NopweéeLc amo MNMoAvavBektikd Gram-apvnTLKA.
OEPATEVTLKN TIPOOEYYLON

Fewpylog A. Adiikog

Ou KaBnyntnc MaboAoyiac-Aotpweswv latpikni 2xoAn EKMNA AteuBuvtng
B’ NaBoloyiknc KAwvikng Noookopeiov « MHTEPA»



Magiorakos AP et al. CMI 2012; 18: 268—-281.

Definitions

*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

Consequences

®Cause serious infections
associated with
increased morbidity and
mortality

*Prolong hospital stay
and increase cost

®Limited treatment
options



Estimates of Burden of Antibacterial Resistance

European Union Thailand United States
population 500m population 70m population 300m

25,000 deaths per year >38,000 deaths >23,000 deaths
2.5m extra hospital days >3.2m hospital days >2.0m ilinesses
Overall societal costs Overall societal costs Overall societal costs

(€ 900 million, hosp. days) US$ 84.6-202.8 mill. direct Up to $20 billion direct
Approx. €1.5 billion per year >US$1.3 billion indirect Up to $35 billion indirect

Sovrce: US CDC 2013

Global information is insufficient to show complete disease burden impact and costs

(@@ World Health
| Antimicrobial Resistance NS Organization

Global Report on Surveillance 2014




Attributable deaths and disability-adjusted life-years caused @ "k ®)
by infections with antibiotic-resistant bacteria in the EU and
the European Economic Area in 2015: a population-level

modelling analysis

Alessandro Cassini, Liselotte Diaz Hogberg, Diamantis Plachouras, Annalisa Quattrocchi, Ana Hoxha, Gunnar Skov Simonsen,
Mélanie Colomb-Cotinat, Mirjam E Kretzschmar, Brecht Devleesschauwer, Michele Cecchini, Driss Ait Ouakrim, Tiago Cravo Oliveira,

ssssssssss

Cases Deaths
(median) (median)
201584 10762 Italy | I I —
18472 1626 Greece b I = = |
25077 1470 Romania | I I e =
24021 1158 Portugal | I I =
1192 66 Cyprus b I I e e
124806 5543 France | | | g
7622 379 Slovakia | I s
41069 2218 Poland | I [
4347 240 CroatiaA I —=—
671689 33110 EU/EEA | T e —
10271 543 Hungary | I =g
5374 280 Bulgaria | I i
608 29 Malta | I I —
4893 219 Ireland [T I
2280 96 Slovenia [ e f = / 00 OOO I C
o b6 Cuchreme = ° 130 Infections/100. populatiom
12892 530 Belgium I I —— -
aws 1w s ——r—r—m= . ° 6.5 deaths/100.000 population
5071 2172 Q) S—— - .
wu e A * Greece 1626 attributable deaths
847 44 latvia [T T
1828 90 Lithvania [ T e —
487 19 Luxembourg [T T
54509 2363 Germany [ [
31 124 Denmark [T T
4571 167 Sweden A:E[._* 3 Third-generation cephalosporin-resistant Echerichia coli and Klebsiella pneumoniae*?,
2524 90 Finland [ THH aminoglycoside-resistant and fluoroquinolone-resistant Acinetobacter spp*, and
1882 65 Nowway [T B Cobapantrmesant orcolimrsant . K reumanie Atubctersp, s Paroginsa
4982 206 Netherlands A:EH* 3 Meticillin-resistant Staphylococcus aureus
365 15 Estonia [ [THH [ Vancomycin-resistant Enterococcus faecalis and Enterococcus faecium
27 1 Iceland AD{ I Penicillin-resistant and combined penicillin and macrolide-resistant Streptococcus pneumonie
0 %0 AJO 6;0 éO 1(;0 1£O 14‘10 1é0 1é0 2(;0 2%0 24;0 Zé() Zé() 3(;0 3%0 3210 3%0 BéO 4(;0 4;0 4210 4%0 4é0 560 5%0
DALYs per 100 000 population

Cassini A Lancet ID DOI: 10.1016/51473-3099(18)30605-4

CrossMark



Characteristics of High-Risk Clones

* Global distribution and prevalence

* Association with antimicrobial resistance mechanisms

* Ability to colonize human hosts

* Effective transmission among hosts

* Cause of severe and/or recurrent infections

Mathers AJ CMR: 2015; 28: 565



Il Endemic spread of KPC producers
I Sporadic spread of KPC producers
] KPC recorded

[:l Not recorded

- DXAABE,

M Endemic spread of NDM producers
[ | Sporadic spread of NDM producers
[] NDM recorded

D Not recorded

TheVIMEnddAMPEBroducingp
strainsrelargely@onfined®ol]
theirriginaldoci®

~ 71 » . |l.e.®he@Mediterranean@ountriesl:
' 0 . [ (VIM)&ndRheFarEast{IMP)&

Il Endemic spread of OXA-48-like producers
Bl Sporadic spread of OXA-48-like producers
] OxA-48-like recorded

] Not recorded

LeefCREFron) ers@n@Microbiol2016;E7:BI5H



Distribution of Carbapenemases in Europe

M Endemic

[] Interregional spread

[] Regional spread

[] Independent hospital outbreaks
[] Single-hospital outbreaks

[] Sporadic occurrence

] Not reported / no data

@ «rc

O vim
@ nNDMm

@ oxa-ss

Other countries:

| Luxembourg O |

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



Current Trends in Epidemiology of CPEs

Hospital setting Community setting
®* Predominant bacterial host ® Predominant bacterial host
— K. pneumoniae — E. coli
®* Predominant enzymes ®* Predominant enzymes
— KPC — NDM
— VIM — OXA-48
— NDM

