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The Biggest Threats

Urgent Threats

e Clostridioides difficile
¢ Carbapenem-resistant
Enterobacteriaceae (CRE)

e Drug-resistant Neisserig

gonorrhoege

WHO 2017
CRITICAL PRIORITY

Carba-R:
Enterobacteriaceae
A.baumannii
P.aeruginosa

—)

Serious Threats Concerning Threats
e Multidrug-resistant Acinetobacter ¢ Vancomycin-resistant
® Drug-resistant Campylobacter Staphylococcus aureus (VRSA)
e Huconazole-resistant Candida e Erythromycin-Resistant Group A

—)

—)

Streptococcus
® Extended-spectrum Beta-
| . . .

Enterobacteriaceae Streptococcus

® Vancomycin-resistant

Enterococecus (VRE)

e Multidrug-resistant

Pseudomonas aeruginosa
® Drug-resistant non-typhoidal
Salmonella
® Drug-resistant Salmonella : A
. ANTIBIOTIC RESISTRNCE THREATS
Serotype Typhi in e Unifd Seates, 113

. o -

e Methicillin-resistant
Staphylococcus aureus (MRSA)

® Drug-resistant Streptococcus
pneumoniae

. . .

* Analysis of 9 studies assessing mortality with carbapenem-resistant vs susceptible Enterobacteriaceae infection found increased risk
of death with CRE (N = 985; RR: 2.05; 95% Cl: 1.56-2.69) Falagas ME, et al. Emerg Infect Dis. 2014;20:1170-1175.
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2TA GRAM-APNHTIKA
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KUplec opadec avtirotikwy (yia ta Gram apvntika)
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Current Definitions of resistance (non-susceptibility)
among bacteria

1. Multidrug-Resistant (MDR): Non-susceptible to at least
one agent in = 3 antimicrobial categories

2. Extensively Drug-Resistant (XDR): Non-susceptible to all
but one or two antimicrobial categories (usually colistin
and/or tigecycline)

3. Pandrug-Resistant (PDR):Non-susceptible to all agents in
all antimicrobial categories

Magiorakos AP et al. Clin Microbiol Infect. 2012;18:268-81



KAwiwkn avroxn % EUCAST &

European Society of Clinical Microbiolegy and Infectious Diseases

KAwika opla evaioOnoiag (clinical breakpoints)

P AT TEPOG OKOTIOC TOUG E(VaL 0 SLaYWPLOPOS TWV OTEAEXWV 0€ EvaloOnTa-S
KoL avOekTika-R

P Eival Seikteg pe kAwvikn a&ia, kabopilovtal amd To ATOTEAECUN OTOV
avBpwTo KoL oxeTiCovtal Le ToO S0G0AOYLIKO OXNUA KoL TNV 000 XOP1YNONG

* S1) E “EvaioOntoc, pe kavoviko §060A0yLko oxnpa’

* O UKPOOPYAVIOUOG GTOV OTIOLO AVAUEVETAL DEPATIEVTLIKT) EMLTLY X XOPN|YWVTAS TOV
QVTLULKPOBLAKO TIAPAYOVTH G KAVOVIKO §060A0YIKO oXNUA

« I“EvaioBntog, o€ avinuévn ékOeon ”

* O HKPOOPYAVIOUOG GTOV OTIO(0 AVAUEVETAL BEPATIEVTIKN ETLTLYIA, EQOGOV eEna@aALleTAL
auinuévn €ékBeomn oTov avTiulkpoLakd TTapdyovta ite AGyw TPOTIOTO oG TOV
8000A0Y1KOU GXTUATOG EITE AOYW UEYAANG CUYKEVTPWONG TOU AVTLULKPOBLaKOU
Tapayovta ot B€om TG Aolpwing

« R1 A“AvOekTIKOG”

* O HUKPOOPYAVIGUOG OTOV OTIOL0 AVAUEVETL BEPATIEVTIKT) ATIOTLYI, KOUT) KL 0 QUENUEV
€xkBeom oTOV AVTIUIKPOLLaKd TTapAyovTa

Redefining S, | and R 2019 - www.eucast.org



Avtoxn ota B-AOKTOMLKA AVTLBLOTIKA

B'AaKtaudceq Kuplapxoc ota
Gram-apvnTLKa

Mewwpévn duanepatotnta
AVTALEC EVEPYNTIKAC EKPONC
Mewwpévn npoocAnyn (ropiveg)




Auv¢non tou aplOpou Twv B-AaKTapocwWY
(ESBL, carbapenemases, AmpC) amno to 1970 sw¢ ocnpeEpa
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Bush K. Antimicrob Agents Chemother 2018, 62. pii: e01076-18



Tafwvounon B-AaKTapocwv

B-AQKTAUACEG

Evepyo kévrpo Eviupa ogpivng || MetaAlo-Eviupa \
Apvoéikn
aAAnAouyia Taén A Taén C Taén D Taén B
kato. Ambler y | J |
NELTOUPYLKEG II Opasda 2 ‘ " Opada 1 " Opasda 2 ‘ " Oudsa3
opadEeC . . '
kata Bush et al

2a, 2b, 2be, > ‘

2br, 2¢, 2f




Mopiakn taéivopnon tTwv B-AoKTapocwyv

Katot Ambler

TEM, SHV, CTX-M mAacouLdlakeg B-
AQKTOUAOEG

A 2 TOPUAOKOKKLKEG TEVIKIAALVAOEC

Xpwuoowulakeg Twv Klebsiella,
Pvulgaris, B.fragilis

B MeTaAAo-B-AAKTAUACEG
C XPWUOOWULOKEC KEGANOCTIOPIVACES
TwV Gram-apvnNTKwV

D OXA-TUTIOU TAQGULOLAKES B-AOKTAUAOEC

Ambler RP. The structure of beta-lactamases. Philos Trans R Soc Lond B Biol Sci 1980; 289(1036):321-31.

Beta-Lactamase DataBase (BLDB) — October 7, 2019



Avtoyxn otic B-AAKTAMEC

Eupewc paopatog B-Aaktapaoec (ESBL)

* MNpocdibouv avtoxn oTLC TIEVIKIAALVEG, TEM:
kedbaoomopivec 1N- 41 yeviac, Kol oTL
¢ OPLVEG veviag S ol Gl v
LLOVOBOKTALLEC,
OXL OHWC OTLC KAPPATIEVEUEC KOLL TLG 3 228
kKepapvoive
banvotves oxa: ESBL:>700 CTX-
* AvaotEAlovtol amo 1o KAaBouAaviko 25 \ M:
o&v 226
* Mpogpyxovtat amnod tig B-Aaktapdaocsg opadag A: TEM-1 VEB: PER:
kat SHV-1. AA\eg kUpLeg opadec: CTX-M, VEB, PER,... 21 13

oAAa kot OXA

* Aladépouv amod Toug MPoyovoug Toug pe 1-5 apvoééa
(onuelakeg HeTaAAAEELC)

Beta-Lactamase DataBase (BLDB) http://bldb.eu (07 Oktw8piov 2019)



Avtoyxn otic B-AaKTAMEC

XpwpoowMikEC kKepaAoomopivacec AmpC

Avnikouv otnv Tagn C (kata Ambler) kat otnv opdada
1 (kata Bush)

‘ Baseline ‘

AmpC Induction

‘ AmpC De-repression ‘
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Avtoyxn otic B-AaKTAMEC

KapBanevepaoeg EiSn kapBamevepacwy
KOpBATTEVELEC KPC
* Kol TIC tepLooOTEPEC P-AUKTAUEC A

BIC, GES, IMI, NMC, SME

e KwoéLlKoTtoLlouvTal aro

ﬁi‘;gﬁ%‘f&ﬁgavg\)l\z%ot;uo OUXVEA BTtO ||V|P, V||V|, NDM (5£v uépoAluouv

B NV altpeovapn)
(MBL) AIM, DIM, GIM, SIM, SPM,
TMB
C -
OXA-48-like
D

OXA-23, -40, -58, -143, -235

H MIC o€ oteAéxn KPC pmopel va StadEpet avaloya e T yewypadLkr mepLoxn
Daikos GL & Markogiannakis A. CMI 2011




To yeveTtiko neptBaAlov twv bla,p.,, blaypn., Ko blagy s aq

Tn4401b
I | | | L
KPC == - - - -
IR trpR trpA ISKpn7 blaypc 2 ISKpné IRR
A99-bp in Tn4401a
A215-bp in Tn4401c
ABB-bp in Tnd401d
A255-bp in Tn4401e
I Tn125 )
% Dlayoy ; bleyg, iso tat  defgroES  groEL ISCR21 onilS Apac _1SAbaT23
NDM EpEp—> < K= L S oda
IRL itnp IRR IRL tnp IRR
Tn1989
| !
S
M o Tn=Transposon
151999  bilagy.s IysR 151999

Lee et al, 2016. Front Microbiol; 7: 895



AvaoTtoAeic B-AoKTapacwyv

AvaoTtoAei pe B-AaKTOLKO SaKTUALO

e OH > 57 > §7°
S A S AN
0 o/‘“OH o/;\OH N
Clavulanic acid (1) Sulbactam (2) Tazobactam (3)
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AvaoTtoAeic xwpei¢ B-AoKTAMLKO SaKTUALO

{ H QH
N N.__0O S N, B.
YO oH m o 9
NS 0 W AN
0o OH
Avibactam (4) Vaborbactam (5)

< Xwplc B-Aaktopikd SaktUAlo

** To daopa avaotoAng enekteivetal kat otig KPC

“*» APKETECG o Ti§ ofakiAwvaoeg (class D) ko
OAeg oL MBL (class B) eivoit avOeKTIKEG

Tehrani & Martin. Medchemcomm. 2018; 9: 1439-1456



AvooTtoAn B-AO0KTAHOOWV

Avibactam ¢ "
0 ! 2 %
j E+l === El ===
N .
N, 0 0 p E :Enzyme (B-lactamase)
o] \O—S\\ off | :Avibactam or clavulanate
0 I* :Inactivated clavulanate

El : Non-covalent complex
EI* : Acyl-enzyme

Clavulanate v " "
1 o 2 R 3 R
to  —on E+l === El > E|* > E+*
J;f/ — k-l
OH
J
B-Aaktaun
E+BL == E.BL = E+BL*

* E-BL
/_

H,O

BL :B-Aaktapn
BL* : adpavornotnpévn B-
AQKTALN

* OLavaotoleic cuvdEovtal Pe TNV ogpivn ToU
BplokeTal OTO EVEPYO KEVTPO TWV B-AAKTAUOOWV
(6mwc ouvdEovtal kot oL B-AaKTAWEC).

* JTNV MEPLTTWON TNG APLUMAKTAUNG N aKUAlwon
glval avaoTtpEPLUn, EVW OTNV MEPLITTWON TOU
kKAaBoulavikoU gival pun avaotpePLun.

*  JUVETWC, N QTTOTEAECUATIKOTNTO TNC OVOLOTOANG
TWV B-AQKTOUACWY ATIO TNV ABLUTAKTAUN
gtaptatal amod tnv Loopporia LeTaly TwV
dUOLKWV (eEveEpPYwWV) Kol AKUALWUEVWV
(avevepywv) popdwv tou eviupou.

Ourghanlian et al. Antimicrob Agents Chemother. 2017; 6: e02510-16



“Néol” avaoTtoAeic

Avibactam Vaborbactam

* Juvdualetal pe keptaltdipn (Zavicefta) Tuvduadletal pe peponevéun (Vaborem)

* ApaoTtiko €vavtl ESBLs (A), KPC (A), Apaotiko €vavtl ESBLs (A), KPC (A), AmpC
OXA-48, AmpC (C) (C)

* Aev eiva SpaoTtikd Evavtl twv MBLs (B) Aev gival §paotiko Evavtl twv MBLs (B)

) ) ) ) Kot OXA
* Avamtuén avioxng umo aywyn

* Avtoxn €xel avodepOei o oteAEXN HE
METAAAOYEG OTLC TTOPLVEG

Tra i

S DO

Akopo TiLo véoL avaoTtoleic: Relebactam, Nacubactam, Tibebactam | oo

Nordmann P, Poirel L. Clin Infect Dis 2019 —
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First Report of Ceftazidime-Avibactam Resistance in a KPC-3-

Expressing Klebsiella pneumoniae Isolate

Aomney M. Humphries,® Shangxin Yang,® Peera Hemarajata,” Kavin W. Ward,® Janet A. Hindler,® Shelley A, Millar,® Aric Gregson™

Cepartment of Fathdlogy and Labomatony Medicire, Uriversity of California, Los Angelss, Los Angeles, Calfiomis, USA® Deparbment of Medcine, Dhvsion of [nfisctious

Dizeases, Univernity of Calfornia. Los Angeles. Los Argeles, Califormi, LEAS

TABLE 1 Antimicrobial susceptibility results for carbapenem-resistant

K. pneumoniae isolates”

MIC {pg/ml) (interpretation®”) for K.

prieumoniae isolate:

Antimicrobial(s) 1 2 3
Amikacin 16 (8) 16 (S) 16 (5)
Ampicillin =32 (R) =32 (R) =32 (R)
Ampicillin-sulbactam =32 (R) =32 (R) =32 (R)
Artreonam =32 (R) =32 (R) =32 (R}
Cefepime 32 (R) =32 (R) =32 (R)
Ceftazidime =32 (R) 2 =32 (R)
Ceftazidime-avibactam 4/4 (5) 8/4 (S)
Ceftolozane-tarobactam =256/4 (R) =256/4 (R) =256/4(R)
Ceftriaxone =32 (R) =32 (R) =32 (R)
Chloramphenicol =4 (S) >16(R) >16(R)
Ciprofloxacin =2 (R} =2 (R) =2 (R)
Colistin =0.5 (S) =0.5 (5) =0.5 (S)
Doxycycline 2(S) 16 (R) 16 (R)
Ertapenem =2 (R) =2 (R) =2 (R)
Gentamicin 1(S) 2(S) 2(S)
Imipenem 8 (R) 128 (R) 128 (R)
Meropenem 16 (R} 128 (R) 128 (R)
Minocycline 2 (5) =16 (R) =16 (R}
Piperacillin-tazobactam =>256/4 (R) =256/4(R) =256/4(R)
Tigecycline 1(S) 8 (R) 8 (R)
Tobramycin 10 (R} =10 (R) =10 (R)
Trimethoprim-sulfamethoxazole =1/20(5) 2/40 (S) 2740 (5)

Humphries et al, Antimicrob Agents Chemother, 2015 Oct; 59(10):660

Winkler et al. J Antimicrob Chemother 2015; 70: 2279-86

In vivo aplvo€LKEC aAAaYEC
otnv KPC-3
*  Auwoéikeg aAlayeg otnv Q-loop tng KPC-3
(meploxn 164-179)
in vivo (peta amo Ann ceftazidime/avibactam):
« D179Y (KPC-31)
* D179Y, T243M (KPC-32)
* ELinsertion between 165-166, T237S
(KPC-40)
e  Apwoéikeg aAlayEg otnv KPC-3 pakpld amnod tnv
Q-loop
« D163E (KPC-36)
* T243M
« KPC-8 (Val240Gly)
» KPC-23 (Val240Ala)
* KPC-41 (Pro-Asn-Lys insertion
between amino acids 269 and 270)

Erukpatel n D179Y (KPC-31, KPC-32).

Enavadopd tng §pactikotnTag TNG
LLEPOTIEVELNG




KpuoTtaAALKEG SOMEC TWV MPWTEIVWV MOV ERMAEKOVTAL
OTOUC HNXOVIOLOUC OVTOXAC OTNV KUTTOPLKA MEUBpPAVN
Twv Gram (-)BaKtnpiwv.

