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This disease isn't dangerous at my 
age, and they say the cure is going 
on quite well, though slowly... We 
are now sending for some new 
American drug called streptomycin 
which they say will speed up the 
cure.
George Orwell, Hairmyres Hospital, 
Scotland, February 1948 - Letter to 
F.J. Warburg 







Despite initial response, large 
proportion of cases developed 
resistance, some within very 
short period after initiatiing
treatment. 





1944
• Streptomycin used

1950
• PAS, STR combination therapy

1952
• INH, PAS, STR

1957
• Pyrazinamide 

1961
• Ethambutol

1960s
• Rifampicin

1990
• Standard short course oral therapy 
• Rif, INH, PZA and Ethambutol

2000s
• Bedaquiline and Delaminid discovered



TB: BASIC BIOLOGY











Mechanisms of drug resistance
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rpoB

The beta subunit of RNAP is 
the target of rifampicin.



Rifampin
Binding 
SiteRifampin

Mechanisms of Rifampin Resistance

rpoB homology model – target of Rifampin

rpoB homolog from Thermus aquaticus with rifampicin bound (crystal structure)





Proposed mechanism of action of KatG
INH is a prodrug activated by the catalase-peroxidase KatG

Vilchèze C et al. Antimicrob. Agents Chemother. 
2005;49:708-720
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Activation and Binding of Isoniazid Derivatives
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Activation of Isoniazid by KatG

Isoniazid-NADH bound to InhA

Activation



Global Burden of DR TB



























How does TB DR emerge in 
individuals and populations?



The evolution of drug-resistant M. tuberculosis 
variants has generally been attributed to inadequate 
implementation of control measures, interrupted drug 
supply, low-quality drugs and patient non-adherence. 
However, it is increasingly evident that these factors 
alone are insufficient to explain the evolution of drug 
resistance in TB, as resistant M. tuberculosis strains 
evolve in well-functioning health systems and under 
strict treatment adherence.

Froma review by Sebastien Gagneux et al.



De novo resistance

• In addition to programmatic failures, 
“functional mono-therapy” can arise due to:

– Under-dosing of drugs
– Low absorption of drugs due to loss of intestinal 

integrity in chronic disease 
– Poor penetration of drugs into cavitary lesions



De novo resistance

• Population size
– Estimated at 10^8-10^10TB bacilli 
– Need to consider cell death as true population size 

should be binary fission events, not prevalent bacilli at 
given point.  

• Mutation Rate 
– 2-4 x 10^10 - slower than most bacteria.
– Other factors that affect rate may include

• Response to stress in macrophage environment
• Exposure to DNA-damaging drugs
• Presence of pre-existing mutations



De novo resistance

• Mutational target size varies by drug.
• Much larger target size for pro-drugs that are 

modified by non-essential enzymes (INH, PZA) 
than for drug target alterations 9Rif). 



How about transmission?



Cohn ML et al, 1954

Cohn ML et al, Tubercle, 1954

Are there fitness costs to TB drug resistance? 



Mycobacterial growth of INH 
resistant strains

Ordway et al, Inf Immun, 1995



Some mutations that lead to drug 
resistance do not impair fitness

Pym A et al, Inf Imm 2002 

Wildtype KatG

S315T INH resistant mutant

Other INH resistant KatG mutants

The white bars correspond to the 
CFU after 1 day, and the gray bars 
correspond to the CFU after 40 
days in the lungs.



Relative competitive fitness of laboratory-derived 
rifampin-resistant mutants of M. tuberculosis



Strains with HCMs in RpoA
and C were more fit, 
reached higher prevalence 
and were associated with  
longer disease duration in 
patients. 





Household X

Year

Drug-resistance profile Molecular fingerprint

Index case

Brother

Sister 1

Husband

Sister 2

Sister 3

Brother-in-law

Sister 4

1989    90   91   92   93   94   95   96   97

INH-RIF-EMB-PZA-THA-CPX

Unknown (*)

INH-RIF-EMB (*)

INH-RIF-EMB-PZA-SM-KM

INH-RIF-EMB-SM

INH-RIF-EMB-PZA

Unknown (*)

INH-RIF-EMB-PZA-SM (*)

Pulmonary TB, drug-resistance profiles and molecular fingerprints 
in the household of a patient with infectious MDR TB

Epidemiologic
studies 

Epidemic 
modeling

Within-host 
modeling Sequencing

Mercedes Becerra
Department of  
Social Medicine
HMS



Other epidemiological studies 

Garcia-Garcia et al,  Arch 
Intern Med, 2000

Odds ratio for clustering of M. tuberculosis



Adjusting for multiple possible confounders including SES, co-morbidities, BCG 
vaccination, index host HIV status, smoking, and alcohol use. 

Impact of drug resistance on infection

Adjusting for multiple possible confounders including SES, co-morbidities, BCG 
vaccination, index host HIV status, smoking, and alcohol use. 

Impact of drug resistance on disease



What is to be done?

• Early diagnosis and appropriate treatment of 
MDR will reduce ongoing transmission.

• Calls for
– Programmatic interventions such as active case 

finding
– Rapid diagnostics that allow selection of 

appropriate drug regimens at time of diagnosis. 
This requires identification of full compendium of 
DR mutations and development of rapid 
diagnostic tests to identify them.  


