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GRUNDLÆGGENDE OM RESISTENS HOS GRAMNEGATIVE STAVE 

(enterobakterier: betalaktamer, kinoloner og aminoglycosider) 

AGENDA: 

10.00 – 10.20 Betalaktamaser, ESBL og AmpC (Dennis Hansen) 

10.20 – 10.30 Karbapenemaser (Mikala Wang) 

10.30 – 10.45 Kinoloner (Mikala Wang) 

10.45 – 11.00 Aminoglycosider (Ørjan Samuelsen) 



Grundlæggende om beta-laktam 
resistens, ESBL og AmpC 

Dennis Hansen 

Klinisk mikrobiologisk afdeling 

Herlev Hospital 

NordicAST WS 27.maj 2014 Göteborg 



For alle β-laktamer… 



…er der en β-laktamase 

- vigtigste årsag til resistens overfor β-laktamer 











ESBL ved punktmutation 

SHV-1 

- ampicillin 

SHV-2 

- ampicillin 

- cephalothin 

- cefuroxim 

- cefotaxim 

- ceftazidim 

- ceftriaxon 

- aztreonam 

Mutation 
(glycin til serin 

 på position 238) 



Bush K, AAC 

1995;39:1211-33 



β-lactamase classification 

Ambler Bush PEN CARB OXA LOR CTX AZT IMP CA AZT EDTA Note 

A 2a +++ + - +/- - - - ++ - - G+, S.aureus  

A 2b +++ + + ++ - - - ++ - - K.pneumoniae  

A 2be +++ + + ++ ++ ++ - ++ - - ESBL  

A 2br ++ + + + - - - - - - IRT-1 (TEM-31), m.fl.  

A 2c ++ +++ + + - - - + - - A.hydrophila, P.mirabilis  

A 2e ++ ++ - ++ ++ ++ - ++ - - P.vulgaris, C.diversus  

A 2f ++ + ? + + ++ ++ + - - Carbapenemase  

C 1 ++ +/- - +++ + - - - ++ - AmpC  

D 2d ++ + +++ + - - - V - - A.sobria, OXA-enz.  

? 4 ++ ++ ++ V V - - - - - Penicillinase  

B 3 ++ ++ ++ ++ ++ - ++ - - ++ A.hydrophila, B.cereus  

Livermore D, Table 12.11, Antibiotics in Laboratory Medicine & Bush K, AAC 1995;39:1211-33  





ESBL phylogeny 

Patricia Bradford Clin Micro Rev 2001;14:933 

CTX-M   (5) 

OXA (8) 

SHV 

TEM 

Inhibited by 

clavulanic acid 

”Enterobacteria” 

”Pseudomonas” 

”Enterobacteria” 



Number of β-lactamases (ESBLs) 
 (22-10-13 www.lahey.org/studies) 

TEM 215 

SHV 182 

OXA 161 (18 ESBLs & carbapenemases) 

CTX-M 150 

CMY 109 (AmpC) 

IMP    47 (metallo) 

VIM   39 (metallo) 

KPC    15 (carbapenemases) 

NDM   10 (metallo) 

Smaller number of many other ß-lactamases 

Approximately 50% with ESBL activity 

Georg Jacoby AAC 2006;50:1123-9 



Global EPIDEMIOLOGY of ESBLs 

1982 → 2000 

SHV & TEM 

EU, Frankrig, USA 

Hospitalized patients 

K. pneumoniae 

Gentamicin and MR  

2000 →  

CTX-M 

Sydamerika, WW 

Community acquired 

E. coli 

Less co-resistance 



2,6% 

3,7% 

3,8% 

5,1% 

ESBL-producerende 

E.coli oktober 2011 

4,6% 



ESBL-producerende enterobakterier oktober 2009 



Cefalexinzone for E.coli
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12 known ESBLs: SHV 3-5, TEM 3-9,25 

