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" O zamandan beri, yeni antibiyotiklerin kesfedilmesinin yaninda yeni direngler de kesfedilmekte.
Mikroorganizmalar her zaman hayatta kalmanin ve yeni ilaglara direnmenin yollarin1 aramaktalar.
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Gittikce daha ¢ok, mikroorganizma direnclerini birbirleriyle paylasiyor, bu da ayak uydurmamizi zorlastiriyor.
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1935

A BRIEF HISTORY OF ANTIBIOTICS & RESISTANCE

Sulfanamide drugs are

released, becoming the first
antibiotics to be used

systematically.

1910
The first
antimicrobial drug,
Salvarsan, is
synthesised from
clothes dye & used
to treat syphilis.

1928

Alexander Fleming
discovers penicillin &

begins investigating its

antibiotic potential.

Pre-20thC

In the pre-antibiotic age,
it was common to die
from minor infections

1959
Methicillin
antibiotics are
invented to combat
penicillin-resistant
staphylococcus.

1943
Allied WW2 soldiers
begin receiving supplies
of antibiotics, saving
thousands of lives.

1987
Daptomycin is
invented. After
this, no new
classes of
antibiotics are

1948

2015

The World Health
Organisation (WHO)
launches the first

Present Day
Individuals, researchers
& policymakers are
working together to
fight antibiotic
resistance.

Penicillin-resistant
staphylococcus
becomes a global
pandemic.

discovered for Antibiotics

~30 years.

1960

The first strains of
methicillin-
resistant
staphylococcus
aureus (MRSA)
emerge.

2014
The British public
vote for antibiotic
resistance to be the
focus of the £10m
Longitude Prize.

1945

Nobel Prize awarded to
Fleming, Florey & Chain for
their work on antibiotics. In
his acceptance speech,
Fleming warns of the dangers
of antibiotic resistance.

1941

Ernst Chain and
Howard Florey
begin first clinical
trials of penicillin.

1953

Antibiotics are
introduced to animal
feed in Europe.

Awareness Week.

2017

Scientists produce
improved form of

Teixobactin: a new
class of antibiotics
with the potential
to destroy
superbugs.
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Herhangi bir ulkede, herhangi bir yasta herhangi birini
etkileyebilir.

Daha yuksek tibbi maliyetlere,

Daha uzun hastanede yatis surelerine,

Mortalitenin artmasina neden olur.

MY

Antibiyotiklere direng, hastane ve toplumda tedavi

Antibiotic resistance
| basarisini ve kalitesini onemli olcude etkilemektedir



ABD'de her yil en az 2 milyon kiside direncli bakterilerle hastalik gelismekte ve

bunun sonucunda en az 23.000 Kkisi 6lmektedir.
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Estimated minimum number of illnesses and
deaths caused by antibiotic resistance*:
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Estimated minimum number of illnesses and

North America
death due to Clostridium difficite (C. difficile),
a unigue bacteria ction that, although 3 1 7 0 0 0
not significantly resistant to the drugs used to )

treat it, is directly related to antibiotic use and ’ ’
resistance:
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WHERE DO INFECTIONS HAPPEN?

Latin America Africa ] Oceania ,
392.000 4150,000 22.000




| ANTIOTIC RESISTANCE
Antibiotic resistance - when bacteria change GLO BAL A fallure to address the pmblem Of

and cause antibiotics to fail - is happening

HIGHT NOW, Gevoes trs world antibiotic resistance could result in:

The full impact is

‘ s \ -
unknown. There is f . : c
no system in place ' os In
to track antibiotic .
resistance globally 1§ ,

\ Without urgent action, many
modern medicines could ea s
become obsolete, turning
! even common infections

into deadly threats.

SROWING by 2050 tri“ion

IS WORLDWIDE

Antibiyotik direnci, bugun kuresel saglik, gida guvenligi ve gelisime yonelik en
buyuk tehditlerden biridir.



Dunyanin acilen antibiyotik kullanma ve recete etme seklini degistirmesi gerekiyor.
Yeni ilaglar gelistirilse bile, davranis degisikligi olmadan antibiyotik direnci onemli

bir tehdit olmaya devam edecektir.
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Antibiyotiklere Direng TABLO 1: Antimikrobiyal ilalara i¢sel direng drnekleri.

Dogal Direng Antimikrobiyal ila¢ Mekanizma

Anaerobik bakteriler Aminoglikozidler Aminoglikozidlerin hiicreye alimi icin gerekli oksidatif metabolizmanin eksiklig
Gram -pozitif bakteriler Aztreonam ((3-laktam) Bu ilaci baglayan ve inhibe edilen penisilin baglayan proteinlerin (PBP) eksikligi
Gram negatif bakteriler Vankomisin Vankomisinin dis membrandan hicre igine gecememesi

Pseudomonas aeruginosa Siilfonamidler Huicreye girisin engellenmesi

b /P PRy R

‘icsel direnc: Bazi bakteriler yapilari veya metabolizmalari nedeniyle
antibiyotiklere karsi dogal olarak direnclidir

Klebsiella spp. Ampisilin B-laktamaz ile inaktivasyon

Aerobik bakteriler Metronidazol llact anaerobik olarak aktif sekline donistirememe

Enterokoklar Aminoglikozidler Aminoglikozidlerin hicre icine alinmasi icin yeterli oksidatif metabolizmanin olmamasi
Enterokoklar Tim sefalosporinler llacin hedefi olan penisilin baglayan proteinlerin (PBP) eksikigi

Laktobasiller ve Leuconostoc Vankomisin Vankomisinin baglanacag uygun hicre duvari prekarsorinin olmamas!

Stenotrophomonas maltophilia imipenem B-laktamaz ile inaktivasyon




Antibiyotiklere Direng

Sonradan edinilen direng:
» Mikroorganizmanin genetik yapisindaki degisiklikler ile ortaya cikmaktadir.

Direncli hale gelis basamak seklinde yavas yavas olur

Tenover FC. Mechanisms of antimicrobial resistance in bacteria. Am J Infect Control 2006



Antibiyotiklere Direnc

Direncli bir bakteriden
plazmid, transpozon veya integron
gibi hareketli bir gen alinmasiyla

olusabillir

Antibiotic-resistant Antibiotic-sensitive
bacterium bacterium

#O e

Chromosome  Plasmid carrying
resistance genes

Plasmid copy
is transferred.

Con]ugatlon :

Both bacteria are
antibiotic resistant.

FIGURE 7.19. Lateral transfer of antibiotic resistance via plasmids. (7) Antibiotic-resistant and
-sensitive bacteria are shown. (2) Bacteria “mate” via conjugation, during which a copy of the
plasmid carrying antibiotic resistance genes is transferred. (3) Both bacteria are now antibiotic

resistant.

7.19, adapted from Collignon P.J., Med. ]. Australia 177: 325-329, © 2002 Australasian Medical Publishing Co.

Evolution © 2007 Cold Spring Harbor Laboratory Press



Bakterilerin antimikrobiyal ilaclara karsi gosterdigi direng mekanizmalari

dort ana baslik altinda toplanabilir:

1. Hucredeki antimikrobik ila¢c miktarinin azaltilmasi;

I = antibiotic

Altered target site

S e
Dis membran
gecirgenliginin azalmasi
Ic membrandan gegisin
engellenmesi

"Bypass" pathways
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Aktif atim (efluks) pompasi ile gerceklesebilir.



Bakterilerin antimikrobiyal ilaclara kargi gosterdigi diren¢ mekanizmalar :

Decreased uptake

2. llacin hedefinde degisiklik olugturulmasi| ==-tot

| Penetration

U o

Altered target site t Efflux

and/or
/I

a. Mutasyon ile

b. Enzimatik degisiklik ile olugabilir

' Enzymatic

‘Bypass" pathways inactivation or
modification



D = antibiotic Decreased uptake

3. Sentezlenen enzimle ilacin inaktive edilmesi

{ Penetration

Altered target site t Efflux

4. Antimikrobiyal ilagtan etkilenmeyen Q wdor g
A

farkh bir metabolik yol kullaniimasi N , 8

&5 (|

)

Enzymatic
inactivation or
modification

"Bypass" pathways




Gram negatif bakteriler, bu mekanizmalardan bir kacgini ayni anda kullanarak farkli grup antimikrobiyal

ilaclara direngli hale gelebilir

Ureidopenislinler (piperacillin)
3. kusak sefalosporinler

(cefotaxime, ceftazidime)
Karbapenemler (imipenem, meropenem)
Florokinolonlar (ciprofloxacin)

Polimiksinler (colistin and polymyxin B)

Aminoglikozidler (gentamicin, amikacin)
Glisiklinler (tigecycline)

Tetrasiklinler (doxycycline, minocycline)
Kloramfenikol

Sulfonamidler (co-trimoxazole)

Fosfomisin



Gram Negatif Bakterilerde Diren¢ Tanimi

« Coklu-direncli (Multidrug-resistant / MDR)

» llaglara Asiri Direncli; XDR (“Extensively”, “extremely drug resistant” )
« Tam-direncli (Pan-resistant)

