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Beta-laktamazlar

Sinif Aktif bolge Ornek enzimler
JAN Serin Hemen tum plazmidik enzimler,
Klebsiellae kromozomal enzimi
P. vulgaris, Bacteroides spp.
B Zn*t S. maltophilia kromozomal L-1
P. aeruginosa’da plasmidik (IMP-1)
C Serin Kromozomal Amp C
D Serin Enterobacterales’te OXA enzimleri,

plazmidik
Ambler, RP. 1980



Beta-laktamazlarin Yillara Gore
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Bush K, personal communication

Data compiled from Bush, K. Antimicrob Agents Chemother 2018;62:e01076-18
http://www.lahey.org/Studies/ and https://www.ncbi.nlm.nih.gov/bioproject/PRINA313047



Enterobacterales’te Karbapenemazlar
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Karbapenem-R Gram (-) Bakteriler

Carba-R Carba-R
enterikler non-fermentatatifler
Karbapenemaz Karbapenemaz
1r - + .
KPC « Porine « KPC * Porine
OXA-48 « Efflux e OXA-23 o Efflux
OXA-40
MBL: NDM, OXA-58
IMP, VIM
« MBL: NDM,
IMP, VIM
e L1 i

Nordmann P, Laurel P. Clin Infect Dis 2019;69 (suppl 7):S521



~ Karbapenem Direncli Enterobacterales
Izolatlari Icinde of MBL (+) Suslarin Dagilimi
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ABD’de Karbapenemazlarin Dagilimi
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Clinical and Molecular Epidemiology of HospiTal-Acquired BloodstReam Infections caused by
Gram-nEgative Bacteria in Tiirkiye: a Prospective Multi-center Cohort Study (TARGET study)
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Carbapenem Resistance (SCARE)**

* 22 merkez, 680 bakteremik hasta, 2021-22
— 341 (% 50.1) karbapenem-R
— 339 (% 49.9) karbapenem-S
— % 33.7 Klebsiella spp., % 21.9 E. coli
— % 21 Acinetobacter spp.




K. pneumoniae’de Karbapenemaz
Dagilimi

% 10.6

%13.2

%9

OOXA-48-like OKPC ONDM m®BOXA-48+ NDM ®Negatif

Aslan AT ve ark. Yayinlanmamis veri



Antimicrobial resistance rates of Klebsiella spp.
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#00868

Evolving epidemiology of carbapenem-resistant Klebsiella pneumoniae bloodstream
infections: Emergence of metallobetalactamases in an OXA-48-like endemic country and the
susceptibilities to new antimicrobials

03. Bacterial susceptibility & resistance

03b. Resistance surveillance & epidemiology: Healthcare-associated bacteria
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Bakteremik Karbapenem-R K. pneumonia
Izolatlarinin Karbapenemaz Dagilimi
Hacettepe 2020-2024

IMP

KPC

KPC & NDM

KPC & OXA-48-like
» NDM

NDM & OXA-48-like

NDM & VIM

Negative

B OXA-48-like

2020 (n=33) 2021 (n=38) 2022 (n=33) 2023 (n=72) 2024 (n=55)
Demirtas RB ve ark. ESCMID Global 2026




Broth microdilution testing for the total 239 isolates

Cefiderocol

Aztreonam-avibactam

Ceftazidime-avibactam

Cefepime-enmetazobacta
m

Imipenem-relebactam

Meropenem-vaborbactam

Eravacycline

Cefepime-taniborbactam

Cefepime-zidebactam

Sulbactam-durlobactam

Demirtas RB ve ark. ESCMID Global 2026 ===

Cealopmme-Sarsborbactam
Catopme-risetactam

Ceddoroocol
Artreonam-avbactam
Ceftazidime-avidactam
Calepme-enmetazobactam
Imipenam-reichactam
Metopenerm-vaborbactam

Eravacydine
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K. pneumoniae
Antibiyotik Duyarhhg

Ertapenem
Imipenem/Meropenem
Ceftazidime

Cefepime

Aztreonam
Piperacillin-tazobactam
Ceftazidime-avibactam
Amikacin

Ciprofloxacin

g X0 X0 O O O U O 0O XD

Colistin




Multipleks PCR Analizi

* OXA-48 ve NDM ve CTX-M 15

16



Enterobacterales’de Meropenem
MIC Dagilimi

<=0.06 0.125 025 0.5

MIC (mg/L)

Boyd SE, et al. Antimicrob Agents Chemother 2022;66:1 .



