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Robert Koch 
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Tuberculosis Therapy 
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Eur Respir J 2002; 20: Suppl. 36, 87s–94s 



Streptomycin-Resistant TB 
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Drug-resistant TB: a Man-made Phenomenon  

 
 
 
 
 

• Short-course chemotherapy for 
patients infected with drug-
resistant strains may create even 
more resistance to the drugs in 
use 
– The “amplifier effect” of short-

course chemotherapy 
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2006 
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MDR-TB 

 

•

•
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59 y/o, Male, INH-Resistant TB 

PLoS ONE 2019;14(4):e0214792 
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10 

2 /MDR-TB 
Int J Tuberc Lung Dis 2003;7:569-74 
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Far-advanced TB, Effective? 
• Standard short-course chemotherapy, based on first-line drugs, is an inadequate treatment 

for some patients with drug-resistant TB                                                               JAMA 2000;283:2537-45 

1990-1995: INH: 9.2%, RMP:1.5%, MDR: 1.2% 
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Gout attack----DC Pyrazinamide? Multidrug-resistant TB---Isolation! 



Drug-resistant Tuberculosis 

• 1. Regimen for rifampicin-susceptible, isoniazid-
resistant tuberculosis  

• 2. Shorter all-oral bedaquiline-containing regimen 
for multidrug- or rifampicin-resistant tuberculosis 

• 3. Longer regimens for multidrug- or rifampicin-
resistant tuberculosis 

• 4. The bedaquiline, pretomanid and linezolid 
(BPaL) regimen for multidrug-resistant 
tuberculosis with additional fluoroquinolone 
resistance 

• 5. Monitoring patient response to MDR-TB 
treatment using culture  

• 6. Starting antiretroviral therapy in patients on 
second-line antituberculosis regimens 

• 7. Surgery for patients on MDR-TB treatment 
• 8. Care and support for patients with MDR/RR-TB 

13 

2020 
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Isoniazid-resistant TB vs. Isoniazid-sensitive TB 
• Higher treatment failure (11% vs 1%) 
• Relapse (10% vs 5%) 
• Higher rates of acquired multidrug resistance (8% vs 0.3%)  



Treatment Outcomes for New and Relapse TB Cases 
, and MDR/RR-TB Cases, 2012–2017 Globally 

15 
WHO: 2019 Global TB Report 

16 
N Engl J Med 2010;363:1070-1 



Drug Resistance-related Genes against Anti-TB Drugs 

17 
Nature 1998;393:537–44    Respirology 2018;23:1098–113 

Genotypic Methods 
Detection of Rifampicin Resistance  

GenoType MTBDRplus Assay 
• Technology: PCR and the Strip technology  
• Targets: rifampicin (rpoB gene) and 

isoniazid (katG gene: high level isoniazid 
resistance; inhA gene: low level resistance) 

• Complex to perform and require technical 
expertise (Decentralizing: not applicable) 
 
 
 
 
 
 
 
 
 
 

Xpert MTB/RIF Assay 
• Technology: Nested real-time PCR 
• Targets: rpoB gene - probed with five 

molecular beacons for mutations within 
the rifampin-resistance determining 
region (RRDR) 

• Two-hour detection of MTB and rifampin 
resistance mutations 
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Rapid Molecular Detection of Tuberculosis   
and Rifampin Resistance-1 

19 
N Engl J Med 2010;363:1005-15 

Rapid Molecular Detection of Tuberculosis   
and Rifampin Resistance-2 

20 
N Engl J Med 2010;363:1005-15 



WHO Endorsed Xpert MTB/RIF Assay in 2010 

21 

Xpert MTB/RIF Assay 

22 



Feasibility, Diagnostic Accuracy, and Effectiveness of Decentralised Use of 
the Xpert MTB/RIF Test for Diagnosis of Tuberculosis and Multidrug 

Resistance: a Multicentre Implementation Study 

 
 
