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Background to WGS of pathogens




Current processes for bacteria
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Future practice
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Parallel sequencing by synthesis with reversible fluorescent
terminator nucleotides
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Processing sequencing data

* Next generation sequencing produces millions of
short fragments of DNA sequence (reads) from which
genomes must be reconstructed
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Whole genome sequencing —
short reads
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For example

» ~273 large contigs
covering 4.1Mb for C
diff

* ~ 110 large contigs
covering 2.7Mb for S.
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Strand sequencer
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Vision for the future
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What is needed to get a solution
in place?

* For outbreak detection
* Diagnostic utility

* Develop software to automate
* Validate/test
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Transmission: we need to be able to
interpret variation

A group of patient isolates with a number of variants
(single nucleotide polymorphisms (SNPs) or variants
(SNVs), indels, recombinations) between them

e some pairs with O variants
* some pairs with 1, 2, 3,.... "some" variants
e some pairs with "many" variants

Decision: what does having "some" variation between
pairs of isolates mean in terms of transmission?
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Transmission: Five pillars of wisdom
Outbreak detection

Interpret observed differences between isolates in the
context of diversity in
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Five pillars of wisdom for assessing probability of
transmission: specific to each species

* Key aspects of diversity for interpreting data:
 diversity in re-sequencing and re-calling same sample (~0)
 diversity within an individual at one point in time (“cloud”)
 diversity within an individual over time (evolutionary clock)
 diversity within a point source outbreak (eg TB household)
* diversity in the community — background diversity

* Estimate prediction intervals for expected variants to be
observed between highly related isolates (i.e.
transmissions) based on clinically relevant timescales

* thresholds are organism and assembly pipeline dependent
» derived from the evolutionary clock (this can vary)
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What is needed for having
confidence in recovering
diagnostic information?
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Eive Seven pillars of wisdom

Regulatory

FDA or UKAS

approval e.g.
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How are we doing with measuring resistance

* We need the following:
* software for processing the DNA sequence
* Knowledgebase of variation conferring resistance to interrogate
e Continuous updating of these knowledgebases; how do we find new variation

* How are we doing:
e Staphylococcus aureus
* Escherichia coli
* Mycobacterium tuberculosis
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Resistance prediction from WGS

Iterative method of development

* A derivation set: compare genotypic prediction vs a gold-standard phenotypic
susceptibility test

* Refine the catalogue and software

* Areplication set: re-evaluate resistance prediction vs phenotype recording
very major and major errors

* Analyse discrepant and improve the software, knowledge base and (if
necessary) phenotypic methodology

* Test the revised algorithm with a fresh set of samples
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S. aureus: Resistance prediction algorithm

e Derivation set of 501 samples
* Algorithm was refined after the derivation set.

* Many of the discrepant results were found to be
phentypic errors in the routine laboratory.

e Other discrepants were resolved by improvements in
the bio-informatics software

* The improved algorithm was tested against a further
487 isolates (the ‘validation’ set).

Gordon et al J Clin Microbiol. 2014 Feb 5
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Blinded validation study of resistance prediction from WGS
Staphylococcus aureus (478)

Phenotype: resistant Phenotype: susceptible Error Rates

Genotype Genotype ME VME
Antimicrobial Susceptible Resistant Susceptible Resistant (%) (%)
Penicillin 2 398 84 3 3.4 0.5
Methicillin 0 55 432 0 0.0 0.0
Ciprofloxacin 2 64 421 0 0.0 3.0
Erythromycin 1 80 404 2 0.5 1.2
Clindamycin 1 76 2 0 0.0 1.3
Tetracycline 0 18 467 2 0.4 0.0
Vancomycin 0 0 491 0 0.0 n/a
Fusidic acid 1 39 445 0 0.0 2.6
Trimethoprim 0 2 200 1 0.5 0.0
Gentamicin 1 2 484 0 0.0 33.3
Mupirocin 0 2 485 0 0.0 0.0
Rifampicin 0 5 482 0 0.0 0.0

Total 8 741 4397 8 I 0.2 1.1 I
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Previous phenotyping studies

Categorical
. no of ME rate VME rate
Study Comparison ) agreement
isolates (%) (%)
(%)
Ligozzi 2002 Vitek 2 vs agar dilution 100 94-100 0 0