« Es-direncli ("Co-resistant”)

« Capraz direncli (cross resistant)

Deniz GUR, Antimicrobial Resistance in Bacteria, Turkiye Klinikleri J Inf Dis-Special Topics. 2017;10(1):20-5



ORIGINAL ARTICLE BACTERIOLOGY

Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard
definitions for acquired resistance

A.-P. Magiorakos', A. Srinivasan?, R. B. Carey?, Y. Carmeli’, M. E. Falagas*S, C. G. Giske®, S. Harbarth’, J. F. Hindler®?, G.
Kahimeter’, B. Olsson-Liljequist'?, D. L. Paterson'’, L. B. Rice'?, J. Stelling'?, M. J. Struelens', A. Vatopoulos'?, J. T. Weber®
and D. L. Monnet'

1) European Centre for Disease Prevention and Control, Stockholm, Sweden, 2) Office of Infectious Diseases, Department of Health and Human Services,
Centers for Disease Control and Prevention, Atlanta, GA, USA, 3) Division of Epidemiology, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel 4) Alfa Institute
of Biomedical Sciences (AIBS), Athens, Greece, 5) Department of Medicine, Tufts University School of Medicine, Boston, MA, USA, 6) Department of Clinical
Microbiology, Karolinska University Hospital, Stockholm, Sweden, 7) Infection Control Programme, University of Geneva Hospitals, Geneva, Switzeriand, 8)
Department of Pathology and Laboratory Medicine, University of California Los Angeles Medical Center, Los Angeles, CA, USA, 9) Department of Clinical
Microbiology, Central Hospital, Vaxjo, 10) Department of Bactenology, Swedish Institute for Infectious Disease Control, Solna, Sweden, | 1) The University of
Queensland Centre for Clinical Research, Royal Brisbane and Women's Hospital, Brisbane, QId, Austrafia, 12) Warren Alpert Medical School of Brown
University, Providence, RI, 13) Department of Medicine, Brigham and Women's Hospital, Boston, MA, USA and 14) Department of Microbiology, National
School of Public Health, Athens, Greece

Abstract

« Coklu-direncli (Multidrug-resistant): Uc veya daha ¢ok antibiyotik grubunda en az birer

llaca direnc vardir  (Aminoglikozidler, florokinolonlar, sefalosporinler, karbapenemler vs).

three or more antimicrobial categories, XDR was defined as non-susceptibility to at least one agent in all but two or fewer antimi-
crobial categories (i.e. bacterial isolates remain susceptible to only one or two categories) and PDR was defined as non-susceptibility
to all agents in all antimicrobial categories. To ensure correct application of these definitions, bacterial isolates should be tested
against all or nearly all of the antimicrobial agents within the antimicrobial categories and selective reporting and suppression of
results should be avoided.

Keywords: Antimicrobial agents, definitions, extensively drug resistant. multidrug resistant, pandrug resistant
Original Submission: 3| January 201 |: Revised Submission: 7 April 201 |; Accepted: 22 April 2011
Editor: R. Canton
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Gram Negatif Bakterilerde Diren¢g Tanimi

llaclara Asiri Direncli (XDR): Bir iki grup disinda hemen hemen tiim gruplarda en az bir ilaca
direng vardir.

Tam-direncli (Pan-resistant): Tum antibiyotiklere direncli

Es-direncli (“co-resistant”): Farkh direng mekanizmalari birlikte bulunmaktadir

(Aminoglikozid ve beta-laktam direnci)

Capraz direncli (cross resistant): Ayni grup antibiyotiklere direng olusturan farkli direng genleri
bir arada bulunmaktadir (Aminoglikozidlerde amikasin, gentamisin,tobramisine direng gibi)

Deniz GUR, Antimicrobial Resistance in Bacteria, Turkiye Klinikleri J Inf Dis-Special Topics. 2017;10(1):20-5



TABLE 3. Enterobacteriaceae; antimicrobial categories and agents used to define MDR, XDR and PDR (worksheet for categor-

izing isolates)

Antimicrobial category

Antimicrobial agent

Results of
antimicrobial
susceptibility
testing (S5 or NS)

Species with intrinsic resistance to
antimicrobial agents or categories (51)*

Aminoglycosides

Gentamicin

Providencia rettgeri (P. rettgeri), Providencia stuartii (P. stuartii)

Tobramycin

P. rettgeri, P. stuartii

Amikacin

Metilmicin

P. rettgeri, P. stuartii

Anti-MRSA cephalosporins

Ceftaroline (approved only for

Escherichia coli, Klebsiella
prneumoniae, Klebsiella oxytoca)

Antipseudomonal penicillins
+ f-lactamase inhibitors

Ticarcillin-clavulanic acid

Escherichia hermannii (E. hermanii)

Piperacillin-tazobactam

E. hermanii

Carbapenems

Ertapenem

Imipenem

Meropenem

Doripenem

Mon-extended spectrum

Ll = ol h'ﬂ IﬂE nnr'inc" I [ ﬂ'ﬂf'l

Cefazolin

Citrobacter freundii (C. freundii), Enterobacter aerogenes
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Non-extended spectrum Cefazolin
cephalosporins; |st and
2nd generation cephalosporins

Citrobacter freundii (C. freundii), Enterobacter aerogenes
(E. aerogenes), Enterobacter cloacae (E. cloacae), Hafnia alvei
(H. alvei), Morganella morganii (M. marganii), Proteus penneri
(P. penneri), Proteus vulgaris (P. vulgaris), P. rettgeri, P. stuartii,
Serratia marcescens (5. marcescens)

Cefuroxime M. morganii, P. penneri, P. vulgaris, 5. marcescens

Extended-spectrum Cefotaxime or ceftriaxone

cephalosporins; 3rd and 4th

generation cephalosporins Ceftazidime
Cefepime
Cephamycins Cefoxitin C. freundii, E. aerogenes, E. cloacae, H. alvei
Ceforetan C. freundii, E. aerogenes, E cloacae, H. alvei

Fluorequinelones

Ciprofloxacin

Folate pathway inhibitors

Trimethoprim-sulphamethoxazole

Glycylcyclines Tigecycline M. morganii, Proteus mirabilis (P. mirabilis),
P. penneri, P. vulgaris, P. rettgeri, P. stuartii
Monobactams Aztrecnam
Penicillins Ampicillin Citrobacter koseri (C. koseri), C. freundii, E. aerogenes, E. cloacae,

E. hermanii, H. alvei, Klebsiellae spp., M. morganii, P. penneri,
P. vulgaris, P. rettgeri, P. stuartii, 5. marcescens

Penicillins + f-lactamase inhibitors

Amoxicillin-clavulanic acid

C. freundii, E. aerogenes, E. cloacae, H. alvei,

M. morganii, P. rettgeri, P. stuartii, 5. marcescens
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Folate pathway inhibitors Trimethoprim-sulphamethoxazole
Glycylcyclines Tigecycline M. morganii, Proteus mirabilis (P. mirabilis),

P. penneri, P. vulgaris, P. rettgeri, P. stuartii

Monobactams Aztreonam

Penicillins Ampicillin Citrobacter koseri (C. koseri), C. freundii, E. aerogenes, E. cloacae,
E. hermanii, H. alvei, Klebsielloe spp., M. morganii, P. penneri,
P. vulgaris, P. rettgeri, F. stuartii, 5. marcescens

Penicillins + f-lactamase inhibitors Amaoxicillin-clavulanic acid C. freundii, E. aerogenes, E. cloacae, H. alvei,
M. morganii, F. rettgeri, P. stuartii, 5. marcescens

Ampicillin-sulbactam C. freundii, C. koseri, E. aerogenes, E. cloacae,

H. alvei, P. rettgeri, S. marcescens

Phenicols Chloramphenicol

Phosphonic acids Fosfomycin

Polymyxins Colistin M. morganii, P. mirabilis, F. penneri, P. vulgaris,

P. rettgeri, P. stuartii, 5. marcescens

©201 | Buropean Society of Clinical Microbiology and Infectious Diseases, CMI, 18, 268-28|
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TABLE 3. Continued

Results of
antimicrobial
susceptibility Species with intrinsic resistance to
Antimicrobial category Antimicrobial agent testing (S or NS) antimicrobial agents or categories (51)*
Tetracyclines Tetracycline M. morganii, P. mirabilis, P. penneri, P. vulgaris, P. rettgeri, P. stuartii
Doxycycline M. morganii, P. penneri, P. vulgaris, P. rettgeri, F. stuartii
Minocycline M. morganii, P. penneri, P. vulgaris, P. rettgeri, P. stuartii

Criteria for defining MDR, XDR and PDR in Enterobacteriaceae

MDR: non-susceptible to =1 agent in =3 antimicrobial categories.

XDR: non-susceptible to 2| agent in all but <2 categories.

PDR: non-susceptible to all antimicrobial agents listed.

