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Programme – anaerobic bacteria 

Carbapenem and metronidazole resistance 

 

New methods for detecting resistance, including MALDI-TOF (and WGS) 
 

… supplemented with a few cases 

 

 

→ the first ”mentometerfråga” 
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The Danish situation 
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Carbapenem-resistance 

The most common type of carbapenem-resistance in anaerobes is 
metallo-betalactamase production in Bacteroides fragilis 

 

Metallo-betalactamases hydrolyses (break down) almost all betalactam 
antibiotics – penicillins, cefalosporins and carbapenems 4 
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Carbapenem-resistance and the cfiA gene 

cfiA gene (chromosomal) encodes a metallo-betalactamase (MBL) in 
Bacteroides fragilis 

 

The degree of resistance is determined by IS (insertion sequences) 
elements, which serves as promotors for the cfiA gene 
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Sóki et al. J Med Microbiol. 2004  
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Virkningsmekanisme 

Metronidalzole is reduced by 
ferredoxin to toxic 
metabolites  

(only in anaerobic cells) 

 

The toxic metabolites disrupts 
the DNA 

 

Metronidazole mechanism of action 
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• Rare, in otherwise susceptible species       
(Bacteroides, Prevotella, Clostridium) 

 

• Resistance mechanism: nim genes (A-J)                           
– encodes a nitroimidazole reductase                         
– chromosomal or on a plasmid 

 

• The nitroimidazole reductase converts 
metronidazole to non-toxic metabolites 

 

• The prescense of a nim gene is NOT equal to 
resistance and resistance is NOT equal to the 
prescense of a nim gene 

 

 

 

Metronidazole-resistance 
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Phenotypic tests – the Gold standard 

• Agar dilution for MICs 

 

• Impossible in a routine laboratory 
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Phenotypic tests 

• Screening with disk diffusion (some crazy labs)!!! 

 

• Gradient strips (breakpoints according to EUCAST) 

 

• Meropenem-EDTA or imipenem-EDTA doubble-Etest 
– demonstrate MBL (cfiA mediated?) 
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Bacteroides fragilis 
ATCC 25285 

MBL+ 
Bacteroides fragilis 

Bacteroides fragilis 
ATCC 25285 
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Justesen et al. Diagn Microbiol Infect Dis. 2013. 

Metronidazole resistance in 
the laboratory is very often 
caused by insufficient 
anaerobic conditions 

 

Oxygen in the ”anaerobic” 
atmosphere 

 

Metronidazole is NOT 
reduced to toxic metabolites  

 

 
 

 

Clostridium perfringens DSM 25589 

Pseudo metronidazole-resistance 
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The new methods for detecting resistance 

• MALDI-TOF 

 

• Whole genome sequencing (WGS) 
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Methods available for antimicrobial susceptibility 
testing with MALDI-TOF 

1) Demonstrating a genotype = resistance                                                                    
(e.g. the mecA gene) 

 

2) Demonstrating break down of an antibiotic                                                          
(e.g. hydrolysis by a beta-lactamase) 

 

3) Demonstrating bacterial growth 

 

4) Demonstrating bacterial kill 
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2) Demonstrating break down of an antibiotic 

MALDI-TOF hydrolysis assay 

 

Beta-lactam antibiotics, in this case carbapenems, are hydrolysed by 
the metallo-betalactamase encoded by the cfiA gene in B. fragilis 

 

Hydrolysis results in mass changes of beta-lactams, which can be 
measured by MALDI-TOF 
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MALDI-TOF – hydrolysis assay 
• Start here 
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Johansson et al. Anaerobe. 2014  
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MALDI-TOF – hydrolyse assay 
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Johansson et al. Anaerobe. 2014  

Ertapenem R > 1 mg/L Imipenem R > 8 mg/L 
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Not quite there with MALDI-TOF – yet! 

• The presence of beta-lactam hydrolysis is not always equal to beta-
lactam resistance  

  … in the presented examples with B. fragilis 

 

→ We need more … 16 
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3) & 4) Demonstrating bacterial growth/kill 
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- with the                                                                                               

 

  MALDI BioTyper Antibiotic Susceptibility Test Rapid Assay  
 

  → MBT-ASTRA 
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Broth ? 

McFarland ##? 

Antibiotic 

concentration 

##? 

Incubation 35-37°C (?) 

Species dependent ##? time 

Lysis reagent 

with 

internal 

standard (IS) 

Cell lysis 

Target preparation 

Acquisition of 

MS profile spectra 

Workflow MBT-ASTRA 
The boxes = variables 

javascript:close();
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MBT-ASTRA – measuring the AUC 
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MBT-ASTRA and Bacteroides fragilis ATCC 25285* 

Results 
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BB: Brucella broth 

MTZ: metronidazole 

*B. fragilis ATCC 25285 is fully suscpetible to metronidazole 

Broth only 

Metronidazole 4 mg/L 

Metronidazole 8 mg/L 
Metronidazole 32 mg/L 
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MBT-ASTRA and Bacteroides fragilis 

Resistant and suscpetible – can we detect a difference? 
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BB: Brucella broth 

TZP: piperacillin-tazobactam 

Resistant 

Broth only 

Susceptible 

Pip-tazobactam 128 mg/L 

Pip-tazobactam 128 mg/L Broth only 
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Still some work ahead 

• Quantifying the level of resistance from the AUC 

 

• Isolates close to the breakpoint will probably be a challenge! 
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A few cases with a little WGS 
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Case: Abscess with B. fragilis 

Akershus universitetssykehus HF 

 

   MIC (mg/L) 

Meropenem:   >256  

Piperacillin-tazobactam  >256 

Clindamycin      >32 

Metronidazol      >32  

 

imipenem-EDTA og meropenem-EDTA doubble-Etest POSITIVE (Ratio ≥ 8) 

 

   Mechanisms? 
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WGS workflow for dummies 

Sample on machine 
Data from machine 
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TGTCGCTTTCAGGTCACCAGTACCTGAACCTAAGGCCGGCACTTCGATAACAGCTTGATTGTAAGACAGCACATTTACCCCTTCCGTATATTTAGACTCCTGGTTGAAACCGGCCATTACGCTAAAATGGTGGTCTTTCTTAATATCAAACTTATATGTACCATAAATATTGAAGGCATTGTAATCGGTG

AACTGTTTTTCTTTCTGCAAATAGTCTTTTGCAGCATTCCAGATGTTGTTACCTCCCTGTATGTCTGTATACTGAGTTTTTCCGGTATAGAAATTATAGTCATACATGTTTTTGTCAAACGTGTATTCAAATACCCCTTCAAAGCCTTTGAATGGCTTCAAAATAGATTTCACGAAAACACGCGGATTGTCAT