BD Phoenix vs broth dilution
Fahr 2003 116 97.6 1.2 1.7
plus mecA PCR

Nonhoff 2005 Vitek 2 vs agar dilution 273 - 1.5 0.7
Carroll 2006 BD Phoenix vs agar dilution 232 98.2 0.3 0.4
Giani 2012 BD Phoenix vs broth dilution 95 98 1.3 2.1
Bobenchik 2014 Vitek 2 vs broth dilution 134 98.9 0.1 1.4

This stud WGS vs combined disc 491 98.8 0.2 1.1
¥ diffusion / BD Phoenix ' ' '
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Escherichia coli
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Sensitivity and specificity of genotypic resistance predictions versus gold standard
“reference” phenotype results for 74 Escherichia coli bloodstream isolates

Table 3. Sensitivity and specificity of genotypic resistance predictions versus comparison with standard phenotype results for 74 E. coli bloodstream
isolates.

Susceptible by comparison standard
phenotype Resistant by comparison standard phenotype

resistant by

susceptible by resistant by genotype  susceptible by genotype genotype Sensitivity Specificity

Antibiotic genotype (row %) (row %; majorerror)  (row %; very major error) (row %) (95% CI) (95% CI)

Amoxicillin 23 (31) 1(1) 0(0) 50 (68) 1.00(0.91-1.00) 0.96 (0.77-1.00)
Co-amoxiclav 46 (62) 0 (0) 0(0) 28 (38) 1.00(0.85-1.00) 1.00 (0.90-1.00)
Gentamicin 60 (81) 0 (0) 0(0) 14 (19) 1.00(0.73-1.00) 1.00 (0.93-1.00)
Ciprofloxacin 48 (65) 0 (0) 0(0) 26 (35) 1.00(0.84-1.00) 1.00 (0.91-1.00)
Ceftriaxone 43 (58) 1(1) 1(2) 29 (39) 0.97(0.81-1.00) 0.98 (0.87-1.00)
Ceftazidime 43 (58) 11 (15) 1(1) 19 (26) 0.95(0.73-1.00) 0.80 (0.66-0.89)
Meropenem 74 (100) 0 (0) 0(0) 0(0) — 1.00 (0.94-1.00)
Total 337 (65) 13 (3) 2(0.3) 166 (32) 0.99(0.95-1.00) 0.96 (0.94-0.98)

J. Antimicrob. Chemother. (2013)
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Disparity in Coamoxiclav phenotype

80

70

Microdilution 2:1
B Microdilution 2mg/L

Number of isolates

I I II | | |

1 2 4 16 32 64 128 256 512 1024 >1024 N
MIC (mg/L) ;&I' Health
Diez-Aguilar et al. JAC (2015) Eniri




Discordance in amoxicillin-clavulanate
phenotyping methods

« random stratified sample of 250 E. coli isolates causing bacteraemia in Oxfordshire in 2013-
14 for AMC resistance by repeated phenotyping and whole genome sequencing (WGS) to
determine the resistance mechanisms

« MICs were determined by agar dilution, in triplicate for AMC (taking the maximum for
analysis) and amoxicillin; and in duplicate for clavulanate

Results: CLSI vs EUCAST — Amoxicillin-clavulanate susceptibility testing

* Non-susceptible 156 (62%) — EUCAST , 112 (45%) — CLSI

* 61% of isolates had higher EUCAST MIC than CLSI MIC

« MIC mean difference across replicates, EUCAST 0.8 doubling dilutions less than CLSI
« Standard deviation of EUCAST MICs greater than CLSI MICs (2.0 vs 1.1)

* 56% of isolates had at least 1 replicate with an MIC of < 16mg/L for clavulanate alone
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Significant discordance in amoxicillin-clavulanate
genotypic attribution of phenotypic “resistance”
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Fig 1: Overall (mMaximum of replicates) MICs of samples, by method and presence/absence

of genetic mechanism

Method All repeats sensitive Both phenotypes All repeats resistant
observed

WGS-S WGS-R WGS-S WGS-R WGS-S WGS-R

CLSI 103 35 (25%) 6(25%) 18 (75%) | 27 (31%) 61 (69%)
(75%)

EUCAST 80 14 (15%) 23 (62%) 14 (38%) | 33(28%) 86 (72%)
(85%)

Overall* 80 14 (15%) 29 (43%) 39(57%) | 27 (31%) 61 (69%)
(85%)

*: Phenotypes seen in all repeats by both methods. Note showing N(row%)

27 resistant by both methods had no
identifiable mechanism for resistance
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Mycobacterium tuberculosis



Anti-tuberculosis drug resistance prediction

e Arguably 15 drugs are available for treating TB with more new drugs
in development

* |Is genomic variation which confers resistance limited to somewhere
between 20 to 30 genes?