— OXA-48
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Prevalence of CP-KP by Type of
Carbapenemase (2006-2017-Laiko General
Hospital)

VIM KPC NDM OXA-48
100 |

75 1

50 1

Percentage (%)

25 1

0 ; :
2006-7 2008-9 2010-11 2012-13 2014-15 2016-17

Time period (years)

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



ORIGINAL ARTICLE

Spectrum of excess mortality due to carbapenem-resistant Klebsiella

pneumoniae infections

C. Hauck', E. Cober?, S. S. Richter?®, F. Perez*’, R. A. Salata®, R. C. Kalayjiané, R. R. Watkins”’?, N. M. Scalera’, Y. Doi'’,

K. S. Ka)'eI Is. Evans'z, V. G. Fowler, jr.'3"4, R. A. Bonomo™*'>'¢ and D. van Duin', for the Antibacterial Resistance Leadership

Group
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Clin Microbiol Infect 2016; 22: 513-519
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ORIGINAL ARTICLE MAYO
CLINIC

K

() A Predictive Model of Mortality in Patients
With Bloodstream Infections due to
Carbapenemase-Producing Enterobacteriaceae

TABLE 3. Assignment of Scores on the Basis of the Regression Coefficients Validation for any type
Obtained for the Selected Variables Using Hierarchical Logistic Regression .
of KPC Infection

Regression coefficient

Vanable (95% Cl) Score

Severe sepsis or septic shock .76 (1.01-2.50) 5 ) SCO re < 8 morta I |ty 2 1 3%

Pitt score >6 .39 (054-225) 4 ! |

Charlson comorbidity index >2 093 (0.09-1.78) 3

Source of BSI other than urinary or biliary tract 092 (0-1.85) 3 . 0

Inappropniate early targeted therapy 069 (0.07-1.31) 2 ° SCO re 2 8 ’ morta I Ity 73 * 1 A)

Total points 17

351 = bloodstream infecton. AUROC: 0.78 (95% Cl 0.65-0.91)
Belén Gutiérrez-Gutiérrez Cano A CID 2018: 66: 1204

) .

Mayo Clin Proc. 2016; 91: 1362



Questions

* Are all the XDR bacteria species equal

* Are all the genotypes and phenotypes within
the same species the same

® Bacteria in the same clone behave the same,
are specific strains more virulent than others



KPC-Producing, Multidrug-Resistant Klebsiella pneumoniae Sequence
Type 258 as a Typical Opportunistic Pathogen

(iii) L-78 (immunocompromised mice) (iv) ATCC43816 (immunocompromised mice)
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= 100 14— = = — = 100
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Tzouvelekis LS AAC 2013;57:5144



Population Structure of K. pneumoniae
ST258

» Recombination event
@
ICEKp258.2

¢ N
§ ST42 §
cps %Q. j§
IO"‘-O"\‘o':,O'" S
ST258
Clade |

Mathers AJ CMR 2015; 28: 265



Response to Treatment
Consider differences

® Host
* Infection (site and severity)
® Bacteria

®* Treatment regimens



Therapeutic Options for CR-GNB Infections

Klebsiella Acinetobacter

e Colistin
eFosfomycin
eAztreonam?

oCeftolozane/tazo
bactam

oCeftazidime/
avibactam

e Colistin
eAminoglycosides
eTigecycline
eFosfomycin
eAztreonam?
eCarbapenems?

oCeftazidime/avib
actam

e Colistin
eTigecycline
eSulbactam

e Trimethoprim/sulf
amethoxazol

eMinocycline



Colistin resistance superimposed to endemic
carbapenem-resistant Klebsiella pneumoniae: a rapidly

evolving problem in Italy, November 2013 to April 2014

M. Monaco*?, T Giani>3, M Raffone*4, F Arena3, A Garcia-Fernandez?, S Pollini3, Network EuSCAPE-Italy®, H Grundmann®,
A Pantosti (anna[i;a_.paptosti_@iss._it_)ﬂ G M Rossolini>7#

No. of KPC-KP /
Antimicrobial agent (% non-susceptible)

Colistin 76 (43)
Gentamicin 29 (16) \

Tigecycline 11 (6)

www.eurosurveillance.org W

. ®
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ZAVICEFTA™ : ZuykpLtiKn in vitro dpaoctikotnta £vavtl oteAexwv Klebsiella
pneumoniae mtov napayouv KPC kot OXA-48 kapBanevepdoecg, EAAada, 2014-
2016

KPC- K. pneumoniae OXA-48 - K. pneumoniae

(n=262) (n=14)

MICg, (mg/L) EvawoBbnoia % MICg, (mg/L) EvawoBbnoia %

Zavicefta™ 2 99,6 1 100,0
KoAlotivn >16 61,1 >16 42,9
TyeKUKALVN 4 51,9 8 71,4
QOwodopukivn 512 57,3 128 78,6
[evtopLkivn 32 69,5 >256 28,6
MepoTeVELN >32 1,1 >32 0

Galani |l et al DOI: 10.2807/1560-7917.ES.2018.23.30.1700775



https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775
https://doi.org/10.2807/1560-7917.ES.2018.23.30.1700775

Journal of
J Antimicrob Chemother 2014; 69: 23052309 Antimicrobial
doi:10.1093/jac/dku168 Advance Access publication 28 May 2014 ChemOtherapy

Combination therapy for carbapenem-resistant Gram-negative bacteria

Mical Paull*, Yehuda Carmeli2, Emanuele Durante-Mangoni3, Johan W. Mouton*, Evelina Tacconelli®,
Ursula Theuretzbacher$, Cristina Mussini’ and Leonard Leibovicié?