ATGACTTTTTCCATTTATTCGCCAACAACACCTGATTACGCGGTGTATTGAAAGGCAAATCCTGAGAGATTGTAGAACAAACGTCCGCAGGCATATTACCTTCCGGTTGATAAGAAACCTGATTACTACCGAACATGCTTCCCAGACCGGAACTCGGTTGTGACTGATTGGTACGCGCATAGCTCATTG

TCAGTTCCTGAGTAAACCATTTGGTAATATCAGCAGAAATATAAGAATTGATATTCAGACGTTCATACGTATCTTTATCGGTAATCAAAACACCGTCCGTAGATACATATCCGGCTGACATACGGTAACGCAACTTATCTGTACCGCCGGATACAGAAAGATTATGATTCATCTGGAAACTGGTCTCCAT

AAAATTCTTATATGGATCATGTTCGTTCAGATAATACAAGGCTCCGTCCGTATCGGCAAAAATACCATCACCTACAGTTTTGATAGATGAAGGATCCTGCCTGTACTGTGTCAGGTATTCCTTCCATTTTGAAACACTGGGTGAACCATAAGACCAATAAGCATCAGAATATCCTCCATCCTGATAAGCC

TGCAGGTAATCCATTAACGATGCTTGCTTCGGCAGATTCATTGCAGTAGCAAAACCGAAATTATTGTTATAGTTCAGGCGGAAAGCCGTAGCTTCTTTCGGGCGCTTAGTAGTCACCAAAACCACACCACCGGCCGCACGCGCACCATAAATAGCTGCCGAAGCAGCATCTTTCAGTACCGTCACCG

TTTCGATATCTTCCGGATTCAACATGTCGAGGCTACCCTCTACGTTATCAATCAAGATAAGAGGCGCGACATTGGCACCATAGCTTCCGTCGCTATTCTTGATACCTACTGAATAGGCACCACGCAGTTGGAATGACTTTCCGCTACCCGGTGCATTCCCGCTATTAGATACCAGCAGTCCCGGAACC

GTACCTTGCAATGCATCGGAAGCTGTCATAATAGGACGGTCCCCGATAATCTCATCCATTTTGATAGATGAAACAGCACCTGTCAAGTTTGCTTTCTTTTGTGAACCGAAACCGACTACCACTACTTCGTCTAAGGTACGAGAGTCATCTTTCAGCACTATCTTCAAAGGAACACCGGCCACGGCTTTC

ACTTCTTGTGTTACATAACCGATATAAGAGATAACGATAACAGCACCCGGATTTACCGACAAAGAGAAATTTCCCTCTACATTACTGATCGTACCATTCTGGGCATTGTTTTTTTCCATAATGGTAGCACCAATAATCGATTCTCCCAGGTTATCCCTGATATTACCTTTTACAACGATCTTATTACTCTGC

TGTGGTGTGGAAACTACCTCCGGAGCACTCTTCAGAATAACTTCATTGCCCTTGATGACATAGCTGATACCACTGTCTTTAAACAGCACATTCAGTACCTCCTCTATGGAGCCTTCACAATTGATGTCACGGATCTTTGCATTACCCAAATCGGCTGCCTTGTAAAAGAACGTATATTTACTGTTCTTTT

CAATAACCTGGATGGCCTGTTTAATGCTCATTGCCTTTCCCTGCACGGCTATCTGTCCCTGCACGGCAAAAACGGACATAGGATACAGGAGCATAAACATAATTACGCCTGCCAGAAAACGCCTGTTACAGACGCTAAAACATTGTCTCATGTCTTTCATTTTTTTGATTATACGATTAATTAGTGATTG

ATAAAAAAGCGATTATTTATAAATAATGATTCTCTGTGTTTCTTTTCTAAATTTCAAATTCATATTGATACAAATCTTTTCGATAACTTTAGATGCGGGGTCATCATAACGCATATAGCCTGTGAACAAGTCATTTCGGGATACTTTCTCGTCGAGCTCTACCGGAATATGGTAAATATCATGAATGGCTTCT

ATCAAATCATCCATACGCATGTCGACAAATTTGTAACGTCCCTCATCCCAACTGATATTACCTATATTCTTTAATATCACTTCATCCTTTTCGGGATGAAAAATAATCTGTTGCAAAGGTTTCATTTCAATCTTCCTCTGCGAAGCCTTAGCGTTGAAATCAACCTTTCCACTAAAAAGAGTCACTTCCGCA

CCATACTGCCGGGTGGACTGAACACGAAAAACCGTCCCTTTGACTTCTACAAATGCCTGATCAATATATACCTTAAAATTACGTCCCTTACGTTTGGTTACCTCAAAAGTAGACTCTCCCTCCAACCAGACTTCCCGTTTATCCATAAAGTCCTGTGAAAAACGGATTCGACTTCCGGCTTGCATCCAA

ACCCTTGAACTGTCGGGGAGCACGTACAACCGGCTATTTGAAGAAACAATCTCAGTATACTCAATGATATGTTGCGAAGTGACAGGCTCCTCATTAAAAAAGAAGATACTTCCCCCAACAACCAATAACACTGTAATACATGCAGCGAGAGCAATCTTCAAGTACCTGAGCTGGAGCCGTTGCTTACG

TTCAAAAGGAGTCTGACATTTGGAATCAATCTTATTCCAAATCCTACTTTCAACAGCAGCATCATCCACTATATTCCTTGCAGCATCAAATTGTTTTTTCATCTTTGTCTCCACAACATCCCAGTGCGCCAGCTCTTCTACTTCTCCCGGAGAAGACTTACCGGCAATCAATTTGCGGACAAGCCGATCG

TATTTATTAGAAATCTTCATATTCTTTATATTTCTTTCCAAAAGCCCAAGCTATATTTATAAATCTATCCATAAATACACAATTTATAAAATTCCCCCCTATATGTTTTCCGCTTTTTTTCTGTTTTATAAATTGAGTATGCTATATTTGTAATCCAAACGTAACTCTTAATGAACGAAAAAGAAGCAATTATTAA

ACTGAAGACCCGCAATGATAAAGCTGCCTTTGCATTCCTGTACCACTCTTATTGGGCTAAGGTTTACAACTTTACGCGACTTTATGTCACTTCTTTGGTTGATGTGGAGGAAATCGTTCAAGAGGTTTTTATTAAAATCTGGGAGAGCAGAGAGTCTTTGGATGAAGAGCAAAACTTTGCAGGATATCTG

TTCATCACCATGCGTAACCTTGTTTTTAACCGCTCCCGCAAGAATCTGAACGAGGCTTTCTACCAACTGTCAGTGATAGAAGCAGTAGAAGAGTCATATGATATAGAAGAAGAACTGGATGCAGCCAATCTACGGACACATATCGAATCACTTATTTCAATGTTACCACCCCGGCAACAGGAAGTATTC

