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DIAGNOSIS: A WEAK LINK IN TB CONTROL
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Deepti and Nandita are not alone! 



MANY TB PATIENTS STRUGGLE TO GET QUALITY DX & RX

Missing patients and major access issues
Long, complex pathways to TB care & diagnostic delays
Broken care cascades
Challenges in getting decentralized care
Limited access to new tools
Cost and out-of-pocket expenses



MISSING PATIENTS AND POOR ACCESS TO CARE



Patient pathway analysis: 11-Country Summary
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An average TB patient in India is diagnosed with TB 
after a delay of 58 days, and is seen by 3 healthcare 
providers before diagnosis

LONG PATHWAYS TO CARE
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Cascade of care for all forms of TB in India’s TB Control Program, 2013

Subbaraman R, Nathavitharana RR, Satyanarayana S, Pai M, Thomas BE, et al. (2016) The Tuberculosis Cascade of Care in India’s
Public Sector: A Systematic Review and Meta-analysis. PLOS Medicine 13(10): e1002149. doi:10.1371/journal.pmed.1002149
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002149



MDR-TB CARE CASCADE IN SOUTH AFRICA
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Alsdurf H et al. Lancet Infect Dis 2016

CARE CASCADE FOR LATENT TB INFECTION
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RIGHT NOW, TB DX AND RX IS MAINLY AT L2 AND L3 LEVELS

Huddart S, MacLean E, Pai M. Lancet Global Health 2016



ACCESS TO NEW TOOLS: NEW DRUGS

Progress	in	bedaquiline	and	delamanid	global	uptake	by	
month	compared	with	estimated	need



ACCESS TO NEW TOOLS: NEW DIAGNOSTICS (GX)



ACCESS TO NEW TOOLS: NEW DIAGNOSTICS (GX)

Cazabon D, Suresh A, Pai M, et al. ERJ (In Press)



“Xpert utilization was low 
even though the majority of 
sites had access to the test”

Low utilization of new tools

Clouse K et al. PLoS ONE 2017



UNDIAGNOSED DRUG RESISTANCE
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“Compared with the baseline strategy of selective DST 
only for PTB cases at high risk of drug-resistant TB, 
Xpert MTB/RIF implementation increased rifampicin 
resistant TB case detection by over five-fold.”

Sachdeva et al. PLoS ONE 2015
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TB DX: WHAT ARE THE BIG NEEDS?
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TOOLS WE HAVE TODAY?

Tuberculin IGRAs

Conventional
microscopy

LED/FM
microscopy

Solid cultures Liquid cultures

Conventional
PCR

Xpert MTB/RIF & Ultra

Molecular DST (LPAs)Conventional,
phenotypic
DST
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TB LAMP

Urine LAM



NEEDS ASSESSMENT AND TPPS

Priority needs TPPs

20Kik S et al. ERJ 2014



NEED FOR NEW TOOLS SPANS THE HEALTHCARE SYSTEM, BUT 
CONCENTRATED AT LOWER LEVELS OF THE SYSTEM
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Reference
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Microscopy
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Health
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Passive & active case detection

Rule out test

Latent to active progression

Drug susceptibility testing

Treatment monitoring
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eHealth and connectivity solutions

Courtesy: FIND, Geneva



TB DX: WHAT IS THE CRITICAL PATHWAY?
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CHALLENGES AT BOTH ENDS OF VALUE CHAIN



PRODUCT DEVELOPMENT IS STALLED 
FOR MANY PRODUCTS

Lucica Ditiu and Catharina Boehme. http://gbchealth.org/crossing-the-valleys-of-death-in-tb-from-development-to-roll-out/



UPSTREAM CHALLENGES: BIOMARKER DISCOVERY AND 
VALIDATION
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DOWNSTREAM CHALLENGES: PRODUCTS TO IMPACT
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Schumacher S et al. PLOS ONE 2016. 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0151073



PRAGMATIC TRIALS OF XPERT: IMPACT BLUNTED BY HEALTH 
SYSTEM ISSUES

27Note: not all trials were powered to look at long-term outcomes; most were pragmatic, and treatment issues were not addressed



MISSED OPPORTUNITIES FOR TB TESTING
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SIMULATED PATIENT STUDY IN INDIA: 
CLASSIC CASE OF SUSPECTED TB (2-3 
WEEKS OF PRODUCTIVE COUGH, FEVER, 
WEIGHT LOSS – “PRESUMED TB”)