 
 
 

• MTB/RIF test for rifampicin 
resistance  
– Sensitivity: 94.4% (236 of 250) 
– Specificity: 98.3% (796 of 810)  

 
 
 
 
 
 
 
 
 

• Median time to detection of 
rifampicin resistance  
– MTB/RIF  test: 1 day (0–1) 
– Phenotypic DST: 106 days (30–124) 

23 
    Lancet 2011;377:1495–505 

• Decentralised MTB/RIF test implementation is 
feasible and could lead to an improvement in 
tuberculosis care and control 

Clinical Implications: Rifampin-susceptible 

24 

79 y/o, male (Pneumoconiosis) 
Sputum AFS (++++) 
Xpert: MTB(+), RMP-resistant (-) 
Phenotypic DST: all susceptible (1 month) 

19 y/o, female ( ) 
Sputum AFS(-) 
Xpert: MTB(+), RMP-resistant (-) 
Phenotypic DST: all susceptible (45 days) 



Clinical Implications: Rifampin-resistant 

25 

70 y/o, male ( ) 
Sputum AFS(++++)  
Xpert: MTB(+), RMP-resistant (+) 
Phenotypic DST: rifampin-resistant (35 days) 

31 y/o, female (Rifampin-resistant TB contact) 
Sputum AFS(-) 
Xpert: MTB(+), RMP-resistant (+) 
Phenotypic DST: rifampin-resistant (41 days) 

Cochrane Review 

26 

For rifampicin resistance detection, 
Xpert®MTB/RIF pooled sensitivity 
was 95% and pooled specificity was 
98% 

2015 2019 

For rifampicin resistance, Xpert 
MTB/RIF was highly sensitive (96%) 
and specific (98%)  



GenoType MTBDR Assays for the Diagnosis of 
Multidrug-resistant Tuberculosis: a Meta-analysis 

27 
Eur Respir J 2008;32:1165–74 

WHO Recommended the Use of Line probe Assay 

• A specific probe to identify M. 
tuberculosis complex 

• Multiple probes to detect the most 
common mutations in rpoB (codons 
531,526 and 516) 

• Multiple overlapping wild-type 
(susceptible) probes covering the 
RRDR region of rpoB 

• Multiple probes to detect both high-
level (katG mutations) and low level 
isoniazid resistance (inhA mutations) 

• Strip technology, with appropriate 
assay procedure controls, allowing 
visual detection of results 

28 



Close Contacts of Patients with MDR-TB 

MDR-TB  

MDR-TB:46  

29 

Performance Assessment of the GenoType MTBDRplus Test and DNA 
Sequencing in Detection of Multidrug-Resistant Mycobacterium tuberculosis 

All 30 fully drug susceptible M. tuberculosis isolates demonstrated no mutations 

• The sensitivity and specificity for RIF-resistant : 95.5% and 100%  
• The sensitivity and specificity for INH-resistant: 81.8% and 100% 

 J Clin Microbiol 2009;47:2520–4 
30 



 
 

31 
Taiwan CDC 2019.5.8 

50 y/o, Male  

• Worked in Vietnam 
• Sputum AFS (++++) 
• GeneXpert test 

– RMP: resistant 

• GenoTypeMTBDRplus Test 
– INH: resistant 
– RMP: resistant 

• Phenotypic DST (40 days later) 
– HERS: resistant 
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82 y/o, Male 

• Underlying disease 
– Pneumoconiosis 

• TB History: 15 yrs ago 
• GeneXpert test 

– RMP: resistant 

• GenoTypeMTBDRplus Test 
– INH: susceptible 
– RMP: resistant 

• Phenotypic DST 
– INH: resistant 
– RMP: resistant 
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Line Probe Assays: A Meta-Analysis 

