
4 th Arab Symposium for Antimicrobials Agents4 th Arab Symposium for Antimicrobials Agents
16 th National Congresss of Infectiology16 th National Congresss of Infectiology16 th National Congresss of Infectiology16 th National Congresss of Infectiology

MultidrugMultidrug resistanceresistance of Gram of Gram 
negativenegative bacillibacilli ::negativenegative bacillibacilli : : 

Evolution ofEvolution of ßß--LactamasesLactamases

Pr A PHILIPPONPr A PHILIPPONPr. A. PHILIPPONPr. A. PHILIPPON
Faculté de Médecine DescartesFaculté de Médecine Descartes

Paris VParis V -- FranceFranceParis V Paris V FranceFrance



ßß--LACTAMSLACTAMS
1/ Major family1/ Major family????????

19801980

1/ Major family 1/ Major family 
2/ High diversity2/ High diversity

PenicillinsPenicillins19801980 Amoxicillin  AMXAmoxicillin  AMX
Ticarcillin    TICTicarcillin    TIC

i i ii i iPiperacillin  PIPPiperacillin  PIP
Competitive inhibitorsCompetitive inhibitors

clavulanic acid CAclavulanic acid CA
19701970

clavulanic acid   CAclavulanic acid   CA
tazobactam        PTZtazobactam        PTZ

CephalosporinsCephalosporins

19601960

p pp p
C1GC1G
C2GC2G
C3GC3GC3GC3G
C4GC4G

CarbapenemsCarbapenems IMPIMP
19501950

Carbapenems         Carbapenems         IMPIMP
3/ But no new drugs since 19903/ But no new drugs since 1990



19881988
oxacillinasesImipenemImipenemßß--LACTAM  INTRODUCTIONLACTAM  INTRODUCTION

Carbapenemases
1988198819851985

Transferable cephalosporinases

TRI/IRT 19891989
InhibitorsInhibitors

19851985
Enzymic resistanceEnzymic resistance

PlasmidPlasmid--mediated ESBLmediated ESBL

TRI/IRT

C3GC3G

1989198919851985

19851985
Overproduced cephalosporinases

C3GC3G
19801980

19851985
19821982

TEM, SHV,OXA.....TEM, SHV,OXA.....
PlasmidPlasmid--mediated Penicillinasesmediated PenicillinasesAminopenicillinsAminopenicillins

19601960 19651965

Chromosomal cephalosporinasesC1GC1G

19601960

19561956Chromosomal cephalosporinases
19551955 19561956



PlasmidPlasmid--mediated Penicillinases (1965)mediated Penicillinases (1965)

BroadBroad--spectrum enzymesspectrum enzymes

PenicillinsPenicillins

p yp y

AMX    AMX    ++
TICTIC ++HighHigh
PIP      PIP      ++

CephalosporinsCephalosporins
TEMTEM : wordlwide distributed,: wordlwide distributed,
> 40% (> 40% (E. coli, H. influenzae, N. gonorrhoeae...E. coli, H. influenzae, N. gonorrhoeae...) ) 

p pp p
C1GC1G ++
C2GC2G ++

LowLow
(( , f z , g, f z , g ))

SHVSHV : low prevalence: low prevalence
OXAOXA : low prevalence: low prevalence + hydrolysis+ hydrolysis

Unknown origin of gene ?Unknown origin of gene ?



NEW THERAPEUTIC ALTERNATIVES 1980NEW THERAPEUTIC ALTERNATIVES 1980--19851985

1/ Introduction of C3G1/ Introduction of C3G ESBLESBL

104          164FranfurtFranfurt

Km
237          238   ParisParis

ClermontClermont--FerrandFerrand

ESBLESBL

K
69

TunisTunis

ClermontClermont FerrandFerrand

TRI/IRTTRI/IRT Km
TEM-1/2 244          

TunisTunis

19831983--19851985

TRI/IRTTRI/IRT

2/ Introduction of inhibitors2/ Introduction of inhibitors TRI/IRTTRI/IRT



ESBL: wider spectrum of inactivationESBL: wider spectrum of inactivation

PenicillinsPenicillins
AMXAMX ++AMX    AMX    ++
TICTIC ++
PIPPIP ++

BeforeBefore
TEMTEM--22 PIP      PIP      ++

CephalosporinsCephalosporins
C1GC1G ++E. coliE. coli C1GC1G ++
C2GC2G ++
FOXFOX --