* Current knowledge indicates molecular prediction of INH, rifampicin
resistant or pan-susceptible isolates is ~ 95% accurate

* The knowledge base of variation conferring resistance to ‘all drugs’ is

incomplete

Public Health
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Can we discover explanatory variation in TB?

Whole-
tubercu

(e}

enome sequencing for prediction of Mycobacterium 3 @™ ®
osis drug susceptibility and resistance:

aretrospective cohort study

* Investigation of 3651 isolates : e e e (@
* Using a heuristic method of predicting resistance S

e divided into
* 22099 derivation set
* a 1552 validation set

* Resistance is conferred by genomic variation:

* Non-synonymous mutations, deletions and insertions in relevant genes — 23
genes

* Arises mostly de-novo in a non-recombining genome leading to homoplasy

Lancet Infect Dis 2015; @
15: 1193-1202
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TB drug resistance prediction in a validation set

Phenotypically Resistant Phenotypically Sensitive All Excluding Unclassfied
Genotype Genotype
R S8, 8. U Total R S, = U Total Sensitivity Specificity Sensitivity Specificity % Unclassifed
Isoniazid 310 18 1| 35| 364 19 1,065 52 52 | 1188 85.2 98.4 94.2 983 56
Rifampicin 275 8 1| 16| 300 10 1,200 4 38 1252 91.7 99.2 96.8 99.2 3.5
Ethambutol 158 7 1| 26| 192 67 1003 79 | 210 |1359 82.3 951 95.2 94.2 15.2
Pyrazinamide 43 27 5 |104| 179 2 1,218 &7 83 |1370 24.0 99.9 57.3 99.8 121
Streptomycin 284 6 9 | 49| 348 11 970 34 | 189 | 1204 81.6 99.1 95.0 928.9 15.3
Ofloxacin 5 4 210 n 0 489 134 38 661 45.5 100.0 45.5 100.0 5.7
Amikacin 52 5 0| 2 59 3 427 38 | 140 | 608 88.1 99.5 91.2 994 21.3
Total 1127 75 19 232 1453 112 6372 408 750 7642 77.6 98.5 92.3 98.4 10.8

Table 1: Genotypic predictions in the validation-set based on: R (resistance-determinant); SO (zero non-
synonymous variants/SNPs present); Ss (only sensitive variants present); U (unclassified variants present).
Weighted mean sensitivity and specificity given for all phenotypes, and with the 10.8% of phenotypes associated
with previously unclassified variation (U) excluded.

Lancet Infect Dis 2015;
15: 1193-1202
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Filling the resistance gap

Comprehensive Resistance Prediction for Tuberculosis: an International Consortium (CRyPTIC) and ResSeq-TB
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Phenotyping Genotypic characterisation

e 100,000 WGS TB pledged
 ~ 40,000 with extensive DST
e Analysis:
— Heuristic approach
- GWAS
— Machine Learning
— Thermodynamic modelling of proteins
— Molecular genetic characterisation
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Selection, dispersal and control of C. difficile




Change in incidence and quinolone usage nationally
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Oxfordshire C. difficile cases
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Oxfordshire C. difficile cases
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Oxfordshire C. difficile cases
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Oxfordshire C. difficile cases
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Incidence of FQ resistant genotypes has declined (1)
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Incidence of FQ resistant genotypes has declined (2)
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Changes in quinolone resistance over time
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Phylogenetic patterns of quinolone resistant vs susceptible
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Fluoroquinolone resistant cases with a hospital link

Declines in incidence varying by category
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The decline of C. difficile in England

* It has declined by close to 70% since 2006

* Quinolone use declined by ~ 50% preceding the
decline in CDI

* The decline is attributable to the simultaneous
disappearance of 4 quinolone resistant lineages. The
remaining 69 lineages are largely unchanged in
incidence

* Resistant lineages had undergone rapid clonal
expansion and were geographically structured

* A quinolone effect is a likely explanation for the
decline in CDI

"
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Tetracycline resistance in C. difficile

