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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 ”"mentometerfraga”
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The Danish situation

High rates of reduced susceptibility in the
Bacteroides fragilis group isolated from blood
cultures - The first national survey in Denmark

Table 1
Percentage of Bacteroides fragilis group isolates from the study with reduced susceptibility (I/R) according to European Committee on Antimicrobial Susceptibility Testing
(EUCAST) clinical minimum inhibitory concentration (MIC) breakpoints.?

Bacteroides sp. (n) TZP (S =8 mg/L; R> 16 mg/L) MER (S =2 mg/L; R>8mg/L) CLI (S =4mg/L; R>4mg/L)®
B. caccae (2) - - P 3
B. cellulosilyticus (5) - 20% (1/0) 40% (-/2)
B. dorei (4) - - -
B. fragilis (76) 2.6%(1/1) 3.9%(2/1) 19.7% (=/15)
B. ovatus (4) - - -
B. thetaiotaomicron (21) 38.1%(8/0) - 47 6% (-[10)
B. vulgatus (2) - - 50% (-/1)
Parabacteroides distasonis (4) - - 25%(=/1)
Total (118) 8.5%(9/1) 3.4%(3/1) 24.6% (—(29)
I, intermediate-susceptible; R, resistant; S, SUSM piperacillin/tazobactam; MER, mlmpr\ém!mﬁ_l, clindamycin.

2 Numbers of I/R are given in parentheses.
b There is no intermediate-susceptible category for clindamycin.

Letters to the Editor / International Journal of Antimicrobial Agents 42 (2013) 187-193
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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 5
—& ]S forward IS
IS reverse <
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Metronidazole mechanism of action
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Region

Metronidazole-resistance

e Rare, in otherwise susceptible species

(Bacteroides, Prevotella, Clostridium)

e Resistance mechanism: nim genes (A-J)

— encodes a nitroimidazole reductase
— chromosomal or on a plasmid

e The nitroimidazole reductase converts

metronidazole to non-toxic metabolites

e The prescense of a nim gene is NOT equal to

resistance and resistance is NOT equal to the
prescense of a nim gene
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Phenotypic tests — the Gold standard

e Agar dilution for MICs

e Impossible in a routine laboratory
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Phenotypic tests

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

e Gradient strips (breakpoints according to EUCAST)

e Meropenem-EDTA or imipenem-EDTA doubble-Etest
— demonstrate MBL (cfiA mediated?)

9
Bacteroides fragilis
: - - ™ o ATCC 25285
o) ML+
Bacteroides fragilis ol
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Pseudo metronidazole-resistance

Clostridium perfringens DSM 25589

-

Metronidazole zone diameter (mm)
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Fig. 2. Results from Part I of the study. The metronidazole zone diameter versus the
oxygen level in the Anoxomat jar system. The median with range is shown (n = 12 at
each oxygen level).

Ly 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

OUH
Odense Universitetshospital

10



The new methods for detecting resistance

e MALDI-TOF

e Whole genome sequencing (WGS)

11

~. OUH
Region Syddanmark Odense Universitetshospital




Methods available for antimicrobial susceptibility
testing with MALDI-TOF

= resistance

1) Demonstrafi

(e.g.

2) Demonstrating break down of an antibiotic

(e.g. hydrolysis by a beta-lactamase) 12

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

A Johansson et al. / Anaerobe 26 (2014) 4952 51
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Fig. 1. Intact ertapenem display the following peak pattern: 476.5, 498.5, 520.5 and 542.5 Da, and is shown in the upper part of the figure. Hydrolyzed ertapenem display the
following peak pattern: 450.5, 472.5, 494.5 and 538.5 Da. The hydrolysis of ertapenem by a ¢fiA-positive B. fragilis strain is shown in the middle segment. The lower part of the figure
shows the pattern of intact ertapenem when a cfiA-positive B. fragilis strains has been incubated with DPA, which acts as an inhibitor for metallo-fi-lactamases.

