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OLGU

60 yas, kadin hasta

Ates, usume titreme , yan agrisi ve idrar yaparken yanma, sik idrara
cikma sikayetleri ile hastanemizin ilk yardim servisine basvuruyor.

6 hafta once gecirilmis uriner enfeksiyon nedeniyle baska bir hastanede
yattig1 ve Seftriakson (2x1 gr) IV tedavisi gordugu biliniyor.

Ancak hangi etkenin idrar kulturiunden izole edildigi bilinmiyor

Hastanin bu tedavinin ardindan duzelerek taburcu edildigi ve aradan
gecen 6 hafta boyunca herhangi bir yakinmasinin olmadigi ifade ediliyor

Hasta tekrar ayni sikayetler ile hastanemize bavuruda bulunuyor

Hastanin fiziki muayenesi sonucuna gore

(39.1 °C ates, Nabiz 120 dak/ritmik, AKB:100/60 mm/Hg, , Beyaz
kire:17.500/ mm3, CRP:82, Sedlmentasyon78/saat

TIT: mikroskopik alanda silme 16kosit, kime |6kositler)

Urosepsis tanisi ile Uroloji servisine yatiriliyor.



e Kan ve Idrar kiltirleri aliniyor.

e Rasyonel tedavisi, kultur sonuclarina gore
duzenlenecek sekilde ampirik olarak 4x500
mg/gun imipenem/silastatin |V dozda baslaniyor

e [edaviden 48 saat gecmesine ragmen kontrol
altina alinamayan ates yuksekligi ve 22.000/
mm?3 e yukselen beyaz kure sayisi nedeniyle
tedavisine siprofloksasin 2x400 mg IV ekleniyor.

e Kan kulturunde ureme yok

e Idrar kiiltirinden Enterobacter cloacae izole
ediliyor



E.cloacae

Antibiyotik Duyarllik
Sefotaksim/Seftazidim

Sefepim

Piperasilin/Tazobaktam

Sefoperazon/Sulbaktam

Gentamisin

Amikasin

Ertapenem/Imipenem/Meropenem

Siprofloksasin

Tigesiklin

Kolistin




Diren¢ mekanizmasi?

e AmpC-plazmidik veya kromozomal?
e GSBL ve AmpC’'nin kombinasyonu??
o KPC?

e MBL (VIM veya IMP)?

e NDM-17

e OXA-48?

e Belirsiz?



MYSTIC CALISMASI (2004)
IMIPENEM DUYARLILIGINA KURESEL BAKIS

The Global View:
Imipenem % Susceptibility

Enterobacteriacae Fseudomonas Acinetobacter
USA >99 85 02
Europe >97 79 83
Japan >98 Hh2 93
South
America 398 60 i3

MYSTIC (Meropenem Yearly Susceptibility Test Information Collection)
Ciag. Microb. Infect Dis. 2004, Tumer, 50:291, Rhomberg et al. 4%:273, Jones et al. 43:211.
Int. 1. Antimicrob, Agents. 2002, Pfaller et & 19:383




KARBAPENEMLER

e Ertapenem
e Doripenem
e Imipenem

e Meropenem
e Razupenem




Genis spektrumlu B-laktamazlarin etki spektrumu
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ulasamamasi

2. Karbapenemieri hidroliz eden enzimlerin
varlig (karbapenemazlar)

3. Hedef PBP degisimieri



http://www.nersc.gov/news/annual_reports/annrep97/bash1.jpg
http://faculty.irsc.edu/FACULTY/TFischer/images/efflux pumps.jpg

1. llacin hiicre icinde etkin konsantrasyona
SIEREINEINER

» Porin proteinlerindeki
degisiklikler
OmpF, OmpC
OmpK-35
OmpK-36
OmpK-37
» Porin kayibi
karbapenemlerin

periplazmik araliga
girisini sinirlandirir



http://upload.wikimedia.org/wikipedia/commons/b/be/Pump_(PSF).png
http://upload.wikimedia.org/wikipedia/commons/thumb/8/8b/Gram_negative_cell_wall.svg/800px-Gram_negative_cell_wall.svg.png

Enterobacteriaceae’de

karbapenem direncl

Dis membran porin proteinlerinin kayibi ile
birlikte sefalosporinaz yapimi

> -tipi 3- laktamazlar veya

> tipi GSBL aktivitesi
Dusuk duzey karbapenemaz aktivitesi
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: presentativePrefered Inhibited by, | Qrganisms Losation
- |class? suhstrates
(examples) CAZ EOTAS
L Ampe Cephaksporing Grannegitive rods w

2 D OXA-T-10 Penkcilling r Enterobactenanede Variable
PSE-2 cloxacillin Eaeruginess

2e A CepA Cephaksporing + Ravteroides sp Variable
FPM-1 Protous sp
L? S.makophifia (nducible)

2 A NMC-A Penicillins + E.cloacae Chromosome
Sme-1-3 cephalosporing J:marcescens
Imi-1-3 carhapenems
KPC-1.2 K.pneumoniae Plasmid
GES-2 P.aeruginesa Plasmid

D OXA-24- t Ashaumanii Chromosome

26 40,
51,58,72

3 B VIM, IMP, Penicillins + P.aeruginosa Variable
SPM, GIM | cephalosporins Ashecies

carthapenems Enterobacteriacae

L1




Karbapenemazlar

Sinif A penisilinazlar
Kromozomal: SME,NMC ,IMI
Plazmidik: KPC,GES , IMI-2

Sinif B: Metalloenzimler:
IMP1-27, VIM 1-24 , SPM, GIM,SIM,NDM

Sinif D: Oksasilinazlar




Diinyada Artis Gosteren -Laktamazlar

* Plazmid kontroliindeki Grup-1 (Amp-C Enzimler)
* Grup 2be’de bulunan GSBL enzimleri
» Grup 3 metallo beta laktamazlar

(IMP, VIM, NDM...)