A
o P>y > A © © Total
10 ¥V OV R R I A A R R AR R R BUR R CIC RN OIS Isolates (n)
80 Legend
2 60 Btetm positive
g [HtetM negati
% 40 etM negative
2
20
0
2635483754 633634 3 13151417 6 1 4244497 8 2 105 58 9 5516461245435318336741 4 222956 Genotype (ST)
B K S P & L P KA S & > o Totalisolates (n)
80 10
Legend
70 2
8 tetO
60 7 B tetw
50
= = 6 B teto/32/0
§ 40 § 5 tetAB(P)
= s L,
[e] []
2 30 = 5 [ tett
20
I N B tets0
10
1
o . 1 1 I [l
11 3754 6336343 13151417 6 1 424449 7 8 2 10 5 58 9 5516 46 12 45 43 53 18 33 Genotype (ST)
UNIVERSITY OF ST11isolates examined for (A) (n=230; Oxford EIA positive and negative, Oxford infant and farm, Leeds, Optimer European and N. American)), @
plus additional Scottish ST11s (n=110)) to illustrate the overall prevalence of ‘non-tetM’ tetracycline resistance determinants among 340 Public Health
genomes.

England



Tetracycline resistance in C. difficile
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Tetracycline resistance
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Tetracycline resistance in C. difficile

* Tetracycline particularly TetM alleles are characterised by:
* Th916 is rarely acquired
» Strong selection and dispersal of clades across geographies

* Quinolone resistance mutation occurs frequently and is not under
selection within the ribotype 078 lineage

* Reservoir likely farm animals e.g. pigs (reported in the Netherlands)
and other meat producing animals
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Biological processes impacting on KPC AMR




A single hospital

Virginia KPC Outbreak

Peri-rectal screening

15

A Mathers

10

L IIIIII

Aug Sep Oct Mow Dec Jan Feb Mar Agr May Jun  Jul Aug Sep Oct Mow Dec Jan Feb Mar Apr May Jun 2 Aug Sep Ot Mov Dec Jan Feb Mar Agr May Jun Sl Aug Sep Ot Mow Dec  Jan Feb  Mar

2007 2008 2009 2010 201

I K. pneumonias
B K. oxytoca
Il E. cloacae
B E. asturias

- E. asrogenas 1 Dcy

I Enterbacteriaceas spp. 0

B E. coli /‘

B . treundii

I Froteus mirabilis
Panicea spp.
Raoullella planticola
Raoutella oriinolytica

I Kiuyvera intermadia
NIA

Antimicrob. Agents Chemother; April 2016
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bla s in Virginia
e Virginia “outbreak” — ongoing since August 2007

* 281 bla,p-positive Enterobacteriaceae
* |solated August 2007 — December 2012
* From 182 patients
* All lllumina sequenced

* Multiple species of bla,,-positive Enterobacteriaceae
e 9 different genera
e 13 different species

* 62 different “strains”
(defined conservatively as ~500 SNPs variation in “core”)
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|dealised outbreak timeline

O Klebsiella pneumoniae
W
C
(48]
. -
i)
V)
Patient isolate from the Patient isolate from the same
same strain ( ) with strain ( ) withOUT ward
ward contact to prior contact to prior case
case
[ [ [ [ [ [
1 Jan 2008 1 Jan 2009 1Jan 2010 1Jan 2011 1Jan 2012 1 Jan 2013
XFORD Public Health
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Actual outbreak timeline

O Klebsiella pneumoniae
Ward contact with prior
N case of same strain
C
(48]
[
i)
V)
I I I I I I
1 Jan 2008 1 Jan 2009 1Jan 2010 1Jan 2011 1Jan 2012 1Jan 2013
XFORD Public Health
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Actual outbreak timeline

O Klebsiella pneumoniae
O Klebsiella oxytoca
Ward contact with prior
case of same strain
Vs
-
(4]
—
i)
wm
| | | | | |
1 Jan 2008 1 Jan 2009 1Jan 2010 1Jan 2011 1Jan 2012 1Jan 2013
XFORD Public Health
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Enormous host strain diversity

O Klebsiella pneumoniae

O Klebsiella oxytoca

O Enterobacter cloacae
Citrobacter freundii

O Other
Ward contact with prior
case of same strain

62 strains (13 species)

o

]

Strains
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Enormous host strain diversity

O Klebsiella pneumoniae

O Klebsiella oxytoca

O Enterobacter cloacae
Citrobacter freundii

|
' 62 strains (13 species)!
i
O Other : o
|
|
|
|
I

)

Ward contact with prior
case of same strain

— Frequent bla,,- HGT
— Plausibly due to promiscuous plasmid(s)
I .-

| L3 -

Strains

o
. |
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TN | » . O3 4 ¥
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L3 o o o - 5

o
[}
.
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Plasmid-mediated outbreak?

