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Classification of B-lactamases

B-lactamases

Serine enzymes Metallo-enzymes

|
Class A Class C

enzymes enzymes

(Plasmid) (Chromosomal) (Plasmid) (Chromosomal)

ESBL AmpC OXA MbL (IMP/VIM)

Pen-Cephs-Inh-S  Cephs-Inh-R Pens, esp Oxa Carbapenems
Inhib-R/S Inh-R

Bush. Rev Inf Dis 1987;10:681; Bush et al. Antimicrob Agents Chemother 1995;39:1211-1233
Bush. Curr Opin Investig Drugs 2002;3:1284-12590




GSBL uretimi icin risk faktorleri

¢ daha once seftazidim veya aztreonam
kullanimi

¢ yuksek APACHE skoru
¢ uUriner kateter varhgi
¢ mekanik ventilatore bagh olma

o bir hastanede yatiyor olmak
Jacoby G. CID 1998;27:81-83

Paterson DL,Mulazimoglu L. Ann Intern Med. 2004
Jan 6;140(1):26-32
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GSBL’ lerin Laboratuvarda Tespiti
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Diski taramasi-400 ornek

79 susta
¢ E.coli75 adet

¢ Klebsiella 4 adet

¢ TEM --> 46

¢ SHV -->12

¢ CTX-M grup 1-->77
¢ CTX-M 15-->78

¢ CTX-M 9-14-->4

¢ Tigen E-Korten V.2010



Genislemis spektrumlu beta-laktamaz (GSBL) yapan Escherichia
coli ve Klebsiella pneumoniae kokenleri ile gelisen toplum kokenli
uriner sistem enfeksiyonlannda risk faktorleri

Calisma grubo {n=62) Kontrol graba {n=)

GSBL (+) GSBLA-) P
Yas 54,718 vas (17-88) ST7+20.2 yas (19-87 vas >0,05
Cinsiyed
Erkek 33(%532) 15 (%25)
Kadin 29 (%46,8) 45 (%75
[ISE imcesi antibiyotik kollamm siiresi (giin) 10,6£5,44 (1-21) 4,06 (1-14) p=0 016
Son 15 giinde antibiyotik kollanim 32(%542) 3 (%3) =005
Son 3 ayda antibiyotik kullanim 28 (%47,5) ¥ {(%153) <1
(nceden operasyon dvykiisi 27 (%45 3(%5,1) <A 1
Son 15 giinde hastanede yabs 15(%24,6) 5(%8.6) p=0,02
Son 3 ayda hastanede yatis 22 (%367 4 (%6.9) <) )1
Altta yatan hastahk
(malignite, tas, BPH, DM) 5T(%58.8) 40 (%41.2) p=0,032

USE: Uriner Sistem Enfeksiyonu; BPH: Benign prostat hipertrofisi; DM:
- - Yilmaz E, Akalin H
[habetes Mellitus KLIMIK 2007
/J Chemother. 2008 Oct;20(5):581-5.
Yilmaz E1, Akalin H, Ozbey S, Kordan Y, Sinirtas M, Gurcloglu E,
Ozakin C, Heper Y, Mistik R, Helvaci S.
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Clin Microbiol Infect. 2010
Risk factors for extended-spectrum beta-lactamase positivity in uropathogenic Escherichia coli isolated from community-acqui

urinary tract infections.

Senger SS.

¢ 510 hasta

¢ GSBL (6.3%) / (17.4%)

¢ multivariat analiz:

¢ Uc epizod/ yil

¢ Son uc ayda betalaktam kullanimi

é Prostat hastaligi

¢ GSBL pozitif grupda SXT-Genta-Cip simultane diren¢ %39.2
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Int J Clin Pract. 2015 Feb 16.
Comparison of community-onset healthcare-associated and hospital-acquired urinary infections caused by extended-

spectrum beta-lactamase-producing Escherichia coli and antimicrobial activities.
Ozturk R.