34 
Eur Respir J 2017; 49: 1601075 PLoS ONE 2016;11: e0150321 

The pooled sensitivity 
• Isoniazid: 0.91 (0.88–0.94) 
• Rifampicin: 0.96 (0.95–0.97)  
The pooled specificity 
• Isoniazid: 0.99 (0.98–0.99) 
• Rifampicin: 0.98 (0.97–0.99) 

RIF resistance: pooled sensitivity and specificity 
• 96.7% (95.6–97.5%) and 98.8% (98.2–99.2%) 
INH resistance: pooled sensitivity and specificity  
• 90.2% (88.2–91.9%) and 99.2% (98.7–99.5%) 



Decreased Time to Treatment Initiation for Multidrug-Resistant 
Tuberculosis Patients after Use of Xpert MTB/RIF Test, Latvia  

35 
 Emerg Infect Dis 2016;22:482-90 

 

Few studies have examined whether the Xpert 
MTB/RIF test improves time to treatment initiation 
for persons with multidrug-resistant tuberculosis 
(MDR TB). We determined the impact of this test in 
Latvia, where it was introduced in 2010. After 
descriptive analyses of pulmonary MDR TB patients 
in Latvia during 2009–2012, time to treatment 
initiation was calculated, and univariate and 
multivariable accelerated failure time models were 
constructed. Univariate results showed strong 
evidence of an association between having rifampin-
resistant TB detected by Xpert MTB/RIF and reduced 
time to treatment initiation versus the test not being 
used. A multivariable model stratifying by previous 
TB showed similar results. Our finding that in Latvia, 
time to treatment initiation was decreased for MDR 
TB cases that were rifampin-resistant TB by 
XpertMTB/RIF has implications for the use of this 
test in other settings with a high burden of MDR TB 
in which rifampin resistance is highly predictive of 
MDR TB. 

Impact of GeneXpert MTB/RIF® on Treatment Initiation and Outcomes of RIF-
resistant and RIF-susceptible TB Patients in Vladimir TB Dispensary, Russia 

• Background: The main advantage of GeneXpert MTB/RIF® (Xpert) molecular diagnostic technology is the rapid detection of 
M.tuberculosis DNA and mutations associated with rifampicin (RIF) resistance for timely initiation of appropriate treatment 
and, consequently, preventing further transmission of the disease. We assessed time to treatment initiation and treatment 
outcomes of RIF-resistant and RIF-susceptible TB patients diagnosed and treated in Vladimir TB Dispensary, Russia in 2012, 
before and after implementation of GeneXpert MTB/RIF® diagnostic technology. 

• Methods: All adult patients suspected of having TB during February–December 2012 underwent a clinical examination, 
chest x-ray, microscopy, culture, and phenotypic drug susceptibility testing (DST). Starting August 2012 Xpert diagnostic 
technology became available in the facility. We used logistic regression to compare treatment outcomes in pre-Xpert and 
post-Xpert periods. Kaplan-Meier curves and log-rank test were used to compare the time to treatment initiation between 
the groups. 

• Results: Of 402 patients screened for TB during February–December 2012, 338 were diagnosed with TB (280 RIF-susceptible, 
58 RIF-resistant). RIF-resistant patients in the post-Xpert group started treatment with second-line drugs (SLD) earlier than 
those in pre-Xpert group (median 11 vs. 37 days, Log-rank p = 0.02). The hazard ratio for time to SLD treatment initiation 
was significantly higher in post-Xpert group (HR:2.06; 95%CI:1.09,3.89) compared to pre-Xpert group. Among the 53/58 RIF-
resistant TB patients with available treatment outcome, 28 (53%) had successful outcomes (cured/completed treatment) 
including 15/26 (58%) in post-Xpert group versus 13/27 (48%) in pre-Xpert group. The observed difference, however, was 
not statistically significant (OR:0.69; 95%CI:0.23,2.06). Among RIF-susceptible TB cases time to treatment initiation was not 
significantly different between the groups (2 vs. 3 days, Log-rank p = 0.73). Of 252/280 RIF-susceptible TB cases with 
treatment outcome, 199 (79%) cases had successful outcome including 94/114 (82%) in post-Xpert group versus 105/138 
(76%) in pre-Xpert group (OR:0.68; 95%CI:0.36,1.26). 

