CARBAPENEMASAS EN
ENTEROBACTERIAS

O




Las carbapenemasas son enzimas que inactivan todos
los  antibidticos  betalactdmicos  (penicilinas,
cefalosporinas y carbapanemes)

Presentan un importante problema clinico: Livermore
DM. Has the era of untreatable infections arrived? J Antimicrob

Chemother. 2009:64 Suppl 1:i29-36.

Pueden estar presentes algunas de las especies
bacterianas con mds importancia clinica, sobre todo
asociadas a infeccion nosocomial:

Escherichia coli
Klebsiella pneumoniae



Carbapenemasas: panorama actual
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Carbapenemases in Klebsiella pneumoniae and Other Enterobacteriaceae: an Evolving Crisis
of Global Dimensions

L. 5. Tzouvelekis®, A. Markugiannakiﬁb, M. Psichogiou®, P. T. Tassios® and G. L. Daikos*®

Rapid evolution and spread of carbapenemases among
Enterobacteriaceae in Europe

R. Canton"?, M. Akova®, Y. Carmeli®, C. G. Giske®, Y. Glupczynski®, M. Gniadkowski’, D. M. Livermore®?, V. Miriagou'®,
T. Hm", G. M. Rmsn!iniu, 2. Smuehun“, H. Seifen:", N. Woodford® and P. Hordmann"; the European Network on

Carbapenemases®



Carbapenemasas: caracteristicas generales

* Los estudios fenotipicos
clasicos (antibiograma)
presentan muchas
limitaciones en su deteccion,
ya que  estas bacterias
pueden tener valores de
concentracion minima
inhibitoria sélo ligeramente
elevados

* Como estos enzimas
pertenecen a muchos grupos,
su deteccion genotipica
también es dificil




Carbapenemasas: perfiles de resistencia

O

TABLE 4. Expected phenotypes of carbapenemase producers for selected f-lactams

Organism Enzyme AMP TIC TZP CAZ ATHM IMP ETP
Pseudomonas ceruginosa MEL - R R R 5 R -
KPC = R R R R R -
Adinetobocter baumannii MBL R R R R s IR -
OXA R R 1 s 3 ] 2
Enterobacterioceae AmpC{—) MBEL R R sn R 3 R
Enterobacterioceae AmpC(+) MBL = R sn R 5 SIVR R
Enterobacterioceae AmpCi—) KPCIGES R R R 173 R SIVR R
Enterobocteriocece AmpC(+) KPCIGES - R R R R VR VR
Enterobacterisceae AmpC(—) OXA-48 R R R s 5 s/l s

MBEL metallo-fi-lacamase; AMP, ampicillin; TIC, dcarcillin; TZP, piperadllin'mzobacam; CAZ, cefrazidime; ATM, aztreonam; IMP, imipenem; ETP, ercapenem;
Phenortypes may vary for many organism—compound combimations, depending on enzyme variants, expression level or additional mechanisms.

©2010 The Authors
Journal Compilation ©2010 European Sodety of Clinial Microbiology and Infectious Diseases, CMI, 16, 112-122




Carbapenemasas: caracteristicas generales

TABLE 4. Substrate and inhibition profiles of the carbapenemases

Hydrolysis profile” Inhibition profile”
Molecular  Functiona] Extended- W ;
Penicillins cephalosparins mpq:ecfmm @W éﬂ. arid
A el § NMC - + + ¥ + = 7 124
MI + + - + - - - 183
SME + F = + + - + 179
KPC + + + + + - 4 4
GES + + + - = - + 174,219
B1 3 IMP + + + - + + - 224
VIM + # + - + + — 224
GIM + + g = + + = 224
SPM + * + - + + - 224
D 2d OXA + + = - * - + 225

d'm +. strong hydrolysis (generally, k., of >2 8 '); +, weak hydrolysis (generally, k., of 0.5 10 2§ '); —, no measurable hydrolysis reported (generally, K,
<0557
* Symbols: ~, reporied inhibition; +, variable inhibition among B-lactamase family members; —, no inhibition reported.