Chater Membrane

Periplasm

OprD (1ropivn)

KPC2 (kapBaTtrevepdon)

e eSS@aa®
: x;, Inner Nembr ane

Intacellnlar Space

MlexA-B, OprhI

MexA-B, OprM (avtAia ekpong)

Papp-Wallace KM et al, AAC 2011



Mechanisms responsible for imipenem resistance among Pseudomonas
aeruginosa clinical isolates exposed to imipenem concentrations within
the mutant selection window

Foula Vassilara?, Irene Galani ™*, Maria Souli ®, Konstantinos Papanikolaou 2,
Helen Giamarellou ©, Antonios Papadopoulos "

aprD gene mutation (s)

OprD Monomer
nt360 mutation (C - G) = stop codon 120 :

nt541 deletion - frameshift mutation

nt832 mutation(T - C) - S278P

nt784 delenon - frameshift mutanon

85 nucleotides deletion (nt 1131-1215) - fmame
shift mut ation

IS insertion at nt1060 - Fameshiit mutation
ntbBE deletion - frameshift mutation

nt831 mutation (G - A) - sap codon 277
ntE31 mutation (G - A) - stop codon 277
o=

Periplasm

Side view Top view




AvtAiec evepyntiknc ekponc (efflux pumps)

= SMR: the small multidrug
resistance family

= MFS: the major facilitator
superfamily

= ABC: ATP-binding
cassette superfamily

= MATE: the multidrug and

toxic compound extrusion
family

=  RND: the resistance-
nodulation-division
family

SMR

Tetracycline
Sulfadiazine
Macrolides
Tetracyclines
Aminoglycosides
p-lactams

Elval mpwtelves mov evtomifovtal otnv
KUTTAPOTIAAGUATIKN LEUPPAVT OAWV TWV

O0PYOVIGU®WV YL TNV amo30A1] TOEIKWV 0VCLWV

MFS

Fluoroquinolones
Tetracyclines
Rifampicin
Lincosamides
Chloramphenicol
Aminoglycosides
Macrolides
p-lactams
Polymyxins
Sulfamides
Trimethoprim
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ABC

Fluoroquinolones
Tetracyclines
Rifampicin
Lincosamides
Macrolides
Aminoglycosides
Chloramphenicol

O

R RN
uuuuuUu

XXX

MATE

Fluoroquinolones
Aminoglycosides
Chloramphericol
Trimethoprim

RND

Fluoroquinolones
Tetracyclines
Rifampicin
Macrolides
Aminoglycosides
Chloramphenicol
p-lactams
Trimethoprim
Sulfamides
Polymyxins
Lincosamides

Yilmaz & Ozcengiz. Biochem Pharmacol 2017; 133: 43-62



MetaBoAn diamepatotntoag
QVTOXN OTN TLYEKUKALVN

Hapadeiypota

a8

» Enterobacterales - TeTpakvkAiveg

acstiied * 0 KUPLOG UNYAVIGIOG AVTOXT|G GTNV

cell wal — TLYEKUKALVT
protein '

* H avtoym dnuovpysitan
* Katd ™ Sudpkera ¢ Oepameiag
plasmid with anfibiotic- HE TLYEKUKALVY

resisiant genes \f ~ *  Xwpig mponyovpevn xprjon g
|| TLYEKVKAIVYG

» Enterobacterales - yYAwpau@atvikoAn
» Staphylococci - pakpoAiSeg

drug-inactivating
* S. aureus, S. pneumoniae, Gram (-) - KLvOAOVEG

® 9

H avtoxn odeiletal oe peTaAAAEELC OTA
yovibia mou KwoLKoToloUV Toug pUOULOTEC
TWV OVTALWV




MnXaVvIopOi OVTOXNG OTLC KI(VOAOVEC

e MetaAAayecg otic untopovadeg twv DNA yupdon ko tonoicopepaon IV
* Kuplwc ota gyrA kat parC

* Jtadlakn avénon tou erunedou g avtoxrg (MIC) mpokKUTTEL Ot SLabOXIKES
LETAAAQYEC OTOUC TIPWTAPXLKOUC Kol SEUTEPEVOVTEG OTOXOUG

* AAAQYEC oTnV dLamepatotnta
* Ynepékdppaon avtAiwyv ekkponc (efflux)
* EAAewpn mopvwv

* MAacuLdLaKoi HNXavVIoHOL avtoXng ota Gram-apvnTiKA
* [ovibla gnr
* AvTtAla gepA
* AvtAia oxgAB
* [ovidlo aac(6’)Ib-cr

Topoisomerase V-

/
) /,:3 Fluoroguinolones
Fluoroquinclone ,A

hind to two nuclear

l R “ enzymes,
o =" inhibiting DNA
N L ) replication

DNA gyrase

fhanel G. Can J Infect Dis 199%;10:207




KoAwotivn — MoAvpuéivn E

Mnxaviopog dpaonc

+ * AvaoTEAAEL TN Aettoupyia TNG EEWTEPLKNAG

P HeUBPAvVNG
; l -'I:-:,;:_[""MQ Displacemant of , , , ,
e R * H Betwka poptiopevn KOALoTivn peTaToTtileL
| OUTER MEMBRANE Ta S108evn KaTLovTa ToU Yedupwvouv Ta

YELTOVLIKA popLa LPS

I Lipid A
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Martis et al, 2014. J Infect;69:1-12
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Aghapour et al. Infect Drug Resist. 2019 ; 12: 965-975



Xwpeg Omov aviyvelOnke to yovidio mcr-1 (pe punAe xpwpua)

Sun et al. Trends Microbiol 2018; 26: 794-808
Giamarellou H, IJAA 2016, 48:614-21

& Human=
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Short communication: Bovine mastitis caused by a multidrug-resistant, mcr-1-positive (colistin-resistant),
extended-spectrum B-lactamase-producing Escherichia coli clone on a Greek dairy farm.

Filioussis G, Kachrimanidou M, Christodoulopoulos G, Kyritsi M, Hadjichristodoulou C, Adamopoulou M, Tzivara A,
Kritas SK, Grinberg A.

J Dairy Sci. 2020 Jan;103(1):852-857
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Emdnuiodoyia Gram-opvntikwyv no@oyovwv otnv Eupwnn
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Avtoxn tn¢ Klebsiella pneumoniae oti¢ KOPPOATTEVEUEC
2017

<
?_’ilhesi_sml_lt Jates) EANOSa :
III'H'BSI?\:'jE 150 5 E 66%
Me€iko \,
14%
50 ,
Ekovadop

4

33%

I25

Apyevtivn
20%

CDDEP =B,

WAL HERCTION Do « BREW DELS

The Center for Disease Dynamics, Economics & Policy. ResistanceMap: Antibiotic resistance. 2019.
https://resistancemap.cddep.org/AntibioticResistance.php.



WHEM BACTERIA FIGHT BACK

oA
.Greece

2002-onpepa: K. pneumoniae pe VIM o %

*  TMoAuKAWVLIKA eETdnuia e ' ' i 2005
A i 0,

* Awaomnopad nAaocudiwv (Integron) & <30%
* 2008-onuepa: KPC-2- K, pneumoniae (ST258) : e ﬁ

*  MovokAwViKr Kupiwg erdnpia / Ataoropd kKAwvou (ST 258) / transposon "‘i ’ ki 2(5)8?/

L < 0

* 2012: npwtn Staomopd OXA-48- K. pneumoniae (ST11)?! ; ﬁ;‘.i ;

* Evtepofaktnplokd pe OXA-48 amOOVWVOVTOL OTIAVLAL - : E

2013: npwto otéEAeXog K. pneumoniae pe NDM-1 otnv ABrjva kat 8gUtepo oto Aypivio (ST11)?
*  KAwvikn emudnuia (ST11) oto voookopeio lwavvivwv ano to Noéuppro tov 2011 3

* Amnopdvwon Evtepofaktnplakwv pe NDM anoé acBeveic og 15 eAAnvika voookopeia (otoeia
Mpokpouotn)

*  IMOPASIKEG MKPEC KAWVIKEG VOOOKOUELAKEG ETILONMLEG
*  Inpepa Seutepn KapPamnevepdon peta tnv KPC ota oteAéxn K.pneumoniae

_ 2014
‘,'.T":r'; o >50%

Voulgari et al, 2012; 2Giakkoupi et al, 2013, 3Voulgari et al, 2014 " r



Emdnuodoyia twv oteAexwv Klebsiella pneumoniae mouv mapdayouv
kappBanevepaon otnv EAAada, 2007 - 2016

KapBansveuaon 2014-2016 2011-2012 2007

66,5% 82,6%
NDM 13,7% - -
VIM 8,6% 9,7% 100%
OXA-48 3,6% - -
AutAn kapParevepdaon 6,3% 7,7% -

68.2%
42.__4}% _,” 60.5% 61.9-66.9%
. 27.8% .
i ec e
‘ N Galani |, et al. Euro Surveill 2018; 23(31):pii=1700775

Maltezou et al. J Glob Antimicrob Res 2014,2:11
- Vatopoulos A. Euro Surveill 2008;13(4). pii: 8023



Geographical map showing the location of participating hospitals providing
Klebsiella pneumoniae clinical isolates, Greece, 2014-2016 (n = 15)

Thess "IG.".'“I“I_E
astern Greece # Cancer Hospital of Thessaloniki
‘THEAGENEID®
o General Hospital of Corfu * ‘;.Papanikolaou’ General Hospital of
Thessaloniki

e General Hospital of Thessaloniki
‘G.Gennimatas’

':-f-l b I' :.'E-'

sy st | SOOIRPE]

» General Hospital of Lamia

Attica

* University Hospltal Attikon®
* Genaral Hospital of Athens ‘G.Gennimatas’
» KAT Hospital

« Hippokration Athens General Hospital

» Athens Naval Hospital oo o o

® Thriassio General Hospital - - ’
* Hygeia General Hospital

® St Sawas Cancer Hospital !

1 } ‘Southern Greece

# liniversity Hospital of Heraklion

} Galani |, et al. Euro Surveill2018,23(31):pii=1700775



Number of BS1s
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14
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Journal of
[P — Antimicrobial
imicrob Chemathe Chemotherapy

dol: 10,1083 joc/dxz1 25

Reversal of carbapenemase-producing Klebsiella pneumoniae
epidemiology from blaypc- to blay;u-harbouring isolates in a Greek
ICU after introduction of ceftazidime/avibactam
Matthaios Papadimitrisu-Olivgeris®$, Christing Bartzavali®, Anastasia Lambropeulou®, Anastasia Solomou?,

Ekaterini Tsiota®, Evangelos D. Anastassiou®, Fotin Fligou®, Markes Marangos®_ Iris Spiliopoulou® and
Myrto Christofidou’s
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Conclusion: Widespread ceftazidime/avibactam use may lead to a change in
the palette of carbapenemases by replacing KPC with MBL-producing isolates

J Antimicrob Chemother. 2019; 74: 2051-2054



Escherichia coli @&S
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DISEASE FREVENS
AND CONTRCL

MoAvavtoxn (3" yevia CEPH, FQ & AMK)

N 1% 1
== 1% to ¢ 5% 't
5% to+10%

B 10% 10 ¢ 25%

H 75% to ¢ 50%

I = 50%

=1 No data reported or fewer than 10 Isolates
1 Not included

1.5% (loAavbia) -
24.9% (BouAyapia)

Non-visible countries

[ Liechtensteln
=3 Luxembourg
Maita

} Surveillance of antimicrobial resistance in Europe — Annual report of the European Antimicrobial Resistance
Surveillance Network (EARS-Net) 2017. Stockholm: ECDC; 2018



Pseudomonas aeruginosa f@&g
C
2017 i

0.0% (lohavéia) —
59.1% (Poupavia)

} ECDC. Surveillance of antimicrobial resistance in Europe — Annual report of the European Antimicrobial Resistance Surveillance Network
(EARS-Net) 2017. Stockholm: ECDC; 2018.
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RESEARCH ARTICLE Open Access

Carbapenemase-producing Pseudomonas
aeruginosa from central Greece: molecular
epidemiology and genetic analysis

of class | integrons

Apostolos Uakopoulos'~, Angalik Manoidd’, Efstat
Wini Miragou® and Bfthymia Petimaki'™

hios A& Katsifas®, Alexandros Theodosiow®, Amalia D Karagoun™,

Naveniotnuiakd Noookopeio Adploag,

[evikdo Noookopeio BoAou,
[evikd Noookopeio TpLKAAWVY

MICRCEAL DRLG RESISTANCE
Yolume 00 Mumber 00, 2018

& Mary Ann Lieberd, rc.

OHOE 1 04O r 201 B IE2GS

Molecular Epidemiology of Endemic Carbapenem-Resistant
Gram-Negative Bacteria in an Intensive Care Unit

Theadoros Karampatakis,® Katerna Tesergouli™ Lida Politi? Georga Diamantopoulow®
Enas losdigis!* Charalampos Antachopoulos!# Aggeikd Kanot 24 Blend Mouloudi
Atnanacsios Teakra® and Ernmancsl Roikdes™™

Feviko Noookopeio Osocoalovikng

“Inmokpatelo”

MEG©

» 568 oteAéxn P. aeruginosa tou 2011 » 105 oteAéxn P. aeruginosa (2012-2014)
» 50% IMP-R (MIC 216 mg/L) » 16.2% ntav CRPA
»  14.1% napnyayav VIM » 14.3% napnyayav VIM
» ST111 (blay,,,.,) kaL ST235 (blay,,.4) » Eva otéhexog mapryaye VIM kot KPC
» Eva otéleyog blay,.4;7 (ST1457) (0.95%)
Journal of
J Antimicroh Chemather 2018; T3 27T7-2781 Al'ltl!‘l'ﬂulﬂﬂlﬂl T L mngd
ot 10, 1060 Mok 267 Advonce Aooess publication 11 July 2018 Chln'rn'lherl:lp}' B0 iR JAC 2019 Feb 8. Chemotherapy
n vi chivi ¢ ceftasidimeluvibectam inst isolates o J;Iq:tﬂinﬂderﬂmt:d;ﬂ-ﬂ::hwﬂ :mﬁdnfnnnsimniﬁn!u'{mﬂes
Peeudomanas oeryainoss collectedin Furopean countries INFORN] B e it prmccial)
global surveillonce 2012-15 Aairst Parar's. Bus Gom' 1, Jask Pérarilorsso’. Pelpe Famincuc-Comnn' baria laes Geda!,
Krystyra M, Knsmisrcrak'™, Boudewijs L M. da Jonge't, Gregary G. Stone”s and Daniel F, Sshm’ e okt bt ot Aot ok et s OO
EAANVLKA VOOOKOUELQ 3 EAANVLKA VOOOKOWEL
317 otelexn P. aeruginosa (2012-2015) » 41 oteléxn P. aeruginosa (2012 - 2015)

30% avtoxn oTLG KapPBarmevEUEC
12.9% napnyayav VIM
Agv aviyvelBnkav aAAou tuToU KapP/UAcEG

» ST-111 (n=35) High risk clones
» ST-235(n=2) OAa ta oteAéxn itav MDR/XDR/PDR

b ST-395 (n = 1), ST-244 (n=2), ST-641 (n=1)



In vitro activity of ceftolozane-tazobactam alone and in
combination with amikacin against MDR Pseudomonas
aeruginosa isolates from Greece

]

=~ ECCMID [

Galani |, Papoutsaki V, Karantani |, Karaiskos |, Galani L, Adamou P, Deliolanis I,
Kodonaki A, Papadogeorgaki H, Maraki S, Damala M, Prifti E, Vagiakou H, Petinaki
E, Fountoulis K, Tsiplakou S, Kirikou H, Antoniadou A, Giamarellou H

* Infectious Diseases Laboratory, 4th Department of Internal Medicine, National and Kapodistrian
University of Athens

* Microbiology Laboratory, Hygeia General Hospital

Hygeia General Hospital

University Hospital “Attikon” (4t Dept)
Laiko, General Hospital of Athens
University Hospital of Heraklion
"Alexandra" General Hospital of Athens
General Hospital of Athens ‘G. Gennimatas’
University Hospital of Larissa

Evangelismos General Hospital

KAT Hospital

Agia Sofia Children’s Hospital

*13.1% twv MDR oteAexwv napriyoyav GES-
1 (ESBL)

*8.8% twv MDR oteAexwv napnyayav GES-5
(kapBamnevepdon)
*Avtoxn otnv keptoAolavn/TaloUmaKTAauN

In 29th ECCMID, Amsterdam, 13-16 April 2019
Yno dnuoocisvon



Avtoxn tou Acinetobacter baumannii otig

% Resistant
(invasive isolates)

kapBaneveueg 2017
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The Center for Disease Dynamics, Economics & Policy. ResistanceMap: Antibiotic resistance. 2019.
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https://resistancemap.cddep.org/AntibioticResistance.php.



ACINETOBACTER BAUMANNII = MHXANIZMOI ANTOXH2

Table 2. Maojor mechanisms of carbopenem resishance in Acinelobacter boumannii

Bloctomase:

Class A. Serine corbopenemases MGE KPC®
Class B. Metallofi-loctomases MGE VIM [-1,-2, -3, -4, and -11}
SIM 1 MBL
IMP {1, -2, 4, 5, 4, 8,-10,-11, and -19) Kop BATEVEUALOES
NDM 1, -2)
Closs D. Oxocillinose-type MGE OXA23 cluster: {OXA-23, -27 ond -49) -
OXA24/40 cluster [OXA-25, 26, 40 and -72)
OXAS! closer (=14 vorionk} [ kapBanevepdosg
OXA48%
OXA-235
M High-level OXA-51 -
Imparmeability CM Functional loss of porins CarQ, Omp 33 -36 and OprD homolog
Eflux pumps CM AdeABC
Altered penicillin-binding proteins M Variable binding

CM, chromosomal mulntion; KPC, Kiebsially pneumonioe cartbopenemass, MGE, mobile genetic slement; NDM, Mew Dehi metalof-lboiomase; OXA,
cwoc flinase; VIM, Verono-integ roled metolloprotense.

