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Antibiotics revolutionized
medicine!

The introduction of penicillin in the 1950’s increased

the chance of survival for pneumonia patients from
25% to 80%

A

Antibiotic Resistance threatens to return us to the
pre-antibiotic era

*In Tanzania, Antibiotic Resistance has decreased the rate of survival
from neonatal gram-negative infections from 70% to 20%

In the EU, >670 000 infections due to MDR bacteria and
/| 33 000 patients deaths annually (EMA/ECDC report) 1

1. Shallcross LJ , Howard SJ , Fowler T, et al. Tackling the threat of antimicrobial resistance: from
policy to sustainable action. Philos Trans R Soc Lond B Biol Sci 2015;370:20140082



Increasing Awareness and Political Commitment

Mortality and Economic Impact Deaths Associated to AMR each year until 2050

-

»  In 2050, up to 10 million AP
deaths/year

« 2-3.5 percent reduction of
GDP

« Total global cost of up to | -
$USD 100 billion Adatien

Mortality per 10,000 population

numder of deaths 3 3 7 - []

J. O'Neil, 2014. Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations.
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Tetanus
60,000

Road traffic
accidents

1.2 million

Measles
130,000

Diarrhoeal
disease

1.4 million

J. O'Neil, 2014. Antimicrobial Resi:

nations.
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AMR now
700,000
(low estimate)
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Deaths attributable to AMR by 2050

AMR in 2050
10 million

Cancer
8.2 million

Cholera
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120,000

Diabetes
1.5 million
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H emkpdtnon tov Gram apvntikov
Baktnpiov £yl 00NYNOEL GE GTAOLOKT] OENON

NG AVIOYNG

EvaioOnta
Gram apvnTIKwv
AvOeKTIKO E. coli
* TEM

* SHV serine AvOekTIKO E. coli,

p-lactamases Pseudomonas
aeruginosa Kai
Klebsiella spp. AvOeKTIKO E. coli,
19603 * AcrAB P. aeruginosa, Klebsiella
Nl * blagy spp., Enterobacter spp.

Ampicillin * blasgy, « CTX-M-15
* AmpC-type e VIM
B-lactamases « IMP
* NDM-1
* Porin defects
Cephalosporins * Metallo p-lactamases

Fluoroquinolones (1990s)

Hawkey. Antimicrob Chemother. 2008;62:i1-9.

Hawkey and Jones. J Antimicrob Chemother. 2009;64:i3-10. ZOOOS
Bush. Antimicrob. Agents Chemother. 2010;54:969-76.
Livermore. Clin Infect Dis. 2002;34:634-40. Carb apenems

Olivares et al. Front Microbiol. 2013;4:103.



Relevance of difficult to treat (DTR) pathogens

% GN Bacteremia Encounters
Associated with ICU Stay

First line agents: carbapenems, other B-lactams, and
fluoroquinolones

. ive Fi i 1 - i 0 Active First-Line
- = 1 Active First-Line Agent* Categories » E Agent1 Categories
i
N
Extended-spectrum _—
beta-lactams arpapenems
40° ‘b +

Enterobacteriaceae

]
o

0 -
Difficult to Treat
Resistant
DTR: susceptible to ‘reserve agents’, including colistin, aminoglycosides and tigecycline
i3 Fluoroguinolone Extended Carbapenem Difficult to Treat
Susceptiie Resistant Spectrum ; Resistant Resistant’
Cephalosporin
Resistant

Strich JR et al. Semin Respir Crit Care Med 2019



Inappropriate Antibiotic Therapy Was Related to
Mortality

A meta-analysis of 57 studies assessed the consequences of
appropriate® vs inappropriate initial antibiotic therapy in the treatment of
Gram-negative bacterial infections in the hospital setting’

Appropriate Initial Antibiotic Therapy Inappropriate Initial Antibiotic Therapy

Has been related to
decrease in mortality of 62% in

39 studies

Has been related to
increased mortality of 2.5xand

v increased length of stay by a

median of 3 days

*In the majority of studies, appropriate antibiotic therapy was defined based on susceptibility and timeliness of freatment.
1. Raman G et al. BMC Infect Dis. 2015;15(395):1-11.



IepinTtoon

e Avopog 45 etav, pue XA tomov I, vrephimooupia,
vEptacn, tayvoopkio, tpoonAbe ota TEII ue mopetd amd
TPMUEPOV, PPiKLo, OVGOVPIN, CLYVOVPLN KOl ETEIET TPOG
ovpnon. Eniong, avagépetl epétovg kot dayoc AP
OGPLIKNC YOPUC.

e IIpo 2 gpdouddomv, AOy®m KahGov KATA TNV 0VPNGT) Kot
cuyvovpiac oeyvwoin ovporoiumen.

o Ao TV KoAMEPYELD 0VpwV avorTuyOnke E. coli
>100.000 ko yopnynnke levofloxacin 500mg 1x1 and
T0V 6Topatog emt 10Muepo, ue Pertioon g
GUUTTOLUOTOAOYIOG.



IepinTtoon

Aev avaoQEPEL IGTOPTKO OVPOAOYIKOV YEPIGUDV,
ve@poMBiaonc 1 VTOTPOTIOLOVGOV OVPOAOIUDEEWMV.
[Ipo owrvov vrtePAN 0N 6e EVOOGKOTTN OGN AVOTEPOL
TEMTIKOV.



IepinTtoon

e Amo v Khvikn e€€taom ota TEILL 0 390C, cpuéelc:
110/min, AII: 110/70mmHg. RR: 18/min, satO2: 96%,
Lac: 4.

e Oyn ndoyovroc, kdOwpoc. EvaucOncio AP ocpuikn
XOPOG.

¢ AKpOOCT] TVELUOVOV, KAPOLAS YOPIC 1010UTEPA EVPTILLOTAL.