Sinif A karbapenemaz aktivitesi

olan GSBL’ler

NMCA E. cloacae
IMI-1 E. cloacae o NIGpe
@ SME-type
S. marcescens 0 KPCype

SFC-1 Serratia fonticola

SHV-38 K. pneumoniae

2-Plazmidik karbapenemazlar

GES-3,-4,-5 K. pneumoniae, E. coli, E. cloacae

IMI-2,-3 Enterobacter asburiae, E. cloacae

KPC-1-11 K. pneumoniae, E. cloacae,
Salmonella, E. coli



SHV-38 B-Laktamaz
(K.pneumoniae)

> Kromozomal kaynakli

» 3. kusak sefalosporinler
ve imipeneme azalmis
duyarhhk

SHV-1/5HV-38

E coli ".].\SHY-I: E. coh 'I'PS}‘:‘-"SS)

Poirel & Nordmann AAC, 2003

TABLE 1. MICs of p-lactams for K. mreurssyiae Lar-1,
E coll DHLOB{pLP-1), E. cal 1'I:|-[I.IIIEI|'|:|LF'-Z|.
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Sinif A Karbapenemazlar

neumoniae carbapenemase

Bush - tatl Inhihited hy Organisms. Location
Eﬁiﬁl}!t class® lenzymes substrates
Med ;1 lexamples) CAZ EDTAS
S c ARG Cephalsporins - - Gramneastive Lot CTx omosome
7d 1) OXAT-10 Penicillins 2 Ert o oDa et ias aae. Variable
Ze A I%ﬁf'l%l Cephalosporins + - w Variable
L2 S alopfifia (nducible)
2t A MM -A Penicillins, + E.cloacae Chromosome
Sme-1-3 cephalosporins 2 NATCEsSCens
Imi-1-3 carbapenems
KPC-1,2 K.pneumaoniae Plasmid
GES -2 P.aeruginoesa Plasmid
*Enterobacteriaceae’de nadir
*Penisilinleri, sefalosporinleri, aztreonam ve karbapenemler
*Imipeneme duyarli olabilir

Klavulanik asit ve tazobaktam tarafindan inhibisyon

Pamikclibns Cephalosprorins
188 6t 2~
e athom
Ambler class

ESBElLs

Metallo—-=nEyrmmies)



o KPC-1, 2001

v V VvV V V V VY VY VY

KPC-2 -11

K. pneumoniae,

K. oxytoca
Salmonella enterica
S. marcescens

C. freundii

E. coli

E. cloacae

P. aeruginosa

A. baumannii

MICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 2001, p. 1151-1161 Vol. 45, No. 4
6-4804/01/§04.00+0 DOI: 10.1128/AAC454.1151-1161.2001
‘opyright © 2001, American Society for Microbiology. All Rights Reserved.

Novel Carbapenem-Hydrolyzing 3-Lactamase, KPC-1, from a
Carbapenem-Resistant Strain of Klebsiella pneumoniae

HESNA YIGIT," ANNE MARIE QUEENAN,” GREGORY J. ANDERSON,'
ANTONIO DOMENECH-SANCHEZ, JAMES W. BIDDLE,' CHRISTINE D. STEWARD,'
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KPC Enzimleri

e %45 Sme-1,

e blaKPC plazmitler Uzerinde (50 kb)

Dar spektrumlu B-laktamazlar
Genislemis spektrumlu B-laktamazlar
Aminoglikozit direng geni [AAC(6°)-1b]
Plazmit kaynakl florokinolon direng¢ genleri



KPC+ suslarinin dunyadaki yayilimi

Israel

China province
' Zhejiang
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[ Sporadic KPC isolations with
positive Pseudomonas spp isolates

[ Epidemic and endemic situations
positive Pseudomonas spp isolates




KPC ve karbapenem direncli

Due to spread of

e KPC-type enzymes
KPC-2006

| | Both clonal and S e
Villegas & Quinn AAC _ Navon- Venezia ef al. - AAC 2006
2006; plasmid spread Leavitt et al. - AAC 2007

Navon-Venezia & Carmeli




Sinif B B-Laktamazlar

Aktif bolgelerinde serin yerine Zn*?iyonu
disinda karbapenemler dahil
tum beta laktamlari hidroliz edebilirler.
Klavulanik asit, tazobaktam, sulbaktam etkilenmez
« EDTA gibi bir metal selatoru ile inhibe olurlar
10-phenanthroline
Dipikolinik asit
Kromozom, plazmit

VIM, IMP, Variahle
SPM, GIM 5




MBL enzimlerinin dunyadaki

® IMP P. aeruginosa Acinetobacter oth. GNNFs Enterics Aeromonas
® VIM P. aeruginosa Acinetobacter oth. GNNFs Enterics Aeromonas
O SPM-1 P aeruginosa

@ GIM-1 P aeruginosa

© SsIM-1 Acinetobacter
O AIM-1 P. aeruginosa

O KHM-1

© NDM-1




Enterobacteriaceae’de kazaniimis

MBL'ler

« 1990, sporadik bildirimler
(Guney Dogu Asya, Avrupa, Avustralya)

» Disuk karbapenem MIK’lerinden dolayi
saptanmalarindaki zorluklar

« Saptanan turler




Enterobacteriaceae’deki MBL'ler

Biendo et al. = JCM 2008

2003-05
IMP-1 veya VIM-2
E.aerogenes
Imipenem nonsusceptible

by

2005-06: outbreak of
VIM-1-producing
Klebsiella (clonal)
and Enterobacter

(multiclonal)

Tato et al. — CID 2007

ALGE RIA

SLOVENIA

“CROATIA Luzzaro et al. = AAC 2004

SERBIA & MONTEF

BOSNIA Rossolini et al. AAC 2008

| Cagnacci et al. - JAC 2008
Aschbacher et al. - JAC 2008

Perilli et al. = MDR 2008

GREECE




VIM-5
K.pneumoniae
SEnterobacter cloacae

VIM-1
4P.aeruginosa, K.pneumoniae, “E.cloacae

“IMP-1
“Enterobacter cloacae, °K.pneumoniae, E.coli

Poirel L. AAC: 2004;48:15-22.
?Nazic H. AAAC: 2005;49:2146-2147
3Y1ldirm. ECCMID Congress, 2007
“SENTRY, ECCMID Congress 2007
Aktas Z. CMI 2006:12(7):695-96.



