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Antibiotic susceptibility testing (AST)

« Fundamental to diagnostic bacteriology

* Quantitative methods (MIC, mg/L)
- agar or broth dilution
- gradient strips (Etests, MICE)

* Qualitative methods (S/I/R)
- disc diffusion
- agar incorporation breakpoint method

 Automated methods

« “Microbiologists do it with culture and sensitivity” !

Nordic AST, 13th May 2015 © Crown Copyright
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Testing for resistance mechanisms

28sac

Derepressed AmpC

s8sac Detection of metallo-p-lactamase
with the Etest

{ o 33@&!‘.‘.‘0@«»«"
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A metallo-B-lactamase in Ps.aeruginosa confers resistance to
imipenem. The Zn-dependent enzyme is inactivated by the
chelating agent EDTA, reducing the MIC by 8-fold or greater.

Derepressed
colonies within
cephalosporin
zones (inducible
AmpC-producing
strains can become
permanently
derepressed)

Nordic AST, 13th May 2015 © Crown Copyright

gesac Double-disc tests for ESBLs
(E coli with TEM-5

Ceftazidime 30ug |

Cefotaxime 30ug

Use clavulanate (co-amoxicla: s in proximity to cephalosporin discs. The distance
between discs is critical. Any distortion of zones indicates ESBL
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Mechanisms of antibiotic resistance
Intrinsic or acquired
Drug modification / inactivation

Drug target modification

° o_ antibilorics s .
0_ =/ v & Q- \ Reduced accumulation of drug
0 /f:,;;‘m" . ;;!;(v\;;z - reduced cell permeability (less in)
XY QX g efflux (more pumped out)
7 : ,
o antib-..stgenﬁ & - Alternative metabolic pathways (by-pass)

Effective bioinformatics pipeline for
prediction of resistance most likely:

family, genus or species specific

based on known genetic
mechanisms

4 Nordic AST, 13th May 2015 © Crown Copyright
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Susceptibility or resistance ? complex interplays

External [drug]

Outer Membrane

— VEntry + VEfflux

Periplasmic [drug]

VHydronsis
7 P B
Peptidoglycan ; s
. i ¥ F
PBP PBP PBP PBP VBinding

Cytoplasmic Membrane

5 Nordic AST, 13th May 2015 © Crown Copyright
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Interpreting AST data

MICs or zone sizes: meaningless unless interpretative criteria applie

- clinical breakpoints indicate likelihood of therapeutic success (S) or
failure (R) of antibiotic treatment based on microbiological findings

- ECOFFs (epidemiological cut-off values) differentiate wild-type from
Isolates with an acquired resistance mechanism
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Breakpoints

Nordic AST, 13th May 2015 © Crown Copyright
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ECOFFs are lower than clinical breakpoints

Ciprofloxacin / Escherichia coli
Antimicrobial wild type distributions of microorganisms - reference database
EUCAST

SOF

“Wildtype™  fEUCAST determines epidemiological

cut-off values for early detection of
resistance

ECOFF: WT < 0.032 mgll.j

3° 20
10
| | IS o) 1 g 1 1 |
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@0 a0 00 o w
Yi o o o o o © © O — ™N T M W N T MW o
= m O N wn
mg/L N
_MIC — 8011 observations (14 data sodces
~Epidemiological cut-off: WT < 0.@ Clinical breakpoints: S < 0.5 mag/L, R=1 mg/L

7 Nordic AST, 13th May 2015 © Crown Copyright
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Need to revolutionize AST

Much antibiotic prescribing is empiric (= best guess)
« ? likely bacterial infection; ? likeliest pathogens; ? likely susceptibility

We need faster, accurate diagnosis of (resistant) infections

* Dbetter antibiotic stewardship
» reduce length of or eliminate need for broad-spectrum empiric therapy

* reduce selection pressure and collateral damage

Molecular detection of resistance genes / mutations
« asurrogate for rapid AST

Nordic AST, 13th May 2015 © Crown Copyright
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Gonorrhoea: a paradigm for better AMR diagnostics

« International approach to treatment
« Recommendation changes when resistance rate exceeds 5%
« Many patients are over-treated to prevent under-treating a few

« Gonococci in UK (2013):
« >80% are PEN-susceptible
« >70% are CIP-susceptible

Stewardship

* Neither drug is used
Efficacy

« Can’t detect AMR at presentation

Nordic AST, 13th May 2015 © Crown Copyright
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What can WGS offer ?
| PhenotypicAST | WGS-based AST _
Measures susceptibility v X
Resistance mechanisms v (limited) e
ECOFF (WT vs. non-WT) v v
Clinical resistance (S vs. R) v ? (must be inferred)
Additional data X a4
Suitable speed v (most) X (most)
X (e.g. TB) v/ (e.g. TB)
Cost v X

