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Overview 

- TB or not TB? If TB, what is the resistance profile? 

- Is the patient highly infectious? (contact tracing and infection control) 

- Why does this patient have TB? (HIV, HbA1C, Cr, NCD) 

 

 Diagnosis of LTBI (TST, IGRA and C-tb) 

 

 NAAT (Gene Xpert MTB/ RIF; LPA; LAMP etc) 

 Retreatment cases; PPV  

 Contact tracing and infection control  

 Ultra cartridge 

 

 WGS: implications for diagnostics & precision medicine 

 

 Decentralising diagnostics to practice/ clinic or community: active 
case finding & triage tests 



 TB top ID killer- 3 people die every minute! Over 1 
billion people killed over the last 2 centuries! 

 

 ~600 000 (540 000 to 664 000) MDR-TB (RR) cases 

globally in 2016 (~20% of TB deaths) 

 

 

 

 

 

 

 

 

 

Global TB Report, WHO, 2016  

 

 

TB & drug-resistant TB: size of the problem 

Global 



Global TB Report, WHO, 2016  

• 2015: 51% of MDR-TB globally had resistance to 
either a FQ, a second-line injectable agent, or both 
(2017= 39% of those treated= FQ or SLID resistance) 

 
• ~20% strains globally resistant to 1 major TB drug 
 

Pietersen and Dheda, Lancet, 2014 



Sondalo (1938) 
- 3500 beds 

2012 



Myanmar (53 million: 45% in informal housing) 

 Estimated burden in 2017: 191 000 cases [141-249] 

      Incidence: 361/ 100 000 cases (9% HIV-infected) 

     (estimated MDR-TB burden= 13 000 (5.1% new and 27%    

      retreatment) 

 139 625 notified  

      tested for R resistance= ~15% new and 63% of previous TB) 

 Detected: 3213 MDR and 0 XDR 

 

 Treated: 2537 and 5 XDR-TB  

      (19.5 % of the total burden!!) 

Global TB Report, WHO, 2017 (blue= detected; green= treated)  



Diagnosis of LTBI 

 TST 

 

 T-SPOT-TB  

      (post overnight ELISPOT assay) 

 

 Quantiferon-TB Gold Plus  

     (post overnight ELISA readout) 



C-TB (ESAT-6 and CFP-10-specific skin test) 



TST: 

PPD 

          LTBI diagnosis: detection of a memory T cell response 
RD1 proteins encoded by gene segments deleted from BCG  

Relatively M.tb specific  (M. kansasii, M szulgai, M marinum.) 

 

Vukmanovic-Stejic M, Imm Letters, 2006 

T cell 

PMN 

Dheda K, Respirology, 2010 



Indications in low burden settings: screening for 

LTBI where the risk benefit ratio is likely in favour of 

testing + treatment 

 Contacts of infectious TB cases at risk 

 Immuno-suppressive conditions: IMID (TNF), silicosis, 

HIV, post transplant, dialysis (TST + IGRA) 

 Health care workers, prisoners, homeless, drug users 

 Immigrants from TB endemic countries (risk stratify when older 

than 35 years; high incidence= > 150/ 100 000 cases) 

 

Dheda K, Lancet, 2016 

WHO guideline on LTBI, 2015 

UK NICE guideline, 2016 

Public Health England, 2016 (+ Migrant screening 2016) 

ATS/ CDC 2000 

 

 



Indications in high burden settings: screening for 

LTBI where the risk benefit ratio is likely in favour of 

testing + treatment 

 HIV-infected persons and children under 5 years 

 Contacts of infectious TB cases at risk: inform and 

advise (? CXR)  

 Immuno-suppressive conditions: IMID (TNF), silicosis, 

post transplant, dialysis (TST + IGRA): cover with INH 

 

 

Dheda K, Lancet, 2016 

WHO guideline on LTBI, 2015 

UK NICE guideline, 2016 

Public Health England, 2016 (+ Migrant screening 2016) 

ATS/ CDC 2000 

 

 



Predictive value of test +ve TST versus 

+ve IGRAs in longitudinal studies (2 SRs) 

Rangaka M, Lancet Infect Dis, 2011 

Diel R, Eur Resp J, 2012 

PPV IGRA (recommended cut-point) = 2.10 to 2.7% 

PPV TST (10mm cut-point)             = 1.60 to 1.5% 

 

BOTH IMPERFECT TESTS 

 

 



LTBI cascade 

Alsdurf H, Lancet Infect Dis. 2016 



Europe: Smear microscopy + culture routine  

 Molecular tests (NAAT): alternatives when rapid diagnosis and/ or 

DST required for clinical or public health reasons  

(e.g. high suspicion of MDR/ XDR, or if phenotypic DST likely unavailable within 8 wks) 

 

• Major advance 

• rules-in 2/3 

smear negative TB and rapid 

Dx of DR-TB 



Number of Xpert modules procured 

WHO Q4 2016 



Key practice points 

 PPV of Rif R limited when TB incidence is low  

(MDR TB prevalence of 2%= PPV of 50%; 3% MDR prevalence= 60%) 

WHO Xpert Implementation Guidance, 2011 

 

   Those with previous TB may yield false positive Xpert 

results 
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R-squared = 0.72, p<0.001 R-squared = 0.67, p=0.002

False positive Xpert MTB/RIF results in re-tested patients 

with previously confirmed tuberculosis  

- Re-tested 238 Xpert +ve previously treated patients 

- False-positivity rate (Xpert +ve, culture-negative) = 7% (16/238 ) 
 
- Duration since the initial TB episode of <2 years rules in only 50% of false +ves  

- Reclassifying “very low positive” to a “negative” result improved specificity [+3%(2-5%)] but 

reduced test sensitivity [-10%(4-15%)].   



