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 Update on the epidemiology of TB drug resistance 

 

 Success and challenges of new diagnostics 

 

 Results of Genome Wide Association Studies and their implications 
for drug resistance diagnostics 

 

 Overview and prospects of new therapeutics 

 
 

 

 



 Between 1990-2013  
Prevalence decreased by 41%   
Mortality decreased by 45% 

 
 
 
 

 Between 2000-2013 
Incidence decreased by 1.5%/year 

 
 
 

 



Increase in global total for new TB cases and deaths with the use 
of improved national data 

Decline in prevalence, incidence and mortality less than target 
in 4/6 world regions 

 In 2013 
9,000,000 new cases 

1,500,000 deaths 

 



 9,421 cases in 2014 (1.5% decrease compared with 2013) 

 Lowest decline in incidence in >10 years 

 66% foreign born 

 550 deaths 

 

 



 480,000 cases globally, 3.5% of new cases 

 Several countries have serious epidemics 

 Treatment duration: 18-24months long at 5-10x the cost of treating 
drug sensitive TB 

 136,000 or 45% of cases were diagnosed 

 Only 70% of diagnosed cases receive treatment 

 The cure rate on treatment is 48% 

 



 10% of TB is resisant to 1 or more drugs, 7% is resistant to INH 

 1% of TB in the US is MDR (91 cases in 2014) 

 Increasingly MDR is diagnosed in the foreign born, 88% in 
2014 vs 33% in 1993 

 

 

 

 

 Drug resistance is estimated to be associated with 50 deaths 
annually (2013) 

 



 Prevention 

 Infection control 

 Expanding rapid 
diagnostics for TB/MDR-TB 

 Providing immediate access 
to effective therapy 

 



Sputum collection 
DST results 

Replicate 
cultures 

with 
different 

antibiotics 

minimum 2 weeks,  
 up to 2 months 

Sputum collection 

Rapid molecular 
testing 

(0-2 days) 

Mutations 
detected:  
 
rpoB  S531L 

Drug  
Sensitivity: 
 
Rifampicin=R 

De-
contamination 
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1. Single mutation with large effect: katG S315T 

2. Multiple mutations with cumulative effects: 
embB + Rv3806c 

3. Mutations with no effect on MIC but improve 
bacterial fitness: rpoB + rpoC; embB + Rv3792 

Pym A et al. Infec Imm 2002 

Safi H et al. Nat Gen 2013 

Comas I et al. Nat Gen 2011 



16 of 32 

Drug* Resistant Sensitive Genes sequenced 

INH 1219 136 katG, inhA (+promoter), fabG1, embB, kasA, 

ahpC (+promoter), oxyR’, iniA, iniB, iniC, ndh  

RIF 1163 206 rpoB 

EMB 914 416 embB, embA, embC, iniA, iniB, iniC 

PZA 611 374 pncA 

SM 941 414 rpsL, rrs, gid 

ETH 612 374 ethA, inhA 

CIP 215 695 

gyrA, gyrB LEVO 110 437 

OFLX 69 201 

AMK 228 729 
rrs, rrl 

KAN 257 631 

CAP 577 363 rrs, rrl, tlyA 

PAS 78 849 thyA 

CYS 8 855 alr, ddl 

Total  1397   

Group of experts met 2-3 times 

to identify lead candidate 

genes for each drug.   





 

Farhat et al. Under review 



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 

Farhat et al. Under review 



 What?  
 Association of individual mutations or genomic regions with the 

phenotype of interest 

 Why?  
 Allow for hypothesis free research around a measurable heritable 

phenotype 

 Relevant heritable phenotypes include drug resistance, virulence, 
transmissibility, organ tropism and more. 

 Demonstrated success of GWAS for the study of human disease and 
several pathogens 

 Genomic Data is now more accurate than ever, more abundant, and 
easy to obtain. 
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Farhat et al. Nat Gen 2013 





Convergent Gene/Site Description 
Permutation p-

value 

Nucleotide 

Site 

katG catalase-peroxidase 0.00000 944GC 

rpoB RNA polymerase beta chain 0.00071 1349CT, 

1304AT 

rpsL 30S ribosomal protein S12 0.00075 128AG 

rrs 16S ribosomal RNA 0.00105 1401AG 

embB 
membrane indolylacetylinositol 

arabinosyltransferase 
0.00841 

916AG, 

918GA 

pncA pyrazinamidase/nicotineamidedase 0.00000 multiple 

gid glucose-inhibited division protein B 0.00003 multiple 

ethA monoxygenase 0.00073 multiple 

gyrA DNA gyrase subunit A 0.00410 multiple 

inhA promoter 
NADH-dependent enoyl-[acyl-carrier-

protein] reductase promoter 
0.011 multiple 

eis promoter enhanced intracellular survival  protein  0.00200 multiple 

Farhat et al. Nat Gen 2013 
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Farhat et al. Nat Gen 2013 



Coming to an office/lab near you:  

The USB Sequencer 



Bedaquiline 

Delamanid 

 

New Tuberculosis Drugs 2012 



Time to Sputum-Culture Conversion in the Modified Intention-to-Treat Population. 

Diacon et al. NEJM 2014 



 Nitroimidazole: 

 PA-824 (Pretomanid) 

 TBA-354  

 Delamanid 

 

 ATP Synthase inhibitors 

 Bedaquiline (TMC207) a diaryquinoline 

 

 Oxazolidinones: 

 Linezolid  

 Sutezolid 
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Clinical Course of the 14-Year-Old Patient with Fulminant Meningoencephalitis. 

Wilson et al. NEJM 2014 


