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• Το Μάρτιο του 1942 η κ Anne Miller από το New Haven ήτο 
ετοιμοθάνατη λόγω βακτηριαιμίας.

• Ο γιατρός της απελπισμένος της χορήγησε ένα πειραματικό φάρμακο 
«πενικιλλίνη» 

• Σε λίγες ημέρες ανέρρωσε και ήταν ο πρώτος άνθρωπος που 
διεσώθη από χορήγηση αντιβιοτικού



Evolution of Gram-negative Pathogens Has Caused 
Widespread Drug Resistance
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Αντοχή στα β-λακταμικά αντιβιοτικά

-β-Λακταμάσες
-μειωμένη διαπερατότητα
-αλλαγές στις ΡΒΡs

Κυρίαρχος μηχανισμός στα Gram-αρνητικά είναι η 
παραγωγή β-λακταμασών ενώ στα Gram-θετικά οι 
αλλαγές στις ΡΒΡs.



MDR, XDR 

•MDR: Αντοχή σε τουλάχιστον 
ένα αντιβιοτικό από 
τουλάχιστον 3 διαφορετικές 
ομάδες

•XDR: Αντοχή σε τουλάχιστον ένα 
αντιβιοτικό από όλες τις ομάδες 
εκτός από 2 

•Αυξημένη θνητότητα

•Παρατεταμένη νοσηλεία

•Αύξηση κόστους νοσηλείας



ΑΝΤΟΧΗ ΣΤΑ β-ΛΑΚΤΑΜΙΚΑ

β-ΛΑΚΤΑΜΑΣΕΣ

-Είναι υδρολάσες. Δηλαδή χρησιμοποιούν νερό για να διασπάσουν

το β-λακταμικό δακτύλιο. Τα προϊόντα υδρόλυσης είναι αδρανή.

Λ. Τζουβελέκης



Ambler Classification of β-lactamases

Substrates

Host 
Organisms

Enzyme Type

Active Site

Ambler Class A B C D

Serine Metallo
(zinc-binding thiol)

Serine Serine

TEM, SHV, 
CTX-M, KPC 

NMD-1, IMP, 
VIM

AmpC, CMY OXA 

Enterobacteriaceae 
and

Non-fermenters

Enterobacteriaceae 
and

Non-fermenters

Enterobacter spp.
Citrobater spp.

Enterobacteriaceae 
and

Non-fermenters

Ampicillin; cephalotin; 
penicillins; 3rd gen 
cephalosporins; Extended-
spectrum cephalosporins; 
carbapenems

All β-lactams
Cephamycins;       
3rd-generation 
cephalosporins

Cloxacillin; 
Extended-spectrum 

cephalosporins; 
carbapenems

Curcio D. 2014. Current Clinical Pharmacology. 9; 1: 27-38KPC-2 is the most prevalent class A carbapenemase in the world and can hydrolyze 
the β-lactamase inhibitors clavulanic acid, sulbactam, and tazobactam. 



Εξέλιξη της Επιδημιολογίας των ESBLs

1990s

•Επικρατούντα ένζυμα: SHV and 
TEM types

•Κυρίως νοσοκομειακά στελέχη

•Klebsiella > E. coli

2000s

•Επικρατούντα ένζυμα: CTX-M 
types

• Κυρίως λοιμώξεις εκ της 
κοινότητας/UTIs

•E. coli > Klebsiella



Timeline of introduction of carbapenems and 
appearance of carbapenemases

KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-β-lactamase; OXA, oxacillinase;
VIM, Verona Integron-encoded-β- lactamase.
Suay-García B, et al. Antibiotics 2019;8:122. doi:10.3390/antibiotics8030122. 
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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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The	VIM	and	IMP	producing	
strains	are	largely	confined	to	
their	original	foci		
i.e.	the	Mediterranean	countries	
(VIM)	and	the	Far	East	(IMP)		
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HIGH RISK MDR CLONES WITH GLOBAL SPREAD

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







• 130 infections/100,000 population

• 6.5 deaths/100,000 population

Cassini A, et al. Lancet Infect Dis 2019;19:56–6. 