E. coliE. coli

FOX FOX --
C3GC3G ++
C4GC4G ++AfterAfter C4G      C4G      ++

InhibitorsInhibitors --
CarbapenemsCarbapenems --

AfterAfter
TEMTEM--33

Carbapenems Carbapenems --
+  hydrolysis+  hydrolysis



ESBL SINCE 1990ESBL SINCE 1990

MANY OTHER BLSE  MANY OTHER BLSE  
TEM 150TEM -150

SHV-88
OXA-87OXA-87

widely distributedwidely distributedwidely distributedwidely distributed

http://www.lahey.org/studies/inc_webt.asphttp://www.lahey.org/studies/inc_webt.asp



NOVEL TRANSFERABLENOVEL TRANSFERABLE--ENCODED ESBLENCODED ESBL
SFOSFO--11 Serratia FOnticola                                                   
1988
TLATLA 11 TLAh i 1991TLATLA--11 TLAhuicas 1991
PERPER--11 PPseudomonas seudomonas EExtendedxtended--spectrum spectrum RResistanceesistance
1991 VEBVEB--11 VVietnamietnam EExtendedxtended--spectrumspectrum BBetaeta--1991 VEBVEB--11 VVietnam ietnam EExtendedxtended--spectrum spectrum BBetaeta--
lactamaseslactamases 1996 
BESBES--11 BBrazilian razilian EExtendedxtended--SSpectrum ßpectrum ß--lactamaseslactamasespp
1996
GESGES--11 GGuyana uyana EExtendedxtended--SSpectrum ßpectrum ß--lactamaseslactamases
19981998
IBCIBC--11 IIntegronntegron--BBorne orne CCephalosporinase ephalosporinase 1999

CTXCTX--MM--11 CCefoefoTTaaXXimase                                                       imase                                                       
19891989



Enzyme pI host       Country of isolation (origin of patient) (year)
FEC-1 E.coli Japon (88)
MEN-1 8,4 E.coli France (Italie) (89)
CTX-M-1 8 4 E coli Allemagne (89)CTX-M-1 8,4 E.coli Allemagne (89)
CTX-M-2 7,9 S.typhimurium V.cholerae Argentina (92)

Entérobactéries Argentina (92) Israel (92), 
Brazil (97), France (97)

Toho-1 7,8 E.coli Japan (93)
T h 2 E li J (1995)Toho-2 E.coli Japan (1995)
CTX-M-3 8,4 E.coli C. freundii Pologne (96)

Entérobactéries Taiwan (98) France (98) China (99) 
CTX-M-4 8,4 S.typhimurium Russia (96) Hungary (98) Greece (98)
CTX-M-5 8,8 S.typhimurium Lituania (96)

CTXCTX--M M 
== y ( )

A.baumannii China
CTX-M-6 8,4 S.typhimurium Greece (97)
CTX-M-7 8,4 S.typhimurium Greece (96)
CTX-M-8 7,6 C.amalonaticus E. cloacae Brazil (98)
CTX-M-9 8 0 E coli Spain (96)

==
CefotaximasCefotaximas

ee CTX M 9 8,0 E.coli Spain (96)
Enterobactéries France (94) Brazil (96) China (97)

CTX-M-10 8,1 E.coli Spain (97)
CTX-M-11 K.pneumoniae Japan (00)
CTX-M-12 9,0 K.pneumoniae Kenya (00)
CTX M 13 8 1 K i Chi (97)

ee

CTX-M-13 8,1 K.pneumoniae China (97)
CTX-M-14 8,0 E.coli China (97)