IepirTtoon

* Amnd tov gpyaotnproko Eleyyo: WBC:12.200 (moiv 78%),
Hb: 14g/dl, PLT: 250.000, céxyapo aipoatoc 160 mg/dL.
Creat: 1.2 mg/dl, CRP: 29mg/L (®T: 0-5mg/L).

» Dipstick ovpov: vitpmdon +, mvoopaipta>50 kom, epvOpd 30
Kot o&ovn 2 +.

* EotdAncov KoOAAEPYELES 0UOTOC KOl OVPWOV



IepirTtoon

e IIpo 2unvov avagepel voonieio A0y OL0TpOyovTI)pPLov
KOTAYULOTOC unploiov ootov kot EENADE e oonyia va
AdPer kepovpoliun yia 10 nuépec kot’ oikov.

e YEpNY0o Ave Kot KAT® KolAiac ympic maboroyikd
ELPNUATO TANV ATTMOO0VE O1fnong Nratoc.



IHowo €ival N 0 KOTAAANAN EUTELPLKY] OVTIUIKPOPLOKT)
ayyn;

1. IhmepokiAiivn

2. IhmepoxiAdivn/talopmoakTaun kot
CLLLLYOYALKOGION

3. Megpomeveun
Mepomevéun + auvoyAvKocion
A UmKIAIivn/GOuAUTOKTAUN
A\\O



Iepimrtoon

210V acOevn yiveton el6aymyn Ue EvapEn
TTEPUKIAAIVNG/TalOUTOKTAUNC KO OUIKOGTVC,
AL 48 Opeg HETA TOPAUEVEL EUTOPETOC.
Exxpepotv arrec 2 oup/yereg

Ao 10 epyactiplo amopovavetor E.coll oe
KOAALEPYELDL OVPMV EVOD OVOPEPETUL KO

amopovoon Gram apvntikod G€ AHOKOAAEPYEL.
‘Emetatl tavtomoinon.



Iepirtoon

1. Yvveyilovue Vv 010 aymyn
2. TpomomolovUE TNV YOV

3. IHapayyElvoovpue kamola AAAN e€ETaon?



IepirTtoon

o T'tveton adlayn avtipukpofiokod ce Meropenem
19/8h kot evuddtmon.

e Amo Vv koA yewo aiportoc anoudvoon E. Coli, pe
TEGT evoucnoiac 1010 e aVTO TNG KOA/YELNS TV
oVPOV
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Amoxycillin/Clavulanic acid (20/10ug)

Cefotaxime (30ug)




Euncipikn Oepomeia yro AoumEers amo
ESBL

* AvamoteAeoUOTIKY) EUTEPIKT Oepameia Yo coPapEC
rouwéelc amd MDR evtepoPaxtnprokd €xet
cvoyeticlel pe avénuevn voonpotnta kol Bvntotnra
[1,2].

e To amo@uy aAOYIGTNG YPNONS EVPEMC PAGLOTOC
AVTILIKPOPLOK®OV, 1| TPOGEKTIKN ETAOYN TOV 0cOEVOV
mov Ba mpémel va AdPovv gumelpikn Bepameia yio
Kalvyn MDR evtepoPaxtnplokov eivor onuoavtik.

1. Falcone M, et al Clini Microbiol Infect 2016; 22:444—445
2. Tumbarello M, et al J Antimicrob Chemother 2015; 70:2922



Risk factors associated with extended-spectrum b-
lactamase infections, and carbapenemase-resistant

Enterobacteriaceae infections
Basseti M, et al Curr Opin Infect Dis 2016, 29:583-594

Risk factors for ESBL Risk factors for ESBL Risk factors for CRE
Community onset Hospital onset Hospital onset

Age >70 Local prevalence, outbreak Local prevalence, outbreak
Diabetes mellitus Prolonged hospitalization Age >70

Charlson index >3 Invasive procedures (>MV) Diabetes mellitus

Previous hospital admission Previous colonization ESBL Charlson index >3

Transfer from another healthcare facility Previous use of cephalosporins Admission to ICU

Use of a urinary catheter Previous use of fluoroquinolones Invasive procedures (CVC, endoscopy)
Recurrent or obstructive UTls Previous use of carbapenems Previous use of cephalosporins
Previous use of aminopenicillins Previous use of fluoroquinolones
Previous use of cephalosporins Previous use of carbapenems
Previous use of fluoroquinolones

Recent travel from high-endemic area

“Adequate coverage for MDR should be empirically guaranteed in
critically ill patients with severe infections and risk factors for MDR, In
order not to delay active treatment



Kappamevépec N1 B-hoktauec/ovoaoToAeic [3-
AokTopocoV e Aowwmcels and ESBL-PE?



IDSA GUIDELINES IDSA

Infectious Diseases Society of America

Tamma PD et al. Clin Infect Dis 2021

 |s there a role for piperacillin-tazobactam in the
treatment of infections caused by ESBL-E when in vitro
susceptibility to piperacillin-tazobactam is demonstrated?

« Recommendation: Piperacillin-tazobactam should be
avoided for the treatment of infections caused by ESBL-E,
even If susceptibility to piperacillin-tazobactam is
demonstrated. If piperacillin-tazobactam was initiated as
empiric therapy for cystitis caused by an organism later
identified as an ESBL-E and clinical improvement occurs, no
change or extension of antibiotic therapy Is necessary.



Piperacillin-tazobactam
IN VItro evoaeOnoia

Piperacillin-tazobactam MIC testing may be
Inaccurate and/or poorly reproducible when ESBL

enzymes are present [1-3].
Inoculum effect

1. Livermore DM, et al. J Antimicrob Chemother 2012; 67(7): 1569-77.
2. Zhou M, et al. Infect Drug Resist 2018; 11: 1347-58.
3. Paterson DL, et al. Curr Opin Infect Dis 2020; 33(1): 78-85.



