 89.5%of carbapenemaseproducers

have been reported to have KPC-type enzymes, followed by

VIM-1(9.2%) andOXA-48(1.3%;Giani et al.,2013).

InAmerica, theendemicspreadof KPCshasbeenreportedin

Colombia(Villegaset al.,2006;Rojaset al.,2013),Brazil (Peirano

et al., 2009; Fehlberg et al., 2012), and Argentina (Pasteran

et al., 2008; Gomez et al., 2011). In Canada, KPC-producing

K. pneumoniaehassporadically been reported (Goldfarb et al.,

2009; Lefebvreet al., 2015), and since plasmid-mediated KPC-

producing K. pneumoniae was first detected in Ottawa in

Goldfarb et al. (2009), a laboratory surveillance program

found a high frequency (89.3%) of KPC-type enzymes among

carbapenemaseproducersbetween2010and2012(Lefebvreetal.,

2015). Theemergenceof KPCs in Argentinawascharacterized

by two patterns of dispersion: the first was the irregular

occurrence of diverse Enterobacteriaceae harboring blaKPC−2

in the IncL/M transferable plasmid in distant regions and the

second was thesudden clonal spread of K. pneumoniae ST258

harboring blaKPC−2 in Tn4401a (Gomez et al., 2011). KPC-

producing K. pneumoniae was recently also detected in Cuba

(Quinones et al., 2014), Mexico (Garza-Ramos et al., 2014),

Uruguay (Marquezet al., 2014), andPuertoRico(Gregoryet al.,

2010).

In the Asia-Pacific region, the endemic dissemination of

KPC-producing K. pneumoniaehasbeen reported in China(Li

et al., 2014) and Taiwan (Tseng et al., 2015), and the sporadic

spread has been reported in India (Shanmugam et al., 2013),

South Korea (Yoo et al., 2013), and Australia (Partridgeet al.,

2015). A novel KPC-15 variant which is closely homologous

with KPC-4 wasdiscovered in China (Wang et al., 2014b) and

its enzymatic activity and phenotype wascharacterized (Wang

et al., 2014a). In China, the frequency of KPC-type enzymes

amongcarbapenemaseproducerswashigh(63%; Li et al.,2014).

While ST258 is the predominant clone observed in European

countries and the USA (Giani et al., 2013; Chen et al., 2014e;

Bowers et al., 2015), ST11, which is closely related to ST258,

is the prevalent clone associated with the spread of KPC-

producing K. pneumoniae in Asia (particularly in China and

Taiwan;Qi et al.,2011;Yanget al.,2013;Tsenget al.,2015).KPC-

producing ST11 strain hasalso been reported in Latin America

(Munoz-Price et al., 2013). Although it is unknown why ST11

is prevalent, a recent report showed that the KPC-producing

K.pneumoniaeST11clonewasresistant toserumkilling(Chiang

et al., 2016). InaChinesehospital, another nosocomial outbreak

of KPC-2-producing K. pneumoniae was caused by multiple

K. pneumoniaestrainsincludingST37, ST392, ST395, and ST11,

implying the horizontal transfer of blaKPC−2 gene between
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FIGURE 3 | Epidemiological features of NDM-producing K. pneumoniae. (1) India; (2) Pakistan; (3) Bangladesh; (4)Canada; (5) USA; (6)Colombia; (7) Spain;

(8) France; (9) UK; (10) Italy; (11) Switzerland; (12) Greece; (13) Turkey; (14) Saudi Arabia; (15) Oman; (16) United Arab Emirates; (17) Kuwait; (18) Morocco; (19)

South Africa; (20) China; (21) South Korea; (22)Japan; (23) Taiwan; (24) Singapore; (25) Australia; (26)Mexico; (27)Guatemala; (28)Brazil; (29) Ireland; (30)Germany;

(31) Netherlands; (32) Czech Republic; (33) Poland; (34) Hungary; (35) Romania; (36) Croatia; (37) Norway; (38) Sweden; (39) Finland; (40) Russia; (41) Algeria; (42)

Tunisia; (43) Libya; (44) Egypt; (45) Kenya; (46)Madagascar; (47) Mauritius; (48) Israel; (49) Iraq; (50) Iran; (51) Yemen; (52) Sri Lanka; (53) Nepal; (54) Thailand; (55)

Vietnam; (56) Malaysia, (57) New Zealand.

European countries is largely caused by expansion of a single

dominant strain, ST258 (Giani et al., 2013; Chen et al., 2014e;

Bowerset al.,2015).Thisstrain isaprototypeof ahigh-riskclone

of K.pneumoniae.Recent datafromIsrael showedthat theKPC-

producingK.pneumoniaeST258cloneremainsthepredominant

clone, representing 80%of theKPC-producing K. pneumoniae

population (Adler et al., 2015). ST258 may be a hybrid clone

that wascreated by alargerecombination event between ST11

and ST442 (Pitout et al., 2015). It is unknown why theST258

lineageisthemost prevalent cloneof KPC-producing Klebsiella

species. TheST258 clone ishighly susceptible to serum killing

inanimal modelsandlackswell-known K.pneumoniaevirulence

factors,suchasaerobactingenes,K1,K2,andK5capsular antigen

genes, and the regulator of the mucoid phenotype gene rmpA

(Tzouvelekiset al., 2013; Pitout et al., 2015). Two recent reports

revealed that the ST258 strains consist of two distinct genetic

cladesandgeneticdifferentiation between thetwoclades(-1and

cps-2) resultsfromanapproximately215-kbregionof divergence

that includes cps genes involved in capsule polysaccharide

synthesis(Chen et al., 2014e; Deleo et al., 2014). Multiplex PCR

for the identification of two capsular types in K. pneumoniae

ST258 strainsrevealed asignificant association between thecps

typeand KPC variant: thecps-1 cladeis largely associated with

KPC-2, while thecps-2 cladeisprimarily associated with KPC-

3 (Chen et al., 2014a). Because thecapsulepolysaccharide can

help K. pneumoniaetoevadephagocytosis, theglobal successof

thisstrain may involve thecapsulepolysaccharidebiosynthesis

regionscps-1 and cps-2. A recent report revealed arelationship

between theintegrativeconjugativeelement ICEKp258.2andthe

global successof theST258clone(Adler et al.,2014).ICEKp258.2

containstwo specific geneclusters, atypeIV pilusgenecluster

(i.e., pilV) associated with theuptakeand exchangeof plasmids

and adherence to living and non-living surfaces, and a gene

cluster of atypeIII restriction-modification systemdetermining

host specificity in theexchangeof certain compatible plasmids

or mobile elements (Adler et al., 2014). Because these genes

associated with the restriction of plasmids and specific mobile

elements were present only in ST258 and genetically related

sequence types, this difference may explain the divergence of

ST258 predominantly harboring KPC and ST11, another high-

risk clone that lacks ICEKp258.2, harboring a broad range of

plasmids and carbapenemases, including KPC, NDM, OXA-

48, VIM, and IMP (Chen et al., 2014f; Pitout et al., 2015).

Although the ICEKp258.2 of ST258 strains may contribute to

global success, theprecise reason for thepredominance of the

ST258straininKPC-producingK.pneumoniaeisstill notentirely
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FIGURE 4 | Epidemiological features of OXA-48-like-producing K. pneumoniae. (1)Turkey; (2)Morocco; (3)Tunisia; (4)Libya; (5)Egypt; (6) India; (7)

Argentina; (8)Spain; (9)France; (10)Germany; (11)Switzerland; (12)Belgium; (13)Netherlands; (14)UK; (15) Italy; (16) Israel; (17)Saudi Arabia; (18)Kuwait; (19)

Lebanon; (20)Japan; (21) Canada; (22)USA; (23) Ireland; (24)Poland; (25)Finland; (26)Hungary; (27)Romania; (28)Bulgaria; (29)Greece; (30)Russia; (31)Algeria;

(32)Senegal; (33)South Africa; (34)United Arab Emirates; (35)Oman; (36) Iran; (37)Sri Lanka; (38)Thailand; (39)Singapore; (40)South Korea; (41)Taiwan; (42)

Australia; (43)New Zealand.

understood.Recently,anoutbreakofnon-ST258KPC-producing

K. pneumoniaecloneshasbeen reported intheUSAandEurope

(Ruiz-Garbajosaet al., 2013; Bonuraet al., 2015; Garbari et al.,

2015).

