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TB & Resistance Diagnosis with Genomic Big Data
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Genetic basis of drug resistance

Mutation : Drug resistance



Clinical resistance is more complex
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Meacci F et al. J Clin Micro 2005, Safi H et al. Antimicro Agents Chemother, 2008, Safi H et al. Nat Gen 2013



Evidence for epistasis/ gene-gene interaction

Farhat et al. JCM 2016
Nebenzahl-Guimaraes, Jacobson, Farhat, Murray. JAC 2014
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The molecular diagnostic gap:

For Sensitivity

• Phenotypic overcall

• Heterogeneity 

• Novel mutations or loci

• Epistasis

For Specificity

• Phenotypic undercall

• False positive associations

• Intermediate resistance mutations

• Epistasis



Geographic source and diversity of the TB isolates

Farhat et al. American Journal of Respiratory and Critical Care 2016



Random Forest Classifier



Identifying the 
minimum set of 
mutations 
predictive of drug 
resistance

Farhat et al. AJRCCM 2016

Specificity

Sensitivity



Validated Predictive performance for drug resistance diagnosis

Farhat et al. AJRCCM 2016

Drug Selected Mutations

Isonaizid 19

Rifampicin 14

Pyrazinamide 124

Ethambutol 18

Streptomycin 39

Ethionamide 20

Kanamycin 3

Capreomycin 5

Amikacin 2

Ciprofloxacin 7

Levofloxacin 8

Ofloxacin 6

p-aminosalicylic acid 4

Total 250



genTB update

gentb.hms.harvard.edu



RF Validation using Reseq public dataset

2,429 Isolates: Comparison with canonical mutation +/-

• 348 INH R
• 129 RIF R
• 63 EMB R
• 91 PZA R
• 88 STR R
• 20 OFLX R

Low INH sensitivity
• 83% (canonical mutations)
• 85% (RF predictor)
• INH-mono resistance ?





Neural network model
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