* Hypothesis: outbreak is driven by one or a few promiscuous plasmids
carrying bla,

e Assumption: plasmid structures relatively stable within outbreak
e Approach:

* Generate outbreak-specific plasmid references (index patient)
* Use these to assess plasmid presence across outbreak isolates

* Definition: 299% sequence identity over 280% reference length
» Assessed via BLASTn (reference plasmid vs isolate’s de novo assembly)
» Stringent identity threshold: expect few SNP changes
* Lenient length threshold: single events can affect large regions

* Note: does not assess structural continuity (since this is impossible in many isolates due to
repeat structures)
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Spread of index plasmids

* Two bla,, conjugative plasmids from index patient
 pKPC_UVAO1 (43,621 bp) and pKPC_UVAO02 (113,105 bp)
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Spread of index plasmids

* Two bla,, conjugative plasmids from index patient
 pKPC_UVAO1 (43,621 bp) and pKPC_UVAO02 (113,105 bp)

Citrobacter amalonaticus 2

Citrobacter freundii 30
Enterobacter aerogenes 4
Enterobacter asburiae 1
Enterobacter cloacae 96
Escherichia coli 2
Klebsiella oxytoca 35
Klebsiella pneumoniae 94

Kluyvera intermedia 7
Proteus mirabilis 1
Raoultella ornothinolytica 1
Serratia marcescens 5
Other (unknown) 3
Total 281

"

Public Health
England




Spread of index plasmids

* Two bla,, conjugative plasmids from index patient
 pKPC_UVAO1 (43,621 bp) and pKPC_UVAO02 (113,105 bp)

Citrobacter amalonaticus 2 1
Citrobacter freundii 30 29
Enterobacter aerogenes 4 2
Enterobacter asburiae 1 0
Enterobacter cloacae 96 84
Escherichia coli 2 1
Klebsiella oxytoca 35 9
Klebsiella pneumoniae 94 31
Kluyvera intermedia 7 7
Proteus mirabilis 1 1
Raoultella ornothinolytica 1 1
Serratia marcescens 5 0
Other (unknown) 3 0
Total 281 166 (59%)

A
UNIVERSITY OF @
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Spread of index plasmids

* Two bla,,. conjugative plasmids from index patient
* pKPC_UVAOL1 (43,621 bp) and pKPC_UVAOQ2 (113,105 bp)

KPC UVAOL | pkKPC_UVA02

Citrobacter amalonaticus 2 0
Citrobacter freundii 30 29 7
Enterobacter aerogenes 4 2 0
Enterobacter asburiae 1 0 0
Enterobacter cloacae 96 84 2
Escherichia coli 2 1 0
Klebsiella oxytoca 35 25
Klebsiella pneumoniae 94 31 18
Kluyvera intermedia 7 7 0
Proteus mirabilis 1 1 0
Raoultella ornothinolytica 1 1 0
Serratia marcescens 5 0 0

Other (unknown) 3 0 0

Total 281 166 (59%) 52 (19%)

NIVERSITY OF @
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Spread of index plasmids

* Two bla,, conjugative plasmids from index patient
* pKPC_UVAO1 (43,621 bp) and pKPC_UVA02 (113,105 bp)

hKPC UVAO1 | pKPC UVAO2 Neither

Citrobacter amalonaticus 2

Citrobacter freundii 30
Enterobacter aerogenes 4
Enterobacter asburiae 1
Enterobacter cloacae 96
Escherichia coli 2
Klebsiella oxytoca 35
Klebsiella pneumoniae 94

Kluyvera intermedia 7
Proteus mirabilis 1
Raoultella ornothinolytica 1
Serratia marcescens 5
Other (unknown) 3
Total 281

29
2
0
84
1

O O Fr L N

166 (59%)

O N O O N O

N

5
8

[EEN

o O O ©o o

52 (19%)

1 (3%)

2

1

10 (10%)
1

1 (3%)
45 (48%)
0

w o1 O O

<«

“T0(Z5%)

mostly known
endemic clone
previously
described with
other plasmids

— Consistent with local plasmid-mediated outbreak,
plus occasional imports from other healthcare institutions
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Long-read sequencing

* Needed to validate conclusions, given structural uncertainties of
short-read WGS

* PacBio sequencing
* 17 randomly chosen isolates
* Fully closed plasmid structures
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11 different bla,- (*) plasmids!