*When a species has intrinsic resistance to an antimicrobial agent or to the whole category, that agent or category must be removed from the list in this table prior to apply-
ing the criteria for the definitions and should not be counted when calculating the number of agents or categories to which the bacterial isolate is non-susceptible.

htep:/ fwww.ecdc.europa.eu/en/activities/diseaseprogrammes/ARHAI/Pages/public_consultation_clinical_microbiclogy_infection_article.aspx.

TARIE A Peanndonmanae aariocinaceas
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TABLE 3. Continued

Results of
antimicrobial
susceptibility Species with intrinsic resistance to
Antimicrobial category Antimicrobial agent testing (S or NS) antimicrobial agents or categories (51)*
Tetracyclines Tetracycline M. morganii, P. mirabilis, P. penneri, P. vulgaris, P. rettgeri, P. stuartii
Doxycycline M. morganii, P. penneri, P. vulgaris, P. rettgeri, P. stuartii
Minocycline M. morganii, P. penneri, P. vulgaris, P. rettgeri, P. stuartii

Criteria for defining MDR, XDR and PDR in Enterobacteriaceae

MDR: non-susceptible to 2| agent in 23 antimicrobial categories.

XDR: non-susceptible to 2| agent in all but <2 categories.
PDR: non-susceptible to all antimicrobial agents listed.

*When a species has intrinsic resistance to an antimicrobial agent or to the whole category, that agent or category must be removed from the list in this table prior to apply-
ing the criteria for the definitions and should not be counted when calculating the number of agents or categories to which the bacterial isolate is non-susceptible.
http:/fwww.ecdc.europa.eu/en/activities/diseaseprogrammes/ARHAI/Pages/public_consultation_clinical_microbiology_infection_article.aspx.

TABLE 4. Pseudomonas aeruginosa;

Results of antimicrobial



Antibiyotik kullanimi, direncli bakterilerin yararina bir seleksiyon olusturmaktadir

How Antibiotic Resistance Happens

1. A I OSSN 3. a.
Lots of germs. = Antibiotics kill ~ The drug-resistant Some bacteria give

A few are drug resistant. bacteria causing the illness, bacteria are now allowed to their drug-resistance to
as well as good bactena grow and take over. other bacteria, causing
protecting the body from more problems.

infection.
J J J
X X F a ¥ | B -
% X e - Vo
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GUNUMUZDE ONEM KAZANAN DIRENGC MEKANIZMALARI

« Gunumuzde bazi direng mekanizmalari etkiledikleri antimikrobiyaller ve bunlara bagli yarattiklari sorunlar nedeniyle daha 6n plana cikmistir.
» Coklu direncli Acinetobacter spp. icin kolistin kullanimi, kolistin direncinin artisina yol agcmistir.
« Enterobacteriaceae grubunda
Escherichia coli ve Klebsiella pneumoniae
en sik etkilenen bakteriler
» Karbapenemler, MDR Enterobacteriaceae enfeksiyonlari icin mevcut olan son etkili antimikrobiyaller

« Geniglemis spektrumlu Beta-laktamaz (ESBL) veya AmpC tluru Beta-laktamaz uUreten Enterobacteriaceae’ da karbapenemlerin kullanimi
karbapenem direncinin hizla yayilmasina yol agmigtir.

Deniz Gur, Antimicrobial Resistance in Bacteria, Turkiye Klinikleri J Inf Dis-Special Topics 2017;10(1) 20-5
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Antibiotic resistance: What is so special about multidrug-resistant Gram-
negative bacteria™?

=1

Martin Exner, Sanjay Bhattachar

Philippe Harte I‘|‘|E|“|I‘|:'|:—-‘t r Heeg,
R i Kazanllmlg direngte 0zel onem tagiyan karbapenemazlar
Hans-Gilnther Sonntaqg, 13 and Matt

™=« The “Big Five”
Abstr
me o ] KPC (Klebsiella pneumoniae carbapenemase)
EE:*‘I{ 2. IMP (Imipenemase metallo-beta-lactamase)
pathwar
n 3. NDM (New Delhi metallo-beta-lactamase)
S 4 VIM (Verona integron-encoded metallo-beta-lactamase)
j S

perer 5. OXA (Oxaclllin carbapenemases)



Gram negatif bakterilerde direng

* Beta-laktam direnci
Genislemis spektrumlu beta laktamazlar
IndUiklenebilir beta laktamazlar
Karbapenemazlar

« Aminoglikozid direnci

« Kinolon direnci



Beta-laktamazlar

« Gram negatif bakterilerde beta-laktam antibiyotiklere direng¢ gelisiminden sorumlu baslica

mekanizmadir.
« Beta-laktam halkasindaki siklik amid bagini parcalayarak etki ederler.

- |k olarak Fleming tarafindan fark edildikten sonra, 1940 yilinda Abraham ve Chain

tarafindan penisilinaz tanimlanmistir.

« 1978 yilindan sonra bir ¢ok yeni beta-laktam antibiyotigin kullanima girmesi ile beta-

laktamazlarin sayisi ve ¢esidi de artmistir.

« Bugune kadar 400’e yakin betalaktamaz enzimi tanimlanmistir.



Beta-laktamazlarin siniflandnrimasi

* Bush-Jacoby-Medeiros siniflandirmasi

« Ambler siniflandirmasi



Betalaktamaz= Molekul sinifi Tercih edilen substratliar O=zellik
grubu
a1 c Sefalosporinler Karbapenmemler disinda tam
betalaktamlara direnc
olusturur
2 Cogu klavulanik asit ile imhibe
A, D
olur
2a A Penislinler Penisilina=zlar
2b A Penisilinler, sefalosporinler Genis spektrumliu
betalaktamaz=zlar
2be Penisilinler, dar ve genis Genislemis spektrumlu
A spektrumilu sefalosporinler, betalaktamazlar (EsSBL)
monobaktamlar
2br A Penisilinler TEM enzimleri
2cC A Penisilinler, karbenisilin Karbenisilin hidroliz eden
enzimler
2d D Penisilinler, kloksasilin OXA grubu en=zimler
2e A Sefalosporinler Sefalosporinazlar
2Ff A Penisilinler, sefalosporinler, Karbapemnemaz=zlar
karbapenmnemler
3 Karbapenmnemler dahil bir NMetallobetalaktamaz=zlar
B
3a, 3b, 3c cok betalaktam
a Penisilinler Diger gruplara girmeyen
>

dizileri belirlenmemis

enzimler




Ambler siniflandirmasina gore 4 ayri sinif beta-laktamaz tanimlanmistir:
(Aminoasid ve nukleotid sekans analizi temeline dayal)

« Sinif A Betalaktamaz:
Aktif bolgelerinde serin reziduleri tasirlar ve temel substratlari penisilinlerdir.

Cogu plazmidlerle tasinirlar.

Gram negatif basillerde oldukga yaygin bulunurlar
Or: TEM-1 betalaktamaz
« Sinif B Betalaktamazlar:
Aktif bolgelerinde Zn*? bagimli “thiol” grubu bulunan metalloenzimlerdir.

Cogu karbapenemaz aktivitesi tasimaktadir.



Ambler siniflandirmasina

« Sinif C Betalaktamazlar:
Aktif bolgelerinde serin bulunan, bayuk molekuler agirlikh proteinlerdir.
Tersiyer yapilari PBP’lere kuvvetli benzerlik gosterir
Kromozomal AmpC geni tarafindan kodlanmalari nedeniyle AmpC tipi enzimler olarak adlandirilirlar.
Salmonella tarleri diginda tim gram negatif basillerde bulunurlar.
Baslica sefalosporinaz aktiviteleri vardir.
« Sinif D Betalaktamazlar:

Oksasillin hidrolize edebilme yetenegi olan serin proteazlardir.



Bush, Jacoby ve Medeiros siniflandirmasi:

Beta-laktamazlarin substrat profilleri, inhibitorlere duyarhliklari, molekul
agirliklari ve izoelektrik nokta gibi fiziksel ve iglevsel ozelliklerine gore

yapilan siniflandirmadir.



Bush, Jacoby ve Medeiros siniflandirmasi:

Grup 1:
Cogu induklenebilen kromozomal enzimlerdir.
Gram negatif basillerde yaygin olarak bulunur.
Molekuler siniflamada sinif C'de yer alirlar
Grup 2:
En genis kategoriyi olustrurlar.
Molekuler siniflandirmada A ve D’de yer almaktadirlar.

Sinif A'da yer alan 2b, 2be ve 2br alt grubunda bulunan TEM ve SHV grubu
enzimler, sik soyutlanan turlerde yaygin olmalari ve plazmidlerce tagsinmalari
acisindan onem tasirlar.

« Grup 2a: Molekuler sinif A daki enzimlerin gcogunu bu enzimler olusturur.



Bush, Jacoby ve Medeiros siniflandirmasi:

« Grup 2b: Enterobactericeae ailesinde yaygin olarak bulunurlar

« Grup 2be:

Genigslemis spektrumlu betalaktamazlari (ESBL) iceren gruptur. TEM-1, TEM-2 ve SHV-1

enzimlerin molekuler yapisinda 1-4 amino asit degisikligi ile olusurlar.