Screening for ESBL 1/2 



Cefpodoxime zones for 318 E.coli and 28 ESBL strains
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SRGA methodology, Isosensitest agar without blood, CPD 10 µg Oxoid disc 

Screening for ESBL 2/2 



K. pneumoniae with 2 positive confirmatory tests: 

 1) double disk (synergism) 

 2) combination disc test with Roco Neosensitabs 



Antibiogram for CTX-M-15 
producerende K.pneumoniae 

Disc codes: Ampicillin (AMP10), Cefpodoxime (CPD10), Gentamicin (CN30), Mecillinam 

(MEL10), Nalidixic acid (NA30), Sulfamethoxazole (S3),  Nitrofurantoin (F100), 

Trimethoprim (W5), Ceftazidime (CAZ10), Cefuroxime (CXM30), Pip/tazobactam (TZP36), 

Ciprofloxacin (CIP5), Meropenem (MEM10), Cefotaxime + Clavulanic acid (CTX+C), 

Cefotaxime (CTX30), Ceftazidime + Clavulanic acid (CAZ+C), Ceftazidime (CAZ30). 



Phylogeny of chromosomal and plasmid-encoded 
AmpC β-lactamases (Philippon AAC 2002;46:1-11) 



AmpC subgroups 

Group Plasmid located 

C.freundii LAT-1, LAT-3, LAT-4, CMY-2, CMY-3, 

CMY-4, CMY-5, CMY-6, CMY-7 

Enterobacter MIR-1, ACT-1 (i) 

M.morganii DHA-1 (i), DHA-2 (i) 

H.alvei ACC-1 (cefox I/S) 

Aeromonas I MOX-1, MOX-2, CMY-1, CMY-8, CMY-9 

Aeromonas II FOX-1, FOX-2, FOX-3, FOX-4, FOX-5 



AmpC induction og derepressed mutants 

ampR  –  promotor-ampC 

AmpR 

β-lactam 

+ 

AmpC 

- eller N-acetylmuramyl (ampD mutant) 

•Derepressed mutanter opstår m frekvens på 105 – 108 

•Selekteres let af aminothiazolyl cephalopsporiner 

men mindre let af ureidopenicilliner 

•Selektion hos 20-30% af pneumonier/bakteriæmier 

med Enterobacter/citrobacter som behandles med 

aminothiazolyl cephalopsporiner 

Livermore D, Ch. 12, Antibiotics in Laboratory Medicine 



Arter med og uden kromosomal AmpC 

+ 

Enterobacter spp. (cloacae, 
aerogenes, aspuria) 

Citrobacter freundii 

Serratia marcescens 

Escherichia coli 

Shigella sonnei 

Hafnia alvei 

Buttiauxella 

Morganella morganii 

Ochrobactrum anthropi 

Proteus rettgeri 

Providencia stuartii 

Yersinia enterocolitica 

Pseudomonas aeruginosa 

Acinetobacter spp. 

Aeromonas spp. (sobria, 
hydrophila) 

Chromobacterium violaceum 

÷ 

Klebsiella spp. (pneumoniae, 
oxytoca) 

Salmonella spp 

Shigella flexneri 

Shigella dysenteriae 

P.mirabilis 

P.vulgaris 

 



C.freundii 



C.freundii 



C.freundii 



C.freundii 



E. cloacae 

Induktion 



E.coli AmpC 



E.coli AmpC 



E.coli AmpC 



S. marcescens 



H.alvei 

Cefoxitin I 



2 eksempler… 



K.oxytoca ↑K1 



K.oxytoca ↑K1 



K.oxytoca ↑K1 

1)Falsk pos ESBL-test 

for CTX+/- CA 

 

2) CAZ > CTX 



C.freundii 2 



C.freundii 2 



C.freundii 2 



C.freundii 2 

CTT+B – CTT 

= 21 mm 

CP+CL – CFEPM 

= 8 mm (SHV-12) 


