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AGENDA:

• Emerging mechanisms 
- Porins, pumps and enzymes

• Enterobacteriaceae 
- well-known members 
- emerging species 
- What is not dealt with (what I would have liked to talk 
about …)

• Prevalence of resistance 
- what is happening in different countries



Resistence
 

mechanisms against β-Lactams

Synergism
 

by:
•Overproduction
•Porin

 
loss

•Efflux



Clinical sequential isolates -
 

K. pneumoniae

MIC (mg/l)
Strain CAZ CAZ/ CTX FOX IMP AK CIP CLH

CLA
LB 1 1 <0.125 0.06 4 0.25 0.5 0.5 >128
LB 2 >256 <0.125 2 4 0.25 32 0.5 >128
LB 3 >256 <0.125 2 4 0.25 32 8 >128
LB 4 >256 8 64 64 0.25 32 8 24

Clonal relationsship

ß-lactamase

Porin
Efflux

AAH6‘‘

Martinez, 1998

GyrA



Die Wirkung
 

von β −
 

Lactam
 

Antibiotika

Crosslinks

⇒Bakterien

 
wachsen

Keine

 
Crosslinks

⇒Bakterien

 
lysieren

TP ase = Transpeptidase = PBP



1.
 

Vom Chromosom auf´s Plasmid
 

2. Viele
 

Plasmide sind schöner ...
 

3. Verfeinerung des Enzyms
 

4. Verfeinerung des Promoters

Niedrige Kopiezahl, schlechte Affinität
 
Hohe Kopiezahl, schlechte Affinität

 

Hohe Kopiezahl, hohe Affinität

 
Hohe Expression, hohe Affinität

A
 

→
 

T
G

 
→

 
C



Evolution von TEM-1 zu ESBL



Rapid evolution of a protein in vitro
 by DNA shuffling

E. coli + pTEM-1: MHKCefotaxim 0,02 mg/l  →
 

640 mg/l

1. PCR
2. DNAse-Verdau
3. Rekombinatorisches Assembly
4. Klonierung und Selektion

→ MHK-Veränderung ×
 

32.000
→ Mutationen im Promoter und im Gen (6)

Stemmer, Nature, 370 diagnostikHJL 307

„Shuffling“, 3 ×

Auf Bitte der Wiss. Gemeinschaft vernichtet



New  β-Lactamases  ...

Functional group
 

1995
 

2000

1 chrom. 32 51
2

 
136

 
256

2a
 
Staph.

 
20

 
23

2b
 
TEM-1

 
16

 
16

2be
 

ESBL
 

36
 

119
2br

 
ESBL-InhR

 
9 24

3
 

Metallo-β-Lac.
 
13

 
24

4 misc. 7 9

Bush, CID, 2001



Davies, EMBO, 2007

„Integrons are mobile DNA elements with the ability to capture genes, notably those 
encoding antibiotic resistance, by site-specific recombination“



Kingsley, Sanger-Institute, 2008

Virulence plasmid of Salmonella typhimurium with antibiotic resistance integron



Antibiotic Resistome

D´Costa, Science, 2006

... Streptomyces ... synthesize over half of all known antibiotics ...

... resistance elements clustered in antibiotic biosynthetic operons
Screening of 480 soil organisms: Antibiotic

 
Resistant (%)

Cephalexin 22
Ciprofloxacin 11
Clindamycin 92
Daptomycin 100
Erythromycin 27
Novobiocin 3
Rifampicin 10
Synercid 61
Telithromycin 17
Trimethoprim 100
Vancomycin 1



„Soil
 

bacteria
 

are
 

resistant
 

to antimicrobials
 and a source

 
of resistance

 
determinants“

Dantas, Science, 2008

Species:
Burkholderiales 41%
Pseudomonadales 24% 
Enterobacteriales 13% 
Actinomycetales 7% 
Rhizobiales 7% 
Sphingobacteriales 6%

„Burkholderia, Serratia“ (!)



Erreger mit ESBL

Klebsiella pneumoniae Proteus mirabilis
Escherichia coli Salmonella enterica
Klebsiella oxytoca Citrobacter diversus

Enterobacter spp.
Citrobacter spp.
Morganella morganii

Pseudomonas aeruginosa



Multiresistenz
 

am Beispiel von 
Klebsiella pneumoniae „ESBL“

pESBL1
ca. 70 kb

pESBL2
ca. 20 kb

Ampicillin

Ampicillin
Amp./Clav.