10 Applied Bioinformatics & Public Health Microbiology, 7th May 2015 © Crown Copyright
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AMRHAI and WGS

11

MLST 75475,

Allele identification
(best match: 0 SNP, 0 indel)

Sequence Type identification

Ref alleles
Mult fasta

Mapping (bowtie / mbwa) |

Ref genes
Multi Fasla

SNP calling
GATK2
VCF files

Phylogenetic analyses

Gene profile
Toxins

Resistance
virulence

Ref
genome

VCF
dalabases

| ]

« S. aureus ; Enterobacteriaceae; P. aeruginosa

Nordic AST, 13th May 2015 © Crown Copyright
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S. aureus - |

QO Acquired antimicrobial resistance genes
Beta-lactams :blaZ, mecA, mecC
Aminoglycosides :aacA-aphD, aphA3, aphD, aadE, aadD, spc, str
Chloramphenicol : cfr, cat

MLS . ermA, ermB, ermC, ermT, ermY, mphC, msrA, IsaB,
InuA, InuB, vgaA, vgaB, vgaA

Fusidic acid . fusB, fusC

Glycopeptides . vanA, vanB, vanC

Tetracyclines . tetk, tetL, tetM, tetO

Trimethoprim . dfrA, dfrC, dfrD, dfrG, dfrK

Mupirocin : mupA, mupB

Linezolid . cfr

12 Nordic AST, 13th May 2015 © Crown Copyright
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S. aureus - I

0 Chromosomal mutations associated with antimicrobial

resistance

Ciprofloxacin . gyrA, glrA
Trimethoprim . dfrB
Mupirocin L ileS
Fusidic acid . fusA
Rifampicin . rpoB
Linezolid : 23S rRNA

13 Nordic AST, 13th May 2015 © Crown Copyright
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S. aureus: WGS genotype vs. AST
_ Genotype S Genotype R Genotype R Genotype S
Streptomycin | 357 6 17 14 4.88
307 3 68 16 4.74
304 0 75 15 3.81
304 0 90 0 0.00
65 6 319 4 2.54
209 7 171 7 3.55
114 0 33 5 2.99
315 5 71 3 2.01
254 6 131 3 2.28
319 1 68 6 1.76
370 5 14 0 1.29
374 0 16 1 0.25
394 0 0 0 0.00
3686 39 1073 74 @
Major errors, 0.8% Very major errors, 1.5%

14  Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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AST error ratings

« Major error = a susceptible isolate reported resistant

* Very major error = a resistant isolate reported susceptible

« potential for inappropriate therapy !

15 Nordic AST, 13th May 2015 © Crown Copyright
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S. aureus: WGS genotype vs. AST

Major errors

| PhenotypeS _____|Potential reasons |
I GenotypeS  Genotype R

0 39 Expression, stability, MICs
Very major errors

|| ___PhenotypeR__MIC ma/L__| Potential mechanisms

Genotype Genotype

R S
68 16 2-4 (16/116) Efflux
 Ciprofloxacin |7 15 2 (15115) Efflux

Moxifl

319 PBPs, Efflux
171 4 (417)  PBPs, Efflux
33

2-4 (4/5) Efflux, Ribosomal proteins

90 0
prim

- OO W WL ~NDd

: 71 Efflux, Ribosomal proteins
. 131 Ribosomal proteins
68 14 (5/6)  Permeability
16 1 (11)  Permeability

16  Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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Enterobacteriaceae: Panel of targets

In house database of ~1600 resistance genes
covers all classes of antibiotics

Chromosomal mutations associated with
antimicrobial resistance

ciprofloxacin : gyrA, girA
rifampicin . rpoB

17 Nordic AST, 13th May 2015 © Crown Copyright
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CPOs in the UK

V] i-I i Basi nt =S ari MEtriC
Klebsiella spp - carbapenem % non-susceptible to imipenem and/or
meropenem
E. coli - carbapenem
1800
E. coli - cephalosporin 1600
E. coli — fluoroquinolone 1400
Pseudomonas - carbapenem 1200

:

N. gonorrhoeae — ceftriaxone

Klebsiella spp - cephalosporin 800

600
Pseudomonas — cephalospori

400
E. coli — gentamicin

200
S. pneumoniae — penicillin

o —_— —_ P | . [ | ._|

2000 2001 2002 2003 2004 2005 2006 2010 2011 2012 2013 2014

Frequency

Descriptor  +

18 Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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(WGS)

