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Definition of Drug Resistance 
 Multidrug-resistant (MDR): resistant to at least isoniazid (INH) and rifampin 
(RIF) 

 Pre-extensively drug-resistant (Pre-XDR): MDR-TB that is also resistant to either 
a fluoroquinolone (FQ) or a second-line injectable (kanamycin, capreomycin, or 
amikacin), but not to both 

 Extensively drug-resistant (XDR): MDR-TB that is also resistant to both a FQ and 
a second-line injectable anti-TB drug. 



Drug-resistant TB across the globe 
 WHO 2016 Global Tuberculosis Report: 
◦ 4% of all new TB cases are MDR-TB 
◦ 21% of previously treated TB cases are MDR-TB 

  

 In 2014, 480,000 people developed MDR-TB and 190,000 people died from MDR-TB. 

 By 2015, 105 countries had reported at least one case of XDR-TB 

 9.7% of MDR-TB cases are XDR-TB 

World Health Organization. Global Tuberculosis Report 2016. http://www.who.int/tb/publications/global_report/en/ 



Distribution of percentage of new TB 
cases with MDR-TB 

Global Tuberculosis Report 2013. Geneva, World Health Organization, 2013. (Figure 4.2, http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf, Accessed on November 18, 2013.)/ 

http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf


Global Tuberculosis Report 2013. Geneva, World Health Organization, 2013. (Figure 4.3, http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf 

Percentage of previously treated TB 
patients with MDR-TB 

http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf


Drug resistant TB in the US 
 Began emerging in regions of the US in the early 1990s. 

  

 MDR-TB cases accounted for 1.2% of total TB cases in 2015. 

  

 MDR-TB disproportionally affects foreign-born individuals 
◦ 85% of cases of MDR-TB in 2015 

CDC. CDC. Reported Tuberculosis in the United States, 2015. Atlanta, GA: U.S. Department of Health and Human Services, CDC, November 2016. 



Outcomes of treating MDR-TB 
 MDR-TB success rate ~ 62% (systematic review 2009),  XDR-TB success rate ~ 26% (2014) 

 Higher risk of treatment failure and relapse 

 Longer treatment durations associated with more side effects 

 Expensive: Data from US 2005-2007 
Non-MDR-TB $17,000 
MDR-TB $134,000 
XDR-TB $430,000 

  

Marks S, Flood J, Seaworth B, et al. Treatment practices, outcomes, and costs of multidrug-resistant and extensively drug-resistant tuberculosis, United States, 2005-2007. Emerg Infect Dis. 2014;20  



Why should we do DST? 
 Rapid identification of drug resistance in a patient with TB is critical in order to: 
◦ Treat the patient with the most appropriate regimen 
◦ Minimize transmission 
◦ Prevent acquisition of further drug resistance 
◦ Offer appropriate care to contacts 
◦ Provide the best chance of cure 



MDR often means lots of resistance 
MDR-TB strains of M. tuberculosis in the European Region  
◦ 60% are also resistant to EMB and PZA by phenotypic testing 
◦ >30 % are resistant to ethionamide 
◦ >25% are resistant to any WHO Group 2 second-line injectable drugs (kanamycin, amikacin, capromycin) 
◦ >17% are resistant to any WHO Group 3 fluoroquinolones 

 
Almost all of the XDR-TB strains of M. tuberculosis in Europe are also resistant to PZA and EMB. 
 
>90% of RIF-resistant strains are also resistant to INH 
 

Gunther G, van Leth F, Alexandru S, et al. TBNET study of multidrug-resistant tuberculosis in Europe. Emerg Infect Dis 2015; 21: 409–416. 
Gunther G, van Leth F, Altet N, et al. Beyond multidrug-resistant tuberculosis in Europe. A TBNET study. Int J Tuberc Lung Dis 2015;19:1524-1527. 
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How does TB become resistant? 
 Basic principles: 

 Each patient with TB harbors a mixed bacterial population with naturally occurring resistance to 
various drugs.  

 Resistance occurs by spontaneous mutation within the organism’s genome as they replicate. 

 Bacterial cells carrying the mutations are selected during periods of ineffective therapy and 
eventually replace the drug-susceptible bacterial population 

 Multidrug resistance develops during several periods of “sequential monotherapy” -> too few 
effective medications, inadequate drug dosing, poor compliance 

  



How does TB become resistant? 
 More specifically: 

 What we know is pretty limited.  