Klinik Arastirmalarda Yeni
Antibiyotikler-2025
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Theuretzbacher U. Nat Rev Microbiol 2025:23:491 18



Yeni Antibiyotiklerin Aktivite Spektrumu

B3 Active
[ variable
=3 Not

recommended

Enterobacterales Lactose non-fermenting organisms
Typical dosing Extended- AmpC - Ambler class A Metallo-B- Ambler class D Difficult-to- Carbapenem-
regimen for serious spectrum lactamase carbapenemases lactamases carbapenemases treat resistant resistant
infections!tim0is Pseudomonas Acinetobacter

B-lactamase producing

producing Enterobacterales

Enterobacterales

(eg, KPCand IMI)

(eq, NDM, VIM,

and IMP)

(eg, OXA-48)

aeruginosa

baumannii

B-lactam

Ceftolozane
tazobactam

Ceftazidime
avibactam

3giVevery8h,
infusedover 3 h
259 Vevery 8 h,
infused over 3 h

Meropenem-
vaborbactam

Imipenem-
relebactam

4glVevery8h,
infusedover 3 h
1.25gVevery b6 h,
infused over 30 min

Cefiderocol

Ceftazidime
avibactam and
aztreonam

2qlVevery 8 h,
infused over 3 h
Ceftazidime-avibactam
259 Vevery8h,
infused over 3 h

plus aztreonam:
2giVevery 8 h,
infused over 3 h*

Aztreonam

avibactam

2 g/0-67 g loading
dosethen 1.5g9/0:5g
every 6 h,

infused over 3 h

Cefepime-
enmetazobactam

2g/0-5gevery8h,
infused over 4 h

Sulbactam-

durlobactamt

1gofeachdrug
IV every 6 h,
infused over 3 ht

Tetracydine derivative

Eravacycline

1 mg perkg IV every
12h

Macesic N, et al. Lancet 2025:405:257




MDR Gram-negatif Bakteri
Infeksiyonlari Icin Kilavuz Onerileri

IDSA [8%%]

ESCMID [7°"]

SEIMC [10]

cMA [9]

Carbapenem®

t: ‘:;Hl. F)'()(_{\J( |’\E]
Enterobacterales

High risk of clinically
significant AmpC
production: Cefepime

AmpC Blactamase
producing
Enterobacterales

Carbapenemase-producing Ceftazidime-avibactam

Enterobacterales® (£ aztreonam),
”l(,"o’)'_")l)l‘i
vaborbactam, and
imipenem-<ilastatin

relebactam

Celhtolozanetazobactam,
ceftazidime-
avibactam, and
imipenem-<ilastatin-
relebactam
Cefiderocol is an
alternative®

DiHicult to reat P
aeruginosa

Carbapenem-resistant A High-dose ampicillin
sulbactam in

combination with at

bcurnunnn

least one other agent

Combination therapy:
TMP-SMX,
minocycline/
tigecycline,
cefiderocol or
levofloxaocin; or
ceftazidime-avibactam
and aztrecnam®

Stenotrophomonas
maltophilia

Viasus D, et al. Curr Opinon Infect Dis 2024;30:448 20

Carbapenem®

3

Ceftazidime-avibactam

(£ aztreonam),
mer ()pu"(:"‘
vaborbactam
Cefiderocol

Ceholozanetazobactam

Combination therapy

mr_‘ludlng two in vitro
active antibiotics.