® No randomized control trial

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

There is no evidence-based support for most

combination therapies against CR-GNB



Kaplan Meier Curves of Sulrvival Propability of Patients
with KPC BSls According to Treatment

100

75

Survival, %
50

25

1 I ) 1

0 10 20 30
Days

Combination therapy @ ———-—- Monotherapy
Tumbarello M et al. Clin Infect Dis. 2012;55:943-950



Multivariate Analysis of Factors Associated with all-

cause 30-day Mortality of Patients with KPC BSls

Variable P OR(95% Cl)
Septic shock 0.008 7.17 (1.65-31.03)
APACHE <0.001 1.04 (1.02-1.07)
Inadequate empirical 0.003 4.17 (1.61-10.76)
RXx

Definitive Rx 0.01 0.11 (0.02-0.69)

Col+tigecl+merop
Tumbarello M et al. CID 2012; 55: 943
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Carbapenemase-Producing Klebsiella pneumoniae Bloodstream
Infections: Lowering Mortality by Antibiotic Combination Schemes
and the Role of Carbapenems

George L. Daikos,® Sophia Tsaousi,? Leonidas S. Tzouvelekis,® loannis Anyfantis,® Mina Psichogiou,® Athina ."Lrgg.m:ipi:uuh:iu,d
loanna Stefanou,® Vana Sypsa,f Vivi Miriagou,? Martha Ne|:rka,'j Sarah Georgiadou,® Antonis l'||.'1arkt:agiannal-:is.,h Dimitris Goukos,?
Athanasios Skoutelis®

2014

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

No active drug 333
07G
Monotherapy 44.4
050 Combination 27.2 ]
P 0.018
without a carbapenem 30.6
nzs
with a carbapenem 19.3
I:Il}n ..

O I 4 & @ 10 1F 14 M8 1@ 30 22 M H 2B
Time vras R o (dev



Effect of treatment against CP-Kp BSls

(monotherapy vs combination therapy)

By severity of underlying disease

By severity of sepsis

=0Tl

p=0.s
p=011a
—

100+
100+ p=0.001
" J | 80
q &
. B0-
> 60 2
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E 40 i g
0 1 . 0
Non-rapidly fatal Rapidly fatal

Daikos GL AAC 2014; 58: 2322
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Number at risk

Effect of appropriate combination therapy on mortalityof @™ @
patients with bloodstream infections due to
carbapenemase-producing Enterobacteriaceae

(INCREMENT): a retrospective cohort study

Belén Gutiérrez-Gutiérrez*, Elena Salamanca®, Marina de Cueto, Po-Ren Hsueh, Pierluigi Viale, José Ramdn Pafio-Pardo, Mario Venditti,

Mario Tumbarello, George Daikos, Rafael Cantén, Yohei Doi, Felipe Francisco Tuon, llias Karaiskos, Elena Pérez-Nadales, Mitchell ] Schwaber,
Ozlem Kurt Azap, Maria Souli, Emmanuel Roilides, Spyros Pournaras, Murat Akova, Federico Pérez, Joaquin Bermejo, Antonio Oliver,

Manel Almela, Warren Lowman, Benito Almirante, Robert A Bonomo, Yehuda Carmeli, David L Paterson, Alvaro Pascual, Jesus Rodriguez-Bafio,
and the REIPI/ESGBIS/INCREMENT Investigatorst

B Low mortality score 0-7) C High mortality score (8-15)
1007 = 100
—, . 1
" — 807 l_|_|_|_|—|—|_‘
z %7 s 60 \_\_l_n‘—xli P—‘—\
g 3
c = ]_‘—‘
A 404 2 404 —
204 204
HR1.18 (95% €1 0.-62-2.23); p=0-61 HR 0-60 (95% C1 0-39-0-93); p=0-02
0 T T T T T 1 0 T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Number at risk Follow-up (days)
Monotherapy 105 103 96 94 90 86 84 Monotherapy 103 78 62 5 46 " n
Combinationtherapy 72 72 68 65 63 56 55 Combination therapy 63 59 53 44 40 38 35

aOR=1.21 (0.56-2.56) p=0.62 aHR=0.56 (0.34-0.91) p=0.02

Lancet Infect Dis 2017



Predictors of outcome in ICU patients with septic shock caused by

Klebsdla pneumoniae carbapenemase—producing K. pneumoniae
ClinEMicrobiold@nfect016;22:#44—4500]

[W1. Falcone!, A. Russo?, A. lacovelli’, G. Restuccia®, G. Ceccarelli®, A. Giordano®, A. Farcomeni', A. Morelli® and M. Venditti*
[ﬁjzaatrrm o Rbic Hedlth and Infedtious Diseeses and 2) Departmant o Anethesdogy and Intersve Gare, Rdidinico Unberto |, “Sypleza’ University o
ltaly

Car bapanamase-produang Kldoadla pneunoniae bloodsream
Infection in criticaly ill patiats rik fadorsand predidors

of mortality
EurBEClinEMicrobiold@nfect@isF017;3B6:F1125-31F

M. Papadimitriou-Olivgeris® &F. Fligou? &C. Bartzavali 3 &A. Zatou? &A. Soyropoulou® &
K. Koutsleou? &S Vamvakopoulou® &N. Soulas? &V. Karamouzos? &
E. D. Anagtassou® &l . Spiligpoulou® &M. Chrigtofidou® &M. Marangos®

2016;@1.: -81[
RESEARCH ARTICLE 016;M1:A1076-8 ]I

Blooddream infedtions caused by Kldoadla pneunoniae in 0
onco-hanmatodogca patiaits dinicad impaat of carlbbgpenam (Y
resdance in a multicantre progoadtive aurvey ‘