New Delhi Metallo-[3-laktamaz
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Characterization of a New Metallo-3-Lactamase Gene, blaypn.1, and a
Novel Erythromycin Esterase Gene Carried on a Unique Genetic
Structure in Klebsiella pnﬂunmzme chucncc Type 14 from India’
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Emergence of a new antibiotic resistance mechanism in
India, Pakistan, and the UK:la molecular, biological, and
epidemiological study

Karthikevan K Kumarasamy, Mark A Teleman, Timothy B Walsh, Jay Bagaria, Fafhana Butt, Ravikumar Balakrishnan, Uma Chaudhary,

Michel Doumith, Christion G Giske, Seema Irfan, Padma Krishnan, Anil V Kuemar, Sunil Maharjan, Shazad Mushtag, Tabassum MNoorie,

Dovid L Paterson, Andrew Pearson, Claire Perry, Rachel Pike, Bhargawi Raoo, Ujjwayini Ray, Javanta B Sarma, Madho Sharma, Elizabeth Sheridan,
Mandayam A Thirunarayvan, lane Turton, Supriva Upadhyay, Marina Warner, William Welfare, David M Livermore, Neil Woodford

NDM-1

Findings We identified 44 isolates with NDM-1 in Chennai, 26 in Haryana, 37 in the UK, and 73 in other sites in India
and| Pakistan. NDM-1 was mostly found among|Escherichia coli (36) and Klebsiella pneumoniae (111), which were highly
resiistant to all antibiotics except to tigecycline and colistin, K pneumoniae isolates from Harvana were clonal but
NDM-1 producers from the UK and Chennai were clonally diverse. Most isolates carried the NDM-1 gene on plasmids:
those from UK and Chennai were readily transferable whereas those from Haryana were not conjugative. Many of the
UK NDM-1 positive patients had travelled to India or Pakistan within the past vear, or had links with these countries.

Interpretation The potential of NDM-1to be a worldwide public health problem is great, and co-ordinated international
surveillance is needed.

Funding European Union, Wellcome Trust, and Wyeth.

K.pneumoniae, E.coli
C.freundii, E.cloacae, M.morgani

Bangladesh
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Sinif D OXA f-laktamazlar

Bush-  AmblerRepresentative Prefered Inhibited by Quganisms. Losation
Jacohy- |class® [enzymes substates
M&W& ‘W C Az EDTAS
group
C A Cephalsporins - - Grannegative rods s
Zd D OXA-1-10 Penicillins x Enterobacterianede, Variable I
PSE-2 cloxacillin D AR UaI0S:
%e A Ceph Cephalospotins * - ; Variable
FPM-1 Frotous sp

-iki grubu 6nem tasimaktadir. (GSBL, KARBAPENEMAZ)

*Plazmit veya integron kokenli
-3.Kusak sefalosporinlere ve aztreonama etkinlikleri yoktur

» Klavulanik asit, tazobaktama ve sulbaktam ile inhibe olmaz, NaCl, ile inhibisyo

« EDTA ile inhibe olmamalari ile
metallo beta laktamaz enzimlerinden ayrilabilirler

D OXA-24- * A-baumanii Chromosome
26,40,
K1 R 72
3 B VIM, IMP, Penicillins - + P.aeruginosa Variable
SPM, GIM cephalosporins A.species
carhapenems Emterobacteriacae
L1



Pediatr. 2010 Sep;17 Suppl 4:5154-62


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nordmann%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carrer%20A%22%5BAuthor%5D

Sinif A Plazmidik SBL-tipi OXA

Karbapenemaz OXA-11
KPC 1-11 T
GES 2/3 OXA-17

OXA-19
OXA-28
OXA-35
OXA-2
OXA-15
OXA-32

GSBL olmayan
OXA

OXA-Karbapenemgz Karbapenemaz - tipi
OXA-23,-24,-51,-5€ OXA

-55,-48,-50,-60,-62 .
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Chromosome-Encoded Class D B-Lactamase OXA-23 in
Proteus mirabilis

R. Bonnet,'* H. Marchandin,” C. Chanal,' D. Sirot,' R. Labia,” C. De Champs,'
E. Jumas-Bilak.* and I. Sirat!




e Pseudomonas,
Acinetobacter, Klebsiella

TAEILE & Carbapenemase subgrcupes of the O304
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Kazanilmis Sinif D serin
karbapenemazlar

A. baumannii
® OXA-23-type (P. mirabilis)

® OXA-58-type A. baumannii

® OXA-24-type A. baumannii
O OXA-48 K. pneumoniae




ANTIMICROBIAL AGENTS AND CHEMOTHERAFY, Jan. 2004, p, 15-22 Vol L8, Mo, 1
6E-L804/04' 308 004+0 DO 101128/ AACL81.15-22.23004
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Emergence of Oxacillinase-Mediated Resistance to Imipenem in
Klebsiella pneumoniae

Laurent Poirel.! Claire Héritier.! Venus Tolin.® and Patrice Nordmanmn

Service de Baciériologie-Virologie, Université Paris XI, Hopital de Bicétre, Assistance Publigue/Hopitaux de Pans,
Faculté de Médecine Panis-Sud, 24275 Le Kremlin-Bicére, France,' and DE‘J_,D::TI'H‘?E‘!H of Micrabiclogy, Istanbul
Medical Faculy, Capa, Istanbul, Turkey

Recaived 20 March 2005 Beturned for modification 7 July 2003/ Accepted 22 September 2003

l#

Kiehsiella prcummoniae strain 11978 was isolsted in Torkey in 2001 and was found to be resistant to all

B-lactams, including carbapenems Cloning and expression in Escherichin coli identified five P-lactamases,
incloding two novel oxacillinases. The B-lactamase OXA-48 hydmlyzed imipenem st a high level and was
remotely related (less than 46% amino acid identity) to the other oxacillinases, It by drody zed penicillins and

imipenem bat not expanded-spectrum cephalos porins. The Moy, gs ene was plasmid encoded and not
associated with an integron, in contrast to most of the oxacillinase genes. An insertion sequence, [57 999, was

2001: Klebsiella pneumoniae de OXA-48

B ITFdeki ilk OXA-48
B Dinyadaki itk OXA-48
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Carbapenem-Hydrolyzing Oxacillinase, ﬁ;‘;’:"c“fp;‘"'

OXA-48, Persists in Klebsiella pneumoniae JZ’;‘Z’;"”"

. ANY DISTRIBUTION OF THIS
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Kasim 2004 + Mart 2005:
2 K.pneumoniae izolatinda OXA-48



OXA-48 beta-laktamaz pozitif K.pneumoniae ile

hastanemizde 2 Salgin

ANTIMICROBLAL AGENTS AND CHEMOTHERAPY, Aug. 2008, p. 29502954 Wol. 32, No. 8
OGO-480408F085.00+ 0 doi:1T11ZE8/AACOLOTZ07
Copyright @@ 2008, American Society for Microbiology. All Rights Reserved.