• Conclusion: We observed that availability of Xpert for initial diagnosis significantly reduced the time to SLD treatment for 
RIF-resistant patients in the Vladimir TB Dispensary. Although implementation of rapid diagnostics did not improve 
treatment outcomes, early diagnosis of MDR-TB is important for selection of appropriate treatment regimen and prevention 
of transmission of drug-resistant strains of TB. 

36 
BMC Infect Dis 2020;20:543 



Rifampin Drug Resistance Tests for Tuberculosis 
Challenging the Gold Standard 
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• 1st TB history: 2016/7~2017/1 with HRZ(E) 
Phenotypic DST: all susceptible 

• 2nd TB history: 2017/9, relapse 

• Phenotypic DST: all susceptible  
• Genotypic DST: RMP-R  
• Genetic locus: rpoB L511P 

J Clin Microbiol 2013;51:2633–40 
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• Laboratory errors 
• Silent mutations 
• Mutations outside the 81 base-pair RMP resistance-determining region 
• Disputed mutations conferring increased minimal inhibitory 

concentrations below the critical concentration in some phenotypic 
drug susceptibility tests 

• Heteroresistance 
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Isolation of Mycobacterium tuberculosis Strains with a  
Silent Mutation 

• Isolation of Mycobacterium tuberculosis Strains with a Silent Mutation 
in rpoB Leading to Potential Misassignment of Resistance Category 
– Our study provides an alert regarding the transmission of rifampin-susceptible strains 

of Mycobacterium tuberculosis with a silent substitution in codon 514 of rpoB. Among 
1,450 cases, we identified 12 isolates sharing this mutation and related restriction 
fragment length polymorphism (RFLP) types. The mutation impaired hybridization 
with the wild-type probes in three independent commercial assays, which could lead 
to misassignment of resistance. 

J Clin Microbiol 2011:49:2688-90 

 
• Silent Mutation in rpoB Detected from Clinical Samples with Rifampin-

Susceptible Mycobacterium tuberculosis 
– These two isolates (1.4%) had a silent TTC (Phe)-to-TTT (Phe) shift (the same 

replacement found in the isolates included in the study by Alonso et al).  
J Clin Microbiol 2011;49:3722 
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Drug-resistant TB: Silent Mutation 

41 

• Male, 14 y/o  
• Family  Hx of TB: uncle 

(treated as MDR-TB) 
• Xpert: RMP-R 
• Genotype: INH-S, RMP-R 
• Phenotypic DST: all 

susceptible 
• Genetic locus: silent 

mutation 
– rpoB P520P, CCG/CCA 

 

79 y/o, Male 

42 

 
 

Phenotypic DST: RMP-R, INH-R 
Genotypic DST: RMP-S, INH-R 
 

 

• rpoB gene: no RRDR (RMP resistance 
determining region) mutation 

• katG S315T mutation 



Clinical Failures Associated with rpoB Mutations in Phenotypically Occult 
Multidrug-resistant Mycobacterium Tuberculosis 

43 

• SETTING: Recently, Mycobacterium tuberculosis isolates have been described that test phenotypically susceptible to 
rifampicin (RMP) yet harbour genotypic rpoB mutations. 

• OBJECTIVE: 1) To investigate the impact of such mutations on clinical outcomes among RMP-susceptible isolates, and 2) to 
determine the prevalence of rpoB mutations among isoniazid (INH) monoresistant isolates at our laboratory and to describe 
the association between the presence of these mutations and clinical outcomes. 

• METHODS: M. tuberculosis isolates were screened for mutations in the rpoB gene using the Cepheid Gene-XpertR MTB/RIF 
assay. Clinical correlation was made by reviewing patient case notes. 

