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      Abstract

      
    

  
      The past decade has seen the emergence of new diagnostics and drugs for tuberculosis, a disease that kills over 1.8 million people each year. However, these new tools are yet to reach scale, and access remains a major challenge for patients in low and middle income countries. Urgent action is needed if we are committed to ending the TB epidemic. This means raising the level of ambition, embracing innovation, increasing financial investments, addressing implementation gaps, and ensuring that new technologies reach those who need them to survive. Otherwise, the promise of innovative technologies will never be realized.
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      Main text

      
    

  
      As the old saying goes, never bring a knife to a gunfight. And yet, the global tuberculosis (TB) community has been doing exactly that for decades – fighting a protracted battle with antiquated, inefficient tools (Pai et al., 2016), and losing millions of patients in the process.

The most commonly used TB test, sputum smear microscopy, dates back to 1882, the time Robert Koch first demonstrated the bacilli under a microscope. The Bacille Calmette–Guérin (BCG) vaccine, first used in humans in 1921, is still used globally, even though it has been largely ineffective in controlling the TB epidemic. On the treatment front, the TB community had to wait for nearly 50 years for new TB drugs to reach the market.

Lack of good tools has cost us dearly. Last year, the World Health Organization (WHO) declared that the TB epidemic was worse than previously thought, with an estimated 10.4 million new TB cases in 2015 (World Health Organization, 2016a). WHO also estimated that 1.8 million people died from TB in 2015, making TB a bigger killer than HIV and malaria combined.

Thanks to concerted efforts by donors, industry, product development partnerships, and other stakeholders, the past decade has seen the emergence of new diagnostics and drugs for TB. However, these new tools are yet to reach scale, and access remains a major challenge for patients in low and middle income countries (Pai and Schito, 2015; Furin et al., 2016).



    
      Access to new diagnostics

      
    

  
      Several new TB diagnostics have emerged on the market and many have also been policy-endorsed by WHO and other agencies (Pai and Schito, 2015). These new diagnostics include Xpert® MTB/RIF (Cepheid Inc, Sunnyvale, California) (World Health Organization, 2013a), line probe assays (World Health Organization, 2016b), urine lipoarabinomannan antigen detection test (World Health Organization, 2015a), liquid cultures (World Health Organization, 2007), and interferon-gamma release assays (World Health Organization, 2014a).

Although it is widely acknowledged that rapid, accurate diagnosis is critical for timely initiation of anti-TB treatment, many people with TB (or symptoms of TB) struggle to access an adequate initial diagnosis. This is underscored by the fact that an estimated 41% of the 10.4 million new cases globally are either undiagnosed or not reported (World Health Organization, 2016a). These “missing” 4.3 million people with TB contribute to ongoing TB transmission, including the transmission of multidrug-resistant TB (MDR-TB).

Even if diagnosed with TB, access to universal drug-susceptibility testing is far from reality for most patients in high burden settings. Nearly 75% of the 480,000 cases of MDR-TB are either not detected or not reported (World Health Organization, 2016a). Even among previously treated patients at risk of drug-resistance and mortality, nearly 40% are not tested for drug resistance.

Cumulatively, since the launch of the Xpert MTB/RIF assay in 2010, over 6,500 GeneXpert machines and 23 million Xpert MTB/RIF cartridges had been procured in the public sector in 130 of the 145 countries eligible for concessional pricing, as of 31 December 2016 (World Health Organization, 2017a; Figure 1). While this trend is promising, the volume of Xpert MTB/RIF testing remains a small proportion of all TB tests conducted in high burden countries. It is estimated that over 77 million sputum smears are performed annually in 22 of the highest TB burden countries, including follow-up tests (Kik et al., 2014). With the notable exception of South Africa, which has rolled-out Xpert MTB/RIF on a national scale and accounts for almost 50% of global Xpert MTB/RIF volumes, other countries are still reliant on insensitive smears (FIND et al., 2015). This is reflected in the ratio of smear volumes to the number of Xpert MTB/RIF cartridges procured. In 2014, the ratio in South Africa was 1.6 – significantly lower than most other high burden countries, where approximately 40–70 smears were performed for each Xpert MTB/RIF test (Qin et al., 2015). Although the ratio has become more favorable to Xpert MTB/RIF in 2015, smears still dominate the TB testing landscape in high burden countries (Danielle Cazabon, personal communication).
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                  Cumulative number of GeneXpert instrument modules and Xpert MTB/RIF cartridges procured under concessional pricing since 2010.