Penisilinler ve sefuroksim, sefotaksim, seftriakson, seftizoksim, seftazidim, sefpirom ve

sefepim gibi oksiimino-aminotiazolil sefalosporinleri hidroliz ederler.
Karbapenemler ve sefamisinler bu enzimlere dayaniklidir.

Bu grupta yer alan enzimlerden biri de PER-1 enzimi, ilk kez Turk izolatlarinda

saptanmistir.

. Grup 2br: GSBL aktivitesi icermemektedirler.



Bush, Jacoby ve Medeiros siniflandirmasi:

* Grup 2c:

« Grup 2d: Molekuler sinif D’de yer alan OXA grubu enzimler bulunur.
OXA-1'den OXA-10'a kadar olanlar dar spektrumludurlar.
OXA-11 enzimi, Turkiye'de izole edilen bir susta saptanmistir.
OXA-11'den sonra gelenler genis spektrumlu enzimlerdir.

Bu genislemis spektrumlu OXA grubu enzimler, klavulanik asit ve

sulbaktama direnclidirler ve hastane ineksiyonlarindan izole edilen

suslarda saptanmaktadirlar.



Bush, Jacoby ve Medeiros siniflandirmasi:

« Grup 2e: E. coli'den izole edilen FEC-1 bu grubta yer almaktadir.
« Grup 2f:

Bu grupta, karbapenem antibiyotikleri inaktive eden ancak metallo-

enzim olmayan serin-betalaktamazlar bulunmaktadir.

Karbapenemazlar, imipeneme meropenemden daha fazla direnc

olustururlar.

E. cloacae’nin induklenebilen IMI-1 ve kromozomal NMC-A enzimi,

S. marcescens’in Sme-1 enzimi bu grupta yer almaktadir.



Bush, Jacoby ve Medeiros siniflandirmasi:

e Grup 3:

Molekuler sinif B'de yer alan, metallo-betalaktamazlar yer almaktadir. Klavulanik

asit veya tazobaktam gibi betalaktamaz inhibitorleri ile inhibe olmazlar.

Genis ve dar spektrumlu penisilin ve sefalosporinlere ek olarak karbapenemler
dahil monobaktamlar disinda tim betalaktamlari hidroliz edebilirler.

IMP, VIM, SPM-1, GIM bu grupta yeralirlar.
 Grup 3a, Grup 3b, Grup 3c

- Grup 4



Genislemis spektrumlu betalaktamazlari
(ESBL)

Gram negatif bakteriler tarafindan olusturulan ve bazi

enis spektrumlu beta-laktam antibiyotikleri etkisiz kilar
Extended-spectrum Beta-lactamase (ESBL) producing Enterobacteriaceae genis sp y

enzimlerdir.
Type: Bacteria

Also known as: ESEL, or extended-spectrum p-lactamase

About: ESBL-producing Enterobacteriaceae are resistant to strong antibiotics, including extended spectrum

cephalosporins

» ESBLis an enzyme that allows bacteria to become resistant to a wide variety of penicillin and cephalosporin
drugs
» Bacteria that contain this enzyme are known as ESBELs or ESBL-producing

Drug-resistant infections per year: 26,000 . _ o .
ESBL Ureten bakteriler penisilinlere, sefalosporinlere,

Deaths per year: 1,700 ; : o - -
aztreonam in vitro duyarli gortnseler bile in vivo etkili

olmayabilirler

ESBL ureten bakteriler genellikle gogul direnclidir.



IndUklenebilir beta laktamazlar

Bush grup 1, Ambler grup C: AmpC beta-laktamazlar

Normalde bakterilerde az miktarda sentezlenen AmpC enzimi,
ortamda bulunan bir indukleyicinin etkisi ile gok daha fazla uretilir



Karbapenemazlar

» Karbapenemleri hidroliz etmelerinin yaninda
genis spektrumlu penisilinler,sefalosporinler ve sefamisinleri de hidroliz eden ve
cogunlukla plazmid Uzerindeki transpozonlarda kodlanan enzimlerdir.

* En azindan imipenem ve/veya meropenemi hidrolize eden beta laktamazlar

olarak tanimlanabilir.



Molekuler sinif Fonksiyonel grup

Enzimler

NMC, IMI, SME, KPC,

Karbapenemazlar A :
1.Metalo beta-lakamazlar (Ambler sinif B) | 3 P, VIV, Gil, SPH

IMP, VIM, SPM, GIM, SIM, NDM

2. Ambler sinif A karbapenemazlar

GES (2,4,5,6) SME
Enterobacteriaceae IMI
P.aeruginosa NMC-A

KPC (2-4)

Enterobacteriaceae

P.aeruginosa (nadir)

3. Ambler sinif D karbapenemazlar (OXA karbapenemazlar)

OXA'23 y OXA'24, OXA'58 Walsh TR. Curr Opin Infect Dis 2008;21:367-71.

Gupta V. Expert Opin Investig Drugs 2008;17(2):131-43.



Metalo beta-lakamazlar (MBL)

s Karbapenemazlar icinde klinik onemi en fazla olani

s Enterobacteriaceae Uyelerinde yaygin

s Aztreonam hari¢ tum beta-laktamlari hidrolize edebilirler

Walsh TR. Curr Opin Infect Dis 2008;21:367-71. Franklin C ve ark. J Clin Microbiol
2006;44(9):3139-44.



Karbapenem Direncli Enterobactericeae (CRE)

Fenotipik tanimdir

Enterobacteriaceae 70'den fazla farkli cinsi icerir

Bircok farkli mekanizma karbapenem direncine yol acabilir.

Karbapenemazlarin uretimi (CP-CRE)

Klebsiella pneumoniae karbapenemaz (KPC) gibi enzimler

Karbapenemaz uretimi digindaki (CP-CRE olmayan) mekanizmalarin kombinasyonu;

Bakterilerin hucre zarindaki degisiklikler (0rnegin, porin mutasyonlari) ile kombinasyon halinde
beta-laktamazlarin (6rnegin, AmpC) tretimi. (En yaygin)



Rapid risk assessment: Carbapenem-resistant
Enterobacteriaceae - first update

rnisk assessment

e CRE epidemiyolojik onemi?

Carbapenem-resistant Enterobacteriaceae (CRE) pose a significant threat to patients and healthcare systems in all
EU/EEA countries. CRE infections are associated with high mortality, primarily due to delays in administration of
effective treatment and the limited availability of treatment options. New antibiotics capable of replacing carbapenems
for their main indications are not likely to become available in the near future. CRE are adapted to spread in healthcare
settings as well as in the community, and measures should address both routes of transmission.

This update of the 2018 ECDC Rapid Risk Assessment on carbapenem-resistant Enterobacteriaceae (CRE) evaluates
the risk for patients and healthcare systems in EU/EEA countries due to the global spread of CRE.

Executive summary

Infections with bacteria resistant to carbapenems, a group of highly effective antibiotics, pose a significant threat to
patients and healthcare systems in all EU/EEA countries, warns ECDC in a Rapid Risk Assessment.

Resistance to carbapenems has been reported with increasing frequency and geographical spread since the
beginning of the 1990s. The global rise of carbapenem resistance in a certain family of bacteria called
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Jan has a stroke and is n the hospital
She is stable but needs long-term critcal care
3 another fachty.
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SOURCE: COC Vital Signs, 2013



Karbapenemaz salgilayan CRE salgini
epidemiyolojik olarak onemli midir?

CP-CRE;

Temas onlemler,
Tarama kulturlerinin uygulanmasi

Hasta ve personel kohortu gibi daha agresif mudahaleler



RN AR RN R TRt INVITED ARTICLE

Robart A Weinstein, Section Editor

Carbapenem-Resistant Enterobacteriaceae:
Epidemiology and Prevention

Neil Gupta,? Brandi M. Limbago,? Jean B. Patel,? and Alexander J. Kallen®

'Epidamic Intelligence Service and *Division of Healthcare Quality Promotion, Centars for Diseaga Control and Prevention, Atlanta, Georgia

Over the past 10 years, dissemination of Klebsiella pneumoniae carbapenemase (KPC) has led to an increase
in the prevalence of carbapenem-resistant Enterobacteriaceae (CRE) in the United States. Infections caused
by CRE have limited treatment options and have been associated with high mortality rates. In the previous
year, other cnrl:r.ipenemnse subtypes, including New Delhi metallo-B-lactamase, have been identified nmnng

Fiatsenhartssiarmis in tha [Taitad Statee Tilka KD thoos ansvemaee ars ferannanthe fannd as msahils osmati

* MBL enzimleri Pseudomonas turlerinde tanlmlanmlgtlr
 ABD de Enterobacteriaceae’larda nadiren bildirilmistir,

SdY Wol), pepeojUMOT]

A

diinyada diger ulkelerde daha yaygindir.

* VIMs (Verona integron-encoded MBLs ve IMPs (active on imipenem)
en yaygin bulunanlardir.



« KPC-ureten Klebsiella pneumonia, ilk olarak Kuzey Carolina da klinik érneklerden 2001 yilinda
raporlanmistir. Sonrasinda kitalar arasi yayilim gostermis, dinyanin diger ulkeleinden de bildirim olmustur.