Spread of OXA-458-Positive Carbapenem-Resistant
Isolates in Istanbul, Turkey"

Laurent Poirel,’ Haluk Eraksgy
Selim Badur,” and Patrice Nordma$ SALGIN

Service de Baciériologie-Viologie, INSERM UQI4, Emergirng Resistarnce 10 Aniibiotice S IC U 2006
Paris, Faculié de Médecine Paris Sud, e Kremlin-Bicére, Frunce, " ans
Clirical Microbiology™ and Department aof Microbiofogy,” I5i0
Capea, Istanbul, Turkey

Amélie Carrér,”

Received 27 December 2007/ Returned for modification 10 Febrdaiy

The first outhreak of carbapenem-resistant RKlebsiella prnewrnonige isolates pa 1 the plasmid-encoded
carbapenem-hydrolyzing oxacillinase (MXA-4% is reported. The 39 isolates belonged to two diferent clones and
were collected at the University Hospital of Istanbul, Tourkey, from MMay 20006 to Febroary 2007, and they

coproduced various B-lactamases (SHWV-12Z, OXA-92, and TEM-1 for clone A amnd CTX-M-15, TEM-1. and
OXA-1 for clone ).
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Spread of OXA-48-Encoding Plasmid in Turkey and Beyond”’
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Eizhteen carbapenem-resistant, OXA-48-positive enterobacterial isolates recovered from Turkey, Lebanon,
Egypt, France, and Belgium were analyzed. In most isolates, similar 70-kb plasmids carrving the carbapen-
emase gene blagy, e were identified. That gene was located within either transposen Tn/999 or transposen
Tni999.2, which was always inserted within the same gene. This work highlights the current plasmid-mediated
dissemination of the OXA-48 carbapenemase worldwide.
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carbapenca-tiyvdrolyzieg oxactilinase OXA-$S Is reported. The 18 bsnlates holomand Ao fwn different clones and
were collected at the Usiversity Hosplaal of Istanbel, Turkey, from May 2006 to February 2097, and they Cuzon G, Naas T Lesenne A Benhamou M, Nordmann P

coproduced varons £-lactamases (SHY-12. OXA-9. and TEM-1 for clone A and CTX-M-15 TEM-1, and

OXA-1 for clome B).
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Plasmid-Encoded Carbapenem-Hydrolyzing f-Lactamase (XA-48 in an
Imipenem-Susceptible Klehsiclla preymoniae Strain from Beloinm®
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Carbapenem-resistant Escherichia coli and Klebsiella pneumoniae isolates from Turkey with OXA-48-like carbapenemases
and outer membrane protein loss.
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Sinif C B-laktamazlar (AmpC)

TABLE 1. Classification schemes for bacterial p-lactamases

1929 Bush Richmond- Mitsuhashi-Inous Molecular - Inhibuted by , :
group Sykes class ype class Preferred Representative

substrates ENZYTIES

(4] {233) (194)° (2, 121, 132) CA* EDTA

[a, Ib, 1d CHase C Cephalosporins - - AmpC enzymes from gram-
fiegative bacteria; MIR-1

«Sefalosporinler ve penisilinleri hidrolize eder
Sefepim ve sefpirom haric

Sefoksitine direng

Providencia, Serratia ve Morganella icin gtvenilir degil
Indiiklenebilir veya dereprese mutantlar S/I olabilir

EDTA ile inhibe olmaz
Klavulanat inhibe olmaz
Kloksasilin ve boronik asit ile inhibe olur

3 3 Mot included Mot included B Most p-lactams, including - + LI from Xenthomonas malk
carba penems tophidia, CorA from Fac-

teraiger fradiles

Mot ingluded Mot included NIX Penicillins Fenicillingse from Fsenide-



Plazmid Kaynakli Amp C

e Cogunlukla K pneumoniae, Proteus mirabilis

E.coli, Salmonella ve Enterobacter aerogenes...
e Biyokimyasal 6zellikler kromozomal AmpC ile aym
e Epidemiyolojik olarak yayilma potansiyeli daha fazla
e GSBL ile mozaik diren¢ yap1 olusumu
e OMP gecirgenlik azalmasi ile karbapenem direnci

Rodriguez Bano, JCM 2004




Plazmid Kaynakli AmpC Tipleri
e CMY (53) MIR

o LAT (4) el
e MIR (5)
e ACT (8)
e ACC (4)
e FOX (7)
e MOX (8)
N

o LAT (1)... FOX




Plazmidik AmpC’nin dunyadaki yayilimi

CMY/LAT DHA CMY/MOX FOX

E. coli E. coli E. coli E. coli

Klebsiella Klebsiella Klebsiella Klebsiella
P. mirabilis P. mirabilis

Enterobacter Enterobacter Enterobacter Enterobacter
Salmonella Salmonella
Shigella

C. freundii
Aeromonas

@® CMY/LAT
© DHA

® CMY/MOX
@ FOX

@ ACC

VEE ACT/MIR

E. coli E. coli
Klebsiella Klebsiella
P. mirabilis

Enterobacter
Salmonella

C. freundii

O ACT/MIR

Jacoby CMR 2009




Neden B-laktamazlari
belirlemeliyiz?

e Uygun antibiyotik tedavisi
e Enfeksiyon kontrolu

e Epidemiyolojik arastirmalar



Nigin karbapenem direncine neden olan
mekanizmalari belirlemeliyiz?

