AN N Al Direncli Gram-negatif
pn KLIMIK infeksiyonlarin

Tani ve Tedavisinde
Kritik Kararlar

Karbapeneme Direngli
Enterobacterales infeksiyonlari

Dr. Sibel Bolukcu
Kartal Dr.Lutfi Kirdar Sehir Hastanesi

31 Ekim 2023



Deaths From Drug-Resistant Infections Set To Skyrocket
Deaths from antimicrobial resistant infections and other causes in 2050

Antimicrobial
resistant infections

Diabetes - 1.5m g i I §
@®G

Diarrhoeal disease - 1.4m
@statistaCharts Source: Review on Antimicrobial Resistance

10.0m

Road traffic accidents - 1.2m

Measles I 130,000

Cholera I 120,000

Tetanus | 60,000
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Antibiotic Resistance Spreads Easily Across the Globe

Resistant bacteria and fungi can spread across countries and continents through people, animals, and goods.

One billion people cross through international borders each year. This includes
350 million travelers arriving in the United States through more than 300 points of entry.

A resistant threat anywhere can quickly become a threat at home.
Global capacity is needed to slow development and prevent spread of antibiotic resistance.

Detect Resistant N Prevent & Contain o Improve
Threats A Resistant Germs m Antibiotic Use

CDC-Antibiotic Resistance Threats in the
United States, 2019
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Antibiyotiklere direnc=» maliyeti

ABD'de yapilan bir arastirma, hastaneler icin tek bir vakayi
yonetmenin maliyetinin 22.484 ile 66.031 ABD dolari arasinda
oldugunu tahmin ediyor

Cok ilaca direncli infeksiyonlari (KDE dahil) ortadan kaldirmak icin
kati dnlemlerin uygulanmasinin maliyetini degerlendiren bir
calismada, bunun pozitif hasta basina 285 € ile 57.532 € arasinda
degistigini tahmin etmistir

Birlesik Krallik'ta yapilan bir calismada, 10 ay boyunca infekte
oldugu veya kolonize oldugu belirlenen 40 hastanin bulundugu KDE
salgininin maliyetinin 1 milyon £ oldugu tahmin edilmistir

Maliyet, salgini kontrol altina almak icin yapilan fiili harcamalarin
yani sira servis kapanmasi nedeniyle gelir kaybi gibi 'firsat’
maliyetlerini de iceriyordu.



INTERNATIONAL JOURNAL OF
SYSTEMATIC AND EVOLUTIONARY MICROBIOLOGY

Volume 66, Issue 12

Research Article | Free

Genome-based phylogeny and taxonomy of the ‘Enterobacteriales’:

proposal for Enterobacterales ord. nov. divided into the families =
Enterobacteriaceae, Erwiniaceae fam. nov., Pectobacteriaceae fam. S
nov., Yersiniaceae fam. nov., Hafniaceae fam. nov., Morganellaceae °'I%:§
fam. nov., and Budviciaceae fam. nov. 3 1|

Loclerci Enterobacteriaceae
Lol

Mobolaji Adeolu’!, Seema Alnajar't, Sohail Naushad', Radhey S. Gupta’
© View Affiliations

6 CSis

Published: 01 December 2016 | https://doi.org/10.1099/ijsem.0.001485

» Enterobacterales takimi- 7 aileden olusuyor o] G | [/Se——

Lonsdalea Pectobacteriaceae
Sodalis

» Enterobacteriaceae ailesi bu takim icinde tim bakteriyemilerin 1/3

RouxieNo Yersiniaceae

ve uriner sistem infeksiyonlarinin %70’inden sorumlu

R Hafniaceae

E.coli, Klebsiella spp., Enterobacter spp.......

9 CSlg| Budvich
L

Buaviciaceae




Dikkatle izlenmesi gereken patojenler!

ESKAPE ESCAPE
« E. faecium « E. faecium
« S. aureus « S. aureus

* K. pneumoniae C. difficile (C.aurius)
* A. baumannii A. baumannii

* P, aeruginosa * P, aeruginosa
Enterobacter spp. Enterobacterales

IDSA-2004 DS0O-2017, CDC-2019



CDC Centers for Disease Control and Prevention
CDC 24/7: Saving Lives, Protecting People™

Bacteria and Fungi Listed in the 2019 AR Threats Report

Urgent Threats Serious Threats Concerning Threats
e Carbapenem-resistant e Drug-resistant Campylobacter e Erythromycin-Resistant Group A
Acinetobacter Streptococcus

e Drug-resistant Candida

e (Candida auris e (Clindamycin-resistant Group B

e ESBL-producing Enterobacterales

o . Streptococcus
* Clostridioides difficile  Vancomycin-resistant Enterococci £
e Carbapenem-resistant (VRE) Watch List

Enterobacterales e Multidrug-resistant ) )

; ; ; ; e Azole-resistant Aspergillus
* Drug-resistant Nejsseria Pseudomonas aeruginosa P
i
gonorrhoeae &

e Drug-resistant nontyphoidal

2 e Drug-resistant Mycoplasma

genitalium

e Drug-resistant Salmonella )
e Drug-resistant Bordetella

pertussis
e Drug-resistant Shigella

e Methicillin-resistant
Staphylococcus aureus (MRSA)

e Drug-resistant Streptococcus
pneumoniae

e Drug-resistant Tuberculosis



Karbapeneme Direncli
Enterobacterales ) Antibiyotik direnci
(KDE)