Ertiong: cupmAeypa petaBetwy otolxeiwv (viioog avioxng)
B-Aaktapaoeg TEM-1 (sulbactam)
VEVETIKEC TPOTIOTIOLACELG TWV Yovidiwv pmrA kat pmrB (koAwotivn)

Brink AJ. Curr Opin Infect Dis 2019

> Garnacho-Montero L & Timsit JF, Curr Opin Infect Dis 2019
Piperaki ER et al, CMI 2019



MICROBIAL DRLIG RESISTAMCE
Wicdumes 00, Mumber 00, 2019

£ Mary Ann Lisbedt, Inc.

DO 1001 D8y 201 5. 0075

Dissemination of International Clone |l Acinetobacter
baumannii Strains Coproducing OXA-23 Carbapenemase
and 16S rBNA Methylase ArmA in Athens, Greece

Karstantina Mafalioli! Irene Galani,' g Ewvcinkia J".rlul,'lil,lis._' Paragiola Adarmou Eler ".-1-;,:-':,|il,-;,1|':
Panagiota Giannopoulou,* Paraskevi Chra” Mara Damala” Evangelios Wogiatzakis™
Eletiheria Trikka-Graphakes,” Vasiliki Baka™ Bleni Prilti” Anastasia Aostoniacou’ and Maria Soul'

2015-2016 - [%Avoxd

>
, , KoAtotiv 84.6*
» 5 Noookopeia tng ABnvac n'
, ' ' MuvokUKALvn 77.8
» 2TEAEXN avesKm'(a O€ OAEC T 4/8 (MICsg60)
TLG apvoyAukooideg (67.8%) KOTPULOETEAN 80.9

v

98.4% OXA-23 (IC2)
» 84.6% avtoxn otnv KoAloTtivn
66.8% PDR

* e BMD oUpdwva pe o8nyiec EUCAST-CLSI

v

Nafplioti et al. Microb Drug Resist 2019



Finland (rasi7sE) o
Sweden (1032'1094) e C
e R
Denmark (1121186} ANE CONTRCL

United Kingdam [4654/5514)
Ketherlands (1185 1094)
Ausiria (1oz2/115z)
Iceland {18/ 37}

Germarry (3a66) 35450
redand (576/ §75)

Spain (1404 15848)
Estonia {iga/161)
Belgium (621/B03)
Slovenia (306,313}
Luxembourg (po) o)
France [2754. 2904)
Labeia {115/ 118}

Avtoxn oc 4
OLVTLULKPOPBLAKEG OMABEC

-3 yeviag kepaloomopiveg

*OAOUOPOKIVOAOVEG

Malta (117 117}

Husgary (673 63}

Cyprus (71737}

Portugal (2654 2743)
Lroatia (zp4./303)

Czech Regublic fiegof133a)
Italy (2320/2720)

Slovakia (446 §65)
Romania (332/339)
Lithuania (322328}

Peland (667 /1. 20%)
) Gresce (1345/1353)
Bulgaria (168 16a)

-ApvoyAukooideg

‘KapBarmeveéueg

ZuvoAwka: 4.5%

EAAGSa: 45%

I T T T T T T T T T |
o' 10 20% s Ho% 5o fot% 7o'% Bo% ga'% 100%
Percentage of total
. Fully Resistant ia ane B FResistant (o Dwo [ R esistant to Three I Fesistant to foar
susdeplinh antimicrobis group antimicrobial groups antimicrehial groups antimicrobia groups
} Surveillance of antimicrobial resistance in Europe — Annual report of the European Antimicrobial Resistance

Surveillance Network (EARS-Net) 2017. Stockholm: ECDC; 2018



WHONET Greece
Nocoota Avtoxnc otic KapBoarmevepec™
loOAlog-AekepBproc 2018

BaktipLa MaBoAoyika Xelpoupyka

arnopovwOEvta ot TuRpata TuRpata
OLLLOKOAAALEPYELEG

Klebsiella 46% 60% 90%
pneumoniae

Acinetobacter 88% 93% 98%
baumannii

Pseudomonas 26% 36% 48%
aeruginosa

* lpuevépn WHONET GREECE http://www.mednet.gr/whonet



EANAAA: Ovntotnta oXxeTl{opEvn HE MOAVaVOEKTIKA TabBoyova
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10438
13 Bg3
41345
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2524
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45832
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Deaths

(median)
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] Finland [T IR arminagty coside-resistant and fluoroguinodone-resistant Acnetobecter spp”, and
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Cassini A, et al. Lancet Infect Dis 2018



OEPAMEYTIKH ANTIMETQNIZH
GRAM (-) MDR/XDR MAGOIONQN




NEA ®APMAKA TIA Carba-R Gram-APNHTIKA MAGOIONA

Table 1. Activity and Indications of New Agents Against Carbapenem-resistant Gram-negative Pathogens

Actnaty
Enterobacienaceas
Pathogen-
Class A Class B ClassD Indications directed Trial
Carhapanamase Carbapenamasa Cartapenemase (including [Inciuding
Agent leg. KPC) (eg, NDM) leg, OXA4E) P agruginoss A beumannii S maltophilia Expecied| Expected)
Coftandime- Yo No Yes Yos No No CUTUAR clAl, No
avibactam HABPNABP
Ceftolorane- No No No Yes No No cUTIAR clAl, NP No
tazobaciam
Meropenam- Yos No No No* No No cLTYAP Yes
vaborbactam
Imipenam- Yos No No Yes No No cUTIAR clAl, Yes
cilastatin- HABF/VABP
ralebactam
Cofidaracal Yes Yas Yes Yes Yes Yas cUTUAR HABP/ Yos
VABP
Plaromicin Yas Variabic® Yes Variabie No No cUTWAP Yos
Ergvacyding Yas Yos -H No Yes Yes clal No
Fosfomycin Yas Yas Yas Variahla No No cUTYAF NO

Abbreviations: A. beumanni, Aonoiobecter baurnanni, AP acute pysicnaphiia, clAl, complicated mtre-abdominal infection; cUT. compicated urinary mact nlection; HABF hospital-acqguired
bactenial proumoni; KPC, ebssalls preomonss oebapensmasa. NOM, New Delh metallo-fHaciamase; NF nosocomial preumionia; C00A, oacilingse; P sengnoss, Preudomonas
MnugnosE, 5. maliophiia, Stenctrophomonas matophda; VARP ventistorassociated bactena preumona

Doi Y. Clin Infect Dis Dec 2019



A Closer Look at Recently Approved Agents and Regimens

. . .. In Vitro Activity . .
Regimen Indications Against* Key Safety Considerations
= clAl with
Cephalosporin/ metronidazole E: TEM, SHV, CTX-M, Decreased efficacy if

Ceftolozane/ OXA

tazobactam(l] B-'Iac'.ca.mase = cUTI |ncIud|.nfg, = P: AmpC, OprD loss, baseline Cr'CI 30to
inhibitor pyelonephritis Ubree. efflux bUMDS <50 mL/min
= HABP/VABP (2019) Pree. pump
Cephalosporin/ - fllqiluyc\;::’:jazole = E:KPCs, TEM, SHV, = Decreased efficacy if
Ceftazidime/ phatosp onidaz CTX-M, AmpC, baseline CrCl 30 to
. 2] B-lactamase =  cUTlincluding . .
avibactaml o » certain OXA <50 mL/min
il ALl SELCELAE = P: AmpC, OprD loss = CNS reactions may occur
= HABP/VABP A B i
Meropenem/ Carbapenem/ = cUTlincluding = E:KPC, SME, TEM,
vaborrl)aactam[?'] B-lactamase pyelonephritis by SHV, CTX-M, CMY, =  CNS reactions may occur
inhibitor Enterobacteriaceae ACT

*E, Enterobacteriaceae; P, P aeruginosa.

1. Ceftolozane/tazobactam [package insert]. November 2016. 2. Ceftazidime/avibactam [package insert]. February 2018.
3. Meropenem/vaborbactam [package insert]. April 2018.




Ceftolozane /Tazobactam (TOL-TAZ)(Zerbaxa)

. DTD o\} " Kedaloomopivn €'yeviac pe
i EeTUNEN gyt QVAOTOAEQ AQKTAUACWY
HzM = ;-I'-«. JL. L I M- MH, .
™ Evykpion 2015
M., '
fﬂ o Baktnploktovo
S Movo IV popdn

()

0 Apaotikn €vavtl gram apvntikwy Kat tdlaitepa Pseudomonas. Itabepn evavtl
Aaktapaowyv (A,C) pe Spaotikotnta Evavtl maboyovwy nou mapdayouv ESBL

O Apaotikn évavil Carbapenem —resistant Pseudomonas, non producing
carbapenemases

0 O cuvbuaouoc pe talopmaktapn 6ev mpoodEPel SPACTIKOTNTO EVOVTL
avoepofBiwv

L ‘Exetl peAetnOsl ko xopnyeital o€ AOLUWEELS OUPOTIOLNTLKOU, EVOOKOLALOKEC, Kal
VOOOKOMELOKA TIVEUHOVIOL KOL TIVEULOVIOL CUGXETL{OUEVN UE TOV VATIVELOTAPA

Scott LJ. Drugs 2016
Escola-Verge L, Inf Drug Res 2019



Ceftolozane/Tazobactam: Key Efficacy and Safety Data

From Phase Ill Studies

Study Comparator

ASPECT-cUTI!!
. cUTl or AP
. RCT; N=1083

Levofloxacin

ASPECT-clAIl2
=  Plus .
metronidazole Meropenem
= clAl
. RCT; N =541
ASPECT-NP trial 3] .
= vHABP/VABP
Meropenem

RCT; N=726
Ceftolozane 3g x 3

wnN e

Key Efficacy Key Safety

Noninferior for composite =
cure*

Similar safety profiles
between arms

Noninferior for clinical cureat =
TOC

Similar safety profiles
between arms

Noninferior for clinical cure at
TOC

Wagenlehner FM, et al. Lancet. 2015;385:1949-1956.
Solomkin J, et al. Clin Infect Dis. 2015;60:1462-1471.
Kollef MH et al, Lancet Infect Dis 2019; 12: 1299-1311.

*Microbiological eradication and clinical cure 5-9 days after treatment.




Kedptaldvtipn—ARuakTaun

Keptalwripn ABLUTTOLKTA N

* Kedahoomopivn eupeog * Kouwvotopog pn B-AaKTOLKOG avaoToAEaG B-
dAaopatog pe SpaotikoTnTA AOKTOHOCWV
évavtl Enterobacteriaceae
ko Pseudomonas + e AVaoTEMEL TIC B-AOKTAUACEC* TAENC A,
aeruginosa ocupmneplAapfavopévwy twv ESBL kat KPC,

* Kadiepwuévo rnpopil TS B-Aaktapaosg taéng C (AmpC),
QTOTEAECUATIKOTNTAC KOl KaOw¢ Kal oplopéva eviupoa taéng D (OXA-48)
aodAAeLag

. __OC(CHgJ,COOH o
| H Jh,
— N S = HN™
Y o o ‘OSO,Na
NH, coor

ESBL: extended-spectrum B-lactamases, KPC: Klebsiella pneumoniae carbapenemase, OXA: oxacillinase.,

* katd Ambler, 1. Hayes MV, Orr DC. J Antimicrob Chemother. 1983;12:119-126 2. Ehmann DE et al. Proc Natl Acad Sci.
2012;29:11663-11668. 3. Zhanel G et al. Drugs (2013) 73:159-177. 4. Bush K. Int J Antimicrob Agents 2015;46:483-93.5.
Falcone M, Paterson D. J Antimicrob Chemother 2016; 71: 2713-2722.



Ceftazidime-Avibactam: Clinical Considerations
in Serious G-Negative Infections

General Cons

* Administered IV at a ¢ Excellent in vitro * Not active against
fixed 4:1 ratio of activity against many metallo-B-lactamase-
ceftazidime:avibactam G-negative pathogens, producing strains or

including many most Acinetobacter
ceftazidime- species isolates
nonsusceptible * Emergence of
Enterobacteriaceae resistance reported
and P aeruginosa « No dosing

* Effective against recommendations for
infections caused by CRRT
ceftazidime-

susceptible and non-
susceptible pathogens

* Generally well
tolerated

Shirley M. Drugs. 2018;78:675-692.



Ceftazidime/Avibactam: Key Efficacy and Safety Data
From Phase lll Studies

Study Comparator Key Efficacy vs Comparator Key Safety

RECLAIM 1 and 21

=  Plus metronidazole = Noninferior for clinical cure rates at = Similar safety profiles
Meropenem

= clAl TOC between arms

= RCT; N=1066

= Noninferior for symptomatic
resolution at Day 5t and symptomatic = Similar safety profiles
resolution/ between arms
microbiological eradication at TOC

RECAPTURE 1 and 22
=  cUTI/AP Doripenem
. RCT; N=1033

= Similar safety profiles
between arms; Gl
disorders reported in >

REPRISE!!
= clAl or cUTI* BAT = Similar clinical cure rates at TOC
= RCT;N=333

10%
REPROVEM
=  Nosocomial = Noninferior for clinical cure rates at = Similar safety profiles
. Meropenem
pneumonia TOC between arms

. RCT; N =879
*Due to ceftazidime-resistant Gram-negative pathogens. TTreatment period.

= CRACKLE prospective, observational cohort study (N = 137): in patients with CRE, treatment with
ceftazidime/avibactam associated with decreased all-cause, 30-day hospital mortality vs colistin
(9% vs 32%, respectively; P =.001)b!




Ke@talivTipn-ABIMTTOKTAMN: OEPATTEUTIKEG
EVOEIgEIg

H Kedtalivtipn-ABLunaktapun evdeikvutal yia tn Ospaneia twv akoAovOwv
AoLpwEEwV o€ EVAALKEC:

L EmutAeypévn evéokothtaki Aoipwén (clAl)

L ErmutAeypévn ovpoloipwén (cUTI), cupneptAapBavopévng Ttne
nvehovedpitdog

(J Noookoperakn nvevpovia, UMTEPLAABAVOREVNC TNC TIVEVLOVIAC
oxet{opnevNnC He tov avanvevotipa (VAP)

L Oegpancia Aotpwewv ntov odpeilovral os agpoBLouc Gram-oPVNTLKOUC
HLKPOOPYOVIOMHOUC, OE EVAALKOUC LCOEVEIC LE TEPLOPLOMEVEC ETUAOYEC
Oepamneiog

[Tepiinyn Xapakmplotikowv ZAVICEFTA 01/2018.



H mpwtn np6dpopn karaypadr) Tng GTOXEVHEVNG XOPYNONG
Kedbtalldipnc-ABLpunaktapng o 15 EAAnvika TpitofaOuia Nocokopeia:

The Greek CAZ-AVI Registry (DeBpouadplog 2018 — Maptiog 2019)
Opyavwon: EAAnvikA Etalpela XnueloBepaneiog

= AplOuoc acBevwv: 110* (el cuvolou 160)
= Baktnplatpiec: 75 (70%)

= VAP: 20 (19%)

= MovoOBeparmeia: 32%

= Qvntotnta: 14%

= Eretuync KAWLKE avtamokplon: 85% * Me ohokAripwon kataypadrig

EAévn NapapgAiov
Mpoowrikn emikovwvia

= Avamntuén avtoxng: 2.7% (3 aoBeveig)




Clinical Infectious Diseases

BRIEF REPORT

Clinical Outcomes, Drug Toxicity, and
Emergence of Ceftazidime-Avibactam
Resistance Among Patients Treated for
Carbapenem-Resistant
Enterobacteriaceae Infections

Ryan K. Shields,'*%* Brian A. Potoski,'"*** Ghady Haidar,’ Binghua Hao," Yohei Doi,'
Liang Chen? Ellen G. Press,' Barry N. Kreiswirth,® Comelius J. Clancy,"* and
M. Hong Nguyen'*'

'Department of Medicing, “Department of Phamacy and Therapeutics, University of Pittsburgh,
Antibiotic Management Program, *XDR Pathogen Laboratory, University of Pittshurgh
Medical Center, and ®VA Pittshurgh Healthcare System, Pennsylvaniz and *Public

Health Research Institute Tuberculosis Center, New Jersey Medical School, Rutgers
University, Newark

(See the Editorial Commentary by Spellberg and Bonomo on pages
1619-21.)

Thirty-seven carbapenem-resistant Enterobacteriaceae (CRE)-
infected patients were treated with ceftazidime-avibactam. Clin-
ical success and survival rates at 30 days were 59% (22/37) and
76% (28/37), respectively. In 23% (5/22) of clinical successes,
CRE infections recurred within 90 days. Microbiologic failure
rate was 27% (10/37). Ceftazidime-avibactam resistance was de-
tected in 30% (3/10) of microbiologic failures.