e Porin kayibl ile birlikte Sinif A GSBL (CTX-M) +
azalmis permeabilite

e Sinif C asirt AmpC uretimi + azalmis permeabilite

Bu 0zellige sahip suslar ertapenemi meropenem veya
Imipenemden daha fazla hidrolize eder

e Bu durumda butun karbapenemlerin direngli
bildirilmesi gerekmez

e Duyarli karbapenemler duyarli olarak bildirilmelidir.

e Bazi izolatlar rutin duyarlilik testlerinde duyarli
gorulseler de direng genlerini tasiyor olabilir



Diren¢ neden yayiliyor?

e Suboptimal Saptama
e Molekuler faktorler
e Antibiyotiklerin secici baskisi



H L .

raiiure {0 Deiect Carbapenerm Resistance in R, prieuroniae
Otomatize sistemler karbapenem direncini saptamada yetersiz

Tabie 2. Summary of aniimicrobiai susceplibiiity festing resuits for i3 test isoiates’

Imipenem results (n = 15) Meropenem results (n = 15)
Method (software) Cardipanel  Resistant  Intermediate  Susceptible ~ Resistant  Intermediate  Susceptible
Broth microdilution In-house 13 . 0 14 1 0
frozen panel
Disk diffusion BDDS disks 3 11 1 10 5 0
MicroScan (LabPro1.51,  Neg combo / 1 1 13
Alert 1.50) 32
Phoenix NMIC/ D- 9 8 2 12 1 2
(4.05W/3.81A) 104
Sensitre AutoReader GN2F 0 . 13 0 3 12
(3.0.8 SP2)
VITEK (R10.01) Superflex 9 0 10 2 3 10
GNS 122
and 127
VITEK2* (R04.01) GNO7 2 6 5 - o 5

*No meropenem Interpretations were given by the Advanced Expert System for 2 organisms.

For DNA seauence determination. a 989-hn PCR nrod-  (data not shown). The 15 1solates. which were collected

Emerging Infect Dis. www.cdc.gov/ied 2006;Vol:12.N0:8:1209


http://www.cdc.gov/ied
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Comparison of BD Phoenix, Vitek 2, and MicroScan Automated
Systems for Detection and Inference of Mechanisms Responsible
for Carbapenem Resistance in Enterobacteriaceae”

Neil Woodford,'* Annf: T. Eastaway,” Mu:han:l Fard Alistair Lﬁal]l:lrd Chloe Kf:anf:
Reinhard M. Quayle,” Jane A. Steer,” Jiancher 0

Amntibiotic Resistance Monitoring and Reference Laboratory, Cemnire for Infe
HAI s Inffc.ru:ur {,e:rn.rre:rf r Froup, Hen!rh Pm:‘e'rnﬂn Scr:.v.re‘amf {

)

OXA-48 zayif saptaniyor

TABLE 2 Ability of commercial systems to infer carbapenema
defmed carbapenem resistan®®nechanisms’

No. of solates

Mechanism Phoenix MicroScan NM34 MicroScan NBCHO Vitek 2

Positve ~ Negave  Positve  Negave  Positive  Negave  Posite Negative

KPC 1 = §) § [ 8 [ § [ | [
MBL (IMP. VIM, or NDM: n = 20) 2 I 19 § 2 [ 16 §
OXAS8 (1 = 11) L0 6 3 ¢ 15 6
E. colilKlebsiclla spp., ESBL, porin loss (n = 10) 10 [ 10 | § ) | ]
Enterobacter spp., AmpC/ESBL, porin loss (n = 6) 6 [ ) 1 ) 1 2 -

" There were 35 test isolates. Phoenix lagged likely carbapenemase producers a potenially having an MBL, whereas the MicroScan flagged them as porentiall
having KPC enzymes. These inferences were taken 10 Mean carhapenemase positive.
" All IMP types.


http://jcm.asm.org/

KPC
IMP/VIM/NDM
OXA-48

AMX
R
R

R

AMC
|
R

R

PIP/TZB
R

5/1
R

(X

CAZ

I/R
/S

IMP
/IR
S/1/R

ERT
IR
IR
/S

AZT

Nordmann P, Carrer A. Carbapenemases in enterobacteriaceae. Arch Pediatr. 2010 Sep;17 Suppl 4:5S154-62



http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nordmann%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carrer%20A%22%5BAuthor%5D

Enterobacteriacea’de karbapenemaz ureten suslarin
saptanmasinda kullanilan fenotipik tarama ve dogrulama

testleri

»\ o Disk zon ¢api <22 mm

| ! ertapenem/ meropenem
Y e MIK >1 ug/ml imipenem,
ertapenem veya meropenem

" CLSI, Dogrulama Testi

(Modifiye Hodge Testi)

e Imipenem disk tarama igin uygun deqil

o Imipenem MIK’i hafif yikselmis degerler
Proteus/Providencia/Morganella

CLSI-M100-S19, Jan 2009)

imipenem meropenem ertapenem
<4 pg/ml* <4 pg/ml* <2 ug/ml*

Leipzig; 2004; Rodloff et al. JAC 2006



CLSI ve EUCAST karbapenem

TABLE 2. CLSI and EUCAST carbapenem clinical break-
points and epidemiological cut-off values (ECOFFs) (MIC
values, mg/L)

cLs1 EUCAST

e i N

S (= R () S (= R(>) ECOFF )
s B ! ‘ ! imipenem meropenem ertapenem

<4 pg/ml* <4 pg/ml* <2 ug/ml*

FDA CLSI (2010) EUCAST (EMEA) (2010)

S 5 R S R ECOFF

Imipenem =4 =1 =4 =2 >8 =1
Meropenem =4 <1 =4 <2 =8 =0.125
Ertapenem =2 <0.25 =1 <0.5 =1 =0.06

Doripenem <05 =1 =4 =1 =4 <0.12




e Fenotipik testler bu enzimlerin spesifik
inhibitorleri kullanilarak belirlenebilmektedir

e Klinik laboratuvarlarda bu testlerin rutin
olarak hizli ve dogru uygulanmasi

e Klinik ve epidemiyolojik acidan onemlidir



Plazmidik AmpC enzimlerinin
taninmasi neden onemli?