Enterobacteriaceae

enem-resistant Enterobactenaceae have been on th
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« 2009 da K. pneumoniae izolatinda yeni bir MBL, New Delhi MBL (NDM) Hindistan’ da tibbi bakim

alan bir Isvec’ li hastada tanimlanmistir.

- Sonrasinda Ingiltere’ de bir cok Enterobacteriaceae tiirlerinde direng mekanizmalari tanimlanmistir
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E. COII Direng geligimi:

Mutasyonlar ile ( florokinolonlarda oldugu gibi)
ESBL ve karbapenemaz gibi diren¢c mekanizmalarini kodlayan mobil genetik elementlerin gegisi

« CTX-M tipi genigletilmis spektrumlu beta-laktamazlar (ESBL) klinik olarak
onemli beta laktamazlardir

 E. coli de oldukga yaygindir.

« CTX-M-15 ESBL uretimine sahip E. coli tipi yuksek salgin potansiyeline
sahiptir ve dunya capinda yayimistir.

« ESBL kodlayan plazmitler, ayrica aminoglikozidlere, tetrasiklinlere,
sulfonomidlere ve trimetoprim’e de direnci kodlayabilir.



NDM-1

(Yeni Delhi metallo-betalaktamaz) tasiyan Enterobacteicea)

« Dunya ¢apinda yaygin
» Duyarlilik sadece kolistin, tigesiklin ve fosfomisine karsi

« NDM _1 ureten E. coli prevelansinda progresif atris olabilir



» Ulkemizde on alti merkezde yapilan bir prevelans arastirmasinda

karbapenemazlar icinde en sik saptanan enzim OXA-48 (%84,6) olmustur.
 Onu NDM enzimi izlemektedir (%6,3).
(Multecilerin ulkemize gelisiyle birlikte hizla arttigi belirtiimektedir.)

« KPC saptanmamistir.

® Deniz Gur, Antimicrobial Resistance in Bacteria, Turkiye Klinikleri J Inf Dis-Special Topics 2017;10(1) 20-5



2016 — EARS (European Antimicrobial Resistance Surveillance) Network:

e« 2012'den 2015'e kadar;

K. pneumonia ve E. coli 'de — 3.kusak sefalosporinlere, ESBL ile de birlikte dnemli dlctide direng artigi

3. kusak sefalosporinlerin florokinolonlar ve aminoglikozitlerle kombine direncinde 6nemli artig
Karbapenem direnci;

K. pneumoniae i¢in % 8.1, E. coliigin % 0.1

K. pneumoniae i¢in, florokinolanlara, uguncu kusak sefalosporinlere ve aminoglikozidlere karsi yuksek kombine direng

yuzdeleri, yuksek oranda karbapenem direnci yuzdesiyle iligkilidir.

E. coli icin karbapenem direnci sabit kalmistir.

Polimiksin direncli izolatlarda (6rnegin K. pneumoniae) polimiksin direncinin karbapenem direncli olanlarda karbapenem

duyarli izolatlardan anlamli derecede yuksek oldugunu gosteren bir rapor bildirilmistir.



2017 - EARS NET

Figure 3.1. Escherichia coli. Distribution of isolates: fully susceptible and resistant to one, two, three, four and
five antimicrobial groups (among isolates tested against aminopenicillins, fluoroguinolones, third-generation
cephalosporins, aminoglycosides and carbapenems), EU/EEA countries, 2017
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Luxembourg (433/433)
Portugal (6137/6452)
Belgium {3761/ 4676)

;ftotal reported isolates)

| ithuania (Ra=/R=31

2017 de ki E. coli izlatlarinin %58.2 si en az bir antimikrobiyal gruba direncli.
Aminopenisilinler %58.7,
Florokinolonlar % 25.7,
3. kusak sefalosporinler %14.9,(¢*14.2, %87.4’G ESBL)
Aminoglikozidler %11.4 ,
Karbapenemler nadir.

'
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Fully Resistantto one Resistantto two BN Resistantto three EEN Resistantto four EEN Resistantto five
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Only data from isolates tested against all included antimicrobial groups included in analysis.
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Figure 3.6. Escherichia coli. Percentage (%) of invasive isolates with combined resistance to third-generation
cephalosporins, fluoroquinolones and aminoglycosides, by country, EU/EEA countries, 2017
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e

Coklu antimikrobiyal gruplara direng yaygin.
Florokinolon, 3. kusak sefalosporin ve aminoglikozid direnci % 6.3.
2014- 17 yillari arasnda florokinolon ve 3. kusak sefalosporin direng

oranlarinda ki¢guk ama anlamli anlamli bir artis egilimi var.



Figure 3.5. Escherichia coli. Percentage (%) of invasive isolates with resistance to carbapenems, by country, EU/EEA
countries, 2017
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Karbapenem direnci oldukca kiiciik ama anlamli artis mevcut.
Karbapenem direnci oranlari dogu ve giiney avrupa ulkelerinde daha fazla.

Non-visible countries




2017 — EARS NET

K. pneumonia

Genellikle hospitalize hastalarda kolonize

Kolaylikla yayilarak nosokomiyal salginlara neden olabilir.

E coli ye benzer sekilde multiple antimikrobiyal direnci var ve siklikla plazmidler
aracilgiyla yayilir.

E. coli’ nin aksine klas A beta laktamaza sahiptir ve boylece intrinsik olarak
aminopenisilinlere dienglidir.

Karbapenemazlar yoluyla kazanilan karbapenem direnci nerdeyse tum
betalaktamlara dirence neden olur ve plasmidler yoluyla enterobactericealar
arasinda yayilabilir.



K. pneumonia

« Karbapenem direnci onemli epidemiyolojik ve terapotik zorluk haline gelmistir.

3 temel karbapenemaz sinifi vardir:

KPC (Sinif A): Avrupa, ABD, Israil, Yunanistan, Italya

OXA-48 (SINIF D): Tarkiye, Kuzey Afrika, Hindistan.

Oxa 48 Turkiye den yayildi.

NDM (Sinif B): Hindistan, Orta dogu ve Balkanlar

Karpenem direngli izolatlar MDR paterni gosterir ve sadece kolistin, fosfomisin ve
tigesikline duyarhdir.

Bununla birlikte bu antibiyotiklere karsi da direng ortaya ¢cikmaktadir.



Figure 3.7. Klebsiella pneumoniae. Distribution of isolates: fully susceptible and resistant to one, two, three and
four antimicrobial groups (among isolates tested against fluoroguinolones, third-generation cephalosporins,
aminoglycosides and carbapenems), EU/EEA countries, 2017

Fintand (16 58)
Sweden 1092/ 1004)
Worway (781/761)
Denemark (1122/1186)
United Kingdom (654/5515)
Netherlands (1165, 1130)
Austria{ao22/1153)
lceland (16/17)

Germany (1464 1545)
Ireland (s76/475)

Spain (1414 1446)
Estonia [143/161)
Belgium {621/3a3)
Sloveria {306/312)
Luxembourg (59/58)
France (2754 2004)
Latwia [115/116)

Malta (117/117)

Hungary (673/653)
Cyprus (71/17)

Portugal (2694/2743)
Craatia (294,/113)

Czech Republic [1050/1330)
Italy (2320/2720)
Slovakia (446468
Romania {332/9385)
Lithuania (322/326)
Poland (667(1,209)



Figure 3.12. Klebsiella pneumoniae. Percentage (%) of invasive isolates with combined resistance to fluoroquinolones,
third-generation cephalosporins and aminoglycosides, by country, EU/EEA countries, 2017
Uf"i
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Tek gruba direng iki veya daha fazla antimikrobiyal gruba
dirence gore daha az.
K. pnemonia izolatlarinin %87.8 si ESBL pozitif

Dogu ve guney Avrupa bolgelerinde daha yuksek direng

oranlari




Karbapenem direnci yuksek olan ulkelerde diger gruplara da yuksek direng var.