CGTCTGAGCAGGGACGAAGAACTTTCTTATCGTGAAATTGCAGAGAAACTGCAAATATCGGAAAGAACAGTGGAACACCACATATCCGATGCTTTGAAGTTTCTAAGAAAAAACATCAAGCTTTACACATTATTCCTTTCATTATAAATGAAGTAGCGCTGCTCTTCCCCGTTGGGACAGAACAGCGCC

GATCATCAGTTTTTTATGAAAAACGAAACTTTCTTTCATAGAGAGGTATTACACTTACATAACAATTCTCTCTTCACAGAGATACTATTAACACTATATATAAACATGATGATTTTCATTAATAAATCAAAAATAAACATTTCTATAAAAATAAGAAATGGAAATCGACTAATAGAACAATTTAATCGATCAAAA

TGTTCTCTACATTTTCAGTAAACGTTTACTCAAATACCTTACCGGATACCAGACAGATAAAAATCCGACAGTAAATACGGTAATAAATATCACGATGACATCCCCCAAATGAACACTGACCGGATAGGAATCAACTACAAAATTACCTGCAGCATTACCTCCACCCAATGAAACTATCCCGTAGGCCATC

TGAACCCAACATAGAACCAAGCCGAGTATAATCCCGATTATAGCCCCATAAAAGGAAATCATACATCCTTCGAAAAGGAAAATACGCGAAACAAGCCGATCGTCAGCTCCCAATTTACGAAGTGTATTCACATCTTCCTTTTTATCCAGAATAAGCATCGACAGCGAACCTATCACATTGAAACAGGCG

ATCACGAGAATAAAGGTAAGAAACAAATACGAAACCAATTTCTCTATCTCCATGATGCGAAACACATCCTCCTGCTGCTCGTAACGGTTACGAATAACAAAACCATCTCCTAACGCCTTCCCGATCTTTTCTTTCACTACAGAAATATTAGATCCCGGCTTTAGTTTCAGTTCTATTGCAGACACTTCGGT

AGTATAATCAAGCAAACGCCGGGCAAAATCCAACGAAGTGAGAATATACTGTCCGTCATACTTCTGCTGATTGACTACAAACACTACACCGGGCGAATACAAATAATCCATATTAAAGGAAGCAGCCGGATTTGCAAGATTAACCTTTCCATTCCTTTTAGGAATATATACCTGCAAAGGATCGACAAA

CCTGATTCCGGTCCCCAATGTAGAGACAAGCTCAATCCCCATCACTCCATAATCCACAACAGAATCGTTCAACAAAAACTCACCTGCTCCATAAAGGATACTATCTATTGCAGTCAACTGCTCAAAATTATCTTGTACCCCCTTTATAACAGCCATTGTTTGACGATCCTTGTATTGCACCATCGCATTC

TCTTCAAGTGTTTCAGTCAACACATCTACTTCCGGCATCTGCCGGATAGCCTGAATACGCGGGTCCTGTGCATCGAAAACTTTCCCTTCGGCAATCGTCACTTTCAGTTCCGGATCAAACACAGTAAACAGATCGGCTACTGTATCCTGAAAACCATTGAATACGGAAAGTGTACACACCATTGCCATC

GTAGCCAATGCTACTCCACACACGGAAATAGCCGAAATGATATTAATGGCATTGTGTTTCTTCTTTGAGAAAAGATATCGCCGGGCTATGTAGAAGGGAAGATTCACTTCAACAAGGCATCTATCTTTTCAATGTAGTCCAGCGAATCGTCCACAAAAAATTTCAATTCGGGGATAATACGCAACTGAT

GACGAACACGGGTACCGAGTTCGAAACGGATGGACTTCATATTATTATTGATATTCTTTACCATTTCTTCGCTTTTATCAGAAGGGAAGACACTTAAATATACGCGGGCAATGCTCATATCAGGGCTGATACGTACAGCACTGACAGATACCAACACACCGGGCATGGCCTTGGTCTGCAACAGAAAA

ATCTCACTGAGTTCTTTCTGTAACAAACGGGCTATCTTATTCTGTCTCGTTGTTTCCATAAACTTTCTACGTAATTATTTTATCAAACAAGCAATTAGCACTTGTTACAATAGAACACAAAATTAGAGAAATATATCGTTTGACAGATAAAATATGTACTATTTTTAATCTTCATTATTGAATTATTCTTCCAAT

GCTAAAGAGTAATCAACTAATACACATCTCACTTTTTACGAATAATGGTCAGTCCATCACGCAAAGGGAGGATTACTTTCTCCACTCGTTCATCATGTGCCACCAATTCGTTGAAAGCCTTAATACCGATGGTTTGATAGTCGTTGTTATGTGGCTCTTCCAGCACATGACCATCCCATAAAGTGTTATC

GGCTATGATATATCCTCCGGGAGAAAGATGCGCAAGAGTCATCTCATAATATTCAATATACTTACGTTTATCGCCATCCACAAAAGCAAGGTCAAACGTAACTCCCAATGCAGGTATCAATTGGAGAGCATCTCCAATGTAGAATTTAATTTTATCAGCATAAGCTGAATTTTCGAGCCAGGGACGGGT

AAAGTCTTCCTGTTCGTCATTTATCTCAAATGTGTGGAGCATTCCACCCTCCTCAAGTCCTTCGGCCAAGCAAAGGGCGGAATAGCCACTATAAGTTCCTATTTCTAATATCTGGCGAGGCCGTATCATACGAACAAACATCTTCAACATACGCCCCTGCAGATGACCGGAAGCCATACGGGGACGCA

GAAGCTTGACATGCGTATCCCGATAAAGAGCTTTCAGGTATTCACCTTCTTCATCGATATGCTTTAGGATATATTCGTCTAAAAGATCGGTCTCTTTCATCTCATCCTACAGATAACGGTTGCTGTTAGGCAATACACTGTCACCGGCATGCTTCAAAGCATCTTCCACGACATTGATCTCAAGGAAAGA

GGTTTGTGTCCCGGCTTTACCGCTACTCAGATAACCCACCATATCAGTAGGATGTAAACGTCCTTCTTTCAATAAACGACGCAGAGCGGCAAAATAATACTCCTGTCCGTTGGCCAACTCAGGCATGTAGATCGCCTCCACTCCATAAGAGAGTGCCAGGTGACGCATCGTTTTCTCCTTATAACAAA

TGGCAAGCACCGGATATTTACCACGGAAAGCAGCCAGATTACGTGCAGTGCGCCCTTGATAGCTATCAGTAATGATAGCGCGTATTTTTAGTTTAGTAGTTGCTTTCACAGCCTGTTTGGCAAGGAAAGCAGTCACGTCATTACTATTCTCATCCAGAGGAATACGGATATCATTTTCTTCCAATTTGTC