AAC 2017

Ceftazidime-avibactam : Real life

experience

MNpoooyn otnv avantuén avroxne!!

Avvatn n avamntuén avtoxng av ta enineda
urtoBeparmeutika, N av KPC-3 pe pnxaviopo
avtoxn¢ (porins and efflux pumps)




MNpokelpevou va Ataodalioteil n OpBoloywkn Xpnon tou Zavicefta
n EAAnvikn Etalpeia XnueloBepaneiog mpoteivel:

Evbelelc yopnynonc dappakeuTikol okevaopartoc Zavicefta
(Kedralvripn-AByuraktaun)

A. NpounoBeon xopnynong

* NolpwELoAoyLKn EKTLUNON amo Tov AolpwElohoyo Tou NoookopEiou,
I& neplntwaon anouaiag AolwELoAoyou, TOTE EYKPLON GO LATPO HE
oLaitepo evbladepov oTic AoLpwEELC TTou ExeL UTIOOELXBEL Ao TV

ENA.



2TOXEVMEVN Oepaneia pe ZAVICEFTA

O e aoBeveic pe coBapn onPn R onmtiko shock n emi Aolpwéswe o€ BapEwe
TLAOXOVTEG 0.00EVELC (TT.X. UTTOKELLEVN ALUOTOAOYLKN KOKONOELA-TAXEWC
Bavatndopo umnokeipevo voonua) pe Aotpwéelc amd XDR EvtepoBaktnpLlakd mou
ntapayouv KPC 1 OXA-48 kau in vitro evaiwcOnoio otnv Kedbtalldipn-ApLumaktaun,
0€ oUVOUAOMUO HE Eva aKOUOL SpAOTIKO in vitro avilBLoTiko (m.x. KoAloTivn,
TIYEKUKALVN, YEVTOULKiVN, aplkaoivn).

U Ze Aolpwéelc ano otelexoc Pseudomonas aeruginosa sualoBnto povo o€
Keptaltdipn-APLumakTaun

O e Anec Aopwéelg mou odeidovtal ota npoavadepBevta Baktnpla*, onwe
oUPOAOLUWEELC 1N AoLlpwéelg SEppatoc/paAakwy poplwy, KE in vitro evaloBnoleg
OTLC ALVOYAUKOOLOEC 1] OTNV TIYEKUKALVN 1] 0TNV KO-TPLUOEA(OAN, UTTOpPEL va
xopnynOel avtiotolxn povoBeparmeia avaloya pe tnv eotia tTNG Aolpwénc.



Epunelpkn Oeparneia pe
ZAVICEFTA

Eumelplkny aywyn pmopei va xopnynOei otav mAnpouvtal ot KAtwbL tpolmoBEoelc:

Napdyovteg kivdUvou yia Aoipwén and CPE, onwg:

¢ MNponyoUupevn AolpwéN N YVWOTOC AIOLKLOUOC Ao eviepoBakTnpLako mou rapayst KPC
N OXA-48 pe in vitro evatoBnola otnv KeTalldin-oBLumakTaun,

¢ MNponynBeiloa Bepamneia pe KapPaneveun,

¢ NoonAeia oe MEO to teAeutaio 6unvo,

** NoonAeia otov i6Lo Balapo pe yvwoto popa evtepoBaktnplakou rou napayetl KPC R
OXA-48.

KAI

ENINAEON £voc TOUAdYLoTOV Tt pAyovToG Ao Toug aak6AouBouc:

+» Katdotaon tou £eviotn: Bapéwc naoyovtec aocBeveic MEO, avoooKaTeOTAAUEVOL
aoBeveic

+* Baputnta tng Aolpwénc: AcBeveic pue voookopelakn cofapn ondPn  VOCOKOUELOKT)
onmtikn katanAnéia.




ANTIMETQMNIZH MDR Gram (-)

Oepamnevtikec apxeC evavtl MDR, XDR naBoyovwv

@ Mpwipn évapén KataAAnAng avtitkpoBLaKknG
Oepaneiac

& KataAAnAn docoloyia (VPnAEc dooeL,
TLOLPOLTETAEVN EYXUON, LETPNON ETUMES WV
bappakwv)

& Juvduaopog avtiBlotikwy??



EMMEIPIKH AFQrH ENANTI MDR/XDR GRAM-ARNHTIKQN

* MpwLun €vapén eUmeLpLKNC Bepareiog
* Me Baon: - Tomikn emidnpLloloyia
- ATOLKLOMOUC aoBevwv
- eldoc Aotlpwénc
- TTPONYOU LEVEC AOLUWEELC KOl K/EC

- TpoyvVwoTIkoU¢ deiktec (predictive scores)

g S DR TR YT Tumbarello et al.: score 23; sensitivity: 54%; specificity:

Score [30] LU 90%; positive predictive value: 53%; negative predictive
Charlson index 23/4 1 2 lue: 79%
Neut = 1 ) value: 0.
Immunosuppression” - 3
E:ﬂt W'fl'-"T ‘fhﬂmfﬂ;:?[‘:u i : = Miller et al.: score 25; sensitivity: 54%; specificity: 88%;
Recent use of carbapenems andior 141 4 positive predictive value: 59%; negative predictive value:

fluoroquinolones (<3 months) 85%.

QVC (<1 month) 1 i}

Bassetti M, et al. Expert Review Antiinfect Ther 2016



Risk Factors Associated with Colonization/Infection with
Carbapenemase-Producing K.pneumoniae in Endemic Settings

Strength of
association

Stay in ICU ++
Sharing a room with known carrier ++
Prolonged hospitalization ++
Cumulative exposure to antibiotics ++
Poor functional status ++
Malignancy +
Solid or stem cell transplantation +
Multiple invasive devices +
Admission to post-acute care units +

Daikos et al. Exp Rev Antiinfect Ther 2012

PANORAMA study: n avtoxn otic kapParmnevepec Twv EviepoBaktnplakwyv

o€ BSI ouoyetiletal pe avénuévn Bvntotnta (HR 1.75)
Stewardson Al et al, Lancet Infect Dis 2019




ANTIMETQMIZH ESBL Gram (-)

Extended-Spectrum B-
Lactamase-Producing Gram-
Negative Bacilli

WSIKEANN  Less Common:

Klebsiella sp Enterobacter sp

E. coli P. aeruginosa
Proteus mirabilis Citrobacter freundii
Morganella
morganii
Serratia
marcescens




ANTIMETQMIZH ESBL Gram (-)

» H onpeiwon ya ntapouoia ESBL oto avtifLoypoppo armokAELEL TNV XpPHON TwWV
B-AOKTOUWV EKTOC ATO :

B T KapBanevépec (Meropenem, doripenem) mou eivat ko n Beparneia
gekAoync¢ otov acBevn pe coBapn onyn/onmntiko shock. H eptameveun Umopet va
S00¢ei otov otaBepo aoBevr) cav ATTOKALLAKWON

B Touc avaoTtoAeig (rumepaktAALVN-TO{OUITOKTAN) LOVO VLA TLC AOLUWEELG
OUPOTIOLNTLKOU Kall TNV oupoonyn kat epooov n MIC<16mg/L

BTnv Kedemnipn oe nriiec kat uetplac Baputntoc Aotuwéeic koL epocov n
MIC<2mg/L (66on 2gX3)

» Av urtapyeL evoocOnola og autvoyAukooidec 1 KtvoAovec 1 kotptuoéaloAn,
urtopoUv va xpnotpormnotnBouv, av Kat ToAU cuxva ta toBoyova mou
napayouv ESBL £€xouv kal avtoxni o€ autd Ta avtLBLOTIKA

» JTIC LN ETUWENMAEYUEVEC AOLUWEELC KATWTEPOU OUPOTIOLNTLKOU N
nitrofurantoin, fosfomycin, kat pivmecillinam pnopouv va xpnotpomnown8ouv
EVOAAOKTLKAL.



EMMEIPIKH OEPATEIA ZE 2OBAPE2
NOIMQ:=EIZ KAl ME NMAPATONTE2
KINAYNOY A NMIGANH AOIMQ=H
ANO ESBL'H CRE

Bassetti M et al, Curr Opin
Infect Dis 2016

Enterobacteriaceae infection
suspected

Severe infection
Es
local outbreak/epidemiology
or
risk factors

ESBL suspected CRE suspected

- Piperacilin-tazobactam +/-
amikacin/gentamicin -Cabapenem+
tigecycline+

- Carbapenem A . .
colistin or fosfomicin

or gentamicin

- Ceftolozaneftazobactam
Ceftazidime/avibactam

- Ceftazidime/avibactam




2TPATHIKH ANO®YIrHz KAPBANENEMQN

C/T +/- Fosdomycin or AG
C/A +/- Fostormwein or AG
PTZ +/-AG

For less severe infections
Cefepime +/- AG
Tigecycline +- AG
Tigecycline +/- FQ

For UTI no complicated
Fosfomyoin
AG

Nitr of urant oin

C/A + Fosformycin

C/A + Tigecycline

C/A + AG

C/A + Atreonam

Colistin + Fosfomycin (plus/or Tigecycline)
Tigecycline + Fosfomicin (plus/or AG)

FIGURE 1. Corbopenem sparing sirolegies in the siiing of sespected infedions by exfended-spacirem flociomase producing,
P. oeruginosa [FA], A boumanni [AY), corbapenem-eilsion Entercbocerocece [CRE. AG, ominoghycosde; C/A,
cehtozdime /avibodam; C/T, celtdomne /ozobociom; FGQ, fuonroguindonss.

Corcione S et al, Curr Opin Infect Dis 2019



Carba-R naBoyova

Ac. Baum.
¥4

F Entrobacteriacae (Klebsiella, KPC)
F Pseudomonas
F Acinetobacter



OEPANEYTIKEZ EMIAOTEZ
Carba-R Gram-apvnTtikwv

e Colistin e Colistin e Colistin

e Aminoglycoside e Aminoglycoside e Aminoglycoside
e Aztreonam e Tigecycline e Tigecycline

e Fosfomycin e Fosfomycin e Sulbactam

Sheu CC et al, Front Microbiol 2019



OEPATIEYTIKEZ EMIAOTE2
Carba-R Gram-apvntikwv Evtepofaktnprakwyv (1diwc KPC)

* TiyekukAivn og uPnAec SOoELg

* Mapatetapevn N cuvexneg xopnynon vPnAwv 66cewv KapBameveuwy
e Xopriynon SUTARC kapBameveUNG

e Juvduoopol avtLBLloTikwy

 'EAeyxoc eotiac (Source control) iy CVC, amoéotnua KA

Nea papuaka
e Kedbtalldipn / afumaktaun

Mepormevéun / BaumopBakTapn
MAalopikivn

EpafakukAivn

luueveun / ollaotartivn kot relebactam
Cefiderocol

Sheu CC et al, Front Microbiol 2019
Bassetti M, Giacobbe DR, Giamarellou H et al, CMI 2018



OEPANEYTIKEZ ENINOTEX Carba-R Gram-apvntikwv EvtepoBaktnpLokwyv

Antimicrobial agents Recommended dose for CRE infections® Comments

Meropenem 2 g every 8 h by prolonged infusion for isclates with MICs of May not be effective for isolates with MIC = 8 mg/L _
2-8 mg/L

Ertapenem Consider 2 g every 24 h Used in double-carbapenem therapy

Calistin Loading dose of 9 MU, followed by © MU/day in 2-3
divided doses

Polymyxin B Loading dose of 2-2.5 mg/kg, followed by 5 mg/kg/day in
2 divided doses

Tigecycline Loading dose of 100 mg, followed by 50 mg every 12 h Consider loading dose of 200 mg, followed by 100 mg every 12 h for

severe infections
Eravacycline 1 mg/kg every 12 h Approved by FDA in August 2018 for the treatment of clAl. Activity

against carbapenem-resistant Enterobacteriaceae has been
demonstrated /n vitro. Clinical data in CRE infections are still lacking

Gentamicin Tobramycin 5-7 mg/kg/day Used in combination therapy. Consider a higher dose of
10-15 mg/kg/day for severe infections without other options. Risk of
toxicity may increase. TDM is recommended

Amikacin 1520 mg/kg/day Used in combination therapy. Consider a higher dose of
25-30 mag/kg/day for severe infections without other options. Risk of
toxicity may increase. TDM is recommended

Plazomicin 15 mg/kg/day Approved by FDA in June 2018 for the treatment of cUT! including
pyelonephritis. Activity against ESBL- and carbapenemase-producing
Enterobacterniaceae has been demonstrated In vitro. Clinical data in
CRE infections are still lacking

Fosfomycin 4gevery6hto8gevery8h Used in combination therapy

Aztreonam 1-2gevery8h MBL producers are susceptible if not ESBL or AmpC producers
Ceftazidime 1-2gevery8h OXA-48 producers are susceptible if not ESBL or AmpC producers
Ceftazidime/avibactam 259(2g/0.5g)every8h KPC and OXA-48 producers are frequently susceptible
Meropenem/vaborbactam 2a(1g/1gevery8h KPC producers are frequently susceptible

clAl, complicated intraabdominal infection; cUTI, complicated urinary tract infection; ESBL, extended-spectrum f-lactamase; KPC, Klebsiella pneumoniae
carbapenemase; MBL, metallo- f-lactamase; MIC, minimum inhibitory concentration; OXA, oxacillinase; TDM, therapeutic drug monitoring.

Adapted from Rodriguez-Bano et al. {2018).

For patients with normal renal function,

Sheu CC et al, Front Microbiol 2019



MONOGEPAMEIA'H ZYNAYAZMOI ANTIBIOTIKQN ;

Zarkotou CMI 2011 35 BSI
Qureshi AAC 2012 41 BSI
Tumbarello CID 2012 125 BSI
Daikos AAC 2014 205 BSI
Tofas IJAA 2016 50 BSI
Gutiérrez-Gutiérrez 437 BSI

Lancet Infect Dis 2017

De Oliveira CMI 2015 118 pts No difference in outcome
78 BSI
Gomez-Simmonds AAC2016 141 BSI No difference in mortality (33%)

Combinations : mostly tigecycline +colistin, carbapenem + colistin

Meta-avalvosig: Ynép ouvbuacpou Falagas AAC 2014, Tzouvelekis CMI 2012,
Zusman JAC 2017, Martin Open Forum Infect Dis 2018




mAAC
i

Carbapenemase-Producing Klebsiella pneumoniae Bloodstream
Infections: Lowering Mortality by Antibiotic Combination Schemes
and the Role of Carbapenems

Gegrge L. Dalkos® Sophis Tisous® Lesnidaz 5 Trouvelskiz,® loannlz Anyfantis® Mins Pzichogiou® Athina Argyropoulowd
banna Stefanou,® Vana Sypsa Wivi Misiagou ® Martha Mepka,! Sarah Georgiadeou,® Antonls Markogiannakis,® Dimétris Goulkos?
Athanasios Skoutelis®

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

ey
. foma No active drug 33.3
2 n75- LL'IE_:O'OO?’
,g o Monotherapy 44.4
= R
5 L, Combination 27.2
% 0%0-
s without a carbapenem 30.6
i P0.018
£ 028 with a carbapenem 19.3 '
i
and MIC<8 mg/L 19.3
0.0

o 32 & B 10 12 14 16 18 30 22 M I8 28 and MIC>8 mg/L 35.5
¢ Trrrlrn-:rﬂilur:lﬂldhﬂ g/ _




W @ Effect of appropriate combination therapy on mortality of
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 Pano-Pardo, Mario Venditti,

Mario Tumbarello, George Daikos, Rafael Canton, Yohei Doi, Felipe Francisca 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, Jesis Rodriguez-Bano,
and the REIPI/ESGBIS/INCREMENT Investigatorst

437 pts with CPE bacteremia (26 centres, 11 countries)

L186% CPKP. 343 received active treatment. Overall mortality=43.2%

U Active treatment given during the first 5 days after the index date,
related to lower mortality(38.5%vs 60.6%)

L Combination treatment associated to lower mortality only in patients
with high risk of mortality (INCREMENT-CPE score>8)

Gutiérrez-Gutiérrez et al. Lancet Infect Dis 2017



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

Lancet Infect Dis 2018

controlled trial MEAETH AIDA
M - A .':.'. :I I . T : '- ..'. : I1|'\I "h. Fofunad A -I I : [ -L 'I I : ]
T _ . E“"mf
6 Noookopeia, lopanA, ENAGSa, Itaiio B~ > " g e e
N=406, BSI, VAP, HAP, UT| E | e S
A.baumannii (77 %), * ==
EvtepoBaktnplakad, kupiwg KPC (18 %) g ¥
161a KAk €kBacn mono vs combo i
Tdon cuoxetong cuvbéuacopou UE i
Alyotepn KAWLk amotuyia (p=0.18) ka g H T
7 warribea i fok Toowa alvar sanchom st ion (daes)
eVT]TOTr]Ta o€ 28 nu (p=023) g H 175 145 138 132 24 118 111
Coflstin-mercpenam 207 I74 153 144 5 iz7 118 116