Figure 3.11. Klebsiella pneumoniae. Percentage (%) of invasive isolates with resistance to carbapenems, by country,
EU/EEA countries, 2017
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MRSA VRE GSBL-EC GSBL-KP  KD-PA KD-AB  Kolistin D-
AB

MRSA; Metisiline direncli Staphylococcus aureus, VRE; Vankomisine direncli Enterococcus faecalis, GSBL-EC; genislemis
spektrumlu beta-laktamaz Ureten E. coli, GSBL-KP; genislemis spektrumlu beta-laktamaz lreten K. pneumoniae, KD-PA;
Karbapenem direncli P. aeruginosa, KD-AB; karbapenem direncli A. baumannii, Kolistin D-AB: Kolistin direncli A. baumannii
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17 farkh merkez, 2013 K. pneumoniae (n=88) bakteriyemi ataginda %40 Ergéniil O, et al. J Hospital

karbapenem direnci, %6 kolistin direnci Infect 2016
Ankara ve istanbul’dan bes 70 adet Karbapeneme ve kolistine direncli (KKD) Can F, et al, ASM-ICAAC
hastane Klebsiella pneumoniae, ¢ klon 2016
izmir Yedi yil icinde 317 K. pneumoniae izolati icinde 42 Jayol A, et al, ASM-ICAAC
KKD-KP 2016

Kolistin direnci %5 den %68’e ¢ikmis
KKD-KP’nin %64’iinde OXA-48 %24’inde NDM ve
%12’sinde NDM ve OXA-48

Ankara (Hacettepe UTF) Yedi ay icinde 25 ayri klinikte yatan 17 hastada (5'i Metan G et al Infect
kanser, 3’4 notropenik) 13 KKD-KP, 6 KKD-E.coli, Control >miol
Tum izolatlar OXA-48 pozitif, diger karbapenemaz 2017 @ 7T W

genleri saptanmadi

Ankara ?ﬂé@ . Karbapenem direncli Enterobacteriaceae salgin Enfeksiyon Hast Kl Mik
(Hacettepe g = sUphesi ile rektal tarama AD, Arastirma Lab ve
EM M 65 hastadan 27’si pozitif OXA-48: 14; OXA-48+ NDM:  Enfeksiyon Kontrol
6, NDM: 5; NDM+ VIM: 1, VIM:1 Komitesi

Dr. Gokhan Metan, Direncli bakteri infeksiyonlarinin yénetimi, Febril nétropeni mezuniyet sonrasi egitim kursu-10-11
Kasim 2018, Ankara.
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Temporal trends and patterns in antimicrobial-resistant Gram-negative bacteria implicated in
intensive care unit-acquired infections: A cohort-based surveillance study in Istanbul, Turkey.

Durdu B', Kritsotakis EIZ, Lee ACK®, Torun P*, Hakyemez IN', Gultepe B®, Aslan T1.

+ Author information

Abstract

OBJECTIVES: This study assessed trends and patterns in antimicrobial-resistant intensive care unit (ICU)-acquired infections caused by
Gram-negative bacteria (GME) in Istanbul, Turkey.

METHODS: Bactenal culture and antimicrobial susceptibility data were collected for all GNE causing nosocomial infections in five adult ICUs
of a large university hospital in 2012-2015. Multiresistance patterns were categorised as multidrug-resistant (MDR), extensively drug-resistant
{(XDR) and pandrug-resistant (FDR). Temporal patterns and trends were assessed using regression analyses.

RESII TS- (7 991 nathonenic (GME recardad the most frennent were Arcinetnbactaer haomannii F235 23200 Klehzislla cnn (296 7900
Pse

100 E . coli isolatlarinin %87.9'u MDR A.

bau WwWas
colic Enterobactericealarin %39.5'u MDR 3%,
resy 0
TDEI SO EnF | P IUIUIEU".I':I: LS00 ) L U AN A SO A LT TU DA U ALy WY WL TS, AL 1S FVa Al .

CONCLUSION S: Antimicrobial resistance patterns in pathogenic GNB continuously change over time and may not reflect single-agent
resistance trends. The proportionate amount of antimicrobial-resistant GNB may persist despite overall decreasing infection rates. Timely
regional surveillance data are thus imperative for optimal infection control.

Copyright @ 2018 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All rights reserved.

KEYWORDS: Antimicrobial resistance; Gram-negafive bacteria; Intensive care unit, Nosocomial infection; Surveillance; Time trends
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Molecular epidemiology of carbapenem-resistant Klebsiella pneumoniae at a Turkish centre: Is
the increase of resistance a threat for Europe?

-

Candevir Ulu A', Giiven ¥e

- Autherinfermatic XA 48: %74.5 VIM:%45.9 SME: %37.8

Abst

DBjErgf"lcUES: In rece T|ges|k||n 687.5 Kolistin: %74.5 t to hospitalised
patients. This study ai S in & Turkish centre.

METHODS: During 2013-2014, a total of 98 K. pneumoniae isolated from patients at Cukurova University Balcall Hospital (Adana, Turkey)
determined phenotypically as resistant to carbapenems were screened genotypically for the presence of carbapenemase enzymes by
multiplex PCR.

RESULTS: Of the 98 patients for whom genetic investigation was made, 93 (94.9%) were adults, 36 (37.1%) were male and 81 (82.7%) were
diagnosed as infected. The mean and median age were 51.8+20 5years and 55 years (range 1-89 years), respectively. The nosocomial
infection rate was 87.8% (86/98). The mortality rate was 41.8% (41/938). Fifty-eight patients (59.2%) were admitted to intensive care units. Of
the 12 non-nosocomial infections, 5 (41.7%) originated from the inpatient clinic of the urclogy department. The mean and median hospital
length of stay (LOS) were 20.7+20.8days and 17days (range 0-20 days), respectively. The most common carbapenemase gene detected was
blagxa_ag (74.5%), followed by Dlayy (45.9%) and blagp e (37.8%). The blaypn gene was detected in 20 isolates (20.4%). The most
effective antibiotics were tigecycline and colistin, with susceptibility rates of 87.5% and 74.3%, respectively.

CONCLUSIONS: Multiple resistance mechanisms were present in CRKP isolates in Turkey. Maost of the isolates harboured blagxa_as. Dlayg
and blagpe genes; meanwhile, the rate of 20.4% for blaypy is alarming.

Copyright @ 2017 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All rights reserved.

KEYWORDS: Carbapenem resistance; Genetic mechanism; Klebsiella pneumaoanias; MO
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Tablo 3. Tiirkiye’de saghik hizmeti iliskili enfekisyonlarm enfeksiyon tiiriine gore etken dagilini, 2017.

Mikroorganizmalar Tiim enfeksivonlar Pnimoni ViP Usi USI-KAT KDE SVKI-KDE CAE
Sayvi Y% Sayi % San % Say % San % Say % Say1 % Say - %

Toplam mikroorganizma 64001 100.0 4050 100.0 | 14562  100.0 | 2757  100.0 | 10188  100.0 | 10127 100.0 | 10093 100.0 | 4917  100.0

Gram pozitif koklar 12085 18.88 13 8.0 713 5.0 434 15.7 1205 11.8 3344 33.0 | 3119 3.9 1541 '3

Staphylococcus aureus 3127 489 197 49 531 36 29 11 62 0.6 735 73 609 6.0 578 118

Koagiilaz negatif stafilokoklar 4112 6.42 28 0.7 68 0.5 18 0.7 60 0.6 1417 140 1649 163 508 103

Enterococcus spp 4359 6.81 54 13 89 0.6 377 13.7 1065 10.5 1092 108 866 8.6 382 78

Streptococcus spp 376 0.59 42 1.0 33 02 6 02 115 01 94 09 57 0.6 58 12

Diger gram pozitif koklar 111 0.0 0.0

Gram negatif koklar : o o

Gram pozitif basiller

Enterobacteriaceae

Citrobacter spp

Enterobacter spp

Escherichia coli

Klebsiella spp

Proteus spp

Serrafia spp

Diger enterobacteriaceae

Non-fermantatif gram negatif
bakteriler
Acinetobacter spp

Pseudomonas aeruginosa
Pseudomonas spp
Stenotraphomonas maltophilia
Burkholderia spp
Haemophilus spp

Legionella spp

Diger non-fermantatif gram
negafif basiller

Diger gram negatif basiller
Anaerop basiller

6572
1004
788
250
56

149

282
34

542
55
126
10
22

14

134
14
31
02
0.5
0.0
03

0.2
0.0

2372
418
295

74
22

39

73

16.3
29
20
05
02
0.0
03

0.5
0.0

1077
177
20

507
82
114
91

20

47

5.0
0.8
11
0.9
0.0
0.0
0.2

0.5
0.0

546
114
161
51

34

33

54
11
1.6
0.5
0.0
0.0
03

0.3
0.0




Tablo 13. Klebsiella pneumoniae 'mn etken oldugu saghk hizmeti iliskili pnomoni tanilari icin antibiyogram sonuc¢ dagilimi, 2017.