»Hastane icinde diger mikroorganizmalara yayilma riski
»AmpC'yi yuksek duzeyde Ureten suslar

»1n Vvitro bazi sefalosporinlere ve aztreonama duyarl
Tedavide basarisizliklar

Clin Microbiol Rev (2009) 22:161-182.




AmpC'nin fenotipik Saptanmasi

e AmpC’nin saptanmasi icin CLSI veya diger onaylanmis
bir kriter yok

e Sefoksitine direnc
E.coli, K.pneumoniae, P.mirabilis,
Salmonella ve Shigella

e Kromozomal ve Kazaniimig AmpC enzimlerinin ayirimi
yapilamiyor E.call ye Shigella

e [(-laktam inhibitorleri (Kloksasilin)
e Non B-laktam inhibitorleri (Boronik asit)
e Modifiye Hodge Testi (Sefoksitin)



AmpC’nin saptanmasi- Fenotipik

Sefoksitin diski+ 500 pg kloksasilin |se an/sefoksitintkloksasilin
24 mm zon ¢apinda artis - |
Duyarlihgi ve 6zgulligu %95
E-Test R

Kazaniimis AmpC igin
Duyarlihgi ve ozgullugu %97

AAC (2009:53:146



http://jcm.asm.org/cgi/content/full/43/8/4163/F2

e Kloksasilinli besiyeri (250 pug/mil)
e Modifiye Hodge Testi



http://www.asig.org.au/wp-content/uploads/2009/12/01.gif

AmpC’nin saptanmasi-Fenotipik

Boronix asii
120 pg fenilboronik asit 3 ml DMSO

20 pl sefotetan (30 pg) diskine ilave

Zon ¢api 25 mm

ATCC 700603




TAEBLE 1: Performonce of Etest AmpC strips vs. Genotype/Phenotype Result

Ohrgamnism

AmpC +"

AmpC -

% Sensitivity

%, Specificity

CH,/ M

CH/CHI

FX,/FXI

™ |
|

FX/FXI

N

=
‘--I

B %

&5 (84

21 (94

%5

SO0 . ! (o 3 ol B4 +H
K I e i ) | X

Ll Ll Ll oy Ll

4 Ll | LK 14 ) 13

Ll | X Ll ) Ll

Total

1o

a7

88 [91]

&0 (83)

90 (93)

&7 (87]

AmpC genclype or phenolype posiiive
Senslivity = Ampll phenctype by Etest Sreference sLpteat 6. [CAAC 2006 D045

Specificity = Correct Bles phenotvpe resulls |+ or -] Sreference results




Plazmidik AmpC lireten susla
AmpC
Strains (n) Sold CMN/CM-Clox | CM/CMN-Bor | FX/FX-Clo F/F¥-Baor
status (n)
. + (B1)
E. coli (103) —47)
: + (2}
K. pneumanice (23} 21
K. oxytoca (T) -7 7
ozomal AmpC ureten su
AmpC
Strains (n) Sold CMN/CM-Clox | CMW/CMN-Bor | FX/FX-Clo F/F¥-Bor
status (n)

44
E. asrmogenas (46) +_ IE:Ej:I
C. frewndii {(1.3) + (13)
E. cloacae (28) + (28]
Morganeila spp. {(6) + (8}
. marcescsns (16} + (18]

47.1CAAC 2007-D1558



Plazmidik AmpC ureten susla

- (2)

AmpC Gold
Strains (n) status (n) | CN/CN-Clox | CN/CN-Bor | FX/FX-Clo | FX/FX-Bor
Sens | Spec | 5ens | Spec | Sens | Spec
E. coli (103 + (60 5 | 100 8
.coli (103) @)
K. pneumoniae | +(2) % | =0
(23) - (21)
K. oxytoca (7) -(7) NA
+(63)
Total 81
- (70)
romozomal AmpC ureten susla
+ (107
Total 107) -E4 100 | 28 | 100




AmpC Saptanmasi-Fenotipik




Kazaniimis AmpC’nin saptanmasi
(K.pneumoniae CMY-2)

MIC Real Interpr

>256 R R
645256 R R
325256 R R
32->256 IR R
>256 R R
>256 R R
325256 R R
325256 R R
Ceto e 25256 IR R
Ceftazidime 25258 rR R
Cefepime 0121 S S
Aztreonam 25256 riR R
Imipenem 006012 S S

4




- AmpC enziminin agin uretimi E.col

CIM Real Interpr
325256 R R

Cefepime  006-0.12

Aztreonam 0,252

(7 e B 7 T B - « -« -« B « e R B

Imipenem  0,06-0.12




AmpC+GSBL

R
R
R
R
R
R
R
R
R
R
R
R
S




Kazaniimis AmpC’nin Genotipik saptanmasi
(Multipleks PCR)

PEREZ-PEREZ&HANSON, JCM 2002:40:2153



MBL'nin Fenotipik Saptanmasi

e Cift disk sinerji
e Kombine disk
e MBL E-test

e Imipenem/EDTA
mikrodilusyon
yontemi

EDTA, 2-MPA
Seftazidim, imipenem

Walsh et al. JCM, 2002, 2755-9



e MBL E Test Stripleri (aB Biobisk, Sweden)
e 4-256 pg/ml imipenem,
e 1-64 ug/mlimipenem+EDTA

e =8 kat azalma

-Franklin C. J Clin. Microbiol. 2006; 44: 139-3144.
-Lee K. Clin Microbiol Infect 2001: 7: 88-91.
-Walsh et al. JICM, 2002, 2755-9



Modifiye Hodge Testi (MHT)




Kombine-disk testleri

Meropenem (MEM) ,
MEM+EDTA, MEM+fenilboronik asit, MEM+ EDTA+fenilboronik asit

(a)

+Horonic

FIEN

+EDTA + boronic +EDTA + boronic

(c)

.....