Yenl
N antibiyotikler -
Yeni direng

mekanizmalari




Karbapeneme direncli Enterobacterales (KDE)
takimi Gyeleri

—En az bir karbapeneme direncli (genellikle imipeneme duyarli olmayan bakteriler

(6rnegin Proteus spp., Morganella spp., Providencia spp.) icin imipenem disinda)
(hedef proteinde degisiklikler, efluks pompalarinda artis veya membran
gecirgenliginde azalma + bir beta-laktamazin edinilmesi veya up-

regilasyonu) veya bir karbapenemaz enzimi Uretir (kromozomal olarak ya da
plazmid araciligiyla kazanarak)

e KPC ABD, Kolombiya, Arjantin, Yunanistan ve italya'da endemiktir
« MBL NDM-1 Hindistan, Pakistan ve Sri Lanka'da ana karbapenemaz
*  OXA-48 Turkiye, Malta, Orta Dogu ve Kuzey Afrika'da endemiktir



CP-CRE

l CRE
Efflux pumps ]
Non-CP-CRE Porin mutations
AmpC I
Other B-hydrolyzing i
enzymes ESBLs< I

Enterobacterales takiminin karbapenemlere direncli hale gelmesinin Ucg
ana mekanizmasi vardir

-Enzim Uretimi (karbapenamazlar, ESBLs)
-Efluks pompalari
-Porin mutasyonlari



ANTIBIOTIC RESISTANCE THREATS
IN THE UNITED STATES

2019

CDC’s 2019 AR Threats Report:

PREVENTION WORKS.
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CONCERNING

nontyphoidal
Salmonella
Drug-resistant

Saimonella serotype Typhi

Drug-resistant Shigella

Methicillin-resistant
Staphyfococcus aureus

Drug-resistant
Streptococcus
pneumoniae

Drug-resistant

Tuberculosis (TB)

Erythromycin-resistant group
A Streptococcus

Clindamycin-resistant group
B Strepfococcus

COVID-1

U.S. IMPACT ON ANTIMICROBIAL RESISTANCE

212.500 infections

70 deaths

4,00 infections
<S deaths

77.000 infections
<5 deaths

323,700 cases
10.600 deaths

12,100 invasive
infections
1,500 cdeaths*

888 cases
73 deaths*

5,400 infections
450 deaths!

13.000 infections
720 deaths!

2019
Threat Estimate

65,000 cases
500 deaths

466 clinical cases

202,600 infections
11,500 deaths

11,800 cases
1.000 deaths

242 000 infections

725,210 infections

26,600 cases
1.300 deaths

194,400 cases
9,000 deaths

47,000 cases
4,700 deaths
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Data delayed due to COVID-1S pandemic:

2020 Threat Estimate and
2019-2020 Change

7.500 cases
700 deaths
Overall: 35% increase”*
Hospital-onset: 78% increase”™

754 cases
Overall: 60% increase

Data delayed due to
COVID-12 pandemic

12,700 cases
1,100 deaths
Cwverall: Stable*
Hospital-onset: 35% increase”

Data unavailable due to
COVID-19 pandemic

26% of infections were resistant,
a 10% decrease

28,100 cases
1.400 deaths
Overall: 12% increase*
Hospital-onset: 26% increase”

187,500 cases
9,300 deaths
Overall: 10% increase”
Hospital-onset: 32% increase*

50,300 cases
5.000 deaths
Overall: 16% increase®
Hospital-onset: 14% increase*

228,290 infections

4,640 infections

215,850 infections

298,700 cases
10,000 deaths

See pathogen page
if comparing data
over time

962 cases
102 deaths

See pathogen page
if comparing data
over time

See pathogen page
if comparing data
over time

2019
Threat Estimate

28,200 cases
2,400 deaths

254,810 infections

6,130 infections

242,020 infections

306,600 cases
10,200 deatnhs

12.000 invasive
infections
1.200 geaths

919 cases

6,200 infections
560 deaths

15.300 cases
S40 deaths

2017-2018
Change
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Stable*

Stable

Stabie

}

Increase

}

increase

2020 Threat Estimate and
2019-2020 Change

28.800 cases
2.500 deaths
Overall: Stable~
Hospital-onset: 32% increase”

Data delayed due to COVID-19
pandemic? 14% of infections were
resistant, a 3% decrease

Data delayed due to COVID-19
pandemict 85% of infections were
resistant, a 10% increase

Data delayed due to COVID-19
pandemict 46% of infections were
resistant, a 2% increase

279.300 cases
9,800 deaths
Cverall: Stable”
Hospital-onset: 13% increase”

Data delayed due to
COVID-19 pandemic

661 cases
Decreaset

Data deiayed due to
COVID-19 pandemic

Data delayed due to
CCVID-12 pandemic



> Acta Microbiol Immunol Hung. 2021 Jul 29. doi: 10.1556/030.2021.01525. Online ahead of print.

Ceftazidime - Avibactam susceptibility among
carbapenem-resistant Enterobacterales in a pilot
study in Turkey

Hasan Selcuk Ozger ', Ebru Evren 2, Serap Suzuk Yildiz 3, Cigdem Erol #, Fatma Bayrakdar 2,
Ozlem Azap ¢, Alpay Azap °, Esin Senol

Toplam 318 karbapeneme direncli Enterobacterales izolati
Karbapenemaz genlerini saptamada PCR

Seftazidim-Avibaktam (CZA) in vitro duyarlihigi broth mikrodillisyon
(BMD) ve disk difizyon yontemleri ile degerlendirilmis

n =290, %91,2 K.pneumoniae
En yaygin karbapenemaz OXA-48 (n=82) ve 2 adet KPC karbapenemaz

84 izolatta hem broth mikrodilisyon hem de disk difiizyon yontemleri
ile CZA calisiimis ve 4 izolat CZA’a direncli



> Lab Med. 2020 Nov 2;51(6):601-605. doi: 10.1093/labmed/Imaa017.