Carbapenemasas: Clasificacion

CROMOSOMICAS

CLASE A

CARBAPENEMASAS

CLASEB
O
METALOBETALACTAMASAS

VIM

IMP’s

NDM-1

PLASMIDICAS SMP
GIM
SIM

KPC

IMI-2

e=S)
derivados

CLASED
@)
ENZIMASTIPO OXA-48

OXA-48
OXA-181




Carbapenemasas: transmision por plasmidos
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Plasmids and the spread of resistance.
Carattali A,

Irt J hed Microkiol. 2013 Mar 13,




Carbapenemasas: caracteristicas generales
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TABLE 1. Species distribution of clinically relevant acquired

ca I"hE.FI enemases

MBLs Class A OoOXA
O rganism (class B) KPC (GES) (class D)

Pseudomonads
Pseudomonas ceruginosa
Pseudomonas putidao

Acnetobocter boumannii

Adnetobocter spp.

Entercbacteria
Kkebsiella preumoniae
Escherichio coli
Proteus mirabilis
Providencia spp.
Klebsiella oxytoca
Serratia marcescens
Enterobocter spp.
Citrobacter freundii
Morganella morganii
Selmonella enterica
Rooultela spp.

L Rt
&

OER

4 e .
+ 4+ + +

+ +

MBEL, memllo-fi-lacmamase.

++, prevalent species—enzyme type combimations; +, occasionally reporced spe-
cies—enzyme type combinations,

*Endemic in cermin regions.

Crosses in beld dencwe higher prevalence in the respecdve species.

g




Willems E, et al. Towards a phenotypic screening strategy for
emerging B-lactamases in Gram-negative bacilli. Int J Antimicrob

Agents. 2013:41:99-109.
Cribado en Enterobacteriaceae: 0.5 pg/mL(meropenem

Confirmatory Test for Suspected Carbapenemase Production in Enterobacteriaceae for Use With Table 2A

When to do this test: Institutional infection control procedures or epidemiological investigations may require identification of
carbapenemase-producing Enterobacterfaceae. Carbapenemase-producing isolates usually test intermediate or
resistant to one or more carbapenems using the current interpretive criteria as listed in Table 2A (Note
@unsuscemlbmw I5 the most sensitve Indicator of carbapenemase production), and @st resistant 1o
one or more agents in cephalosporin subclass 1l |(eg. cefoperazone, cefotaxime, ceftazidime, ceftizoxime, and
ceftriaxone). Therefore, for Infection control or epidemiclogical investigations, testing could be limited to
molates with these characteristics

Clinical and Laboratory Standars Institute 2012



Rango (ng/mlL)

Rango (ng/mlL)

Sistema Panel Ertapenem
Meropenem

MicroScan® |NM40 0.5-8 0.5-1
NM37 1-8 0.5-4
NC53 - 0.5-4
NU52 - 1

VITEK 2™ AST-N245 05-12* -
AST-N244 - 0.5-6

BD Phoenix” |NMIC-64 1-8 -
NMIC-70 1-8 0.5-4
UNMIC-53 1-8 -

* Realiza una interpretacion cinética que amplia el rango de CMI a 0.25 - 16 ug/mL




CLSI12012 EUCAST 2013

G TS CMI Diametro CMI Diametro

(ng/mL) (mm) (ng/mL) (mm)