+boronic

+boronic

MEM : MEN K1EM

+EDTA +boronic

MEM



http://jac.oxfordjournals.org/content/65/8/1664/F2.large.jpg

Pozitif fenotipik testler




Karbapenemazlarin fenotipik olarak saptanmasi

B-laktamaz Inhibisyon

EDTA/DPA |Boronik Kloksasilin

asit

MBL Hayir Hayir
KPC/sinifA Hayir
karbapenemazlar
OXA-48 Hayir Hayir Hayir
GSBL Hayir Hayir Hayir
AmpC Hayir s s




Zon caplarinda artis

B-lactamase Zon capinda artis

Boronic acid | Cloxacillin
MBL (n=25) -1-2 0-2
KPC (n=34) 0-2
OXA-48 (n=9) -4-4 -1-4 0-2
ESBL (n=9) -3-2
AmpC (n=9) -3-1

Giske et al. CMI 2010. In press




Fenotipik Testlerin Duyarllik ve Ozgiilliigii

TEST B-laktamaz | Duyarlihk | Ozgiilliik
AFPBA KPC 100% 98%
AFBA+CLX AmpC 80% 100%

DPA MBL 100% 100%
EDTA MBL 100% 28%
Modified cloverleaf | Carbapene- 100% 7%
(Hodge) test mases

Giske et al. CMI 2010. In press
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Emergence of Multidrug-Resistant Kiebsiella pnewmoniae Isolates
Producing VIM-4 Metallo-B-Lactamase, CTX-M-15
Extended~5pectrum B-Lactamase, an
B-Lactamase in a Tunisian University Hospital
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Advance Access publication 10 November 2003

First olltbreak of multidrug-re:listant Klebsiella pneumoniae carrying
blaypy., and blagyy.s in a French university hospital

Najiby Kassis-Chikhani"’, Dominique Decré*, Vakrie Gautier’, Béatrice Burghoffer’,
Faouzi Saliba‘, Daniele Mathieu', Didier Samuel*, Denis Castaing’, Jean-Claude Petit’,
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Izoelektrik Odaklama Yontemi (1EF)

e Biribirinden anlamli sekilde farkl
olan enzimleri pl degerleri hakkinda
bilgiler sacdac

5.2 TEM-55 TEM-57 TEM-58 TEM-T0 TEM-122 TEM-125

5.3 TEM-12 TEM-25 PER-1

54 TEM-T TEM-19 TEM-20 TEM-29 TEM-112 TEM-126

5.5 TEM-3 TEM-17 OXA-13

5.6 TEM-5 TEM-10 TEM-11 TEM-13 TEM-26 TEM-50 TEM-53 TEM-63
2.7 TEM-Ga

5.9 TEM-42 GES-1 GES-2 IBC-2

5.9 TEM-4 TEM-6 TEM-6 TEM-27 TEM-6Y TEM-72 TEM-114

b TEM-15 TEM -1" TE[ 1 -1|'| TEM-43 TENM-52 TEM-66 TEM-109

3 TEM-. uTEH lhTEH 18 TEM-22 TEM-113
TEM-21 TEM-56 TEM-60 OXA-11
h.5 TEM-24 TEM-46 TEM-61



Enzimatik tarama testi

Imipenem diski (10 pg)

Imipenem+10 pl enzim

Imipenem+10 pl d.su

Diskler oda 1sisinda 24 saat inkube edilir

0.5 Mc Farland bulaniklik E.colil ATCC 25922
susu MHAa inokulasyon ve diskler yerlestirilir

e 35 °C’de bir gece inkubasyon
e Zon capl farliligi =22 mm ise pozitif sonug

Endmiani, JCM, 2010:



Spektrofotometrik Yontem 3

e Altin standart
e Bakterilerden ekde edilen enzimlerin

e Spektrofotometre kullanilarak

e Ertapenem, meropenem ve imipenemin
hidrolizi

e EDTA gibi bir inhibitor varliginda enzim
aktivitesinin inhbisyonu



e CHROM agar
Karbapenem MIK> 16 ug/ml olan suslari tespit
edebillir

e ChromID GSBL =) IMP/VIM ve KPC tipi
karbapenemazlar

ESBL uretmeyen OXA-48 suslarini tespit etmede
yetersiz
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Karbapenemazlarin Saptanmasinda
Molekuler Yontemler

e Klasik PCR

¢ Real-time PCR

e Multipleks PCR

e Mikroarray teknolojileri
e Dizi analizi

e Klonlama Yontemleri...



GSBL (TEM, SHV ve CTX-M)

Microarray 8 saat (36 izolat)
3 saat DNA izolasyonu
5 saat ligasyon, amplifikasyon ve saptama

Sequencing

Specificity: 100 %
O - | 104 [ 0 | 101 | sensiviy: 96%

e
'

Endimiani et al, JCM 2010
Naas et al, AAC 2010
Cohen Stuart et al, JAC 2010



http://jcm.asm.org/cgi/content/abstract/JCM.00568-10v1
http://aac.asm.org/cgi/content/abstract/54/8/3086
http://jac.oxfordjournals.org/cgi/content/abstract/dkq146

KPC, TEM, SHV ve CTX-M genleri

Sequencing

o o [ o [ w | E
" o I N AT (O

96 %

Sequencing

Specificity: 100 %
Sensitivity: 100 %
PPV: 100 %
NPV: 100 %




Th e E S B L Array (Check-Points B.V., Wageningen, The Netherlands)

Check-MDR CT101

KPC, CMY, DHA, FOX, MOX, ACC, MIR,
ACT and NDM-1


http://www.check-points.com/check-mrd-ct101
http://www.check-points.com/check-mrd-ct101
http://www.check-points.com/check-mrd-ct101

Check-MDR CT102

e Karbapenemazlar
e KPC, NDM-1

o GSBL

e CTX-M, SHV, TEM
e CMY, DHA, FOX, MOX, ACC MIR ACT



http://www.check-points.com/check-mrd-ct102
http://www.check-points.com/check-mrd-ct102
http://www.check-points.com/check-mrd-ct102

Diren¢ mekanizmasi?

e AmpC-plazmidik veya kromozomal?
e GSBL ve AmpC’'nin kombinasyonu??
e MBL (VIM veya IMP)?

e NDM-17

e OXA-48?

e Belirsiz?