2YNAYAZMOZz ANTIBIOTIKQN

» Y& Klebsiella spp kol BaKTnpLatpia

e Y& alpoduvapulka ootabeic aoBeveic

* Y& aoBeveic uPnAou kwwduvou (APACHE Il, Charlson Cl, ka)
e Otav npemnel va 600ei koAlotivn pe MIC>1

e Otawv n pepormevepn €xet MIC <16 pmopei va 600l og uPnAn
500N KAl TTOPATETALEVN EyXUON 0€ UVOUAOUO HE AANO EVEPYO
aVTLPLOTLKO

* AAMLWC YopnyeiLtol ouvdUaoUOC 2 eveEpYWV GOPUAKWVY ATTO:
1Y KOALOTLVN, TIYEKUKALVN, apvoyAukooldeg, dwodopukivn,

kepTalldipun/afpumaktaun

Bassetti M, Giacobbe DR, Giamarellou H et al, CMI 2018
Gianella M et al, CMI 2020



ENIAOTIH
MONOGOEPAMNEIAZ

e
r’f’/ Mot ln septic shock

Localived infaction

Clinically improving on
receipt of the antibbogram

Lack of severs comimorbidities

Lack of risk factors for suboptimal
drug exposure markid abesity, augmented
renal clearance unstable renal function

Mo prevdous toxicity isue

Antibiotic available with

adequate PE/PD properties
for tha infectious site

Lack of risk factors for
selection of résiftance

MIC well balow breakpaint
of resistance

Mo concomittant infections
or co-infections by other
pathogeans

Mo extreme bacterial lnad
(i.e.uncontmolled infectious
source)

Availability of therapetic
dnsg monitoring

Availability of managing
potsible adverie events
related to high dosing

Clinical gxpaciencs with
MDR/NDR pathogens

FIGUIRE 1 | Fremduisis conciions D sEechng Moncleraly &8 o nalmand of Fiecions Dy erieraiedy G- resnir (08 DEmogem. P

[T I TR OOETIE AT

L0 PSR AT MINETIMm D0y Conoenranon KIH, SRy - Lig-1eedEant

Karaiskos | et al, Front Public Health 2019




KAPBAMNENEMH 2E YWHAH AOzH KAI NAPATETAMENH ErxXyzH

Ertt eMelewe erhoyiv: 3 hours infusion of meropenem 2g/8h

2

KapBamevéun os vPnAn doon
KalL Tt pateTaevn eyxvon (>3 h)
Kol 0€ cuVOUOOLLO

Se CRE (rty CPKP, KPC)
ue carba MIC <16 mg/L

Concentration (mg/L)

o
Y

Mrtopel va tpokU L KAWVLKNA

Time (h)
wdelela kat pe oteAexn CRE pe === 1gTig8h == 1gPiq8h — 2gPlg8h

MIC 32-64 mg/L

Daikos GL and Markogiannakis A, CMI 2011, Daikos GL et al, AAC 2014
Souli M et al, JAC 2011, Tumbarello M et al, JAC 2015, Giannella M et al, IJAA 2018



AINAH KAPBANENEMH

Infections by PDR KPC-K.pneumoniae: Double
carbapenem therapy as salvage treatment

* Invitro and animal model data support the synergistic effect of the
combination: ertapenem + a group Il carbapenem (doripenem or meropenem)

* The rationale: Ertapenem has the highest affinity for KPC, possibly serving as a
suicide substrate permitting higher levels of the group Il carbapenem
(doripenem or meropenem) to be present in the vicinity of pathogen

Log, . efdf L

0 & 6 B 1012 15 16 1B 20 32 Z4
Time ()

Bulik CC, Nicolau DP. Antimicrob Agents Chemother 2011; 55: 30024
Oliva A et al. J Antimicrob Chemother 2014



Eur 1 Clin Miciobiol Infect [is (!,
Creanbeore
WL 10 (e leib | T-29 365

ORIGINAL ARTICLE 201 7

Double-carbapenem combination as salvage therapy
for untreatable infections by KPC-2-producing Klebsiella
prneumoniae

M. Souli’ - L Karaiskos” - A ."duﬁauh" - L. Galani® - E. I:F~urmp~|.1ul'|I - H. Giamarclou®

27 pts

16 lpJTl 75% successful Ertapenem (1g q24h, 1 hour

8 BS| outcome infusion) followed 1 hour later by
meropenem (high-dose prolonged-

2 HAP/VAP infusion)

Median APACHE I11=17
40% severe sepsis or septic shock

Avaokornnon (N=171): kKAwikn kat pkpoBLlodoyikn avtamnokpion: 70 %
Kupiwg KPC - og Bapéwc MACYXOVTEC
Acadnc n enidpaon oe MBLs
Mashni O et al, Ann Pharmacother 2018




YWHAEZ AOZEIZ TITEKYKAINHZ

Aoon epodou: 200 mg — Adon ocuvtipnong: 100 mg x 2

MNeploocotepec pehetec oe A.baumannii — Aiyotepec oe CRE (1biwg KPC)
|6lwe o€ Bapew MAOYXOVTEC LE AlYEC BEPATTEVTLKEC ETUAOYEC

|6lwC 0& XELPOUPYLKEC AOLUWEELC (KOLALAG, TpaU QL)

Ye ouvbuaopoug (Bepameutikn avtamnokplon: 70-90 %)

OxL oe aoBeveic pe Baktnproatpia (BSI), UTI kat KNZ

H xprion oe VAP 1 BSI eivat off-label — Oepamneia dtdowonc

Evyevwc avBektika maBoyova (Pseudomonas, Proteus, Providencia)

AE: TEZ, avtiotpemntn avénon INR kot peiwon vwdoyovou

Ni W et al, Medicine 2016, Geng TT et al, Medicine 2018
Falagas M et al, IJAA 2014 De Pascale et al, Critical Care 2014



MPOTEINOMENOZ AATOPIOMOZ ANTIMETQMIZHZ MDR Klebsiella pneumoniae

PATIENT WITH FEVER
RISK FACTORS FOR MDR-K
AND/OR SIGNS OF SEPSIS & - .
MONITOR OF PCT AND/OR
CULTURES ACQUIRED MDR-Kp COLONIZATION

=] ==

v 1 A 4

KPC-Kp, OXA MBL, VIM, NDM | [ EVALUATE DECOLONIZATION
OPTION 2
COLISTIN + TIGECYCLINE +
MEROPENEM +/-
OPTION 1 CEFTAZIDIME /AVIBACTAM > GENTAMICIN OR
CEFTAZIDIME /AVIBACTAM NOT AVAILABLE FOSFOMYCIN
+/- GENTAMICIN OR
FOSFOMYCIN OR
OPTION 3
TIGECYCLINE OR COLISTIN COLISTIN + TIGECYCLINE +
> GENTAMICIN OR
EVALUATE MIC OMYCIN
EVALUATE MIC TO TO FOSFOMICIN i
MEROPENEM AND
COLISTIN QPTION 4
(> COLISTIN + TIGECYCLINE
4 +RIFAMPIN
M M M M M
MEROPENEM MIC <64 MG/L EROPENEM :;:GCMGIL mora::n IC >64 MG/L
COLISTIN-S: OPTION 1 OPTION 1 OPTION 5
OPTION 1 OPTION 3 OPTION & » | ERTAPENEM + MEROPENEM
OPTION 2 OPTION & OPTION S +/- GENTAMICIN +/-
COULISTIN

Bassetti M et al, Exp Rev Anti-infect Ther 2018 kat Front Med 2019



BEATIZTOMOIHZH OEPAMEIAZ INA CARBA-R ENTEPOBAKTHPIOEIAH (CRE)

Optimized treatment for CRE
Empiric treatment Definitive treatment
Risk factors Microbiclogy results

- Known colonbation o prion indection (or roomate infected) - Idemtification,

by I'.nl‘lmhlmr‘-mllu:uiln producing KPC ar OXA-48a T
o rophe clpriig Lt i bbb - Detection of resistance mechanisms

m .f..“.ﬂ.';"i'.‘.‘u".‘.‘.'.f.'.‘.,f’"""'“""““ [KPC, OXA, MBL (NDM, VIM, etc), double mechanisms]

= Prior use of carbapenems and/or colistin
T e s s

{bacteremia. septic shock) snd all new antibiotics (CAZ AV, MER VAR,

- iImmunostuppression, multiple comortud ities plazomicin, etc)

#W ri-_-l-uldn- CAE AV Centamsiain [u&*-u‘_:l1i%
wrdtrmen M £18 gL - [ SR ———
Fostumyzin Chat e s1en WER VAS nbar
i wihar amrglyc cecds

mt“hbWMmde!.mmlwmmmm.m_ﬂ
Ermrchacioneness; WERAALL meropearern subortacssms: MIC, mewmum mhibstory coreermaton. ¢ DA LE & pormmere anly e DA AW "Componers of o
combaraton wil bo basod orr () opdormoiegy dete Sor ampncsl regeman; il pharmecck oo phermacocreme. corscsrsiors rolstrg 1o the sourss of rloctor. 5
e MIC {f poasibin, svcsercs of srebeece. et borcodre ascopiibiiey). =~ Salocson of CAS AT o MERARH n dafrine e cToreTasac

1 waro suscogutblily erd ofworeo of deieciog moteln et e moch o of rosesteree loe MRS sbesonos of DICA o weall l-ﬁrn'“:nw

Karaiskos | et al, Front Public Health 2019



BEATIZTOMNOIHZH OEPANEIAZ A MDR PSEUDOMONAS AERUGINOSA
Optimized treatment for MDR Pseudomonas aeruginosa

Empiric treatment Definitive treatment
Rivk factors Microbiology results

-Underlying comorbidities (neutropenia, severe Adentificatian

immunosuppression, structural lung diseases, solid tumour)
Susceptib testin

- Previous colonization by MDR/XDR P asruginoss strain oy "
-Determination of MICs for:

« Previous therapy (within 3 months) with an carbapenems,

antipsevdamonal P-lactam colistin,

- Hospital setting with a prevalence »15-20% of MDR aminoglycosides

P. aeruginosa and all svallable new antibiotics

{(CLZ/TAZ, CAZ/AVI, plazoamicin, etc]

FIGURE 3 | How bo optrmise reabrmet Of Rus-orug-roesist st Peeuobmons: seruoinosd. CAZ -4, ceftandme sabactarm: CLUTAT oefoissns isrobsciern: MOE,
RAU-ONUD PSRN LI, MIrmum nnBenry Soncentraton; MDE, slarmlely onug-ressiant. VAP, veniior- SEROCERG Draumonia. “Comporsnts of Pe oomcinagion

Wil Do based OF ) SpErEsogy dEts FOF aTpIcs regiment; i PRarmacorelic DhanmacoOVTIATIE CONSKERSONS MESInG 1o he SO of ntecton; (] Dwer WO T
pessbes . avolcEnce of sntbiohics Wi bomerine sescepiitisy). ~ Ssacton of CAT-A40 I oefnitve hestment precudes demonsraisd i wiin susoepitilty snd

ghance Of Oetacied mislsio- s Iaciamass mecharisT of eEstEnc.
Karaiskos | et al, Front Public Health 2019



BEATIZTOMOIHzZH OEPAMNEIAZ A MDR PSEUDOMONAS AERUGINOSA

EMNEIPIKH OEPANEIA

* Mapayovteg Kivduvou
e JuvOUOOUOC AVTLBLOTLKWV

Kopta papuokor:

o Kedptololavn/TalopumoKTAUN
o Keptaltdipun/ofumnaktamun

* Mepomeveun

e MutepakAAivn/TalopumoKTAapn

-+

e KoAwoTtivn
e ApwoyAukooidn
 Qwodopukivn

Karaiskos | et al, Front Public Health 2019
Giannella M et al, CMI 2020

Bassetti M et al, Front Med 2019

Kalil AC et al, Clin Infect Dis 2016

Zusman O et al, JAC 2017

2TOXEYMENH OEPAMNEIA

* Test evailoOnoioag, MIC
* MetaavaAUoelg UTtEP povoBepareiag
e Ytnv npaén ouxva cuvduaopot

Kopta papuokor:
» Kedptololavn/TalopumoKTAuN
* Mepormeveun
* MutepakAAivn/TalopumoKTAapn
o Keptaltdipun/oBLumaktaun
e KoAwotivn
+
e ApwoyAukooidn
 Qwodopukivn
* Pubaprkivn
* Elomveopeva avtiBlotika os VAP



ACINETOBACTER BAUMANNII - ©OEPATNEYTIKEZ ENMIAOTEZ

KapBamnevépueg
Sulbactam
KoAwotivn

TwyekukAivn

MuwokukAivn
TMP/SMX

Néa dappaka
Zuvduaopol

(rtx koAlotivn + RIF R
dwodopukivn n

HLEPOTIEVEUN N
TLYEKUKALVN R amp/sulb)

YPnAéc 6ooelc — mapatetapevn eyxuon- OXI epmelptka
3 g x 3 o€ 4wpn €yxuon — veupotofkotnta, avroxn (OXA-23)
Aoon epodou 9 MIU — 66on ocuvtrpnong 4.5 MIU x 2

YynAéc 6ooelc: apxikd 200 mg — netta 100 mg x 2
Y& ouvduaopouc — ouxva uPNAOTEPN BVNTOTNTA KAl LLKPOTEPN
HUKpoBLakn ekpilwon — AE: urtoivwdoyovatpia, avénon INR

100-300 mg x 2

Cefiderocol, eravacycline

Aev daivetal va umtepExouV TNG povoBepameiag we mpog tnv
KALVLKN QTTOTEAECUATLKOTNTA (lowg KAAUTEPN ULKP. EKpllwaon)
MBavo odelog pe xprion 2 evepywv GopuaKkwY o€ Bapewg
niaoyovteg pe coBapry CRAB Aolpwén

Garnacho-Montero L & Timsit JF, Curr Opin Infect Dis 2019
Piperaki ER et al, CMI 2019

Makris D et al, Indian J Crit Care Med 2018

Paul M, Daikos GL et al, Lancet Infect Dis 2018

Kengkla K et al, JAC 2018



ACINETOBACTER BAUMANNII - NMPOTAzH OEPANEIAZ

CRAB isolation
v v v
Severe infections Less severe infections
HAF, VAP, BSis with "severe” sepsig/septic BSis without "severe” sepsis/septic shock, Pan-drug resistance CRAB infections
shock S5Tls, 1Als, UTs
|
v | \ .
Two invitro active Two in vitro active
agents available | agents not available
.I, l Cefiderocol if avallable or
» 35 Triple drug combination of colistin,
reatment : high-dose meropenem and high-
in vilro synergy test
cmbination of for the choice of dose ampicilin/sulbactam
two in witro active
o combination scheme
[ BSk §5Tis and IAls UTis "‘;:’"’““t |
high-dose Tigecycline, "'“dm;"iﬂf“‘ Treatment with
ampicillin/sulbactam | | minocydine or high- it combination of two
Snwninagiysde, o an aminoglycoside ;:r o iy
or a polymyxin ampicillin/sulbactam :!ﬁl agents

Piperaki ER, Tzouvelekis LS, Miriagou V, Daikos GL. CMI 2019




Triple combination therapy
with high-dose ampicillin/sulbactam,
high-dose tigecycline and colistin in

the treatment of ventilator-associated
pneumonia caused by pan-drug

resistant Acinetobacter baumannii:
a case series study

Stellos F. Assimakopoulos’, Vassils Karamouzos®, AlKaterinl LefkadltF, Chnsting SKIavowrs,
Fevronia Kolonitsiow®, Mirto Chrstofidow’, Fotinl Filgow:, Charalambos Gogos',
Markos Marangos'

* 10 acBeveic oe MEO pe VAP
e Carba-R kat coli-R A.baumannii pe upnAd MIC otnv TyekukAivn > 2 pug/mL
e KAwikn taon 90% pe eniBiwon otic 28 nu

Le Infezioni in Medicina 2019



NEA ®APMAKA TIA Carba-R Gram-APNHTIKA MAGOIONA
MPOBAHMATIZMOI

Artoucia uPnAnc olotntag dedopEvwy yla xpnon oto nTAnBucouo-oto)o
MeAETEC U KATWTEPOTNTOC

Muwkpn LoxU¢ HeAeTwy yla voa amodeiéouv avwtepotnIa

EAAeln peAeTwy o€ aoOeVelC e avToX ATTOKAELOTIKA OTLC KapBaTEVEUEC
MOAUTTAOKOTNTA QVTLULKPOPBLAKOU PACUOTOC

JuXVA ETionun €ykplon xwpic tavtoxpovo kaboplopod oplwv evalocdnoiog
YynAo k60oTOC