• RESULTS: Isolates from 94 patients were found to have INH-resistant, RMP-susceptible profiles. Clinical information was 
available for 52 patients, including three whose isolates had rpoB mutations. All three of these patients had treatment 
failures, compared to two of 49 patients whose isolates did not have rpoB mutations (P = 0.0005). 

• DISCUSSION: We demonstrate a significant association between the presence of rpoB gene mutations that are not detected 
at the current RMP critical concentration and treatment failure. We suggest that a review of the current RMP critical 
concentration is warranted to ensure that RMP is not used inappropriately for the treatment of phenotypically occult 
multidrug-resistant tuberculosis. 

    Int J Tuber Lung Dis 2011;16:216-20 

55 y/o, Female  
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Phenotypic DST: RMP-S 
Genotypic DST: RMP-R  

Disputed mutation 
rpoB L511P 



How Well Do Routine Molecular Diagnostics Detect Rifampin 
Heteroresistance in Mycobacterium tuberculosis? 

• Rifampin heteroresistance-where 
rifampin-resistant and -
susceptible tuberculosis (TB) 
bacilli coexist-may result in failed 
standard TB treatment and 
potential spread of rifampin-
resistant strains.  

45 
J Clin Microbiol 2019;57: e00717-19  

57 y/o, Male 

• Xpert: RMP-R 
• GenoType : INH-R, RMP-R 
• Phenotypic DST: 

– High-level INH-S, low-level INH-R 
– RMP-S/RMP-R 
– Prothionamide-R 

• Genetic loci 
– rpoB L511P: disputed mutation 
– rpoB S512T: hot-spot mutation 
– inhA C-15T: inhA promoter 

mutations confer low-level INH 
resistance, but significantly affect 
ETH susceptibility 

46 



Interpretation of Discordant Rifampicin Susceptibility Test Results 
Obtained Using GeneXpert vs Phenotypic Drug Susceptibility Testing 

• Background. The 3-month difference in turnaround time between Xpert and 
conventional phenotypic drug susceptibility testing (pDST) causes patient 
treatment challenges when pDST rifampin (RIF) susceptibility results and 
earlier Xpert results disagree, resulting in unnecessary tuberculosis (TB) 
patient exposure to toxic second-line drugs. Here, the prevalence of 
discordant RIF susceptibility test results, specifically Xpert (resistant) vs 
pDST (susceptible) results, was determined. 

• Methods. Tuberculosis patients enrolled between January 2015 and June 
2018 at Beijing Chest Hospital who consecutively tested positive for RIF 
resistance using Xpert then negative using pDST were studied. DNA 
sequences and minimal inhibitory concentration (MIC) results provided 
insights for understanding discordant results. 

• Results. Of 26 826 patients with suggestive TB symptoms undergoing Xpert 
MTB/RIF testing, 728 diagnosed as RIF-resistant were evaluated. Of these, 
118 (16.2%) exhibiting Xpert RIF resistance and phenotypic RIF 
susceptibility yielded 104 successfully subcultured isolates; of these, 86 
(82.7%) harbored rpoB gene RIF resistance–determining region mutations 
and 18 (17.3%) did not. The Leu511Pro (25.0%) and Leu533Pro (17.3%) 
mutations were most frequently associated with discordant RIF susceptibility 
test results. Of the 86 isolates with rpoB mutations, 42 (48.8%) with MICs 
≤1.0 mg/L were assigned to the RIF-susceptible group, with Leu511Pro being 
the most common mutation observed. Isolates with a very low bacterial load 
were most frequently misdiagnosed as RIF-resistant by Xpert. 

• Conclusions. Approximately one-sixth of RIF-resistant TB isolates identified 
via Xpert yielded discordant pDST results due to questionable interpretation 
of specific “disputed” mutations. Thus, a diagnostic flowchart should be 
used to correctly interpret Xpert RIF resistance results to best guide patient 
treatment. 