pKPC_CAV1320
13,981 bp

pKPC_UVA01 pKPC_CAV1043 pKPC_CAV1492

43,621 bp 59,138 bp 69,158 bp

14kb
to *
330kb

4C_CAV1596-78

77,801 bp

pKPC_CAV1176 pKPC_CAV1596-97

pKPC_UVA02
90,452 bp ] 96,702 bp

113,105 bp

[ Antibiotic resistance
' 3 [ Transposition / Recombination
pKPC_CAV1344 pKPC_CAV1321-244"" pKPC_CAV1374 Conjugation / Type IV secretion
176,497 bp 243,709 bp i 332,956 bp [l Repilication
g Hypothetical protein

M other

W Tn4401

UNIVERSITY OF

OXFORD
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Structural diversity of pKPC_UVAO1
Bxpc CAV1741 —

KPC_CAV1321-45 * o *

KPC CAV1668 pKPC_UVAO1 variants
with blaKPC

-

KPC_CAV1392

p ol Initial results simply WRONG:
A = ety ke * Many different plasmids

i MRS /S involved
CAV1669-34 e Plasmid structures NOT
FHftHE e - W<— Index plasmid

BCAV1411-34 conserved
pKPC_UVAO01 variants
BCAV131 1-34 without blaKPC
B Antibiotic resistance
BCAV1 176-34 [ Transposition / Recombination

Conjugation / Type |V secretion

CAV1374-34 No blaKP C! Il Replication
Hypothetical protein
CAV1344-40 \ J = Other
Tn4401

Ak
v UNIVERSITY OF %
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A highly dynamic dispersal of KPC within the
clinical ecosystem

* KPC dispersing at 3 scales:
* |solates spreading KPC between patients
* Frequent transfer of bla,, plasmids between strains/species
* Frequent transfer of bla,,-transposon Tn4401 between plasmids
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Example pathogens

 All are relevant to reference services, but could become part of
routine service
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Staphylococcus aureus



Transmission on a neonatal intensive care unit

Healthcare worker
associated outbreak

Loss of ermC
plasmid

SNPs from root*

O1 @5 ma
O @6 W10
O3z EB7 1

Oy Em8 Simon Harris; Lancet Infect Dis. 2013 Feb;13(2):130-6
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Transmission on an adult general ICU

Identification of Staphylococcus aureus in health-care workers and patients admitted to the intensive care and high-dependency unit

Nurses Doctors Physiotherapists  Total health-care workers Patient admissions
(n=149) (n=40) (n=9) (n=198) (n=1933)

Age, years

16-29 40 (27%) 9(23%) 8(89%) 57 (29%) 154 (8%)

30-39 71(48%) 17 (43%) 1(11%) 89 (45%) 150 (8%)

40-49 28 (19%) 11(28%) ] 39 (20%) 208 (11%)

50-59 9 (6%) 3(8%) o 12 (6%) 264 (14%)

260 1(1%) 0 0 1(1%) 1157 (60%)
Male sex 25 (17%) 24 (60%) 2(22%) 51(26%) 1164 (60%)
Nasal carriage at enrolment 54 (36%) 16 (40%) 3(33%) 73(37%) 386" (21%)

MRSA 8 (5%) 0 0 8 (4%) 39 (2%)
Total acquisitions of S aureus during study 60 5 4 69 97

MRSA 3(5%) 0 1(25%) 4(6%) 19 (20%)
Culture negative to positive acquisitions 31 5 4 40 68
during study

MRSA 0 0 1(25%) 1(3%) 14 (21%)
Culture positive to new subtype acquisitions 29 0 0 29 29
during study

MRSA 3(10%) 0 0 3(10%) 5(17%)
Acquisition isolates available for 59 (98%) 5(100%) 4 (100%) 68 (99%) 86 (89%)
whole-genome sequencing

Data are n (%) or n. MRSA=meticillin-resistant § aureus.

*Of 1854 patients receiving at least one screen.

7 HCW to patient transmissions over 14 months of observation
2 Environmental samples transmitted to patients
Most acquisitions were between HCW

UNIVERSITY OF

XFORD

Lancet Infect Dis. 2017 Feb;17
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Duration-adjusted TMRCA for outbreaks with (i) no evidence of a long-term carrier (direct
contacts between all cases); (ii) likely LTC (indirect ward contacts or preoutbreak LTC); or (iii)
LTC unclear/possible (evidence of a postoutbreak LTC).