                
                
                As of 31 December 2016, a total of 6,659 GeneXpert instruments (comprising 29,865 modules) and 23,140,350 Xpert MTB/RIF cartridges had been procured in the public sector in 130 of the 145 countries eligible for concessional pricing. Source: Cepheid & WHO (World Health Organization, 2017a).
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From a policy perspective, only eight countries have made Xpert MTB/RIF the initial diagnostic test for all people suspected of having TB, despite the high accuracy of the test and its ability to rapidly detect drug resistance (Albert et al., 2016). Even when the technology is available, access is limited to patients. A recent large, international study of Xpert MTB/RIF access and utilization in 18 countries found that the majority of sites had access to Xpert MTB/RIF, but only 4% of TB/HIV co-infected patients were actually tested using Xpert MTB/RIF (Clouse et al., 2017). Lack of diagnostics with high sensitivity, and inadequate access to drug-susceptibility testing forces patients to make multiple visits and spend a lot of money, and increases morbidity (Chavan, 2017).

Children are an especially vulnerable population when it comes to TB and MDR-TB. Although tools like Xpert have been endorsed for use in children (World Health Organization, 2013a), and Xpert has been shown to greatly improve the detection of MDR-TB in children (Raizada et al., 2014), access remains a concern in this subgroup.

Why are new TB diagnostics not reaching the patients who need it the most? As reviewed by Albert and colleagues (Albert et al., 2016), the roll-out of Xpert MTB/RIF has highlighted major implementation gaps that have constrained scale-up of this technology and limited its impact on patient outcomes. The roll-out has been hampered by high costs for cash-starved national TB control programs in high-burden countries. It is not just the cost of testing, but also the cost of treating MDR-TB, since Xpert MTB/RIF invariably identifies more patients with drug-resistance than conventional testing.

Another barrier for scale-up of Xpert MTB/RIF has been a lack of a complete diagnostic package for TB that includes comprehensive training, quality assurance, implementation plans, and maintenance support (Albert et al., 2016). Also, pragmatic trials have shown that the clinical impact of Xpert has been blunted by weak health systems, resulting in prolonged time to diagnosis and treatment, compounded by empirical therapy by healthcare providers (Theron et al., 2014; Durovni et al., 2014; Churchyard et al., 2015).

In India, for example, an average TB patient is diagnosed after a delay of nearly two months and after seeing three providers (Sreeramareddy et al., 2014), and diagnosis is a major gap in the cascade of care in the public sector (Subbaraman et al., 2016) and the private sector (Das et al., 2015). In South Africa, even though Xpert MTB/RIF and line probe assays are freely available in centralized laboratories, studies show long delays between sample collection and initiation of TB treatment (Hanrahan et al., 2012; Naidoo et al., 2014), and missed opportunities to deploy tests that are available (Chihota et al., 2015).

In many countries the private sector plays a dominant role in care provision, yet this sector has been excluded from concessional Xpert MTB/RIF pricing, resulting in high costs for patients who pay an average price of nearly USD 70 for the test (Puri et al., 2016). In addition, quality of TB care, especially diagnosis, is a concern in the private sector (Das et al., 2015). Addressing this requires a comprehensive private sector engagement strategy that includes patient-centric quality care as a centerpiece (Cazabon et al., 2017).

In many countries, TB control receives limited domestic funding, and many low-income countries are heavily reliant on external donor funding (Floyd et al., 2013). India is a case in point. Despite having the largest number of TB patients in the world, the country’s governmental expenditure on health is one of the lowest in the world at 1.4% of GDP (The Lancet, 2017). This under-investment is reflected in India’s Revised National Tuberculosis Control Program (RNTCP), which has struggled to receive budgets necessary to tackle the world’s biggest TB epidemic (Pai et al., 2017). This, in turn, has made India rely heavily on old tools such as smear microscopy. Although over 600 GeneXpert systems are now available in the Indian public sector, and have been shown to dramatically increase the MDR-TB case detection rates (Sachdeva et al., 2015), the country has restricted the use of this technology primarily to individuals at risk of MDR-TB, persons with TB/HIV co-infection, and children. This might improve with India’s new, ambitious plan to eliminate TB by 2025, although it is unclear whether India’s TB control budget will match the ambition (Pai et al., 2017).