2009-2011 173 GSBL pozitif E.C
%74 kadin

¢ %43.4 toplum baslangichi saglik hizmeti ile iligkili (CO-HCA)

& %56.6 hastene kokenli

¢ duyarhlik

é nitrofurantoin, %97.6

é amikasin %89

é trim -sulfa %29.4

é kinolon %17.9
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J Antimicrob Chemother. 2005 Nov;56(5):914-8. Epub 2005 Sep 20.
Risk factors for ciprofloxacin resistance among Escherichia coli strains isolated from community-acquired urinary tract infections in

é 611 hasta

é E.coli siprofloksasin direnci
%17 non-komplike
%38 komplike

é 50 vyas ustu [odds ratio (OR): 1.6;

¢ Son bir yilda birden fazla kez siprofloksasin kullanimi(OR: 2.8):

¢ Komplike USi (OR: 2.4):
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Toplum baslangicli kinolon
(siprofloksasin) direnci risk

fa ktorlerl

== ]

¢ Son alti ayda antibiyotik kullanimi OR: 4.3
¢ Saghk bakimi

¢ Altta yatan hastalik

¢ QRIisuslarin %75.4 4 GSBL poazitif

Tuzun T, Sayin Kutlu S, Kutlu M,
Kaleli I. KLIMIK 2015
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SMART Study: Susceptibility of Escherichia coli by ESBL
All Sites, Turkey, 2011 (lAls only)
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SMART Study: Prevalence of ESBL+ Isolates

All Sites, Europe, 2011
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Marmara PEAH

¢ 2013 IAlI TK 34 etken

¢ GSBL %2.94

¢ 2014

¢ GSBL %20



Marmara PEAH 2014

GSBL

E. coli %70,37

K. pneumoniae %82,54
kolistin R

Acinetobacter 1,18
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P. Nordmann / Médecine et maladies infectieuses 44 (2014) 51-56
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Fig. 2. Worldwide spread of OXA-48 producing strains.
Diffusion des souches OXA-48 dans le monde.



Blood stream infections due to OXA-48-like (
carbapenemase-producing Enterobacteriaceae: treatment and survival
Ilker Inan¢ Balkan ®*, Gékhan Aygiin®, Selda Aydin?, Sibel Islak Mutcal1 3, Zehra Kara¥©,
Mert Kuskucu®, Kenan Midilli ®, Vicdan $emen®, Siikrii Aras®, Miicahit Yemisen?,
Bilgiil Mete ©, Resat Ozaras®, Nese Saltoglu®, Fehmi Tabak ®, Recep Oztiirk®
Patient characteristics
Total Survivors® Non-survivors® p-Value®
(n=36) (n=18) (n=18)
Demographics
Age, years, mean+5D 549+ 158 56.2+15.6 535+ 164 0.606
Gender, male, n (%) 18 (50) 9 (50) 9 (50) 1
Unit of hospitalization, n (%) 0.6
Internal medicine 15 (41.6) 6 (53) 9 (50)
Intensive care 14 (38.8) 8 (44) 6(33)
Surgical 7 (19.4) 4(22) 3 (16)
H_u spilfal _|EI:Ig[|;I of fl:_aly, mean + 50 ?18 B 521

70.8+47.2

71.85+63.9

0.854
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Indlia 303
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# KPCrecorded, bat not widespread Y, CP
Argantina 2006 ® KPC recorded, bart only from emvironmental SoUTCes
KPC-2 endamic [ Other carbapenemase types scattered and predominant over KPC
Il Crther carbapenemase types endamic and predominant over KPC

Figure: Epidemiological featwres of producers of Klebsiella pneumonine carbapenemases by country of origin
Other carbapenemase types include VIM, 0A-48, or NDM. KEPC=Klebsiella pneumonioe carbapenemase.

786 www thelancet comfinfection Vol 13 September 2013

Lancet Infect Dis 2013;
13: 785-96



Metallo-enzymes; class B carbapenemases
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Vou. 49, 2011 CASE REPORTS 1669

B.

IPM+EDTA

(+) control = MEM+EDTA

’
~ @ . N .