Resistance mechanisms 
 INH: Alterations in katG (high-level resistance) or inhA genes (low-level 
resistance) account for 85-90% of INH resistance 
◦ Double mutation in inhA can cause high-level INH resistance and cross-resistance to 

ethionamide 

 RIF: Mutation in rpoB gene causes >95% of RIF resistance 

 PZA: Very difficult to test resistance to PZA -> works best at low pH, which 
inhibits mycobacterial growth. Most PZA resistance is due to mutations of pncA. 
◦ Hundreds of mutations in pncA denote resistance, however some other mutations in pncA do 

not cause resistance; some PZA resistant isolates have a normal pncA. 

 EMB: 60% of resistance is due to a mutation in the embB gene 

 Streptomycin: Mutations in the rpsL and rrs genes 
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DST definitions 
 Critical concentration: the level of drug that inhibits 95% of wild-type TB strains that have not 
been exposed to the drug, but does not appreciably suppress the growth of strains that are 
resistant to the drug. 
◦ Allows for categorical interpretation of susceptible or resistant 

 First-line drugs: isoniazid, rifampin, ethambutol, pyrazinamide, streptomycin 

 Second-line drugs: fluoroquinolones, ethionamide, injectable aminolgycosides (amikacin, 
kanamycin), capreomycin 

 Direct testing: testing from clinical specimen (i.e. sputum) 

 Indirect testing: testing from culture isolated from clinical specimen 



Current DST Techniques 
 Conventional DST: solid media (agar proportion method), liquid media 

 Non-commercial methods: MODS, CRI, NRA 
◦ Prone to errors due to lack of standardization 
◦ Highly operator-dependent 
◦ Acceptable in reference labs 

Molecular: Probe-based assay, sequencing 



DST: Solid media 
 Compare growth of TB isolate in the 
presence of drugs to determine 
susceptibility versus resistance. 

 The isolate is considered resistant if 
the number of colonies in the drug 
quadrant is more than 1% of that in 
the control quadrant 

 PZA-resistance is not determined via 
solid media testing 

 Turnaround time: ~ 1 month 



Solid Media DST 



Example of solid media results 



Liquid media DST 

MGIT: Mycobacterial Growth Indicator Tubes 
• Fluorescent indicator in the bottom of the 

tube that is suppressed by oxygen.  
• Mycobacteria consume oxygen and allow 

fluorescence to increase 
• Tests RIF, INH, EMB, PZA, streptomycin 
• Results available in ~ 1 week 

VersaTREK 
• Mycobacterial growth -> 

decreased O2 -> pressure 
changes in the headspace 
above the broth medium 

• Tests RIF, INH, EMB, PZA 
• Results in ~1 week 

Sensititre 
• Uses microbroth dilution 

plate to test first and 
second line drugs (not 
PZA) 

• Uses colonies from solid 
media; results 10-21 days 



Non-commercial DST methods 
Colorimetric redox indicator 
(CRI): INH and RIF resistance 

Microscopic observation drug 
susceptibility (MODS): INR, RIF 

Nitrate reductase assay (NRA) 



Molecular testing 
 Detect M. tuberculosis complex DNA and common mutations that are associated with drug 
resistance 

  

 Probe-based testing (non-sequencing) 
◦ Detects whether a gene mutation is present but cannot provide the sequence information for the 

specific mutation 
◦ Not all gene mutations confer drug resistance (can lead to false-positive results) 

 Sequence-based testing: the future of DST 
◦ Can provide the genetic identify of the specific mutation and can predict drug resistance with greater 

accuracy 
◦ Specimens can be forwarded to the CDC molecular detection of drug resistance (MDDR) testing; 

identifies genetic mutations associated with RIF, INH, and second-line drugs 



Molecular testing 
 Caveat: molecular methods have varying sensitivity with regards to detecting 
antituberculosis drug resistance 

  

  

 You must perform phenotypic DST to confirm molecular results and 
to detect resistance that is not detected by molecular methods 

  



Probe-based tests 
 Apply a nucleic acid sequence that can be detected via a nucleic acid probe 

 Used for rapid diagnosis (24-48 hours) 

 AFB smear-positive specimens: sensitivity 95%, specificity 98% 

 AFB smear-negative specimens: sensitivity 75-88%, specificity 95% 

 Can rapidly establish the presence of TB in 50-80% of AFB smear-negative specimens that would 
eventually be culture-positive. 