\A"Y Johansson et al. Anaerobe. 2014
Region Syddanmark

Contants fists available at ScianceDiract

Anaerobe

journal www.elsevier

Clinical microbiology

Detection of carbapenemase activities of Bacteroides fragilis strains ®m.m
with matrix-assisted laser desorption ionization — Time of flight mass
spectrometry (MALDI-TOF MS)

Asa Johansson ™", Elisabeth Nagy ", Jozsef S6ki”, on behalf of ESGAI (ESCMID Study Group

on Anaerobic Infections)

*Department of Cleicl Micrabiokgy, Virendigatan 8, 35135 Vi Sweden
“sitge of Clnicat Mircdloogy, Focaly of Genera Modicine, Uiversty of Seged, Sz, Hungry
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Anaerobe
MALDI-TOF — hydrolyse assay
Clinical microbiology
Dgrection pf c:jn-rh-apenernase f1ctivi‘ties‘ of}?ur{temide.ﬁ fragilis §trains 5 @mwm
with matrix-assisted laser desorption ionization — Time of flight mass
spectrometry (MALDI-TOF MS)
Asa Johansson ™", Elisabeth Nagy ”, Jozsef S6ki°, on behalf of ESGAI (ESCMID Study Group
on Anaerobic Infections)
Table 1 -
Description of strains used in the study and the results in the ertapenem hydrolysis assays measured by MALDI-TOF MS.
B. fragilis IS element PCR detection Imipenem Ertapenem Ertapenem Inhibition Reference
of cfiA gene MIC (mg/L) MIC (mg/L) hydrolysis DPA

TAL3636 15942 - =256 =32 - + [14]

1672 151186, (154351)" + >32 >32 + + [15]

2944 156148 + =32 =32 + + [15]

1776 15614B - =32 =32 - + [15]

2685 156148 + =32 =32 + + [15]

4729 151187 + =32 =32 + + [15]

6712 156128 - =32 =32 - + [15]

16997 - - 16 16 - + [15]

388 - - 2 + + [15]

BF8 (BFr81) - + 4 + + [16]

72 - 4 2 - —17]

224?4;1 -~ Imipenem R > 8 mg/L ; + Ertapenem R > 1 mg/L s study

- e r 7]

16827 - + 2 + + This study

AA-137-TH - + 32 + + This study

12-538566 - + 8 + + This study

G638R - - 0.064 0.125 - NT® [17]

43 - - 0125 0.125 - NT This study

363 - - 0125 0.125 - NT This study

51981/1 - - 0.032 0.25 - NT This study

38860/1 - - 0.25 0.5 - NT This study

560012 - - 0.5 0.125 - NT This study

383602 - - 0.25 0.5 - NT This study

664 - - 0.125 0.25 - NT This study

430 - - 0.064 0.125 - NT This study

461 - - 0125 0.125 - NT This study

76240 - - 0.5 0.5 - NT This study

“ Not tested.

b IS element in parenthesis was detected in the genome, but not upstream of the ¢fid gene [15].

o OUH
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Not quite there with MALDI-TOF — yet!

e 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

- with the

MALDI BioTyper Antibiotic Susceptibility Test Rapid Assay

17

- MBT-ASTRA
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Workflow MBT-ASTRA

The boxes = variables
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MBT-ASTRA — measuring the AUC
SUSCEPTIBLE STRAIN RESISTANT STRAIN
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= 2z
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= =y
g § ‘ ‘ ‘
£ £
Mass Mass
RS IS = internal standard Odense Universitetshospital




A VY 4 e b
MBT-ASTRA and Bacteroides fragilis ATCC 25285*

AUC
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MBT-ASTRA and Bacteroides fragilis

Resistant and suscpetible — can we detect a difference?
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TZP: piperacillin-tazobactam
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Still some work ahead

e Quantifying the level of resistance from the AUC

e |solates close to the breakpoint will probably be a challenge!

22
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A few cases with a little WGS

23
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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?