ETP+EDTA

(-) control

FIG. 1. Phenolvplc detection of carbapenemases in a K pneumoniae NDM-1 strain isolated from a nasal wash specimen (KP2). (A) Modified
Hodge test, using ETP, for detection of carbapenemase, performed by the CLSI reference method. (B) Carbapencm EDTA combined disk test
for MBL. The K pneumoniae isolate was inoculated to the surface of a Mueller-Hinton agar plate. Disks containing 10 pg/ml ETP, IMP, and MEM
alone or ETP, IMP, and MEM plus 10 pl of 0.5 M EDTA (pH 8.0) were placed on the agar. EDTA was also added to a blank disk as a control.
(C) EDTA-IMP disk synergy test for MBL. (D) Equivocal MBL Etest result demonstrating a large zone of inhibition. Arrowheads indicate the
deformation of the ellipse (i.e., phantom zone). (E) Negative (control) MBL Etest results demonstrating a characteristic sharp-edged ellipse and
a large zone of inhibition.



NDM-Niye Hindistan?????

¢ Hindistanda antibiyotik satiglar serbest
¢ Jenerik ilag cenneti

¢ Karbapenem kullanimi geligsmis ulkelere kiyasla 25
kat yuksek

¢ Hijyen kotu-musluk suyu dahi kontamine

¢ %5-15 tasiyicilik



Figure 1.3 Worldwide distribution of different metallo-beta-lactamases
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Figure 4.1 Annual antibiotic use for human and veterinary practice in Denmark
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Figure 4.3 Estimated antimicrobial use to produce one kilogram of meat in different countries
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Source: Reproduced from ' with permission from Oxford University Press.




TABLE — -
19.2  Ambler Classification of p-Lactamases

Class  Active Site

A Serine

B Metallo-B-
lactamiases
(Zn™)

» Serine

[ Serine

Enzyme Type
Penicillinases
Broad-spectrum

Extended-spectrum
(ESBL)
Carbapenemases

Carbapenemases

Cephalosporinases

Oxacillinases
Broad-spectrum

Extended-spectrum

Carbapenemases

Substrates

Benzylpenicillin, aminopenicillins, carboxypenicillins,
ureidopenicillins, narrow-spectrum cephalosporins

Substrates of broad-spectrum plus oxymino-{-lactams
(cefotaxime, ceftazidime, ceftriaxone) and aztreonam

Substrates of extended-spectrum plus cephamycins and
carbapenems

Substrates of extended-spectrum plus cephamycins and
carbapenems

Substrates of extended-spectrum plus cephamycins

Aminopenicillins, ureidopenicillins, cloxacillin, methicillin,
oxacillin, and some narrow-spectrum cephalosporins

Substrates of broad-spectrum plus oxymino-fi-lactams and
monobactam

Substrates of extended-spectrum plus cephamycins and
carbapenems

Adapted from Jacoby GA, Munoz-Price LS. The new B-lactamases. N Engl | Med. 2005;352:380-391.

Examples

PCl in Srnpﬂr}'l'amrcus ALFEUS
TEM-1, SHV-1 in Escherichia coli, Klebsiella preumoniae,
and other gram-negative bacteria

[n Enterobacteriaceae:
TEM-derived, SHV-derived,
CTX-M-derived; PER-1, VEB-1, VEB-2, GE5-1, GES-2,

IBC-2 in Pseudomonas QETUINOSA

KPC-1, KPC-1, KPC-3 in K. pneumomiag; NMC/IMI, SME
family

IMP, VIM, GIM, 5PM, 5IM lineages in P aeruginosa,
Acinetobacter spp.

AmpC-type enzymes in Enterobacteriaceae, Acinetobacter
bawmannii

OXA-family in E aerugmosa
OXA-derived in P aeruginosa

(OXA-derived in Acinetobacter spp.



DUZELTME

Table 1. Prominent Mechanisms of Carbapenem Resistance Among Enterobacteriaceae

Requirement

Ambler for Enzymatic
Carbapenemases Molecular Class Activity Gene Location Geographic Distribution® [6, 11-14]
KPC A Serine Plasmid US, Colombia, Brazil, Argentina, Greece,
Italy, Malta, Israel, China
NDM B Zinc Plasmid India, Pakistan, Bangladesh, United Kingdom
VIM B Zinc Plasmid Greece
IMP B Zinc Plasmid Japan, Taiwan
OXA-48-types D Serine Plasmid Turkey, Morocco, Algeria, Tunisia, India
Other mechanisms
ESBL or AmpC-type A/C Serine Plasmid or chromosomal Worldwide®

B-lactamase + OMP mutation

Abbreviations: ESBL, extended-spectrum B-lactamase; IMP, “active on imipenem”; KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-
B-lactamase; OMP, outer membrane porin; VIM, Verona integron—encoded metallo-B-lactamase.