Entérobactéries Korea (96) Taiwan (98) France (00), Spain (00)
CTX-M-15 8,9 E.coli K.pneumoniae 

E.cloacae India (00) Pologne (98)
CTX-M-16 E.coli Brazil (96)
CTX-M-17 K.pneumoniae Vietnam (96)
CTX-M-18 E.coli K.pneumoniae France (Vietnam) (99)
CTX-M-19 K.pneumoniae France (Vietnam) (99)
CTX-M-20 P.mirabilis France (98)

CTXCTX--MM--5353
CTX M 20 P.mirabilis France (98)
CTX-M-21 E.coli France (00)
CTX-M-26 K.pneumoniae UK (01)
CTX-M-27 E.coli France (00)Bonnet R. AAC, 2004Bonnet R. AAC, 2004



TYPES OF BLSETYPES OF BLSE Synergy test +Synergy test +

TEMTEM 20/21 (86)20/21 (86)

PERPER--1 (95)1 (95)
OXAOXA--11 (95)11 (95)
CTXCTX--MM--3/15 (02)3/15 (02)

SHVSHV--2/5/12 (04)2/5/12 (04)

TEMTEM--3 (84)3 (84)

TEMTEM--3 (94)3 (94)CTXCTX--MM--2 (90)2 (90)
CTXCTX--MM--3 (99)3 (99)

TEMTEM--20/21 (86)20/21 (86)
SHVSHV--2 (85)2 (85)
CTXCTX--MM--3 (01)3 (01) CTXCTX--MM--15 (03)15 (03)

SHVSHV--5a (03)5a (03)

CTXCTX MM 3 (99)3 (99)
VEBVEB--1 (04)1 (04) SHVSHV--5 (90)5 (90)

> 10%> 10%CTXCTX--MM--12 (04)12 (04)
> 10%> 10%

CTXCTX--MM--15 15 
CTXCTX--MM--16 16 
CTXCTX MM 2727CTXCTX--MM--2727
TEMTEM--4 (04)4 (04)
Hammani A. personal communicationHammani A. personal communication



SUSCEPTIBILITY PATTERNS (MICs, mg/L)SUSCEPTIBILITY PATTERNS (MICs, mg/L)
CTX-M = 
CefotaximasesPER-1 VEB-1

CAZCAZ CAZceftazidimaseceftazidimase

TCC

CTX

TCC TCC

CTXCTX CTX

Bla Species TIC TCC PIP TAZ CTX CAZ FEP ATM IMP
CTX-M-13 E coli (Tc) >512 32 128 2 64 0 5 16 16 0 25CTX M 13   E. coli (Tc) >512 32 128 2 64 0,5 16 16 0,25
CTX-M-15   E. coli >512 32 128 8 >512 128 32 128 0,12

K.pneumoniae >512 256 >512 8 256 128 32 512
0,12

CTX-M-16   E. coli (Tc) >512 16 256 2 16 8 2 8 0,12
CTX-M-19   E. coli (Tc) >512 32 128 2 1 64 0,5 4 0,12single mutationsingle mutation



NEW ESBL : Progenitors ??????NEW ESBL : Progenitors ??????