Enrico Maria Trecarichi,™ Livio Pageno,® Bruno Martino,®> Anna Candoni,” Robata Di Blad,> Gianpaolo Naddli,® o
Luena Fianchi,? Mario Ddia® Smona Sca? Vincenzo Paridlo,” Alessandro Busca® Franco Aversa® Rosa Fend,™©

Carbapenemase-producing Klebsialla pneumoni ae bloodstream
iNnfections iNn neutropenic patients with haematological malignancies

or aplastic anaemia: Analysis of 50 cases |JAA@016;@7:@35_9

Polydoros Tofas®, Anna Skiada®, Maria Angelopoulou P, Nikolaos Spsas-©,
loanna Paviopoulou 2, Sofia Tsaousi 9, Maria Pagoni €, Maria Kotsopoulou f,
Savroula Perlorentzou ', Anastasia Antoniadou 9, Maria Pirounaki ",
Athanasios Skoutelis9, George L. Daikos=*



Mortality of Patients with Hematologic
Malignanciesnand BSIs Caused by CP-Kp
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Tofas et al. IJAA 2016

CP-KP: Carbapenemase producing Klebsiella pneumoniae



Mpdéypappa KAIVIKWYV doKipwyv @aong lli
TNG Keptadivtipng-ABRiutraktapung (CAZ-AVI)

ETrTd TTpOoOTITIKEG, OI1EOVEIG, TTOAUKEVTPIKEG,

TuxaloTroinuéveg peAéteg @aong il

RECLAIM 1, 2 kau 3:
AoOeveig pe clAls
(n=1.507) 12
I

AITTAG TUQAR TuxalOTTOINON
(1:2)
o CAZ 2000 mg + AVI
500 mg + perpovidafoAn
500 mg IV q8h
'H
o Mepotrevéun 1000 mg
IV + placebo g8h

Mpwrtelov oTOX0G
(RECLAIM 1 & 2):
o EkTiynon un

KatwTePOTNTAG TNG CAZ-
AVI| oTa TTo000TA KAIVIKAG
iaong KaTd TNV ETTIOKEWN
TOC oT1oug TTAnBucuoUg
avaluong mMITT (FDA),
CE & MITT (EMA)

|
RECAPTURE 1 kau 2:
Aobeveig pe cUTIs

&
I
*  AiTAd TUQAA TuXaloTToinon (1:1)
o CAZ 2000 mg + AVI 500
mg q8h IV

o DOR 500 mg q8h IV

* [pwTtelov 6T6X0G:

o EkTipnon pn katwtepoTNTAG
™G CAZ-AVI oTa TTOCOCTA
€UVOIKAG WIKPORBIOAOYIKAG
QavTOTTOKPIoN ava acBevn
KaTta Tnv emiokewn TOC
oTtov TAnBuoud mMMITT

REPRISE:
AoOeveig pe Aolpwéeig ard
madoyova avOeKTIKG oTnV
CAZ (n=333)*

* AvoixTA Tuxaiotroinon (1:1)
o CAZ 2000 mg +AVI 500
mg+ peETPOVISAJOAN
500 mg g8h IV
H
o BAT (BéATioTn
S1a0é01un BepaTreia)

= [pwTtelov 0TOXOG:

o EKTignon tng KAIVIKAG
AVTATTOKPIONG TNG
CAZ-AVI & Tng BAT
avd aofeviy KaTd TRV
emiokeyn TOC oTov
TANnBuoué mMITT yia
clAls/cUTIs o@elAOpEVEG
og Tafoyova avOeKTIKA
otnv CAZ

REPROVE
AoOgveig pe VOOOKOMEIOKA
Tveupovia (oupTt. VAP)
(n=817)>

*  AITTAG TUQAR TuxaioTToinon (1:1)

o CAZ 2000 mg +AVI 500 mg
g8h IV

H

o Mepomrevéun 1000 mg +
€IKOVIKO @dppuako q8h IV

ZUV QVOIXTH EUTTEIPIKI)

Beparreia pe

AiveCoAidn+auIvoyAukoaidn

* MMpwrtelov oT6X0G
o EkTipynon pn katwrepoTnTag
Tng CAZ-AVI o1 TTOCOOTA
KAIVIKAG iaong Katd Tnv
etmmiokeywn TOC oToug
TANBucpols cMITT kai CE

BAT: BéATiotn AloBéoiun Oepatreia, CAZ: Keptadivtipn, CE: kKAIvika agloAoynoipog TTANBUopAG, clAls: emiTAeypéveg evOOKOIANIOKEG AOINWEEIG, CMITT, KAIVIKG TpoTToTToINUéVOG TTANBUGHOG Pe TTPpOBEon

Oepateiag, cUTIs, emimTAeypéveg AoIMWEEIG oupoTToinTikoU, cupTiepiAapBavopévng Tng ofeiag Truehoveppimdag, EMA: Eupwtraikdg Opyaviopog Papudkwy

FDA: Opyaviouog Tpogigwyv Kai

Dappdkwy Twv HIMA, HAP: voookopelokn Trveupovia, MITT, tpotrotroinuévog TAnBuopog pe mpdbeon Bepatreiag, MMITT: pikpoBIoAoyIKA TPOTTOTTOINKEVOG TTANBUCUOG pE TTPoBean Beparreiag, TOC:
emaAnBeuon iaong, VAP: Trveupovia oxeTigopevn e avatveuoTrpa, 1. Mazuski JE et al. Clin Infect Dis. 2016;62:1380-1389 2. X. Qin et al. Int Journal of Antimicrobial Agents 49 (2017) 579-588. 3.
Wagenlehner F, et al. Clin Infect Dis 2016;63:754-62. 4. Carmeli Y et al, Lancet Infect Dis 2016;16: 661—73. 5. Lancet Infect Dis 2018; 18: 285-95