AvokoAia kaBoplopoU evOeitewv yla EUMELPLKN aywyn

AteAnc avtipetwriton CR A.baumannii

‘HONn epdavion avtoxnig

AVAyKN OUVETNC XPNONG Katl EMITAPNONG LETA TNV KUKAOodopia (peAETec daonc V)

Doi Y. Clin Infect Dis Dec 2019
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Euxaplotw Beppa tnv Av. Kab. A.Avtwviadou Kat tnv
EL. FaAavn (EAIN) ywa Ttnv tapoxn dtadavelwv
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OEPANEYTIKEZ ENIAOIEZ TA CR-KP

Metallo i Lactamass Producer Strain
Site of Infection Serine Carbapenemases Producer Strain (Le, KPC OXA-48 Like) e, VIM, IMP NDM)
Metopenem MIC < 16 mgL Metupenem MIC = 16 mgfl
® el oy fhactan
®  cefuridine sy baciam ¢ fesfomycn
b il irne v ibactam o e batndcin
metopenemn double dosape (prolonged infushon} o Conslder fosfomy dn genbamicn In case of
+ fomfumycin mm.ﬂliﬂ.ﬂ::;nﬂbn:hm 0. i & At——
Bt amm indeti s ereipe e doulble dosage (prolongsd infusion} Futu optione Futue optior:
& Juiinican rueBicks
meuponem double dosage (prolonged infusion)  ®  cehderocod " =
+ hmfrnycin + gentaimidn s  platomicn
® e Topenenyvsburbactam [not sctive agams!
LA B8 il u.l'b.lprm:l
*  ceflaridine ovibactam + fomfomycin
= gefilatnicin .
merupenem double dosage (projomged infuskon B A A———
Camnsicder boaloamycin plus gentamicn n cess of A
Hospital acquined +londompchn resintanc b0 coftagboime v ibactam S
preumonia, inchading VAP wedbar bl irne v ibactam = fosbomycin Foluse options v il
z Flml
#  Petopenienyvaborbectim (ot scive agabnst e emvacycline
LN A Db Carbage NeMdses |
&  ceftaridimey avibactam + Ggecydme
= penlanikein
arftasidime v ibactamm + Hgroyline ' zhinmrmlﬂ ‘i o arftaridime avibactam « wbeonam
) ) 4 genkamicn
Alsbanifial inbecthfe mwropenemm double dosage [prodoryged infosion]  Tutum optisne oiis opliie
+ Hgecydine * gentamicn o cefideroosd

.
*  mefopeneny'vaborbactam (ot sctive agabnsd
CTEA 8- lihe carbafetienises |

Petrosillo N et al, J Clin Med 2019



OEPANEYTIKEZ ENIAOIEZ TA CR-KP

Metalle- - Lactamase Producer Strain
Site of Infection Serine Carbapenemases Producer Sirain (Le, KPC, OXA-4S Like) (Le. VIM, IMP NDM)
Meropenem MIC < 16 myg/l Metopenem MIC > 16 mg/l.
o celtazidime/avibactam ¢ fosfomydn
o ceftaridime/avibactam + fosfomycin £ gentamicin - :
4 i . g o 4 ki o8 o it bdime avibectam « o theonam
double dosage | ' ik avibac Fu i
Uiy ct ket . M: e (prolonged infusion) Tesistance 1o ceftazidime/ tam . ke ciption:
o coeider onfomy cin rumetasnol o O S e
uncomplicaled urinary tract inkections o mefopefiem/vaborbactam (Rot active against
ONA 45-Bke carbapenemases|
metopenem double dosage (prodonged infasior o ceftazidime/avibactam ¢ tgecydine o ceftwidime’ svibactam + artreonam
Complicated skin and okin : + tigecycline ) ceftazidime’av ibactam + fosfomycin Bk :
alfuctue infections - + tigeeycline .:ﬂuﬁn-.::hmmtpqdn . “FH“L

Sotrar control is recommended within M4 h of the diagnosis of intra-abdominal infection & remove infecled fuid and s and to prevent ongoing contamination. C-L-RKp = Colistin-,
Tesbstant K. meumorsiar; KPC: K pracmoniar carbapenemase; VIM: Verana integrin encoded metallo- f-lactamase; IMP: imipenemase; NDOM New Delhi metallo-f-lactamae;
VAP: Ventilator associaled preumonia

Petrosillo N et al, J Clin Med 2019



[Taykoouto dtoomopa ESBLs

* MAaouidla kot opLlovtia
pnetadopa yovidiwv my.

*  blaNDM, blakPC and mcr-1.

* |dLaitepol kKAwvol E. coli
(ST131)

* Awatpodn Twv {wwvV UE
avtoBLotika

* Avelpeon oto
puetaBarAopevo dpuoLko
nepfaiiov

*  Metakivnoelg TAnBuopwyY

Sanitation access (%)

2x€on Ue eninedo UyLEWVAG

100007 Vywy? Wy v V Yy YWy o
v v v Vv
L 60.(
80.00 v v
v vy
60.00 - o®
Ve L 40
40.00 v .“.
o v
L 20.(0
°®
20.00 - 000
o® Vv
0000000
CYY X
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ETLS8ERGIESc 08595885525 5353
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Seec~2a 0% S358853 Z N23ag
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?

Country - in ascending order of prevalence

Bevan ER et al, JAC 2017



EvaoOnoieg oteAexwv K.pneumoniae e avtoxr oTig KOPPBOTEVEUEC
gvavtl Stadopwv avtLBLOTIKWY Kol aAvAAOYa TOU HNXOVLOHOU aVToXNnS

AVTLULKPOBLOKOC TTapAywv

stehé Mepomeveun  Kolotivn TiwyekukAivn | Dwodopukiv | Meviapikivn CAZ/AVI TepokAAlvn
XN %1 g
% |MIC,MICq, % MICeo[MICy, % |MIC,o[MICs,| % |MIC,[MICs,| % |MICso MICs,| % |MICso|MICs, (< 32 (s 8m M0 MICgo 1
mga/L) g/L)°
All 2.8(>32|>32/59.6| 1 |>16|51.5| 1 | 4 [584| 32 [256(61.9| 2 |>256| ND | ND | ND | ND | ND | ND | ND [19 | 4.8
n =394

KPC |1.1(>32|>32|61.1| 1 |>16(519| 1 | 4 [573| 32 [512|695| 2 | 32 |99.6| 1 | 2 [580[2.7| 32 | 64 |12/ 46
(n=262)

NDM 56|>32|>32|77.8 1 >16 | 66.7 1 2 81.5| 16 | 256 |42.6| 128 |>256| ND | ND | ND | ND | ND | ND ND 1119
(n =54)

VIM 14.7|>32 | >32 | 61.8 1 >16|38.2 2 8 |47.1| 64 | 128 |38.2| 64 [>256/ ND | ND | ND | ND | ND | ND ND 3| 8.8
(n=34)

OXA-48(0.0(>32(>32429|>16|>16|71.4 1 8 |78.6| 16 | 128 | 28.6 | 128 (> 256(100.0{f 1 1 ND | ND | ND ND 1171
(n =14)

KPC + 45(>32(>32|90 |>16|>16|27.0| 2 2 273 64 | 128 [90.1| 2 8 ND | ND | ND | ND | ND | ND ND 1145
ViM
(n=22)

Galani |, et al. Euro Surveill 2018;23(31):pii=1700775



Molecular and functional relationships among B-lactamases

Characteristic active
site

Molecular
Class

Functional
group

Major functional
subgroups

Known
substrates

Inhibitor

profile AV
CA

EDTA

Representative
enzymes or
enzyme family

AV, avibactam; CA, clavulanic acid; Cb, carbapenem; Cp, cephalosporin; E, expanded-spectrum cephalosporin; M, monobactam; P, penicillin.

B-Lactamases

Serine Metallo (Zn2*)
A C D B
2 1 2d 3
2a 2b 2be  2br 2C 2f 1 1e 2d 2de 2df 3a 3b
P P P.Cp P P PCp, Cp CpE P P.E P.Cb P.Cp, Cb
Cp E.M CbEM M E.Cb
+ - - - - + + + o+ - - - -
- - - - +- 4 - -+ - - - -
- - - - - - - - - - - + +
PC1 TEM-1 CTX-M IRT CARB-1 KPC AmpC GC1 OXA-1 OXA-11 OXA23 IMP,VIM CphA
SHV-1  ESBLs SHV-10 SME CMY OXA-10 OXA-15 OXA-48  NDM
(TEM,SHV)

Karen Bush, Antimicrob. Agents Chemother. 2018; doi:10.1128/AAC.01076-18



P1195- In vitro activity of ceftolozane-tazobactam alone, and in
combination with amikacin against multidrug-resistant Pseudomonas
aeruginosa isolates from Greece

MoAukevtplkn HeAETn 2016
8 Noookopeia

139 non-MBL P. aeruginosa
broth microdilution method
EUCAST criteria

Isolates resistant to C/T and
susceptible to C/A (n=27)
produced mainly GES-type [3-
lactamases and were
resistant to carbapenems.
Ceftolozane/tazobactam In
combination with amikacin,
a synergistic interaction at
24h was observed against all
P. aeruginosa strains tested,
including those with MIC to
C/T 32mg/L.

100

% EvooOnoia

Galani | et al, ECCMID 2019, P1195

77,7

66,2

51,8

°47,547,1

= 43238 837 7
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FIGURE 2. Role of corbopanem in the setfing of ampiric or target theropy for exdended-spectrum B-loctomase producing and
carbaopenem-resisiont Enferabocterocece ([CRE).

Corcione S et al, Curr Opin Infect Dis 2019



Features of a Successful Antibiotic
Stewardship Program to Impact CRE

N
4

Incorporation of stewardship principles into national treatment guidelines

Public reporting of anti-microbial usage with linkage to reimbursement
penalties or bonuses

Novel psychological approaches to combating inappropriate prescribing

Incorporation of rapid diagnostics into clinical practice

Regulatory reform so that approved indications for new antimicrobials consider
stewardship principles

Wong D, Spellberg B, Virulence. 2017;8:383-390.



Program Summary

The increasing prevalence CRE infections is a public health
problem

* Associated with significant morbidity, mortality and
healthcare costs

The treatment options for CRE infections have been limited

* Resistance to traditional antibiotics is increasing

* A need exists for new and effective therapeutic strategies

Recently, novel B-lactamase inhibitor combinations have

provided new therapeutic options for CRE infections

* Treatment of CRE infections should be individualized and
based on molecular phenotypes of resistance, susceptibility
profiles, disease severity, and patient characteristics



HISTORY OF RESISTANCE IN
GRAM-NEGATIVE BACTERIA

1965 ESBL
outbreaks in

Broad spectrum B — France

1940 lactamases (TEM-1 in E. coli) 1983
Penicillinase Extended

detected in TEM-1
[ spectrum
E. coli widespread /SP B

lactamases

1950 1960 1970 1980 90

1941 1964 Early 1980s

Penicillin 1959 Cephalothin  3:d\yaneration

use P -lactamase resistant use ceph. 1985
penicillin's: Methicillin
1960s Carbapenem

e s (Ilmipenem)
Broad spectrum/ 1976

1928 extended spectrum 2005
DR TV RAD MO penicillin's B —lactamases . i
Fleming inhibitors Tigecycline




Molecular classification of b-lactamases MOST COMMON
CARBAPENEM-

RESISTANT Gram(-)

CLASS A  ESBLs (TEM,SHV,CTX-M, RER, GES, VEB..) Enterobacteriaceae
Carbapenemases (KPC, NMC, IMI, SME, GES) (rarely P.aeruginosa)

CLASSB Metallo-b-lactamases (MBLs)(VIM, IMP,NDM) Enterobacteriaceae
P.aeruginosa
Acinetobacter

CLASSC Amp-C (chromosomal and plasmid encoded)

CLASS D Oxacillinases, ESBLs, Carbapenemases (OXA- Acinetobacter
23, OXA-24/40, OXA-48, 0XA-58) P. aeruginosa

Together with the production of B-lactamases, additional mechanisms of carbapenem
resistance are the downregulation of porins and efflux pumps, the last most common in
P.aeruginosa
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Attributable deaths and disability-adjusted life-years caused
by infections with antibiotic-resistant bacteria in the EU and

the European Economic Area in 2015: a population-level Lancet Infect Dis 2018
modelling analysis 5/11/2018

Alessandro Cassini, Liselotte Diaz Hogberg, Diamantis Plachoura

Mélanie Colomb-Cotinat, Mirjam E K

Marc ] S[FL‘t'llc'f‘S Carl Suetens, Dominigue L Monnet, and :.'lid Burden of AMR Collaborative Group*

From EARS-Net data collected between Jan 1, 2015, and Dec 31, 2015, we estimated 671 689 (95%

uncertainty

interval [UI] 583 148-763 966) infections with antibiotic-resistant bacteria, of which 63-5% (426 277 of
671 689) were
associated with health care. These infections accounted for an estimated 33 110 (28 480-38 430)

attributable deaths -
and 874 541 (768 837-989 068) DALYs:*The burden for the EU and EEA was highest in infants (aged <1

year) and

people aged 65 years or older, had increased since 2007, and was highest in Italy and Greece.

8000+

her of attributable deaths

N
P
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Risk factors for MDR Gram negative pathogens

Recent (<3 months) antibiotic

Baseline characteristics  Epidemiological background therapy Prior colonization Indwelling devices
® Age 70 years ® Prior hospital admission (in the last  ® Recent aminopenicillins ~ ® Gut colonization with ESBL #® Urinary catheter
12 months)
& Diabetes mellitus ® Prolonged hospitalization ® Recent cephalosporing ® Gut colontzation with CRE ® Gastrostomy or
jejunostomy
® Charlson index 23 ® Transfer from another health-care  #® Recent fluoroquinolones @ Colonization with MASA ® Nasogastric tube
facility
® Recurrent or #® Cument or prior ICU admission #® Recent carbapenems ® Colonization with Acinefobacter @ CVC
obstructive UTls
® Use of conticosteroids @ Local epidemiology, outbreak ® Recent aminoglycosides  ® Endotracheal colonization with . ® Mechanical
aerugingsa ventilation
® Immunosuppression @ Travel from high endemic area® ® Hemodiadysis

* Trauma

* Malignancy

* Organ transplantation
» COPD

* Neutropenia

® Recent surgery

Bassetti M, et al. Expert Review Antiinfect Ther 2016



Predictive scores for infection due to extended-spectrum-beta-
lactamase producers at hospital admission for community-acquired

- infections.
Tumbarello et al.  Johnson et al.
Score [17] EU N Tumbarello et al.: score 28; sensitivity: 48%;

Age =70 years 2 - specificity: 100%; positive predictive
Charson index >3 1 5 value: 98%; negative predictive value: 88%.
Immunosuppression (<3 months)® - 2
Recent hospitalization (<12 month 3 2
Transfer hﬂ health{a}re facility ’ ] 4 Johnson et al.: score 28; sensitivity: 58%;
Recent use of betalactams or 2 3 specificity: 95%; positive predictive

fluoroquinolones (<3 months) value: 79%; negative predictive value: 87%.
Recent history of urinary catheter 2 5

(<1 months)

ZNHOVTLKO KATA TNV ETLAOYN

EllT[Elleﬁq avwvﬁq oTto 'tl.ll"] (910 4 Bassetti M, et al. Expert Review Antiinfect Ther 2016
EMELYOVTWV




Predictive scores for
infection due to
carbapenemase-

producing

Enterobacteriaceae
producers for
hospital-acquired
infections.

Tumbarello et al.  Miller et al.

Score [30] Score [33)
Charlson index =3/4 1 2
Neutropenia 1 -
Immunosuppression” - 3
Recent surgery (<1 month) 1 -
Two recent hospitalization (<12 months) 1 -
Recent use of carbapenems and/or 141 4
fluoroquinolones (<3 months)
QVC (<1 month) 1 -

Tumbarello et al.: score 23; sensitivity: 54%; specificity: 90%;
positive predictive value: 53%; negative predictive value: 79%.

Miller et al.: score >5; sensitivity: 54%; specificity: 88%;
positive predictive value: 59%; negative predictive value: 85%.

Bassetti M, et al. Expert Review Antiinfect Ther 2016



CRE Infection: Combination Therapeutic
Strategies

* Many studies have investigated

High-dose tigecycline combinations of antimicrobial
agents
— Diverse study designs and
High-dose prolonged resistance mechanisms
infusion of carbapenem * Not yet possible to make solid

recommendations regarding
combination therapy in CRE
infections

* However, growing body of
evidence supporting use of
combination therapy, particularly
in critically ill patients

Double-carbapenem
therapy

Ceftazidime/avibactam
Meropenem/vaborbactam

Sheu CC, et al. Front Microbiol. 2019;10:80. eCollection 2019.