Molecular Epidemiology of Carbapenem-Resistant
Enterobacterales Strains Isolated from Blood
Cultures in Antalya, Turkey

Harun Resid Su 7, Ozge Turhan 2, Cemile Aylin Erman Daloglu 2, Meral Dilara Ogiing 2,
Betil Ozhak 3, Gézde Ongiit 3, Mert Ahmet Kuskucu 4, Kenan Midilli 4, Latife Mamikoglu 2

 2010-2015 yillari arasinda 330 en az 1 karbapeneme duyarhligi azalmis
Enterobacterales kan kulturu izolati

* Karbapenemaz ve CTX-M genleri arastiriimis

 Karbapeneme direncli 152 izolatin 113'inde (%74,3) en az 1 karbapenemaz geni
saptanmis

 OXA-48 (%69,7) en yaygin karbapenemaz (VIM, NDM ve IMP saptanan diger
karbapenemazlar)

* Hicbir izolat KPC-pozitif degildi

* Seksen alti izolatta (%56,6) CTX-M ve 65'inde hem OXA-48 hem de CTX-M vardi



Carbapenem introduction

Meropenem - 1996
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Framework of actions to contain

carbapenemase-producing
Enterobacterales

September 2022

Yurt disi dahil son 12 ay icinde bir gece hastanede

kalma oykisi olan hastalar

Enterobacterales

high-risk for
colonisation and or
infection with CPE

Oncesinde KUE pozitif oldugu belirlenen hastalar
Birden fazla hastaneye basvuran veya tedavi
goren hastalar, 6rnegin diyalize bagimli olanlar
veya son 12 ay icinde KT gormus olanlar

Bilinen bir KUE tasiyicisiyla epidemiyolojik

baglanti

Artirilmis bakima veya yuksek riskli birimlere

kabul edilen hastalar

A group of bacteria that usually live harmlessly in the qut
of humans (and animals). They include Escherichia coli
(E. coli), Klebsiella spp., Enterobacter spp.

patients with a history of an overnight stay in
hospital within the last 12 months, including
abroad

+ patients who were previously identified as CPE

positive

»patients who have multiple hospital admissions or

treatments for example are dialysis dependent or
have had cancer chemotherapy in last 12 months
epidemiological link to a known carrier of CPE
patients who are admitied into augmented care or
high risk units
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RISK

R — Recent exposure to antibiotics

Patients that have received the following
antibiotics in the previous month are at
increased risk of CPE carriage:

= Cephalosporins

= Piperacillin and tazobactam
- Fluoroquinolones

- Carbapenems

I — In the last 12 months

Screen if a patient:

= previously been identified as
CPE positive

= was admitted to any hospital in
the UK or overseas

- has had multiple hospital
treatments for example
haemodialysis or receiving
cancer chemotherapy

S — Specialty

Patients admitted to the following
specialties should be screened:

= augmented care
= high risk settings —
- IMmMmunosuppression
transplant
haematology and oncology
organ support
extensive care needs for
example liver
= burns unit
= Long Term Care Facilities
where higher levels of
interventional care are provided
for example long term
ventilation

K — Knowledge of local CPE
transmission

Screen if patient has been in contact with
a known case of CPE
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Patient is suspected or at risk of
colonisation or infection

Can be removed from isolation
(unless another reason for continuing
isolation or further screening
required*).

No further action

Screening not required. Send routine microbiological
samples as clinically indicated

Positive result

* previously positive individuals with negative screens can
revert to being CPE positive, especially after a course of
antibiotics — careful risk assessmentis required if
removing from isolation

Assessment of patients for CPE status

No known risk
Recent laboratory confirmation, that is
during this admission episode or confirmed
at the transferring healthcare facility

Take rectal swab — use culture and/or
molecular or immunochromatographic 1 Treat as positive case (see below)
tests and isolate patient (with en- T x s
suite) CPE identified in a routine clinical sample?

1
at

Summary of actions required

« Inform patient of result

« Ensure patient is isolated in a single room with en-suite facilities

» Ensure standard infection control precautions and contact (transmission based) precautions
are used

« Communicate to relevant clinical teams, |IPC team, and others as per local policies

« Flag patient notes with result

« Consider convening incident and outbreak control meeting if there is evidence of
transmission

« |dentify and screen contacts as indicated

= Review clinical management including use of antimicrobials and devices (whether required)

+ Communicate patient's positive status to GP and other health/care providers on discharge/
transfer

Informed by: Pople D, Kypraios T, Donker T, Stoesser N, Freeman R, Shaw K, Hope R, Hopkins S,
Robotham JV. A mathematical model of carbapenemase-producing Enterobacterales transmission and
control in the English hospital setting. Article in preparation.



Enterobacterales ve P. aeruginosa izolatlarinda
karbapenemazlari tespit eden fenotipik testler

Organisms Strengths Limitations Regulatory Status
“mCIM and/or eCIM | Enterobacterales Detects KPC, IMP, VIM, NDM and0XA-48 ¢ Long turn-around time (18-24 | CLSI recommended
(see Fig 5a) P. aeruginosa like carbapenemases with high h)
sensitivity and specificity of >90%
High sensitivity (>90%) and specificity e When class B and class A/D
(>90%) with class A (KPC), class B (IMP, carbapenemases are co-
VIM, NDM), and class D (OXA-48 like) expressed, eCIM is unable to
carbapenemases detect class B enzymes.
eCIM is capable of detecting class B
| enzymes.
Carba NP* Enterobacterales Detects class A and class B e Class D carbapenemases and CLSI recommended
(see Fig 5b) P. aeruginosa carbapenemases with the sensitivity and mucoid isolates yielded false
specificity of >90% negatives Doesn't differentiate
Rapid turn-around time (5 min-2 h) the class of carbapenemase
RAPIDEC carba Enterobacterales As mentioned in carba NP# As mentioned in carba NP® FDA
NP¥ (see Fig 5b) P. aeruginosa
NG-Test CARBA 5% | Enterobacterales High sensitivity (100%) and specificity o Fails to detect carbapenemases | FDA
(Multiplex lateral (100%) for carbapenemases of classes A, such as GES, SME, IM], and
flow B, and DRapid turn-around time (<15 NMC, which are rare
immunoassay) (see min) carbapenemases.
Fig 5¢) Differentiate the classes of
| carbapenemase
Accelerate Enterobacterales - .
8Pheno” system P. aeruginosa
_(In development) A baumannii |