Thehabitat of K. pneumoniae isnot limited to humansbut

extendsto theecological environment, such assoil, water, and

sewage,andK.pneumoniaecansurviveinextremeenvironments

for long periods of time (Pitout et al., 2015). Therefore,

K. pneumoniae producing KPCs were detected in various

nosocomial environments, suchasgownsandgloves(Rocket al.,

2014) and wastewater (Chagaset al., 2011; Galler et al., 2014).

Thefrequencyof KPC-producingK.pneumoniaecontamination

of gownsand glovesof healthcareworkersissimilar to that of

contamination with methicillin-resistant Staphylococcus aureus

and vancomycin-resistant Enterococcus (Rock et al., 2014),

indicatingfast transmissionof KPC-producingKlebsiellaspecies

in a nosocomial environment. A long-term observation in

a hospital with low-frequency outbreaks of KPC-producing

K. pneumoniae suggested the possible role of a persisting

environmental reservoir of resistant strainsinthemaintenanceof

thislong-term outbreak (Tofteland et al., 2013). After discharge

from the hospital, long-term (>3 years) carriage of KPC-

producingK. pneumoniaeisalso possible(Lübbert et al., 2014),

and lateral gene transfer of KPC among Enterobacteriaceae

colonizing the human intestine appears frequent, for example

fromK. pneumoniaeto E. coli (Richter et al., 2011; Gonaet al.,

2014). Therefore, reservoirs in healthcareworkers, patients, or

thehospital environment may beaprinciplemodeof spread in

nosocomial outbreaks.

Treatment Options

Carbapenemase-producing K. pneumoniaestrainsarecurrently

one of the most important nosocomial pathogens. Hospital

outbreaks of KPC-producing K. pneumoniae mainly affect

severely ill patientsand areassociated with an increased risk of

death (Ducomble et al., 2015; Tumbarello et al., 2015). KPC-

producing K. pneumoniae bloodstream infections in intensive

care unit (ICU) have also been associated with increased

mortality(Changet al.,2015).

Becausecarbapenemase-producingK.pneumoniaearemostly

resistant toseveral important antibiotic classes(b-lactamdrugs,

fluoroquinolones, and aminoglycosides), antibiotics, such as

polymyxin B, colistin (polymyxin E), fosfomycin, tigecycline,

and sometimes selected aminoglycosides, are the last-resort

agents. KPC-producing K. pneumoniaeareusually resistant to

all b-lactam antibiotics, but temocillin can be active against

some KPC-producing K. pneumoniae, particularly in the case

of lower urinary tract infections (Adams-Haduch et al., 2009).
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KPC	 NDM	

OXA-48	

The	VIM	and	IMP	producing	
strains	are	largely	confined	to	
their	original	foci		
i.e.	the	Mediterranean	countries	
(VIM)	and	the	Far	East	(IMP)		
	

Lee	CR	FronJ ers	in	Microbiol	2016;	7:	895		



Canton, et al. Clin Microbiol Infect 2012;18:413

Distribution of Carbapenemases in Europe

R Canton Clin Microbiol Infect 2012; 18: 413–431



HIGH RISK MDR CLONES WITH GLOBAL SPREAD

Data extracted from Diene and Rolain CMI 2014; 20: 831



Prevalence of CP-KP by Type of Carbapenemase (2006-2017-
Laiko General Hospital)

G. Daikos, Personal DataCP-KP: Carbapenemase producing Klebsiella pneumoniae



Current Trends in Epidemiology of CPEs

Hospital setting

• Predominant bacterial host
• K. pneumoniae

• Predominant enzymes
• KPC

• VIM

• NDM

• OXA-48

Community setting

• Predominant bacterial host
• E. coli

• Predominant enzymes
• NDM

• OXA-48



EID 2014; 20:1170

• Pooled analysis of the 9 studies (985 patients) showed 

• Death rate of CRE-infected > CSE-infected patients 

• RR 2.05, 95% CI 1.56–2.69



Therapeutic Options for CR-GNB Infections

Pseudomonas Klebsiella Acinetobacter

• Colistin

•Fosfomycin

•Aztreonam?

•Ceftolozane/tazobacta
m

•Ceftazidime/  
avibactam

• Colistin

•Aminoglycosides

•Tigecycline

•Fosfomycin

•Aztreonam?

•Carbapenems?

•Ceftazidime/avibactam

• Colistin

•Tigecycline

•Sulbactam

•Trimethoprim/sulfameth
oxazol

•Minocycline



Therapeutic Optios for CRE Infections

Available Agents

• Polymyxins

• Aminoglycosides

• Tigecycline

• Fosfomycin

• Aztreonam?

• Carbapenems?

Newer Agents

•Meropenem-vaborbactam

• Imipenem/relebactam

• Plazomicin

• Eravacycline

• Cefiderocol

• Aztreonam-avibactam



Antimicrobial agent
No. of KPC-KP 

(% non-susceptible)

Colistin 76 (43)

Gentamicin 29 (16)

Tigecycline 11 (6)



Evolution of Colistin Resistance among CP-Kp
Laiko Hospital 2003-2015

Tansarli G IJAA 2018; 52: 397–403 



Response to Treatment  

• Host

• Infection (site and severity)

• Bacteria

• Treatment regimens





• Few randomized control trials and all underpowered
• Observational studies

- Small study size, selection bias
- Different outcome definitions
- Different definitions of combination therapy
- Different breakpoints (EUCAST, CLSI, old, new
- Many treatment regimens   

The quality of evidence supporting the management of CRE 
infections remains low



i

Tumbarello M et al. Clin Infect Dis. 2012;55:943-950

Kaplan Meier Curves of Survival Propability of Patients with KPC BSIs

According to Treatment

P=0.002



205 patients with CP Kp bacteremia
Treatment with a combination: Independent predictor of survival!! 

P=0.003

P 0.018

Mortality %

No active drug 33.3

Monotherapy 44.4

Combination 27.2

without a carbapenem 30.6

with a carbapenem 19.3

and MIC≤8 mg/L 19.3

and MIC>8 mg/L 35.5

2014



Effect of treatment against CP-Kp BSIs
(monotherapy vs combination therapy)

By severity of underlying disease By severity of sepsis

Daikos GL AAC 2014; 58: 2322



Mortality rates associated with different antimicrobial drug regimen categories in 
patients with BSIs or non-bacteraemic infections 

Tumbarello M et al JAC 2015; 70: 2133 





Multivariate Analysis of Factors Associated with all-cause 30-day Mortality 
of Patients with KPC BSIs

Variable P OR(95% CI)

Septic shock 0.008 7.17 (1.65-31.03)

APACHE <0.001 1.04 (1.02-1.07)

Inadequate empirical Rx 0.003 4.17 (1.61-10.76)

Definitive Rx
Col+tigecl+merop

0.01 0.11 (0.02-0.69)

Tumbarello M et al. CID 2012; 55: 943 



Are the Newer Agents more Effective than the Old Ones



Ceftazidime-avibactam in the Treatment of Carbapenem-resistant Klebsiella
pneumoniae BSIs

• 109 patients with BSIs, 50% ICU pts, median APACHE II 18
• 13 received C-A monotherapy (8) or combination (5)

• Primary bacteremia (OR=4.50, 95% CI: 1.53–13.21) 
• Receipt of C-A (OR=8.64, 95% CI: 1.61–43.39) l 

Shields RK et al. Antimicrob Agents Chemother 61:e00883-17.