Kedtaltvtipn-ABLUIOKTAMN: OEPATIEUTLKEC
evdeiéelc

H Keptalivtipn-ABLunaktapn evdeikvutol yia tn Ospaneia
TWV aKOAOUVOWV AoLHwEEWV O€ EVAALKEC:

1. EmutAeypevn evdéokothiokn Aoipwén (clAl)

2. EmumAeypévn ovpoloipwén (cUTI), cupmepthapBovopévng
NG mueAovedpitidoc

3. NOGOKOMELOKA MVEVOVIO, CUMTTEPLAABAVOUEVNG TNG
nvevpoviag oxettl{opevng e tov avanvevotinpa (VAP)

4. Oeparnceia Aolpwewv nov odeilovial o aepoflouc Gram-
OLPVNTLKOUC MLKPOOPYOVIOHOUC, OE EVIIALKOUC QOOEVELC UE
TLEPLOPLOUEVEC ETILAOYEC Oepameiog



Xapaktnplotika AcBevwv pe KPC-Kp Aolpwéelg
riov EAaBav Oepaneia pe CAZ-AVI

HAwia (blapeon) 60
Charlson >3 47 (34.1%)
ME® 46 (33.3%)
2 nrttko shock 43 (31.2%)
CAZ-AVI og cuvbuaouo 109 (78.9%)
Ovnrtotnta (30-nuEPEC) 47 (34.1%)
Yrotpornn 12 (8.7%)
Avtoxn 3(2.2%)

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Aveéaptntol Mapayovtec Kwivduvou ya
Ovntotnta o€ 208 AcBeveic pe KPC-Kp BSls

MetapfAntn OR (95%Cl) P
MnXaVIKOC OEPLOUOC 4.31(1.99-9.33) <0.001
Charlson >3 3.3(1.61-6.77) 0.001
Oubetepomevia 3.36 (1.25-8.75) 0.03
2nNmtiko Shock 2.94 (1.46-5.92) 0.003
Oepareia pe CAZ-AVI 0.27 (0.13-0.57) 0.001

Tumbarello M CID 2018 doi: 10.1093/cid/ciy492



Xapoktnplotika AcBevwv pe CRE-OXA-48
Nopwéelc mou EAaBav Oeparmneio pe CAZ-AVI

HAwia (Slopeon) 64
Charlson (6tapeon) 3
MEO® 22 (30%)
Baktnplatuia 26(46%)
2NTTiko shock 20 (35%)
INCREMENT CPE Score 6
(6lapeon)

CAZ-AVI povoBeparmeia 46 (81%)
Ovntotnta (30-nuEPECG) 12 (22%)
Yrotponn 6 (10%)
Avtoxn 0 (0%)

Sousa A JAC 2018 doi: 10.1093/jac/dky295



2UOTAOELC yLa T Xopnynon tov cuvdéuaopou
Kedbtalivtipn-ABLumaKktapmn
(Obnyiec tnc EBviknc Emitpomnc Aviloypappotoc)

2TOXEVMEVN Oegpaneia:

® e AOWWEELC OO EVTIEPOPAKTINPLOKA TIOU TOPAYOUV
kapBamnevepaon (CPE) tunmouv KPC 1 OXA-48 ue in vitro
gevalobnola oto ev Aoyw pappako.

®* e Molweéelc amo Ppevdouovada pe in vitro evoocdbnoia
oTo &€V Aoyw dappoko, otoav Oev umapyxeL AAAN
aroteAeopatikn Beparneia.



ORIGINAL ARTICLE EPIDEMIOLOGY

Risk factors for carbapenem-resistant Klebsiella pneumoniae bloodstream
infection among rectal carriers: a prospective observational multicentre

study

Clin Microbiol Infect 2014; 20:1357-62

M. Giannella', E. M. Trecarichi?, F. G. De Rosa3, V. Del Bono*, M. Bassetti®, R. E. Lewis', A. R. Losito?, S. Corcione?, C. Saffioti?,
M. Bartoletti', G. Maiuro?, C. S. Cardellino®, S. Tedeschi', R. Cauda?, C. Viscoli*, P. Viale' and M. Tumbarello?

TABLE 2. Logistic regression analysis of risk factors for

CR-KP BSI development in rectal carriers

Risk score
OR (95% CI) P-value point
Admission to ICU 1.65 (1.05-2.59) 0.03 2
Invasive abdominal procedures 1.87 (1.16-3.04) 0.01 3
Chemotherapy/radiation therapy 3.07 (1.78-5.29) <0.0001 4
Colonization at site besides stool 3.37 (2.56-4.43) <0.0001 5 per site

(risk per each additional site)

ICU, intensive care unit; OR, odds ratio.

Validation of the score

Score <7: infection 6.3%
Score >7: infection 84.8%
Sensitivity: 92.9%
Specificity: 85%

Cano A, CID 2018; 66: 1204



2UOTAOELC yla T Yopnynon tov cuvdéuaopou
Kedtalvtipn-ABLpunoKtaun
(Obnyiec tnc EBvVIKAC Emitpomic AvtiBloypappatoc)

Eumelpikn Oeparneia

 Mmopeiva xopr]anEL eni KAwikA¢ untoiag Aomwﬁnq, of3
ac@evaq LLE TTAPAYOVTEC KlvdUvou ylo Aolpwén amo CPE,
OTIWG:

* A.lMponyoupevn Aolpwén N amotkiopo amno CPE nou napayel
KPC rj OXA-48.

* B. NoonAeia oe MEO to teAevutaio e€apnvo.

 [.NoonAeia otov ibLo BaAapo e yvwotouc popeic Twv
LLKPOBLWV AUTWV.