Predicted Deaths by Infections Caused by Antimicrobial 
Resistant Organisms 

Jim O Neill









Θεραπεία Λοιμώξεων από Βακτήρια που Παράγουν ESBL
(IDSA 2020)

25 

 
Table 2.  Recommended antibiotic treatment options for presumed or confirmed extended-spectrum β-lactamase 
producing Enterobacterales (ESBL-E), assuming in vitro susceptibility to agents in table 
 

Source of 
Infection 

Preferred Treatment Alternative Treatment  
(first-line options not available or tolerated) 

Cystitis 
 

Nitrofurantoin, trimethoprim-
sulfamethoxazole 
 

Amoxicillin-clavulanate, single-dose 
aminoglycosides, fosfomycin (E. coli only) 
 
Ciprofloxacin, levofloxacin, ertapenem, 
meropenem, imipenem-cilastatin 

Pyelonephritis 
or cUTI1 

Ertapenem, meropenem, imipenem-cilastatin, 
ciprofloxacin, levofloxacin, or trimethoprim-
sulfamethoxazole 

 

Infections 
outside of the 
urinary tract 
 

Meropenem, imipenem-cilastatin, ertapenem 
 
Oral step-down therapy to ciprofloxacin, 
levofloxacin, or trimethoprim-
sulfamethoxazole can be considered2.  
 

 

1cUTI: Complicated urinary tract infections are defined as UTIs occurring in association with a structural or 
functional abnormality of the genitourinary tract, or any UTI in a male patient. 
2Oral step-down therapy can be considered after (1) susceptibility to the oral agent is demonstrated, (2) patients 
are afebrile and hemodynamically stable, (3) appropriate source control is achieved, and (4) there are no issues 
with intestinal absorption. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Carbapenem Resistant  Gram negative Organisms (WHONET, 
Greece 2020)

Pathogen Medical Wards Surgical Wards ICU

Acinetobacter 90% 95% 97%

Pseudomonas 34% 32% 39%

Klebsiella 46% 61% 87%



7477 Episodes of Infections Caused by Carbapenem
Resistant Gram-negative Bacteria 

Department

• ICU               51.7%

•Medicine    31.7%

• Surgery       16.6%

Source of Infection

• Pneumonia    34.0%

• Bacteremia    31.3%

• UTIs                 22.8%

• SSI                    11.9%

Hellenic Center for Disease Control and Prevention (KEELPNO)



Therapeutic Options for CR-GNB Infections

Pseudomonas Klebsiella Acinetobacter

• Colistin

•Fosfomycin

•Aztreonam

•Ceftolozane/tazobactam

•Ceftazidime/  avibactam

•Cefiderocol

• Colistin

•Aminoglycosides

•Tigecycline

•Fosfomycin

•Ceftazidime/avibactam

•Meropenem/vaborbactam

•Imipenem/relebactam

•Aztreonam/avibactam

•Eravacycline

• Colistin

•Tigecycline

•Sulbactam

•TMP/SMX

•Minocycline

•Cefiderocol

•Eravacycline





Spectrum of activity of new antibiotics 

BL/BLI, β-lactam/β-lactamase inhibitor; CRE, carbapenem resistant Enterobacteriaceae; DTR, difficult-to-treat resistance; ESBL, extended-spectrum beta-lactamase; 
KPC, Klebsiella pneumoniae carbapenemase; MBLs, metallo-β-lactamases. 
Bassetti M, et al. Antibiotics 2020;9:632. https://doi.org/10.3390/antibiotics9090632. 



Νεότερο ή Παλαιό Αντιβιοτικό?



RCTs in the Treatment of CRE Infections

• McKinnell JA DOI: 10.1056/NEJMc1807634
• Plazomicin based regimen vs Colistin based regimen for HAP/VAP and BSI

• Wunderink R Infect Dis Ther 2018; 7: 439
• Meropenem-vaborbactam vs Best available therapy for HAP/VAP and BSIs 

• RESTORE IMI 1 CID 2019 
• Imipenem-relebactam vs Imipenem plus colistin for imipenem nonsusceptible

bacterial infections 



Cefiderocol vs BAT

CC-109

All-cause Mortality Rates by Type of Infection
CREDIBLE-CR Study (Safety Population)
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Ceftazidime–avibactam vs other regimens in 
the treatment of CRE
• Observational studies

– Van Duin D, et al. Clin Infect Dis 2018;66(6):163–71. 
CAZ–AVI based (n=38) vs colistin based (n=99) therapy. IPTW-adjusted all-cause 
hospital mortality 30 days after starting treatment was 9% (C–A) versus 32% (CS)