Meropenem-Vaborbactam: Clinical Considerations
in Serious G-Negative Infections

General Pros Cons

e First carbapenem/ ¢ Demonstrates » Activity limited to
B-lactamase excellent in vitro KPC producers
inhibitor activity against * No advantage for
combination to be G-negative clinical P aeruginosa
approved for use isolates, including

KPC- and ESBL-
producing
Enterobacteriaceae

* Pharmacokinetic-
optimized dosing

Dhillon 5. Drugs. 2018,78:1259-1270.



A Closer Look at Recently Approved Agents and Regimens

Indications

In Vitro Activity
Against*

Key Safety Considerations

Novel synthetic

Eravacyclinelt] .
¥ tetracycline

Next-
Plazomicin!?! generation

aminoglycoside

clAl

cUTI
including
pyelonephriti
ot

NR'

E: KPC-2, -3,
TEM, SHV, CTX-
M, AmpC, OXA-
48

Tooth discoloration/enamel
hypoplasia and inhibition of
bone growth possible if used in
children/during pregnancy

Nephrotoxicity, ototoxicity
reported (TDM recommended
for pts with CrCl 15 to <90
mL/min to maintain plasma
trough concentrations < 3
mcg/mL)

Neuromuscular blockade
reported with aminoglycosides

*E, Enterobacteriaceae. *Specific in vitro data not reported in label; noted activity against isolates of Escherichia coli, Klebsiella pneumoniae, and
numerous Gram-positive pathogens. *Should be reserved for use in pts with limited/no other treatment options due to limited clinical data.

1. Eravacycline [package insert]. August 2018.
2. Plazomicin [package insert]. June 2018.




Eravacycline: Clinical Considerations in
Serious G-Negative Infections

* Novel, fully synthetic * Exhibits potent * Failed UTI studies
fluorocycline in vitro activity against e PK limitations
a broad spectrum of

common clinically
relevant Gram-positive

and -negative aerobic
and anaerobic bacteria

* Useful for clAl

* More potent than
tigecycline

* Improved tolerability?

* Higher serum
concentrations?

Scott U. Drugs. 2019;79:315-324.



Plazomicin: Clinical Considerations in Serious
G-negative Infections

* Novel, e Enhanced in vitro e No benefit for
semisynthetic activity against P aeruginosa
parenteral ESBL-producing and e Like other
aminoglycoside CRE due to stability aminoglycosides,

to commonly requires monitoring
encountered for acute kidney
aminoglycoside- injury as well as
modifying enzymes vestibulocochlear

* |ncreased activity toxicity

against CRE vs other
aminoglycosides

Eljaaly K, et al. Drugs. 2019;79:243-269.



Meropenem/Vaborbactam: Key Efficacy and Safety
Data From Phase Il Studies

Study Comparator Key Efficacy vs Comparator Key Safety

TANGO 1

. UTlor AP Piperacillin/ = Nopinferior for overall success* at end of IV =  Similar safety profiles
= RCT: N =545 tazobactam period between arms
= Exploratory risk-benefit

= HABP/VABP and bacteremia: numerically analyses: reduced failure-
e decreased Day 28 all-cause mortality nephrotoxicity and
. CRE BAT = cUTI/AP: numerically increased overall mortality-nephrotoxicity
= OLRCT N=43 success™ rate at EOT (Day 7-14) but not TOC vs BAT

= clAl: clinical cure in 1/1 patients (vs 0/2 = Numerically reduced

patients with comparator) rates of Cr increases
> 0.5 mg/dL

*Clinical cure plus microbial eradication at end of IV treatment in microbiologic mITT.

1. Kaye KS, et al. JAMA. 2018;319:788-799. 2. Kaye KS, et al. IDWeek 2017. Abstract 1862.




Eravacycline: Key Efficacy and Safety Data From
Phase Il Studies

Study Comparator Key Efficacy vs Comparator Key Safety

= More TEAEs with eravacycline
(41.9% vs 28.0%); TEAE profiles

IGNITE L = Noninferior for clinical cure at 5|m|Ia.r gxcept nausea and-
= clAl Ertapenem T0C phlebitis more common with
" RCT;N=541 eravacycline
= Number of severe TEAEs
similar for both groups
IGNITEA] = Noninferior for clinical cure at = More TEAEs with eravacycline
- oA Meropenem TOC (37.2% vs 30.9%); no SAEs

- RCT; N =500

= |IGNITE2 and 3 phase lll trials: eravacycline therapy in cUTI failed to show noninferiority to levofloxacin or
ertapenem, respectivelyt3!

1. Solomkin J, et al. JAMA Surg. 2017;152:224-232. 2. Tsai L, et al. ECCMID 2018. Abstract 00421. Abstract data only.
3. Tsai L, et al. ASM Microbe 2016. Abstract 264.




Plazomicin: Key Efficacy and Safety Data From
Phase Ill Studies

Comparator Key Efficacy vs Comparator Key Safety

=  No AEsin > 3% of patients

* Noninferior for composite cure for either group

EPICI

rate* at Day 5'; significantl i i
e cUTIor AP Meropenem* : y . g y ®*  Numerically higher ra-te. of
= RCT:N=E09 higher composite cure rate at elevated serum creatinine
TOC (81.7% vs 70.1%) at any time on study with
plazomicin (7% vs 4%)
CARE(2
" Plus Colistin = Reduced Day 28 all-cause =  Rates of SAEs, DR SAEs, AEs
meropenem or mortality or related to renal function
tigecycline + meropenem . g . L. . . .
. . significant complications numerically higher with
=  BSlor HABP/ or tigecycline o Bt listi
VABP and CRE (23.5% vs 50.0%) colistin
. RCT; N = 39¢
. In CARE, therapeutic drug monitoring (TDM) used to maintain steady-state concentrations (AUC,,,) within target rangel®!

*Microbiological eradication and clinical cure. TAll pts received 4-7 days IV therapy after which they could receive optional oral therapy totaling 7-
10 days of therapy. *Cohort 1 data described; in nonrandomized cohort 2, patients with BSI, HABP/VABP, or cUTI/AP and CRE received open-label
plazomicin + adjunctive therapy (N = 30). $Difference, % (90% Cl): 26.5 (-0.7 to 51.2).

1. Cloutier D, et al. ASM Microbe 2017. 2. Connolly LE, et al. ASM Microbe 2017. 3. Van Wart SA, et al.
IDWeek 2016. Abstract 1974.




Toward Further Individualization of Treatment for MDR
Infections: Optimizing PK/PD

= Optimal dosing for maximal antibiotic efficacy related to PD profiles, for example:

— Concentration-dependent agents (eg, aminoglycosides): goal to maximize concentrations, with C__ /MIC

or AUC,,,/MIC key PD parameters

max

— Time-dependent agents (eg, carbapenems, B-lactams): goal to maintain duration of exposure, with f T,,,c
key PD parameter

* Monitoring concentrations of specific drugs can assist in maintaining safe, effective levels(!
= Specific strategies:

— Extended infusion: may be considered to maximize efficacy with time-dependent agents, particularly with
some B-lactams, when higher MICs observed

— Therapeutic drug monitoring (TDM): assessment of serum antibiotic concentrations with resultant dose
adjustments to achieve consistent goal concentrations; can be used to control variability in antibiotic PK
and may be useful in maximizing efficacy and preventing toxicity due to elevated exposures (eg, TDM
recommended with plazomicin for pts with CrCl 15 to < 90 mL/min to maintain specific plasma trough
concentrations)

Roberts JA, et al. BrJ Clin Pharmacol. 2012;73:27-36. Lal A, et al. Infect Chemother. 2016;48:81-90. Plazomicin [package insert]. June 2018. Slide credit: clinicaloptions.com




Key Investigational Agents and Regimens in Phase lll
Clinical Development

Reported in Vitro Activity
Against CRE

Agent/Regimen

Monobactam/B-lactamase

Aztreonam/avibactam L Yes!!
/ inhibitor
. Novel siderophore
Cefiderocol P ) Yes!2:3]
cephalosporin
Imipenem/cilastatin/ Relebactam: novel class A Vesld]
relebactam and C B-lactamase inhibitor

References in slidenotes. Slide credit: clinicaloptions.com




New Antibiotics in Development for the
Treatment of CRE Infection

Cofiderocol Imipenem/Cilastatin and
Relebactam

* Novel siderophore
cephalosporin exhibiting in
vitro and in vivo activity
against GNB, including CRE

¢ A multicenter, randomized,
open-label trial is ongoing to
assess the efficacy of
cefiderocol vs BAT for severe
infections caused by CR-G-
negative infections

Sheu CC, et al. Front Microbiol. 2019;10:80. eCollection 20189.

* Approved carbapenem with
a novel B-lactamase inhibitor

® P geruginosa activity
* Unclear role for CRE

e Efficacy and safety have
been shown in late-stage
clinical trials



Classification and Characteristics of Major
Carbapenemases in Enterobacteriaceae

e Ambler molecular * Ambler molecular e Ambler molecular
class A class B class D

* Substrate of e Substrate of e Substrate of
hydrolysis: hydrolysis: hydrolysis:
all B-lactams all B-lactams, penicillins and

e Minimally except for carbepenems
inhibited by aztreonam e Not inhibited by
classic B-lactams e Not inhibited by classic B-lactams

classic B-lactams

These carbapenemases exhibit variable levels of carbapenem resistance through their carbapenem- hydrolyzing activity.
Sheu CC, et al. Front Microbiol. 2019;10:80. eCollection 2019,

Dalkos GL & Markoaiannakis



Carbapenemases/p-lactamases

l ,

Serine-f-lactamases Metallo-p-lactamases

Class A: KPC. IMI, SME, CTX-M,
GES", SHV, TEM

Class B: NDM, VIM, IMP

Class C: AmpC, ACT, CMY, DHA, FOX

Class D: OXA-48, OXA-181, OXA-23,
OXA-40, OXA-58
OXA-1, OXA-2, 0XA-9, OXA-10

Nordmann P, Poirel L. Clin Infect Dis 2019




Ambler
Class

Pathogens

B-lactamases
group

Acinetobacter

Serine-B- A Enterobacteriaceae KPC-enzymes
lactamases P. aeruginosa GES-enzymes
SME
IMI
Enterobacteriaceae NMC-A
SHV-38
SFC-1
Serine-f3- D OXA 23 group
lactamases OXA 24 group
Acinetobacter
OXA 58 group
OXA 51/66 group
Enterobacteriaceae OXA 48 group
B. fragilis Ccr A
Metallo-B- B Pseudomonas IMP-enzymes
lactamases Acinetobacter VIM-enzymes
— Enterobacteriaceae NDM-enzymes
Zn OTO EVEPYO KEVTPO
SPM-1
Pseudomonas
GIM-1
Pseudomonas SIM-1

ENiKTNTEC KOPPBOMEVEUAGEC

07 OktwPpiou 2019

BLDB http://bldb.eu

ViM:

66
IMP:
Others 30

Carbapenemases:
OXA: >744 KPC:
485 a4

GES: NDM:
41 28



2XNMUATIKA ovarmapaotaon tou integron opadoc 1
IOV TLEPLEXEL TO bla, ), , KOL TIEPLEXETAL OTO TTAOOULOL0 p541

5CS et S S

aatl1 59-be 59-be 59-be

V

Promoter region

‘ -35 -10 -35 -10
-tigacataagccigiicgeticataaactiaaigeaagiagegiatgcecicacgcaacipgiccagaacciigaccgaacgcagepeiggiaacgecgcagigecaaniticalgpetigtiatgact i gtacagt-
P1 P2

Miriagou et al. Antimicrob Agents Chemother. 2003; 47: 395-7



ZUVELO@POPA TWV PETOHAAAEEWVY 0TI OmpK35 kat OmpK36 otnv
QVTOXT] OTLS KapBaTeEVEUES KL 6TOV VED arvaoToAea Twv KPC
“vaborbactam”

Antimicrobial agent MIC (mg/L)

KP-90 TOP10/pl90 KP-128 TOP10/pl128 KP-95 TOP10/pl95 TOP10
Ceftazidime-avibactam 16 8 2 1 2 1 0.5
Imipenem 512 16 128 16 32 8 0.25
Meropenem 512 8 512 8 32 4 0.06
Meropenem-vaborbactam 4 0.06 16 0.06 0.06 0.06 0.03
Doripenem >64 8 >64 8 32 4 <0.06
Carbapenemase gene blaypc.o3 blaypc o3 blaypc., blaypc., blaypc 3 blaypc.s -
Major porin OmpK35 FS_aa89 WT FS_aa89 WT FS_aaB89 WT WT
mutation OmpK36 WT WT GD WT WT WT WT

FS_aa89: Metatomion mAatoiov AGyw £L660)1¢ VOUKAEOTIOI0U, pe amoTédeoua t) dSnulovpyia kwdikwviov Aéne oto autvoéi 89
OmpK36-WT: I[lopivn ywpic uetarrdaéeis (WP_002913005.1)
GD, AimAactacuos Twv auwvoééwv yavkivng (G) kat aomaptikov (D)otis Oéoeis 136 kat 137

Galani et al. Clin Microbiol Infect. 2019; 25(6):763.e5-763.e8



MnXaVIOHOC AVTOXNC 0TNV KOALoTivn

H MCR-1 sivau pa tpavodpepaon pwaodo-atbavolapivng (pEtN)
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Lipid A Diacylglycerol (DG)

* AU&non tn¢ MIC twv noAvpuévwv (KoAwotivn kot toAuvpuéivn B) kata 16 ¢opéeg
* Amo 0.5 ug/ml (E. coli - 6éktng) o 8 ug/ml (petaoculevypuévo)

Sun et al. Trends Microbiol 2018; 26: 794-808



Articles I

THE LANLET b=t o s

Lancet Infect Dis 2015
Published Online Emergence of plasmid-mediated colistin resistance >W "} ®™
MNovember 18, 2015 A

mechanism MCR-1in animals and human beings in China:
a microbiological and molecular biological study

http://dx.doi.orgf10.1016/
$1473-3099(15)00424-7

Yi-YunLiv*, YangWang®*, Timathy RWalsh, Ling-Xian'Yi, RongZhang,James Spence, Yohei Dol GuabooTian, Baolei Dong, XianhuiHuang
Lin-Feng Yy, Danxia Gu, Hongwei Ren, Xiaojie Chen, Luchao Ly, Dandan He Hengwei Zhou, Zisen Linng, Jian-Hua Liv, Jianzhong Shen
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ANTOXH ZTIZ KAPBANENEMEZ TQN MDR GRAM(-)

Ercpmatc mactaian
Chems ‘A engyrsi

Clhow W annyss

Clens ' ey

Chom TF sropreey

Tage madhcafamn

Table 1. Enzymes invalved in carbapenems resstonce in Entercbodenacece, Pseudomonas spp., and Adnefobocier spp.
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Corcione S et al, Curr Opin Infect Dis 2019



ANTOXH TQN ENTEPOBAKTHPIAKQN 2TI2 KAPBATNENEMEZ2

Anbbiotic a. Porin mutations: Frevent antibiotic antry into the call
. U b. Carbapenemase: Enzymatic inactivation of antibiotic
a — OmpK3s/ c. Increased efflux pump expression: Antibiotic afflux
Pariplasm

Brink AJ. Curr Opin Infect Dis 2019
Eichenberger EM & Thaden JT. Antibiotics 2019



Table 3. Major mechanisms of carbapenem resistance in

Enterobocterales

Closs B. MGE
Metallo-beto-lodamases

Class C. Cephalosporinase MGE
Class D. Oxacillinase-type MGE

Impermeability (porin lesions) CM

KPC® (n =22 variants)
IMI £1,-2)

GES®<

MNAMC-AS

FRI.1®

IMI-1®

SFCE

SHV-38°

VIM® [n — 46 variants)
NDM= (n = 16 variants)
IMP [n =52 varionts)
GiM-1®

SIME

SPM®

CMY-10"

OXA- 48 like®
(n=13 voriants}
ompC

olmka?

CM, chromosomal mutation; KPC, Klebsiello pneumonioe corbopenemase;
MGE, mobile genetic elemeont; NDM, New Delhi metollo--loctomase; OXA,
oxacillingse; VIM, Veronaointegrated metalloprotease.