47 
Open Forum Infect Dis 2020;7:ofaa279 

Interpretation of Discordant Rifampicin Susceptibility Test Results 
Obtained Using GeneXpert vs Phenotypic Drug Susceptibility Testing 

48 
Open Forum Infect Dis 2020;7:ofaa279 

Leu511Pro 

Leu533Pro 
Wild-type 



(MDR-TB) 

49 
109.8.25 

Molecular Screening of Multidrug-resistance Tuberculosis 
by a Designated Public Health Laboratory in Taiwan 

50 
Eur J Clin Microbiol Infect Dis 2017; 36:2431–39 

• Taiwan Centers for Disease Control designated a single referral laboratory 
to provide the GenoType MTBDRplus test for screening high-risk MDR-TB 
populations nationwide in 2012–2015 



Performance of an Xpert-based Diagnostic Algorithm for the 
Rapid Detection of Drug-resistant Tuberculosis among  

High-risk Populations in a Low-incidence Setting 

51 
PLoS ONE 2018;13:e0200755 

Algorithm for Interpretation of Results from  
Molecular Methods 

52 

Companion handbook to the WHO guidelines for the programmatic management of drug-resistant tuberculosis. 
WHO/HTM/TB/2014.11.  



Correlation between Genotypic and Phenotypic Testing for 
Resistance to Rifampin in M. tuberculosis Clinical Isolates in Haiti 

: Investigation of Cases with Discrepant Susceptibility Results 

53 

 PLoS ONE 2014;9:e90569 

 
 
 
 
 
 
 
 
 
 

• In 10.5% of TB cases, genotypic resistance to RIF was not confirmed by phenotypic DST 
• Our clinical observations suggest that not only detection of the presence but also 

identification of the nature of rpoB mutation is needed for accurate diagnosis of resistance to 
Rifampin 

Rifabutin and Rifampin Resistance Levels and Associated rpoB 
Mutations in Clinical Isolates of Mycobacterium tuberculosis Complex 

54 
Diagn Microbiol Infect Dis 2016;85:177–81 

Male, 87 y/o 
pDST: INH-R, RMP-R, Rifabutin-S 

Genetic locus: rpoB S522L 



Treatment Outcomes of Rifabutin-containing Regimens for 
Rifabutin-sensitive Multidrug-resistant Pulmonary Tuberculosis  

55 

Int J Infect Dis 2017;65:135–141  

Rifabutin:  
• Rifampicin  Rifabutin  
• Cross resistance:  87% 

6  

Molecular Detection of Rifabutin-Susceptible 
Mycobacterium tuberculosis 

56 
J Clin Microbiol 2012;50: 2085–2088 



Diagnosis of Tuberculosis in Adults and Children  
Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice Guidelines 

• The sensitivity and specificity of rapid molecular DST for detecting 
rifampin resistance are both >97%, indicating that false-positive and 
false-negative results occur <3% of the time 

• The sensitivity and specificity of rapid molecular DST for detecting 
isoniazid resistance are estimated to be 90% and 99%, respectively, 
indicating that false-positive and false-negative results occur roughly 1% 
and 10% of the time, respectively 
 

• Confirmation of a positive test result for rifampin resistance has been 
recommended 
– To confirm a positive result, genetic loci associated with rifampin resistance 

(to include rpoB), as well as isoniazid resistance (to include inhA and katG), 
should be sequenced to assess for MDR-TB 

 

57 
Clin Infect Dis 2017;64:e1–e33 

 

•

•

•

•
•
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Drug-resistant TB ? 