– Tumbarello M, et al. Clin Infect Dis 2019;68(3):355–64. 
For KPC BSIs treatment with CAZ–AVI was independent predictor for 30-day survival

– Ackley R, et al. OFID 2019;6(Suppl 2):S303.
CAZ–AVI (n=105, the majority in combination with another agent) vs 
meropenem–vaborbactam (n=26, 3 received combination). Composite end point, no 
difference in clinical success, 3 isolates in CAZ–AVI group developed resistance, none 
in the meropenem–vaborbactam group

BSI, bloodstream infections; CAZ–AVI, ceftazidime–avibactam; CRE, carbapenem resistant Enterobacteriaceae; IPTW, inverse probability of treatment weighting; KPC, Klebsiella pneumoniae carbapenemase.
Van Duin D, et al. Clin Infect Dis 2018;66:163–71; Tumbarello M, et al. Clin Infect Dis 2019;68:355–64; Ackley R, et al. OFID 2019;6(Suppl 2):S303.



Cumulative probability of survival of 142 patients with KPC-
producing K. pneumoniae BSIs according to treatment regimen

Karaiskos I et al J Antimicrob Chemotherapy in press

Ceftazidime/avibactam

Other antimicrobial agents

HR, 0.37; 95%CI, 0.19-0.71; p= 0.003



	
Efficacy	of	ce* azidime-avibactam	plus	aztreonam	in	pa9ents	

with	bloodstream	infec9ons	caused	by	MBL-	producing	
Enterobacterales		

	
	

Cox	regression	analysis	of	factors	
independently	associated	with	30-day	

mortality		
	

Variable	 HR	(95%	CI)	

Cardiovascular	
dis	

6.6	(2.8-15.8)	

Transplanta9on	 3.5	(1.4-8.7)	

SOFA	 1.2	(1.1-1.3)	

CAZAVI	+ATM	 0.17	(0.07-0.4)	

	
	
	
	

Kaplan	Meier	survival	curves	
according	to	treatment	regimens	
(CAZ-AVI	plus	ATM	versus	OAAs).		
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Efficacy of ceftazidime–avibactam plus aztreonam 
in patients with bloodstream infections caused by 
MBL-producing Enterobacterales*

*Based on Prof Daikos’ personal experience. 
ATM, aztreonam; BSI, bloodstream infection; CAZ–AVI, ceftazidime–avibactam; CI, confidence interval; HR, hazard ratio; MBL, metallo-β-lactamase; OAA, other active antibiotics; 
SOFA, sequential organ failure assessment score.
Falcone M, et al. Clin Infect Dis 2020; ciaa586. doi: 10.1093/cid/ciaa586 (Epub ahead of print).



Εστία Λοίμωξης Πρώτη επιλογή Δεύτερη επιλογή

Κυστίτιδα Αμινογλυκοσίδη Φωσφομυκίνη ή κολιστίνη ή 

Κεφταζιδίμη/αβιμπμακτάμη

Πυελονεφρίτιδα ή cUTIs

KPC ή OXA-48

VIM ή NDM 

VIM ή NDM σε συνδυασμό

με KPC ή OXA-48

Κεφταζιδίμη/αβιμπμακτάμη

Κεφταζιδίμη/αβιμπμακτάμη + αζτρεονάμη

Κεφταζιδίμη/αβιμπμακτάμη + αζτρεονάμη

Αμινογλυκοσίδη ή κολιστίνη

±

Φωσφομυκίνη ή μεροπενέμη εάν MIC 8 mg/L

Λοιμώξεις εκτός ουροποιητικού

KPC ή OXA-48

VIM ή NDM

VIM ή NDM σε συνδυασμό

με KPC ή OXA-48 

Κεφταζιδίμη/αβιμπμακτάμη ±

αμινογλυκοσίδη ή κολιστίνη

Κεφταζιδίμη/αβιμπμακτάμη + αζτρεονάμη

± αμινογλυκοσίδη ή κολιστίνη

Κεφταζιδίμη/αβιμπμακτάμη + 

αζτρεονάμη ± αμινογλυκοσίδη ή 

κολιστίνη

Συνδυασμός δύο εκ των κάτωθι 

αντιμικροβιακών παραγόντων ανάλογα με 

το είδος της λοίμωξης

Φωσφομυκίνη, αμινογλυκοσίδη, 

κολιστίνη, τιγκεκυκλίνη ή μεροπενέμη εάν 

MIC 8 mg/L

Η τιγκεκυκλίνη προτιμάται σε 

ενδοκοιλιακές λοιμώξεις και λοιμώξεις 

δέρματος και μαλακών μορίων



Μη Έγκαιρη Έναρξη Δραστικής 
Αντιμικροβιακής Αγωγής
• 40% των ασθενών με λοίμωξη από CR-Gram αρνητικό βακτήριο 