Brink AJ. Curr Opin Infect Dis 2019



MHXANIZMOI ANTOXHZ tng P.aeruginosa

e @ B
gl

0

Mathylation
of 305 rRNA

o ® . @
GHE:
Mutation in
DN gy ra s | L
o Pl somerase

a. Decreased porin expression: Decreased antibiobic entry
{B-lactams, chioramphenicol)

b. Methylation of 305 rRNA: Decreased antibvotic binding
(Aminoglycosidas)

c. [-lactamase: Enzymatic inactivation of antibiotc (-
iactams)

d. Aminoglycoside modifying enzymes (AMEs): Decraase
affinity for ibosomal subunit (Aminoglycosides)

e. Topoisomerase [V | DNA gyrase mutations: Decreased
antibiotic binding (Fluoroquinolones)

f. Increased efflux pump expression: Antibictic efflux (B-
lactams, flucroquinolones, aminoghlyoosides. trimethoprim,
tetracyclines, chioramphenicnl)

g- Meodification/loss of LPS: Decreasad anliblotic binding

(Colistin]

Periplasm

Eichenberger EM & Thaden JT. Antibiotics 2019



MHXANIZMOI ANTOXHZ tou Acinetobacter baumannii

. Decreased porin expression: Decreased antibiotic entry
{P-lactams, flucroquinolonss)

. Methylation of 308 rRNA: Decreased anbbiobc binding
{Aminoglycosides |

. P-lactamane: Enzymatc mactrvation of antibiotic (8-
lactams)

. Aminoglycoside moditylng enzymes (AMEs): Decrease
affinity for ribosomal subunit (Aminoglycosidas )

. Topoisomerase IV / DNA gyrase mutations: Decreased
antibsotic binding (Fluoroguinolones)

Increased efflux pump expression: Antibiohic effiux (B-
lactams, fluoroguinolones, aminoglycosides )

. Modification/loss of LPS: Decreased antisotic binding
(Colistin)

Eichenberger EM & Thaden JT. Antibiotics 2019



Table 1. Major mechanisms of carbapenem resistance in
Psevdomonas inosa

ﬂm:A.Smmcu‘bq:nwnmuhﬁE KPC®

Class B. Metollo-f-lodamase MGE  VIM® [n = 24 varionis)
IMP® (n= 33 voriants]
m‘

mﬂ
KHM®
EPMI!
Al
SMB®
™B®
Finm?
mﬂ
Dime
NDM®

Closs D. Oxacillinasetype MGE  OXA40°
OXA-198°
Eflux pumps CM MexABOprM
MexEFOprM
MexCD-Opr)

Brink AJ. Curr Opin Infect Dis 2019



‘E€¢wvoookopeLaKkn avtoxn

Moooota avtoxng oteAexwv E,coli o€ o&ela
QVETITAEKTN KUOTITIOO KOL 0TO CUVOAO

Noocootd avtoxng oteAexwv Streptococcus
pneumoniae otnv EAAada

KAwiké otehéyn nalﬁlc'(tlea oteAEXn
eVNAikwv ($opeia)

_ Ofeia aveMIMAEKTN KUGTITLG ZUVOAO
AVTLULLKPOBLOKO Mn EvaucOnoia % Mn EvawoBOnoia %

AprukiAAivn 33,9 37,1 Mn EvawoOnoia % Mn EvawoOnoia %

KeparoBivn 15,8 18,5 MevikiAAivn 48,3 34,7
Kedpoupotiun 2,9 5,2
KoTpuuofaZéhn 23,2 23,8 G L 4oL L
Apo€ukAAivn/k\ap 6,4 8,7 Kedotaliun 5,6 1,0
NaALSLEKO 0€u 11,5 16,3 .

EpuBpopukivn 48,3 33,5
JumpodAofaaivn 6,5 9,9
MeoAWapn 3,8 4,8 TetpakukAivn 32,6 26,4
Gwodopukivn 0,5 0,4 KoTpuuogaoAn 40,4 44,2
Nitpodoupavrtoivn 5,4 5,5
Kedrogwripn 2,2 3,5 sutpodrofacivn R 21,3 3,5
Kedotatiun 2,9 4,9

Katsarolis et al, ECCMID 2015 Poulakou et al, IJAA 2007



Empirical Antibiotic Treatment Algorithm
for HAP/VAP

HAP/VAP: assess risk
for MDR pathogens
and mortality

Low MDR pathogen risk High MDR pathology
and low mortality risk* and/or > 15% mortality risk

No septic shock Septic shock

Single Gram-negative
agent (if active for Dual Gram-pseudomonal
> 90% Gram-negative COVEerage
bacteria in the ICU) + MRSA therapy
t MRSA therapy

Antibiotic monotherapy:

ertapenem, cetritaxone,

cefotaxime, moxifloxacin
or levofloxacin

*Low risk for mortality is defined as a = 15% chance of dying, a mortality rate that has been associated with better

outcomes using monotherapy than combination therapy when treating serious infection.
Torres M, et al. ERJ Open Res, 2018;4:00028-2018,



Mowa Mmnopei va eivatl n Ospamneia?
Ta TeAevtaia AvtiLlotika
Apoaotika yla ta E¢atpetika AvOektika (XDR)
Gram(-) apvntika Baktipla

P.aeruginosa (ESBL, MBL, KPC, (AmpC, ESBL,
(IMP, MBL, KPC) NDM-1) MBL, OXA-48)
e KoAwpukivn e KoAwpukivn e KoALpukivn

* Dwodopuki o TyekukAivn e TiyekukAivn

vi
e Dwodopuki

vn
e (Fevtapikivn)

\ J
|

Keptaltdipn/ABiunaktaun (KPC!)




Treatment of CRE Infections in China

» Tigecycline-based combination are common/(@]

* Clavulanic acid combination might be helpful in
countries where colistin and new antimicrobials active
against CRE are not available!®]

* Older antimicrobials may be used

— Fosfomycin

* Fosfomycin IV preparation is available in some countries, including
China

* Susceptibility rates of CRKP: 40% to 50%

* Combined with tigecycline, polymyxin, amikacin
— Trimethoprim-sulfamethoxazole
— Chloramphenicol

a. Chinese XDR Consensus Working Group, et al. Clin Microbiol Infect. 2016;22 Suppl 1:515-525.
b. Ji §, et al. Int ] Infect Dis. 2015;38:108-114.



MHXANIZMOI ANTOXHZ tng P.aeruginosa

e @ B
gl

0

Mathylation
of 305 rRNA

o ® . @
GHE:
Mutation in
DN gy ra s | L
o Pl somerase

a. Decreased porin expression: Decreased antibiobic entry
{B-lactams, chioramphenicol)

b. Methylation of 305 rRNA: Decreased antibvotic binding
(Aminoglycosidas)

c. [-lactamase: Enzymatic inactivation of antibiotc (-
iactams)

d. Aminoglycoside modifying enzymes (AMEs): Decraase
affinity for ibosomal subunit (Aminoglycosides)

e. Topoisomerase [V | DNA gyrase mutations: Decreased
antibiotic binding (Fluoroquinolones)

f. Increased efflux pump expression: Antibictic efflux (B-
lactams, flucroquinolones, aminoghlyoosides. trimethoprim,
tetracyclines, chioramphenicnl)

g- Meodification/loss of LPS: Decreasad anliblotic binding

(Colistin]

Periplasm

Eichenberger EM & Thaden JT. Antibiotics 2019



MHXANIZMOI ANTOXHZ tou Acinetobacter baumannii

. Decreased porin expression: Decreased antibiotic entry
{P-lactams, flucroquinolonss)

. Methylation of 308 rRNA: Decreased anbbiobc binding
{Aminoglycosides |

. P-lactamane: Enzymatc mactrvation of antibiotic (8-
lactams)

. Aminoglycoside moditylng enzymes (AMEs): Decrease
affinity for ribosomal subunit (Aminoglycosides)

. Topoisomerase IV /| DNA gyrase mutations: Decreased
antibsotic binding (Fluoroguinolones)

. Increased efflux pump expression: Antibictic effiux (B-
lactams, fluoroguinolones, aminoglycosides )

. Modification/loss of LPS: Decreased antisotic binding
(Colistin)

Kupilwc oe MEO
AlooTtopd Kol o€ BaAGOUC
Baktnplopieg, HAP/VAP, UTI

Eichenberger EM & Thaden JT. Antibiotics 2019



Empiric Selection of Antibiotic Therapy

* Despite their increasing burden, the most optimal
treatment for CRE infections is largely unknown!@!

* |nitial treatment is often empiric!?]

Risk prediction Recent/

previous culture
and antibiograms

scores Risk profiling
(pathogen-specific)

a. Morrill Hl, et al. Open Forum Infect Dis. 2015;2:0fv050.
b. Pogue IM, et al. Clin Microbiol Infect. 2015;21:302-312.



Selection of Empiric Therapy For
Hospital-Acquired Infections

Prior knowledge
of bacteria
known to

colonize a given

patient
Site of infection Local bacterial

and organisms resistance
most likely to e patterns or

colonize that site ] antibiograms

Treatment of
G-negative
bacteria

Leekha S, et al. Mayo Clin Proc. 2011;86:156-167.



Bad Bugs, No Drugs: No ESKAPE! An Update
from the Infectious Diseases Society of America

Halen ' Bascher Gecrge . Talboi® dohn 5 Besdiep™ Sofn § Gcbwenriin, o™ Boredl Gdbers® Lone: [ Mize ™™
Michssl Scheld"” Boad Spediborg™ " and Jahs Sartell™

ESKAPE pathogens

E: Enterococcus faecium

S: Staphylococcus aureus

K: Klebsiella pneumoniae
A: Acinetobacter baumannii

P: Pseudomonas aeruginosa
E: Enterobacter Species

Boucher et al, Clin Infect Dis 2009; 48: 1-12

m 7.2 Bad Bugs, No Drugs:
lfﬂﬁ No ESCAPE Revisited
| -

Lance R. Peterson

ESCAPE pathogens

E: Enterococcus faecium

S: Staphylococcus aureus

C: Clostridium difficile

A: Acinetobacter baumannii
P: Pseudomonas aeruginosa

E: Enterobacteriaceae

Peterson LR. Clin Infect Dis 2009; 49: 992-3



Ambler class”:
catalytic site
(spectrum)

A: serine (variable)

B: metallo
(carbapenemase)

Cb: serine
(cephalosporinases)

D<: serine (oxacillinases)

Ta&wopnon B-AaKtapaowy

Bush-Jacoby-Medeiros
group’: catalytic site
(spectrum)

2a: serine (penicillinases)

2b: serine (penicillinases)

2be: serine (ESBLs)

2br: serine (inhibitor-resistant)
2c: serine (penicillinases)

2f; serine (carbapenemases)

3: metallo (carbapenemases)

1: serine (cephalosporinases)

2d: serine (oxacillinases)

Substrates

Penicillins

Penicillins and
narrow-spectrum
cephalosporins

Penicillins and cephalosporins,
including extended-spectrum

Penicillins
Penicillins and carbenicillin

Penicillins, cephalosporins and
carbapenems

Most B-lactams, including
carbapenems, but not
monobactams

Penicillins and cephalosporins

Penicillins and cloxacillin; some
include cephalosporins and/or
carbapenems

Inhibited by

Clavulanate, avibactam
and other newer inhibitors®

Clavulanate, avibactam
and other newer inhibitors

Clavulanate, avibactam
and other newer inhibitors

Avibactam and other
newer inhibitors

Clavulanate, avibactam
and other newer inhibitors

Avibactam and other
newer inhibitors

Chelating agents (EDTA)
and ANT431

Cloxacillin, avibactam and
other newer inhibitors

Sodium chloride; some by
clavulanate, avibactam
and other newer inhibitors

Examples

Penicillinases from
Gram-positive bacteria

TEM-1, TEM-2 and
SHV-1

SHV-2, TEM-10,
CTX-M and GES-1

TEM-30 and SHV-72
PSE (CARB)

KPC, SME,NMC-A and
GES-2

IMP, VIM and NDM

Chromosomal AmpC,

CMY,ACT-1 and DHA

OXA-1/30, OXA-10,
OXA-23 and OXA-48

Bush & Bradford. Nat Rev Microbiol. 2019; 17: 295-306



RND Efflux pumps kat avtoxn otnv TYyEKUKAivN

» H avtoxn odeiletal oe LeTAAAEELC oTA YovidLa TTOU KWOLKOTIOLOUV TOUC
PUOULOTEC TWV AVTALWV

» H petaAaén tou puBpuoth odnyel o€ uMEPEKPPATN TWV AVIALWY

* Klebsiella pneumoniae
* RamA evepyomotel v avtAia AcrAB

ATt To AcrAB gkp€ouv 0L TETPAKUKAILVEG,
oL B-AaKTAUES, 1) XAWPAUPEVIKOAT KoL OL
KLVOAOVEG

» Acinetobacter baumannii
* AdeRS pubpuileL tnv AdeABC
* AdeN puBuiCet v AdelJK

Ano ta AdeABC & Adel]K ekpgouv ot
TETPAKUKALVEG, oL apLvoyAukoaoideg,
N XAWPAUDEVIKOAN, OL KLVOAOVEG KAl N

ToleBompipun

Higgins et al. Antimicrob Agents Chemother. 2010; 54: 5021-5027
Veleba et al Antimicrob Agents Chemother. 2012 ; 56: 4450-4458 and 4466-4467



Klebsiella pneumoniae pe New Delhi Metallo-B-Aaktapdaon-1 (NDM-1)
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MDR Gram-Negative Bacterial Infections Associated
With Increased Mortality

CDC Mortality Estimates, 2013!1]

Infection Estimated Annual Deaths, n

CRE 610
ESBL-producing Enterobacteriaceae 1700
MDR Acinetobacter 500
MDR P aeruginosa 440

Analysis of 9 studies assessing mortality with carbapenem-resistant vs susceptible

Enterobacteriaceae infection found increased risk of death with CRE (N = 985;
RR: 2.05; 95% Cl: 1.56-2.69)"]

= Studies frequently report mortality rates of 30% or greater in patients with CRE!Z-4

1. CDC. Antibiotic Resistance Threats. 2013. 2. Falagas ME, et al. Emerg Infect Dis. 2014;20:1170-1175.
3. Connolly LE, et al. ASM 2017. 4. Patel TS, et al. J Clin Microbiol. 2015;53:201-205.




A Concept Map for Considering Carbapenem Resistance

Carbapenem-resistant Gram-negative bacteria

. Non-carbapenemase
Carbapenemase producing Sroeluding

Class A
eg, KPC

Class B (metallo-B3-
lactamases)
eg, NDM, VIM

—lactamases

Multifactorial

MEfflux J Permeability

Low-level resistance

Class D
eg, OXA-48

High-level resistance

Kaye KS. CCO Nov 2018




In vivo auIvogIKEC aAAayEQ
otnv KPC-3

Auwvo€ikeg ahhayég otnv Q-loop tng KPC-3 (meploxn 164-179) in vivo (UeTd amo Afgn
ceftazidime/avibactam) mou €xouv avadepbOei:

— D179Y (KPC-31)

_ D179Y, T243M (KPC-32) Emikparei n D1?9Y (KPC-31 ,’KPC-
32). ETravagopd TG dpacTIKOTATAG
— EL insertion between 165-166, T237S (KPC-40) NG MEPOTTEVEUNG

Auvoélkéc aAlayeg otnv KPC-3 pakpld anod tnv Q-loop
— D163E (KPC-36)
— T243M
_ KPC-8 (Val240Gly) } Xwpig TTponyoUpevn Afyn
— KPC-23 (Val240Ala)

ceftazidime/avibactam

— KPC-41 (Pro-Asn-Lys insertion between amino acids 269 and 270)
Etravagopd 1ng

OpaACTIKOTNTAG TWV
KaoBatrevel

Winkler et al. J Antimicrob Chemother 2015; 70: 2279-86




MHXANIZMOI ANTOXHZ tng P.aeruginosa
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a. Decreased porin expression: Decreased antibiobic entry
{B-lactams, chioramphenicol)

b. Methylation of 305 rRNA: Decreased antibvotic binding
(Aminoglycosidas)

c. [-lactamase: Enzymatic inactivation of antibiotc (-
iactams)

d. Aminoglycoside modifying enzymes (AMEs): Decraase
affinity for ibosomal subunit (Aminoglycosides)

e. Topoisomerase [V | DNA gyrase mutations: Decreased
antibiotic binding (Fluoroquinolones)

f. Increased efflux pump expression: Antibictic efflux (B-
lactams, flucroquinolones, aminoghlyoosides. trimethoprim,
tetracyclines, chioramphenicnl)

g- Meodification/loss of LPS: Decreasad anliblotic binding

{Colistin)

Periplasm

| adeB

Eichenberger EM & Thaden JT. Antibiotics 2019




MAPAFONTEZ KINAYNOY A EM®ANIZH ANTOXHZ ETA
GRAM(-)

= [lponyoUlpuevn Xpron avtiPLoTikwy 1y KapPameveuwy, KIVOAOVWV
= NoonAeia o MEO ) mapatetapevn evOoVoooKOUELaK VoonAeia
= MnXaVvLKOC OLEPLOUOC

= [poodato xelpoupyeio

" |aTpLlKEG ouoKeVEC, CVC

= [Ipoxwpnuévn nALkia

= AVOOOKOTOOTOAN

* Metapooxeuon

= TaidL og evdnuLKn TepLloxn

= ATOLKIOMOC pe MDR maBoyova

= Mopeviepikn Statpodh

Eichenberger EM & Thaden JT. Antibiotics 2019