*mCIM - Modified carbapenem inactivation; Ecim - EDTA modified carbapenem inactivation; TAT - turnaround time; CLSI - Clinical and
Laboratory Standards Institute; FDA - Food and Drug Administration




A. Modified carbapenem inactivation method (mCIM) and EDTA mCIM (eCIM)

mCIM: 6 mm eCIM: 19 mm mCIM; 6 mm
Carbapenemase not detected Metallo beta-lactamases Serine carbapenemase
detected detected

B. Carba NP and variant [ — C. Multiplex lateral flow immunoassay

CARBA

ml

—— Control line
L KPC
—— OXA-48 like
— VIM

i Imp
I NDM

i

Manual carba NP - CLSI Rapidec carba NP NG test carba 5



MIK degeri 6nemli mi??

KDE infeksiyonlarini tedavi etmek igin kullanilan antimikrobiyal
ajanlar icin mumkuinse MIK'ler belirlenmelidir

EUCAST ve CLSI 6nerileri dikkate alinarak testler uygulanmali

* Sivi mikrodilisyon standart ydntem
e Agar dilisyon yontemi veya E-test yontemi

* Otomatik antimikrobiyal duyarhlik test sistemleri de
goreceli olarak dusuk dogruluga ragmen kullanilabilir

v" Kolistin (sivi mikrodiltisyon, modifiye disk elisyon)
v’ Fosfomisin (agar diltisyon, sivi mikrodiltisyon)



KDE izolatlarinda karbapenemazlarin tespiti icin

onaylanmis molekuler yontemler

Assay Method Time Source Detection of Sensitivity = Specificit | Approval
of carbapenemases gene (%) y (%)
results |
Xpert Carba-R® Real time multiplex PCR ’ 2hrs Isolate KPC, IMP, VIM, NDM, OXA- 100 CE-IVD
48 like | FDAIVD
BioFire film Real-time PCR 1-2h Positive blo%t NA CE-IVD
Array® culture . FDAIVD
Nanosphere Microarray 2h Positive blood KPC, NDM, VIM, IMP, OXA NA NA | CE-IVD
Verigene BC-GN® culture | FDAIVD
EntericBio CPE® | Real time multiplex PCR 2h Isolate, swabs KPC, IMP, VIM, NDM, OXA- 100 100 RUO
assay 48 like, GES-5, IMI, OXA-23
Check- Direct Real time multiplex PCR | 35h Rectal swab/ | KPC, OXA-48 including OXA- 100 94% RUO
CPE® assay Isolate 181, VIM and NDM
AID® line probe Multiplex PCR and S5h Various clinical | KPC, IMP, VIM, NDM, OXA- 97.7 NA RUO
assay reverse hybridization specimens 48, SIM, SPM, AIM, BIC, DIM,
with carbapenemases GIM, IMI, NMC-A
probes
Hyplex MBL ID® Multiplex PCR and 5h Various clinical VIM and IMP 98 98.6 RUO
system reverse hybridization specimens
with carbapenemases
probes
BB MAX™ CRE Real-time PCR 2h Rectal swab/ KPC, NDM, oxa-48 931 973 RUO
Assay® Isolate
Check-MDR 103 PCR followed by 6.5h Isolate KPC, 0XA-48, VIM, NDM, 100 100 RUO
XL microarray GES, GIM, SPM, OXA-23 like,
Oxa-24 like
Eazyplex® Loop mediated 15min | Positive blood KPC, NDM, VIM 100 100 RUO
SuperBug CRE*




’ Bacterial Proteomics Timeline
' Proteomic Timeline

Ry 20-LC-MS/MS

Ry ICAT [y LC-£SHMS/MS

fy FRAST

Ry MALDI-TOF Al

1971 ETA 2023
High R'esolution 2D Electrophoresis E?l—MS ElSl, rir!st—oau base 'AQUA PSAQ SWATN-MS 'FAIMS
Automated Edman Sequencing MALDI-TOF <10kDa =~ SELDI-TOF ‘ SILAC iTRAQ TlMS Dual PASEF
ICAIT llablelllng, Protein Microarray PASEF
ESI/MALDl and LC-MS/MS Proteomics lab-on Chip
| ESI-MS/MS Phosphoproteomics
Peptide Mass ;equoncing ms Absolute SILAC
Microcapillary 'l:'lectrophoresis

Py- MS : Pyrolysis Mass Spectrometry

2-DE :Two Dimensional Electrophoresis

FAB : Fast Atom Bombardment

ESI : Electrospray ionization

MALDI : matrix-assisted laser desorption ionization
MALD| — TOF: matrix-assisted laser desorption lonization-
time of flight

2D-DIGE: Two dimensional differential gel electrophoresis

DESI ;: Desorption electrospray ionization

LC~MS : Liquid chromatography = mass spectrometry

ICAT : Isotope-coded affinity tag

iTRAQ : Isobaric tag for relative and absolute quantitation
MudPIT : muitidimensional protein identification technology
SILAC : stable isotope labeling by amino acids in cell culture
AQUA: absolute quantification

PSAQ: protein standard absolute quantification

TIMS :Trapped ion mobility spectrometry

FAIMS: High-Field Asymmetric Waveform lon Mobility
Spectrometry

SWATH-MS : Sequential window acquisition of all
theoretical fragment-ion spectra mass spectrometry
PASEF :Parallel Accumulation Serial Fragmentation

