
New diagnostic methods for 

mycobacteria : the pros and cons 

Pr Nicolas Veziris 

CNR des Mycobactéries, Département de Bactériologie,  

Hôpitaux Universitaires de l’Est Parisien , APHP 

CiMi, INSERM, Sorbonne Université 



Conflicts of interest 

• Janssen 

• Otsuka 

• Becton Dickinson 



Diagnosis of tuberculous disease 



Usual bacteriological diagnosis  
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Tuberculosis bacteriological diagnosis 



Polymerase chain reaction 

• Karry Mullis 1983 
 

• Amplifies the number of copies of nucleic acids in order to 
allow thier detection 
 

• Theorically allows detection of 1 DNA molecule 
 

• Great hope for a fast diagnosis of tuberculosis from 
samples 
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PCR performances for the diagnosis of 

tuberculosis 

Tuberculosis Sensitivity Specificity Prevalence PPV NPV 

Smear + 98% 98% 85% 98% 90% 

Smear - 72% 96% 5%a ? ? 

2%b ? ? 

Extra-

respiratory 

(smear-) 

30% 98% 0.5% ? ? 

a : respiratory and ID ward, b : other wards Sarmiento, JCM 2003 



PCR performances for the diagnosis of 

smear negative tuberculosis 

Se = 72% 

Sp = 96% 
Culture + Culture - 

Prevalence = 

5% 
5 95 

PCR + 

 

3.6 

(5x0.72) 

3.8 

(95x0.04) 

PCR - 
1.4 

(5x0.28) 

91.2 

(95x0.96) 

PPV = 3.6/(3.6+3.8)  

 = 49% 

NPV = 91.2/(91.2+1.4)  

 = 98% 

What can be done? 



PCR : evolution of performances 

Reference Methodology Technology Sensitivity among smear 

negative pulmonary specimens 

Sarmiento, 

JCM 2003 
Meta-analysis many 72% 



« At sites peforming alternatives nucleic acid-amplification testing, 

the sensitivity of the MTB/RIF test performed diectly on sputum was  

higher than that of Amplicor and similar to that of ProbeTec »  



PCR : evolution of performances 

Reference Methodology Technology 

Sensitivity 

among smear 

negative 

pulmonary 

specimens 

Sarmiento, 

JCM 2003 
Meta-analysis many 72% 

Boehme, 

NEJM 2010 
Prospective study Xpert MTB/RIF 72% 

Steingart, 

Cochrane 2014 
Meta-analysis Xpert MTB/RIF 67% 



 

« For tuberculosis case detection, sensitivity of Xpert Ultra was 

superior to that of Xpert in patients with paucibacillary disease »  



PCR : evolution of performances 

Reference Methodology Technology Sensitivity among 

smear negative 

pulmonary specimens 

Sarmiento, 

JCM 2003 
Meta-analysis many 72% 

Boehme, 

NEJM 2010 
Prospective study Xpert MTB/RIF 72% 

Xpert MTB/RIF 46% 

Beware of announcement! 

Dorman,  

LID 2018 
Prospective study Xpert Ultra 63% 

Steingart, 

Cochrane 2014 
Meta-analysis Xpert MTB/RIF 67% 



Xpert MTB/RIF : real life 

• Lee, AJRCCM 2019 : diagnostic performances of Xpert MTB/RIF 

• Korea (TB incidence 77/105) 

• Consecutive sputum samples collected from 2,952 suspected 

pulmonary tuberculosis patients over a 3-year period 

– “Xpert provides faster, more stable, and superior results compared with smear 

microscopy, in addition to its strong correlation with smear grade. Xpert might 

replace smear microscopy as the first-line diagnostic test for pulmonary 

tuberculosis in routine clinical practice in an intermediate-burden setting” 

PPV limited for tuberculosis  



PPV : Ultra? 