toho-2 SF1
RAHN-1K1 OXY-2-4OXY 1 1cdiA ckASED 1BlaB

cumA
PPM 1

campestris
CTX-M-2toho-1KLUA-1
CTX-M-3KLUG-1CTX-M-8CTX-M-19
CTX-M-18CTX-M-9

toho-2
FEC-1 UOE-1MEN-1KLUC-1

SFO-1 SF1
S.fonticola

K1 OXY-2-4OXY-1-1SED-1BlaB PPM-1
PenA ye BES-1

DES-1

NMC-A
IMI-1

Sme-1

OrphansOrphans
PERPER--1 1 
VEBVEB 11

TEM-106
TEM-1
PLA-1

LEN-1IBC 1
GES-1

GES-2

L2

Sme-2VEBVEB--11
BESBES--11
TLATLA--11 LEN 1

SHV-1

CKO-1
MAL-2

AER-1BRO-2
BRO 1

ROB-1

IBC-1TLATLA 11
GESGES--11

HERA-1

PSE-1
PSE-4

CARB-3
CARB-6

vhh-1

BRO-1

ExceptExcept
SFOSFO--11

Serratia fonticolaSerratia fonticola
vhh 1

vhw-1CARB-8
CARB-5

CME-2
CME-1

CGA-1
TLA 1PER 2

cepA

cblA

cfxA
LCR-1

SFOSFO--11
CTXCTX--M M 

Matsumoto S AAC 1999Matsumoto S AAC 1999

Kluyvera spp.Kluyvera spp.

0.1TLA-1
VEB-1PER-1

PER-2

Dendogramm (alignment of aminoacid sequences)Dendogramm (alignment of aminoacid sequences)

Matsumoto S. AAC 1999Matsumoto S. AAC 1999
Humeniuk C. AAC 2002 Humeniuk C. AAC 2002 



OTHER EVOLUTION: C3G + FOX + INHIBITORSOTHER EVOLUTION: C3G + FOX + INHIBITORS

P i illiP i illiPenicillinsPenicillins
AMX    AMX    ++
TICTIC

1/ Cephalosporinase overproduced1/ Cephalosporinase overproduced

BeforeBefore AfterAfter TICTIC ++
PIP      PIP      ++

I hibitI hibit ++

BeforeBefore AfterAfter

InhibitorsInhibitors ++
CephalosporinsCephalosporins

C1GC1G ++C1GC1G ++
C2GC2G ++
FOXFOX ++FOX FOX ++
C3GC3G ++
C4G     C4G     --

Carbapenems Carbapenems --Enterobacter, Serratia, P. aeruginosa...... pp

+ hydrolysis+ hydrolysis
Single mutation (AmpD gene)Single mutation (AmpD gene)



2/ Cephalosporinase mobilized = plasmid2/ Cephalosporinase mobilized = plasmid--encoded AmpCencoded AmpC
Morganella morganiiMorganella morganiig gg g

AvantAvant

Salmonella entericaSalmonella enterica
AprèsAprèsGene Gene pp

transfertransfer



PLASMIDPLASMID--ENCODED CEPHALOSPORINASESENCODED CEPHALOSPORINASES

Type          Denomination         Species                           Country Type          Denomination         Species                           Country 
(Year)(Year)
MIRMIR 11 Mi i hMi i h K iK i USA (USA (19881988))MIRMIR--11 Miriam hosp.Miriam hosp. K. pneumoniaeK. pneumoniae USA (USA (19881988))
ACTACT--11 AmpC Type             AmpC Type             K. pneumoniaeK. pneumoniae, E. coli     USA (1994), E. coli     USA (1994)
CMYCMY--11 Cephamycin            Cephamycin            K. pneumoniaeK. pneumoniae Korea Korea p yp y pp
(1989)(1989)
LATLAT--11 LatamoxefLatamoxef K. pneumoniae    K. pneumoniae    
Greece (1993)Greece (1993)Greece (1993)Greece (1993)
DHADHA--11 Dharan hosp.           S. enteritidis                       Saudi Arabia Dharan hosp.           S. enteritidis                       Saudi Arabia 
(1992)(1992)( )( )
FOXFOX--11 CefoxitinCefoxitin K. pneumoniaeK. pneumoniae Argentina (1989)Argentina (1989)
MOXMOX--11 Moxalactam            Moxalactam            K. pneumoniaeK. pneumoniae Japan Japan 
(1991)(1991)(1991)(1991)
ACCACC--11 Ambler Class C      Ambler Class C      K. pneumoniaeK. pneumoniae Germany Germany 
(1997)(1997) risk factors = risk factors = 

ESBLESBLESBLESBL



Imported Cases in Paris (199Imported Cases in Paris (199--2001)2001)

D é D V d t C R ki L Bl h d H B h ff B Phili A S L P M JDecré D., Verdet C., Raskine L., Blanchard H., Burghoffer B., Philippon A., Sanson-Le-Pors M.J., 
Petit J.C., Arlet G. Characterization of CMY-type ß-lactamases in clinical strains of Proteus mirabilis
and Klebsiella pneumoniae isolated in four hospitals in the Paris area, J. Antimicrob. Chemother. 50 
(2002) 681-688.