λαμβάνει μη δραστική εμπειρική αντιμικροβιακή αγωγή

• Καθυστέρηση έναρξης δραστικής αντιμικροβιακής αγωγής κατά 30 
ώρες

• Κάθε ώρα καθυστέρησης στην έναρξη δραστικής αντιμικροβιακής
αγωγής στο σηπτικό ασθενή αυξάνει τη θνητότητα κατά 7%



Clinical prediction tools  

• Local epidemiology

• Individual patient risk factors
– Comorbid conditions

– Cumulative exposure to antibiotics

– Prior hospitalisation

– Surgery or other interventions

• Infection-related factors
– ICU, non-ICU

– Source of infection

– Severity of infection

ICU, intensive care unit.
Speaker’s personal opinion.



Συστάσεις για τη χορήγηση του συνδυασμού
Κεφταζιντίμη-Αβιμπακτάμη
(Οδηγίες της Εθνικής Επιτροπής Αντιβιογράμματος)

Εμπειρική Θεραπεία

• Μπορεί να χορηγηθεί επί κλινικής υποψίας λοίμωξης, σε 
ασθενείς με παράγοντες κινδύνου για λοίμωξη από CPE, όπως:

• Α. Προηγούμενη λοίμωξη ή αποικισμό από CPE που παράγει 
KPC ή OXA-48.

• Β. Νοσηλεία σε ΜΕΘ το τελευταίο εξάμηνο.

• Γ. Νοσηλεία στον ίδιο θάλαμο με γνωστούς φορείς των 
μικροβίων αυτών.

Και έχοντες τουλάχιστον ένα από τα παρακάτω:

• 1. Κατάσταση του ξενιστή: Bαρέως πάσχοντες, ασθενείς ΜΕΘ, 
ανοσοκατεσταλμένοι ασθενείς.

• 2. Βαρύτητα της λοίμωξης: Ασθενείς με σοβαρή σήψη, 
σηπτική καταπληξία.



Giannella M, et al. Clin Microbiol Infect 2014;20:1357–62; Cano A. Clin Infect Dis 2018;66:1204. 



Ταχεία Διάγνωση με Μοριακές Μεθόδους ή Άλλες 
Μεθόδους

• Ελάττωση θνητότητας

• Ελάττωση του χρόνου έναρξης δραστικής αντιμικροβιακής 
αγωγής

• Ελάττωση χρόνου παραμονής στο νοσοκομείο



Ταχεία Διάγνωση

• Συνδρομική διερεύνηση (π.χ FilmArray)

• T2 (Candida, Bacteria, μηχανισμοί αντοχής)

• MALDI-TOF MS

• Next generation sequence

• Accelerate Pheno Test (17 παθογόνα σε 90 λεπτά, MIC σε 7 ώρες)

• CRISPR 



KPC, Klebsiella pneumoniae carbapenemase. 
Voulgari E, et al. Euro Surveill 2020;25. doi 10.2807/1560-7917.ES.2020.25.2.1900766; Galani I, et al. Euro Surveill 2020;25. doi: 10.2807/1560-7917.ES.2020.25.3.2000028.



ASP, antimicrobial stewardship programme; IV, intravenous. 
Chung GW, et al. Virulence 2013;4:1–7. 



Common strategies used among institutions

• Restricted formulary: 80%

• Education: 77%

• Prospective audit and feedback: 66%

• Prior approval: 38%

Pop SD, et al. Infect Control Hosp Epidemiol 2009;30:97–8. 



IV, intravenous; OPAT, outpatient parenteral antibiotic therapy. 
Antimicrobial Stewardship Toolkit for English Hospitals, Public Health England. Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF. Accessed October 2020. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF


Impact of antimicrobial stewardship 
programmes

SSI, surgical site infections. 
Davey P, et al. Cochrane Database of Systematic Reviews 2013: CD003543.