Kot £xovteg TOUAQXLOTOV £Vl OTTO TAL TTOLPOLKALTW

e 1. Katdotaon tou £evioTn: Bapewc nmaoyovtec, aoOeVeic
MEO, avoocokateoTtaApEvol aoBeveic.

e 2.Baputnta tnc Aoipwéne: AoBeveic pe coBapn onyn,
oNTTLKN KatamAnéia.



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

Percentage (%)
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58.3% e oo

50.0% (7/12) (6/11) 50.0% 50.0%
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25.0%
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End of Test of Curel End of Test of Cure
Treatment Treatment*

Day-28
Mortality
Patients with
HABP/VABP/
Bacteremia

Clinical Cure Microbial Cure?2
Patients with Patients with

Bacteremia Bacteremia

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.



CARE Efficacy Results (Randomized Cohort 1)

Reduced Mortality at Day 28 for Plazomicin Versus Colistin

BSI and HABP/VABP (mMITT Population)
Difference (colistin minus plazomicin) (90% CI)

26.5 (-0.7 to 51.2) 28.2 (0.7 to 52.5)

J

60
50.0%
50 -

40.0%
40 -

Patients (%)
w
o

20 -

10 -

All-cause mortality at Day 28 All-cause mortality at Day 28
or significant complications

Two-sided 90% confidence interval (Cl) calculated based on the unconditional exact method.

Connoly L ASM Microbe 2017

B Plazomicin
m Colistin



J Antimicrob Chemother
doi:10.1093/jac/dkx496

Clinical outcomes after combination
treatment with ceftazidime/avibactam
and aztreonam for NDM-1/0XA-48/
CTX-M-15-producing

Klebsiella pneumoniae infection

Evelyn Shaw'?*, Alexander Rombauts?, Fe Tubau3®*,
Ariadna Padullés?®, Jordi Camara3, Toni Lozano?,
Sara Cobo-Sacristdn®, Naria Sabe!’2, Imma Grau
Raiil Rigo-Bonnin?, M. Angeles Dominguez?®3'® and

Jordi Carratalal?-©

1,4,6
’

* 10 pts were treated with Ceftazidime/avibactam plus aztreonam
* 5 had bloodstream infection

* Clinical success 6/10

* 3 deaths

®* 1recurrence



WHO Pathogens Priority List

/ Acinetobacter baumannii

0%

carbapenem-resistant

/ Pseudomonas aeruginosa

carbapenem-resistant

/ Enterobacteriaceae

carbapenem-resistant,
j:ﬁﬁg 3rd gen. cephalosporin-resistant




Tuyatomolnpevec MeAEtec

e Colistin vs Colistin + Rifampicin (Durante-Mangoni et al)

210 aoBeveic MEO pe amelAntiki yia tn {wn Aoitpwén amo XDR A. baumannii
Colistin 2 MU x 3 (xwpic 66on poptionc) + Rifampicin 600 mg x 2 (Open-
label)

Aev TekpnplwOnke dtadopd otn cuvoAikn Bvntotnta otig 30 nuépeg (43,3% vs
42,9%) 1 otn Bvntotnta amno Aoipwén (21.1% vs 26.6%)

Ynuovtiki Sltapopd oto MocooTo UKpoLoAoyikng ekkpilwong (60.6% vs
44.8%, p=0.034)

e Colistin vs Colistin + Rifampicin (Aydemir et al)

43 aoBeveic pe VAP amo XDR A. baumannii

Colistin 4,5 MU/d (xwpic 66on dpoptionc) = Rifampicin 600 mg/d (Open-
label)

H KAWLKR, ULKPOBLOAOYLKN KOl AKTLVOAOYLKH QVTOTTOKPLON ATV KAAUTEPN UE TO
ouvOuaoHO AAAA OXL O€ onUAVTIKO BaBuo.

O XpOvo¢ UIKPOoBLOAOYLKAC Laong ATAV ONUAVTIKA BpaxUTeEPOC LE TO
ouvbuoaouo (4,5d vs 3,1d - p=0.029).



Tuxatlomotlnpevec MeA€tec

e Colistin vs Colistin + Fosfomycin (Sirijatuphat et al)

94 aoBeveic pe Aolpwéels ano CR A. baumannii

Colistin 5mg CBA/Kg/d (xwpic 66on doptiong) + Fosfomycin (iv) 4 g x 2
(Open-label)

Aev TekpnplwOnke dtadopd otn cuvoAikn Bvntotnta otig 30 nuépeg (53.8% vs
44.2%) 1 otn Bvntotnta amno Aoipwén (23.1% vs 16.3%)

Ynuavtikn Stadopd 0To MooooTO UIKPORLOAOYLKN G EKKPL{WOoNG OTLC 72 WPEC
(65.7% vs 87.8%, p=0.028)

* Colistin vs Colistin + Ampicillin/Sulbactam (Makris et al)

39 aoBeveic pe VAP amno CR A. baumannii

Colistin 3 MU x 3 (xwptc 60on poptiong) + Ampicillin/Sulbactam 6 gr x 4
(Open-label)

Aev TekpnpLwOnke dtadopd otn cuvoAikn Bvntotnta otig 30 NuEPEG (63.2% vs
50.0%)

2nuavtikn dtadopd otnv KAWVLKN avtamokplon otig 4-5 nuepeg (15.85% vs
70.0%, OR=12.4 p=0.001)