TTTTTCAGCCTGTGCAGCAATCTTAGTCATGGTTTTCACAGCCTCCACCGGATATTTACCATACGCGGTTTCACCACTCAACATCAGAGCATCCGTACGATAATAGATAGCATTCGCAATATCGGTTACTTCAGCACGAGTCGGACGCGGATTATTTATCATCGTATGTAACATCTGTGTAGCTACGATT

ACCGGCTTCTTGGCAAGAATACATTTACGTATCAATGTACGCTGAATTCCCGGAATGCGTTCCTGTGGAACTTCAATACCCAAGTCACCGCGAGCTACCATCACTCCATCAGCAACTTCCAGAATCTCATCTATATTATCTACACCTTCTTGATTCTCTATCTTAGCAATAATACGGATATCGCTGTTGT

GTGCATCCAGAATTTCACGAATATCAAGCACATCCTGACGGTTACGTACAAAAGAATGTGCTATGAAATCGATATCTTTTTCTATCGCATAAAGAATGTTATTACGATCTTTTTCAGTCAGAGAAGGCAGGTTGATGCGGACCCCGGGAACATTTACACTCTTACGGCTCCCCAAGGTTGCTTCATTCTG

CACCTCACAAAGTAAATATTCGGACGTTTTATCAATAACCCGCAACTCAAGATCACCATCGTCAATCAAAATAGTTCCACCTATATTCAGATCGTGTACGAAATTCGGATAAGAAACGGCAATACATTCACGGGTAGTCTCACGTTCGGGATCCCCCACAATTTTAACCTTCTCGCCAATCTGATAAAGT

ATTGGTTCCGCATTGGCAGTGGTACGTACCTCCGGACCTTTAGTATCCATAAGGATAGCGATGCGATTGGACACGGTACGAACATTGGCAATCAACGCTTCAAACCCTTCACGACTGGCGTGAGCTGTGTTCATACGAACCACATTCATCCCTGCATCAAACAACTCTTTTATAAAATCTACATCGCA

ACGTCTGTCTGAGATGGAAGCTACGATTTTAGTCTGTTTCAGCAACATAATCTATCTACCTATTTATATTTATACCTATTTATCTAATAAAGCCTCAAGTGCCAGACGATATGAGTTCAATCCAAATCCACAAATCACACCTTTACAGGCACAAGCAATCATAGAAACATGACGGAACGACTCGCGGGCAT

GAACATTGGAAATATGAACCTCAATCACAGGAGAGGGAACGGAACGGATGGCATCCTGCAAAGCAATGGAAGTGTGCGTATAAGCTCCTGCATTCAAAATGATTCCATCCACATCGAAACCGGTCTGCTGAATTTTATCTATCATTTCTCCTTCAACGTTCGACTGGAAATAACCCAACTCCACATCG

GGATATTTTTTACGAAGCTCACCTAAATACTCTTCAAATGTAACGCTTCCATATATAGAAGGTTCACGCTTGCCCAAAAGATTAATATTGGGACCATTAATAATTTGTATCCTCATAACACAATCCTGCTATTTTTAATACCTTTGTCTTCGAGAACAATATTTCAAGATGCAAAGGTAGAAAAAAGAAATGA

AATTAGACGAAAAAACAAAAAAGAAGGATGTGCAAGGGTTGATTATCAAAAAGTACCAACAGTATCTGAAACTGGAAAAGTCATTATCCGAAAACACATTGGATGCTTATTTGACGGATTTGGACAAGCTATTGAACTTTTTATCGGCCGAAGGTGTGGATATACTGGAAATCAGCCTGAAAGACCTTCA

GCGTTTTGCAGCCGGACTGCATGATATCGGTATCCATGCCCGGTCACAGGCACGCATCATTTCCGGCATCAAGTCTTTCTTCCATTTTCTGATAATGGCCGATTATATAGAAGCTGATCCGAGTGAATTACTGGAAGGTCCCAAGATTGGTTTTAAACTACCGGAAGTATTGACTGTAGAGGAAATAGA

CCGTATCATCTCAACTGTAGATCTGAGCAAAAATGAGGGACAGCGAAATCGGGCAATATTGGAGACACTCTATAGCTGTGGTTTACGGGTTTCGGAATTAACCAACTTAAAACTATCAGATCTTTATTTTAATGAAGGATTCATTAAAGTAGAAGGAAAAGGTAGTAAACAACGATTGGTGCCCATCTCC

CCCAGAGCCATTCAGGAAATAAAATACTATTTCATGGATCGAAACCGGATTAACATAAAAAAAGATTATGAGGATTATCTGTTTTTAAGCAGACGGGGAACACACCTATCACGTATCATGATCTTTCATCTTATCAAAGAACTGGCCGATATGGCAGGTATCACCAAAAACATCAGTCCACACACATTCC

GGCATTCTTTCGCAACACACCTTCTTGAAGGAGGCGCCAACCTGAGAGCTATTCAATGCATGCTCGGACATGAATCAATTTCGACCACCGAGATTTACACACATATCGACCGTAATATGCTGCGAAGTGAAATCATAGAACACCATCCGCGCAACATCAAATATCGGCAAGAAAAAAGGCATTTCAAT

AAACAATAAAGTCTGGTTTGGCGTTATTTAGAGAGAGAAATAGTGCTGAACAGCTCAGGAATGCGACAGTTTTCATTAAATTATAATAAAATTAAGGGTGTATTTGCCTAAATGTATAAGAATTAATATCTTTGCGTGGCATTTATGGGCAATCCACAGATGCGTATTGAATAGACAAAATTTCAATTACAA

ACATTTAATTTATACCTAAAATGATCAAGAAGTTGTATTTGCCTTTACTTATGGCATTGGTTGTTGCATTGTCATCATGTAGCAACAAAATGGGTGCACTGTCATCTGATTACTTCACTACGACTCCTCAGGTACTGGAAGCTGTAGGTGGTAAAGTTCCTGTGACTATCAACGGAAAGTTCCCTGAAAAG

TATTTCAAAAAGAACGCAGTTGTTGAAGTAACTCCGGTCCTGAAATGGGAAGGTGGACAAGTGAAAGGACAGCCTGCTGTATTCCAGGGTGAAAAGGTAGAAGGTAACGACCAGACTATCTCTTACAAGATGGGTGGTAATTACACGATGAAAACTACATTCGACTATGTTCCTGAAATGGCTAAGTC

TGAACTGTACCTTGAATTCAACGCAAAAGTTGGAAAAAAAACAATCGCTATCCCTGCAGTGAAGATCGCAGACGGTGTGATCTCTACTTCTGAATTGATTAACAATACTTTGAGCAGCGCTAATCCGGCTTTGGGTGACGACGCTTTCCAACGTATCATCAAAGAAGCACACAACGCTAACATCATGTT