  





    
      Access to new drugs

      
    

  
      Even if access to new diagnostics was to be dramatically improved, patients still need adequate access to drugs. The past five years have been a period of great potential with the introduction of two new therapeutic agents for the treatment of MDR-TB: delamanid (Otsuka Pharmaceutical Co, Tokyo, Japan) and bedaquiline (Janssen Therapeutics, NJ, USA) (Gler et al., 2012; Diacon et al., 2014; Field et al., 2012). Both drugs have been conditionally approved by stringent regulatory authorities and recommended by the WHO for the treatment of MDR-TB in situations in which there is resistance or intolerance to the other second-line agents or a high risk of treatment failure (World Health Organization, 2013b; World Health Organization, 2014b).

Although there was initial excitement about the availability of these new drugs, because they were approved using phase IIB data, their use was recommended in a cautious way (World Health Organization, 2013b; World Health Organization, 2014b, World Health Organization, 2017b). Since then, global introduction has not kept pace with the dire need for these drugs, especially for patients with drug-resistant disease who endure prolonged, toxic therapies with poor outcomes (Lessem et al., 2015). Complicating this have been the long delays seen in starting pivotal late-stage clinical trials for MDR-TB (RESIST TB, 2017).

A conservative estimate is that one-third of newly diagnosed patients with rifampicin-resistance will have an indication for a new drug during the treatment for MDR-TB, although some studies suggest that as many as two-thirds of patients would benefit from the new drugs (Bonnet et al., 2016). This means that there are between 200,000 and 400,000 persons in need of the novel medications each year. Even a more conservative estimate, based on a third of the total number of persons actually started on MDR-TB treatment each year, reveals a major access gap among the 41,667 patients who urgently need these medications each year.

Currently, just over 8,000 patients have ever received either bedaquiline or delamanid for the treatment of MDR-TB under program conditions (DR-TB STAT, 2017). Recent optimistic reports about new drug uptake released by the WHO – which state there are 70 countries using bedaquiline and 39 using delamanid – are somewhat misleading in that they count any country that has treated a single patient with a new drug, even under compassionate use conditions (World Health Organization, 2016a).


  There is tension between wanting to “protect the new drugs” as opposed to protecting the lives of patients


  


Program use data shows that as of March 1, 2017 there were 8,195 persons who have ever taken bedaquiline and 496 who have ever taken delamanid under program conditions (DR-TB STAT, 2017; Figure 2). Of note, 60% of global bedaquiline use is from South Africa (DR-TB STAT, 2017). So, most countries are either not using the new drugs or are focused only on small pilot projects. One example of this is in the Pan-American Health Organization (PAHO) region of the world, where it is estimated that there are more than 7,000 patients in need of either bedaquiline or delamanid, but fewer than 100 individuals who have received either of these medications.
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                  Progress in bedaquiline (BDQ) and delamanid (DLM) global uptake by month compared with estimated need (goal).

                
                
                Source: DR-TB STAT (DR-TB STAT, 2017).
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There are several barriers for wider use of bedaquiline and delamanid (Furin et al., 2016). Some of these are related to costs and registration. Although there is a bedaquiline donation program that allows Global Fund eligible countries to obtain bedaquiline free of charge, countries who are not eligible for this donation often pay a high price via a tiered pricing structure, with middle-income countries paying USD 3,000 for a six-month course of the drug, and high income countries paying as much as USD 26,000 for the six-month course – costs that are almost impossible to bear for poorly funded TB programs (Gotham et al., 2017). Some countries, however, have recognized that the cost of purchasing bedaquiline is lower than the cost to health systems of the ongoing spread of MDR-TB, as seen in the successful South African program. South Africa has to purchase its own bedaquiline yet it accounts for more than 60% of the global use (Ndjeka, 2016).

Delamanid is available for purchase at USD 1,700 for Global Fund eligible countries, but the costs in non-Global Fund eligible countries are excessive and may be as much as Euro 30,000 (approximately USD 32,000) in some settings (Gotham et al., 2017). While bedaquiline has been registered in a range of countries – including the high burden countries of South Africa and India – delamanid only has regulatory approval in four regions: European Union, Japan, South Korea, and Macau. None of these areas have a high burden of MDR-TB, and delamanid is still not registered in most of the countries where clinical trials were done.

Other important country-level barriers seem to be driving the slow uptake of new drugs on the part of national TB programs, regulatory agencies, and clinical providers. Some of these barriers are based in excessive concern about potential side effects, a concern that needs to be balanced with the high mortality rate in persons with poorly treated MDR-TB and the high rate of serious adverse events that occur using the existing medications (Ahuja et al., 2012). There is tension between wanting to “protect the new drugs” as opposed to protecting the lives of patients, with the drugs being restricted in order to purportedly preserve their efficacy. This was the situation in a recent court case where a young woman and her family sued the Indian government to provide her with access to bedaquiline – a case they won – but the government argued that doing so would risk the development of bedaquiline resistance (Kirby, 2017).