S| I |R>=[ =S I R< <S R> >S R>
Doripenem

112 ]| 4 23 |20-22| 19 1 4 24 18
Ertapenem

051 | 2 22 |19-21| 18 0.5 1 25 22
Imipenem

1|2 | 4 23 |20-22| 19 2 8 22 16
Meropenem

1|2 | 4 23 |20-22| 19 2 8 22 16




CMI a carbapenems
MICs (mg/L)
Organism/enzyme type Imipenem
Enterobacteriacece AmpC(-)/MBL 05 to >4
Enterobacteriacece AmpC(+)/MBL | o 232 | to 232 Not enough
data’
Enterobacteriacece AmpC(-)/KPC 0.5 o >4 | to >32 05 w >64
Enterobacteriacece AmpC(+)/KPC 8 to >64 4-64 8 o >64
Enterobactenacece AmpC(-)/OXA (OXA-48) | to >64 0.5-64 4 o >64
MBL, memallo-f-laccamase.
*Most of the papers do not include ertapenem MIC values.
()Upper limit uncertain.
Acquired carbapenemases in Gram-negative bacterial pathogens: detection and surveillance
issues.
Miriagou Y Cornaglia G, Edelstein M, Galanil, Giske CG, Ghiadkowski M, Malamou-Lada E, Marinez-Martinez L, Mavarro F, Mordmanh
P Peixe L, Pournaras S, Rossaling GMW, Tsakris &, Vatopoulos &, Cantdn B,

Clin hicrokbiol Infect. 2010 Feb;1602)112-22



Carbapenemasas: Sistemas de deteccion

O
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Modificado

Deteccion de
MBL’s inhb
EDTA
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inhb ac.
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cultivo con
indicador
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Melting
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Carbapenemasas: Deteccion
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Métodos fenotipicos

Test de Hodge

Etest con carbapenems y EDTA
(Clase B)

Boronico (Clase A)




Comparison of four laboratory methods in the detection of carbapenemase-producing
Enterobacteriaceae.

Frawley J, Mangan L, Boo TW

J hled hMicrokiol. 2013 Mar 25.

Comparacion de:
 Brilliance CRE agar (Oxoid)
e ChromID ESBL agar (bioMerieux)
e CHROMagar KPC

Conclusiones:

- Para KPC y NDM las tres placas tienen el mismo limite de deteccidn
- ChromID ESBL y CHROMagar KPC fallan en la deteccion de OXA-48
- ChromID ESBL agar fue el Gnico medio para detectar VIM



¢Qué placas cromogénicas podemos usar?

O

Comparison of the SUPERCARBA, CHROMagar KPC, and Brilliance CRE screening media for
detection of Enterobacteriaceae with reduced susceptibility to carbapenems.

Girlich O, Poirel L, Mordrmann P

Diagn Microbiol Infect Dis, 2013 Feb; 7a2214-7.

SUPERCARBA medium: (96.5%) " N
Brilliance CRE (76.3%)

CHROMagar KPC (43%) P C

Especificidad: Entre 57% y 68%. j
CHROMagar~ KPC 4
Typical Appearance of Microrganisms N ’y“/
Klehsiella, Enterobacter, r'_ "' L \ > "'" o 4
E.coli CarbapenemB Citrobacter CarbapenemBR :

'h [
| Br:lh@m;& W
| '. CRE Agar. i"

Dark pink Metallic blue
to redidish




Nueva prueba bioquimica de cribado

O

Test bioquimico: (Carba NP test II)

* Permite identificar y discriminar No inoculation [
entre las clases del "
carbapenemasas: (A, B, and D)

e Se basa de la detecciéon de la i i -
acidificacion resultante de la
hidrélisis del imipenem

» Sensibilidad y especificidad del o e
100% N

Rapid identification of carbapenemase types in Enterobacteriaceae and Pseudomonas spp. by
using a biochemical test.

Doret L, Poirel L, Mordimann P
Artimicrob Agerts Chemather, 2012 Dec; 5612164537 -40

Imipenem

Strategies for identification of carbapenemase-producing Enterobacteriaceae.
Hordmann P Poirel L.
J Antimmicrob Chemother, 2013 Mar, B33 487 -9,




Carbapenemasas: Deteccidn
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1 2 345 6 7

OXA-58-like : 599-DP wefppr
OXA-23-like : 501-bp =

OXA-51-like : 353-bp ==

OXA-24-like :246-Dp ==

Fig. 1. Detection of genes encoding OXA carbapenemases by multiplex
PCR. Example isolates contain alleles encoding: OXA-23-like and OXA-
51-like enzymes (lanes 2 and 4); OXA-24-like and OXA-51-like enzymes
{lane 3); an OXA-51-like enzyme only (lanes 5 and 6); and an OXA-58-like
enzvme only (lane 7). The molecular size marker (lane 1) is & 123 bp ladder
{Invitrogen, Paisley, UK).