• Dorman, LID 2018 : Ultra vs MTB/RIF 

 

Ultra = lower specificity → lower PPV 



Incidence : 724 / 100 000 1% 

Lesotho 

PPV = 47% 

NPV = 99% 

TB No TB 

1 99 

Xpert + 0.89 

(1 x 89%) 

0.99 

(99 x 1%) 

Xpert - 0.11 

(1 x 11%) 

98.01 

(99 x 99%) 

Limits of molecular methods : 

Epidemiology and pre-test probability 

Genotypic diagnosis not efficient if used without clinical suspicion 



Incidence : 7.7 / 100 000 0.01% 

France, high clinical suspicion 

PPV = 92.4% 

NPV = 98.5% 

HIV+ and homeless (RR 300), cough> 2 weeks (RR 4) 

TB No TB 

0.01*300*4 = 12 88 

Xpert + 10.68 

(12 x 89%) 

0.88 

(88 x 1%) 

Xpert - 1.32 

(12 x 11%) 

87.12 

(88 x 99%) 

Limits of molecular methods : 

Epidemiology and pre-test probability 

Genotypic diagnosis efficient if used following a clinical algorithm 



Diagnosis of tuberculosis: Conclusion 

• Genotypic diagnosis to be integrated in a global strategy 

(no angling fishing) 



Diagnosis of drug resistance 



Reference for phenotypic diagnosis of resistance 

Adapted to liquid media in the 80s 



 Room for genotypic tests 

Study of genes coding proteins implied in drug resistance 

Phenotypic methods 

 

 

 

 

LIMIT : M. tuberculosis is a slow grower  

From phenotype to genotype 



Genotypic diagnosis of drug resistance: 
the first study 

• 122 clinical strains of M. tuberculosis 

• rpoB Amplification/sequencing 

• No mutation in 56 susceptible strains (sequence identical to H37Rv) 

• 64/66  resistant strains with rpoB mutations 

First demonstration of  the possibility of a genotypic diagnosis of drug resistance 

Excellent prediction of resistance (64/64 mutated are resistant = 100%) 

Good prediction of susceptibility (56/58 non mutated are susceptible = 97%) 



MTBDR, Xpert MTB/RIF 



Genotypic tests accelerate the diagnosis of resistance 

Drug Gene test Sensitivity Specificity Performances 

Rifampin rpoB 
MTBDRplus 98% 99%  

Excellent Xpert MTB/RIF 94% 98% 

Isoniazid inhA, katG MTBDRplus 84% 99% Good 

Fluoroquinolones gyrA, gyrB 

MTBDRsl 

83% 97% Good 

Amikacine 

rrs, eis 

87% 99% Good 

Kanamycin 67% 98% Poor 

Capreomycin 79% 95% Good 

Ethambutol embB 68% 80% Poor 

Performances  

-Excellent for rifampin→recommandation by HCSP 2015 for each new TB case 

- Good for isoniazid, fluoroquinolones, amikacin, capreomycin 

- Poor for kanamycin and ethambutol (improved in MTBDRsl V2) 

  

Theron, 2014; Steingart 2013 ; Feng 2013 ; Ling 2008 



Whole genome sequencing 

• Makhado, Lancet ID, 2018 

• rpoB mutation Ile491Phe not screened by commercial tests 

• Restrospective analysis of 1823 isoniazid resistant and 

rifampin susceptible strains  

• 277 strains randomly selected for study 

• Deeplex-MycTB deep sequencing 

– 37 with rpoB Ile491Phe mutation = MDR 

WGS detects low-level rifampin resistance better than 

current genotypic tests and than phenotypic DST  

Is WGS able to predict susceptibility? 



10 209 M. tuberculosis genomes / 16 countries / 6 continents 

 

 

Detection (%) Isoniazid Rifampin Ethambutol Pyrazinamide 

R 97 98 95 91 

S 99 99 94 97 

Good prediction of susceptibility 

even in areas with high prevalence 

of resistance 

 Beware of announcement! 