Das J et al. Lancet Infect Dis 2015



DATA FROM 2 CITIES: MUMBAI & PATNA

Das J, Pai M, QuTUB team, unpublished

SP1: Classic case of suspected TB (2-3 weeks of productive 
cough, fever, weight loss – “presumed TB”)
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EMPIRICAL TREATMENT IS WIDESPREAD



DIAGNOSTIC ECOSYSTEMS ARE WEAK
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SOUTH AFRICA:

Samples and results 
have to move, with
delays and drop-offs

Courtesy: Nora Engel
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Time to MDR-TB Rx = ~2 months Time to Rx = ~2 weeks



INDIA:
Patients run 
around,
get tested, 
carry results, 
and
go back to 
providers

34Engel N, PLoS ONE 10(8): e0135112. doi:10.1371/journal.pone.0135112
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0135112



TB DX PIPELINE: PROMISE VS REALITY
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On pathway to WHO evaluationLate or completed developmentEarly development

New TruArray MDR-TB (Akkoni)
COBAS TaqMan MTB + DST(Roche)

Hydra 1K (Insilixa)
Mycobacterium Real-time MDR (CapitalBio)

MTB Detect (Great Basin Scientific)

BNP Middlebrook (NanoLogix)  
MYCOLOR TK BNP (Salubris, USA) 

TRC Rapid MTB (Tosoh)
VereMTB (Veredus Laboratories)

LiPA Pyrazinamide (Nipro)
Fluorotype MTBDR (Hain)

TBMDx (Abbott)
Meltpro (Zeesan) 

Mycobacteria RT PCR (CapitalBio)
REBA MTB-XDR (YD Diagnostics)

EasyNAT TB (Ustar)
BD Max (BD)

Anyplex series (Seegene, Korea )
AccuPower TB&MDR (Bioneer)

TREK Sensitive MYCOTB (Thermo Fisher)
Sensititre System (Thermo Fisher)

REBA MTB-Rifa (YD Diagnostics)

Xtend XDR (Cepheid)
Alere Q (Alere)

Enigma ML (Enigma Diagnostics)
Q-POC (QuantuMDx)
EOSCAPE (Wave80)
TBDx system (KGI)

X1 (Xagenic)
MTB Detection (Tangen Biosciences)

TB POC (Qiagen)
Savanna (NWGHF/Quidel)

BreathLink (Menssana) 
TB Breathalyser (Rapid Biosensor Systems)

Aeonose (The eNose Company)
Breath analysis instrument (Avisa)

Breath analysis instrument (Technion)

Fluorescent microscopy (ID-FISH Tech.) 
Automatic TB Screener (Fluorobot)

Cellscope (UCSF)
TBDx (Applied Visual Sciences)

Genedrive MTB/RIF (Epistem) 
Truelab/Truenat MTB (Molbio)

CAD4TB (Delft Imaging Systems)

LAM in urine (Fujifilm, Global Goods, and others)
IRISA-TB -pleural/pericardial/ascitic fluid (Antrum Biotec)

Host marker (several groups)

Molecular - Detection/DST

Molecular Detection/DST

Culture-based - Detection/DST

Breath biomarker - Detection 

Automated Microscopy & Imaging - Detection

Antigen, Antibody and Biomarker detection- DetectionLow 
complexity 

assays

High 
complexity 

assays

Moderate 
complexity 

assays

ESAT-6/CFP-10 skin test (SSI) QuantiFERON-TB PLUS (Qiagen)
Diaskin (Generium)

Cellular Response - Detection/Latent and latent to active progression

Xpert Ultra platform (Cepheid)





TEST, TREAT AND TRACK: WE NEED COMPLETE SOLUTIONS
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Solutions are required across the entire pathway

© Bill & Melinda Gates Foundation
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IN THE NEXT 5Y, WHAT MUST SCALE-UP THESE SOLUTIONS

L0 L2L1 L3

Organized community health workers or pharmacists
to refer presumed TB, or collect and 
send sample to L1

CD + Full DST optionsCD + RIF option
CD + RIF/FQ option

Triage options

Sample transportation system, supported by ICT

Triage with CXR
Case detection options
CD + RIF options



Move the test lower, and move the sample
higher
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WE WILL NEED OPTIMIZE ALL OPTIONS ACROSS THE VALUE 
CHAIN