CCTTATCCAACAGGCTAACATCCGTTCAAGCGAATTGAAAACCGCTAAGGAATTCAACAAGGAAGTTGCTAACGTAAACGATGCAGAAAACAAAAAGATCAGCAATATCGAAATTTCGGCTTATGCTTCTCCTGATGGTGGTGTGAAACTGAACACAGGTTTAGCTGAGAACCGTGAAGGTAACACTA

CTAAACTGATCAATAAAGACCTGAAGAAAGCTAAAATCGAAGTTCCGGTTGATGCTAAATATACTGCTCAAGACTGGGAAGGTTTCCAGGAACTGGTTTCTAAATCAAACATTCAGGATAAAGAACTGATTCTTCGTGTTCTGTCTATGTATCAGGATCCGGAACAAAGAGAGACAGAAATCAAAAACAT

CTCTTCTGTATACAAAACTTTGGCTGACGAAATCCTGCCGCAGTTGCGTCGTTCTCGTTTGACTTTGAACTATGAAATCATCGGTAAGTCTGATGAAGAAATCGCTAATCTGGCTGCAACAGATCCGAAACAGTTGAATCTGGAAGAAATCCTGTATGCTGCTACACTGACTAACGACCCGGCTAAGAA

AGCTGACATCTATACAAAAGCTTCTCAGCAGTTCCCGAATGACTACCGTGCATTCAACAACTTGGGTAAACTGGCTTATCAAGCAGGTGATTTGGACAAGGCTCAATCATACGTGAAAAAAGCAGAAAGCATTAAAGCTGCTCCTGAAGTAAACATGAACTTAGGTTTGATCGCTCTGGCTAAGGGTG

ACAAAGCTGCTGCTGAGTCATACTTAGGTAAAGCTGCCGGTGCTAAAGAACTGAACGAAACATTGGGTAACCTGTACGTAGCTCAGGGACAATACGAAAGAGCAGTAAACGCATTTGGAGACACTAAAACAAACAGTGCTGCTTTGGCACAGATCCTGGCTAAGGACTACAACAAAGCTAAAAACAC

TTTGGCTGGTATCTCAACTCCGGATGCTTACACA 

≈ 0.2% of data from the machine → 

 Put data in to big computer → 

  Push button on big computer 
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Results from big computer (B. fragilis) 
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Case: Blood culture with B. fragilis 

Mikrobiologen, Sunderby sjukhus, Luleå  

    

   MIC (mg/L) 

Imipenem:       12 

Meropenem:   >256  

Piperacillin-tazobactam  >256 

 

Clindamycin          2 

Metronidazol          0.25  

 

imipenem-EDTA doubble-Etest NEGATIVE!?     

 

   Mechanism? 

28 
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Phenotypic tests 

Meropenem-EDTA or imipenem-EDTA doubble-Etest to demonstrate MBL – which one? 

MALDI-TOF with the right peaks → cfiA+ 
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Case: Blood culture with Parabcteroides goldstenii 

Odense Universitetshospital 

  

   MIC (mg/L) 

Meropenem:   >256 

Piperacillin-tazobactam  >256 

 

Clindamycin      >32 

Metronidazol           0.25  

 

imipenem-EDTA og meropenem-EDTA doubble-Etest POSITIVE (Ratio ≥ 8) 

 

   Mechanisms? 
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WGS workflow for dummies 

Sample on machine 
Data from machine 
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TGTCGCTTTCAGGTCACCAGTACCTGAACCTAAGGCCGGCACTTCGATAACAGCTTGATTGTAAGACAGCACATTTACCCCTTCCGTATATTTAGACTCCTGGTTGAAACCGGCCATTACGCTAAAATGGTGGTCTTTCTTAATATCAAACTTATATGTACCATAAATATTGAAGGCATTGTAATCGGTG

AACTGTTTTTCTTTCTGCAAATAGTCTTTTGCAGCATTCCAGATGTTGTTACCTCCCTGTATGTCTGTATACTGAGTTTTTCCGGTATAGAAATTATAGTCATACATGTTTTTGTCAAACGTGTATTCAAATACCCCTTCAAAGCCTTTGAATGGCTTCAAAATAGATTTCACGAAAACACGCGGATTGTCAT

ATGACTTTTTCCATTTATTCGCCAACAACACCTGATTACGCGGTGTATTGAAAGGCAAATCCTGAGAGATTGTAGAACAAACGTCCGCAGGCATATTACCTTCCGGTTGATAAGAAACCTGATTACTACCGAACATGCTTCCCAGACCGGAACTCGGTTGTGACTGATTGGTACGCGCATAGCTCATTG

TCAGTTCCTGAGTAAACCATTTGGTAATATCAGCAGAAATATAAGAATTGATATTCAGACGTTCATACGTATCTTTATCGGTAATCAAAACACCGTCCGTAGATACATATCCGGCTGACATACGGTAACGCAACTTATCTGTACCGCCGGATACAGAAAGATTATGATTCATCTGGAAACTGGTCTCCAT

AAAATTCTTATATGGATCATGTTCGTTCAGATAATACAAGGCTCCGTCCGTATCGGCAAAAATACCATCACCTACAGTTTTGATAGATGAAGGATCCTGCCTGTACTGTGTCAGGTATTCCTTCCATTTTGAAACACTGGGTGAACCATAAGACCAATAAGCATCAGAATATCCTCCATCCTGATAAGCC

TGCAGGTAATCCATTAACGATGCTTGCTTCGGCAGATTCATTGCAGTAGCAAAACCGAAATTATTGTTATAGTTCAGGCGGAAAGCCGTAGCTTCTTTCGGGCGCTTAGTAGTCACCAAAACCACACCACCGGCCGCACGCGCACCATAAATAGCTGCCGAAGCAGCATCTTTCAGTACCGTCACCG

TTTCGATATCTTCCGGATTCAACATGTCGAGGCTACCCTCTACGTTATCAATCAAGATAAGAGGCGCGACATTGGCACCATAGCTTCCGTCGCTATTCTTGATACCTACTGAATAGGCACCACGCAGTTGGAATGACTTTCCGCTACCCGGTGCATTCCCGCTATTAGATACCAGCAGTCCCGGAACC

GTACCTTGCAATGCATCGGAAGCTGTCATAATAGGACGGTCCCCGATAATCTCATCCATTTTGATAGATGAAACAGCACCTGTCAAGTTTGCTTTCTTTTGTGAACCGAAACCGACTACCACTACTTCGTCTAAGGTACGAGAGTCATCTTTCAGCACTATCTTCAAAGGAACACCGGCCACGGCTTTC

ACTTCTTGTGTTACATAACCGATATAAGAGATAACGATAACAGCACCCGGATTTACCGACAAAGAGAAATTTCCCTCTACATTACTGATCGTACCATTCTGGGCATTGTTTTTTTCCATAATGGTAGCACCAATAATCGATTCTCCCAGGTTATCCCTGATATTACCTTTTACAACGATCTTATTACTCTGC