Susc (_*.phl)h_* 1o
sulbactam: ampicillin/
sulbactam. Resistant to
sulbactam: polymyxin,

tigecycline

Combination therapy:

TMP-SMX and
levofloxacin

Ceftazidime-avibactam
( { (1.’1:(7()”(1!['1),
meropenem-—

vaborbactam,

imipenem-relebactam,

cefiderocol

Ceftolozane—1azobactam

High dose sulbactam in
combination with
additional

antimicrobials

Ceftazidime-avibactam

(£ aztreonam)

Sulbactam combination
therapy. Tigecycline-
or polymyxin-based
combination therapy
(pneumonia caused by
(A:RAH) Choice of
1|u:rt_1py regimen
should be made
according to patient’s

condition




Aztreonam
In vitro Aktivitesi

* Metallo beta-laktamazalarin hidrolitik
aktivitesine direncli

* Ancak ESBL’ler, KPC karbapenemazlar ve
AmpC tarafindan inaktive edilir
— Avibaktam bu inaktivasyonu onler

°* Anaerobik ve gram (+) aktivitesi yok

21



Avibaktam
In vitro Aktivite

°* Grup A, Cve D beta-laktamaz aktivitesi
—ESBL, AmpC ve OXA-48

* Aktivite yok
— Metallo enzimler
— Anaeroblar, Gram (+) bakteriler
— Direncli KPC-3 ve SHV-1 varyantlari
— P. aeruginosa’da «efflux» ve permeabilite direnci
— Acinetobacter spp.

Van Duin D, Bonomo RA. Clin Infect Dis 2016;63:234 .,



Aztreonam-Avibactam (AZT-AVI)
REVISIT Calismasi

* AZT-AVI + metronidazole vs Meropenem +
kolistin, 2018-2023

° Agir gram (-) infeksiyonalr
— 422 hasta, 282 AZT-AVI, 140 MER

— 271 hastada en az bir izolat
* 0093 Enterobacterales
* 19/80 susta karbapenemaz

Carmeli Y, et al. Lancet Infect Dis 2025:25:218 23



REVISIT-Sonuclar

* Komplike intraabdominal infeksiyon
— Klinik ktr(AZT-AVI) %45.9 vs (MER) %41.7
— 28. gun mortalite %2 vs %3
* HAP/VAP
— %76.4 vs %74, klinik kur
— %11 vs %19, 28. glin mortalite
* Guvenlik

— Her iki kolda benzer
* Ciddi advers olay yok

Carmeli Y, et al. Lancet Infect Dis 2025:25:218

24



AZT-AVI vs MBL (+) Bakteri
Infeksiyonlari-ASSEMBLE Calismasi

* AZT-AVI + metronidazole vs “best
available therapy” (BAT)
— clAl, cUTI, HAP/VAP veya BSI
— Aclik, randomize, 2:1
— Primer sonlanim, klinik kur 28 + 3 gln
* Sadece 15 hasta randomize edilmis

— 12 AZT-AVI, 3 BAT
* K. pneumonia 6/12 vs 2/3 izolatta

— Klinik ktr 5/12 (%42) vs 0/3
— 28-gun mortalite 1/12 (%8) vs 1/3 (%33)

Daikos G, et al. JAC Antimicrob Resist 2025;7(4):dlaf131 25



Cefiderecol
APEKS-NP Calismasi

— Vs yuksek doz meropenem, nozokomiyal pnomoni

CREDIBLE Calismasi

— Vs «best available tx» CR-GNB infeksiyonlar
Rakamsal olarak MBL (+)lere karsi etkin

— Klinik ktrl7/24 vs 4/10

— Mikrobyolojik eradikasyon 14/24 vs 4/10

— Dusuk 28 gunluk mortalite

— Acinetobakter infeksiyonlarinda yuksek mortalite

NDM Ureten bakteriler direncli

Wunderink RG, et al. Lancet Infect Dis 2021:21:2013
Bassetti M, et al. Lancet Infect Dis 2021:21:226