~. OUH
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WGS workflow for dummies

. Data from machine
Sample on machine

. OUH
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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
GAAGCTTGACATGCGTATCCCGATAAAGAGCTTTCAGGTA'I_I'CACCTTC'I_I'CATCGATATGCT'I_I'AGGATATATTCGTCTAAAAGATCGGTCTCTTTCATCTCATCCTACAGATAACGGTTGCTGTTAGGCAATACACTGTCACCGGCATGCTTCAAAGCATCTTCCACGACATTGATCTCAAGGAAAG2 6
GGTTTGTGTCCCGGCTTTACCGCTACTCAGATAACCCACCATATCAGTAGGATGTAAACGTCCTTCTTTCAATAAACGACGCAGAGCGGCAAAATAATACTCCTGTCCGTTGGCCAACTCAGGCATGTAGATCGCCTCCACTCCATAAGAGAGTGCCAGGTGACGCATCGTTTTCTCCTTATAACAA
TGGCAAGCACCGGATATTTACCACGGAAAGCAGCCAGATTACGTGCAGTGCGCCCTTGATAGCTATCAGTAATGATAGCGCGTATTTTTAGTTTAGTAGTTGCTTTCACAGCCTGTTTGGCAAGGAAAGCAGTCACGTCATTACTATTCTCATCCAGAGGAATACGGATATCATTTTCTTCCAATTTGTC
TTTTTCAGCCTGTGCAGCAATCTTAGTCATGGTTTTCACAGCCTCCACCGGATATTTACCATACGCGGTTTCACCACTCAACATCAGAGCATCCGTACGATAATAGATAGCATTCGCAATATCGGTTACTTCAGCACGAGTCGGACGCGGATTATTTATCATCGTATGTAACATCTGTGTAGCTACGATT
ACCGGCTTCTTGGCAAGAATACATTTACGTATCAATGTACGCTGAATTCCCGGAATGCGTTCCTGTGGAACTTCAATACCCAAGTCACCGCGAGCTACCATCACTCCATCAGCAACTTCCAGAATCTCATCTATATTATCTACACCTTCTTGATTCTCTATCTTAGCAATAATACGGATATCGCTGTTGT
GTGCATCCAGAATTTCACGAATATCAAGCACATCCTGACGGTTACGTACAAAAGAATGTGCTATGAAATCGATATCTTTTTCTATCGCATAAAGAATGTTATTACGATCTTTTTCAGTCAGAGAAGGCAGGTTGATGCGGACCCCGGGAACATTTACACTCTTACGGCTCCCCAAGGTTGCTTCATTCTG
CACCTCACAAAGTAAATATTCGGACGTTTTATCAATAACCCGCAACTCAAGATCACCATCGTCAATCAAAATAGTTCCACCTATATTCAGATCGTGTACGAAATTCGGATAAGAAACGGCAATACATTCACGGGTAGTCTCACGTTCGGGATCCCCCACAATTTTAACCTTCTCGCCAATCTGATAAAGT
ATTGGTTCCGCATTGGCAGTGGTACGTACCTCCGGACCTTTAGTATCCATAAGGATAGCGATGCGATTGGACACGGTACGAACATTGGCAATCAACGCTTCAAACCCTTCACGACTGGCGTGAGCTGTGTTCATACGAACCACATTCATCCCTGCATCAAACAACTCTTTTATAAAATCTACATCGCA
ACGTCTGTCTGAGATGGAAGCTACGATTTTAGTCTGTTTCAGCAACATAATCTATCTACCTATTTATATTTATACCTATTTATCTAATAAAGCCTCAAGTGCCAGACGATATGAGTTCAATCCAAATCCACAAATCACACCTTTACAGGCACAAGCAATCATAGAAACATGACGGAACGACTCGCGGGCAT
GAACATTGGAAATATGAACCTCAATCACAGGAGAGGGAACGGAACGGATGGCATCCTGCAAAGCAATGGAAGTGTGCGTATAAGCTCCTGCATTCAAAATGATTCCATCCACATCGAAACCGGTCTGCTGAATTTTATCTATCATTTCTCCTTCAACGTTCGACTGGAAATAACCCAACTCCACATCG
GGATATTTTTTACGAAGCTCACCTAAATACTCTTCAAATGTAACGCTTCCATATATAGAAGGTTCACGCTTGCCCAAAAGATTAATATTGGGACCATTAATAATTTGTATCCTCATAACACAATCCTGCTATTTTTAATACCTTTGTCTTCGAGAACAATATTTCAAGATGCAAAGGTAGAAAAAAGAAATGA
AATTAGACGAAAAAACAAAAAAGAAGGATGTGCAAGGGTTGATTATCAAAAAGTACCAACAGTATCTGAAACTGGAAAAGTCATTATCCGAAAACACATTGGATGCTTATTTGACGGATTTGGACAAGCTATTGAACTTTTTATCGGCCGAAGGTGTGGATATACTGGAAATCAGCCTGAAAGACCTTCA