CAZ-AVI (N=38) Colistin (N=99

• IPTW-adjusted all-cause hospital mortality 30 days after starting treatment was
9% (C-A) versus 32% (CS)

• Patients treated with ceftazidime-avibactam were less likely to die and more
likely to be discharged home during the first 30 days after starting treatment

Van Duin V et al. Clinical Infectious Diseases 2018; 66: 163–71

Ceftazidime-avibactam vs. Colistin in the Treatment                       
of Carbapenem-Resistant Enterobacteriaceae 

• Age: 57 years 
• Charlson: 2 (1–5)
• Pitt score ≥4: 18%
• BSI: 39%
• Monotherapy: 37%

• Age: 63 years
• Charlson: 3 (2–5)
• Pitt score ≥4: 40%
• BSI: 48%
• Monotherapy: 6%



CAZ-AVI for KPC-Kp Infections
Tumbarello M CID 2018 doi: 10.1093/cid/ciy492

No. of Patients 138

Age (median) 60

Charlson >3 47 (34.1%)

ICU 46 (33.3%)

Septic shock 43 (31.2%)

CAZ-AVI combination 109 (78.9%)

30-day mortality 47 (34.1%)

Relapse 12 (8.7%)

Resistance 3 (2.2%)



 

 

 

Figure 1. 

 

  

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy492/5035217

by Leiden University / LUMC user
on 09 June 2018

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Factors Indepedendly Assosiated with Mortality in  Patients with 
KPC-Kp BSIs 

Variable OR (95%CI) P

Mechanical ventilation 4.31 (1.99-9.33) <0.001

Charlson >3 3.3 (1.61-6.77) 0.001

Neutropenia 3.36 (1.25-8.75) 0.03

Septic Shock 2.94 (1.46-5.92) 0.003

CAZ-AVI treatment 0.27 (0.13-0.57) 0.001

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Daikos GL AAC 2009; 53:1868





CRE OXA-48 Infections Treated with CAZ-AVI
Patients Characteristics and Outcomes 

• 24 patients; 15 as initial definitive Rx and 9 as salvage Rx CAZ-AVI 
monotherapy=14, combination=10

• IAI=7, Urinary=6, Respiratory=5, Other=6
• Bacteremia=8, Septic shock=4

• K. pneumoniae=23, E. coli=1

• Clinical cure=62.5%, 30-day mortality=8.3%

• Recurrence =7 patients

• Emergence of resistance = 0

De la Calle C IJAA doi.org/10.1016/j.ijantimicag.2018.11.015 



CRE-OXA-48 Infections Treated with CAZ-AVI
Patients Characteristics and Outcome
No. Ασθενών 57

Age (median) 64

Charlson (median) 3

ICU 22 (30%)

Bacteremia 26(46%)

Septic Shock 20 (35%)

INCREMENT CPE Score 6

CAZ-AVI monotherapy 46 (81%)

30-day mortality 12 (22%)

Relapse 6 (10%)

Resistance 0 (0%)
Sousa A JAC  2018 doi: 10.1093/jac/dky295
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Meropenem-Vaborbactam (VABOMERE) vs. Best Available Therapy for Carbapenem-
Resistant Enterobacteriaceae Infections in TANGO II: Primary Outcomes by Site of Infection 
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Introduction 

Meropenem-vaborbactam (M-V) is a beta-lactamase inhibitor 

combination active against Klebsiella pneumoniae 

carbapenemase (KPC)-producing CRE. Few clinical trials of 

new agents have been conducted in patients with CRE.  

 

Methods 

TANGO II is a randomized, Phase 3, open-label trial in 

patients with infections due to known or suspected CRE, 

including complicated urinary tract infection (cUTI), acute 

pyelonephritis (AP), HABP/VABP, bacteremia, or complicated 

intra-abdominal infection (cIAI).  Eligible patients were 

randomized 2:1 to monotherapy with M-V or Best Available 

Therapy (BAT) for 7-14 days.  BAT could include (alone or in 

combination): a carbapenem, aminoglycoside, polymyxin B, 

colistin, tigecycline or ceftazidime-avibactam (monotherapy 

only). Enrollment was stratified by infection type and 

geographic region. Endpoints differed by infection: overall 

success (clinical cure + microbial eradication) in cUTI/AP, 28-

day all-cause mortality in HABP/VABP + bacteremia, and 

clinical cure in cIAI.  It was not powered for inferential 

statistical testing; results are presented descriptively. 

Results 
72 patients were enrolled: 43 (59.7%) had baseline CRE and 
comprised the microbiologic CRE modified intent-to-treat 
population (mCRE-MITT, primary population). In mCRE-
MITT, 20 had bacteremia, 15 had cUTI/AP, 5 had 
HABP/VABP, and 3 had cIAI.  
 
 
 

 

 

 

 

 

AEs occurred in 84.4% of M-V patients vs. 92% on BAT. M-V 
was associated with fewer drug-related AEs (24.4% vs. 44%), 
severe AEs (13.3% vs. 28%), and serious AEs (33.3% vs. 
44%) vs. BAT.  

 

Conclusions 

In this first prospective comparative trial of a beta-

lactam/beta-lactamase inhibitor combination as monotherapy 

of CRE infections, M-V showed consistent improvement over 

BAT in efficacy endpoints across infections, and improved 

safety/tolerability. M-V appears to be an improved treatment 

option for CRE infections.  

 

• Phase 3, multi-center, randomized, open-label study of adults with infections 
due to known or suspected CRE, including complicated urinary tract infection 
(cUTI), acute pyelonephritis (AP), hospital-acquired/ventilator-associated 
bacterial pneumonia (HABP/VABP), bacteremia, or complicated intra-
abdominal infection (cIAI). 

• Eligible patients were randomized 2:1 to monotherapy with M-V (2g/2g every 
8h via 3-h infusion) or BAT for 7-14 days (Figure 1). 

o BAT included mono/combination therapy with polymyxins, carbapenems, 
aminoglycosides, tigecycline; or ceftazidime-avibactam alone. 

• Enrollment was stratified by infection type and geographic region.  

• Key inclusion criteria: known or suspected (evidence of CRE in culture or 

therapy, confirmed cUTI/AP, HABP/VABP, bacteremia, or cIAI. 

• Key exclusion criteria: Receipt of >24 hours of potentially effective 
antimicrobials (unless clinical failure), immediate life-threatening disease, 
known infection due to NDM, VIM, IMI or OXA-encoded beta-lactamase. 

• Efforts to reduce bias included onsite blinded investigator, blinded 
adjudication committee, and source control adjudication committee (for cIAI). 

 

 

 

 

 

 

 

 

 

 

 

• Study endpoints differed by infection type based on prevailing FDA guideline 

recommended endpoints: 

o 28-day all-cause mortality in the combined HABP/VABP and bacteremia infections. 

o Overall success (composite endpoint of clinical cure and microbial eradication) in 

cUTI/AP at End of Treatment (EOT) and Test of Cure (TOC). 

• Clinical cure was defined as a complete resolution of signs/symptoms such 

that no further antimicrobial therapy was required.  

• Clinical cure was assessed by both an unblinded (PI) and a blinded 

investigator (BI) at two time points: EOT and TOC. In cases where their 

assessments differed, clinical cure was adjudicated by the blinded 

adjudication committee. 

o Clinical cure in cIAI at TOC 

• For cIAI, proper source control in all patients was assessed and adjudicated 

by committee.  

•

drug. 

• Results are presented descriptively. The study was not powered for inferential 

statistical testing. 

 

 

 

Monotherapy with M-V in CRE infections, including 

immunocompromised, renally impaired, and prior 

antibiotic failure patients, resulted in the following: 

• M-V showed improvement over BAT in efficacy 

endpoints in all infection types studied, 

including HABP/VABP, BSI, cUTI, and cIAI. 

• M-V demonstrated a lower rate of renal-related 

adverse events and increases in serum 

creatinine compared to BAT (Poster #1879). 

• M-V was associated with reduction in poor 

outcomes compared to BAT including failure-

nephrotoxicity and mortality-nephrotoxicity on 

exploratory risk-benefit analyses across all 

infection types combined. 

• M-V is a potent new option for treatment of 

KPC-driven carbapenem resistance. 

• Based on the totality of these results, the 

independent Data Safety Monitoring Board 

recommended discontinuing randomization to 

BAT. 