Description of 20 cutbreaks analyzed by whole-genome sequencing

Outbreak Epidemiological Mo

category

A Hospital,
general ward

B Hospital,
general ward

C Hospital,
general ward

D Hospital,
general ward

E Hospital,
surgical unit

F Hospital,
multiple wards

G Hospital,
multiple wards

H Hospital,
maternity unit
Hospital,
maternity unit

] Hospital,
neonatal unit

K Hospital,
neonatal unit

L Hospital,
neonatal unit

M Hospital,
neonatal unit

N Hospital,
neonatal unit

o Household

P Household

Q Household

R Household

5 Mursing home

T School

UNIVERSITY OF
|

OXFORD

of
cases
5

6

50

187

Reason for
outbreak
investigation

MRSA
colonization
5 aureus
wound
infections

5. aureus
wound
infections
MRSA
colonization

5 aureus
wound
infections
MRSA
colonization
MRSA
colonization
PVL-related
ssTIs?
Scalded skin
syndrome
MRSA
colonization
MRSA
colonization
MRSA
colonization
MRSA
bacteremia
MRSA
colonization
PVL-related
55TIs
PVL-related
55TIs
PVL-related
S5Tis
PVL-related
S5Tis
PVL-related
S5Tis
PVL-related
55TIs

MRSA
or

M55A
MRSA

M55A

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

M55A

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

MRSA

M55A

Clonal
complex

Cc2z2

Ccs

ccs

Ccs

Cc2z2

CCs

ccs

ca

CC15

CC59

Cc22

CC30

CCss

Cc2z2

CC30

CC30

CC30

CC30

CC30

cciz2

MLST®

5T22

5T2021

51239

5T8

5T22

5T228
5T8
5T772
5T2434
5T59
5122
5T30
5T88
5T22
5T30
5T30
5T30
5T30
5T30

5T121

spa

t032

t008

t037

t008

w022

t041

t008

t657

t346

t216

t3892

018

t5973

t5892

019

t019

018

019

019

t645

Dura
(day:

367

412

98

88

122

454

70

70

43

57

65

152¢

20

195

44

298

74

N. C. Gordon et al. J. Clin. Microbiol. 2017;55:2188-2197

Phylogenetic analysis (Beast) of each cluster

° [ No identified LTC | | Likely LTC | LTC unclear
o s
G o
S
Q= T =
..6 g 1)
=8
Cg <>1<J o Tle
oT O ¢+
g e v ¢
=1
S€ l
o> 9
o8 &
Q= 1
m -
E
L7)
. IH ‘ ] :
= i
1 1 I I I I
Direct Ward Contact School Pre-outbreak LTC
Household Indirect Ward Contact Post-outbreak LTC

LTC: long term carrier

Outbreaks related to long term carriers have greater
diversity across cases supported to longer periods to
the most recent common ancestor
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Clostridium difficile
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MailOnline - Ah alth

Home News U.S. Sport TV&Showbiz Femail Science Money RightMinds Coffee Break Travel Columnists

Deaths from hospital superbug
C.diff soar by a THIRD in just
one year

'It is absolutely outrageous that year on year older people are dying as a result of
failure to ensure high levels of hygiene in our hospitals.

'People go into hospital expecting to be looked after, not to run the risk of secondary
infections as a result of poor hygiene.'

risen 28 per cent.

Altogether last year, 8,324 people in
England and Wales had clostridium
difficile when they died.

This compares with 6,480 in 2006, with
the infection noted as the underlying
cause in about half of deaths, according
to the Office for National Statistics.

But the number of reported deaths
involving the infection has more than
doubled since 2005, when there were
3,757.

The ONS said some of the increase may

be due to more complete reporting on
daath rertificatec aftar the Goavarnmeant
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Role of symptomatic patients in C. difficile

transmission
* We sequenced 1223 of

all 1251 hospital and
community CDI cases
(98%) in Oxfordshire,
September 2007 —
March 2011

* Hospital admission and
ward movement data,
and home postcode
district and GP location
available for each case

O
BanburyA

23 miles

HE VY
Oxford

* 3 Hospitals
e Typical CDI incidence

e Infection control in line with
published guidelines

re: N Engl J Med 2013; 369:1195-1205
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Applying sequencing

Reproducible sequencing
* 180 genomes sequenced more than once, 1 false SNV per 90 genomes

Within host diversity and evolution
* 0-2 SNVs expected between

transmitted isolates up to 3
123 days apart ‘g
5
>
(0]
T2
2
* > 10SNVs likely to be S
. . [ =
unrelated with a time to most °
recent common ancestor of ~ 5

5 years

0.0 05 _ 1.0 15
Time between first and last samples, years
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500