WGS for CPE GES 12 (4)
IMI 4 (4)
* First CPE of different bacterial ID from IMP 12 (6)
each new patient KPC 844
« Excludes KPC-producers from two k)
NW England hospitals NDM 290
(201)
 |solates with unexplained carbapenem OXA-48-like 383
resistance (284)
" m Citrobacter spp. NDM + 28 (21)
Enterobacter spp. OXA-48-like
= col VIM 75 (48)
Klebsiella spp. Total 1651
= others (766)

19 Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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WGS vs. gene-specific PCRs for carbapenemases

« Overall excellent agreement

arbapenemase mmmm—

-

‘NDM 0 0  NDM-1, NDM-5, NDM-7

152 152 0 0 OXA-48, OXA-181, OXA-244, OXA-232
92 92 0 0 KPC2,KPC3

vim BT 29 0 0 ViM4

‘M 4 3 0 (D) M1, 1MP-8

2 2 0 0  GESS

e 2 2 0 0 SPM1

0 0 12

« Good for finding rarer carbapenemases or novel variants
 GES-5, novel IMI variant

20 Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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carbapenemase producers

Wild-type Carbapenemase

7 7

ESBL / AmpC + porin loss
or true carbapenemase ?

0.25 16 Carbapenem MIC
* Not all CPE are resistant to carbapenems
* Not all carbapenem-resistant Enterobacteriaceae are CPE
« Human experts, subjective : computer algorithms, poor specificity

21 Nordic AST, 13th May 2015 © Crown Copyright
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Combinatorial resistance: WGS vs. AST

Table 1

Comparison of WGS and Reference Lahoratory Testing of Carbapenem-Resistant

Gram-Megative Bacteria

Organism Isolate Phenotypic Resistance Attributable Resistance Dominant Resistance
No. to Carbapenems and Mechanism According to Mechanism Based on WG SP
Third-Generation Reference Lahoratory®
Cephalosporins
Acinstobacter baumannii AB223  MEM, IPWE DA -23 carbapenemase OHL-23 carbapenemase
Enterchacter cloacae EC1at ETP, MEM, IPM, CTZ, CAZ INMP-1 cartbapenemase IP-1 carbapenemase
B cloacas ECz02 ETP, CTH, CAZ Mo carbapenemase genes detected. Mo carbapenemase genes detected.

Amp T activity present OmpF porin loss

Flahsiella preumaonias EP6s2 § ETP RCTEH, CAZ Mo carbapenemase genes detected. Mo carbapenemase genes detected.
EZBEL actrnty consistent with CT3-30 B CTEH-W-15 ESBL with OmpE 26 ponn loss

ETF resistance consistent with potin loss

Eecherichia coli Ecoz16Q ETP RCTE, CAZ Mo carbapenemase genes detected. Mo carbapenemase genes detected.
ESBL actinty present. CTH-WI-15 ESBL with OmpF porin loss

ETF resistance consistent with porin loss

Reuter et al., 2013. JAMA Intern
Med 12;173:1397-404

22 Nordic AST, 13th May 2015 © Crown Copyright
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Salmonella: WGS genotype vs. AST

_ Genotype S Genotype R Genotype R Genotype S
oramg 580 2 39 3 0.78
Sulfonamide 466 1 149 8 1.40
Tetracycline = 467 3 151 3 0.93
Trimethoprim 562 3 57 2 0.78
Ampicilin__ [T 5 134 1 0.93
sfotaxim eftazid 618 1 5 0 0.16
619 1 a 0 0.16
Cefoxitin [V 0 7 5 0.78
478 4 138 4 1.25
Nalidixicacid 485 2 127 10 1.87
(Gentamicin @ 608 1 14 1 0.31
Tobramycin [T 2 8 1 0.47
622 0 1 1 0.16
Streptomycin 486 18 119 1 2.96
I 700 43 953 40
622 samples Major errors, 0.5% Very major errors, 0.5%

AMRHAI & GBRU,

23 Nordic AST, 13th May 2015 © Crown Copyright
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24  Nordic AST, 13th May 2015 © Crown Copyright

The Resistome of Pseud aerugi
Phenotypic Susceptibility

in Relationship to

Veronka N, Kos." Maxime Déraspe.” Rober: £ Mclaughin,® lames O, Whiteaker,” Pact M, Roy.” Richard A, Alm.” Jscques Corbell”
Hurmgheey Gardner