• Increasing carbapenem resistance among Enterobacteriaceae pathogens has been recognized by the CDC and WHO as an urgent antimicrobial 
resistance threat.1,2 

• In the US, the production of Klebsiella pneumoniae carbapenemase (KPC) enzyme is the major mechanism of carbapenemase-mediated resistance 
in carbapenem-resistant Enterobacteriaceae (CRE).3 

• Despite the recent approval of an antimicrobial agent that has activity against target CRE pathogens, few clinical trials have been conducted in 
patients with infections due to confirmed CRE pathogens. 

• Meropenem-vaborbactam (M-V; VABOMERE) is a novel beta-lactam/beta-lactamase inhibitor combination with potent activity against KPC-
producing CRE. 

• TANGO II is a Phase 3, multi-center, randomized, open-label comparative trial designed to evaluate efficacy and safety of M-V vs. best available 
therapy (BAT). It is the only clinical trial of a novel agent given as monotherapy compared against BAT in patients with serious CRE infections. 

• Randomization into the comparator phase of TANGO II was stopped on July 21, 2017, in accordance with recommendations of the independent  
Data Safety Monitoring Board, which concluded that a risk-benefit analysis of available data no longer supported randomization of patients to BAT. 

• Here we report primary outcomes by site of infection in patients with confirmed CRE infection. 

• Of the 72 enrolled patients, 43 (59.7%) had a baseline CRE and comprised the 

microbiologic CRE modified intent-to-treat population (mCRE-MITT, primary population). 

Baseline characteristics for the mCRE-MITT population are shown in Table 1. 

• In mCRE-MITT, 20 had bacteremia, 15 had cUTI/AP, 5 had HABP/VABP, and  

3 had cIAI. 

o Of the 15 patients with cUTI/AP, 7 were cUTI and 8 were AP. 

o 5  of the 7 cUTI patients had an indwelling urinary catheter at baseline. 

o Of  the 5 patients with HABP/VABP, 1 was HABP and 4 were VABP.   

o Of the 3 patients with cIAI, one was due to a perforated viscus, one was in the 
setting of cholangitis/cholecystitis, and one was in the setting of intra-abdominal 
abscess.  

Efficacy by Infection Type  
M-V (N=28) 

n/N’ (%) 

BAT (N=15) 

n/N’ (%) 

Bacteremia + HABP/VABP 

All-Cause Mortality, Day 28 

 

4/16 (25.0%) 

  

4/9 (44.4%) 

cUTI/AP 

Overall Success at End of Treatment (EOT)  

Overall Success at Test of Cure (TOC, EOT + 7 d)   

 

8/11 (72.7%) 

3/7 (42.9%)* 

 

2/4 (50%) 

2/4 (50%) 

cIAI  

Clinical Cure at TOC 

  

1/1 (100%) 

  

0/2 (0) 

• BAT antibiotic regimens by infection type (mCRE-MITT) are shown in Table 2. 

• There was no consensus BAT regimen. BAT ranged from 1 to >4 drug combinations, which 
included ceftazidime/avibactam, polymyxins, carbapenems, aminoglycosides, and tigecycline. 

• For all infection types, the primary pathogen was Klebsiella pneumonia.  The most common 
molecular mechanism of carbapenem resistance was production of KPC carbapenemase (90%). 

• Meropenem MIC50s and 90s were similar across both arms. For cUTI and bacteremia, the 
meropenem MIC50 was 64 µg/mL. For HABP/VABP and cIAI, the MIC50s were 16 and  
>16 µg/mL, respectively. 

• Efficacy among patients with confirmed CRE infections by infection type is summarized in Table 3 and Figures 2 and 3. 

• Exploratory risk-benefit analyses were conducted to determine the risk-benefit profile of M-V vs. BAT.  Results showed a significant decrease in poor outcomes in patients treated 
with M-V compared to BAT (mCRE-MITT), as shown in Table 4. 

o For the composite endpoint of mortality-nephrotoxicity ( in creatinine or renal AEs of failure, acute failure or impairment), M-V was 
associated with a reduction in mortality-nephrotoxicity compared to BAT (25.0% vs. 40.0%; 95%CI -44.5% to 14.5%, P=.32 and 21.4% vs. 60.0%; 95% CI -67.7% to -9.5%, 
P<.01, respectively). 

o For the composite endpoint of failure-nephrotoxicity (same definitions), M-V was associated with a superior risk-benefit profile compared to BAT (32.1% vs. 80.0%; 95%CI  
-74.5% to -21.2%, P<.001 both definitions).  

• Adverse events (AEs) and safety endpoints (safety population/MITT) are shown in Poster#1862, Kaye K et al, IDWeek 2017.  

 

Figure 1. Study Schema 

EOT, end of treatment; TOC, test of cure; LFU, last follow-up. 

  
M-V 

N=28 
BAT 
N=15 

Total 
N=43 

Age, mean (standard deviation), y 63.9 (14.0) 60.2 (13.0) 62.6 (13.6) 

Age cohort, n (%)       

  <65 y  14 (50.0) 9 (60.0) 23 (53.5) 

   14 (50.0) 6 (40.0) 20 (46.5) 

   6 (21.4) 3 (20.0) 9 (20.9) 

Female gender, n (%) 15 (53.6) 5 (33.3) 20 (46.5) 

White race, n (%) 24 (85.7) 12 (80.0) 36 (83.7) 

Region, n (%)        

  North America 6 (21.4) 7 (46.7) 13 (30.2) 

  Europe 17 (60.7) 8 (53.3) 25 (58.1) 

  Rest of World (Israel, Colombia, Brazil, Argentina) 5 (17.9) 0 (0) 5 (11.6) 

Body mass index, mean (SD) 28.4 (9.4) 25.8 (7.6) 27.5 (8.8) 

Infection type, n (%)        

  Bacteremia 12 (42.9) 8 (53.3) 20 (46.5) 

  cUTI/AP  11 (39.3) 4 (26.7) 15 (34.9) 

  HABP/VABP 4 (14.3) 1 (6.7) 5 (11.6) 

  cIAI  1 (3.6) 2 (13.3) 3 (7.0) 

Baseline pathogena, n (%)       

  Klebsiella pneumoniae 25 (89.3) 12 (80.0) 37 (86.0) 

  Escherichia coli 2 (7.1) 1 (6.7) 3 (7.0) 

  Enterobacter cloacae complex 1 (3.6) 2 (13.3) 3 (7.0) 

  Proteus mirabilis 0 (0) 2 (13.3) 2 (4.7) 

  Serratia marcescens 1 (3.6) 1 (6.7) 2 (4.7) 

Enrolled as known CRE, n (%)  20 (71.4) 14 (93.3) 34 (79.1) 

Enrolled as suspected CRE, n (%) 8 (28.6) 1 (6.7) 9 (20.9) 

Creatinine clearance, mL/m, n (%)        

  >50 22 (78.6) 9 (60.0) 31 (72.1) 

  30–49 3 (10.7) 2 (13.3) 5 (11.6) 

  20–29 1 (3.6) 2 (13.3) 3 (7.0) 

  <20 1 (3.6) 0 (0) 1 (2.3) 

  Missing 1 (3.6) 2 (13.3) 3 (7.0) 

Charlson Comorbidity Index, n (%)        

   4 (14.3) 1 (6.7) 5 (11.6) 

  3–4 3 (10.7) 2 (13.3) 5 (11.6) 

  5 10 (35.7) 1 (6.7) 11 (25.6) 

  >6 11 (39.3) 11 (73.3) 22 (51.2) 

Diabetes mellitus, n (%)  9 (32.1) 7 (46.7) 16 (37.2) 

Systemic inflammatory response syndrome, n (%)  12 (42.9) 6 (40.0) 18 (41.9) 

Intensive care unit admission   5 (17.8) 2 (13.3)  7 (16.3) 

Immunocompromisedb, n (%) 10 (35.7) 8 (53.3) 18 (41.9) 

Prior treatment failurec, n (%) 9 (32.1) 0 (0) 9 (20.9) 

BAT Regimen 

cUTI/AP 

N=4 

n (%) 

HABP/VABP 

N=1 

n (%) 

Bacteremia 

N=8 

n (%) 

cIAI 

N=2 

n (%) 

Total 

N=15* 

n (%) 

Monotherapy 2 (50) 0 ( 0) 2 (25)  0 (0)  4 (26.7) 