There has been almost no involvement of the private sector in the use of new drugs, even in private sector tertiary care facilities that have a proven track record in the successful management of MDR-TB (Udwadia et al., 2017). There are also complicated pharmacovigilance requirements for new drugs (World Health Organization, 2015b) that have delayed their use in some settings (Furin et al., 2016). And most countries feel compelled to follow the interim WHO guidance to the letter on the use of these medications, and guidelines can lag behind the most relevant safety and efficacy data. Given the rapid accumulation of data on the safety and efficacy of these drugs, rigid adherence to interim policies can delay access to life-saving drugs for patients. It should be noted, however, that most countries are unable to implement new drugs even following these restrictive recommendations.

Children are especially vulnerable to TB and MDR-TB and they have been largely overlooked when it comes to access to the new drugs, even though delamanid was recommended by the WHO for children as young as six years of age in 2016. Such exclusion is often a result of a desire to “protect” children from the unknown adverse effects of novel agents, a practice that is especially concerning given the well-known toxicity of the injectable agents (Weld et al., 2017). Not only is there a need to include children earlier in the clinical trials of novel agents (Nachman et al., 2015), but there is also a need to develop child-friendly formulations of the medications (Furin et al., 2015), something that is being pursued with both bedaquiline and delamanid. Other populations vulnerable to exclusion include pregnant women and persons with extrapulmonary TB. Thus, countries should make plans for off-label use of new drugs in these individuals, should the benefits outweigh the risks.






  





    
      Silver linings and potential solutions

      
    

  
      Amidst the disappointingly slow pace of new tool uptake, there are some positive examples and potential solutions. South Africa has been exceptional in scaling-up both Xpert MTB/RIF and bedaquiline, due in large part to a forward-thinking National TB Program and Department of Health, backed by an ambitious Health Minister, and supported by academic and non-governmental organization partners (Ndjeka et al., 2015). Other countries too have had success introducing bedaquiline, especially when they prioritized patient needs, were flexible with their innovations, and partnered with other supporting groups (Guglielmetti et al., 2017). Also, the early success of tools like Xpert MTB/RIF and bedaquiline have renewed industry engagement in TB R&D, pushed countries to develop systems for conducting field trials for policy changes, and revitalized front-line health workers and civil society (Pai and Schito, 2015; Furin et al., 2017). It is also wonderful to see countries develop more ambitious plans for TB elimination, with India being a prominent, recent example (Central TB Division, 2017).


  It is wonderful to see countries develop more ambitious plans for TB elimination, with India being a prominent recent example


  


Many of the barriers to optimal use of novel diagnostic and therapeutic strategies can be readily surmounted with bold ambitions that are followed up with concrete implementation. With regards to new diagnostics, we need a comprehensive approach to their implementation (Albert et al., 2016), including increased engagement of patients, civil society, and policy makers; demand creation for new tools among diverse stakeholders; broader health systems strengthening in preparation for new tools; increased advocacy for TB financing; and market-based approaches to address both demand and supply side barriers (Engel et al., 2016). These solutions are particularly relevant as WHO recently endorsed the use of Xpert MTB/RIF Ultra, a more sensitive assay than the current Xpert MTB/RIF cartridge (World Health Organization, 2017c), and point-of-care molecular diagnostics (e.g. GeneXpert Omni) are becoming a reality.

When it comes to the novel agents, while there are indeed limited data on their use in large populations, this should always be considered in the context of currently recommended treatment regimens, which are based on expert opinion and observational data, are associated with poor treatment outcomes, and are associated with an unacceptable safety profile that has been well documented. When viewed through this lens, the introduction of new therapeutic options can only be seen as a welcome event. The WHO must take this into account, and release unified MDR-TB guidelines that are consistent in their use of recommendations based on observational and programmatic data. There has now been sufficient experience in the successful introduction of novel agents for MDR-TB, and the programs and providers responsible for this success should be leading the global rollout of these drugs. Finally, urgent patient needs must be prioritized, with the organizations and agencies failing to address these needs being held accountable for delayed or denied access. After all, “protecting human rights, ethics and equity” is one of the four key principles of the WHO End TB Strategy (World Health Organization, 2017d).