My dlinicel solates of thelr resistance to a wide
variety of icx, Key genetic of resistance were identified |hmp'l gevome sequences of 90 clinical isolates of
P. arruginoss, obtsined from: diverse grographic lncations collected between 2003 and 2012 and were related to microbinlogical
susceptibilicy data for merapencns, levotloxacin, and smikacin. B Lactamases snd integron cassette arrangements were cariched
lineages of seq ypes ST inantly O12) and ST235 (O11). This study dem-
ING relevant resistance clements and Bighlights the diversity of
is vatuable in the design of di scs and therapen-

F

onstrates the utility o‘
resistance determinants within P, seruginosa, Th
tics for the treatment of P. aeruginosa infections.
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1158 AST results: 88.9%
WGS concordance
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of resistance, toxic the comesponding PAOL penes {1,278) were used (n pay a
difficsle colitis (10 Witk the ever increasieg incidence of bactesial o Sequences were aligned using she MAFFT aligner {181, & =
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19
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mechanisms and to determine the extent to which NGS can reli- e
1pe to mppost and better defire 1 nonsuscep-
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Meta-analysis: WGS for resistance prediction

Number Phenotype R Phenotype S Total

Ref Species isolates WGS =R WGS=S |WGS=R| WGS=S ASTs
Kos P. aeruginosa 388 398 56 631 1158
Stoesser E. coli 74 166 13 337 518
Stoesser K. pneumoniae 69 176 8 289 483
Gordon S. aureus 501 1069 9 4087 5187
AMRHAI S. aureus ? 1073 39 3686 4872
AMRHAI Salmonella 622 953 43 7700 8736
3835 168 16730 20954

R e

Concordance =98.1%

Very Major errors = 1.1%

Sensitivity 94.6%  (93.8 - 95.2%)
Specificity 99.0%  (98.8 - 99.2%)
Positive Predictive Value 95.8%  (95.1 - 96.4%)
Negative Predictive Value 98.7%  (98.5 - 98.9%)

25 Nordic AST, 13th May 2015 © Crown Copyright AMRHAI, unpublished
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WGS-based detection of resistance

 Detects known mechanisms well

* but only as good as available sequence data

* need curated and iterative databases
 Most WGS errors vs. AST are very major (= failure to find mechanism)
* need better algorithms to predict resistance in ‘hit-negative’ isolates

« Unexpressed resistance mechanisms seem uncommon

« Would you base treatment on a negative WGS result ?

26 Nordic AST, 13th May 2015 © Crown Copyright
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Opinion: WGS-based genotypic antibiograms

« should ‘'soon’ replace much AST for surveillance purposes
* low impact of the low error rate

 could ‘soon’ reduce need for AST in reference laboratories unless

* to guide treatment

» for agents with poorest genotypic/phenotypic concordance
e comparative in-vitro activity of new agents w

Burn The Heretic

27 Nordic AST, 13th May 2015 © Crown Copyright
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Opinion: WGS-based genotypic antibiograms

* ‘longer’ for a paradigm shift to WGS to guide clinical decision making
* very major errors - gene absence cannot always predict susceptibility
» robust evidence will be needed
« surveillance of treatment failure +/- novel resistance mechanisms
« education needed and major behavioural change for prescribers

28 Nordic AST, 13th May 2015 © Crown Copyright
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Service users;
Consultation,
Collaboration,

Quiality. Education
Safety.

Governance.
Cost Effectiveness

29 Nordic AST, 13th May 2015 © Crown Copyright Courtesy of Grace Smith, adapted
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Determine the approach to a change of method, document it, provide
assurance that is performing as determined

Process

« Inform of proposed change of method
« Likely to be visited

Information
« Performance characteristics of the assay
* Verification/Implementation
* SOPs-read and understood!
« Competency records
*  Quality Control and Quality Assurance

» Security, robustness

Nordic AST, 13th May 2015 © Crown Copyright Courtesy of Grace Smith
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« NHS labs and microbiologists- providing material for testing, plus
patient information.
Turnaround time for results-
Impact on existing reference service
Impact on reports to clinicians and for surveillance and notification

* Clinical users- Report format, interpretation, evaluation, management of
discordant results

 Public Health users- All of the above plus managing outbreaks and
incidents, investigating clusters

Format for reporting relatedness between isolates
Nomenclature for describing clusters
Information available during clinical episode

Nordic AST, 13th May 2015 © Crown Copyright Courtesy of Grace Smith
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A new EUCAST subcommittee

EUCAST Subcommittee on the role of whole genome sequencing (WGS)
In antimicrobial susceptibility testing of bacteria

Chair: Neil Woodford, London UK

Invites for membership sent

Report due mid-2016 x EUROPEAN COMMITTEE
E U CA S T ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

32 Nordic AST, 13th May 2015 © Crown Copyright
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