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Estimated 
number of cases 

Estimated 
number of deaths 

    1.7 million* 
(range: 1.5–2.0 million) 

      9.4 million 
(range: 8.9–9.9 million) 

      440,000 
(range: 390,000–510,000) 

All forms of TB  
 

Multidrug-resistant  
TB (MDR-TB) 

HIV-associated TB 
 

  1.1 million (12%) 
 (range: 1.0–1.2 million) 

       380,000 
(range: 320,000–450,000) 

*including deaths among PLHIV 

The Global Burden of TB -2009 

       about 150,000 

0–24 

25–49 

50–99 

100–299 

300 and higher 

No estimate available 

Courtesy: WHO Stop TB Department 
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Elimination 16%/yr 
Global Plan 6%/yr 
Current trajectory 1%/yr 

Full implementation of Global Plan: 2015 MDG 
target reached but TB not eliminated by 2050 

Elimination 
target: 1 / 
million / year 
by 2050  

TB incidence 10x 
lower than today, 
but >100x higher 
than elimination 
target in 2050 

Current rate  
of decline 

Courtesy: WHO Stop TB Department 



India as a case study: country with largest 
number of TB cases in the world 

100% of the Indian 
population is covered 
by the DOTS program 



TB Burden in India, despite 100% DOTS 
coverage and meeting 70/85 targets 

India had 2 million new cases of TB in 2009, 
and it killed 280,000 people that year 



Although the program is now 
more ambitious, India cannot 
accomplish universal access 
without scaling up new 
diagnostics, and improving 
delivery 



TB case detection continues to be poor, 
and diagnostic delays are common 

Only 63% of all 
forms of TB are 
notified 

Average delays 
are as long as 2 
– 3 months! 



No. doctors seen by TB patients
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Each extra 
doctor seen 

adds 12 days

More doctors, longer treatment

Pantoja 2009  



Undiagnosed TB and mismanaged TB continues to 
the fuel the global TB epidemic 

“We conclude that control programs have been 
less effective than expected in cutting 
transmission mainly because patients 
are not diagnosed and cured quickly enough.” 
Dye & Williams, Science 2010 



http://www.worldcarecouncil.org 

TB elimination is impossible with 
current tools 



Courtesy: STP NDWG 



Biomarker 
and basic 
research 

“Post-efficacy, 
post-policy 
pathway” 

Gaps in the pipeline and unmet needs 



WHO Expert Group 
meeting on Xpert Sept 1 
& 2, 2010 

Scale-up at the 
country level & 
impact 

Value chain 



 Although many tools have been WHO endorsed, scale-up has 
been slow 

 Global value chain was envisioned in a linear way 
◦ Too many versions of value chain with no clear consensus on each step 
◦ Evidence needed at each stage is not quite clear 
 Even terms like “demonstration studies” and “impact” are confusing and 

inconsistent 
◦ WHO policy process using GRADE has limitations 
 GRADE itself has limitations, and TB diagnostics literature has serious limitations 

 Unclear pathways for adoption and scale-up at the country 
level 
◦ What evidence is needed for scale-up? Currently, is that part of the WHO 

policy process? 
◦ How do countries make judgements? What do policy makers need? 
 If there are too many options, how do decisions get made? 

◦ If a tool is scaled up, how do we measure “impact”? 
 If there is no impact, how do we go back and revise policies? 
 



1. Phased evaluation of medical tests 
2. WHO pathway 
3. NDWG blueprint 
4. FIND pathway 
5. IAF 

 



Med Desic Making 2009 



WHO process (newly revised) 

Source: Dr Karin Weyer, WHO 



; LED 

Courtesy: Foundation for Innovative New Diagnostics, Geneva 



STP NDWG 2009 



Wallis RS, Pai M, et al. Lancet 2010 



Mann G et al. IJTLD 2010 
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Challenges for translating evidence into policy 

Pai, Minion, Steingart & Ramsay. Curr Op Pulm Med 2010 
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BMJ 2008 



 About 15% of all TB papers are mainly focused on TB 
diagnosis. 