 Can detect alive or dead organisms, so only to be used for initial diagnostic purposes 

 Culture is required for confirmation and DST 

  

  



Probe-based tests 
 Xpert MTB/RIF test 
◦ Fully automated 
◦ Detects rifampin resistance via detection of the rpoB gene 
◦ Can be used from AFB smear-positive or smear-negative  
    samples in patients who have received <3 days of therapy 
◦ Results within 2 hours 
◦ Will not detect RIF resistance due to mutations outside  
    of the region of RIF-resistant mutations 
◦ Recommended by WHO as the initial diagnostic test for  
   adults and children presumed to have MDR-TB or HIV  
   associated TB 

 
 

  

  

Kim Y, Seong M-W, Kim T, et al. Evaluation of Xpert MTB/RIF assay: diagnosis and treatment outcomes in rifampicin-resistant tuberculosis. Int J Tuberc Lung Dis 2015;19:1216-1221 
Sanchez-Padilla E, Merker M, Bechert P. Detection of drug-resistant tuberculosis by Xpert MTB/RIF in Swaziland. N Engl J Med 2015;372:1181. 
World Health Organization. Automated real-time nucleic acid amplification technology for rapid and simultaneous detection of tuberculosis and rifampicin resistance: Xpert MTB/RIF assay for the d                   



Probe-based assay 
 Genotype MTBDRplus (Hain Lifesciences) 
◦ Line probe assay 
◦ Detects RIF (rpoB gene) and INH (katG and inhA genes) resistance 
◦ Results available in 1-2 days 
◦ Detects ~ 85% of INH-resistant strains 

 

 Nipro NTM+MDRTB detection kit 2 (Nipro, Japan) 
◦ Line probe assay 
◦ Detects M. tuberculosis complex and resistance to RIF and INH.  
◦ Also differentiates between M. avium, M. intracellulare, and M. kansasii from M. tuberculosis complex 

and from other non-tuberculous mycobacteria. 
 

Brossier F, Sougakoff W, Aubry A. Molecular detection methods of resistance to antituberculosis drugs in Mycobacterium tuberculosis. Med Mal Infect. 2017;47:340-348. 



Probe-based Testing 
 New tests: 
◦ GenoType MTBDRsl: detects resistance to FQ and second-line injectables 
◦ Cochrane review 2014: good sensitivity, will miss between 25-33% of cases of XDR-TB 

 

◦ Anyplex II MTB/MDR/XDR PCR assay: tests for INH, RIF, and second-line drugs 
◦ Not able to identify the specific mutation involved. 

 

◦ Quantamatrix Multiplex Assay Platform: rapid differentiation (3 hours) of 23 
Mycobacterium species including MTB complex and RIF-resistant strains 

Causse M, Ruiz P, Gutierrez J, Vaquero M, Casal M. New Anyplex II MTB/MDR/XDR kit for detection of resistance mutations in M. tuberculosis cultures. Int J Tuberc Lung Dis. 2015;19:1542-1546  
Theron G, Peter J Richardson M, et al. The diagnostic accuracy of the GenoType MTBDRsl assay for the detection of resistance to second-line anti-tuberculosis drugs. Cochrane Database Syst. Rev. 20  
Molina-Moya B, Lacoma A, Prat C, et al. Diagnostic accuracy study of multiplex PCR for detecting tuberculosis drug resistance. J Infect 2015; 71: 220–230. 
Wang H, Uh Y, Kim S, Shim T, Lee H. Evaluation of the quantamatrix multiplexed assay platform system for simultaneous detection of Mycobacterium tuberculosis and the rifampicin resistance gene          
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Test Discordance 
 Reasons for discordance between molecular and phenotypic DST: 
◦ Pre-analytic: issue prior to specimen processing 
◦ Post-analytic: issue after specimen processing 
◦ Analytic errors: error occurs during specimen processing 
◦ Co-existence of non-tuberculous mycobacteria 
◦ Silent mutations: mutations within a gene associated with drug resistance that do not confer in vitro 

resistance. 
◦ Mutations outside of the resistance-determining region (RIF, PZA, INH) 
◦ Disputed mutations with increased MICs below the critical concentration in some phenotypic DST 

systems 
◦ Heteroresistance: the presence of both susceptible and resistant M. tuberculosis organisms 

◦ Due to mixed infections with two or more M. tuberculosis strains or to endogenous development of two populations following 
inadequate treatment. 

Brossier F, Sougakoff W, Aubry A. Molecular detection methods of resistance to antituberculosis drugs in Mycobacterium tuberculosis. Med Mal Infect. 2017;47:340-348. 
Hofmann-Thiel S, Hoffman H, Hillemann D. How should discordance bewteen molecular and growth-based assays for rifampicin resistance be investigated? Int J Tuberc Lung Dis 2017: 721-726. 
Van Deun A, Aung K, Lebeke R, et al. Rifampin drug resistance tests for tuberculosis: challenging the gold standard. J Clin Microbiol 2013;51:2633-2640. 