TGTGGTGTGGAAACTACCTCCGGAGCACTCTTCAGAATAACTTCATTGCCCTTGATGACATAGCTGATACCACTGTCTTTAAACAGCACATTCAGTACCTCCTCTATGGAGCCTTCACAATTGATGTCACGGATCTTTGCATTACCCAAATCGGCTGCCTTGTAAAAGAACGTATATTTACTGTTCTTTT

CAATAACCTGGATGGCCTGTTTAATGCTCATTGCCTTTCCCTGCACGGCTATCTGTCCCTGCACGGCAAAAACGGACATAGGATACAGGAGCATAAACATAATTACGCCTGCCAGAAAACGCCTGTTACAGACGCTAAAACATTGTCTCATGTCTTTCATTTTTTTGATTATACGATTAATTAGTGATTG

ATAAAAAAGCGATTATTTATAAATAATGATTCTCTGTGTTTCTTTTCTAAATTTCAAATTCATATTGATACAAATCTTTTCGATAACTTTAGATGCGGGGTCATCATAACGCATATAGCCTGTGAACAAGTCATTTCGGGATACTTTCTCGTCGAGCTCTACCGGAATATGGTAAATATCATGAATGGCTTCT

ATCAAATCATCCATACGCATGTCGACAAATTTGTAACGTCCCTCATCCCAACTGATATTACCTATATTCTTTAATATCACTTCATCCTTTTCGGGATGAAAAATAATCTGTTGCAAAGGTTTCATTTCAATCTTCCTCTGCGAAGCCTTAGCGTTGAAATCAACCTTTCCACTAAAAAGAGTCACTTCCGCA

CCATACTGCCGGGTGGACTGAACACGAAAAACCGTCCCTTTGACTTCTACAAATGCCTGATCAATATATACCTTAAAATTACGTCCCTTACGTTTGGTTACCTCAAAAGTAGACTCTCCCTCCAACCAGACTTCCCGTTTATCCATAAAGTCCTGTGAAAAACGGATTCGACTTCCGGCTTGCATCCAA

ACCCTTGAACTGTCGGGGAGCACGTACAACCGGCTATTTGAAGAAACAATCTCAGTATACTCAATGATATGTTGCGAAGTGACAGGCTCCTCATTAAAAAAGAAGATACTTCCCCCAACAACCAATAACACTGTAATACATGCAGCGAGAGCAATCTTCAAGTACCTGAGCTGGAGCCGTTGCTTACG

TTCAAAAGGAGTCTGACATTTGGAATCAATCTTATTCCAAATCCTACTTTCAACAGCAGCATCATCCACTATATTCCTTGCAGCATCAAATTGTTTTTTCATCTTTGTCTCCACAACATCCCAGTGCGCCAGCTCTTCTACTTCTCCCGGAGAAGACTTACCGGCAATCAATTTGCGGACAAGCCGATCG

TATTTATTAGAAATCTTCATATTCTTTATATTTCTTTCCAAAAGCCCAAGCTATATTTATAAATCTATCCATAAATACACAATTTATAAAATTCCCCCCTATATGTTTTCCGCTTTTTTTCTGTTTTATAAATTGAGTATGCTATATTTGTAATCCAAACGTAACTCTTAATGAACGAAAAAGAAGCAATTATTAA

ACTGAAGACCCGCAATGATAAAGCTGCCTTTGCATTCCTGTACCACTCTTATTGGGCTAAGGTTTACAACTTTACGCGACTTTATGTCACTTCTTTGGTTGATGTGGAGGAAATCGTTCAAGAGGTTTTTATTAAAATCTGGGAGAGCAGAGAGTCTTTGGATGAAGAGCAAAACTTTGCAGGATATCTG

TTCATCACCATGCGTAACCTTGTTTTTAACCGCTCCCGCAAGAATCTGAACGAGGCTTTCTACCAACTGTCAGTGATAGAAGCAGTAGAAGAGTCATATGATATAGAAGAAGAACTGGATGCAGCCAATCTACGGACACATATCGAATCACTTATTTCAATGTTACCACCCCGGCAACAGGAAGTATTC

CGTCTGAGCAGGGACGAAGAACTTTCTTATCGTGAAATTGCAGAGAAACTGCAAATATCGGAAAGAACAGTGGAACACCACATATCCGATGCTTTGAAGTTTCTAAGAAAAAACATCAAGCTTTACACATTATTCCTTTCATTATAAATGAAGTAGCGCTGCTCTTCCCCGTTGGGACAGAACAGCGCC

GATCATCAGTTTTTTATGAAAAACGAAACTTTCTTTCATAGAGAGGTATTACACTTACATAACAATTCTCTCTTCACAGAGATACTATTAACACTATATATAAACATGATGATTTTCATTAATAAATCAAAAATAAACATTTCTATAAAAATAAGAAATGGAAATCGACTAATAGAACAATTTAATCGATCAAAA

TGTTCTCTACATTTTCAGTAAACGTTTACTCAAATACCTTACCGGATACCAGACAGATAAAAATCCGACAGTAAATACGGTAATAAATATCACGATGACATCCCCCAAATGAACACTGACCGGATAGGAATCAACTACAAAATTACCTGCAGCATTACCTCCACCCAATGAAACTATCCCGTAGGCCATC

TGAACCCAACATAGAACCAAGCCGAGTATAATCCCGATTATAGCCCCATAAAAGGAAATCATACATCCTTCGAAAAGGAAAATACGCGAAACAAGCCGATCGTCAGCTCCCAATTTACGAAGTGTATTCACATCTTCCTTTTTATCCAGAATAAGCATCGACAGCGAACCTATCACATTGAAACAGGCG

ATCACGAGAATAAAGGTAAGAAACAAATACGAAACCAATTTCTCTATCTCCATGATGCGAAACACATCCTCCTGCTGCTCGTAACGGTTACGAATAACAAAACCATCTCCTAACGCCTTCCCGATCTTTTCTTTCACTACAGAAATATTAGATCCCGGCTTTAGTTTCAGTTCTATTGCAGACACTTCGGT

AGTATAATCAAGCAAACGCCGGGCAAAATCCAACGAAGTGAGAATATACTGTCCGTCATACTTCTGCTGATTGACTACAAACACTACACCGGGCGAATACAAATAATCCATATTAAAGGAAGCAGCCGGATTTGCAAGATTAACCTTTCCATTCCTTTTAGGAATATATACCTGCAAAGGATCGACAAA

CCTGATTCCGGTCCCCAATGTAGAGACAAGCTCAATCCCCATCACTCCATAATCCACAACAGAATCGTTCAACAAAAACTCACCTGCTCCATAAAGGATACTATCTATTGCAGTCAACTGCTCAAAATTATCTTGTACCCCCTTTATAACAGCCATTGTTTGACGATCCTTGTATTGCACCATCGCATTC