PlasmidPlasmid--encoded cephalosporinasesencoded cephalosporinasesp pp p

CMYCMY--2 (94)2 (94)

CMYCMY--4 (96)4 (96)
ACCACC--1 (97)1 (97)

CMYCMY--2 (96)2 (96)
( )( )

CMYCMY--4 (01)4 (01)

CMYCMY--12 (02)12 (02)

DHADHA--1 (92)1 (92)

Detection ?????????Detection ?????????



ORIGIN OF GENES ?ORIGIN OF GENES ? P99
E.cloacae

E.hormaechi
E.asburiaeACT-1GN7471

MIR-1
E.cancerogenus
E.intermedius

E.minipressuralisORIGIN OF GENES ?ORIGIN OF GENES ?

E.fergusonii
E.coli

E.aerogens

EAR2
EAR1

E.minipressuralis
E.ammigenus

C.murliniae
I113C.youngae

C.braaki
C.freundii

LAT3LAT4
LAT1

CMY4

CMY6CMY2

CHE

FOX-6
FOX-5

A.caviae
FOX-1FOX-3

FOX-4FOX-2
CepS

E.rhapontici

LAT1CMY6CMY2
CMY5 CMY7

group CMYgroup CMY--2, CFE2, CFE--1 1 
((C.freundiiC.freundii))

CepS

AER-14
DHA-1

M.morganii

DHA-2
AeromonasDHADHA--1 (1 (M. morganiiM. morganii))

FOXFOX 1 (1 (A iA i )) gene transfergene transfer CMY-8
CMY-9
CMY-1

MOX-1MOX-2S.algae

group FOXgroup FOX--1 (1 (A. caviaeA. caviae))

ACTACT--1 (1 (E. asburiaeE. asburiae))

gene transfergene transfer

P.aeruginosa

ACCACC--1 (1 (H. alveiH. alvei) ) 

O.anthropi

A.baumanniiEnvironmental bacteria ?

0.1
ACC-1H.alveiS.marcescens

P.stuartii

Comparison of amino acid sequencesComparison of amino acid sequences



RESISTANCE TO CARBAPENEMSRESISTANCE TO CARBAPENEMSThe calm before the storm !The calm before the storm !

Salmonella enterica Salmonella enterica serovar wienserovar wien

ArmandArmand--Lefèvre L., LeflonLefèvre L., Leflon--Guibout V., Bredin J., Barguellil F., Amor A., Pagès J.M., Guibout V., Bredin J., Barguellil F., Amor A., Pagès J.M., 
NicolasNicolas--Chanoine M.H. Imipenem resistance in Chanoine M.H. Imipenem resistance in Salmonella enterica Salmonella enterica serovar wien serovar wien 
related related 
to porin loss and CMYto porin loss and CMY--4 ß4 ß--Lactamase productionLactamase production, Antimicrob. Agents Chemother. , Antimicrob. Agents Chemother. 
47 (2003) 116547 (2003) 1165--1168.1168.



RESISTANCE TO CARBAPENEMRESISTANCE TO CARBAPENEM Class A Carbapenemases  Class A Carbapenemases  

NMCNMC AA E cloacaeE cloacae France (1990)France (1990)Some clinical isolates Some clinical isolates 
but emergence ......  but emergence ......  