FRAST : Fast Raman-Assisted Antibiotic Susceptibility Test
MALDI-TOF/Al: matrix-assisted laser desorption ionization-
time of flight / Artificial Intefligence



2D Electrophoresis

MALDI-TOF

ESI-MS

Microcapillary Electrophoresis

LC-MS/MS

SELDI-TOF

AQUA
iTRAQ
Protein Microarray

Proteomics Lab-on Chip

W separation of protein in 2D | Simple, Robust

Differential Protein Expression | Multiplexing, Better Quantification

2 Multiplex, High Throughput

2 Quantitative data reproducible and reliable | Coupling with LC and tandem

2> Selective isolation, High Throughput

Y separation of a mixture of peptides by one-, two- or three- dimensional LC and measurement of peptide masses by MS-MS

P selected part from a protein mixture | High throughput, Small protein
Comparative, quantitative proteomics | Selectively isolates peptide, Reduced complexity of peptide mixture
2 Multiplex, Versatile
) Dynamic changes, post translation modification, Multiple proteins

P Quantitative proteomics, Post-translational modification | Multiplexing, High sensitivity

2 Biomarker | Targeted protein binding | Direct labelling/labelled secondary antibodies

-

Easily automated 100% transmission of ions
2 Analytical assay, Functional assay and Protein interaction | High throughput

2 Multiplexing, Rapid
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 Karbapenemaz ureten izolatlar, ABD’de KDE vakalarinin
yaklasik %35-%59'unu olusturmaktadir

 ABD'nde en yaygin karbapenemazlar, K. pneumoniae
izolatlariyla sinirl olmayan K. pneumoniae
karbapenemazlaridir (KPC'ler).

* Ayrica New Delhi metallo-B-laktamazlari (NDM'ler), Verona
integron-encoded metallo-B-laktamazlari (VIM'ler),
imipenem-hidrolize metallo-B-laktamazlari (IMP'ler) ve
oksasilinazlar (6rn. OXA-48 like)

* Bir KDE izolatinin karbapenemaz tretip-tretmediginin ve
eger Uretiyorsa, Uretilen spesifik karbapenemazin bilinmesi
tedavi kararlarinin yéonlendirilmesinde dnemlidir.
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* Modifiye karbapenem inaktivasyon yontemi
gibi fenotipik testler, karbapenemaz ve
karbapenemaz Uretmeyen KDE'yi ayirt eder

* Molekduler testler spesifik karbapenemaz gen
ailelerini tanimlayabilir (6rnegin, blaKPC'yi
blaOXA-48 benzeri genlerden ayirmak)

e Klinik mikrobiyoloji laboratuvarlarini optimal
tedavi kararlari icin karbapenemaz testlerini

takip etmeye dnerisi mevcut



Enterobacterales

Class A Class B Class D
Carbapenemase Carbapenemase Carbapenemase
(e.g. KPC) (e.g. NDM) (e.g. OXA-48)
Ceftobiprole
Ceftolozane-
tazobactam

Ceftazidime-avibactam

Cefiderecol

Meropenem-
vaborbactam

Imipenem-relebactam

Aztreonam-avibactam

Plazomicin

Eravacycline

New antibiotics for Gram-negative pneumonia. European Respiratory Review 2022 31: 220119; DOI: 10.1183/16000617.0119-2022



Ambler
Classification
1 2 2 3

Functional group

niitory Prfie Clavulanic aci e |

ESBLs

Carbapenemases

Classical examples ESBL: AmpC ;;nvlﬁlmnm: TEM-1, ESBL: OXA-11 Carbapenemase: IMP,
o Carbapenemase: VIM, NDM
ESBLs: CTX-M, TEM-3 OXA-23,

Carbapenemase: KPC OXA-48

[ Serine B-lactamase
M Metallo g-lactamase



Class

Penicillins

Enzyme

GNB Betalaktamazlar

Cephalosporins Cephalosporins R-lactams/
1st et 279 3 génération Inhibitors of
generation cefepime**, R-lactamases

cefpirome**

* Cephamycins excluded for ESBLs
** Cefepime, cefpirome excluded for overexpressed cephalosporinase

Carbapenems



CRE infection*

'

Molecular identification

—

Ambler Class D CRE
(OXA-48-like)

l

-~ I
Ambler Class A CRE Ambler Class B CRE
(KPC, NMC, SME) (NDM, VIM, IMP)
Ceftazidime-avibactam
Imipenem-relebactam * Ceftazidime-avibactam +
Meropenem- aztreonam
b et * Cefiderocol

Cefiderocol

Ceftazidime-avibactam
Cefiderocol




IDSA 2023 Guidance on the
Treatment of Antimicrobial Resistan
Gram-Negative Infections

Published by IDSA on 6/7/2023. Document is current as of 12/01/22, 7/1/2023

Guidelines

European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) guidelines for the treatment of infections caused by
multidrug-resistant Gram-negative bacilli (endorsed by European
society of intensive care medicine)

Mical Paul "~ Elena Carrara *, Pilar Retamar * °, Thomas Tangdén °, Roni Bitterman *~,

Robert A. Bonomo °, Jan de Waele , George L. Daikos "', Murat Akova **,
Stephan Harbarth ", Celine Pulcini '* 15" , José Garnacho-Montero '°, Katja Seme "/,
Mario Tumbarello 18 , Paul Christoffer Lmdemann . Sumanth Gandra €

Yunsong Yu # %4 Matteo Bassetti “*“”, Johan W Mouton o

Evelina Tacconelli ™ 27,28, ", Jestis Rodriguez-Bano ™
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Iofsctiones Disenses Sovwty of Ainerien

