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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 



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 



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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doctor seen 

adds 12 days

More doctors, longer treatment

Pantoja 2009  



Courtesy: WHO 2011 



Gaps in the pipeline and unmet needs 



Gaps in the pipeline and unmet needs 



Value chain or pathways for TB dx 
e.g. Optimized smears 



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

Scale-up at the country 
level & impact 

Value chain 
e.g. Xpert MTB/RIF 



WHO Expert Group meeting 
in 2010 

Ban and scale-down 
at the country level & 
replacement of 
serology with WHO-
approved tools 

Value chain 
e.g. Serological TB tests 

Advocacy and evidence 



 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 a tool is scaled up, how do we measure “impact”? 
 



Several barriers to national adoption and scale-up of new technologies:  
 
• global policies that do not provide sufficient information for scale-up 
• complex decision-making processes and weak political commitment at 

country-level 
• limited engagement of and support to NTP managers 
• high cost of tools and poor fit with user needs 
• unregulated markets and inadequate business models 
• limited capacity for laboratory strengthening and implementation research 
• insufficient advocacy and donor support. 

Pai et al. IJTLD 2012 (in press) 





Med Desic Making 2009 



WHO process (newly revised) 

Source: Dr Karin Weyer, WHO 



STP NDWG 2009 





19 

Challenges for translating evidence into policy 

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



20 
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 



22 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 

“Improved accuracy is not always a necessary prerequisite 
for improving patient health, nor does it guarantee other 
downstream improvements”  
[di Ruffano et al. BMJ 2012;344:e686] 



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 
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 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 (public health) 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. Will scale-up of Xpert in S Africa, will it help reduce TB 

transmission and cut TB incidence rates? 

33 



 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 
◦ Population level impact of scale-up 

34 

These topics will be covered in this course! 





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

 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; now Xpert 
 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, 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 (over several years) 
◦ FM EQA still under development 

 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 now ongoing 
 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 
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Most cases of MDR and XDR tuberculosis resulted from primary transmission.  
--- Therefore, prompt diagnosis is critical (systems issue) 
 
Among all patients with TB, approximately 1 of 4 had disease that was 
resistant to isoniazid, rifampin, or both, and 1 of 10 had MDR tuberculosis. 
--- Universal DST is now considered necessary (technology issue) 
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Fast-followers that are more 
affordable 
 
“frugal engineering and 
delivery innovation” 

$$$ 

Reducing the 
price of Xpert 
 



Pai NP, Pai M. Discovery Med 2012 

The evolution of TB NAATs: from reference labs to “point-of-care” 



49 Source: Akonni Biosystems 



Can BRICS lead the next wave of innovations? 



India,  Aug 2011 China,  Sept 2012 





Dowdy D et al. 

INDIA S AFRICA 





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

Ind J Medical Research 2012 



http://whqlibdoc.who.int/hq/2011/WHO_HTM_STB_PSI_2011.21_eng.pdf 

Not diagnosis, but EARLY diagnosis! 



Will 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? 
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Int J Tuberc Lung Dis. 2012 May;16(5):701 

“Ultimately, the diagnosis-treatment gap will only be closed by rapid 
point-of-care diagnostic assays that can be used during the patient” 
 
Lawn S et al. 



Regardless of the test, what else is necessary for 
impact? 



Baloch NA & Pai M. Lancet Infect Dis 2012 



 A large number of TPPs are possible 
 Not just the technology, but also the business/delivery model 
 Not just accuracy, but reduction in diagnostic delays 
 Not just diagnosis, but rapid and correct treatment 

 
 
 

 We may well need multiple TPPs and business models to 
achieve impact at the country level 
◦ E.g. public vs. private sectors in India 
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TPP for a POC 
test (MSF/TAG/STP)* 

TPP for a simple and affordable 
molecular test 

TPP for a high throughput 
molecular test for centralized 
laboratories 

*Batz H-G, Cooke GS, Reid SD. Towards lab-free tuberculosis diagnosis. Treatment Action Group, Stop TB Partnership, Imperial College London; MÉDECINS SANS FRONTIÈRES, 1 – 36, 2011. 
http://www.msfaccess.org/sites/default/files/MSF_assets/TB/Docs/TB_Report_TowardsLabFreeTBDX_2011_ENG.pdf  
 

http://www.msfaccess.org/sites/default/files/MSF_assets/TB/Docs/TB_Report_TowardsLabFreeTBDX_2011_ENG.pdf


Journal of Infect Dis 2012 



Cobelens F, van den Hof S, Pai M et al. Journal of Infect Dis 2012 



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



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 and after comparisons 



Cobelens F, van den Hof S, Pai M et al. Journal of Infect Dis 2012 



 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! 
 TPPs still need to be worked out 
 TPPs without business models are unlikely to have impact 

 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 
 Scale-down (e.g. serology) is also a country level issue and not all countries scale-down bad tests 

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