	
Pre-interven*on	

period	
	

January	2010-	

May	2011	

• BSIs	data	

	
First	interven*on	

period		
	

June	2011-	

December	2012	

• Ac, ve	surveillance	on	admission	and	weekly	

• Hand	hygiene		

• Separa, on	of	carriers	or	infected	pa, ents	

• Staff	cohor, ng	

• Contact	precau, ons		

• Environmental	cleaning	

• BSIs	data	

	
Second	interven*on	

period	
	

January	2013-	

June	2013	

• Ac, ve	surveillance	on	admission		

• Hand	hygiene		

• Separa, on	of	carriers	or	infected	pa, ents	

• Staff	cohor, ng	

• Contact	precau, ons		

• Environmental	cleaning	
• BSIs	data	

	
Third	interven*on	

period	
	

July	2013-	

December	2014	

• Hand	hygiene		

• Separa, on	of	known	carriers	or	infected	pa, ents	

• Staff	cohor, ng	

• Contact	precau, ons		
• Environmental	cleaning	

• BSIs	data	

Spyridopoulou	et	al.	doi.org/10.1186/s13756-020-00766-x		
	

one containing 1 to 2 isolates and the three NDM-

producers consisted a distinct group. The isolate that car-

ried both blaVIM and blaKPC genes was classified in one of

the KPC PFGE types. Of note, all BSIs were caused by CP-

Kp exhibiting identical PFGE type with that of the coloniz-

ing organism (Table 1).

Discussion

The findings presented herein demonstrate that early

identification of asymptomatic CP-Kp carriers followed

by physical separation from non-carriers in conjunction

with contact precautions, improved compliance in hand

hygiene, and environmental cleaning, had a significant

Fig. 4 Incidence rate of CP-Kp colonization per month (solid circles: monthly incidence rates, solid line: lowesssmoothing, dashed line: fitted linear

regression line)

Fig. 5 BSI incidence rate during 2010–2014 (solid circles: BSI incidence rates per 3-month periods, dashed vertical line: initiation of intervention,

solid lines: fitted regression lines for the periods pre- and post-intervention)
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Containing Carbapenemase-producing
Klebsiella pneumoniae in an endemic
setting
Kalliopi Spyridopoulou1, Mina Psichogiou1, Vana Sypsa2, Vivi Miriagou3, Amalia Karapanou1, Linos Hadjihannas1,

Leonidas Tzouvelekis4 and George L. Daikos1*

Abstract

Background: Carbapenemase-producing K. pneumoniae (CP-Kp) has been established as important nosocomial

pathogen in most tertiary care hospitals in Greece. The aim of the present study was to examine the impact of an

enhanced infection control program on the containment of CP-Kp in a haematology unit where the incidence of

CP-Kp infections was high.

Methods: The study was conducted from June 2011 to December 2014 in a haematology unit of a tertiary-care

500-bed hospital located in Athens, Greece. A bundled intervention (active surveillance cultures, separation of

carriers from non-carriers, assignment of dedicated nursing staff, contact precautions, environmental cleaning, and

promotion of hand hygiene) was tested whether would reduce colonization and infection caused by CP-Kp.

Results: A total of 2507 rectal swabs were obtained; 1199 upon admission from June 2011 to June 2013 and 1307

during hospitalization from June 2011 to December 2012. During intervention the admission prevalence of CP-Kp

colonization (p < 0.001 for linear trend), the hospitalization prevalence (p = 0.001 for linear trend) and the incidence

rate of CP-Kp colonization (p = 0.072 for linear trend) were declining. Application of segmented linear regression

revealed that both the change in the level of CP-Kp BSI incidence rates (p = 0.001) as well as the difference

between pre- and post-intervention slopes were statistically significant (p < 0.001).

Conclusions: A bundled intervention including active surveillance cultures on admission can attain maximum

containment of CP-Kp colonization and infection in endemic acute healthcare settings.