Colistin alone versus colistin plus meropenem for treatment @ (W)
of severe infections caused by carbapenem-resistant
Gram-negative bacteria: an open-label, randomised

controlled trial

Mical Paul, George L Daikos, Emanuele Durante-Mangoni, Dafna Yahav, Yehuda Carmeli, Yael Dishon Benattar, Anna Skiada, Roberto Andini,
Noa Eliakim-Raz, Amir Nutman, Oren Zusman, Anastasia Antoniadou, Pia Clara Pafundi, Amos Adler, Yaakov Dickstein, loannis Pavleas,
Rosa Zampino, Vered Daitch, Roni Bitterman, Hiba Zayyad, Fidi Koppel, Inbar Levi, Tanya Babich, Lena E Friberg, Johan W Mouton,

Ursula Theuretzbacher, Leonard Leibovici

Colistin Colistin and RR(95%Cl)for  pvalue 100+ —— Colistin
(n=198) meropenem outcome with T Eg::i:: E::;;’:;OPE"Q”‘
(n=208) combination™ 804 + Colistin plus meropenem censored
Primary outcome
Clinical failure at day 14 156 (79%) 152 (73%) 0-93(0-83-1.03) 0172 ,i\i\
S 604
Secondary outcomes 3
28-day mortality 86 (43%) 94 (45%) 1.03(0-84-128) 0781 B
Disposition at day 28 . . . 0-550 Lé 40
Dead 86 (43%) 94 (45%) S
Alive, not discharged 60 (30%) 70 (34%) - - 20
Alive, discharged home 30 (15%) 22 (11%)
-rank p=0-66
Alive, discharged to chroniccare 22 (11%) 22 (11%) 0 tog-ran F‘J 0 : : : : : ,
14-day mortality 64 (32%) 70 (34%) 1:04(079-137) 0786 0 4 8 2 16 20 24 28
. Time after randomisation (days)
Failure with modificationt 171 (86%) 177 (85%) 099(0-91-1.07) 0724 Number at risk
Colistin 197 175 149 138 132 124 118 111
Microbiological failure 62 (31%) 73 (35%) 11(0-84-144)  0-489 Colistin-meropenem 207 174 153 144 136 127 118 116

Figure 2: Survival analysis to day 28 after randomisation

Lancet Infec Dis 2018



Monotherapy Compared to Combination for the
Treatment of CR Acinetobacter Infections
(ESCMID Guidelines in preparation)

FAarthor, Sample %
YEIr Monotherapy Combination sim= OR {25% CI) Weight
T
Observationsl 1
Tseng, 2007 ampicillin/sulbactzarbapenem + MIX 5D : 0.65 (D.22, 2.14) 3.21
Huo, 2007 carbapenem carbapenem + MIX 48 : - 2.48 (.85, 5.40) 2.47
Tashakan M5, 2011 tigecycline tigecycline+other T2 r 0.82 (0.30, 2.21) 385
Lim, 2011 colistin colistin+MIX 31 + : 0.51 (0.11, 2.38) 1.98
e JJ, 2011 tigecycline tigecycline+MIX 18 ——— 0.44 (019, 1.01) 451
Simsek F, 2012 colistin colistin+MIX 51 : i 2.10 (.66, 8.67) 3.09
Hernandez-Tomes, 2012 MIX MiIX TO : 472 {1.71, 13.03) 374
Hu K, 2013 colistin colistinttigecycline 106 " s + 0.73 (0.26, 2.07) .82
Gamacho-Montero J, 2018clistin colistindv ancomycinsT ] I 1.07 {0.38, 3.03) 182
Lopez-Cortés LE, 2014 MIX MIX 101 i : 0.96 (0.28, 2.55) 3.98
Kalin &, 2014 colistin colistinesulbactam &2 1 0.40 (015, 1.08) 154
Batirel A, 2014 colistin colistin+MIX 248 -:—0— 1.91 (0.52, 3.97) 585
Rigatto MH, 2015 pohymiyxin B pohymyodn B+ME 82 1.74 (0.71, 4.30) 438
Yilmaz GR, 2015 colistin colistin+-MIX TO + : 0.54 (D.18, 1.63) 3.28
Petrosille N, 2015 colistin colistintghycopeptid=s —-:—0— 1.31 (0.58, 2.95) 5.01
Freire P, 2018 pohymyzin B'E  pohymyzintAG 52 1 nir 500 ({1.32, 1881) 2580
Him WY, 2016 colistindtigecy clinkll X TO : 1.36 (0.48, 3.85) .62
Amat T, 2017 colistin colistinttigecycline 118 e e e 1.22(0.56, 2.62) BT
Liang CA, 2017 tigecycline tigecycline+MIX 265D e ] 1.04 (0.83, 1.73) 7.58
Subtotal (l-zguared = 44.0%, p= 0021} 1.15 (0.8, 1.54) 78T
1
RCT !
- 1
Aydemir H, 2013 colistin colistintrifampicin - 42 T L 1.64 (.45, 5.54) o)
1
Durante-Mangoni E, 2013colistin colistin+rifampicin - 2069 0.58 (D57, 1.70) 7453
Sirijstuphat R, 2014 colistin colistindfos fomycin 94 —-{—o— 1.41 {082, 3.17) 502
Paul M, 2018 colistin colistin+carbapenem3i2 e o 0.75 (0.51, 1.24) 8T
1
Subtotal (-zguared = 0.0%, p=0.524) { 0,98 (0.71, 1.31) 23183
1
1
Cwersll (l-zquared = 3T.4%, p = 0.03T) -ﬁ:l> 1.12 {085, 1.41) 100.00
NOTE: Weights are from random effects anahysis :
T

Favoring MONO

Favoring COMBI



Monotherapy Compared to Combination for the Treatment of
CR Acinetobacter Infections
(ESCMID Guidelines in preparation)

Author,

WEar Monotherapy
FDR

Ts=ng, 2007

Huo, 2007 carbapenam

Subtotal {l-sguared = 51.1%, p=0.153)