@ Locations with the highest prevalence for each carbapenem resistance mechanism.
b Carbapenem resistance is more commonly due to carbapenemase production than these mechanisms in the geographic locations listed above.

IMMUNOCOMPROMISED HOSTS o CID 2014:58 (1 May) o 1275



Ambler cass

Other species commonly
affected

Geographic epicenter

Phenotypic detection

E. coli, E. cloacae

Modified Hodge Test (MHT) positive

E. coli, E. cloacae

India, Pakistan

Unknown (positive MHT likely)




Marmara PEAH
karbapenemaz verisi 2014-

ZAONRS

s

¢ 18 hasta

¢ 17 K.pneumoniae
9 OXA 48;

8 NDM
(bir sus: NDM ve OXA 48 birlikte)

¢ 1 E.cloacae IMP
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Carbapenemases in Enterobacteriaceae

Penicillins Cephalosporins  Cephalosporins B-lactams/  Carbapenems
Enzyme 1™ et 209 g™ Inhibitors of
generation generation B-lactamases
Ambler class cefepime
cefpirome
Penicillinases: KPC, m, Ges..
A [ ]

Metallo-enzymes: VIM, IMP, NDM
L E——— e ———

Oxacillinase =OXA-48 and its derivatives
D

* Cephamycins excluded for most of class A

Fig. 1. Activity spectrum of carbapenemases in Enterobacteriaceae.

~ - - , »

P. Nordmann / Médecine et maladies infectieuses 44 (2014) 51-56



Deaths Attributable to Carbapene-es
Matthew E. Falagas et al.

e

5

istant Enterobacteriaceae Infections

2012 dek yapilmis 12 g@
‘\

/ calismada %26 ila %44 karbepenem
direnci iliskili mortalite




Maliyet

¢ 4.55 kat maliyet artisi

¢ 11.9 kat antibiyotik maliyet artigi

¢ Yenilmez E et al; 2015 KLIMIK



Karbapenemaz risk faktorleri

Antibiyotik kullanimi
Diyabet
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Organism & Imipenem MIC Meropenem MIC
carbapenemase (pgm/ml) (pgm/ml)
8 16 8 16

VIM (6)
E. coli (2) - - 1 1 - - 1 1
A. baumannii (1) - - - 1 - - - 1
P aeruginosa (3) 1 2 - - - 1 1 1 -
KPC (15)
E. coli (1) 1 - - - - - - 1 - -
K. pneumaoniae (5) - - 1 4 - - - - 2
A. baumannii (9) - - - g 1 - - - -
NDM-1 (59)
E. coli (14) 2 4 6 2 - - 3 4 5 2
K. pneumoniae (30) - 3 g8 19 - - - 3 g8 19
A. baumannii (15) - - - 14 1 - - - - 15

[Table/Fig-4]: Correlation of MIC with carbapenemase
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Jounal af Clinicad and Disgricestic Resasrh. 2044 Dee, Vd-8(17): DC23-DC26 z Methods for Detection of Carbapenemases

among Gram Negative Bacilli




AMX AMC TZP CTX CAZ IMP ETP MER ATM
KPC R SN R R R SR IR SAIR R
KPC + ESBL R IR R R R 'R IR I/R R
IMP/VIM/NDM R R I/R R IR S/I/R IR SNIR S
IMP/VIM/NDM + ESBL R R I/R R R 'R R SAIR R
OXA-48/0OXA-18I1 R R SNIR SN S S s SN S
OXA-48/0OXA-181 + ESBL R R I/R R R 'R IR I/R R

AMX, amoxycillin, AMC, amoxycillin—clavulanic acid; TZP, piperacillin—tazobactam; CTX, cefotaxime; CAZ, ceftazi-

dime; IMP, imipenem; ETF, ertapenem; MER, meropenem; ATM, aztreonam.