Keywords: Carbapenemases, Infection control, Klebsiella pneumoniae, Hospital-acquired infection, Active surveillance

Background

Carbapenemase-producing K. pneumoniae (CP-Kp) has

been established as important nosocomial pathogen world-

wide [1, 2]. A high prevalence of CP-Kp is now observed in

many countries causing serious infections that are associ-

ated with prolonged hospitalization and increased morbidity

and mortality [3, 4]. In healthcare facilities with inadequate

infection control practices, these organisms spread from pa-

tient to patient very efficiently. The number of new cases

generated by a primary case, as represented by the basic

reproduction number R0, isestimated to be2, anumber suf-

ficient to trigger outbreaks in the healthcare setting [5]. In

addition, transfer of patients between institutions in the

same region and/or across borders from high- to low-

prevalence countries enables further dispersion of these

organisms.

Infection and colonizat ion rates by CP-Kp strains in

Greek tertiary care hospitals are considered amongst the

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/ .
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/ 1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: gdaikos@med.uoa.gr; gldaikos@gmail.com
1First Department of Medicine, Medical School, “Laiko” General Hospital,

National and Kapodistrian University of Athens, 75, 11527 Athens, Greece

Full list of author information is available at the end of the article

Spyridopoulou et al. Antimicrobial Resistance and Infection Control           (2020) 9:102 

https://doi.org/10.1186/s13756-020-00766-x



2 REVERSE Part B 1-3  

1. EX CELLEN CE 
 

1.1 Objectives  

The overarching goal of REVERSE is to develop and implement cost-effective strategies and tools for the 
prevention and clinical management of healthcare-associated infections (HAIs) due to multidrug-resistant 
pathogens, and to reduce the burden of antimicrobial resistance (AMR) in high prevalence care settings. 
 
To achieve this goal, REVERSE has the following specific project objectives: 
 

1. To design and evaluate an integrated, modular strategy of evidence based intervention 
programmes that can be implemented in the clinical management of hospitalized patients in high 
AMR prevalence settings; 

2. To design and evaluate a tailored enhanced implementation strategy versus a standard basic 
implementation strategy to introduce evidence-based interventions in high AMR prevalence 
settings; 

3. To estimate the cost-effectiveness of the intervention programmes for the prevention and 
clinical management of infections and colonization due to AMR pathogens; 

4. To develop recommendations and implementation strategies on AMR prevention and clinical 
management strategies in high AMR prevalence settings in Europe, and to explore transferability 
of the proposed intervention programmes to low-and-middle-income countries (LMIC) outside 
Europe; 

5. To obtain a change of the local organisational way of working in the participating hospitals and 
to engage them as European reference hospitals for sustainability and further dissemination. 

 
We will explore, develop and validate three complementary intervention programmes for prevention and 
management of infections due to AMR pathogens (see fig. 1):  

• Microbiology and Diagnostic Stewardship (MDS) Programme,  

• Infection Prevention and Control (IPC) Programme, and  

• Antibiotic Stewardship (ABS) Programme.  
 

  
Fig. 1: the three complementary intervention programmes that form the integrated, evidence-based, modular strategy 
to reduce the burden of AMR in hospitalized patients in high AMR prevalence settings 
 

Individually, these intervention programmes and their components are known to contribute to the reduction 
of the clinical and public health burden of AMR, but there is limited evidence on how these programmes 
reinforce each other and how to choose and implement the optimal combination of elements in different 
healthcare contexts. For each of these programmes, we will therefore adopt a multimodal and tiered 
approach. To introduce these clinical intervention programmes into routine practice, we will also conduct 
a randomized implementation trial to compare an enhanced implementation strategy, in which 
implementation activities are prospectively tailored to address determinants in the local context, versus a 
basic implementation strategy. The final outcome will be an integrated, multifaceted package of 
interventions together with a validated implementation strategy to reduce the burden of AMR in 
hospitalized patients in high AMR prevalence settings. 
 
The three intervention programmes (MDS, IPC, and ABS) and two multifaceted implementation strategies 
will be evaluated in a large international type 2 hybrid effectiveness-implementation trial using a cluster-
randomized stepped-wedge design (see fig. 2). The clinical trial will be conducted across 24 hospitals 

Antibiotic Stewardship

(ABS) Programme

Microbiology and Diagnostic

Stewardship (MDS) Programme

Infection Prevention & 

Control (IPC) Programme

Integrated, evidence-based, 

modular strategy with 

complementary intervention 

programmes for reducing the 

clinical burden of infections caused 
by multidrug resistant (MDR) 

bacteria in high endemic settings. 
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