Z active potentisl

Tasbakan M5, 2011 tigecycline

ampicillin/sulbactaparbapanam + MIX 50

Sample
Combination size

carbapenam + MIX 48

tigecycline+other 72

Sim=sk F, 2012 colistin colistin+MIX 51 &
Hermndndez-Tomres, 2012 MIX MIX D w
Ku K, 2013 colistin colistin+tigeoycline 106

Sirijatuphat R, 2014 colistin oolistin+fios fomycibd

Lopez-Cortes LE, 2014 MIX MIX 101 nhe

Batirel A, 2014 colistin colistin+MIX 48 -—e—.—
Freire P, 2016 pohymyxin B/E  pohymyxintAG 32 1 i
Kim WY, 2016 colistin'tigecyclinsbll X D : -

Amat T, 2017 colistin colistin+tigecycline 118 i

Liang CA, 2017 tigecycline tigecycline+MIX, 280 ——

Subtotal {l-sgquared = 32.8%, p = 0.138)

1 active drug
Lim, 2011

e Jd, 2011
Aydemir H, 2013
Garnacho-Montera J, 2013 colistin

colistin
tigecycline
colistin

Crurante-bangoni E, 2013 colistin

Kalin G, 2014 colistin
Rigatte MH, 2015 pohymyxin B
Yilmaz GR, 2015 colistin
Petrosille M, 2015 colistin
Paul M, 2018 colistin

Subtotal {l-sguared = 17.1%, p = 0.285)

Owerall {l-sguared = 37.4%, p = 0.037)
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Jung et al. Critical Care (2017) 21:319

DOI 10.1186/513054-017-1916-6 Critical Ca re

RESEARCH Open Access

Antimicrobials for the treatment of drug- @ oo
resistant Acinetobacter baumannii

pnNneumonia in critically ill patients: a

systemic review and Bayesian network
meta-analysis

N

Intervention SUCRA  Posterior estimates

% Median (95% Crl)

suL 100.0 0.18 (0.04-0.42) —

HD SUL 85.7 0.31(0.07-0.71) —_—

FOS + IV COL 78.6 0.34 (0.19-0.54) —

IHCOL+IVCOL 714 0.39 (0.32-0.46) o

HD TIG 71.4 0.39 (0.16-0.67) —_—

RIF + IV COL 57.1 0.43 (0.31-0.55) —a—

IV coL 57.1 0.45 (0.41-0.48) HH

GLY + IV COL 50.0 0.48 (0.32-0.64) ——

IH COL 429 0.52 (0.09-0.92) ; =

TIG +IH COL 35.7 0.54 (0.18-0.87) —_—

CAR + IV COL 35.7 0.56 (0.29-0.81) —a—

TIG 286 0.59 (0.47-0.69) —a—

CAR +H COL 21.4 0.61 (0.28-0.86) _——

SUL +IH COL 14.3 0.65 (0.26-0.91) —_—

SUL + IV COL 74 0.68 (0.37-0.89) —

0.00 020 040 060 080 1.00

Fig. 3 Surface under the cumulative ranking curve (SUCRA) rankings and posterior estimates of treatment effect on all-cause mortality. Greater
SUCRA value indicate higher probability of being the best treatment for reducing all-cause mortality. Abbreviations: CAR carbapenem (imipenem
or meropenem), COL colistin, Crl credible interval, FOS fosfomycin, GLY glycopeptide (vancomycin or teicoplanin), HD high-dose, IH inhaled, /V
intravenous, RIF rifampin, SUL sulbactam, TIG tigecycline




Proposed Therapeutic Approach for CRAB
Infections

‘ CRAB isolation

!

Severe infections Less severe infections
HAP, VAP, BSls with “severe” sepsis/septic BSIs without “severe” sepsis/septic shock, Pan-drug resistance CRAB infections
shock SSTls, IAls, UTls
|
v \Z
Two in vitro active Two in vitro active
agents available agents not available
J, \L Cefiderocol if available or
) Triple drug combination of colistin,
Treatbr'nenjc W'ﬂ; in vitro synergy test high-dose meropenem and high-
CO”" |r?at|on 9 for the choice of dose ampicillin/sulbactam
two in vitro active S
combination scheme

agents?

Neutropenic

UTls
BSls SSTls and IAls patients

\

ampicillin/sulbactam,

high-dose Tigecycline, ) ) Treatment with
0 . . . trimethoprim- -
ampicillin/sulbactam minocycline or high- combination of two
. . sulfamethoxazole, L .
anaminoglycoside, dose . . in vitro active
. A an aminoglycoside or
or a polymyxin ampicillin/sulbactam agents

colistin

Piperaki et al CMI 2019



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 with TDM



Neotepa Qappaka pe Apaon EvovTtl
[MoAvavOekTikwv Gram-apvnNTiKwv

® B-lactamase inhibitors
—Avibactam + Ceftazidime, EMA, FDA approved)
—Relebactam + Imipenem, ®don Il

—Vaborbactam + Meropemem, FDA approved
® Cedtolazone-taz/ctam (EMA, FDA approved)
® Siderophores (Cefiderocol, dpaon lll)

® Plazomicin (FDA approved)
® Erevacycline (FDA approved)



Conclusions

The existing studies provide low quality of evidence for
making treatment decisions against XDR bacteria

Therapy of XDR pathogens must be individualised, considering
host, severity of infection and bacteria related factors

Combination therapy with 2 active drugs is associated with
improved survival in high-risk infections caused by CRE

Monotherapy is probably effective in low-risk CRE infections

For Acinetobacter four RCTs do not support the use of
combination therapy

Best drug(s) are not well defined

Specific mortality scores may be useful for making treatment
decisions