59 

• Female, 16 y/o 
• Family Hx of TB: mother , 20 

yrs ago 
• Xpert: RMP-R 
• GenoType: INH-S, RMP-R 
• Phenotypic DST: all 

susceptible 
 

31 y/o, Female 

• Xpert 
– R: resistant 

• Genotype DST 
– HR: resistant 

• Phenotypic DST 
– HE: resistant 
– Rifampin/Rifabutin: susceptible  

• Genetic loci 
– rpoB L511P (disputed mutation) 
– KatG S315T 

• High-level INH resistance 
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28 y/o, Male 

• 2012-4-16  
–  

• 2012-4-18  
– MDR-TB 

• 2012-5-22 
–
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GenoType MTBDRsl  
Resistances to fluoroquinolones and aminoglycosides/cyclic peptides (and ethambutol)  

62 



Cochrane Review 
GenoType® MTBDRsl assay for resistance to second-line antituberculosis drugs 

MTBDRsl version 2.0 
• Fluoroquinolone resistance  

– smear-positive: sensitivity 97% 
(83% to 100%) and specificity 
98% (93% to 100) 

– smear-negative: sensitivity 80% 
(28% to 99%) and specificity 
100% (40% to 100%) 

• SLID resistance  
– smear-positive: sensitivity 89% 

(72% to 98%) and specificity 90% 
(84% to 95%)  

– smear-negative: sensitivity 80% 
(28% to 99%) and specificity 
100% (40% to 100%)  
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2016 

WHO’s Policy Recommendations 2016 

• For patients with confirmed 
rifampicin-resistant TB or MDR-TB, 
SL-LPA may be used as the initial 
test, instead of phenotypic 
culture-based DST, to detect 
resistance to fluoroquinolones 

• For patients with confirmed 
rifampicin-resistant TB or MDR-TB, 
SL-LPA may be used as the initial 
test, instead of phenotypic 
culture-based DST, to detect 
resistance to the second-line 
injectable drugs 
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Taiwan CDC 2019.5.8 

32y/o, Female 

• TB treatment history(+) 
• 106-11-23 

– Xpert: RMP-R 

• 106-11-29 
– HR: resistant 
– FQ: resistant 
– SLID: susceptible 

• 107-2-1: 1st and 2nd DST 
– HRSZ+FQ: resistant 
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67 
N Engl J Med 2018;379:1474-5 

Prediction of Susceptibility to First-Line Tuberculosis Drugs   
by DNA Sequencing 

The CRyPTIC Consortium and the 100,000 Genomes Project 

• 10,209 isolates  
– Resistance to isoniazid, rifampin, 

ethambutol, and pyrazinamide 
• Sensitivity: 97.1%, 97.5%, 94.6%, and 

91.3% 
• Specificity: 99.0%, 98.8%, 93.6%, and 

96.8% 

• 7,516 isolates (with complete phenotypic drug-
susceptibility profiles) 
– 5,865 (78.0%) ( with complete genotypic predictions) 

• Among which 5,250 profiles (89.5%) 
were correctly predicted 

• Among the 4,037 phenotypic profiles 
that were predicted to be pansusceptible 
– 3,952 (97.9%) were correctly predicted 

68 
N Engl J Med 2018;379:1403-15 



Point of Care Mycobacterium Tuberculosis Whole Genome Sequencing 
Oxford Nanopore: a New Generation of DNA/RNA Sequencing Technology 

69 

Take Home Messages 

• The designated laboratory 
– HR: resistant 
– FQ/SLID: susceptible 

• Family Hx of MDR-TB: Mother/Brother 
– Phenotypic DST 

• High-level INH-S 
• Low-level INH-R 
• S/R/Ethionamide: R 

– Genotypic DST 
• HR: R 
• FQ/SLID/PZA: no mutation 

– Genetic loci 
• rpoB S531L: high-level resistant to all 

rifamycins 
• inhA C-15T: inhA promoter mutations 

confer low-level INH resistance, but 
significantly affect ETH susceptibility  

• This patient 
– Phenotypic DST: impending 
– Genetic loci: rpoB S531L and inhA C-15T  
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