NMCNMC--AA E. cloacaeE. cloacae France (1990)France (1990)
SMESME--11 S. marcescensS. marcescens UK (1982)UK (1982)
SMESME--22 S. marcescensS. marcescens USA USA (1994-1999)
IMIIMI--11 E. cloacaeE. cloacae USA (1984)USA (1984)

R R = IMP, ATM                = IMP, ATM                but C3G Sbut C3G S

GES = GuyanaGES = Guyana
ExtendedExtended--Spectrum ßSpectrum ß--
lactamases lactamases Poirel et al. AAC 2000Poirel et al. AAC 2000

KPC Kl b i llKPC Kl b i llKPC = Klebsiella KPC = Klebsiella 
PneumoniaePneumoniae

C bC bCarbapenemaseCarbapenemase
Origin of genes ???Origin of genes ??? Ygit et al. AAC 2001,2003; Miriagou et al Ygit et al. AAC 2001,2003; Miriagou et al 

20032003
M ll d t l 2003M ll d t l 2003



OTHER CARBAPENEMASES (class B)OTHER CARBAPENEMASES (class B)
Enzyme Species Country (isolation) Enzyme Species Country (isolation)Enzyme   Species                      Country (isolation)
IMP-1 S. marcescens Japan (>91)

P. aeruginosa Japan 
A. xylosoxydans             Japan

VIM-1 P. aeruginosa Italy (1997)
A. baumannii Italy (1997)
P. aeruginosa Greece (1996)

Enzyme   Species            Country (isolation)

P. putida                         Japan
C. freundii Japan
K. pneumoniae Japon, 

Singapore(99)

E. coli Greece (2001)
A. xylosoxydans Italy (1997)

VIM-2 P. aeruginosa France (1996)
P aeruginosa Greece (1996)Singapore(99)

A. baumannii  Japan
P. stutzeri, P. putida      Taiwan
A. junii UK (00)

P. aeruginosa Greece (1996)
P. aeruginosa Italy (1998)
S. marcescens Korea (2000)
A. baumannii Korea (1998)

IMP-2 A. baumannii Italy (97)
IMP-3 S. flexneri Japan (96)
IMP-4 Acinetobacter Hong-Kong (>94)

C youngae China (98)

P.putida stutzeri Taiwan (>1997)
VIM-3 P. aeruginosa Taiwan (>1997)
VIM-4 P. aeruginosa Greece (2001)

C. youngae China (98)
IMP-5 A. baumannii Portugal (98)
IMP-6 S. marcescens Japan (96)
IMP-7 P. aeruginosa Canada (95)

SPM-1 P. aeruginosa Brazil (1997)

GIM-1 P. aeruginosa Germany (2003)
Malaisia (99)

IMP-8 K. pneumoniae Taiwan (98)
IMP-9 P. aeruginosa China 
IMP-10 A xylosoxydans Japan (00)IMP-10 A. xylosoxydans Japan (00)

P. aeruginosa Japan (97)
IMPIMP--22 , VIM22 , VIM--12   April 200612   April 2006



Carbapenemases Carbapenemases 
(metalloenzymes, class B)(metalloenzymes, class B)

Synergy test +Synergy test +

VIMVIM--5 (04?)5 (04?)

VIMVIM--44VIMVIM 44

VIMVIM--2 (04)2 (04)



Progenitors ?
SPM-1

IMP-16
IMP-2 IMP-8 IMP-9

IMP-5
IMP-7

IMP 4

IMPSPM

Bacteroides
ccrA

cfiA IMP-4
IMP-3

IMP-6 IMP-10
IMP-1

M roides sp

Bacteroides

MUS-1

TUS-1
A. veronii 
A. sobria  

A. hydrophila  
Aeromonas

Myroides sp

Plasmid-encodedBlaUS
A. salmonocida Chromosomal

Bla

IND-1

Chryseobacterium

blaB3
B297/PVIM 3L1J675a

L1K279a

L1GN128
S.maltophilia

VIM Environmental bacteriaEnvironmental bacteria

0.1
VIM-5
VIM-1VIM-4VIM-2

VIM-3
VIM-6L1

L1J675a

Dendogram  of amino acid sequences Dendogram  of amino acid sequences 



EnzymeEnzyme SpeciesSpecies Country Country 
(Year)(Year)
OXAOXA 23 (ARI23 (ARI 1)1) A baumanniiA baumannii United Kingdom (1985)United Kingdom (1985)