26



Cefiderocol versus standard therapy for hospital-acquired Lancet Infect Dis
and health-care-associated Gram-negative bacterial
bloodstream infection (the GAME CHANGER trial): an open-

2026 Feb:26:148-59

label, parallel-group, randomised trial

* Aclik, parellel, randomize, cok merkezli

* Gr (-) bakteremi, 17 merkez, 2019-2023 arasi

— Cefiderecol (CFD) vs standart bakim (SoC) tedavisi
— Primer sonlanmi 14- giin mortalite
— Non-inferiorite sinir1 %10

* 504 hasta
— 250 hasta CFD kolunda
— 254 hasta SoC kolunda

27



% mortalite

GAME CHANGER Calismasi
14 Gunlik Mortalite

15/27 (%56) MBL (+) enterik
Cefiderecol direncli

40
31%
30
20
14%
8% 7% 10%
10
. 0%
0
All patients (n=504) CR bacteria (n=127) MBL enterics (n=27)
m Cefiderecol Standard of Care

Paterson DL, et al. Lancet Infcet Dis 2026:26:148

28
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Cefiderecol vs MBL-Sentezleyen
Enterobacterales

60%

50%

30 gun mortalite
27 hasta

28 gun mortalit

APEX-NP/CREDIBLE-CR GAME CHANGER

m Cefiderecol = Comparator

Timsit JF, et al. Clin Infect Dis 2022;75:1081 59
Paterson DL, et al. Lancet Infect Dis 2025, October 6



Ceftolozane

* Ceftolozane bir «oximino cephalosporin»
yapisal olarak seftazidim’e benzer
— AmpC induksiyonu zayif

— P. aeruginosa’da Mex efflux pompalari igin
zayif bir substrat

— ESBL stabilitesi zayif

Giacobbe DR, et al. Expert Rev Anti Infect Ther 2018;16:307 30



Ceftolozane Tazobactam

Dereprese AmpC sentezleyen P. aeruginosa
aktivitesi yuksek
— OprD porin kaybindan etkilenmez
— Tazobaktam ESBL direncini saglar
— Ceftolozane OXA-1’e karsi aktif
* OXA-48 disinda karbapenemaz aktivitesi yok
Aktivite yok
— Stafilokok ve enterokoklar
— Bacteroides hari¢c anaeroblar

Giacobbe DR, et al. Expert Rev Anti Infect Ther 2018;16:307 3



Ceftolozane Tazobactam
Klinik Kullanim

* HAP/VAP, cUTI ve clAl (metronidazole ile)
icin FDA ve EMA onayli

— VAP ve clAl calismalarinda meropenem’e karsi
«non-inferior»

— cUTI calismasinda levofloksasine karsi Gstin

Giacobbe DR, et al. Expert Rev Anti Infect Ther 2018;16:307
Kollef MH, et al. Lancet Infect Dis 25 September 2019. pii: S1473- 3099(19)30403 7
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ATTACK Calismasi
Sulbactam Durlobactam vs Colistin

°* 2019-2022,181 hasta
— Tum hastalara imipenem-cilastatin verilmis
— 176 HAP, VAP
— 5 CRAB bakteremisi
— 125 hastada etkinlik analizi

— 28 gunluk mortalite
° %19 SUL-DUR, % 32 COL
—(-13.2%, 95% CI -30.0 to 3.5), non-inferior

— Nefrotoksisite
* %13 vs %38 (p>.001)
Kaye KS, et al. Lancet Infect Dis 2023;23:1072 34



Table 2. Antimicrobial activity of sulbactam/durlobactam against Acinetobacter tested isolates.