Direncli patojenlere 6zel bir tedavi sliresi dnerisi yok
Duyarli suslar icin tedavi siiresi = direncli suslar icin tedavi stresi

Kalttr sonuclari elde edildiginde

-Sistit disindaki tim infeksiyon hastaliklarinda klinik iyilesme
gbzlense bile tedavinin kiltir sonucuna goére duyarli bir ajanla
degistirilmesi ve tedavi suresinin baslangic tarihi icin aktif ajanin
baslandigi glinlin esas alinmasi 6nerilir



1DSA
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Kombinasyon tedavileri (Beta laktam antibiyotik+aminoglikozit, florokinolon
veya polimiksin kombinasyonu) KDE infeksiyonlarinin tedavisinde rutin olarak
onerilmemekte

Tedavilerinde Onerilen ajanlarin yan etki profilleri gbz 6nine alindiginda, yeni
kusak beta laktam antibiyotige karsi duyarhlik gosterilmisse tedaviye yalnizca
yeni beta laktam antibiyotik ile devam edilmesi 6nerilmekte

- NDM ve diger metallo-B-laktamaz lireten infeksiyonlar icin seftazidime-
avibaktam tercih edilecekse aztreonam ile kombine edilmelidir

Tigesiklin veya eravasiklin, kan dolasimi veya idrar yolunu icermeyen KDE
infeksiyonlarinin tedavisi icin alternatif seceneklerdir



e Meropenem MiK degeri > 8 mg/L = KDE infeksiyonlari icin
karbapenem bazli kombinasyon tedavisinden kacinmalidir

* Yeni betalaktam antibiyotikler kullanilmiyorsa, kombinasyon
tedavisinin bir parcasi olarak yiksek doz uzatilmis inflzyon

meropenem (MIK<8 mg/L ise) kullanilabilir ***



KRE'nin neden oldugu ciddi infeksiyonlarin tedavisinde yliksek doz,
uzatilmis infizyon meropenem+polimiksin kombinasyon tedavisinin
polimiksin monoterapisine gére avantajli olduguna dair disuk

kesinlikte kanit

Cift karbapenem kullanimi icin celiskili invitro veri mevcut

Gozlemsel calismalar yeterince standardize degil, daha fazla

degerlendirme gerektirdigi sonucuna varilmis yetersiz kanit




* Hizli testler ile karbapenemaz turinin
belirlenmesi ve tedavinin bu dogrultuda

sekillenmesi Onerisi var

 KPC enzimine sahip suslarin infeksiyonlarinda
seftazidim-avibaktam veya meropenem-
vaborbaktam

* OXA-48-benzeri enzime sahip suslarin
infeksiyonlarinda seftazidim-avibaktam



* Yeni antibiyotikler temin edilemiyorsa, eski
antibiyotiklerin (polimiksin, tigesiklin,
fosfomisin, aminoglikozid, meropenem)
kombinasyonu (in vitro etkili 2 antibiyotik
kombinasyonu) 6nerilmektedir

e Meropenem MIK <8 mg/L olmadikca
kombinasyonda yer almasi dnerilmemektedir



IDSA kilavuzu eski antibiyotiklerle yapilan
kombinasyon tedavilerini 6nermemekte

v’ Yeni antibiyotiklerin olmasi

v Klinik calismalarda 6zellikle seftazidim avibaktam
ve meropenem vaborbaktamin polimiksin iceren
kombinasyonlardan daha etkili olmasi

v’ Karbapenem kullanimindan kaginarak
karbapeneme direncin 6nlenmesi

v’ Polimiksinlere bagl nefrotoksisiteden kacinmak



Yeni antibiyotiklerle tedavi yaklasimlari

Komplike olmayan sistit Siprofloksasin

Levofloksasin

TMP-SXT
Nitrofurantoin
Aminoglikozid
Ertapenem direngli Meropenem duyarli (karbapenmaz test
sonucu bilinmiyor ya da negatif) Meropenem SD, Si
Piyelonefrit/Komplike USI Siprofloksasin

Levofloksasin

TMP-SXT
Meropenem-vaborbaktam
imipenem-silastatin-relebaktam

Sefiderokol
Ertapenem direncgli Meropenem duyarli (karbapenmaz test
sonucu bilinmiyor ya da negatif) Meropenem YD, Ui
Uriner Sistem Disindaki infeksiyonlar
Ertapenem direncli-Meropenem duyarli-(Karbapenemaz
testi sonucu bilinmiyor ya da negatif) Meropenem YD, Ui
Ertapenem direncli-Meropenem direncli-(Karbapenemaz
testi sonucu bilinmiyor ya da negatif veya karbapenemaz
pozitif fakat tiirt bilinmiyor) Seftazidim-avibaktam

Meropenem-vaborbaktam

imipenem-silastatin-relebaktam

Seftazidim-avibaktam
Meropenem-
vaborbaktam
imipenem-silastatin-
relebaktam
Sefiderokol

Kolistin**

Aminoglikozid*

Enzim tlr{ biliniyorsa MBL(+) ise seftazidim-avibaktam + aztreonam veya sefiderokol monoterapisi

OXA-48(+) ise seftazidim-avibaktam
KPC(+) ise seftazidim-avibaktam veya meropenem-

vaborbaktam



\ Maruziyet sonrasi diren¢ oranlari

seftazidim-avibaktam %20
meropenem-vaborbaktam %3

Calismalar sinirli o
monoterapi ya da
olmasini direncle i

sa da seftazidim-avibaktamin
kombinasyon rejiminin parcasi

iskilendirmemis



Eski antibivotiklerle tedavi vaklasimlari

Piyelonefrit veya Komplike USi

Ertapenem direncli-Meropenem direncli ve Meropenem (YD, Ui) + Kolistin Aminoglikozidler
Meropenem MiK <8 mg/L ise Meropenem (YD,Ui) + Aminoglikozid veya Fosfomisin veya Kolistin