MAJOR ARTICLE

Clinical Infectious Diseases® 2015;60(9):1319-25

Carbapenem Therapy Is Associated With
Improved Survival Compared With Piperacillin-
Tazobactam for Patients With Extended-
Spectrum [3-Lactamase Bacteremia

Pranita D. Tamma,' Jennifer H. Han,? Clare Rock,® Anthony D. Harris, Ebbing Lautenbach,? Alice J. Hsu,* Edina Avdic,* and
Sara E. Cosgrove®; for the Antibacterial Resistance Leadership Group

331 patients hospitalized between January 2007 and April 2014 with
monomicrobial ESBL bacteremia were included [100 (48%) patients
received PTZ and 110 (52%) received carbapenems empirically]. BSIs
because of various ESBL-producing Enterobacteriaceae (Escherichia
coli, Klebsiella spp. or Proteus spp.).

Patients receiving empiric pip—taz had almost two times higher risk of
dying compared with those who were empirically treated with
carbapenems.




AMERICAN Antimicrobial Agents CLINICAL THERAPEUTICS

SOCIETY FOR

microioLoay | ANC Chemotherapy® ;.)
August 2017 Volume 61 Issue 8 e00164-17

Check for
updates

22 centers
from 9 countries (Argentina,
Australia, Brazil, Canada,

Efficacy of B-Lactam/f-Lactamase
Inhibitor Combinations for the

Treatment of Bloodstream Infection Due Germany, Italy, Spain
to Extended-Spectrum-f-Lactamase- Turkey, and the United States)
Producing Enterobacteriaceae in from 1 January 2006 to 31 March

Hematological Patients with Neutropenia ;4

(_Iarlpta: .Gudiol,a-f"yfristina! _Royo-Ce.brtf.\COE,"?:Y I;d_son f&bfiala,‘ Ml{rat‘ Akfwa,d .
ABSTRACT pB-Lactam/B-lactamase inhibitors (BLBLIs) were compared to carbapen-
ems in two cohorts of hematological neutropenic patients with extended-spectrum-
B-lactamase (ESBL) bloodstream infection (BSI): the empirical therapy cohort (174 pa-
tients) and the definitive therapy cohort (251 patients). The 30-day case fatality rates
and other secondary outcomes were similar_in_the two_therapy groups of the two

cohorts and also in the propensity-matched cohorts. BLBLIs might be carbapenem-
sparing alternatives for the treatment of BSI due to ESBLs in these patients.




i AMERICAN
SOCIETY FOR
_—
MICROBIOCLOGY

A Multinational, Preregistered Cohort Study of (3-Lactam/(3-Lactamase
Inhibitor Combinations for Treatment of Bloodstream Infections Due
to Extended-Spectrum-[3-Lactamase-Producing Enterobacteriaceae

Antimicrobial Agents July 2016 Volume 60 Number 7 @CH(_JS_%,N,_‘_W}<
and Chemotherapy

Belén Gutiérrez-Gutiérrez,® Salvador Pérez-Galera,® Elena Salamanca,® Marina de Cueto,? Esther Calbo,? Benito Almirante,®
Pierluigi Viale,“ Antonio Oliver,® Vicente Pintado,” Oriol Gasch,? Luis Martinez-Martinez,” Johann Pitout,’ Murat Akova,

Carmen Pefa,X José Molina,? Alicia Hernandez,' Mario Venditti,™ Nuria Prim,” Julia Origiien,° German Bou,? Evelina Tacconelli,®
Mario Tumbarello,” Axel Hamprecht,® Helen Giamarellou,! Manel Almela," Federico Pérez,” Mitchell J. Schwaber,” Joaquin Bermejo,*
Warren Lowman,” Po-Ren Hsueh,Z Marta Mora-Rillo,?® Clara Natera,P® Maria Souli,°® Robert A. Bonomo,Y"%? Yehuda Carmeli,"

David L. Paterson,®® Alvaro Pascual,®' Jests Rodriguez-Baio,®%9 the REIPI/ESGBIS/INCREMENT Group

« A multinational, retrospective cohort study was performed. Patients
with monomicrobial BSI due to ESBL-E were studied; empirical-
therapy (ET) cohort (ETC; 365 patients), targeted-therapy (TT)
cohort (TTC; 601 patients), and global cohort (GC; 627 patients).

« The main outcome: cure/improvement rate at day 14 and all-cause
30-day mortality.

« The cure/improvement rates with BL/BLIs and carbapenems were
80.0% and 78.9% in the ETC and 90.2% and 85.5% in the TTC,
respectively. The 30-day mortality rates were 17.6% and 20% in
the ETC and 9.8% and 13.9% in the TTC, respectively.



Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or K pneumoniae
Bloodstream Infection and Ceftriaxone Resistance: A
Randomized Clinical Trial.

0.10 015 020 025
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Harris PN. JAMA 2018320984

Harris et al. JAMA. 2018



JAMA | Original Investigation

Effect of Piperacillin-Tazobactam vs Meropenem on 30-Day
Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance

A Randomized Clinical Trial

JAMA. 2018;320(10):984-994.