Chinolone

Amp./Clav.
Ceph. I -

 
III

Bactrim

Chloramphenicol

Doxycyclin

Org. Lösungsmittel
Chinolone
Chloramphenicol
Doxycyclin
Schwermetalle
Lipophile Cephs

Aminoglykoside

= „extended spectrum
 

ß-lactamase“



Fluorquinolones: Resistance mechanisms
Target sensitivity/protection
• Topoisomerase: Point mutations

 
in QRDR

 GyrA, parC

• Topoisomerase: 4th
 

binding partner
• QnrA-D plasmid-borne

Uptake
• Efflux: Overexpression

 AcrAB-TolC, AcrEF, AcrD, MdfA, MdtH, MdtK, MdtM; QepA plasmid-borne

• Porin: Downregulation
 OmpF

Inactivation
• FQ: Inactivation

 
–

 
plasmid borne

 aac(6´)Ib

Wiedemann, 1994; Yamagishi, 1986; Nishino, 2001; Martinez-Martinez 1998; Robicsek, 2006; 
Yamane, 2007



Flow of antibiotic resistance genes in E. coli in the biosphere. 

Hawkey, 2008



Class

A

B

C

D

1950 1960 1970 1980 1990 2000 2010

TEM-1/2
TEM-3 to >160
SHV-2 to > 108

CTX-M1 to 25
GES, VEB: rare

KPC

CMY

Pseudomonas aeruginosa
Haemophilus influenzae
Neisseria gonorrhoeae

Kluyvera spp.

Outbreaks

Salmonella enterica
Citrobacter diversus
Klebsiella oxytoca

Outbreaks
& community

Food
animals



EARSS resistance
 

Aminopenicillin
 Escherichia coli 

2001─2006
 

http://www.earss.rivm.nl



EARSS resistance
 

Fluoro-quinolones
 Escherichia coli 

http://www.earss.rivm.nl
2001

2004 2006



2001

2004 2006

EARSS resistance
 

3-gen cephs
 Escherichia coli 

http://www.earss.rivm.nl



Canton, 2008



FQ
 

AG
 

3-gen ceph

EARSS resistance: Escherichia coli, 2006
 http://www.earss.rivm.nl



EARSS resistance
 

Fluoro-quinolones
 Klebsiella spp.

 
http://www.earss.rivm.nl

2001

2004 2006



EARSS resistance
 

Carbapenems
 Klebsiella spp.
 

http://www.earss.rivm.nl
2001

2004 2006



EARSS resistance
 

FQ + 3-gen + AG
 Klebsiella spp.

 
http://www.earss.rivm.nl

2001

2004 2006



EARSS resistance
 

3-gen cephs
 Klebsiella spp.

 
http://www.earss.rivm.nl

2001

2004 2006



ESBL-related  infections

Pitout, 2008

Community onset
 

Hospital onset
Escherichia coli Klebsiella spp., others
CTX-M (15) SHV (2, 5), TEM (26, 51)

UTI; bacteraemia, Nosocomial infections
gastroenteritis
Pens, Cefs, Pens, Cefs,  
+ FQ, SXT, AG + FQ, SXT, AG
Polyclonal > clusters Polyclonal, clusters
UTI, AB, nursing home, Hospital, chronic disease,
diabetes AB, device
Europe, South America Worldwide



„Carriage
 

of ESBL+
 

Enterobacteriaceae
 

in the lower
 gastrointestinal

 
tract

 
is

 
an important

 
factor

 
in the subsequent

 development
 

of clinical
 

infection“

• Spain Hospital Community
1991 0.3% 0.7%
2003 11.8% 5.5%

• China + India 
2006 estimated 10% in 2.5 billion 

~ 2.5 × 108 human carriers

Denton, 2007
Hawkey, 2008



„Collateral
 

damage“
 

by
 

carbapenem
 

use

• Carbapenem
 

resistance
 

in EB
 Porin loss, evolution and spread of carbapenemases

• Carbapenem
 

resistance
 

in others
 e.g. Pseudomonas, Acinetobacter

• Superinfektions
 MRSA, VRE, Stenotrophomonas



Carbapenemases
 

in Klebsiella

• ESBL + porin loss

• KPC1 / 2 / 3 (Bush group 2f)

• 2001: New York → USA; South America, China, Israel 
• Conjugative plasmid: Klebsiella, C. freundii, S. marcescens, 

E. coli, Enterobacter, Salmonella, P. aeruginosa

• Europe: France, Greece

• 2008: Germany: Klebsiella pneumoniae: Cef3, FQ, AG, 
SXT; Ertapenem!, most isolates resistant to tigecyclin



Spektrum der Wissenschaft, 10/2001
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