 Of these, about 85% are evaluation studies of tests and 
markers. 

 Of these evaluation studies, about 85% are early phase 
studies of test accuracy; there are very little data on impact 
on patient outcomes. 

 

AJRCCM 2010 



27 PLoS One 2009 

Even accuracy studies are not well conducted and 
reported... 



 Regardless of study quality, precision, consistency ... 
accuracy studies will never lead to High Quality Evidence 
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Test, 
# Studies 
(participants) 

Design Limitations Directness Inconsistency Imprecise or 
sparse data 

Publication 
Bias 

Evidence 
Quality 

MODS, 
9 (1474) 

CS & CC Low No evidence 
 
 

Low Low Possible Moderate 

NRA, 
19 (2304) 

CS & CC Low No evidence 
 

 

Low Low Possible Moderate 

CRI, 
31 (2498) 

CS & CC Low No evidence 
 

 

Low Low Possible Moderate 

TLA, 
3 (439) 

CS & CC Low No evidence 
 

 

Low High 
-1 

Possible Low 

Phage, 
12 (2935) 

CS & CC Moderate/Hig
h 

-1 

No evidence 
 

 

Moderate/High 
-1 

Low Probable Very low 

LPA, 
12 (4937) 

CS & CC Low No evidence 
 

 

Low Low Possible Moderate 

-1 

-1 

-1 

-1 

-1 

-1 



Test results 
Change in 
physician’s 
decisions 

Correct 
treatment 
choices 

Improved 
patient 

outcomes 

Test accuracy may or may not result in clinical 
impact (on patient outcomes) 



Maisel et al, N Engl J Med. 2002 Jul 18;347(3): 

Accuracy vs Impact: 
Rapid measurement of B-type natriuretic peptide 
in the emergency diagnosis of heart failure 
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Pediatrics 2003;112;363-367 

Rapid tests for influenza: Clinical impact 

“Impact” outcomes include: 
 
•Change in clinical decisions 
•Reduction in antibiotic use 
•Increased antiviral use 
•Decreased length of time to discharge 
•Reduction in lab investigations, etc 



 Clinical impact of a test result on individual patient 
outcome 
◦ This is what GRADE needs 
◦ Ideally, needed before policy (but currently not happening much) 
◦ Collected at the individual level (as in a clinical trial) 
◦ E.g. If Xpert is used instead of smear microscopy, will help initiate 

TB treatment quicker and ensure cure? 
 
 

 Epidemiological impact of introducing a test on disease 
control 
◦ Public health or “societal” impact 
◦ Collected after policy and scale-up 
◦ Collected at the ecological/population level 
◦ E.g. If Xpert is scaled-up in a country, will it help reduce TB 

transmission and cut TB incidence rates? 

38 



 Test accuracy studies need to be 
done better and reported better 

 Need to go beyond test accuracy and 
generate evidence on: 
◦ Impact of test on diagnostic thinking and 

decision making 
◦ Incremental or added value beyond what is 

already in place 
◦ Time to diagnosis and treatment 
◦ Impact of test on patient important 

outcomes 
◦ Cost-effectiveness 

39 





 Unclear pathways for adoption and scale-up at 
the country level 
◦ What information do country level policy makers need to 

make decisions? 
 WHO policy, for example, is useful, but not sufficient 
 Confusion on which test to scale up and when 
 Feasibility, cost-effectiveness,  fit with algorithms, HR and lab 

implications, delivery models, willingness to pay, price point 
analysis, etc. 

 How can new tools get scaled up in a messy 
ecosystem? 

 Lab capacity is weak in many high burden countries 
 Quality assurance is a big concern 
 Regulatory systems are very weak 
 Widespread abuse of suboptimal diagnostics in many high burden countries 
 Systematic market failures throughout value chain for diagnostics - doctors 

receiving payments/incentives for tests ordered, over-reliance on useless 
tests, and under-use of good diagnostics 



Michael Kimerling 
Madhu Pai 



China India Brazil S Africa 

Who approves 
new tests? 