TCTTCAAGTGTTTCAGTCAACACATCTACTTCCGGCATCTGCCGGATAGCCTGAATACGCGGGTCCTGTGCATCGAAAACTTTCCCTTCGGCAATCGTCACTTTCAGTTCCGGATCAAACACAGTAAACAGATCGGCTACTGTATCCTGAAAACCATTGAATACGGAAAGTGTACACACCATTGCCATC

GTAGCCAATGCTACTCCACACACGGAAATAGCCGAAATGATATTAATGGCATTGTGTTTCTTCTTTGAGAAAAGATATCGCCGGGCTATGTAGAAGGGAAGATTCACTTCAACAAGGCATCTATCTTTTCAATGTAGTCCAGCGAATCGTCCACAAAAAATTTCAATTCGGGGATAATACGCAACTGAT

GACGAACACGGGTACCGAGTTCGAAACGGATGGACTTCATATTATTATTGATATTCTTTACCATTTCTTCGCTTTTATCAGAAGGGAAGACACTTAAATATACGCGGGCAATGCTCATATCAGGGCTGATACGTACAGCACTGACAGATACCAACACACCGGGCATGGCCTTGGTCTGCAACAGAAAA

ATCTCACTGAGTTCTTTCTGTAACAAACGGGCTATCTTATTCTGTCTCGTTGTTTCCATAAACTTTCTACGTAATTATTTTATCAAACAAGCAATTAGCACTTGTTACAATAGAACACAAAATTAGAGAAATATATCGTTTGACAGATAAAATATGTACTATTTTTAATCTTCATTATTGAATTATTCTTCCAAT

GCTAAAGAGTAATCAACTAATACACATCTCACTTTTTACGAATAATGGTCAGTCCATCACGCAAAGGGAGGATTACTTTCTCCACTCGTTCATCATGTGCCACCAATTCGTTGAAAGCCTTAATACCGATGGTTTGATAGTCGTTGTTATGTGGCTCTTCCAGCACATGACCATCCCATAAAGTGTTATC

GGCTATGATATATCCTCCGGGAGAAAGATGCGCAAGAGTCATCTCATAATATTCAATATACTTACGTTTATCGCCATCCACAAAAGCAAGGTCAAACGTAACTCCCAATGCAGGTATCAATTGGAGAGCATCTCCAATGTAGAATTTAATTTTATCAGCATAAGCTGAATTTTCGAGCCAGGGACGGGT

AAAGTCTTCCTGTTCGTCATTTATCTCAAATGTGTGGAGCATTCCACCCTCCTCAAGTCCTTCGGCCAAGCAAAGGGCGGAATAGCCACTATAAGTTCCTATTTCTAATATCTGGCGAGGCCGTATCATACGAACAAACATCTTCAACATACGCCCCTGCAGATGACCGGAAGCCATACGGGGACGCA

GAAGCTTGACATGCGTATCCCGATAAAGAGCTTTCAGGTATTCACCTTCTTCATCGATATGCTTTAGGATATATTCGTCTAAAAGATCGGTCTCTTTCATCTCATCCTACAGATAACGGTTGCTGTTAGGCAATACACTGTCACCGGCATGCTTCAAAGCATCTTCCACGACATTGATCTCAAGGAAAGA

GGTTTGTGTCCCGGCTTTACCGCTACTCAGATAACCCACCATATCAGTAGGATGTAAACGTCCTTCTTTCAATAAACGACGCAGAGCGGCAAAATAATACTCCTGTCCGTTGGCCAACTCAGGCATGTAGATCGCCTCCACTCCATAAGAGAGTGCCAGGTGACGCATCGTTTTCTCCTTATAACAAA

TGGCAAGCACCGGATATTTACCACGGAAAGCAGCCAGATTACGTGCAGTGCGCCCTTGATAGCTATCAGTAATGATAGCGCGTATTTTTAGTTTAGTAGTTGCTTTCACAGCCTGTTTGGCAAGGAAAGCAGTCACGTCATTACTATTCTCATCCAGAGGAATACGGATATCATTTTCTTCCAATTTGTC

TTTTTCAGCCTGTGCAGCAATCTTAGTCATGGTTTTCACAGCCTCCACCGGATATTTACCATACGCGGTTTCACCACTCAACATCAGAGCATCCGTACGATAATAGATAGCATTCGCAATATCGGTTACTTCAGCACGAGTCGGACGCGGATTATTTATCATCGTATGTAACATCTGTGTAGCTACGATT

ACCGGCTTCTTGGCAAGAATACATTTACGTATCAATGTACGCTGAATTCCCGGAATGCGTTCCTGTGGAACTTCAATACCCAAGTCACCGCGAGCTACCATCACTCCATCAGCAACTTCCAGAATCTCATCTATATTATCTACACCTTCTTGATTCTCTATCTTAGCAATAATACGGATATCGCTGTTGT

GTGCATCCAGAATTTCACGAATATCAAGCACATCCTGACGGTTACGTACAAAAGAATGTGCTATGAAATCGATATCTTTTTCTATCGCATAAAGAATGTTATTACGATCTTTTTCAGTCAGAGAAGGCAGGTTGATGCGGACCCCGGGAACATTTACACTCTTACGGCTCCCCAAGGTTGCTTCATTCTG

CACCTCACAAAGTAAATATTCGGACGTTTTATCAATAACCCGCAACTCAAGATCACCATCGTCAATCAAAATAGTTCCACCTATATTCAGATCGTGTACGAAATTCGGATAAGAAACGGCAATACATTCACGGGTAGTCTCACGTTCGGGATCCCCCACAATTTTAACCTTCTCGCCAATCTGATAAAGT

ATTGGTTCCGCATTGGCAGTGGTACGTACCTCCGGACCTTTAGTATCCATAAGGATAGCGATGCGATTGGACACGGTACGAACATTGGCAATCAACGCTTCAAACCCTTCACGACTGGCGTGAGCTGTGTTCATACGAACCACATTCATCCCTGCATCAAACAACTCTTTTATAAAATCTACATCGCA

ACGTCTGTCTGAGATGGAAGCTACGATTTTAGTCTGTTTCAGCAACATAATCTATCTACCTATTTATATTTATACCTATTTATCTAATAAAGCCTCAAGTGCCAGACGATATGAGTTCAATCCAAATCCACAAATCACACCTTTACAGGCACAAGCAATCATAGAAACATGACGGAACGACTCGCGGGCAT

GAACATTGGAAATATGAACCTCAATCACAGGAGAGGGAACGGAACGGATGGCATCCTGCAAAGCAATGGAAGTGTGCGTATAAGCTCCTGCATTCAAAATGATTCCATCCACATCGAAACCGGTCTGCTGAATTTTATCTATCATTTCTCCTTCAACGTTCGACTGGAAATAACCCAACTCCACATCG