    Aminoglycoside 1 (25) 0 (0)  0 (0) 0 (0) 1 (6.7)  

    Carbapenem 0 (0) 0 (0) 1 (12.5) 0 (0) 1 (6.7) 

    Ceftazidime-Avibactam 0 (0.0) 0 (0) 1 (12.5) 0 (0) 1 (6.7) 

    Polymyxin/Colistin 1 (25) 0 (0) 0 (0) 0 (0)  1 (6.7) 

Dual Therapy 2 (50) 1 (100) 3 (37.5) 1 (50) 7 (46.7) 

    Carbapenem + Aminoglycoside 1 (25) 0 (0) 0 (0) 0 (0) 1 (6.7) 

    Carbapenem + Polymyxin/Colistin 0 (0) 0 (0) 1 (12.5) 0 (0) 1 (6.7)  

    Carbapenem + Tigecycline 0 (0)  0 (0) 1 (12.5) 1 (50) 2 (13.3) 

    Polymyxin/Colistin + Aminoglycoside 1 (25) 1 (100) 1 (12.5)  0 (0)  3 (20)  

Triple Therapy 0 (0) 0 (0)  1 (12.5)  0 (0) 1 (6.7)  

    Carbapenem + Polymyxin/Colistin + Tigecycline 0 (0) 0 (0) 1 (12.5)  0 (0) 1 (6.7) 

4 Drugs or More 0 (0) 0 (0) 2 (25) 0 (0) 2 (13.3)  

    Carbapenem + Polymyxin/Colistin + Aminoglycoside + Tigecycline 0 (0) 0 (0) 2 (25) 0 (0) 2 (13.3)  

*One patient received ceftazidime-avibactam (which was only permitted per protocol as monotherapy) in combination with other antimicrobial agents and is therefore not represented. 

  

  

  

M-V 

n/N’ (%) 

BAT 

n/N’ (%) 

Absolute 

Difference 

(M-V – BAT) 

Relative 

Difference 

[(M-V – 

BAT)/BAT] 

Patients with HABP/VABP and bacteremia, 

combined 
        

     Day-28 all-cause mortality 4/16 (25.0) 4/9 (44.4)   

Patients with cUTI/AP         

     Overall success ratea at EOT 8/11(72.7) 2/4 (50.0) 22.7% 45.4% 

     Overall success ratea at TOC (EOT +7d)b 3/7 (42.9) 2/4 (50.0)   

Patients with cIAI         

    Clinical cure at TOC 1/1 (100) 0/2 (0) 100%  

a Overall success rate was a composite of clinical cure and microbial eradication. 

b 4 Patients in the M-V group were indeterminate/not assessed at TOC.  

25.0% 
(4/16) 
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a Baseline pathogens listed occurred in 2 or more patients. 
b Leukemia or lymphoma (not in remission), prior solid organ/stem cell transplantation, ongoing neutropenia, or active receipt of 

  immunosuppressive medications (including high- .  
c Clinical evidence of prior antimicrobial failure as ascertained by the study investigator at screening and randomization. 

  

  

Outcome 

M-V 

(N=28) 

n (%) 

BAT 

(N=15) 

n (%) 

Absolute Difference 

(M-V – BAT) 

(95% CI) P value 

Relative 

Difference 

[(M-V – 

BAT)/BAT] 

Day-28 All-Cause 

Mortality or 

Nephrotoxicitya 

7 (25.0) 6 (40.0) -15.0 (-44.5 to 14.5) .32 -37.5 

Clinical Failure or 

Nephrotoxicityb 
9 (32.1) 12 (80.0) -47.9 (-74.5 to -21.2) <.001 -59.9 

Day-28 All-Cause 

Mortality or Renal AEsc 
6 (21.4) 9 (60.0) -38.6 (-67.7 to -9.5) <.01 -64.3 

Clinical Failure or Renal 

AEsd 
9 (32.1) 12 (80.0) -47.9 (-74.5 to -21.2) <.001 -59.9 

aComposite outcome of either Day-28 all-cause mortality or a post-  
bComposite outcome of either clinical failure at test of cure or a post-  
cComposite outcome of either Day-28 all-cause mortality or adverse event of renal failure, renal failure acute or renal impairment. 
dComposite outcome of either clinical failure at test of cure or adverse event of renal failure, renal failure acute or renal impairment. 

Table 1. Baseline Demographic and Clinical Characteristics (mCRE-MITT) 
 

Table 2. BAT Antibiotic Regimens by Infection Type (mCRE-MITT) 

Table 3. Efficacy Endpoints by Infection Type Among Patients with Confirmed CRE 
Infections (mCRE-MITT)  

Table 4. Exploratory Risk-Benefit Analysis: Patients with Poor Outcomes of Confirmed 
CRE Infections (mCRE-MITT) 

Figure 2. Efficacy Endpoints in Patients with HABP/VABP or Bacteremia, by 
Timepoint (mCRE-MITT) 

Figure 3. Efficacy Endpoints in Patients with cUTI/AP, by Timepoint (mCRE-MITT) 

72.7% 
(8/11) 

42.9% 
(3/7) 

72.7% 
(8/11) 

57.1% 
(4/7) 

72.7% 
(8/11) 

50.0% 
(4/8) 

50.0% 
(2/4) 

50.0% 
(2/4) 

50.0% 
(2/4) 

50.0% 
(2/4) 

50.0% 
(2/4) 

50.0% 
(2/4) 

0

20

40

60

80

100

End of
Treatment

Test of
Cure*

End of
Treatment

Test of
Cure*

End of
Treatment

Test of 
Cure† 

M-V BAT

Microbial Curea Overall Success 

P
e

rc
e

n
ta

g
e
 (

%
) 

Clinical Cure 

Results Abstract Methods 

Background 

R
a

n
d

o
m

iz
a

tio
n

 2
:1

 

BAT 

 
M-V 

 
2 g/2 g q8h via IV 

infusion  
over 3 h 

  

Screening 

Day -1 to Day 1 

EOT 

Day 1 through 

Day 7 (up to 

Day 14) 

TOC 

7 days 

(±2 days) 

post-EOT 

  

LFU 

14 days 

(±2 days) 

post-EOT 

  

Follow-up 

Day 12 up to Day 30 

Patients with: 

• cUTI or AP 

• cIAI 

• HABP 

• VABP 

• Bacteremia 

Known or 

suspected to be 

caused by CRE 

The Medicines Company 
3013 Science Park Rd. 
San Diego, CA 92121 USA 

8 Sylvan Way 
Parsippany, NJ 07054 USA 

a Composite of either microbial eradication or presumed eradication at respective visit. 
* 4 Patients in the M-V arm were indeterminate/not assessed at TOC. 
† 3 Patients in the M-V arm were indeterminate /not assessed at TOC. 
  

a Composite of either microbial eradication or presumed eradication at respective visit. 
* One subject in the M-V arm was indeterminate/not assessed at TOC. 

Meropenem-Vaborbactam vs BAT for 
CRE Infections
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Introduction 

Meropenem-vaborbactam (M-V) is a beta-lactamase inhibitor 

combination active against Klebsiella pneumoniae 

carbapenemase (KPC)-producing CRE. Few clinical trials of 

new agents have been conducted in patients with CRE.  

 

Methods 

TANGO II is a randomized, Phase 3, open-label trial in 

patients with infections due to known or suspected CRE, 

including complicated urinary tract infection (cUTI), acute 

pyelonephritis (AP), HABP/VABP, bacteremia, or complicated 

intra-abdominal infection (cIAI).  Eligible patients were 

randomized 2:1 to monotherapy with M-V or Best Available 

Therapy (BAT) for 7-14 days.  BAT could include (alone or in 

combination): a carbapenem, aminoglycoside, polymyxin B, 

colistin, tigecycline or ceftazidime-avibactam (monotherapy 

only). Enrollment was stratified by infection type and 

geographic region. Endpoints differed by infection: overall 

success (clinical cure + microbial eradication) in cUTI/AP, 28-

day all-cause mortality in HABP/VABP + bacteremia, and 

clinical cure in cIAI.  It was not powered for inferential 

statistical testing; results are presented descriptively. 