  





    
      Conclusions

      
    

  
      New diagnostic and treatment options have been sought for decades in the field of TB and MDR-TB, and new tools have been successfully introduced. But we have learnt the hard way that availability does not necessarily result in widespread access. Considerable effort is required to make sure new tools are made accessible to the persons who need them most. This has not happened as quickly as desired with tools such as Xpert MTB/RIF, bedaquiline, and delamanid, and the result is that tens of thousands of TB patients around the world suffer needlessly from late or misdiagnosis, ineffective treatment, or intolerable side effects. The mere fact that 1.8 million people die of a potentially curable infection each year is the surest indication that they are not getting the quality care they deserve.

Urgent action is needed if we are committed to ending TB in a mere 13 years. This means embracing innovation, increasing financial investments in TB control, addressing implementation gaps, and making sure that new technologies are available in the service of those who are trying to survive. More importantly, the global TB community needs to learn from the HIV/AIDS experience, and raise its level of ambition. This means a change in the mindset, to not settle for less.






  








  





                
                    
  Add a comment
  + Open annotations. The current annotation count on this page is being calculated.



                
                    

    
      References

      
    

  
      	
      
          	
                Ahuja SD
	
                Ashkin D
	
                Avendano M
	
                Banerjee R
	
                Bauer M
	
                Bayona JN
	
                Becerra MC
	
                Benedetti A
	
                Burgos M
	
                Centis R
	
                Chan ED
	
                Chiang CY
	
                Cox H
	
                D'Ambrosio L
	
                DeRiemer K
	
                Dung NH
	
                Enarson D
	
                Falzon D
	
                Flanagan K
	
                Flood J
	
                Garcia-Garcia ML
	
                Gandhi N
	
                Granich RM
	
                Hollm-Delgado MG
	
                Holtz TH
	
                Iseman MD
	
                Jarlsberg LG
	
                Keshavjee S
	
                Kim HR
	
                Koh WJ
	
                Lancaster J
	
                Lange C
	
                de Lange WC
	
                Leimane V
	
                Leung CC
	
                Li J
	
                Menzies D
	
                Migliori GB
	
                Mishustin SP
	
                Mitnick CD
	
                Narita M
	
                O'Riordan P
	
                Pai M
	
                Palmero D
	
                Park SK
	
                Pasvol G
	
                Peña J
	
                Pérez-Guzmán C
	
                Quelapio MI
	
                Ponce-de-Leon A
	
                Riekstina V
	
                Robert J
	
                Royce S
	
                Schaaf HS
	
                Seung KJ
	
                Shah L
	
                Shim TS
	
                Shin SS
	
                Shiraishi Y
	
                Sifuentes-Osornio J
	
                Sotgiu G
	
                Strand MJ
	
                Tabarsi P
	
                Tupasi TE
	
                van Altena R
	
                Van der Walt M
	
                Van der Werf TS
	
                Vargas MH
	
                Viiklepp P
	
                Westenhouse J
	
                Yew WW
	
                Yim JJ
	
                Collaborative Group for Meta-Analysis of Individual Patient Data in MDR-TB


          (2012)
      
      
            Multidrug resistant pulmonary tuberculosis treatment regimens and patient outcomes: an individual patient data meta-analysis of 9,153 patients
      
      
      
      
          PLoS Medicine 9:e1001300.

      
          
              
            https://doi.org/10.1371/journal.pmed.1001300
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Albert H
	
                Nathavitharana RR
	
                Isaacs C
	
                Pai M
	
                Denkinger CM
	
                Boehme CC


          (2016)
      
      
            Development, roll-out and impact of Xpert MTB/RIF for tuberculosis: what lessons have we learnt and how can we do better?
      
      
      
      
          European Respiratory Journal 48:516–525.

      
          
              
            https://doi.org/10.1183/13993003.00543-2016
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Bonnet M
	
                Bastard M
	
                du Cros P
	
                Khamraev A
	
                Kimenye K
	
                Khurkhumal S
	
                Hayrapetyan A
	
                Themba D
	
                Telnov A
	
                Sanchez-Padilla E
	
                Hewison C
	
                Varaine F


          (2016)
      
      
            Identification of patients who could benefit from bedaquiline or delamanid: a multisite MDR-TB cohort study
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 20:177–186.

      
          
              
            https://doi.org/10.5588/ijtld.15.0962
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Cazabon D
	
                Alsdurf H
	
                Satyanarayana S
	
                Nathavitharana R
	
                Subbaraman R
	
                Daftary A
	
                Pai M


          (2017)
      
      
            Quality of Tuberculosis care in high burden countries: the urgent need to address gaps in the care cascade
      
      
      
      
          International Journal of Infectious Diseases 56:111–116.