Patrick N. A. Harris, MBBS; Paul A. Tambyah, MD; David C. Lye, MBBS; Yin Mo, MBBS; Tau H. Lee, MBBS; Mesut Yilmaz, MD;

Thamer H. Alenazi, MD; Yaseen Arabi, MD; Marco Falcone, MD; Matteo Bassetti, MD, PhD; Elda Righi, MD, PhD; Benjamin A. Rogers, MBBS, PhD;
Souha Kanj, MD; Hasan Bhally, MBBS; Jon Iredell, MBBS, PhD; Marc Mendelson, MBBS, PhD; Tom H. Boyles, MD; David Looke, MBBS;

Spiros Miyakis, MD, PhD; Genevieve Walls, MB, ChB; Mohammed Al Khamis, MD; Ahmed Zikri, PharmD; Amy Crowe, MBBS; Paul Ingram, MBBS;
Nick Daneman, MD; Paul Griffin, MBBS; Eugene Athan, MBBS, MPH, PhD; Penelope Lorenc, RN; Peter Baker, PhD; Leah Roberts, BSc;

Scott A. Beatson, PhD; Anton Y. Peleg, MBBS, PhD; Tiffany Harris-Brown, RN, MPH; David L. Paterson, MBBS, PhD;

for the MERINO Trial Investigators and the Australasian Society for Infectious Disease Clinical Research Network (ASID-CRN)

Noninferiority, RCT

Hospitalized patients, 26
sites, 9 countries
(Australia, New Zealand,
Singapore, Italy, Turkey,
Lebanon, South Africa,
Saudi Arabia, and Canada)
( Feb 2014 to July 2017)

Of 1646 patients screened,
391 were included

Key Points

Question Can piperacillin-tazobactam be used as
carbapenem-sparing therapy in patients with bloodstream
infections caused by ceftriaxone-resistant Escherichia coli
or Klebsiella pneumoniae?

Findings In this noninferiority randomized clinical trial that
included 391 patients with E coli or K pneumoniae bloodstream

Infection and ceftriaxone resistance, the 30-day mortality rate tor
patients treated with piperacillin-tazobactam compared with
meropenem was 12.3% vs 3.7%, respectively. The difference

did not meet the noninferiority margin of 5%.

Meaning These findings do not support piperacillin-tazobactam
compared with meropenem for these infections.




First and second line treatment for ESBLSs
(extented spectrum b-lactamases) infections

Piperacillin/ tazobactam MIC <16mg/L

First Line Second Line

* PiperacilNobactam Meropenem + Amikacin
* Carbapenems

or Tigecycline

* Ceftolozane/ tazobactam or Fosfomycin

* Ceftazidime/avibactam

Piperacillin/ tazobactam MIC > 16mg/L and/or severe infection
Carbapenems
Ceftolozane/ tazobactam
Ceftazidime/avibactam

* Cefiderocol
* Meropenem/vaborbactam
* Imipenem/cilastatin-relebactam



200100

[ cvotnuatikég Aotuméelg omd ESBL-PE pe high-inoculum
and eviepofoktnprokd, ektoc E. Coll, kol og fapémc
Taoyoviec, ol kapPamevéueg mapoauévoouv to “gold standard”
¢ oToyevueEVNG Bepameioc. Edwkd, yio acOeveic e MEO,
GOUPOVA UE TPOGPATT AVOUCKOTNON, 1] EUTELPIKT] YOPNYNoN
PTZ, oe vroyia ESBL-PE Oa mpénel va amopevyetan *.

2€ TEPUTTOOCELS EMTAEYUEVOV AOIUDOEEMYV OVPOTOINTIKOV
(cUTI) xou yoAneopwv +/-Baxtnpronpio oo BLBLIS
OepovTol KOTAAANAES OC EVOAAOKTIKEG.

Emniong ot xapPanevéuec Oempovvtal TAEOV KATAAANAES GE
rowuwéerc ue high-inoculum pikpofroxd ( oamwootiuata,
Tvevuovia) N o€ onITikove acOeveic ( Ay dedouéva )

* Pilmis B, et al Ann Intensive Care. 2017; 7(1): 113.



Ertapenem

* AOY® @OPov eMAEKTIKNG VTOYNG GE ertapenem, cuotvovtot
VYMAEC 000¢€1C, TapateTauevn €yyvon (?7) (MIC <0.25 mg/l) kot
OTTOLTOVVTOL TEPOLTEPM UEAETEC GE 0lGDEVEIC UE ONYT)/ONATIKY)
KkatamAnéio [1,2].

o Y& 5 uedétec mapatnpnong ( observational studies) pe cvykpion
ertapenem pe dAAiec xapPamevéueg o pukpoPrapio (BSI) and
ESBL o¢ev owomot®Onke onuoviikn otpopd oty tpdyvmoon yia
gUTEIPIKN 1} oToyevuévn Oepameia (1, 3-6).

o Yg 1 ueAétn, subgroup avdivon oe acOeveic pe oNyYn/onNmTiKn
KotamAn&io onuetmdnke tdon avEnuEvne ByntotnTog e
ertapenem (5).

1. Gutierrez-Gutierrez B, et al J Antimicrob Chemother 2016; 71:1672—-1680.

2. Rodriguez-Bano J, et al Enferm Infect Microbiol Clin 2015; 33:337

3. Lee NY, et al Diagn Microbiol Infect Dis 2011; 70:150 —153. 4. Wu Ul, et al Int J Infect Dis 2012;
16:e47—e52 5. Collins VL, et al Antimicrob Agents Chemother 2012; 56:2173-2177.

6. Lee NY, et al Antimicrob Agents Chemother 2012; 56:2888-2893



O ac0evnc mapovctdlel VPEGT TOL TLPETOL THV ST NUEPA, LLE
I Kopo NUEPNCIMC TIC ATOYEVUATIVES MPEC.
O1 emoOpevEC 2 o/ YELEC APV TIKEC.
Iog cvveyilovneg?

* Amoxiindaxmon oc Pip/taz?
e Towa ayoyn

* Eptameveun

* Agfoproacivn

e Tryexvrhivn

* Odwo@ouvkivn per os

* Néa aneikovion?



1DSA

I DSA G U I DE LI N ES Infectious Diseases Society of America
Tamma PD et al. Clin Infect Dis 2021

* Question 2: What are preferred antibiotics for
the treatment of pyelonephritis and
complicated urinary tract infections (cUTIs)
caused by ESBL-E?

