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trend 1}3 Audio Help [trend] Pronunciation Key - Show IPA Pronunciation,
=oun
1. ths

general course g prevailing tendency; drift: rrends in the teaching of foreign

direction followed by a road, river, coastline, or the like.
-verb (used withour object)

4. to have a general tendency, as events, conditions, etc.

5. to tend to take a particular direction; extend in some direction indicated.

6. 1o veer or turn off in a specified direction, as a river, mountain range, etc.. 7he
river rrends roward the southeast.

[Crigin: bef. 1000; ME trendento turn, roll, OE trendan,; akin to OE trinde ball, D rrent
circumference, Sw rrind round. 5ee TRINDLE, TRUNDLE ]

—Synonyms 1. 5ee TENDENCY. 5. stretch, run, incline,

Lhetronary. com Unabridged (v 1.1)
Fased on the Random House Unabridged Dictionary, © Random House, Inc. 2006.









AGENDA:

 Emerging mechanisms
- Porins, pumps and enzymes

* Enterobacteriaceae
- well-known members
- emerging species
- What is not dealt with (what | would have liked to talk
about ...)

* Prevalence of resistance
- what is happening in different countries



Resistence mechanisms against B-Lactams

Beta-Lactam resistant cell

Periplasmic space wall transpeptidases (PBPs

Beta-Lactamases Outer Membrane
Class A - Serine # Cell wall

Class B - Zinc
Class C - Serine
Class D - Serine

Fx= FXX

'nner Membrane
(0]

: . \ Beta-Lactam
Synergism by: \"3 efflux cumus
«Overproduction ;E,E}(

Porin loss ©

Efflux



Clinical sequential isolates - K. pneumoniae

R-lactamase  MIC (mg/l) AAHG"
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 4 025 | 32 0.5 | >128
LB 3 >256 |<0.125 2 4 025 32 8 | >128
LB 4 >256 3 64 64 0.25 32 3 24

Porin

Efflux GyrA

Clonal relationsship

Martinez, 1998



Die Wirkung von 3 — Lactam Antibiotika

TP ase = Transpeptidase = PBP

Acyl-O-TPase Crosslinked
intermediate peptidoglycan strands
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1. Vom Chromosom auf’s Plasmid

Niedrige Kopiezahl, schlechte Affinitat

2. Viele Plasmide sind schoner ...

OOO

O@

Hohe Kopiezahl, schlechte Affinitat

3. Verfeinerung des Enzyms

OO A>T

QOO
O 0OC

Hohe Kopiezahl, hohe Affinitit

4. Verfeinerung des Promoters

OO
O OO
OMON®

Hohe Expression, hohe Affinitit




Evolution von TEM-1 zu ESBL

Extended-spectrum

activicy
TEM-| —
| 964 l
Gln3d9—lys
1970 | l
GIn39——-lys GInl04—Lys Gln23B—dlys

TEM-3 | | |
| | | +

| 987




Rapid evolution of a protein /n vifro
by DNA shuffling

E. coli + pTEM-1: MHK o taxim 0,02 mg/l —» 640 mg/l
1. PCR ’

2. DNAse-Verdau ]

3. Rekombinatorisches Assembly > ,,Sthﬂlﬂg", 3 X

4. Klonierung und Selektion

J

— MHK-Veranderung x 32.000
— Mutationen im Promoter und im Gen (6)

Auf Bitte der Wiss. Gemeinschaft vernichtet

Stemmer, Nature, 370 digosikiu sor



New /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-B-Lac. 13 24

4 misc. 7 9

Bush, CID, 2001




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

P —
intl attf gacEd sull
Integrase 3'-conserved segment

Resistance
gene cassette
(R gene)
Fant —# lT
intlT attl Rgene aftC  gacEA sull

Davies, EMBO, 2007



Virulence plasmid of Salmonella typhimurium with antibiotic resistance integron
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aminoglycoside quaternary ammonium

Kingsley, Sanger-Institute, 2008



Antibiotic Resistome

... Streptomyces ... synthesize over half of all known antibiotics ...
... resistance elements clustered in antibiotic biosynthetic operons

Screening of 480 soil organisms:

Telithromycin
Erythromycin . ; Linezolid

Synercid [ Sulfamethoxazole

Clindamycin © 4~/ Ciprofloxacin

Chloramphenicol "=~ Novobiocin

5

i = Rifampicin

" Vancomycin

Tigecycline r.;‘?