Identification and screening of carbapenemase-producing

Enterobacteriaceae

P. Nordmann', M. Gniadkowskiz, C. G Giske:‘, L. Poirel', N. Woodford‘, V. l*‘liriagous and the European Network on

Carbapenemases*



HIZLlI TANIMA

L ICLIUIn, LIdLSiia s

Nucleic acid Nanosphere, Inc, Blood Escherichia colilShigella spp, Klebsiella pneumonia, KPC, NDM, 25 Yes
microarray Northbrook, IL Klebsiella oxytoca, P aeruginosa, Serratia marcescens, CTX-M,
BC-GN Acinetobacter spp, Proteus spp, Citrobacter spp, VIM, IMP,
Enterobacter spp OXA
Multiplex BioFire, Inc, Blood Enterococcus spp, Listeria monocytogenes, mecd, vand, 1 Yes
nucleic acid Salt Lake City, UT Staphylococcus spp, S aureus, Streptococcus spp, vanB, KPC
amplification S agalactiae, S pyogenes, 5 pneumoniae, A baumannii,
test Haemophilus influenzae, Neisseria meningitides,

P aeruginosa, E cloacae complex, E coli, K oxytoca,
K pneumoniae, § marcescens, Proteus spp,
Enterobacteriaceae spp, C albicans, C parapsilosis,
C tropicalis, C glabrata, C krusei

CHROMAGAR
CHROMADID

Gibi ayirt edici besiyerleri
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Effects of Carbapenem consumption on the
prevalence of Acinetobacter infection in intensive
care unit patients

Aziz Ogutlu'?", Ertugrul Gudu'?, Oguz Karabay'?, Aylin Calica Utku', Nazan Tuna' and Mehmet Yahyaoglu'

Carbapenem consumption and MDR-Acinetobacter baumannii isolations
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jure 2 Carbapenem consumption and MDR-Acinetobacter baumannii isolations.
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Yogun Bakim Unitelerinde Acinetobacter baumannii
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Sira | Merkez-Kdken No. OXA-51 | OXA-23 | OXMA-24 | ONA-S8
1 | MAR-88 t +

2 | MAR-%4 1 1

3 | MAR-97 1 1

4 | MAR-109 1

5 | MAR-111 1 t




Yogun Bakim Oncesi Antibiyotik kullanimi

Kinolonlar 27 (19) 35 (16) 0.392
Piperasilin-tazobaktam 10 (7) 10 (7] 0.279
Karbapenemler 21 (15) 16 (7) 0.016
3. Jenerasyon sefalosporinler 16 (11) 21(9) 0.578
Yatis sirasinda piperasilin tazobaktam 25 (17) 37 (16) 0.761
kullanimi
Yatis sirasinda karbapenem kullanimi 21 (15) 18 (8) 0.039

Tablo 4’e gire, dlenlerin yas ortalamasi daha ylksektir (65 vs 61, p=0.053). Invazif mekanik
ventilatdr ve sonda kullammi, apache skorunun yaksek olmasi ve hastaneye yatmadan dnce

piperasilin tazobaktam veya karbapenem kullarumi $ldm igin risk olusturmaktadir.



Spectrum of in-vitro resistance conferred by broad-spectrum B-lactamases

Early 3rd generation B-lactam/ Carbapenems
generation cephalosporins p-lactamase
cephalosporins inhibitor
combinations

ler Class

A Clavulanic-acid inhibited ESBLs

B Metallo-enzymes

C AmpC; cephalosporinases
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KORUNMA-CDC/HICPAC

Hasta g
¢ Saglik personeli egitimi
¢ Uygun antibiyotik kullanimi

¢ Surveyans

Management of

Multidrug-Resistant

Organisms In

Healthcare Settings,

2006

Jane D. Siegel, MD; Emily Rhinehart, RN
MPH CIC; Marguerite Jackson, PhD;Linda
Chiarello, R



CDC/HICPAC Il

¢ Infeksiyon kontrol dnlemleri
¢ CD GNB-decolonizasyon onerilmez
¢ Kohort olusturma

¢ Adanmis oda-esya-personel



¢ Coklu onlemler

¢ kisitlamalar
¢ antibiyotik heterojenitesi,

¢ tedavi surelerini kisaltmak ve daraltmak veya de-
eskalasyon
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Tarama

Erken tani:molekiuler yontemler?

Preemptif tedavi? Empirik tedavi?

Bulas dinamikleri?