E.cloacae

Fenotipik Testlerin Sonuclari

Sinerji Testi

IEF BIOASSAY
IP/kloXx IP/IPI GSBL pl Modifiye Modifiye
(MBL) (CDS) Hodge Hodge
E-Test Test Test
MEM FOX
+ + - 7.2 + +

5.3




E.cloacae

Molekuler Yontemlerin Sonuclari

PCR
Plazmid | QnrA | AmpC | PER IMP OXA | TEM | SHV | CTX-M
(kb) KPC VIM - (Grup 1)
GES SPM 48
NDM
140 + IMP-1 +
70 +
5




e GSBL hala major epidemiyolojik onemli

e AmpC ve karbapenemazlar da onemli
direng determinantlarina (salgin, hizli
yayllma)

e Karbapemaz ureten suslar ayni zamanda
coqgul direncli

e Cok az tedavi secenekleri olmasi



SONUG-2

Hastalari klinik servislere, 6zellikle yogun bakim Unitelerine = onkoloji

unitelerine kabul ederken karbapenemaz ureten bakterilerle
kolonizasyonu tespit etmek onlem alinmasi acisindan yararl olacaktir.

Bir hastanede MBL, OXA, GSBL pozitif bir izolatin identifiye edilmesi
sadece terapoOtik bir problem degil ayni zamanda infeksiyon kontrol
komitesini de ciddi sekilde ilgilendiren bir durumdur.

Erken tespit ¢oklu ila¢ direncine sahip bu izolatlarin yayilimini onleyebilir

Mikrobiyoloji laboratuvari infeksiyon kontrol komitesini
acilen bilgilendirmeli,

Hasta yuksek risk grubunda kabul edilmeli ve uygun izolasyon olgutleri
uygulanmaldir.

Eger gerekliyse, hastanin tibbi formlari, hasta ile temasa gegen
Klinisyenleri ve diger tibbi bakim ¢alisanlarini bilgilendirecek sekilde
infeksiyonun yuksek risk grubundan oldugunu belirtir sekilde
duzenlenmelidir.
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J Antimicrob Chemother. 2010 Aug;65(8):1664-71. Epub 2010 Jun 11.
A simple phenotypic method for the differentiation of metallo-beta-lactarnases and class A KPC
carbapenemases in Enterobacteriaceae clinical isolates.
Tsakris A, Poulou A, Pournaras S, Voulgari E, Vrioni G, Themeli-Digalaki K, Petropoulou D, Sofianou
D.

e Combined-disc tests for the differentiation of MBL and KPC carbapenemases

e Detailed results of the combined-disc tests are shown in Table 3. All 63 KPC-possessing isolates
showed a =25 mm increase in the zone diameters of the combined discs with PBA or both PBA and
EDTA compared with meropenem alone, whereas the combined-disc test that uses meropenem
with and without EDTA was clearly negative in all of them (sensitivity 100%; Table 4). The activity
of meropenem was enhanced remarkably by PBA (mean increase 9 mm) or PBA plus EDTA
(mean increase 10 mm) in all KPC producers and irrespective of the carbapenem MICs or the co-
production of an ESBL. All 47 VIM-possessing isolates showed a 25 mm increase in the zone
diameters of the combined discs with EDTA or both PBA and EDTA compared with meropenem
alone, whereas the combined-disc test that uses meropenem with and without PBA was clearly
negative in all VIM producers (sensitivity 100%; Table 4). The activity of meropenem was
enhanced remarkably by EDTA (mean increase 10 mm) or PBA plus EDTA (mean increase 11
mm) in all 47 VIM producers and irrespective of the carbapenem MICs or the co-production of an
ESBL. All but one of the 31 KPC- and VIM-possessing isolates showed a 25 mm increase in the
zone diameter of the combined-disc test using meropenem with and without both PBA and EDTA,
whereas the combined-disc tests using meropenem with and without PBA or EDTA were negative
in all KPC and VIM producers (sensitivity 96.8%; Table 4). The activity of meropenem was
enhanced remarkably by the combination of PBA and EDTA (mean increase 10 mm) in all 30
positive isolates and irrespective of the carbapenem MICs or the co-production of an ESBL,
clearly indicating the combined inhibitory activity of the two inhibitors against the production of
both carbapenemases. Characteristically, the increase in the zone diameters of the combined-disc
test using meropenem with and without both PBA and EDTA was similar among KPC-possessing,
VIM-possessing, as well as KPC- and VIM-possessing clinical isolates (Figure 1).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsakris%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poulou%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pournaras%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Voulgari%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vrioni%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Themeli-Digalaki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Themeli-Digalaki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Themeli-Digalaki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Petropoulou%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sofianou%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sofianou%20D%22%5BAuthor%5D

Check-Points' diagnostic tests are based on our innovative, patented Check-Made system

The Check-Made system combines a highly efficient multiplex amplification method with a simple, user-friendly
diagnostic microarray detection system. All reagents and disposables for our diagnostic tests are supplied in a kit
for 72 samples with a clear manual. The user only needs to add sample DNA: most commercially available DNA
preparation methods will yield a fine result. 1. The multiplex amplification method employs two steps, a DNA
Recognition step and a PCR

The Recognition step enables target DNA recognition and discrimination up to the single nucleotide level if needed
(step A). The first step (DNA recognition) creates the template for the PCR step in a way that all templates are
equipped with the same two PCR primer sites. This allows for very high multiplex ratio's enabling the robust and
efficient detection of many DNA target sequences in parallel. The PCR step (step B) provides for the amplification
and labeling required for microarray detection. A one tube protocol is used for the DNA recognition and PCR step
with minimum hands-on time. 2. After amplification the PCR products are detected on a microarray

Each individual amplification product will be detected on its own unique array position (step C).So called Check-
points Tubes are used incorporating a universal diagnostic microarray at the bottom of a standard 1.5 ml reaction
tube. The Check-Points Tube format enables easy handling of all microarray detection steps: hybridization,
washing and staining.

3. Microarray images are captured using a small Array Tube reader connected to a PC through a USB hub

Data analysis of the microarray results is fully automated using Check-Points' advanced detection software
package: E-Ads. A clear and objective test result will be given by the software, and all data will be automatically
stored in an accessible manner for future reference if needed.
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