Results 
72 patients were enrolled: 43 (59.7%) had baseline CRE and 
comprised the microbiologic CRE modified intent-to-treat 
population (mCRE-MITT, primary population). In mCRE-
MITT, 20 had bacteremia, 15 had cUTI/AP, 5 had 
HABP/VABP, and 3 had cIAI.  
 
 
 

 

 

 

 

 

AEs occurred in 84.4% of M-V patients vs. 92% on BAT. M-V 
was associated with fewer drug-related AEs (24.4% vs. 44%), 
severe AEs (13.3% vs. 28%), and serious AEs (33.3% vs. 
44%) vs. BAT.  

 

Conclusions 

In this first prospective comparative trial of a beta-

lactam/beta-lactamase inhibitor combination as monotherapy 

of CRE infections, M-V showed consistent improvement over 

BAT in efficacy endpoints across infections, and improved 

safety/tolerability. M-V appears to be an improved treatment 

option for CRE infections.  

 

• Phase 3, multi-center, randomized, open-label study of adults with infections 
due to known or suspected CRE, including complicated urinary tract infection 
(cUTI), acute pyelonephritis (AP), hospital-acquired/ventilator-associated 
bacterial pneumonia (HABP/VABP), bacteremia, or complicated intra-
abdominal infection (cIAI). 

• Eligible patients were randomized 2:1 to monotherapy with M-V (2g/2g every 
8h via 3-h infusion) or BAT for 7-14 days (Figure 1). 

o BAT included mono/combination therapy with polymyxins, carbapenems, 
aminoglycosides, tigecycline; or ceftazidime-avibactam alone. 

• Enrollment was stratified by infection type and geographic region.  

• Key inclusion criteria: known or suspected (evidence of CRE in culture or 

therapy, confirmed cUTI/AP, HABP/VABP, bacteremia, or cIAI. 

• Key exclusion criteria: Receipt of >24 hours of potentially effective 
antimicrobials (unless clinical failure), immediate life-threatening disease, 
known infection due to NDM, VIM, IMI or OXA-encoded beta-lactamase. 

• Efforts to reduce bias included onsite blinded investigator, blinded 
adjudication committee, and source control adj
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CARE Study Design

aAdjunctive therapy per investigator for BSI, HABP/VABP patients only; optional oral step-down after ≥4 days IV for cUTI/AP. 
AP, acute pyelonephritis; cUTI, complicated urinary tract infection; EOS, end of study; LFU, late follow-up; q8h, every 8 hours; 

q12h, every 12 hours; q24h, every 24 hours; TDM, therapeutic drug management; TOC, test of cure.

Cohort 2: 

BSI, HABP/VABP, cUTI/AP

7-14 days IV study drug therapy

Documented or 

presumed CRE infection

(with broader 

eligibility criteria)

Cohort 1: 

BSI, HABP/VABP

Documented or 

presumed CRE infection

Plazomicin 15 mg/kg q24h 

as 30-minute infusion (with TDM)

Colistin 300-mg loading dose; 5 mg/kg/d 

divided q8h or q12h as 60-minute infusion

Plus meropenem or tigecycline

Randomization 1:1

Screening Treatment Follow-up

Up to 96 hours

TOC LFUEOS

Plazomicin 15 mg/kg q24h 

as 30-minute infusion (with TDM)

7 days

from last dose

IV study drug

Day 60Day 28

TOC LFUEOS

Adjunctive therapy per investigator’s choicea

DOI: 10.1056/NEJMc1807634
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CARE Patient Disposition (Randomized Cohort 1)

Primary efficacy analysis population included patients with BSI or HABP/VABP due to CRE.

CRE defined as meropenem MIC of ≥4 µg/mL, or a meropenem MIC of 2 µg/mL and disk diffusion zone ≤19 mm on central laboratory testing.

ITT, intent to treat; MIC, minimum inhibitory concentration; MITT, modified intent to treat; mMITT, microbiological modified intent to treat.

N = 39
ITT

n = 18 
Plazomicin

n = 18
MITT/Safety

n = 17 
mMITT

n = 21 
Colistin

n = 21
MITT/Safety

n = 20
mMITT

All randomized patients

Patients who received any amount 
of study drug

Patients with CRE isolated from study-
qualifying baseline specimen who 

received ≥1 dose of study drug

DOI: 10.1056/NEJMc1807634



DOI: 10.1056/NEJMc1807634



Number of patients with an increase in serum creatinine of 0.5 mg/dl or 
more

DOI: 10.1056/NEJMc1807634



Is There Effective Therapy Against MBL-producers?

Mechanism-based Strategy

• For MBLs (VIM, NDM, IMP)
• Aztreonam plus anti-ESBL agent 

• For NDM-OXA-48 or NDM-KPC
• Aztreonam plus CAZ-AVI



Aztreonam plus clavulanate, tazobactam or avibactam for the treatment 
of metallo- -lactamase-producing-Gram negative related infections 

According to CLSI breakpoints, aztreonam susceptibility was fully restored for 
86%, 20% and 50% of the MBL-producing Enterobacteriaceae when combined with 
ceftazidime-avibactam, ceftolozane-tazobactam and amoxicillin-clavulanate

AAC  doi:10.1128/AAC.00010-19



• 10 pts were treated with Ceftazidime/avibactam plus aztreonam
• 5 had bloodstream infection
• Clinical success 6/10
• 3 deaths
• 1 recurrence 



Optimizing Current Treatment Options

• Carbapenems
- High dose, prolonged infusion, or continuous infusion

with TDM
• Colistin
- Loading dose, preferably in combination when the MIC of the infecting

organism > 0.5mg/L
• Fosfomycin
- For systemic infections 6 g IV q 6 h, always in

combination with another active agent
• Tigecycline
- Optimize PK/PD with high dose (100mg q 12h)
• Aminoglycosides
- Once daily, high dose (Gentamicin 7mg/kg) with TDM



Patients with Increased CrCL

In patients with high CrCL there is decreased ability to
reliably attain plasma colistin Css,avg  ≥ 2mg/L 

Only 11/39 patients with CrCl > 80 attained Css,avg  ≥ 2mg/L  
(1)

Creatinine Clearance (ml/min/1.73m2 )

Proportion of pts who attained a plasma colistin - Css,avg ≥2 
mg/L 

Garonzik et al Karaiskos et al

80 – 99 3/7 2/5

100 – 119 6/16 0/2

120 – 139 1/10 1/2

>140 1/6 1/3

Garonzik et al, AAC 2011 & ECCMID 2013
Karaiskos et al, AAC 2015; 59: 7240

Only 4/12 patients with CrCl > 80 attained Css,avg  ≥ 2mg/L  
(2)



Suboptimal treatment with colistin monotherapy

• MIC of the  infecting organism > 0.5mg/L

• Pneumonia

• Clcr > 80ml/min 



Nation R CID 2016



Pharmacotherapy 2019;39:10–39 doi: 10.1002/phar.2209 







Criteria Leading to the Selection of Newer Agents
Montravers P DOI:10.1097/QCO.0000000000000490 



Clinical Prediction Tools  

• Local Epidemiology

• Individual patient risk factors
• Co-morbid conditions

• Cumulative exposure to antibiotics

• Prior hospitalization

• Surgery or other interventions

• Infection-related factors
• ICU, non-ICU

• Source of infection

• Severity of infection



Prediction Score for KPC-Kp Colonization or  Infection

Variable Points

Charlson 3 1

Neutropenia 1

Recent surgery <1 month 1

Two recent hospitalizations <12 months 1

Recent use of carbapenems or quinolones <3 months 1+1

CVC <1 month 1

• Score  3
• Predictive power

• OR: 10.25 (95% CI: 7.57-13.91)
• Area under receiver operating curve 0.82

Tumbarello et al AAC 2014; 58: 3514 



Case 1

• 30 year old male with AML after induction chemotherapy presented 
with fever 390C, RR:24/min, HR: 100/min, BP: 110/60

• Two sets of blood cultures were drawn and the patient was started on 
Pip/tazo

• The 4th day of treatment on Pip/tazo he became afebrile

• Blood cultures grew E. coli, susceptible to BLBLI, 2nd and 3d 
generation cephalosporines, carbapenems and aminoglycosides  

• The 10th day of treatment, while he was on Pip/tazo, he had new 
onset of fever 38,50C and persistent neutropenia (<100 PMNs/μl). 
RR:30/min, HR: 110/min, BP: 90/60 



Case 1 (cont/d)

• Two sets of blood cultures were drawn and his treatment was 
changed to meropenem

• During his hospitalization he was found to be carrier of KPC-Kp
(perirectal swab cultures positive)

• Is the above treatment adequate for this particular patient? 