Tigesiklin Tigesiklin
Meropenem MiK >8 mg/L ise Fosfomisin + Aminoglikozid

Tigesiklin + Kolistin veya Gentamisin

Secgenekler ¢ok sinirli ise Cift karbapenem
Kan Dolagimi Enfeksiyonlari

Meropenem MiK <8 mg/L ise Meropenem (YD, Ui) + Polimiksin
Meropenem (YD,Ui) + Fosfomisin veya Tigesiklin

Meropenem MiK >8 mg/L ise Polimiksin+ Tigesiklin
Polimiksin + Fosfomisin
Tigesiklin + Aminoglikozid

intraabdominal Enfeksiyonlar

Meropenem MiK <8 mg/L ise Meropenem(YD,Ui) + Tigesiklin
Meropenem MiK >8 mg/L ise Polimiksin + Tigesiklin R
Fosfomisin + Tigesiklin Tigesiklin

Polimiksin + Fosfomisin
Tigesiklin + Aminoglikozid

Hastanede Gelisen Pnémoni veya Ventilatorle iliskili Pnomoni

Meropenem MiK <8 mg/L ise Meropenem (YD, Ui) + Polimiksin
Meropenem + Fosfomisin

Meropenem MiK >8 mg/L ise Meropenem + Fosfomisin
Fosfomisin + Tigesiklin (YD)
Polimiksin + Tigesiklin (YD)

Akalin H. Karbapenem Direncli Enterobacteriaceae Enfeksiyonlarinin Tedavisi. Tlrkiye Klinikleri



KDE
Antibiyotik direnci

Yenl
N antibiyotikler -
Yeni direng

mekanizmalari




Imkansiza ulasmanin
tek yolu, onun mumkun
olduguna inanmaktir.

Lewis Carrol




CR Carbapenem-resistant
Enterobacterales

An Urgent Public Health Threat

Information for Facilities

PRELTIONizE.

Carbapenams are last-line antiiotics used to treat serious multidrug-resistant
ut 2-3% of Enteobecierales associaed with Nealthcare-

infections. In the Unitad Staies, ab
asaocated infactons ere roaistant to

zarbapanemna.

CRE nlectons don’t respond 1o common antibiotics and Fwasie Necions ae associated
¢ to ol svolebe ontibs

with high mortzlity rates. Some CRE are ress:

Carbapenemase-Producing CRE

commonly identified in clinical macrobiclogy laboratones. |k Eschianchia ool and Klet

LONMON
ENTERORACTERALES
SPECIER:

+ Eschenzhla el
 Kishsets pnimamas
= Entersbacter chocee
« Crrobarter fravodi

* SH'ENA DRCEICENS

CARBAPENEMASES MOST
A subset of CAZ caled carbepenemese-producing CRE, are primarily responsible for COMMONLY IDINTIFIED
tho rapid global spread of CRE, including = U S, hoatheam sottings. Carbapanomazas US GAE
ars sazymas that mactivats carhapanems and othar (actam anstiotes. Cabhapenamasa- KL+ DA
producng CHE can share the geretic cods far carbapenemasas win othar bastena, rapdly E [“"" o 1.
spreading resisience. e
How is CRE Transmitted? . Colonization
CRE soronds trough direct or indrect |\ Cobniration masns that an organism
e eEN cuind t0 o4 16 S0k 0 ok cautiv
v d emvirorment and ' A any sympioms o dsease. CRE primaily
surtaces. colonizes the digestve tract, but csn also
r—

% peison, end
health care parsonnel or on contaminated
madical squpmant (8 g , portable Xray machines:
Some envronmental sources, Such as sek drains and
0lets, can be Imponant resedvors conwibutng tc CRE
ransmisson,

Who is at risk?
Hospital patiorts and long-tarm caa faclity
resigents. especally 1iose who

o Recews complax medical care. inchuding
THEnSIVe CAra Unit B0TESSIN of Fing imasive
devices

* Have taken certain arntiiotcs
* MNecd halp with activitios fiks toicting, bathing,
2 dresing

Aryono who had modical procodures or was

admtied 1o a hospital Guteids the Linted Statas in

the past & morthe

zol
remain colonzed

Why Is colonization important?
Infactions raprasen: only 2 fraction of the burden
Many mrore paniants ars colonized. Patients colorized
with C
hey sre also et b
than pationts whe
calanied with CRE don't have signe or symatoms
of liiness, CRE coionizztion can go unde!
CONUIbULE 10 Sk Spre;

of restsien bactera

How can wae identify colonized patients
to stop spread?

Seraanin
bapenemase-producing CRE 10 prevent ransmission
10 over patents Evicugh i geled interventions, Ike
Transmission Based Pracautions Scroening tests for
poticnts and residents at risk of CRE colonization
are availabla at no cost through CDC’s
Antimicrobial Resistance (AR) Lab Notwork

CRE &osces™

ot ar Mschosure by

CRE &z

How Your Facility Can Prevent the Spread of CRE

Timely and Accurate Identification of Patients with CRE

o E] Perform Hand Hygiene

=

* Ensure your clinical abomtory can identify CRE
Ask your hzalth department sbout the avaiability of specalized testing through CDC's AR Lab Netwark
to idantify rarbapansmase-poducng CRE from clincal caturs

and to serean far CRE calontation

Fellow pubic health reccmmandations for CRE colonizaton screening

When transferrng a patient colonized or infected with CRE, notity accepting facilities and units of the
petient’s CRE hstory.

* Work with your heatth department to understard local CRE epidemialogy.