Isolates Characteristics Susceptible to SUL/DUR (%)  Resistant to SUL/DUR (%)
A. baumannii complex (n = 9754) 9530 (97.7%) 224 (2.3%)

CRAB (n = 5812) 5614 (96.6%) 198 (3.4%)
Colistin-resistant (n = 507) 488 (96.2%) 19 (3.7%)

NDM-1 producers (n = 28) 0 (0%) 28 (100%)
CRAB: carbapenem-resistant Acinetobacter baumannii complex; SUL/DUR: sulbactam/durlobactam.

Principe L, et al. Antibiotics 2022;11:1793
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Faz Il Asamasinda Yeni Antibiyotikler

Phase Agent (developer) Antibacterial Formulation  Chemical Target Spectrum Susceptibility and resistance
class and indication class
] Cefepime- Cephalosporin- iv.: cUTl Old chemical Old target Enterobacterales, CRE:>90% susceptible
taniborbactam boronate BLI class P.aeruginosa CRPA: ~70% susceptible
g:gg?’x‘ Me_h ’?‘a' Resistance: IMP, mutations in
G 'E enartlm PBP3, porins, upregulation of
Mrc;ju'pi, v:.)»res efflux pumps, accumulation
SRICHS of multiple resistance
mechanisms
Gepotidacin® (GSK) NBTI (triazaace- Oral; uUTI, New chemical New bacterial N.gonorrhoeae, CRE: >90% susceptible
naphthylene) uGon class target/bindingsite  Enterobacterales  NG: -100% susceptible
Resistance: risk of
cross-resistance in
Enterobacterales unknown,
requires double mutations that
have been shown in NG
Zoliflodacin NBTI/GyrB Oral; uGon New chemical New bacterial Gram#+, NG: ~100% susceptible
(Innoviva, GARDP) inhibitor (spiropy- class target/bindingsite N.gonorrhoeae Resistance: mutation in GyrB
rimidenetrione)
Imipenem/ Carbapenem/ iv.; cUTI, Old chemical Old target Enterobacterales  CRE: susceptibility
cilastatin-funobactam dehydropeptidase HAP-VAP class unknown, no activity against
(Evopoint Biosciences) inhibitor-DBO BLI MBL-producing strains, similar
to imipenem-relebactam
Cefepime- Cephalosporin- iv.; cUTI Old chemical Old target Enterobacterales, CRE:>90% susceptible
zidebactam DBO BLland PBP2 class P.aeruginosa CRPA: >90% susceptible
(Wockhardt) Resistance: in
P.aeruginosa, mutations
in PBP2, PBP3, porins,
upregulation of efflux pumps,
risk of cross-resistance unclear
Cefepime or Cephaloesporin iv.; cUTI Old chemical  Old target Entercbacterales, CRE:>90% susceptible
aztreonam- or monobactam- class P.aeruginosa CRPA: >90% susceptible
nacubactam DBO BLI and PBP2 (combination with cefepime)
(Meiji) Resistance: similar to
cefepime/zidebactam
Tebipenem Carbapenem Oral; cUTI Old chemical Old target Enterobacterales  CRE: resistant
pivoxil (Spero class ESBL-producing

Therapeutics, GSK)

Theuretzbacher U. Nat Rev Microbiol 2025;23:491

Enterobacterales: >90%




Antibiyotik Disi Tedavi Yontemleri

Bacterial targeting Immune targeting

Antimicrobial peptides

Immune modulation

Directly target Restores
membrane  immune killing

Gram-negative bacteria

Hickson SM, et al. NPJ Antimicrob Resist 2025:3:16




Sonuc

Gram-negative bakterilerde coklu direng
giderek artan 6nemli bir sorun

— Ozellikle karbapenem direnci ve XDR/PDR fenotipi
— MBL aracili direng sik bir sorun

Lokal epidemiyolojik farkhiliklar empirik tedavi
acisindan onemli

Yeni antibiyotikler soruna tam yanit
olusturmasa da, tedavideki rolleri 6nemli

Ozellikle MBL aracil infeksiyonlar icin
randomize kontrolli caligmalara gerek var

38
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