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What do we need?

AAccurate species identification

AFeature identification (e.g. resistance prediction; toxin and virulence
prediction)

AHigh resolution typing to identify and characterise outbreaks e.g. time
scaled phylogenies/genealogies (family trees)

AFast, cheap, accurate outputs and on all specimens/isolates

ALinkage to pathogen phenotype and patient epidemiological/clinical

record data as an enduring encyclopaedic store of information "
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Concept for ideal whole genome sequencing solution
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What are the challenges

ATo go from research proaff-principle to a fully accredited service
A Systematic well validated method for extracting and purifying nucleic acids
ASequencing platform which is stable and produces reproducible results
A Software for processing the data yielding:
A Species identification
A Feature prediction curatedknowledgebases
A Resistance prediction

A Pathotype
A Transmission cluster identification

ALinkage to epidemiological and clinical record datkata protection compliant

A Software for reporting and presentation/visualisation of data

APersistent storage and sharing to benefit from a complete landscape within a spec
AClinical validation

A Accreditation

o
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Seven pillars of wisdom needed if each pathogen
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Will give 3 exemplars

AClostridium difficile
AEnterobacteriatarbapenemaseesistance
AMycobacterium tuberculosis TB

"
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Clostridium difficile
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Role of symptomatic patients @ difficile

transg'nission
We sequenced 1223 of Banbury

all 1251 hospital and
community CDI cases
(98%) INOxfordshire am ¥
September 200¢ Oxford
March 2011

AHospital admission and
ward movement data,
and home postcode A3 Hospitals
district and GP location ATypical CDI incidence

available for each case Alnfection control in line with
published guidelines

Eyre: NEnglJ Med 2013; 369:119%5205

23 miles

"

Public Health
England



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

Within host diversity and evolution

A 0-2 SNVs expected between
transmitted isolates up to
123 days apart

W

95% prediction interval

nucleotide variants
n

A > 10 SNVs likely to be
unrelated with a time to most 2
recent common ancestor of 5
S years
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Selection, dispersal and control of C. difficile
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Change imcidence and quinolone usage nationally
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OxfordshireC. difficilecases
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OxfordshireC. difficilecases
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OxfordshireC. difficilecases
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OxfordshireC. difficilecases
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Fluoroquinoloneresistant

Declining CDI in Oxford
.
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Fluoroguinalane resistant (IRR=53, 95% CI| (49, 58))
Fluoroguinalone sensitive (IRR=1.02, 55% CI (97, 1.07))

Dingle; Lancet Infect Dis 2017; 17: 4111 21
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Incidence of FQ resistant genotypes has declined (1)
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Green line number of cases (per month) predicted by a Poisson model, (with time as
the only covariate), modelling FQ resistant cases (blue) to illustrate declining incidence.
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Incidence of FQ resistant genotypes has declined (2)

ST3 infection (by FQ sensitivity) 001 ST37 infection (by FQ sensitivity) Q17
S 8
o o
— —
[oo] 00
[{e} [(e}
< < -
1 LT | ]
T T T T T T T T T T T T T T
Jan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2011 Jan 2012 Jan 2013 Jan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2011 Jan 2012 Jan 2013
collection month collection month
FQ sensitive I O resistant FQ sensitive I FOQ resistant

Predicted number (IRR=.97, 95% CI (.95, .99)) Predicted number (IRR=.98, 95% CI (.96, .99))

Green line number of cases (per month) predicted by a Poisson model, (with time as
the only covariate), modelling FQ resistant cases (blue) to illustrate declining incidence.
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Phylogenetic patternsf quinolone resistant vs susceptible

C s11(027)

D sts(002)

1990 1995 2000 2005 2010 1990 1995 2000 2005 2010
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The decline of. difficilen England

Alt has declined by close to 70% since 2006

AQuinolone use declined by ~ 50% preceding the
decline in CDI

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

AResista_nt lineages had undergone rapid clonal
expansion and were geographically structured

AA quinolone effect is a likely explanation for the
decline in CDI
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Carbapenemasesistance ifenterobacteriacea



A single hospital

Virginia KPC Outbreak

Peri-rectal screening
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bla,-dn Virginia
A+ A NBA V A I ¢angotlmistindeAliglisé 2007

A281bla,~positiveEnterobacteriaceae
Alsolated August 200Z December 2012
A From 182 patients
A All lllumina sequenced

AMultiple species obla,~positiveEnterobacteriaceae
A 9 different genera
A 13 different species
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|dealised outbreattmelinec g K |

Strains
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What did we seeenormoushost 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)

Strains

1 Jan 2008 1 Jan 2009 1 Jan 2010 1 Jan 2011 1 Jan 2012 1 Jan 2013 24
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Enormous host strain diversity

62 strains (13 species)!

Ward contact with prior
case of same strain

Y Frequentbla,,HGT
Y Plausibly due to promiscuous plasmid(s)
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