Diversity observed
Throughout the study we

continued to observe
new genetic subtypes,
>10 SNVs different to any
seen before, at the same
rate 2001

400

300

Genetic cluster

Run-in period

=The reservoir is LARGE 100-
=There are multiple S e R
exposures to it o1 _.,,.F_“___“_ :
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Source of new C. difficile cases

o
£ 957
S &
®
No genetic matchgsf"'"
— 624 (65%) > 1"(),SNV5
S |
<
.
9 | Genetic matches
N ~— 333 (35%)
O - e ettt s a s n e >

All cases

400
1

300
1

200
1

100
1

333

No known contact 120 (12%)
Community 32 (3%)
Other same Hospital 12 (1%)
Medical 17 ( 2%)
specialty
Indirect ward (‘spore’) 26 ( 3%)
Direct W tact

irect Ward contac 126 (13%)

Genetic Matches (0-2 SNV)

N Engl J Med 2013; 369:1195-1205
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Mycobacterium chimera



001

—

Leafs: subgroup
i1

012
13
14
Oas
16
17
1.8
019
B110
|__EKEL

st ring: source
LivaNova HCU
I LivaNova production site
3 Maquet ECMO
[ Maquet HCU
Bl Maguet production site
3 Hospital-built HCU
B Related patient
I Unrelated patient
3 Strain collection
B8 Water supply

2nd ring: country
I Switzerland
Netherlands
I Germany

Bl UK

B usa

3rd ring: year
2009
B 2010
2011
I 2012
B 2013
2014
I 2015

4th ring: major group/branch
3 1.Branch1
B3 1.Branch2
i1
0818
LR

UNIVERSITY OF

Mycobacterium chimera

The Lancet Infectious Diseases, Available online 12 July 2017

=
5
E‘T—_ Cluster 1

Cluster 3

Clin Infect Dis. 2016;64(3):335-342

S

5

[
-
—
=
[
—
I
.

Source

Control patient
Probable case
Heater-cooler unit

Region

Midlands, East England
& Wales
South England

North England

London

50 SNPs

Clusters being no greater than ~20 SNPs apart

6

Public Health
England



Three other NTMs

M. intracellulare

M. avium

M. avium M. intracellulare M. abscessus

Clusters are all no greater than 38 SNPs apart

-- = 3 or more clustered isolates
e =72 clustered isolates
- =asingleisolate

A
UNIVERSITY OF @
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Candida auris

Known mutations in B11209 India 2013
SRR1664627 India 2013
ERG11 hot spot B11218 India 2014

B11217 India 2014
Y132F B11216 India 2014
B11215 India 2014
B11214 India 2014

K143R B11213 India 2014 . . .
— S EEn Haploid Eukaryotic organism of ~12 Mb

B11096 Pakistan 2014 . . .

B11101 Pakistan 2014 First reported NN Japan 2009
B11118 Pakistan 2015

B11113 Pakistan 2015 M

Resistant to azoles

B11097 Pakistan 2014

B11117 Pakistan 2015

B11104 Pakistan 2015

B11105 Pakistan 2015

B11098 Pakistan 2014 Independent emergences structured by geography
B11116 Pakistan 2015

B11115 Pakistan 2015

B11103 Pakistan 2015

B11099 Pakistan 2014

B11200 India 2012 Wh 1 I 1 f h

100 st at Is se ectlng or these emergences?
B11205 India 2013
B11201 India 2012
B11207 India 2013
B11208 India 2013
100 B11206 India 2013
B11112 Pakistan 2015
1 00 B8441 Pakistan 2010
B11230 South Africa 2014
B11224 South Africa 2013
B11228 South Africa 2014

B11226 South Africa 2014
100 B11221 South Africa 2013
B11222 South Africa 2012
B11223 South Africa 2013
B11225 South Africa 2014
— B11227 South Africa 2014
B11229 South Africa 2014
B11220 Japan 2009
B11247 Venezuela 2012
B11244 Venezuela 2012
B11245 Venezuela 2012
1 00 B11243 Venezuela 2013

B11246 Venezuela 2012 J oo
UNIVERSITY OF
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Future

 We don’t have an operational solution for routine practice

* Key challenges:

e Sample preparation

* Speed, cost and accuracy

Software for processing, analysis and reporting sequence data

Building, updating, accredited knowledge bases (e.g. resistance determinants)

How to scale pairwise difference analyses within current computational
resources

* Achieving and storing “open data” for analysis

"
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