PCR convencional

Métodos moleculares
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Deteccion por check-points




Métodos moleculares
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Real Time PCR

Secuenciacion

Secuenciacion automatica

ddTTP ddATP (dCTP ddGTP

Gracias al empleo de 4
S i fluorocromes diferenies, se puede
combinar el resultado de las 4
reacciones y aplicar la mezcla a
un mismo pocille del gel de
", elkeciioforesis.
LA T2' 13 T4

Se gemera un regisiro

Desnaturalizacion para separar informatizade de los 4

Las hebras de ADN

perfiles de coloz, que
combinados se intexpretan
COMO UNA Secuencia.

detectar los 4 colores iras

Detector

— | T
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Flectroforesis
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Real time PCR: en proceso de patente
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Reaccion MPX Dianas que se detectan Fluor6foros empleados

Oxa-23 CYS5

1 Oxa-51 TAMRA
Oxa-58 JOE
Oxa-133 TAMRA

2 Oxa-182 JOE
Oxa-48 CY5
Oxa-24 JOE

3 Oxa-54 TAMRA
Oxa-62 CY5
KPC CY5

4 NMC/IMI JOE
SME TAMRA

5 GES-CARB CYS5
IMP-15 TAMRA

6 IMP-19 JOE
IMP-3 CY5
GIM TAMRA

T SPM JOE
VIM CY5

8 HDM CY 3
SIM TAMRA




Real time PCR: en Soceso de patente

Delta Rn vs Cycle

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII




Real time PCR: en proceso de patente

Master Mix "
MPX-1 =——> T=.‘='

MPX-2 —
MPX-3 —>
MPX-4 —>
MPX-5 =——>
MPX-6 ——>




Carbapenemasas: nuevos métodos de deteccidn

Deteccion de los metabolitos del carbapenem tras
incubacion con la bacteria

MALDI-TOF MS applied to indirect carbapenemase detection: a validated procedure to clearly
distinguish between carbapenemase-positive and carbapenemase-negative bacterial strains.

Witano L. Han S, S W Wana M. Lo s

Anal Bioanal Chem. 2013 Jurn; 405157 5259-66,
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Carbapenemasas: Comunidad Valenciana
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Escherichia coli 2009-2012 en la
Comunidad Valenciana

Resistencia a Ertapenem Resistencia a Imipenem

—
AN o

Resistencia a Meropenem




Klebsiella spp. 2009-2012 en la
Comunidad Valenciana




Enterobacter spp. 2009-2012 en la
Comunidad Valenciana

Resistencia a Ertapenem Resistencia a Imipenen

300
Afio  N¢testados
2009 1164 @ 500

300
Afio N© testados

v
el
2011 2213 g =
o 2011 3941 2 100
2012 2647 i e
0 0
2011 T 2011 2012

Resistencia a Meropenem

300
Ao N2 testados
2009 1539 2 200 ER
2010 1179 § 1
2011 993 % 100
2012 838

0




Serratia marcescens 2009-2012 en la
ComunidaéDV alenciana

Resistencia a Ertapenem Resistencia a Imipenem

Afio N2 aislados 300

o
Ao N2 aislados 300 2009 731

2009 302
2010 401 2 -0 mR | 2010 870 2 200
2011 600 & @ | 2011 1094 g
© 2012 1252 o
2012 855 % 4. % 0o
0 | 0
2009 2010 R
2011 2012 2011 2012

Resistencia a Meropenem

300
Afio N2 aislados
2009 436 § 200
2010 334 ]
2011 345 2 100
2012 303

0




Carbapenemasas: conclusiones
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Carbapenemasas
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Depende de la prevalencia de estos enzimas

El control de portadores fecales en una herramienta basica de control

Active surveillance for asymptomatic carriers of carbapenemase-producing Klebsiella
pneumoniae in a hospital setting.