Test discordance in practice 
◦ Concordance is high with INH and RIF (high 90s%), lower for EMB (70-80%?) and streptomycin (low 

90s%?), moderate for PZA.  
 

◦ 2014 evaluation comparing results of isolates from the CDC MDDR molecular service with 
matching results using growth-based DST from public health laboratories: 93.9% RIF and 90% INH 
concordance. 
 

◦ 2014 Peru study: compared DST between index pulmonary TB case and household contacts: 
◦ 88% had isolates resistant to INH and RIF 
◦ 37% of contacts had isolates matching the index case’s DST for INH, RIF, EMB, PZA, streptomycin 
 

◦ RIF:  
◦ rapid molecular testing may report RIF resistance in a RIF susceptible isolate by detecting silent mutations.  
◦ Molecular test R but phenotypic S, isolate acts like R and is associated with worse outcomes; due to increased MICs below 

the conventional critical concentration 
◦ Genetic sequencing may be the best way to determine RIF resistance. 

 

  Hofmann-Thiel S, Hoffman H, Hillemann D. How should discordance between molecular and growth-based assays for rifampicin resistance be investigated? Int J Tuberc Lung Dis 2017: 721-726. 
Parr J, Mitnick C, Atwood S, Chalco K, Bayona J, Becerra M. Concordance of resistance profiles in households of patients with multidrug-resistant tuberculosis. Clin Infect Dis 2014;58:392-395 
Rigouts L, Gumusboga M, de Rijk W B, et al. Rifampin resistance missed in automated liquid culture system for Mycobacterium tuberculosis isolates with specific rpoB mutations. J Clin Microbiol 2013; 51: 2641–2645  
Van Deun A, Aung K J, Bola V, et al. Rifampin drug resistance tests for tuberculosis: challenging the gold standard. J Clin Microbiol 2013; 51: 2633–2640. 
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How to approach DST 
 Each patient should be assessed for risk of drug resistance. 

 Perform both liquid and solid mycobacterial cultures, with a minimum of at least performing 
solid cultures (gold standard) 

 Perform rapid molecular DST for RIF with or without INH for persons who are AFB smear positive 
and meet one of the following: 
◦ Have been treated for TB in the past 
◦ Were born in or have lived for a least 1 year in a foreign country with a moderate TB incidence or a high 

primary MDR-TB prevalence (>=2%) 
◦ Contacts of patients with MDR-TB 
◦ HIV infected 

 One culture isolate from each mycobacterial culture-positive patient should be submitted for 
genotyping.  

Dominguez J, Boettger EC, Cirillo D, et al. Clinical implications of molecular drug resistance testing for Mycobacterium tuberculosis: a TBNET/RESIST-TB consensus statement. Int J Tuberc Lung Dis. 2016;20:24-42. 
Lewinsohn DM, Leonard MK, LoBue PA, et al. Official American Thoracic Society/Infectious Diseases Society of America/Center for Disease Control and Prevention clinical practice guidelines: diagnosis of tuberculosis in adults       



DST Timeline 
Collect a sputum specimen at the health department 
 
1-2 days to get to the state lab (if collected in hospital, do GeneXpert and get same-day results) 
 
1 day to process and plate 
 
If get MDDR testing on smear-positive specimen, can ship to CDC and get results within 7 days 
 
Average of 14-21 days to grow TB and identify it (with DNA probe) as M tuberculosis. 

With concurrent liquid medium DST, can get susceptibilities close to the time when germ is identified. 
With sequential liquid medium DST (subculture), takes an additional week to get susceptibilities 
With sequential solid medium DST (subculture), takes an additional 2-4 weeks to get susceptibilities. 



How to approach DST 
 Question results that don’t make sense and confirm using a sequence-based test 
◦ Discordant test results 
◦ Drug resistance identified in low-incidence settings 

 
Order second-line DST when resistance to RIF or more than one first-line drug is found, or when co-
morbidities warrant a non-standardized regimen. 



Example clinical scenarios 
 Patient with suspected pulmonary TB from Vietnam comes in to health department 

• Sputum is smear (+) 
• Vietnam has high rates of drug resistance -> request MDDR testing right away 

  

 Patient with mixed growth of MAC and TB has a TB isolate reported as resistant to all 4 first-line 
drugs 
• Ask about potential MAC interference with the susceptibility testing 



Questions? 
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