« Recommendation: Ertapenem, meropenem, imipenem-
cilastatin, ciprofloxacin, levofloxacin, or trimethoprim-
sulfamethoxazole are preferred treatment options for
pyelonephritis and cUTIs caused by ESBL-E.

 Nitrofurantoin and oral fosfomycin do not achieve
adequate concentrations in the renal parenchyma and
should be avoided if the upper urinary tract is infected as
step down oral treatment



IDSA GUIDELINES. IDSA

Tamma PD et al. Clin Infect Dis 2021

« Question 3: What are preferred
antibiotics for the treatment of infections
outside of the urinary tract caused by
ESBL-E?

« Recommendation: A carbapenem Is
preferred for the treatment of infections
outside of the urinary tract caused by
ESBL-E.



IDSA Guidelines IDSA

Infectious Diseases Society of America

Tamma PD et al. Clin Infect Dis 2021
Infections outside of the urinary tract caused by ESBL-E?

» If a carbapenem is initiated and susceptibility to ciprofloxacin,
levofloxacin, or trimethoprim-sulfamethoxazole is demonstrated,
transitioning to these agents is preferred over completing a
treatment course with a carbapenem.

 Clinicians should avoid oral step-down to nitrofurantoin,
fosfomycin, doxycycline, or amoxicillin-clavulanate for ESBL-E
bloodstream infections.

» Nitrofurantoin and fosfomycin achieve poor serum
concentrations.

« Amox-clav and doxycycline achieve unreliable serum
concentrations.



IepirTtoon

O acBevng vroPAnOnke ce CT scan dvo kot KAt
KowAlag Tnv ST nuéEpa amd TNV ELCOYMYT], EVO
GLVEYLLE Vo TapoLGIACEL 1 TupeTIKO KOO
NUEPNCIME TIC ATOYEVUATIVEC WPEG .. ...



1) (2)

CT scan kotriog pe evoo@AEPLO oKlaypaekd Ty ST nuépa amd TV
eloaymyn. AvéoeiEe 2 eotieg AP, 6tov dvem Kot HEGOo TOAO Kot
TEPVEPPIKT] 0 Onon Almovg kot mayvvon mepttoviag Gerota’s. Emionc
LUIKPOVC TOPpaopTIKOVS Aeppadévec. To 1 andotnua otov dve moAo 2.5

X 2.3 cm og dduetpo [CT scan (1)] xou to dAAo otov uéco mworo 2.6 X
1.8 [CT scan (2)].



O acBevnc, ev T peTald, petd arno 48 mpeg, ApyLoE va
arc0dveTol KaAbTEPQ, YOPIC KOV GNIYNC, GE KAAT] YEVIKN
KOTAOTOOT HE TO AAYOoC otV AP 0GQuikn ydpa 600V GE
TAnpn veeon. Ta Asvkd opoceaipia. 6.0 X 109/L kat
JCRP ota 10mg/L (¢.t: 0-5mg/L).

IIoc cvveyiCooue?
Oa kdvate kdmota aArayn AMB?
Aldpkela Oepameiog?

Oepameio Per 0s?



IIepiotatiko ( cvvEYELR )

* O acBevnc cuvéyise TV 10100 Ay®YN, ATVPETOC KO GE
aploTn KOTAGTOoT UETA TNV cLUTANpwon 4 epoouddmv
Ay OYNG.

o Ileprooka eiye Nmo dAyoc AP ocQuIKNC Y®pOg, TOL
veieto pe Ayn moapakeTopnoins. WBC kor CRP evtoc
(PLGLOAOYIK®OV 0pimV.

e YnePAnon oe véa CT scan kotAiog.....



CT scan kotAiog pe IV oKloypa@iko ovedEIEE TANPN
VTOYMPTNON TOV ATOGTNUATOV YOpic BoAepOTNTU
TEPLVEPPIKOD AMTOVG




Ipw v emoyn ™S Ogpoametog yio Aotpwin amo
ESBL

Elatonikevon

Patient's features:
age, renal function, neutropenia,
underlying conditions...

Bacteria:
susceptibility (MIC),
resistance mechanisms?

Source of infection

Inflammatory response
(severe sepsis/shock)

|
Drug(s), dose o .




AvvnTIKES OepamevTikEg emhoyég Evavtt ESBL-
kot AMpC- evrepofaktnproka

 KoapBamevépeg
« Khlaoowéc BL/BLIS

* Nentepeg BL/BLIs (Ceftolozane-Tazobactam ko
Ceftazidime-Avibactam)

* B Aoktdpueg (Cefepime) ?
* TeuociAiivn

*  AuvoyAvKOGIOEC

e TiyekvkAivn
 DOwceouvKivn

«  dAlovopoktvoroveg ko Trimethoprim-Sulfamethoxazole?



ITotog 0 poioc tn¢ cefepime otn Oepaneio
Lowuwéenv and ESBL-PE?



Cefepime - ESBL

* Ta amoteAéopata amd LEAETEC KOl OOVOIGKOTNGELS Y10, TNV
arotelecuotikétnTo cefepime vs kapPamevéueg yia Ogpoameio
ropoéewv oamd ESBL-PE eivar aviikpovoueva.

o Xtnv uerétn tov Lee et al mapotnpndnke onuavtikn
cvoyétion petacd Bvnrotnrog kot MIC otovg acBeveic vid
cefepime. Ewdwotepa yio MIC <1 pg/mL, n Ovntdétnro nrov
16.7%, yio MIC 2-8 ug/mL, ém¢ 45.5%, evod yio MIC > 16
ug/mL, To mocootd Bvnrotntac frav 100% (p = 0.035)*

* Lee NY, Clin Infect Dis. 2013; 56(4): 488-95.