MoH MoH MoH DoH 

Any new test 
implemented? 

No LPA MGIT LPA 

Registration 
needed? 

Yes Yes Yes Yes 

WHO/STAG 
approval 
necessary? 

No No (but helps) No No (but 
important) 

After WHO 
approval, 
further studies 
needed? 

Yes Not specified, 
but helps 

Not 
necessarily, 
but preferable 

Depends on 
cost 
implications 

What type of 
country level 
data needed? 

Effectiveness, 
feasibility, 
cost-
effectiveness 

Demonstratio
n in public 
sector 

Economic 
impact for 
health system 

Feasibility, 
cost-
effectiveness 



China India Brazil S Africa 

Data on impact on 
patient outcomes 
needed? 

No Not (but helps) Yes No, but could 
inform CEA 

After country 
approval, is 
evidence for scale-
up needed? 

Yes, feasibility in 
several settings 
before scale-up 

No, but valuable Yes Moving target 

What type of 
evidence for scale 
up? 

Feasibility and 
effectiveness 

Performance, 
feasibility, 
operational 

CEA and economic 
impact for health 
system 

CEA, feasibility 

Can private sector 
introduce new tests 
without NTP 
approval? 

Not applicable 
(private sector does 
not manage TB) 

Yes Yes, but drugs only 
via public 

Yes 

Can ethical 
concerns re access 
to treatment delay 
implementation? 

Yes Yes No Unlikely 

Most critical step? ? Outside: WHO 
approval 
Inside: Local 
endorsement 

Cost for the health 
system 

Cost-effectiveness 



 The global and local value chains are not well aligned 
◦ Global value chain needs to be clear and efficient, so that country-level uptake can be 

facilitated 
◦ But the local value chain does not appear to be well defined or linear/sequential in 

most countries 
 Confusion on which test to scale up and when 

 If newer/cheaper/better tools are coming, why scale up now? 
 The push to adopt new diagnostics may be forcing countries to set up the local pathway 

 Experience with MGIT and LPA may be the first such examples 
 Pathways may vary for different diagnostics (India experience) 

 WHO/STAG approval not mandatory, but might help for NTP adoption 
◦ Private sector can adopt new tools with fewer barriers 

 Even if WHO approved, local studies needed on feasibility and cost-
effectiveness 

 Feasibility, cost-effectiveness,  fit with algorithms, HR and lab implications, delivery 
models, willingness to pay, price point analysis, etc. 

 Access to treatment is an ethical concern for some countries 
 Local economic (health system) and CEA issues may be more relevant 

(what will it cost us and who will pay?) than accuracy or clinical impact of 
the test 





 LED: 
◦ Not enthusiastic -they had recently purchased a large number of light 

microscopes 
◦ LED will replace light microscopes in a phase manner 
◦ FM EQA under development 

 LPA and MGIT: 
◦ Plan to have 43 culture/DST labs by 2013 [as of now, 27 labs are operational] 
◦ Building labs is very time consuming, tedious and expensive 
 A few private/NGO labs are accredited, but many more can be engaged 
 Accreditation is time consuming and often delayed 
 Tension between building vs buying services 

 Lack of systems for timely reimbursement is a big problem for buying services 
from private/NGO sector 



 Xpert MTB/RIF: 
◦ Because LPA/MGIT is being slowly scaled up, enthusiasm for Xpert is less 
 “if a better test comes along, what do we do with Xpert?”  
 High cost of Xpert (but no effort has been made to look at CEA) 

◦ Lack of SLD and cost of MDR Rx is a major barrier 
 Although WHO-endorsed, and 3 published studies have Xpert data from 

India, demonstration study is planned 
 Little clarity on where to position Xpert in the health system 

 If placed in 43 culture/DST labs, might do nothing to reduce TB transmission in the 
community! 

 If restricted to MDR suspects or HIV+, again, might have limited impact 
 Universal access: 
◦ Most of RNTCP’s current lab activities (e.g. culture/DST labs) will help with 

MDR-TB management, but the effort on thinking, planning, funding for 
activities that will contribute to universal access is currently insufficient. 