Tetracycline

Minocycline ¢ Cephalexin

Gentamicin Fosfomycin

Daptomycin

D" Costa, Science, 2006

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




,,S0il bacteria are resistant to antimicrobials
and a source of resistance determinants*

A SOILS
F1 F2F3P1P2P3P4P5U1U2U3 Species:

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

D-CYCLOSERINE
AMIKACIN
GENTAMICIN
KANAMYCIN
SISOMICIN
CHLORAMPHENICOL
THIAMPHENICOL
CARBENICILLIN
DICLOXACILLIN
PENICILLIN G
VANCOMYCIN
CIPROFLOXACIN
LEVOFLOXACIN
NALIDIXIC ACID
MAFENIDE
SULFAMETHIZOLE
SULFISOXAZOLE
TRIMETHOPRIM

SOLE CARBON SOURCE

,Burkholderia, Serratia“ (!)

. Growth . No Growth

I Dantas, Science, 2008



Erreger mit ESBL

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

Enterobacter spp.
Citrobacter spp.
Morganella morgani

Pseudomonas aeruginosa



Multiresistenz am Beispiel von
Klebsiella pneumoniae ,,ESBL*

= ,.extended spectrum R-lactamase*

Chinolone

ca. 70 kb Org. Losungsmittel

Amp./Clav. Chinolone
Chloramphenicgl
Doxycyclin
Schwermetalle

Amp./Clav.
Ampicillin




Fluorquinolones: Resistance mechanisms

Target sensitivity/protection

« Topoisomerase: Point mutations in QRDR
GyrA, parC

 Topoisomerase: 4" binding partner
 QnrA-D plasmid-borne

Uptake

o Efflux: Overexpression
AcrAB-TolC, AcrEF, AcrD, MdfA, MdtH, MdtK, MdtM; QepA plasmid-borne

 Porin: Downregulation
OmpF

Inactivation

 FQ: Inactivation — plasmid borne
aac(6)lb

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



FARM | gu| Veterinary

E( //' ANIMALS | | Antibiotics

enobiotics '--...__‘_

2. QACs | | SOIL
WATER
/ \ I"DIDD
| SEWAGE
| ~— HUMPLI&S Clinical
GUT/FLORA Antibiotics

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

Hawkey, 2008



Pseudomonas aeruginosa

Haemophilus

influenzae

Salmonella enterica

ClaSS TEM-1/2 O e) O Klebsiella oxytoca
TEM-3to >160 O©O®O®—=- Outbreaks
A SHV-2to> 108 AAA —
CTX-M1t025 008000000 0= .\ """
GES, VEB:|rare
luyvelSSRRt KPCQ OOO

B

C CMY

D

1960 1970 1980 1990 2000 2010

1950



EARSS resistance

Aminopenicillin
Escherichia coli
2001—2006

http://www.earss.rivm.nl
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EARSS resistance

Fluoro-quinolones
Escherichia coll

http://www.earss.rivm.nl
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EARSS resistance

3-gen cephs
Escherichia coli

http://www.earss.rivm.nl




CTX-M cluste rs

Endemicity

CTX-M-9,14,17,18

CTX-M-14

CTX-M-9.-14

 CTX-M- _1 15 32._

CTX-M-9, -14, 18, 19, 20, 21

Fig. 1. Distribution of CTX-M enzymes in Europe.

Canton, 2008
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EARSS resistance

Fluoro-quinolones
Klebsiella spp.

http://www.earss.rivm.nl




EARSS resistance

Carbapenems
Klebsiella spp.

http://www.earss.rivm.nl




EARSS resistance

FQ + 3-gen + AG
Klebsiella spp.

http://www.earss.rivm.nl

Fuall snscepabality
Smrle renivtance ito indicated drap classes]
Fhoroquinalones

= semerabaon cephalosporins

Ammpslycosdes

Resistance to twe classes of antimicrobial drmes
Fhoroquimolones + 3™ seneration cephalosponns
Fhoroquinolones + aminoghyeosides

™= pemeranon cephalosporins + amninoplveosides

Resistance to three claszes of amomicrobial drugs

FThicroquinolomes + 3™ cempranon cepnalospanes + ammeshyeasides
i - - I -




EARSS resistance

3-gen cephs
Klebsiella spp.

http://www.earss.rivm.nl




ESBL-related infections

Community onset Hospital onset
Escherichia coli Klebsiella spp., others
CTX-M @5) SHV @, 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

Pitout, 2008



,Carriage of ESBL* Enterobacteriaceae in the lower
gastrointestinal tract is an important factor in the subsequent
development of clinical infection®

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

e China + India
2006 estimated 10% in 2.5 billion
~ 2.5 x 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



WER HATTE GEDACHT
|

DASS ONKEL Herperr
NICHT Resistent o7/

Spektrum der Wissenschaft, 10/2001
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