b::ﬁ‘é‘::: SLS::;:;E Klinik olarak tamimlanmis Spesifik laboratuvar Ventilator iliskili Toplam
iz e pnomoni bulgular olan pndmoni pnomoni P
pnomoni . _
Antibiyotik adh Direncli Toplam Dln;-ﬁngh Direncli Toplam D";m;h Direncli Toplam D'r;"gh Direngli Toplam Dlr;nqll Direncli Toplam Dlr;nqll
Amikasin 3 9 33.33 79 196 40.31 123 314 3917 781 1589 4915 986 2108 46.77
‘:l':::f::l':t” 3 5 6000 | 126 153 8235 | 181 227 7974 | 1007 1173 8585 | 1317 1558 84.53
Ampisilin 6 6 100.00 176 178 08.88 287 289 99.31 1335 1351 9382 1804 1824 98.90
Ampisilin-
sulbaktam 1 1 100.00 30 36 83.33 26 38 68.42 248 282 8794 305 357 85.43
pentamisin 6 10 60.00 114 211 54 .03 163 331 4924 1001 1654 60.52 1284
Imipenem 3 & 50.00 I 147 h2.38 107 222 4820 69 1297 5929 956
Kolistin 2 8 25.00| 33 158 20.89 35 223 1570 331 1264 2619 401
Levofloksasin 3 4 75.00 43 61 7049 49 76 64.47 419 527 7951 514
Meropenem 5 9 5556 112 186 60.22 148 265 5585 889 1421 62.56 1154
Netilmisin 1 4 25.00 54 82 65.85 h8 04 61.70 434 603 7197 547
Piperasilin- )
tazobaktam 6 9 66.67 142 183 77.60 217 292 7432 1201 1506 7975 1566
Sefepim 9 10 90.00 139 166 8373 221 279 79.21 1132 1366 8287 1501
Sefoksitin 1 3 33.33 19 30 63.33 69 115 60.00 320 469 68.23 409
Sefotaksim 2 3 66.67 21 29 72 41 43 59 7288 314 360 8722 380
Seftazidim 9 9 100.00 156 182 8571 219 275 79.64 1225 1427 8584 1609
Seftriakson 6 6 100.00 128 154 8312 194 248 7823 q92 1169 84 86 1320
Siprofloksasin i 9 7778 147 204 7206 224 319 7022 1176 1560 TH38 1554
Tobramisin 0 2 0.00 30 46 65.22 39 63 61.90 350 451 7761 419




Tablo 14. Klebsiella

pneumoniae min etken oldugu saghk hizmeti iliskili iiriner sistem enfeksiyonu tamilari icin antibivogram sonuc dagihm, 2017.

Asemptomatik bakteriiiri Semptomatik iiriner Uriner sistemin diger Kateter iliskili lriner Toplam
Antibiyotik adh P sistem enfeksiyonu enfeksiyonlan sistem enfeksiyonu P

Diren¢li Toplam DIr;nt;h Direngli Toplam Dlr;nqh Diren¢li Toplam Din;.-ﬁnt;h Direncli Toplam D1r;n¢;l| Direngli Toplam D"Eﬁngh
Amikasin 17 53 32.08 116 410 28.29 21 65 32.31 662 1480 44 73 816 2008 40.64
‘:lg‘fbf;:“;" 37 49 7551 | 287 375 7653 | 40 48 8333 | 1026 1211 8472 | 1390 1683 82.59
Ampisilin 61 Gl 100.00 421 421 100.00 59 6o 98.33 1428 1451 08 41 1969 1993 98.80
Ampisilin-
sulbaktam T 10 70.00 99 124 79 84 16 18 88.89 2056 223 091.93 327 375 87.20
pentamisin 30 59 50.85 234 437 53.55 42 T4 56.76 854 1587 56.33 1200
Imipenem 11 43 2558 o7 358 27.09 27 6o 45 00 687 1285 5346 822
Kolistin 5 23 21.74 26 217 11.98 3 30 10.00 207 851 24.32 241
Levofloksasin 3 11 7273 53 105 50.48 9 11 81.82 259 314 82.48 329
Meropenem 18 50 36.00 106 365 29.04 27 58 46.55 781 1356 57.60 932
Netilmisin 2 4 50.00 27 50 45 76 10 12 83.33 129 167 7725 168
Piperasilin- )
tazobaktam 32 51 62.75 238 383 62.14 5 66 T7.27 1160 1395 83.15 1481 1895 78.15
Sefepim 32 39 82.05 240 310 7742 38 46 82.61 862 a9y 86.46 1172 1392 8420
Sefoksitin 14 22 63 .64 47 114 41.23 5 9 5556 343 470 7298 409 615 66.50
Sefotaksim 16 18 88 80 88 116 7586 14 18 f7.78 273 297 91.92 391 449 87.08
Seftazidim 44 53 83.02 297 366 81.15 41 48 8542 1150 1293 88.94 1532 1760 87.05
Seftriakson 38 47 80.85 311 390 7974 46 54 85.19 1155 1296 8912 1550 1787 86.74
Siprofloksasin 40 57 7018 243 401 60.60 5 6o 73.91 1171 1480 7912 1505 2007 74.99
Tobramisin 3 11 7273 27 54 50.00 3 5 6000 122 159 76.73 160 229 69.87




Tablo 13. Kiebsiella pneumoniae’mn etken oldugu saghk hizmeti iliskili kan dolagim enfeksivonu tamlari icin antibivogram sonuc¢ dagihm, 2017.

Laboratuvar tarafindan | Mukozal bariyer hasarli- )
kanmtlanmis kan dolasimi | laboratuvar tarafindan Santral kateter Iliskili | Umbilikal kateter iliskili
. . : Toplam
enfeksiyonu kamtlanmis kan dolasimi |kan dolasimi enfeksiyonu | kan dolasimi enfeksiyonu
_ | enfeksiyonu _ | | |

Antibiyotik ads Direngli Toplam D";ngh Direncli Toplam D";m;h Direngli Toplam D";ngh Direncli Toplam Dlr;nt;h Direngli Toplam D";ngh
Amikasin 533 1461  36.48 12 23 5217 | 512 1232 4156 39 116 3362 | 1096 2832 38.70
t{:\?:f‘;::t“ 007 1105 8208 | 19 20 9500 | 777 896 8672 | 70 85 8235 | 1773 2106  84.19
Ampisilin 1214 1238 98.06 22 22 100.00 | 1060 1065 9953 104 106 98.11 | 2400 2431 98.72
Ampisilin-

e 192 246 78.05 12 13 92.31 168 199 84 42 6 7 85.71 378 465  81.29
:Gentamisin 636 1515 5518 12 26 46.15 6686 1253 53.31 95 118 80.91 1611 291290935750
Imipenem 483 1122 43.05 10 18 55.56 | 490 926 5292 25 74 3378 | 1008 24040 47.10
Kolistin 178 1078 16.51 2 6 33.33 | 200 961 20.81 9 81 1.1 389 2126  18.30
Levofloksasin 249 392 63.52 5 13 38.46 278 377 73.74 3 21 14.29 535 803 66.63
Meropenem o278 1369 4222 11 20 25.00 325 1176 2764 23 117 19.66 937 2082 3494
Netilmisin 413 601 68.72 3 5] 60.00 310 447 70.14 35 36 97.22 761 1084 sucv
Piperasilin- ) ) ,

tazobaktam 966 1338 71.13 19 24 71917 929 1196 7768 66 95 7158 | 1982 2673 74.15
Sefepim 1053 1294  81.38 5 14 3571 | 913 1080 84.54 82 101 8119 | 2053 2489 82.48
Sefoksitin 203 399 00.88 1 4 25.00 221 347 63.69 15 26 a7.69 440 776 56.70
Sefotaksim 216 267 80.90 1 3 33.33 217 264 8220 11 14 78.57 445 548  81.20
Seftazidim 1044 1242 8406 10 16 62.50 959 1115 86.01 92 104 8846 | 2105 2477 8498
Seftriakson 950 1168  81.34 13 22 29.09 620 963 85.15 91 104 8750 | 1874 2257 83.03
Siprofloksasin 921 1421 64.81 9 25 36.00 689 1216 7311 41 108 3796 | 1860 2770 67.15
Tobramisin 165 250 66.00 0 2 0.00 189 251 7530 12 13 92 31 366 516  70.93




Tablo 17. E, coli’nin etken oldugu saghk hizmeti iliskili pnomoni tanilar icin antibiyogram sonuc dagilmy, 2017,

Bagisikitk sistemi Klinik olarak tamimlanms |  Spesifik laboratuvar Ventilator iliskili
baskalanmis hastadz ngmoni bulgular1 olan pnomeni nomoni Toplam
pnémoni P | g P _p

W ST Direngli| .. . Direngli| .. . Direncli | .. .. Direngli| ., . Direncli
Antibiyotik adi | Direncli Toplam % Direncli Toplam % Direncli Toplam % Direncli Toplam % Direncli Toplam %
Amikasin 2 17 11.76 12 140 8.57 31 142 21.83 113 M7 27110 158 716 22.07
t;::ﬂi‘;" 12 14 8571 | T4 88 8400 | 95 127 7480 | 283 350 8086 | 464 579  80.14
Ampisilin 12 13 92.31 83 68 04 32 135 153 86.24 332 353 9405 562 607 92.59
Ampisilin-
PR e 3 6 020.00 18 72 25.00 18 27 66.67 66 a0 73.33 105 195 53.85
E]entamisin 6 17 35.29 39 157 2484 o1 165 30.91 17 439 4055 274 778 2oell
Imipenem 0 11 0.00 2 113 442 8 114 7.02 31 293 10.58 44 53¢ 8.29
Meropenem 2 17 11.76 9 132 6.62 10 129 .73 92 381 24 15 113 €29 17.15
Netilmisin 1 6 16.67 18 49 36.73 22 39 56.41 47 125  37.60 88 219 40.18
Piperasilin- f f .
tazobaktam 6 10 60.00 40 140  28.57 61 143 42 66 210 392 5357 317 685 46.28
Sefepim 9 14 64.29 4 76 71.05 88 129 68.22 234 322 1267 385 541 71.16
Sefotaksim 4 5 80.00 11 63 17 46 31 41 75.61 75 144  52.08 121 253 47.83
Seftazidim 10 13 76.92 63 135 4667 a7 137 70.80 275 375 7333 | 445 660 67.42
Seftriakson 11 15 73.33 63 92 70.65 99 135 73.33 283 373 7587 | 458 615 74.47
Tobramisin 0 3 0.00 7 18 38.89 17 36 47.22 48 83 57.83 72 140 51.43
Sefoksitin 3 3 100.00 I 15 46.67 24 09 40.68 a1 131 38.93 85 208 40.87
Kolistin 1 3 33.33 0 66 0.00 0 46 0.00 6 115 522 7 230 3.04




Tablo 18. E. coli’nin etken oldugu saghk hizmeti iliskili iriner sistem enfeksiyonu tanilari icin antibivogram sonu¢ dagilum, 2017.