◦ The focus is not really on improving diagnosis of drug-sensitive TB and 
reducing transmission/incidence 

◦ No clarity on how to address the big problem of diagnostic delays 



POC vs 
not Cost 

Restricted 
use for 
MDR 

Algorithm 
in HIV+ 

Lack of 
competi

ng 
products 

Poor 
regulation 

PPM and 
delivery 
models 

Lab 
capacity 

and 
quality 

SLD 
availabi

lity 

Newer 
options 
in the 

pipeline 

Political 
will 
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Low-cost generics and 
innovative tools from BRICS 
 
“frugal engineering and 
delivery innovation” 

$$$ $ 

Volume-based 
price negotiations 

$$ 



Can BRICS lead the next wave of innovations? 
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$23 per dose of GSK Hep B 
vaccine to $0.25 per dose for 
Shanvac-B 





Dowdy D et al. 



How can we combine new tools with strategies to 
reduce diagnostic delays? 

“New diagnostic tests for active TB will have 
a bigger impact sooner where: disease 
incidence is high and most cases are due to 
recent infection; advances in test technology 
(test sensitivity, specificity etc) are combined 
with early diagnosis; new tests have not only 
better technical specifications than current 
tests, but also compensate for the misuse of 
existing tests; health system delays are long 
compared with patient delays, assuming the 
former are more amenable to change.”  
 
– Dye C. Ind J Med Res (in press) 



Will the 43 reference labs for culture & DST methods have an 
impact on reducing diagnostic delays? 
 
What is the best near-patient setting to implement Xpert? 
DMCs? District level centres? HIV/ART clinics? 





Before policy Before scale-
up 

During and 
after scale-up 

Technical 
policy  recommendation 

Programmatic 
policy recommendation Global 

level 

Country 
level 

Individual country decision  
to adopt and scale up 

• Test accuracy 
 

• Surrogate patient-
important outcomes 
e.g. turnaround times 
 
• Ease of use 
 

• Basic cost comparisons  

• Effectiveness  
patient-important 
outcomes, case detection 
• Cost 
of diagnostic process and 
treatment; patient costs 
• Operational data 
infrastructural and human 
resource requirements,  
practical constraints  

•Epidemiological impact 
changes in TB and DR-TB 
case detection, treatment 
delay, treatment outcomes, 
incidence and prevalence 
 

• Health system impact 
Test and resource utilization 
 

•  Economic impact  

Confidential – work in progress (Cobelens F et al.) 



If we do end up scaling-up new tools, 
how will we know they have an impact? 

59 





If a test is scaled up and implemented widely, will it save lives 
or decrease disease burden at the population level? 

Effect by year up to 2050 of interventions and strategies begun 
in 2015 on TB (all-types) incidence per million (left) and TB 
related mortality (right) per million 



Use routine monitoring data to make inferences on 
likely impact 



Conduct implementation studies to assess impact 
(e.g. stepped-wedge trials) 

Squire B et al. IJTLD 2011 





Before policy Before scale-
up 

During and 
after scale-up 

Technical 
policy  recommendation 

Programmatic 
policy recommendation Global 

level 

Country 
level 

Individual country decision  
to adopt and scale up 

Confidential – work in progress (Cobelens F et al.) 



 TB dx pipeline is the best it has ever been 
◦ There are a few key gaps in the pipeline that should be addressed, hopefully, in 

the coming 5 years 
 POC and predictive LTBI tests will require the biomarker field to rapidly produce tangible 

results! 
 But without scale up, we cannot achieve impact 
◦ New tools are necessary but not sufficient 
◦ Policies are necessary but not sufficient 
◦ Policies must be implemented to achieve scale-up 

 Good guideline and policy making requires data that goes beyond 
test accuracy 

 Once policies are made, we need to overcome major challenges to 
ensure scale up of technologies 
 Scale-up is a country level issue and that is where the biggest challenges are 

 After scale-up, we need to measure epidemiological and public 
health impact of new technologies 
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