GGATATTTTTTACGAAGCTCACCTAAATACTCTTCAAATGTAACGCTTCCATATATAGAAGGTTCACGCTTGCCCAAAAGATTAATATTGGGACCATTAATAATTTGTATCCTCATAACACAATCCTGCTATTTTTAATACCTTTGTCTTCGAGAACAATATTTCAAGATGCAAAGGTAGAAAAAAGAAATGA

AATTAGACGAAAAAACAAAAAAGAAGGATGTGCAAGGGTTGATTATCAAAAAGTACCAACAGTATCTGAAACTGGAAAAGTCATTATCCGAAAACACATTGGATGCTTATTTGACGGATTTGGACAAGCTATTGAACTTTTTATCGGCCGAAGGTGTGGATATACTGGAAATCAGCCTGAAAGACCTTCA

GCGTTTTGCAGCCGGACTGCATGATATCGGTATCCATGCCCGGTCACAGGCACGCATCATTTCCGGCATCAAGTCTTTCTTCCATTTTCTGATAATGGCCGATTATATAGAAGCTGATCCGAGTGAATTACTGGAAGGTCCCAAGATTGGTTTTAAACTACCGGAAGTATTGACTGTAGAGGAAATAGA

CCGTATCATCTCAACTGTAGATCTGAGCAAAAATGAGGGACAGCGAAATCGGGCAATATTGGAGACACTCTATAGCTGTGGTTTACGGGTTTCGGAATTAACCAACTTAAAACTATCAGATCTTTATTTTAATGAAGGATTCATTAAAGTAGAAGGAAAAGGTAGTAAACAACGATTGGTGCCCATCTCC

CCCAGAGCCATTCAGGAAATAAAATACTATTTCATGGATCGAAACCGGATTAACATAAAAAAAGATTATGAGGATTATCTGTTTTTAAGCAGACGGGGAACACACCTATCACGTATCATGATCTTTCATCTTATCAAAGAACTGGCCGATATGGCAGGTATCACCAAAAACATCAGTCCACACACATTCC

GGCATTCTTTCGCAACACACCTTCTTGAAGGAGGCGCCAACCTGAGAGCTATTCAATGCATGCTCGGACATGAATCAATTTCGACCACCGAGATTTACACACATATCGACCGTAATATGCTGCGAAGTGAAATCATAGAACACCATCCGCGCAACATCAAATATCGGCAAGAAAAAAGGCATTTCAAT

AAACAATAAAGTCTGGTTTGGCGTTATTTAGAGAGAGAAATAGTGCTGAACAGCTCAGGAATGCGACAGTTTTCATTAAATTATAATAAAATTAAGGGTGTATTTGCCTAAATGTATAAGAATTAATATCTTTGCGTGGCATTTATGGGCAATCCACAGATGCGTATTGAATAGACAAAATTTCAATTACAA

ACATTTAATTTATACCTAAAATGATCAAGAAGTTGTATTTGCCTTTACTTATGGCATTGGTTGTTGCATTGTCATCATGTAGCAACAAAATGGGTGCACTGTCATCTGATTACTTCACTACGACTCCTCAGGTACTGGAAGCTGTAGGTGGTAAAGTTCCTGTGACTATCAACGGAAAGTTCCCTGAAAAG

TATTTCAAAAAGAACGCAGTTGTTGAAGTAACTCCGGTCCTGAAATGGGAAGGTGGACAAGTGAAAGGACAGCCTGCTGTATTCCAGGGTGAAAAGGTAGAAGGTAACGACCAGACTATCTCTTACAAGATGGGTGGTAATTACACGATGAAAACTACATTCGACTATGTTCCTGAAATGGCTAAGTC

TGAACTGTACCTTGAATTCAACGCAAAAGTTGGAAAAAAAACAATCGCTATCCCTGCAGTGAAGATCGCAGACGGTGTGATCTCTACTTCTGAATTGATTAACAATACTTTGAGCAGCGCTAATCCGGCTTTGGGTGACGACGCTTTCCAACGTATCATCAAAGAAGCACACAACGCTAACATCATGTT

CCTTATCCAACAGGCTAACATCCGTTCAAGCGAATTGAAAACCGCTAAGGAATTCAACAAGGAAGTTGCTAACGTAAACGATGCAGAAAACAAAAAGATCAGCAATATCGAAATTTCGGCTTATGCTTCTCCTGATGGTGGTGTGAAACTGAACACAGGTTTAGCTGAGAACCGTGAAGGTAACACTA

CTAAACTGATCAATAAAGACCTGAAGAAAGCTAAAATCGAAGTTCCGGTTGATGCTAAATATACTGCTCAAGACTGGGAAGGTTTCCAGGAACTGGTTTCTAAATCAAACATTCAGGATAAAGAACTGATTCTTCGTGTTCTGTCTATGTATCAGGATCCGGAACAAAGAGAGACAGAAATCAAAAACAT

CTCTTCTGTATACAAAACTTTGGCTGACGAAATCCTGCCGCAGTTGCGTCGTTCTCGTTTGACTTTGAACTATGAAATCATCGGTAAGTCTGATGAAGAAATCGCTAATCTGGCTGCAACAGATCCGAAACAGTTGAATCTGGAAGAAATCCTGTATGCTGCTACACTGACTAACGACCCGGCTAAGAA

AGCTGACATCTATACAAAAGCTTCTCAGCAGTTCCCGAATGACTACCGTGCATTCAACAACTTGGGTAAACTGGCTTATCAAGCAGGTGATTTGGACAAGGCTCAATCATACGTGAAAAAAGCAGAAAGCATTAAAGCTGCTCCTGAAGTAAACATGAACTTAGGTTTGATCGCTCTGGCTAAGGGTG

ACAAAGCTGCTGCTGAGTCATACTTAGGTAAAGCTGCCGGTGCTAAAGAACTGAACGAAACATTGGGTAACCTGTACGTAGCTCAGGGACAATACGAAAGAGCAGTAAACGCATTTGGAGACACTAAAACAAACAGTGCTGCTTTGGCACAGATCCTGGCTAAGGACTACAACAAAGCTAAAAACAC

TTTGGCTGGTATCTCAACTCCGGATGCTTACACA 

≈ 0.2% of data from the machine → 

 Put data in to big computer → 

  Push button on big computer 
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Results from big computer (P. goldsteinii) 

WHAT??? 
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• No single completely perfect method for carbapenemase characterization  

 

• Use a mixture of methods if possible 

 

• Whole genome sequencing is definitely an excellent confirmatory tool 

 

 

  Thank you for your attention! 

 

→ the second ”mentometerfråga” 

Conclusion 