From Colonization to Infection

Host %

Normal host 10

Neutropenic 25

Autologous HSCT 26

Allogeneic HSCT 40

C Girmenia Bone Marrow Transplantation 2014 doi:10.1038/bmt.2014.231 



• 50 to 60% of hematology patients with infections caused by ESBL-
producers receive inappropriate initial therapy (Gudio JAC 2010, Ortega 
JAC 2009, Tumbarello AAC 2006)

• Among 50 hematology pts, hospitalized in 3 tertiary care hospitals in 
Greece,  with BSIs caused by CP-Kp 17 (34%) received inappropriate 
empirical therapy (Tofas P IJAA 2016) 



Mortality in patients with Hematologic Malignancies and BSI Caused 
by CR-Kp και CS-Kp

Trecarichi EM Am J Hematol 2016;91:1076 



ECIL Guidelines for Empirical Treatment of Febrile Neutropenia

• De-escalation should be applied for patients
• With complicated presentations

• With individual risk factors for resistant pathogens

• In centers where resistant pathogens are regularly seen at the onset of febrile 
neutropenia

De-escalation strategy



Klebsiella pneumoniae

Ampicillin/sulbactam R

Pip/tazo R

Cefoxitin R

Cefepime R

Ceftazidime R

Gentamicin 2 mg/L

Meropenem MIC=>8mg/L

Aztreonam R

Ceftazidime/avibactam 1/4 mg/L

Colistin MIC=1 mg/L

Tigecycline MIC=2 mg/L

Fosfomycin MIC=32 mg/L



Case 1 cont/d

• Older or newer agent?

• Ceftazidime/avibactam or meropenem/vaborbactam

• Monotherapy or combination?



Case 1 cont/d

• The patient was started on Ceftazidime/avibactam 2.5g IV q 8hrs plus 
gentamicin 5mg/kg

• Gentamicin was discontinued after 5 days



CAZ-AVI vs Meropenem/Vaborbactam

• Retrospective observational study

• Study period: 2015-2018

• CRE infections except UTIs, 40% BSIs

• Rx with either agent ≥ 72hrs

• Primary outcome, clinical success

• 30-day survival

• Resolution of signs and symptoms

• Clearance of bacteremia at day-7

• No recurrence within 90 days

Ackley R IDWeek 2019; abstract No. 662



CAZ-AVI vs Meropenem/Vaborbactam

Outcome CAZ-AVI
N=105

Meropenem-
Vaborbactam

N=26

P

Monotherapy/combin
ation 

41/64 19/3 <0.01

Clinical success 65/105 15/22 0.49

Recurrence 15/105 3/22 0.2

MIC increase 6/105 0/22 0.13

Resistance 3/105 0/22 0.21

Ackley R IDWeek 2019; abstract No. 662



Case 2

• 70 years old male s/p left hemi-colectomy and anastomosis due to colon Ca. The
7th post/operative day he developed fever up to 39.5o

• BP: 90/80, HR: 120/λεπτό, T=38.5o C

• WBC=25K/μl, PLT 50Κ/μl, Creatinine 2.5mg/dl. 

• Chest CT atelectasis in lower lobe of R lung 

• CT of abdomen:  Free air and loculated fluid collection in peritoneal cavity close 
to anastomosis.

• The patient underwent second operation to close leaking of anastomosis

• He was started on meropenem and transferred to ICU 



Case 2 cont/d

• Cultures of peritoneal fluid grew ESBL-producing E coli  and he 
continued treatment with meropenem

• The patient continued to have fever an he was operated for third time 
to restore the leaking at anastomosis site

• Peritoneal fluid cultures grew Pseudomonas aeruginosa



Ps aeruginosa

Ampicillin/sulbactam R

Pip/tazo R

Ceftazidime R

Cefepime R

Amikacin R

Gentamicin R

Meropenem R

Aztreonam R

Ceftolozane/tazobactam 1/4 mg/L

Colistin MIC=1 mg/L

Fosfomycin R



What Makes Ceftolozane/Tazobactam Different? Activity vs. 
Pseudomonas aeruginosa

• Stable against common P. aeruginosa resistance mechanisms, including loss of outer membrane porin (OprD),
chromosomal AmpC, and up-regulation of efflux pumps (MexXY, MexAB)1

• Isolates resistant to other cephalosporins may be susceptible, although cross-resistance may occur2

Resistance Mechanisms Outer Membrane 
Porin Loss

OprD

β-lactamase
Enzyme
AmpC

Efflux Pump

MexXY

Efflux Pump

MexAB

Ceftolozane

Ceftazidime

Cefepime

Piperacillin/tazobactam

Imipenem

Meropenem

Table adapted from Castanheira M, et al. 2014

1. Castanheira M, et al. Antimicrob Agents Chemother. 2014;58:6844-6850. 
2. ZERBAXA [prescribing2 information]. Cubist Pharmaceuticals; Lexington, MA; 2014.

Activity greatly decreased >>     Retains activity



Pseudomonas aeruginosa Mechanisms of Resistance

• Efflux

• Derepressed AmpC

• OprD

•MBL

• VEB-ESBL

• GES-carbapenemase

• KPC

Livermore D doi:10.1093/jac/dkx136
Livermore D doi:10.1093/jac/dkx438 



C/T 3g q 8h
50% fT>MIC
PTA for ELF 88% for
Isolates with MIC 8mg/L



Risk for MDR Organisms

Patients :

• Prior administration of broad spectrum antibiotics

•







Case 3

• A 68 yo male with history of prostate Ca was admitted to ICU because of 
new onset of dyspnea, chest pain and hemoptysis. On his arrival he was 
intubated. CT pulmonary angiography revealed multiple pulmonary emboli 
and he was started on fondaparinux. 

• On 7th day, he was hemodynamically stable on ventilation with FIO2 40%. 
Routine screening for colonization revealed KPC-Kp in rectal swabs and 
bronchial secretions and ABC in bronchial secretions.

• On 10th day, while on ventilator, he  developed fever, increased purulent 
bronchial secretion, new infiltrates on CXR.

• Blood, urine and bronchial aspirates were sent for cultures and he was 
started on meropenem and colistin. 



• Patients with MDR-AB were more likely to receive IET than those in the non-
MDR-AB group (76.2 % vs. 13.8 %, p < 0.001). 

• MDR-AB strongly predicted receipt of IET (adjusted RRR 5.5, 95 % CI 4.0–7.7, 
p < 0.001). 

• IET exposure was associated with higher hospital mortality (adjusted RRR 
1.8, 95 % CI 1.4–2.3, p < 0.001). 



85%



Risk Factors for MDR HAP/VAP
Bassetti et al Curr Opin Crit Care 2018, 24:385 – 393 



Case 3 Cont/d

• The patient was started on Ceftazidime/avibactam 2.5 g q 8hrs and 
colistin 9MU loading dose followed by 4.5MU q 12hrs

• Bronchial aspirate grew A baumannii >106 CFU/ml



Antimicrobial Agents Used in the Treatment of CRAB 
Infections

Main agents

• Polymyxins

• Tigecycline

• Sulbactam

Newer agents

• Cefiderocol

• Erevacycline

Other agents

•Minocycline

• TMP/SMX

• Rifampin

• Fosfomycin

• Aminoglycosides



Acinetobacter baumannii

Ampicillin/sulbactam R

Ampicillin/sulbactam R

Cefoxitin R

Cefepime R

Ceftazidime R

Gentamicin R

Meropenem R

Aztreonam R

Ceftazidime/avibactam R

Colistin MIC=1 mg/L

Tigecycline MIC=2 mg/L

Fosfomycin R



Case 3 Cont/d

• What is the best available treatment for this patient?