GCGTTTTGCAGCCGGACTGCATGATATCGGTATCCATGCCCGGTCACAGGCACGCATCATTTCCGGCATCAAGTCTTTCTTCCATTTTCTGATAATGGCCGATTATATAGAAGCTGATCCGAGTGAATTACTGGAAGGTCCCAAGATTGGTTTTAAACTACCGGAAGTATTGACTGTAGAGGAAATAGA
CCGTATCATCTCAACTGTAGATCTGAGCAAAAATGAGGGACAGCGAAATCGGGCAATATTGGAGACACTCTATAGCTGTGGTTTACGGGTTTCGGAATTAACCAACTTAAAACTATCAGATCTTTATTTTAATGAAGGATTCATTAAAGTAGAAGGAAAAGGTAGTAAACAACGATTGGTGCCCATCTCC
CCCAGAGCCATTCAGGAAATAAAATACTATTTCATGGATCGAAACCGGATTAACATAAAAAAAGATTATGAGGATTATCTGTTTTTAAGCAGACGGGGAACACACCTATCACGTATCATGATCTTTCATCTTATCAAAGAACTGGCCGATATGGCAGGTATCACCAAAAACATCAGTCCACACACATTCC
GGCATTCTTTCGCAACACACCTTCTTGAAGGAGGCGCCAACCTGAGAGCTATTCAATGCATGCTCGGACATGAATCAATTTCGACCACCGAGATTTACACACATATCGACCGTAATATGCTGCGAAGTGAAATCATAGAACACCATCCGCGCAACATCAAATATCGGCAAGAAAAAAGGCATTTCAAT
AAACAATAAAGTCTGGTTTGGCGTTATTTAGAGAGAGAAATAGTGCTGAACAGCTCAGGAATGCGACAGTTTTCATTAAATTATAATAAAATTAAGGGTGTATTTGCCTAAATGTATAAGAATTAATATCTTTGCGTGGCATTTATGGGCAATCCACAGATGCGTATTGAATAGACAAAATTTCAATTACAA
ACATTTAATTTATACCTAAAATGATCAAGAAGTTGTATTTGCCTTTACTTATGGCATTGGTTGTTGCATTGTCATCATGTAGCAACAAAATGGGTGCACTGTCATCTGATTACTTCACTACGACTCCTCAGGTACTGGAAGCTGTAGGTGGTAAAGTTCCTGTGACTATCAACGGAAAGTTCCCTGAAAAG
TATTTCAAAAAGAACGCAGTTGTTGAAGTAACTCCGGTCCTGAAATGGGAAGGTGGACAAGTGAAAGGACAGCCTGCTGTATTCCAGGGTGAAAAGGTAGAAGGTAACGACCAGACTATCTCTTACAAGATGGGTGGTAATTACACGATGAAAACTACATTCGACTATGTTCCTGAAATGGCTAAGTC
TGAACTGTACCTTGAATTCAACGCAAAAGTTGGAAAAAAAACAATCGCTATCCCTGCAGTGAAGATCGCAGACGGTGTGATCTCTACTTCTGAATTGATTAACAATACTTTGAGCAGCGCTAATCCGGCTTTGGGTGACGACGCTTTCCAACGTATCATCAAAGAAGCACACAACGCTAACATCATGTT
CCTTATCCAACAGGCTAACATCCGTTCAAGCGAATTGAAAACCGCTAAGGAATTCAACAAGGAAGTTGCTAACGTAAACGATGCAGAAAACAAAAAGATCAGCAATATCGAAATTTCGGCTTATGCTTCTCCTGATGGTGGTGTGAAACTGAACACAGGTTTAGCTGAGAACCGTGAAGGTAACACTA
CTAAACTGATCAATAAAGACCTGAAGAAAGCTAAAATCGAAGTTCCGGTTGATGCTAAATATACTGCTCAAGACTGGGAAGGTTTCCAGGAACTGGTTTCTAAATCAAACATTCAGGATAAAGAACTGATTCTTCGTGTTCTGTCTATGTATCAGGATCCGGAACAAAGAGAGACAGAAATCAAAAACAT
CTCTTCTGTATACAAAACTTTGGCTGACGAAATCCTGCCGCAGTTGCGTCGTTCTCGTTTGACTTTGAACTATGAAATCATCGGTAAGTCTGATGAAGAAATCGCTAATCTGGCTGCAACAGATCCGAAACAGTTGAATCTGGAAGAAATCCTGTATGCTGCTACACTGACTAACGACCCGGCTAAGAA
AGCTGACATCTATACAAAAGCTTCTCAGCAGTTCCCGAATGACTACCGTGCATTCAACAACTTGGGTAAACTGGCTTATCAAGCAGGTGATTTGGACAAGGCTCAATCATACGTGAAAAAAGCAGAAAGCATTAAAGCTGCTCCTGAAGTAAACATGAACTTAGGTTTGATCGCTCTGGCTAAGGGTG
ACAAAGCTGCTGCTGAGTCATACTTAGGTAAAGCTGCCGGTGCTAAAGAACTGAACGAAACATTGGGTAACCTGTACGTAGCTCAGGGACAATACGAAAGAGCAGTAAACGCATTTGGAGACACTAAAACAAACAGTGCTGCTTTGGCACAGATCCTGGCTAAGGACTACAACAAAGCTAAAAACAC
TTTGGCTGGTATCTCAACTCCGGATGCTTACACA
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Results from big computer (8. fragilis)
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Case: Blood culture with B. fragqilis