* (Clean your hands immediately before touching & patient, before Did you know?
performing an asepts task {o.¢., placing an indweling device),
before handling rwvasive medical devices, and before movirg from
work on a soiled body site to a clean body sita on the same patiznt
Cloan your hands after touching a pationt or the pationt’s
Iimmediate anvironmsnt; after contact with biood, body fluids, or
contaminatad surfaces; and immadatel after giove removal.

7w, Wear Gown & Gloves When Caring for Patients with CRE

%,
& 2 £ cen contarminate your hands end cothes while you care for & patient with CRE o work ir
wonment. Ths puts the patients who you care for afterward at risk of getting CRE
* Protect your pasients by weanng a gown and gloves for patient care according to the guidelines for your
settng (1.e, Comact Precautions in acuie care, Enhenced Banier Precsutions in longierm cars).
* Don and doff your parsonal protactive squipment (PPE] in the nght oroer and take care not to selt-
centaminase during doffing.
= Awvays chenge your PPE batween patients or residents.
Bl Clean and Disinfect the Patient Envi and Medical Equip
4
4 « Follow your faciity’s claaning and disinfactian pratocols
¥ ¢ + " "
\o = Ensure high-touch surfaces (e.g., bed rails, light swiiches, call butions| are clearad frequar

Dadiczte non-cntical medical equipment (e g., stethoscopes, blood pressur cuffs] to CEE patients
whanever posshie and d

s clean and dsinfect batwean pate
Ensure shered madical equipment (e.g.. pertable X-ray machine) is cleaned and disinfectad betwean
each patient

Prevent Transmission from Sinks, Toilets, and Other Wastewater Plumbing
CRE can contaminate wastowater plumbing, aspecially sirk drans, wilats, and hoppers. Spashes from thaco
sources are associated with outbraaks of cabapenermrase-producing organisms.

* Clzan and disinfact countertops, handles, faucets, and sk basins at least daily.

= Keep patient care iterns ot leas

vee fest gaay from sinks, tolets, ard hoppers

* Do not discard patient waste n sinks.

* Avoid discarding beveragsas or other sources of nutrients in si

Resources

Learn more abou! CRE: »

u.s.
Contact your HAI Prevention Progranc w govhs Y Healt
5 D0 [
avmating water-associatad infertions tor bt C

or tailets.

epartment of
hand Human Services

ar-lab-retw meste el

ov/pratile/er



SHI, KDE kisiden kisiye
« Saglik personelinin elleri
« Kontamine tibbi ekipman yoluyla

- Tuvaletler sonrasi hijyene uyulmamasi*
durumlarinda bulasi s6z konusu

> El hijyeni

» Temas onlemleri veya gelistirilmis bariyer
onlemlerinin kullanilmasi

» Cevre temizligi

> Lavabo ve tuvalet hijyeni kurallarina uyulmasi
onlenmesinde alinmasi gereken onlemlerdir



ABD'de KDE edinimi icin ana risk faktorler:

Saglik hizmetlerine maruz kalma

Tuvalet ve banyo gibi glnluk yasam aktivitelerinin cogunda
yardima ihtiya¢ duyma

o YBU'de kalma

O

O O O O

MV gereksinimi olmasi

Antibiyotiklere maruz kalma
Karbapenemler
Sefalosporinler
Florokinolonlar

Vankomisin

https://www.cdc.gov/hai/organisms/cre/technical-info.html#Difference
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Guidelines for the
prevention and control
of carbapenem-resistant
Enterobacteriaceae,
Acinetobacter baumannii and
Pseudomonas aeruginosa
in health care facilities

Key remarks from the GDG*

Recommendation 1: Implementation of multimodal IPC strategies

The panel
recommends that
multimodal IPC
strategies should
be implemented
to prevent and
control CRE-
CRAB-CRPsA
infection or
colonization and
that these should
consist of at least
the following:
* hand hygiene
* surveillance
(in particular,
for CRE)
* contact
precautions
* patient isolation
(single room
isolation
or cohorting)
* environmental
cleaning

* The evidence supporting this recommendation showed that
multimodal strategies comprised of several elements implemented
in an integrated way were used as the intervention in most studies.
The use of multimodal strategies is also strongly recommended as
the most effective approach to successfully implement IPC
interventions in the 2016 WHO guidelines on core components of
infection prevention and control programmes ot the national and
acute health care facility level.

Most studies were from settings with a high prevalence of CRE-
CRAB-CRPsA. Nevertheless, the CDG considered that the IPC
principles outlined in this recommendation
all prevalence settings.
While the control of large outbreaks w3
costly, these studies were all conducted
countries. Thus, there are concems rega
and the affordability of outbreak contrg
resources.
Although the scope of the evidence rev
recommendation address acute care fac
that all types of health care fadilities ap
for the control of CRE-CRAB-CRPsA.
Implementing this recommendation may/
systems as it requires a multidisciplinary
executive leadership, stakeholder commi
possible modifications to workforce stru
cases. Facility leadership should clearly sul
aimed at preventing the spread of CRE-CRAD
materials and organizational and administrative support through
the allocation of 3 orotected and dedicated budeet, according

Strength of
recommendation
and quality

of evidence**

Strong
recommendation,
very low to low
quality of evidence

-El hijyeni
-Siirveyans (6zellikle KDE)
-Temas izolasyonu
-Hastalarin izolasyonu (tek
kisilik oda ya da
kohortlanmasi)
-Cevre temizligi
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Bracing for Superbugs: Strengthening
environmental action in the One Health response

to antimicrobial resistance

eAntimikrobiyal  dirence  karsi  “Tek  Saghk”
mudahalesinde cevresel eylemin guclendirilmesi,
cevrenin antimikrobiyal direng gelisimi, bulasmasi ve
yayllmasinda kilit bir rol oynadigina dair kanitlar
sunmaktadir

*Onleme, eylemin merkezinde yer almaktadir ve
cevre, cozumun 6nemli bir parcasidir
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