Gadgliotti C, Ciccarese ' Sadi M, Giordani 3, Barozzi A Braglia © Gallerani ©, Gargiulo B, Lenzotti G, Manzi O Martella O, WMaro kL.

JHozp Infect. 2013 Apr, 83040 330-2. ¢

El riesgo de colonizacién se asocia a tratamientos previos con imipenem

Emergence of imipenem-resistant gram-negative bacilli in intestinal flora of intensive care
patients.

Armand-Lefévre L, Ahgebault ©, Barbier F, Hamelet E, Defrance G, Ruppé E, Bronchard B, Lepeule B, Lucet S, El Mniai &, Wolff i,

Montravers P Plésiat P Andrermont A.
Artimicrob Agerts Chemaother. 2013 Mar, 37031 14858-35.




¢Donde buscar?
— Exudados rectales o heces: sensibilidad: 88%
— Mas muestra de piel a nivel inguinal: Sensibilidad: 100%
— Muestras ambientales: 0,5% de muestras positivas

Anatomic sites of patient colonization and environmental contamination with Klebsiella
pheumoniae carbapenemase-producing Enterobacteriaceae at long-term acute care hospitals.

Thurlow CJ, Prabaker K, Lin MY Lolans K, Weinstein BA, Hayden Mk Senters far Disease Contral and Prevention Epicenters
Progratm.

Infect Control Hosp Epiderniol. 201 3 Jan; 3401 1:56-61 .




Carbapenemasas

O




¢Como interpretar?

Reporting

The following applies OMNLY when using interpretive criteria for carbapens ms:
dascribed in M100-520 (January 2010)

For isolates that arelMHT positive and have an ertapenem MIC of 2-4 paimL,
imipenem MIC of 2-8 pgfmLC, or meropenam MIC of 2-8 pg/mL, report all |

carbapenems as resistant.

If the MHT ig negative, interpret the carbapenam MICs using CLS| interpretive
criteria as listed In Table 24 in M100-S20 (January 2010).

NGOTE: Not all carbapenemase-producing isolates of Enterobacterlaceae
are MHT peositive and MHT-positive results may be encountered in isolates
with carbapenem resistance mechanisms other than carbapenemase
production,

Clinical and Laboratory Standars Institute 2010

Reporting Report results of the MHT to infection control or those requesting epidemiological information.

No change in the interpretation of carbapenems susceptibility test results is required for M HT-pns'rI:h..'a isolates

Clinical and Laboratory Standars Institute 2012

Notes
Numbers for comments on MIC breakpoints
Letters for comments on disk diffusion

1. The carbapenem breakpoints for Enterobacteriaceae will detect all clinically important resistance mechanisms (including the
majonty of carbapenemases). Some isolates that produce carbapenemase are categorised as susceptible with these breakpoints

and should be reported as tested, i.e. therresence or absence of a carbapenemase does not in itself influence the categonsation

of susceEtihiIiE In many areas, carbapenemase detection and characterisation is recommended or mandatory for infection control

purposes.

EUCAST 2013




¢CMI o mecanismo de resistencia?

O

Discrepancia entre los estudios que
asocian la respuesta clinica en cepas
con CMT poco elevada pero con
presencia de carbapenemasas.

Are susceptibility tests enough, or should laboratories still seek ESBLs and carbapenemases
directly?
Livermore Db, Andrews b, Hawkey P, Ho PL, Keness Y Doi Y, Paterson D, Woodford M.

J Antimicrob Chemather, 2012 Jul 67 (7):1569-77 .