Mikrobiologen, Sunderby sjukhus, Lulea

MIC (mg/L)
Imipenem: 12
Meropenem: >256

Piperacillin-tazobactam >256

Clindamycin 2
Metronidazol 0.25

imipenem-EDTA doubble-Etest NEGATIVE!?

Mechanism?

/|
Region Syddanmark

OUH
Odense Universitetshospital

28



A VY 44 e A
Phenotypic tests

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

29

MALDI-TOF with the right peaks = cfiA+ -

Odense Universitetshospital




Case: Blood culture with Parabcteroides goldstenii

Odense Universitetshospital

MIC (mg/L)
Meropenem: >256
Piperacillin-tazobactam >256 30
Clindamycin >32
Metronidazol 0.25

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

Mechanisms?

- OUH
Odense Universitetshospital




WGS workflow for dummies

. Data from machine
Sample on machine

. OUH
Region Syddanmark Odense Universitetshospital

31




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
GAAGCTTGACATGCGTATCCCGATAAAGAGCTTTCAGGTA'I_I'CACCTTC'I_I'CATCGATATGCT'I_I'AGGATATATTCGTCTAAAAGATCGGTCTCTTTCATCTCATCCTACAGATAACGGTTGCTGTTAGGCAATACACTGTCACCGGCATGCTTCAAAGCATCTTCCACGACATTGATCTCAAGGAAAGS 2
GGTTTGTGTCCCGGCTTTACCGCTACTCAGATAACCCACCATATCAGTAGGATGTAAACGTCCTTCTTTCAATAAACGACGCAGAGCGGCAAAATAATACTCCTGTCCGTTGGCCAACTCAGGCATGTAGATCGCCTCCACTCCATAAGAGAGTGCCAGGTGACGCATCGTTTTCTCCTTATAACAA
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 =
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Results from blg computer (P. goldsteinii)
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Conclusion

* No single completely perfect method for carbapenemase characterization
e Use a mixture of methods if possible

e Whole genome sequencing is definitely an excellent confirmatory tool 34

Thank you for your attention!
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