L1: Primary care L3: Reference labL2: District level

GeneXpert Omni system with 
Xpert MTB/RIF Ultra, TB LAMP, 
TrueNAT MTB, EasyNAT TB

First and second line LPAs
High throughput NAATs
Next-generation sequencing

Xpert MTB/RIF, and Xpert XDR 
for detecting resistance to quinolones 
and second-line injectable drugs

Sample transportation system, supported by ICT

MacLean E, Huddart S, Pai M. Exp Rev Mol Diag 2016



HOW CAN WE GET MORE IMPACT FROM DX?
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MODELS ARE GENERALLY OPTIMISTIC, WITH FAIRLY 
CONSISTENT ESTIMATES OF IMPACT

Author (Journal, Year) Reduction in Incidence Reduction in Mortality

Dowdy (AIDS 2006) 9% 19-22%
Abu-Raddad (PNAS 2009) 12-24% 23%
Lin (Bull WHO 2012) 3% 9%
Menzies (PLOS Med 2012) 6% 21%
Sun (Am J Epidemiol 2013) 7-9% 20-22%
Langley (Lancet GH 2014) ~5% ~20%

Most models of scaling up novel diagnostic tests project:
- 5-10% reduction in incidence
- ~20% reduction in mortality
- over a ~10-year time frame.
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BUT THE IMPACT OF A NEW DIAGNOSTIC DEPENDS ON WHEN 
TRANSMISSION OCCURS RELATIVE TO DIAGNOSIS…

If TB has a long subclinical phase
(and diagnostics not used for ACF),

projected impact can fall by 75%.

Dowdy, Basu, Andrews AJRCCM 2013

If most transmission occurs before people have classic TB 
symptoms, tests to predict progression or triage coughers 
will have greater relative impact vs. smear replacement or 
POC passive diagnostics for TB.

Arinaminpathy & Dowdy, Nature 2015
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…AND ON HOW DX ARE IMPLEMENTED IN A HEALTH 
SYSTEM

Impact of a new diagnostic can be greatly 
augmented by combining it with shortened 
patient delay, increased access to care, and 
better treatment success.
Lin et al, Bull WHO 2012

Alternatively, the impact of a new diagnostic test 
can be greatly attenuated by reduced access, pre-
treatment loss to follow-up, and high rates of 
empiric therapy.

Sun et al, Eur Respir J 2014
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WE CAN GET BETTER IMPACT BY OPTIMIZING 
IMPLEMENTATION
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IN MONTREAL, XPERT MTB/RIF HAD LITTLE 
IMPACT

“Limited potential impact of Xpert testing in high-
resource, low-incidence ambulatory settings due to 
lower sensitivity in the context of less extensive 
disease, and limited potential to expedite diagnosis 
beyond what is achieved with the existing, well-
performing diagnostic algorithm.” CID 2014:58 (1 April)
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IN IQALUIT, XPERT MTB/RIF HAD A POSITIVE 
IMPACT

“In a predominantly Inuit population …where the burden of TB 
is high and no TB testing facilities are available, on-site Xpert 
was feasible, accurate and shortened time to TB treatment 
initiation.”

Alvarez G et al. CHEST 2015 48



IN KHAYELITSHA, XPERT MTB/RIF HAD A 
POSITIVE IMPACT

Cox et al. Open Forum Infect 2015 49



SO, OUR 
MONTREAL 
GENEXPERT 
MACHINE IS NOW 
SERVING 
PATIENTS IN 
RURAL INDIA!



WE NEED TO GET SMARTER ABOUT WHERE AND 
HOW WE PLACE TECH

“In Uganda, placement of Xpert devices in sites with high 
TB prevalence yielded the highest TB CDR at the lowest 
cost per additional case diagnosed. These results 
represent novel use of program level data to inform the 
optimal placement of new technology in resource-
constrained settings.”

Pho et al. PLoS ONE 2015 51



POCT IMPLEMENTATION IS FEASIBLE, BUT MORE 
EXPENSIVE BECAUSE OF PROCESS INNOVATIONS



WHO GETS ACCESS ALSO MATTERS: E.G. PRIVATE 
SECTOR IN INDIA

PLoS Med 2014 53



WE HAVE LEARNT A LOT WITH ROLL-OUT OF NEW TOOLS, 
AND NEED TO APPLY THEM FOR BETTER IMPACT!
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Albert H et al. ERJ 2016



FOR MORE RESOURCES, PLEASE SEE
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Thank you!!