      
          
              
            https://doi.org/10.1016/j.ijid.2016.10.016
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          Report

          	
                Central TB Division


          (2017)
      
      
      
            National Strategic Plan for Tuberculosis Elimination 2017–2025 (Draft)
      
      
      
          New Delhi: Ministry of Health & Family Welfare. Government of India.

      
      
      
            
              http://tbcindia.gov.in/WriteReadData/NSP%20Draft%2020.02.2017%201.pdf
            

      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Chavan D


          (2017)
      
      
            Fighting TB requires empowered patients
      
      
      
      
          BMJ 356:i6344.

      
          
              
            https://doi.org/10.1136/bmj.i6344
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Chihota VN
	
                Ginindza S
	
                McCarthy K
	
                Grant AD
	
                Churchyard G
	
                Fielding K


          (2015)
      
      
            Missed Opportunities for TB investigation in primary care clinics in South Africa: experience from the XTEND Trial
      
      
      
      
          PLoS One 10:e0138149.

      
          
              
            https://doi.org/10.1371/journal.pone.0138149
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Churchyard GJ
	
                Stevens WS
	
                Mametja LD
	
                McCarthy KM
	
                Chihota V
	
                Nicol MP
	
                Erasmus LK
	
                Ndjeka NO
	
                Mvusi L
	
                Vassall A
	
                Sinanovic E
	
                Cox HS
	
                Dye C
	
                Grant AD
	
                Fielding KL


          (2015)
      
      
            Xpert MTB/RIF versus sputum microscopy as the initial diagnostic test for tuberculosis: a cluster-randomised trial embedded in South African roll-out of Xpert MTB/RIF
      
      
      
      
          The Lancet Global Health 3:e450–e457.

      
          
              
            https://doi.org/10.1016/S2214-109X(15)00100-X
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Clouse K
	
                Blevins M
	
                Lindegren ML
	
                Yotebieng M
	
                Nguyen DT
	
                Omondi A
	
                Michael D
	
                Zannou DM
	
                Carriquiry G
	
                Pettit A
	
                International Epidemiologic Databases to Evaluate AIDS (IeDEA) collaboration


          (2017)
      
      
            Low implementation of Xpert MTB/RIF among HIV/TB co-infected adults in the International epidemiologic databases to evaluate AIDS (IeDEA) program
      
      
      
      
          PLoS One 12:e0171384.

      
          
              
            https://doi.org/10.1371/journal.pone.0171384
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Das J
	
                Kwan A
	
                Daniels B
	
                Satyanarayana S
	
                Subbaraman R
	
                Bergkvist S
	
                Das RK
	
                Das V
	
                Pai M


          (2015)
      
      
            Use of standardised patients to assess quality of tuberculosis care: a pilot, cross-sectional study
      
      
      
      
          The Lancet Infectious Diseases 15:1305–1313.

      
          
              
            https://doi.org/10.1016/S1473-3099(15)00077-8
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Diacon AH
	
                Pym A
	
                Grobusch MP
	
                de los Rios JM
	
                Gotuzzo E
	
                Vasilyeva I
	
                Leimane V
	
                Andries K
	
                Bakare N
	
                De Marez T
	
                Haxaire-Theeuwes M
	
                Lounis N
	
                Meyvisch P
	
                De Paepe E
	
                van Heeswijk RP
	
                Dannemann B
	
                TMC207-C208 Study Group


          (2014)
      
      
            Multidrug-resistant tuberculosis and culture conversion with bedaquiline
      
      
      
      
          New England Journal of Medicine 371:723–732.

      
          
              
            https://doi.org/10.1056/NEJMoa1313865
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          Website

          	
                DR-TB STAT


          (2017)
      
      
      
            March 2017 Task Force Update
      
      
      
          Stop TB Partnership. Accessed 2017.

      
      
      
            
              http://www.stoptb.org/wg/mdrtb/taskforces.asp?tf=4
            

      
      
      
      

    
	
      
          	
                Durovni B
	
                Saraceni V
	
                van den Hof S
	
                Trajman A
	
                Cordeiro-Santos M
	
                Cavalcante S
	
                Menezes A
	
                Cobelens F


          (2014)
      
      
            Impact of replacing smear microscopy with Xpert MTB/RIF for diagnosing tuberculosis in Brazil: a stepped-wedge cluster-randomized trial
      
      
      
      
          PLoS Medicine 11:e1001766.