Seo et al. BMC Infectious Diseases (2017) 17:404

-

Randomized controlled trial of piperacillin- &
tazobactam, cefepime and ertapenem for

the treatment of urinary tract infection

caused by extended-spectrum beta-
lactamase-producing Escherichia coli

Yu Bin Seo', Jacob Lee', Young Keun Kim?, Seung Soon Lee?, Jeong-a Lee’, Hyo Youl Kim?, Young Uh?,
Han-Sung Kim? and Wonkeun Song®”

A prospective, randomized, open-label comparison of PTZ, 66 pts, cefepime,
and ertapenem in febrile nosocomial urinary tract infection with ESBL-
producing Escherichia coli (ESBL-EC).

3 university hospitals, Jan 2013 and August 2015.
Participants were treated for 10-14 days with PTZ, cefepime, or ertapenem

Conclusion: Results from this study suggest that PTZ is effective in the
treatment of urinary tract infection caused by ESBL-EC when the in vitro test
Indicates susceptibility. In addition, cefepime should not be used as an
alternative treatment for urinary tract infection caused by ESBL-EC.

Efficacy of cefepime was 33.3% compared with 94% efficacy of PTZ Rx



IDSA Guidelines IDSA

Tamma PD etal. Clin Infect Dis 2021 J--8—s" A~ - .
Rationale: Observational studies and a subgroup analysis of
23 patients in a randomized trial that compared cefepime and
carbapenems for the treatment of invasive ESBL-E infections
demonstrated either no difference in outcomes or poorer
outcomes with cefepime [1-4]. Cefepime MIC testing may be
Inaccurate and/or poorly reproducible when ESBL enzymes
are present [33, 34, 40].
1. Wang R,et al. Open Forum Infect Dis 2016; 3(3): ofw132.
2. Lee NY, et al. Clin Infect Dis 2013; 56(4): 488-95.
3. Chopra T, et al. Antimicrob Agents Chemother 2012; 56(7): 3936-42.
4. Zanetti G, et al. Antimicrob Agents Chemother 2003; 47(11): 3442-7.
5. Livermore DM, et al. J Antimicrob Chemother 2012; 67(7): 1569-77.
6. Zhou M, et al. Infect Drug Resist 2018; 11: 1347-58.
7. Burgess DS, et al. Diagn Microbiol Infect Dis 2004; 49(1): 41-6.



IDSA Guidelines IDSA

Infectious Diseases Society of America

Tamma PD et al. Clin Infect Dis 2021

Question 5: Is there a role for cefepime In the
treatment of infections caused by ESBL-E
when in vitro susceptibility to cefepime is
demonstrated?

Recommendation: Cefepime should be avoided for the
treatment of infections caused by ESBL-E, even if
susceptibility to cefepime Is demonstrated. If cefepime is
Initiated as empiric therapy for cystitis caused by an
organism later identified as an ESBL-E and clinical
Improvement occurs, no change or extension of antibiotic

therapy Is necessary.



Cefepime ESBL - cvotdoeic

b

e T cofapéc howméelg and ESBL-PE pe “high inoculum’
Kol orovoio “source control”, n cefepime qaiveton
KATOTEPT TOV KapPamevepumv Adym: TMICs kar “high
inoculum effect” kot amotvyia enitevénc
QAP LOUKOOVVALIKOV GTOY®V GE GOPaPES AOIUMEELC Ao
ESBL-PE

« H Cefepime Oa prmopovoce va yopnynbei povo ce un
coPapég Aowméelg ovpomomtikov ESBL-PE, e enitevén
VYNADV GUYKEVTPDOGEMV QUPULAKOL KOl LLE TNV
npovmobeon yauniov MICs (MICs <2 pug/mL).



Tigecycline - ESBL

e Av kot vtdpyEl TEPLOPIGUEVT] KMVIKT) EUTEIPIO GE AOTUMEELC
and ESBL (1-4), avauéveton avtamokpion oe ESBLkot Oa
UTOPOVGE Vo Elval OEpamevTIKY EMAOYN GE AOIUMEELC
EKTOX ovpomointiko.

* Emrtoyng ékPaocn Loluaemv ovpomomTikov VTd LopeN “case
reports”

« H tigecycline w¢ Bepancion ypnowonoteiton cvyva “off
label” e AowumEelc and evrepofaxtnplokd avOeEKTIKA GE
KapPamevéues (CRE)

1 Vasilev K, et al J Antimicrob Chemother 2008;62(Suppl 1):i29 —i40.

2 Poulakou G, et al J Infect 2009; 58:273-284.

3Eckmann C, et al Chemotherapy 2011;57:275-284

4Pournaras S, Int J Antimicrob Agents 2016; 48:11-18



ITowoc¢ etvan 0 poroc fosfomycin,

CLULVOYADKOGIOMV KOl TELOGIAAIVIG GE
rowméec omd ESBL-PE?



Fosfomycin

o Y& oLYKPITIKN ueAéTn mapatnpnong, n fosfomycin trometamol
(89 acbeveic) 39/481 72 hvs ertapenem (89 acOeveic), o
Oepoameio step-down ce aocOeveic pe dONTIKEG AoUMEELC OO
ESBL (1) ta mocootd enaveisaywync nrav mopouoto (14.6%
ko 13.5%, avtictorya).

e H evoopAéPra popon givan dbéciun otnv Evponn ( oe
[omavia, ['oAAia, I'eppavia, Avotpia ).

o Kvp1o mpoPAnua n duvnTikn avamtuén avioyng Kot Ty
Oepameia, Arydtepo cuyvn o€ E. coli (2-4)

o Y& oofapéc Mowméelg, n fosfomycin cuotvetan og
cLVOLOGUO ne Al AMB

1 Veve MP, et al Int J Antimicrob Agents 2016; 48:56 — 60.

2. Karageorgopoulos DE,et al J Antimicrob Chemother 2012;67:255-268.

3.Vardakas KZ, et al Int J Antimicrob Agents 2016; 47:269-285.