Infection control and contact tracing 

  Xpert bacterial load  

Readouts (Ct values  

correlate poorly with  

smear positivity) 

 

 

 

 

 

  Negative PCR (e.g. Xpert) using a good sputum 

sample suggests no need for isolation (NPV of 99.7% for 

smear positivity) 

 
      Luetkemeyer AF, Clin Infect Dis, 2016 

 

 



17% 

improvement 



Sensitivity of Xpert ULTRA compared to Xpert 

MTB/RIF in smear negative samples that are 

M.tb culture positive (n= 87) 

Test 

performa

nce with 

CIs and 

numbers 

Xpert 

MTB/RIF 

Xpert 

ULTRA 
P-value 

All 

Patients 

63.4% 
(51.8, 73.7)  

45/71 

78.4% 
(68.4, 85.9)  

65/83 
P = 0.0496 

HIV Un-

infected 

72.5% 
(54.3, 85.4)  

21/29 

85.4% 
(71.6, 93.2)  

35/41 
P = 0.2305 

HIV 

Infected 

57.2% 
(42.3, 70.9)  

24/42 

70.8% 
(55.6, 82.4)  

29/41 
P = 0.2548 

• Xpert ULTRA cartridge 

– 2 amplification targets 

(IS6110 &1081) 

– Larger DNA reaction 

chamber  

– Addition of „trace‟ 

detection readout 

– Improved fluidics and 

amplification  

– Melt curve analysis for 

RIF resistance 

– Ultra LOD is 15.6 CFU 

(vs 114 CFU for Xpert) 

Esmail & Dheda, in preparation  

+15% 

 

 

+13% 

 

+ 13% 



POOR OUTCOMES + 

AMPLIFICATION OF RESISTANCE 

Limitations of existing technologies 

to predict resistance profiles: DR-TB 

 

• All RIFR cases initiated on empiric 

MDR-TB Rx 

• Suboptimal Rx of 30% [Pre-

XDR (20%(FLQR or SLIDR) and 

XDR (10%)] 

•  Suboptimal Rx of 70% MDR-

TB  

Long DST waiting times 

• 2 to 3 mths SLIDs and FLQs 

GXP gives RIFR only 

• No info on SL 

drugs 

No reliable readouts for PZA & ETH  

• In MDR: 60% PZAR and  50% ER 

Effect of empiric  treatment 

Xpert MTB/RIF 

Phenotypic DST  

MGIT liquid culture 

Genotypic DST  

Hain LPA - MTBDRplus  

                   MTBDRsl 

Indeterminate results 

• Up to 30% in SM -ve TB 

• Readouts of 4 drugs 

• contamination 

Inappropriate Rx initiated 

We therefore need a full drug sensitivity profile at diagnosis 



Rule in XDR-TB in 78% of cases 



Alignment to reference genome 
or de novo assembly to give the 
genetic code (genome) 

Patient management 

Mtb in silico 
profile  

Identification of known drug 
resistance and strain-type 
mutations in the sample’s 

genome 

Library	of	Mtb		
muta ons	

MDR-TB	  	

Pa ent	1	sample	

XDR-TB	  	
Beijing	strain	

Seen	before	 	

Not	isoniazid		
or	rifampicin	

Next generation WGS: precision medicine the next 

diagnostic frontier 

Dheda K, Lancet Resp Med, 2017 

Reseq 

TBprofile  

Cryptic etc 

Commercial platforms 

In development 

 

FIND 

Longhorn 

Thermo Fischer 

Genoscreen 

 

 

 



2017 



Dheda K, Lancet Resp Med, 2017 

Drawbacks: 

• < 1% of DNA in sputum is TB-specific 

• Need to optimise concentration of DNA 
(pull-down, whole genome amplification 

technology etc) 



4.26 million (41%) of ~10.4 million 

new cases in 2015 went undiagnosed 

or unreported (worse for DR-TB= 

drivers of transmission) 

Subbaraman R, PLoS Med, 2017  



RCT of Xpert versus smear microscopy (n=1500 in 4 countries in Africa) 

 

• Feasible at POC in a clinic and significantly reduces patient drop out 

 Theron & Dheda, Lancet, 2014 

2017 









Xpert OMNI 

• A POC version of Gene Xpert 

• Small and portable single cartridge 

system – ideal for a mobile mini 

clinic 

• Battery operated (up to 12 hours) - 

no need for external power supply 

Xpert OMNI 

Rapid HIV 

PIMA CD4 

Sputum  

induction 



Pore Sequencing 

 NanoPore MinIon 

 

 Small, USB powered device that can be run with a laptop 

 Rapid workflows for some sample types 

 <10 minutes to prepare samples for sequencing 

 Sequencing results can be analysed “in real time” 

 Higher error rate than Illumina and PacBio platforms 

 

 SmidgION 

 



Summary 

 

 Xpert –  feasible if placed in a clinic but does not impact TB 

burden. Rule-in test. PPV. Re-treatment cases. 

 

 LTBI: PLHIV and children under 5 years (no TST needed) 

 

 WGS (precision medicine): need to enable sequencing from 

sputum; more data needed about impact 

 

 For real impact on burden need ACF and triage testing: 

…………major research challenge remains the development of a  

low cost non-sputum-based screening test 
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