• Combination or monotherapy



Colistin Monotherapy vs Combinations

• 250 patients with CRAB bacteraemia

• Colistin-containing combinations (n=214) vs colistin monotherapy
(n=36)

• Colistin combinations resulted in 
• lower in-hospital mortality (52.2 versus 72.2%)

• higher microbiologic eradication (79.9 versus 55.6%) 

Batirel A Eur J Clin Microbiol Infect Dis. 2014;33:1311-22



Variable Hazard Ratio 95% CI P

Septic shock 10.8 1.12-141 0.04

Charlson >3 1.44 1.04-2 0.02

Source control 0.22 0.01-0.42 0.01

Combination Rx 0.36 0.01-0.89 0.03
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• Network meta- analysis of 29 studies (four RCTs and 25 cohort studies). The investigators 
compared nine therapeutic options in terms of mortality, clinical cure and microbiologic 
eradication.

• No differences were observed in all-cause mortality among the different treatment regimens 

• Colistin-based combinations were associated with significantly higher microbiologic 
eradication rates compared to colistin monotherapy, tigecycline monotherapy, or tigecycline
in combination with other agents. 



Randomized Controlled Trials (I)

• Colistin vs Colistin + Rifampicin (Durante-Mangoni et al) 
• 210 ICU pts with serious infections caused by XDR A. baumannii

• Colistin 2 MU x 3 (No loading dose) ± Rifampicin 600 mg x 2 

• No significant diference in all-cause 30-day mortality (43,3% vs 42,9%) 

• Significant difference in microbiologic eradication (60.6% vs 44.8%, p=0.034)

• Colistin vs Colistin + Rifampicin (Aydemir et al)
• 43 pts with VAP caused by XDR A. baumannii

• Colistin 4,5 MU/d (No loadinf dose) ± Rifampicin 600 mg/d 

• No significant difference in terms of clinical response.

• Faster micobiologic eradication with combination (4,5d vs 3,1d - p=0.029).

Clin Infect Dis 2013;57:349-58, Epidemiol Infect. 2013;141:1214-22



Randomized Controlled Trials (II)
• Colistin vs Colistin + Fosfomycin (Sirijatuphat et al)

• 94 pts with CRAB infections
• Colistin  5mg CBA/Kg/d (No loading dose) ± Fosfomycin (iv) 4 g x 2 
• No significant difference in all-cause 30 day mortality (53.8% vs 44.2%) or 

infection-related mortality (23.1% vs 16.3%)
• Significant difference in microbiologic eradication in 72h (65.7% vs 87.8%, 

p=0.028)

• Colistin vs Colistin + Ampicillin/Sulbactam (Makris et al)
• 39 pts with VAP caused by CRAB
• Colistin 3 MU x 3 (No loading dose) ± Ampicillin/Sulbactam 6 gr x 4
• No significant difference in all-cause 30 day mortality (63.2% vs 50.0%)
• Significant difference in early clinical response (15.85% vs 70.0%, OR=12.4 

p=0.001)

Antimicrob Agents Chemother. 2014;58:5598-601, Indian J Crit Care Med. 2018;22:67–77



Randomized Controlled Trials (ΙΙΙ)
• Colistin vs Colistin + Meropenem (Paul et al, AIDA study)

• 406 pts with serious infections caused by CR gram(-) organisms A baumannii: 312/406 (77%)

• VAP/HAP: 45%, BSIs: 43%

• Colistin 4.5 MU x 2 (Loading dose) ± Meropenem 2 gr x 3 (Open-label)

• Composite outcome
• The patient alive at day 14

• Haemodynamic stability (systolic blood pressure >90 mm Hg without need for vasopressor 
support),

• Improved or stable SOFA score 

• Stable or improved oxygenation for patients with pneumonia

• Microbiological cure for patients with bacteraemia

Lancet Infect Dis 2018;18:391-400





Summary of RCTs

• The majority of participants had HAP/VAP or BSIs caused by CRAB 

• The all-cause mortality rate was unacceptably high ranging from 38% 
to 63.6%

• None of the combinations was associated with better survival. 

• No differences were documented regarding development of 
resistance. 



Summary of RCTs

• The two largest studies (AIDA, Italian) do not support the use of 
colistine/ rifampin or colistine/meropenem. 

• One study, however, showed better clinical response with colistin plus 
high-dose ampicillin/sulbactam and three studies showed better 
microbiologic response with colistin plus rifampin or fosfomycin. 



Case 3 Contn/d

• After susceptibility testing was available, Ceftazidime/avibactam was 
discontinued and tigecycline was added

• Tigecycline 200mg as loading dose, followed by 100mg q 12hrs



between 50 and 100mg every 12h, showed that corre-

sponding PTAs ranged from 72.2% to 99.2% at MIC

1mg/L and from 11.3% to 70.8% at MIC 2mg/L at the

PK/PD index of fAUC0–24h/MIC >0.9 for HAP. The PTA

for minocycline 100mg q12h was>90%for MICs 4mg/

L, but was zero for all simulated regimens at MICs

32mg/L.

CFRanalysis

The CFR of the different dose schemes of tigecycline

and minocycline isshown in Table 2. The CFRof the rec-

ommended dose (50mg q12h) and of the double dose

(100mg q12h) was 71.2% and 90.2%, respectively. The

CFR of the minocycline recommended dose (100mg

q12h) and of the double dose (200mg q12h) was 53.4%

and 77.2%, respectively. A significant increase in CFRs

were noted for isolates reported on the EUCASTwebsite,

with a value of >80% at the tigecycline or minocycline

recommended doses.

Discussion

CP-KP are increasingly prevalent in many countries and

have become endemic in some areas [2]. The most com-

mon carbapenemase found in this study was KPC

enzymes, followed by metallo-b-lactamases, and the

OXA type. In a recent European survey, KPC enzymes

were detected in 42% of the carbapenemase-producing

Enterobacteriaceae isolates, and the OXA-48-like enzymes,

which were the second most frequent (38% of the

Figure 1. MIC distributions of 164 carbapenemase-producing
Klebsiella pneumoniae(CP-KP) strains for tigecycline and minocycline
compared with those obtained for K. pneumoniae from the EUCAST
MICdistribution website.

Figure 2. Probability of target attainment (PTA) in 10,000 simulated
patientsgiven tigecyclineand minocyclineat different dosages.

Table 2. The cumulative fraction of response (CFR) for achieving
PK/PDindex with different antimicrobial regimens against carbape-
nemase-producing Klebsiella pneumoniae (CP-KP) and Klebsiella
pneumoniaestrainsfromtheEUCASTMICdistribution website.

CFR(%)

PK/PDindex Antibiotic regimen CP-KP EUCAST

fAUC0–24h/MIC>0.9 Tigecycline-50mg q12h 71.18 92.56
Tigecycline-75mg q12h 84.29 96.07
Tigecycline-100mg q12h 90.18 97.66

fAUC0–24h/MIC>8.75 Minocycline-100mg q12h 53.40 82.26
Minocycline-150mg q12h 68.28 86.53
Minocycline-200mg q12h 77.24 88.94

4 W. NI ETAL.
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Planned and Ongoing Studies

Pediatric: cUTI (N=78-85)

Pediatric: Gram-negative Infection (N=54)

Pediatric: Neonate (N=30)

Bloodstream Infection 

(N=284)

Compassionate Use (N=74)

APEKS-NP 

(HAP/VAP, N=300)

CREDIBLE-CR 

(HAP/VAP/HCAP, BSI/Sepsis, cUTI, N=152)

APEKS-cUTI

(N=448)

ELF (N=3-18)

ELF=epithelial lining fluid

Planned and Ongoing Studies of Cefiderocol



Cefiderocol vs BAT

CC-88

Study Schematic
CREDIBLE-CR Study

• Primary Endpoint at Test of Cure

– HAP/VAP/HCAP and Bloodstream Infections/Sepsis – Clinical outcome

– cUTI – Microbiological outcome
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Cefiderocol vs BAT

CC-109

All-cause Mortality Rates by Type of Infection
CREDIBLE-CR Study (Safety Population)
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