4. Linsenmeyer K, et al Antimicrob Agents Chemother 2015;60:1134-1136



Clinical Infectious Diseases

alDSA

Infectious ases Society of America

Clinical Infectious Diseases® 2019;69(12):2045-56

Fostomycin for Injection (ZTI-01) Versus Piperacillin-
tazobactam for the Treatment of Complicated Urinary
Tract Infection Including Acute Pyelonephritis: ZEUS,
A Phase 2/3 Randomized Trial

Keith S. Kaye,' Louis B. Rice,? Aaron L. Dane,’ Viktor Stus,’ Olexiy Sagan,’ Elena Fedosiuk,’ Anita F. Das,’ David Skarinsky,®* Paul B. Eckburg,** and
Evelyn J. Ellis-Grosse®®

« 465 hospitalized patients (233 and 231 were treated with ZT1-01 and PIP-
TAZ) with suspected or microbiologically confirmed cUTI/AP were
randomized 1:1to 6 g ZTI-01 g8h or 4.5 g intravenous (1V) PIP-TAZ g8h for
a fixed 7-day course (no oral switch); patients with concomitant bacteremia
could receive up to 14 days.

« Results. overall success rates of 64.7% (119/184 patients) vs 54.5% (97/178
patients), respectively Clinical cure rates at test of cure (TOC, day 19-21)
were high and similar between treatments (90.8% [167/184] vs 91.6%
[163/178], respectively).



Is fosfomycin noninferior to ceftriaxone or meropenem for
bacteremic urinary tract infections due
to multidrug-resistant Escherichia coli?

JAMA
Network |Open JAMA Network Open. 2022;5(1):e2137277. [5

Original Investigation | Infectious Diseases

Effectiveness of Fosfomycin for the Treatment of Multidrug-Resistant
Escherichia coli Bacteremic Urinary Tract Infections
A Randomized Clinical Trial

Jestis Sojo-Dorado, MD, PhD; Inmaculada Lopez-Hernandez, MD, PhD; Clara Rosso-Fernandez, MD, PhD; Isabel M. Morales, MD, PhD; Zaira R. Palacios-Baena, MD, PhD;
Alicia Hernandez-Torres, MD, PhD; Esperanza Merino de Lucas, MD, PhD; Laura Escola-Verge, MD, PhD; Elena Bereciartua, MD; Elisa Garcia-Vazquez, MD, PhD;
Vicente Pintado, MD, PhD; Lucia Boix-Palop, MD; Clara Natera-Kindelan, MD, PhD; Luisa Sorli, MD, PhD; Nuria Borrell, MD, PhD; Livia Giner-Oncina, PharmD, PhD;
Concha Amador-Prous, MD, PhD; Evelyn Shaw, MD, PhD; Alfredo Jover-Saenz, MD; Jose Molina, MD; Rosa M. Martinez-Alvarez, MD; Carlos J. Duefias, MD;

Jorge Calvo-Montes, MD; Jose T. Silva, MD, PhD; Miguel A. Cardenes, MD; Maria Lecuona, MD, PhD; Virginia Pomar, MD, PhD; Lucia Valiente de Santis, MD;

Genoveva Yaglie-Guirao, MD, PhD; Maria Angeles Lobo-Acosta, MD; Vicente Merino-Bohorquez, PharmD; Alvaro Pascual, MD, PhD; Jesus Rodriguez-Bafo, MD, PhD;
and the REIPI-GEIRAS-FOREST group

22 Spanish hospitals from June 2014 to December 2018

143 adults with MDR bacteremic UT]Is due to E coli, clinical and microbiological cure
was achieved by 68.6% of patients treated with fosfomycin and 78.1%b of patients
treated with comparators, with fosfomycin not reaching noninferiority.

This was due to an increased rate of adverse event—related discontinuations

with fosfomycin (8.5%vs 0%).



Open Access Protocol

BMJ) Open Fosfomycin versus meropenem in
bacteraemic urinary tract infections
caused by extended-spectrum
B-lactamase-producing Escherichia coli
(FOREST): study protocol for an
investigator-driven randomised
controlled trial BMJ Open 20155:¢007363.

Clara Rosso-Fernandez,'? Jesus Sojo-Dorado,® Angel Barriga,’

Lucia Lavin-Alconero," Zaira Palacios,®* Inmaculada Lépez-Hernandez,>
Vicente Merino,®> Manuel Camean,® Alvaro Pascual,®® Jesus Rodriguez-Bafo,*’
and the FOREST Study Group

» Fosfomycin sodium intravenous 4g every 6 hours iv (60 min infusion)
« Meropenem intravenous 1g every 8 hours (15-30 min infusion)
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Systematic review
Intravenous fosfomycin—back to the future. Systematic review and
meta-analysis of the clinical literature

B. Grabein ', W. Graninger 2, ]. Rodriguez Bano *“, A. Dinh °, D.B. Liesenfeld ® "
128 studies on iv fosfomycin in 5527 patients were evaluated. Fosfomycin was
predominantly used for sepsis/bacteraemia, urinary tract, respiratory tract, bone
and joint, and CNS infections.

No difference in clinical or microbiological efficacy between fosfomycin and
other antibiotics was observed in comparative trials.

The pooled estimate for resistance development during fosfomycin monotherapy
was 3.4% .

fosfoymcin + b-lactams or aminoglycosides for challenging infections frequently
caused by MDR organisms.

Conclusion: Intravenous fosfomycin can play a vital role in the antibiotic
armamentarium, given its long history of effective and safe use. However, well-
designed randomized controlled trials are still desired.



