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We can diagnose at two scales

ÅAt the individual organism level
ÅR vs S
ÅWhere it is difficult

ÅWhere it is straight-forward



Exemplars to be presented

ÅResistance prediction from difficult to more straight-forward
ÅEscherichia coli

ÅMycobacterium tuberculosis

ÅStaphylococcus aureus



Concept for ideal whole genome sequencing solution

In one step generate the 
complete diagnostic, typing 
and surveillance information

Nature Reviews Genetics 13, 601-612 (September 2012)



Resistance prediction from WGS

Iterative method of development
ÅA derivation set: compare genotypic prediction vsa gold-standard phenotypic 

susceptibility test

ÅRefine the catalogue and software

ÅA replication set: re-evaluate resistance prediction vsphenotype recording  
very major and major errors

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

ÅTest the revised algorithm with a fresh set of samples



E. coli



Sensitivity and specificity of genotypic resistance predictions versus gold standard 
άǊŜŦŜǊŜƴŎŜέ ǇƘŜƴƻǘȅǇŜ ǊŜǎǳƭǘǎ ŦƻǊ тп Escherichia coli bloodstream isolates

J. Antimicrob. Chemother. (2013)



Co-amoxiclavreproducibility 261 isolates UKAS vs CLSI

ÅSignificant within 
sample variation, 
worse using EUCAST 
guidelines

ÅPotential call changes
ÅWorst Case Scenario
Å76 EUCAST 
Å48 CLSI S:NS (I or R)
Å6 CLSI S:R



Diez-Aguilar et al. JAC (2015)

Disparity in Coamoxiclavphenotype UKAS vs CLSI
261 isolates by agar incorporation MIC in triplicate

This fails categorical agreement



The catalogue (knowledge base) of variation

Slide removed



Depiction of categorical results vs geno-prediction

Very major error > 3% Major error >10% Very major error > 10 % Major error >10% 



Multivariate model investigating independent 
effects of each mechanism

Slide removed



Conclusion

Å²Ŝ ŘƻƴΩǘ ƘŀǾŜ ŀ ǊŜŦŜǊŜƴŎŜ ǎǘŀƴŘŀǊŘ ŦƻǊ ƎŜƴƻǘȅǇƛŎ ǇǊŜŘƛŎǘƛƻƴ

ÅThere is large uncertainty about the truth



Mycobacterium tuberculosis



Anti-tuberculosis drug resistance prediction

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

ÅIs genomic variation which confers resistance limited to somewhere 
between 20 to 30 genes?

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

Å¢ƘŜ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ƻŦ ǾŀǊƛŀǘƛƻƴ ŎƻƴŦŜǊǊƛƴƎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ Ψŀƭƭ ŘǊǳƎǎΩ ƛǎ 
incomplete



Can we discover explanatory variation in TB?

ÅInvestigation of 3651 isolates :
ÅUsing a heuristic method of predicting resistance

Ådivided into
Åa 2099 derivation set

Åa 1552 validation set

ÅResistance is conferred by genomic variation:
ÅNon-synonymous mutations , deletions and insertions in relevant genes ς23 

genes

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

Lancet Infect Dis 2015;
15: 1193ï1202



TB drug resistance prediction in a validation set

Lancet Infect Dis 2015;
15: 1193ï1202



Filling the resistance gap
Comprehensive Resistance Prediction for Tuberculosis: an International Consortium (CRyPTIC)

Å 100,000 WGS TB pledged
Å ~ 40,000 with extensive DST
Å Analysis:

ς Heuristic approach
ς GWAS
ς Machine Learning
ς Thermodynamic modelling of proteins
ς Molecular genetic characterisation

Pyrazinamide  will be done by  MGIT liquid culture

People powered research
zooniverse.org

Twitter: @bashthebug
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