      
          
              
            https://doi.org/10.1371/journal.pmed.1001766
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Engel N
	
                Wachter K
	
                Pai M
	
                Gallarda J
	
                Boehme C
	
                Celentano I
	
                Weintraub R


          (2016)
      
      
            Addressing the challenges of diagnostics demand and supply: insights from an online global health discussion platform
      
      
      
      
          BMJ Global Health 1:e000132.

      
          
              
            https://doi.org/10.1136/bmjgh-2016-000132
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Field SK
	
                Fisher D
	
                Jarand JM
	
                Cowie RL


          (2012)
      
      
            New treatment options for multidrug-resistant tuberculosis
      
      
      
      
          Therapeutic Advances in Respiratory Disease 6:255–268.

      
          
              
            https://doi.org/10.1177/1753465812452193
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                FIND
	
                McGill International TB Centre
	
                UNITAID


          (2015)
      
      
      
            TB Diagnostics Market in Select High-Burden Countries: Current Market and Future Opportunities For Novel Diagnostics
      
      
      
          TB Diagnostics Market in Select High-Burden Countries: Current Market and Future Opportunities For Novel Diagnostics, https://www.mcgill.ca/tb/files/tb/tb_diagnostics_market_in_select_high-burden_countries_current_market_and_future_opportunities_for_novel_diagnostics.pdf.

      
      
      
            
              https://www.mcgill.ca/tb/files/tb/tb_diagnostics_market_in_select_high-burden_countries_current_market_and_future_opportunities_for_novel_diagnostics.pdf
            

      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Floyd K
	
                Fitzpatrick C
	
                Pantoja A
	
                Raviglione M


          (2013)
      
      
            Domestic and donor financing for tuberculosis care and control in low-income and middle-income countries: an analysis of trends, 2002-11, and requirements to meet 2015 targets
      
      
      
      
          The Lancet Global Health 1:e105–e115.

      
          
              
            https://doi.org/10.1016/S2214-109X(13)70032-9
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Furin J
	
                Brigden G
	
                Lessem E
	
                Rich M
	
                Vaughan L
	
                Lynch S


          (2016)
      
      
            Global progress and challenges in implementing new medications for treating multidrug-resistant tuberculosis
      
      
      
      
          Emerging Infectious Diseases 22:.

      
          
              
            https://doi.org/10.3201/eid2203.151430
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Furin J
	
                Diacon AH
	
                Andries K


          (2017)
      
      
            Combating drug-resistant tuberculosis: the unexpected benefits of bedaquiline
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 21:4–5.

      
          
              
            https://doi.org/10.5588/ijtld.16.0768
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Furin J
	
                Mafukidze A
	
                Brigden G
	
                du Cros P
	
                Golin R
	
                Harausz E
	
                Seddon JA
	
                Ustero P
	
                Garcia-Prats AJ


          (2015)
      
      
            A bitter pill to swallow: the need for better medications for drug-resistant tuberculosis in children
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 19 Suppl 1:55–60.

      
          
              
            https://doi.org/10.5588/ijtld.15.0380
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Gler MT
	
                Skripconoka V
	
                Sanchez-Garavito E
	
                Xiao H
	
                Cabrera-Rivero JL
	
                Vargas-Vasquez DE
	
                Gao M
	
                Awad M
	
                Park SK
	
                Shim TS
	
                Suh GY
	
                Danilovits M
	
                Ogata H
	
                Kurve A
	
                Chang J
	
                Suzuki K
	
                Tupasi T
	
                Koh WJ
	
                Seaworth B
	
                Geiter LJ
	
                Wells CD


          (2012)
      
      
            Delamanid for multidrug-resistant pulmonary tuberculosis
      
      
      
      
          New England Journal of Medicine 366:2151–2160.

      
          
              
            https://doi.org/10.1056/NEJMoa1112433
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Gotham D
	
                Fortunak J
	
                Pozniak A
	
                Khoo S
	
                Cooke G
	
                Nytko FE
	
                Hill A


          (2017)
      
      
            Estimated generic prices for novel treatments for drug-resistant tuberculosis
      
      
      
      
          Journal of Antimicrobial Chemotherapy 72:dkw522.