Descriptive summary of the studies reviewed

Grabein et al. Clin Microbiol Infect 2017

Cardiac infections; 42; ( b )
1%

Other; Non-site specific injuries
573; 10% and procedural
complications; 88; 2%

Staphylococcus spp.,
1408, 41%

Female reproductive
tractinfections;
110;2%

Respiratorytract
infections;
950; 17%

SSTI; 168; 3%

Abdominal and Gl

infections; 267; 5%
Enterococcus spp.;

UTI; 671; 12%,
‘ c 114;3%

Streptococcus spp.;

252;7% Serratia spp.;

Klebsiella spp.; .~ "poteus spp.;  133;4%
218; 6% 155:4%



Temocillin

H Temocillin givou pia kapfoévmevikiAdivny avBektikn o€ B AakTapdosc.
opaotikn Evavtt ESBL- kot AmpC-gvtepofaxtnplakmv, oAl pLetmpévn
opaotikotnTa vavtt Pseudomonas, Acinetobacter spp.kot avoaepofimv.

Av kon omotehel pia. carbapenem-sparing emhoyn KvkAopopet o€ AMyeg
Evponaikég yopec (Ayyiia ko BéEAylo)

Y& TOAMVKEVTPIKN UEAETN otV AyyAia, uetaé&d 92 Aowuwéemv (42 BSIS), ta
aroteAéoparto ue temocillin Ntav evBappoviikd, pe KAvikn kot
uikpoPioroyikn ioon oe 86% o 84%*.

ITpoomntikn, Tuyatomomuévn, control uelétn oto Bédylo, katédeile 011 o
Bapéwg mdoyovieg ) 00om g temocillin yia exitevén apuokoioyikon
otOY0L eival 2 g X 3 oe ovveyn £yyvon **

* Balakrishnan I, et al. J Antimicrob Chemother. 2011; 66(11): 2628-31

** | aterre PF, et al. J Antimicrob Chemother. 2015; 70(3): 891-8



200100
Fosfomycin, Apvoyivkooidcg, temocillin yio ESBL

H Fosfomycin svetivetatl yio ESBL-PE UTIs kat g step-
down Oepameia.

IIepropiouévn eumelpio pe povobepameio AUIVOYAVKOGIOMV KOl
OEV GLOTNVETOL

AvoyAvkooioeg oe cuvovoouo pe aAia AMB yio UTIS ko
|Als pe “source-controlled” ESBL-PE , ¢ “carbapenem
sparing’’ ETIAOYM.

['o tqv temocillin, arottodvtal peyoadvtepeg peAétec o€
O1dpopeG Katnyopieg aclevav yio tekunpimwon g
Oepamevtikng onuaciog yioo ESBL-PE BSIs.



New antimicrobials....

Approvals by FDA/EMA — systemic antibiotics
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» ceftolozane/tazobactam
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meropenem/vaborbactam
imipenem/relebactam
plazomicin

eravacycline

cefiderocol




[T010¢ 0 pOAOG TV TPOGPOTA
EYKEKPLLEVOV QOUPUAKOV Y100 AOTUMEELC OO

ESBL-PE?



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

N Engl ] Med 2019;380:729-40.

Once-Daily Plazomicin for Complicated
Urinary Tract Infections

Florian M.E. Wagenlehner, M.D., Daniel J. Cloutier, Pharm.D.,
Allison S. Komirenko, Pharm.D., Deborah S. Cebrik, M.S., M.P.H.,
Kevin M. Krause, M.B.A., Tiffany R. Keepers, Ph.D., Lynn E. Connolly, M.D., Ph.D.,
Loren G. Miller, M.D., M.P.H., lan Friedland, M.D., and Jamie P. Dwyer, M.D.,
for the EPIC Study Group*

RCT 609 patients, ina 1:1 ratio to receive iv plazomicin (15 mg/kg of body
weight once daily) or meropenem (1 g/8 hours), with optional oral step-down
therapy after at least 4 days of iv therapy, for a total of 7 to 10 days of therapy

Plazomicin was noninferior to meropenem with respect to the primary efficacy

end points. At day 5, composite cure was observed in 88.0% of the patients (168 of
191patients) in the plazomicin group and in 91.4% (180 of 197 patients) in the
meropenem group
At the test-of-cure visit, a higher percentage of patients in the plazomicin group
than in the meropenem group were found to have microbiologic eradication,
Including eradication of Enterobacteriaceae that were not susceptible to
aminoglycosides (78.8%ovs. 68.6%0) and ESBL-Enterobacteriaceae (82.4% vs. 75.0%0)



Activity of Ceftazidime-Avibactam

Metallo enzymes (MBLs)




Expected activity of new b lactams and b lactam/BLI
combinations against common b lactamases

ESBL KPC (0) 4.1 MBL
(CTX-M) | (KPC-2,-3) | (OXA-48) (NDM) CRPA

Relebactam + imipenem/cilastatin ° Y ° - - ?

Vaborbactam + meropenem

Cefiderocol ® ® ® ® ® ®

Expected activity of approved
antibiotics against priority pathogens

CRAB CRPA CRE OPP

0 ? ° /



New drugs with in vitro activity against extended-

spectrum

B-lactamase-producing Enterobacteriaceae (ESBL-PE).

New drug

Ceftazidime—avibactam

Ceftaroline—avibactam

Ceftolozane-tazobactam

Imipenem-relebactam

Plazomicin

In vitro activity

ESBL

AmpC

Klebsiella pneumoniae carbapenemase (KPC)
OXA-48

Not active against metallo-B-lactamase (MBL)

ESBL

Methicillin-resistant Staphylococcus aureus AmpC
KPC

OXA-487

ESBL
Some AmpC
Multidrug-resistant Pseudomonas aeruginosa

ESBL

AmpC

KPC

OXA-48

Not active against MBL

ESBL

AmpC

KPC

OXA

VIM

Not active against some NDM



Huolth and Sofey

Infection
Prevention and
Control




Most expensive antibiotic Is the one that
doesn’ twork

4 R’s of ANTIBIOTCS

Using antibiotics responsibly:
Right drug

Right time

Right dose

Right duration
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