 

10 209 genomes 

↓ 

7516 complete DST 

↓ 

5865 interpretable genomes 

↓ 

5250 concordant with DST 

=70% of strains with DST 

=  51% of genomes 

 

Proof of concept but not  

of feasibility in real life 



Genotype/Phenotype correlation: 

fluoroquinolones 

• Bernard, AAC 2015 : Prospective study of gyrA and gyrB mutations 

associated with fluoroquinolone resistance in M. tuberculosis strains 

–  605 strains received at the NRC between 2007 and 2012 
• Mutations gyrA : 78% associated with resistance 

• Mutations gyrB : 36% associated with resistance 

 

• Aubry PLOS One 2014, Pantel, JAC 2016 : 

– GyrA A90G substitution confers quinolone susceptibility 

 

• Maitre, JAC 2016 : 

– Some GyrB mutations phenotypically classified « S » reduce the in 

vivo activity of fluoroquinolones 

Genotypic diagnosis sheds light on the variability of drug 

resistance levels 



Diagnosis of resistances: Conclusion 

• Phenotypic tests remain the gold standard 

• Genotype/Phenotype correlation 

– Work in progress 

– Including impact on treatment success 

– Go from black and white to shades of grey 

 

 

 

 



General conclusion 

• Genotypic diagnosis accelerates diagnosis of tuberculosis and 

of drug resistance 

• Know the limits for a good use in routine 

• Tomorrow, WGS in routine? 

– Oana Dumitrescu 

• Clinical use of whole genome sequencing for Mycobacterium tuberculosis in the 

workflow of TB diagnosis and control 

  Isabelle Bonnet 

• First evaluation in routine use of the combination of GeneLeadVIII to extract and 

detect Mycobacterium tuberculosis (Mtb) DNA and Deeplex-MycTB to predict 

drug resistance and TB transmission in less than 7 days from clinical samples 



Mechanism of selection  

of drug resistant mutants 

  

 

Susceptible bacilli 

Drug resistant bacilli 

ATB 

Cavern 

Drug susceptible 

bacillary population 

Drug resistant 

bacillary population 

Antibiotic Concentration 
Mutant 

proportion 

pyrazinamide  100mg/L 10-5 

isoniazide  0.2mg/L 10-6  

streptomycin  2mg/L 10-6 

rifampin 1mg/L 10-8 

bedaquiline  0.5mg/L 10-8 

linezolide 8mg/L 10-9 

CFU 

TIME 

108 

101 



Is an rpoB mutation always predictive of drug resistance? 

Previously 

treated 

Not previously 

treated 

 

France 

Prevalence of resistance 30% 9% 2% 

N R strains for 1000 patients 300 90 20 

N false positive for 1000 tests  

(Sp=98%) 

20 20 20 

Sensitivity= 100% and specificity = 98%, what PPV do we get? 

PPV 94% 82% 50% 

Good test for MDR screening 

PPV depends of pre-test probability 

In case of low pre-test porbability → repeat test 
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Fluoroquinolone low-level resistance 

An example of the superiority of genotypic diagnosis over 

phenotypic diagnosis 

Maitre, JAC 2016 

CFU 

log10 

Genotype Phenotype : MIC (μg/ml) 

GyrA GyrB levofloxacin moxifloxacin 

WT WT ≤  0.25 ≤  0.25 

WT E540A 0.5 0.5 

WT A543V 1 0.5 

Levofloxacin Moxifloxacin 

Human equipotent dosing 

750 1000 400 800 

« Oficially» susceptible 

Critical Concentrations 

- Levofloxacin = 1 mg/L 

- Moxifloxacin = 0.5 mg/L 

GyrB mutants with MICs 

classified « S » reduce the in 

vivo activity of fluoroquinolones 



Whole genome sequencing 
• Papaventsis, CMI 2017 : literature review 

Heterogeneous performances 

Correlation with treatment issue? 



PCR : evolution of performances 
Reference Methodology Technology Sensitivity among 

smear negative 

pulmonary specimens 

Sarmiento, 

JCM 2003 
Meta-analysis many 72% 

Boehme, 

NEJM 2010 
Prospective study Xpert MTB/RIF 72% 

Xpert MTB/RIF 46% 

Beware of 

announcement 

effects! 

Dorman,  

LID 2018 
Prospective study Xpert Ultra 63% 

Chakravorty, 

Mbio 2017 

Prospective and 

retrospective 

study 

Xpert® 

MTB/RIF Ultra 
79% 

Opota, JCM 

2019 
Prospective study 

Xpert® 

MTB/RIF Ultra 
92% 

Steingart, 

Cochrane 2014 
Meta-analysis Xpert MTB/RIF 67% 