> 350 ß> 350 ß--lactamaseslactamases

OXACILLINASESOXACILLINASES
class Dclass D

OXAOXA--23 (ARI23 (ARI--1)1) A. baumanniiA. baumannii United Kingdom (1985)United Kingdom (1985)

OXAOXA--2727 Acinetobacter sppAcinetobacter spp. Singapore (1995. Singapore (1995--1997)1997)

OXAOXA--2424 A. baumanniiA. baumannii Spain (1997)Spain (1997)
OXAOXA--2525 Acinetobacter sppAcinetobacter spp. Spain (1995. Spain (1995--1997)1997)
OXAOXA--2626 Acinetobacter sppAcinetobacter spp. Belgium (1995. Belgium (1995--1997)1997)

OXAOXA--4040 A. baumanniiA. baumannii France (Portugal) (2001)France (Portugal) (2001)
A. baumanniiA. baumannii Spain (1998Spain (1998) ……………Expression (mg/l)Expression (mg/l)

BlaBla HostHost TICTIC TCCTCC PIPPIP TAZTAZ CAZCAZ FEPFEP ATMATM IPMIPM

OXAOXA--2727 A. baumanniiA. baumannii >128>128 >128>128 1616 3232 1616
OXAOXA 2424 A baumanniiA baumannii >512>512 >256>256 256256 >256>256 128128OXAOXA--2424 A. baumanniiA. baumannii >512>512 >256>256 256256 >256>256 128128
OXAOXA--2525 A. baumanniiA. baumannii >128>128 >128>128 >128>128 >128>128 6464
OXAOXA--2626 A. baumanniiA. baumannii >128>128 >128>128 88 128128 6464
OXAOXA--4040 A. baumanniiA. baumannii 512512 512512 512512 512512 512512 6464 128128 256256

TIC, ticarcillin, TCC, ticarcillin + ac. clavulanic acid; PIP, piperacillin; TAZ, TIC, ticarcillin, TCC, ticarcillin + ac. clavulanic acid; PIP, piperacillin; TAZ, 
piperacillin + tazobactam; CAZ, ceftazidime; FEP, cefepime; ATM, aztreonam, IMP, imipenempiperacillin + tazobactam; CAZ, ceftazidime; FEP, cefepime; ATM, aztreonam, IMP, imipenem



ß-lactamases : model of integration
PlasmidPlasmid

tn3tn3
blabla (1965)(1965)

TransposonTransposon (1974)(1974)

Cassette geneCassette gene (1985)(1985)

IntegronIntegron (1992)(1992)

CR (recombinases)CR (recombinases)
(2002)(2002)



CONCLUSIONSCONCLUSIONSUS patient at Cochin (2005) US patient at Cochin (2005) 

* Multiresistance increasing * Multiresistance increasing 
ßß--lactamslactams

* Continuous emergence of new types * Continuous emergence of new types g ypg yp

* Combination of several types of Bla* Combination of several types of Bla

e g VIMe g VIM--4 CTX4 CTX--MM--15 CMY15 CMY--4 TEM4 TEM--1 (Hammami A )1 (Hammami A )aminosidesaminosides

 Combination of several types of Bla Combination of several types of Bla

e.g. VIMe.g. VIM 4  CTX4  CTX MM 15 CMY15 CMY 4 TEM4 TEM 1 (Hammami A.)1 (Hammami A.)aminosidesaminosides

fluoroquinolonesfluoroquinolonesqq

Strict use of antibioticsStrict use of antibiotics
Detection of BMR.......Detection of BMR.......

K. pneumoniaeK. pneumoniae