Semptomatik lriner

Uriner sistemin diger

Kateter iliskili tiriner

Asemptomatik bakteriin sistem enfeksiyonu enfeksiyonlan sistem enfeksiyonu Toplam

. . Direncli| .. . Direngli| . . Direncli | .. . Direngli| .. . Direncli
Antibiyotik ah Direncli Toplam % Direncli Toplam % Direncli Toplam % Direncli Toplam % Diren¢li Toplam %
Amikasin 11 61 18.03 82 243 1510 36 152 23.68 384 1807 2024 | 513 2653  19.34
t{;’f:ﬁ'&" 46 68 6765 | 353 49 7447 | 93 133 6092 | 1242 1685 7371 | 1734 2382  72.80
Ampisilin 66 17 8a.71 a7 606  85.31 123 147 8367 | 1683 1889 6909 | 2389 2719  87.86
fﬁfﬁ;ﬂ; 13 23 5652 | 09 147 6735 | 37 62 5068 | 247 380 6500 | 396 612  64.71
pentamisin 29 81 30.66 192 629 3052 66 173 36.15 836 2117 3949 | 1119 300003730
Imipenem 4 51 7.64 15 437 343 13 129 10.08 139 1609 864 171 1126 7.68
Meropenem 5 53 043 11 438 2.51 18 109 16.51 184 1506 12.22 218 806 10.35
Netilmisin 1 4 25.00 D 40 12.50 6 18 33.33 62 168  36.90 74 230 St
Piperasilin- , .
tazobaktam 31 64 48.44 182 05 36.04 34 107 31.78 764 1739 4393 | 1011 2415  41.86
Sefepim 30 43 69.77 | 270 397 68.01 53 83 63.86 831 1226 6778 | 1184 1749  67.70
Sefoksitin 13 26 50.00 42 1668  25.00 15 45 33.33 257 633 4060 | 327 872 37.50
Sefotaksim 17 20 65.38 a7 149 6510 37 62 5068 368 515 7146 | 519 752 69.02
Seftazidim 37 26 66.07 330 480  68.75 63 99 63.64 | 1133 1547 7324 | 1563 2182  71.63
Seftriakson 32 22 61.04 | 337 223  68.26 13 104 7019 | 1264 1705 7413 | 1726 2384 72.40
Tobramisin 6 16 38 36 74 49 9 21 43 122 242 50 173 353 49
Kolistin 1 15 6.67 3 91 3.30 0 19 0.00 16 331 483 20 456 4.39




Tablo 19. E. coli’nin etken oldugu saghk hizmeti iliskili kan dolasim enfeksiyonu tamlari icin antibivogram sonuc dagihm, 2017,

Laboratuvar tarafindan Mukozal bariyer hasart:
laboratuvar tarafindan | Santral kateter iliskili kan | Umbilikal kateter iliskili
kamtlanmis kan dolagimi . : Toplam
: kamtlanms kan dolasim1 |  dolasim enfeksiyonu | kan dolasim enfeksiyonu
enfeksiyonu )
| | enfeksiyonu
Antibiyotik ad Direngli Toplam Dlr;nqh Direngli Toplam Dln;.-ﬁngh Direncli Toplam D";nqh Direncli Toplam Dlr;ngll Direncli Toplam Dlr;nqh
Amikasin 152 83 1941 1 31 3.23 91 461 19.74 1 18 5.96 245 1293 18.95
‘:{:\?E";‘t" 486 672 7232 | 12 19 6316 | 298 368 8098 | 5 10 5000 | 801 1069  74.93
Ampisilin 639 711 8987 | 24 29 8276 | 386 406 9507 9 11 81.82 | 1058 1157 91.44
Ampisilin-
e 89 142 6268 i 13 4615 93 126 7381 1 4 2500 | 189 285 66.32
Gentamisin 284 815 3485 8 31 2581 | 170 459  37.04 6 21 2857 | 468 1326500
Imipenem 29 283 1012 0 17 0.00 32 365 8.77 0 17 0.00 91 "62 9.27
Meropenem 68 706 963 0 30 0.00 52 432 12.04 0 17 0.00 120 (185  10.13
Netilmisin 157 303 5182 2 13 1538 | 59 140 4214 0 6 000 | 218 %2 47.19
Piperasilin- ,
tazobaktam 340 774 4393 9 31 2903 | 225 453 4967 6 14 4286 | 580 1272 450U
Sefepim 403 645 6248 6 24 2500 | 262 393 6667 6 14 4286 | 677 1076  62.92
Sefoksitin 80 230 3478 0 15 0.00 74 179 4134 3 6 5000 | 157 430  36.51
Sefotaksim 17 205 5707 0 8 0.00 122 184 66.30 2 5 4000 | 241 402  59.95
Seftazidim 467 694  67.29 8 26 3077 | 259 375 69.07 8 16 5000 | 742 1111 66.79
Seftriakson 425 659 6449 | 10 29 3448 | 253 3/7 7087 8 16 5000 | 696 1061  65.60
Tobramisin 60 118 50.85 2 11 1818 | 42 80 5250 0 3 000 | 104 212  49.06
Kolistin 20 221 905 0 4 0.00 I 170 412 1 i 16.67 28 401 6.98




1 Ocak 2017- 31 Aralik 2017
18 722 kan ve BOS izolati alde edildi

|zole edilen en yaygin patojen E. coli (24%),

Toplum kaynakli ve saglik bakimi iligkili enfeksiyonlar
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Fig. 5.9 Patient characteristics of isolates in Turkey in 2017, by pathogen
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MDR direnci % 19

* K. pneumoniae’ da direnc:

% 19 amikasin, diger antimikrobiyaller i¢cin daha =
yluksek oranlarda.

% 39 MDR



 E. coli and K. pneumoniae da 3. kusak sefalosporilere
(cefotaxime/ceftriaxone and ceftazidime) ve florokinolonlara

(ciprofloxacin/levofloxacin/ofloxacin) yuksek duzeyde diren¢ gozlenmistir.

 E. coli and K. pneumoniae’ da Karbapenemlere 2017 yilindaki direncg

(imipenem/meropenem) onceki yillara benzerd..



Table 5.46 Percentages of resistance for E. coli and K. pneumoniae among blood and C5F isolates in
Turkey, 2017

E coli K. pneumoniae
Amaxicillin/ ampicillin (RFF 3552 T8 NA MNA
Arnoxicillin-clavulanic acid (R) 3110 5% 1980 72
Piperacillin-tazobactam (R) 4022 2z 2998 58
Cefotaxime/ceftriaxone (RF 4059 b2 28E0 71
Cefotaxime/ceftriaxone (1+R)® 4059 53 2880 72

Ertapenem (R)

Imipenem/meropenem (RF

Imipenem/meropenem ([+R):

Amikacin (R) 4218 2 30580 12

Ciprofloxacin/levofloxacin/ofloxacin (R} 4022 b2 3009 61

Multidrug resistance (R)

a Amoxicillin and ampicillin are indicators for the group of aminopenicillins.

b Cefotaxime and ceftriaxone are indicators for the group of third-generation cephalosporins.
t Imipenem and meropenem are indicators for the group of carbapenems.

d Gentamicin and tobramycin are indicators for the group of aminoglycosides.

@ [Ciprofloxacin, levofloxacin and ofloxacin are indicators for the group of fluorocquinclones.

f

Multidrug resistance is defined as resistance to ciprofloxacin/levofloxacin/ofloxacin, cefotaxime/ ceftrizxone/ ceftazidime and gentamicin/tobramycin.
Isolates with missing data on one or more of the groups were excluded.
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E.coli
Klebsiella oxytoca

Klebsiella pneumonia

% 55,48
% 25
% 65,37

% 57,95
% 12.5
% 65,91

KARBAPENEM DIiRENGLI 2017 2018

E.coli
Klebsiella oxytoca
Klebsiella pneumonia

Enterobacter aerogenes

Enterobacter cloacae

Pseudomonas aeruginosa

Acnetobacter baumannii

% 3.89
% 12.5
% 31.71
%23,08

%11,11

% 21,78

% 61,54

% 2.84
% 0

% 23.3
% 8,33

% 3,45

% 23,08

% 69.81