      
          
              
            https://doi.org/10.1093/jac/dkw522
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Guglielmetti L
	
                Hewison C
	
                Avaliani Z
	
                Hughes J
	
                Kiria N
	
                Lomtadze N
	
                Ndjeka N
	
                Setkina S
	
                Shabangu A
	
                Sikhondze W
	
                Skrahina A
	
                Veziris N
	
                Furin J


          (2017)
      
      
            Examples of bedaquiline introduction for the management of multidrug-resistant tuberculosis in five countries
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 21:167–174.

      
          
              
            https://doi.org/10.5588/ijtld.16.0493
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Hanrahan CF
	
                Dorman SE
	
                Erasmus L
	
                Koornhof H
	
                Coetzee G
	
                Golub JE


          (2012)
      
      
            The impact of expanded testing for multidrug resistant tuberculosis using genotype [correction of geontype] MTBDRplus in South Africa: an observational cohort study
      
      
      
      
          PLoS One 7:e49898.

      
          
              
            https://doi.org/10.1371/journal.pone.0049898
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Kik SV
	
                Denkinger CM
	
                Chedore P
	
                Pai M


          (2014)
      
      
            Replacing smear microscopy for the diagnosis of tuberculosis: what is the market potential?
      
      
      
      
          European Respiratory Journal 43:1793–1796.

      
          
              
            https://doi.org/10.1183/09031936.00217313
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Kirby T


          (2017)
      
      
            Landmark legal ruling sees Indian girl prescribed bedaquiline for XDR-TB
      
      
      
      
          The Lancet Respiratory Medicine 5:249.

      
          
              
            https://doi.org/10.1016/S2213-2600(17)30042-5
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Lessem E
	
                Cox H
	
                Daniels C
	
                Furin J
	
                McKenna L
	
                Mitnick CD
	
                Mosidi T
	
                Reed C
	
                Seaworth B
	
                Stillo J
	
                Tisile P
	
                von Delft D


          (2015)
      
      
            Access to new medications for the treatment of drug-resistant tuberculosis: patient, provider and community perspectives
      
      
      
      
          International Journal of Infectious Diseases 32:56–60.

      
          
              
            https://doi.org/10.1016/j.ijid.2014.12.012
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Nachman S
	
                Ahmed A
	
                Amanullah F
	
                Becerra MC
	
                Botgros R
	
                Brigden G
	
                Browning R
	
                Gardiner E
	
                Hafner R
	
                Hesseling A
	
                How C
	
                Jean-Philippe P
	
                Lessem E
	
                Makhene M
	
                Mbelle N
	
                Marais B
	
                McIlleron H
	
                McNeeley DF
	
                Mendel C
	
                Murray S
	
                Navarro E
	
                Anyalechi EG
	
                Porcalla AR
	
                Powell C
	
                Powell M
	
                Rigaud M
	
                Rouzier V
	
                Samson P
	
                Schaaf HS
	
                Shah S
	
                Starke J
	
                Swaminathan S
	
                Wobudeya E
	
                Worrell C


          (2015)
      
      
            Towards early inclusion of children in tuberculosis drugs trials: a consensus statement
      
      
      
      
          The Lancet Infectious Diseases 15:711–720.

      
          
              
            https://doi.org/10.1016/S1473-3099(15)00007-9
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Naidoo P
	
                du Toit E
	
                Dunbar R
	
                Lombard C
	
                Caldwell J
	
                Detjen A
	
                Squire SB
	
                Enarson DA
	
                Beyers N


          (2014)
      
      
            A comparison of multidrug-resistant tuberculosis treatment commencement times in MDRTBPlus line probe assay and Xpert® MTB/RIF-based algorithms in a routine operational setting in Cape Town
      
      
      
      
          PLoS One 9:e103328.

      
          
              
            https://doi.org/10.1371/journal.pone.0103328
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Ndjeka N
	
                Conradie F
	
                Schnippel K
	
                Hughes J
	
                Bantubani N
	
                Ferreira H
	
                Maartens G
	
                Mametja D
	
                Meintjes G
	
                Padanilam X
	
                Variava E
	
                Pym A
	
                Pillay Y


          (2015)
      
      
            Treatment of drug-resistant tuberculosis with bedaquiline in a high HIV prevalence setting: an interim cohort analysis
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 19:979–985.

      
          
              
            https://doi.org/10.5588/ijtld.14.0944
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          Conference

          	
                Ndjeka N


          (2016)
      
      
      
      
            Incorporation of bedaquiline in the South African National TB program

      
      
          2016 Conference on Retroviruses and Opportunistic Infections.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Pai M
	
                Behr MA
	
                Dowdy D
	
                Dheda K
	
                Divangahi M
	
                Boehme CC
	
                Ginsberg A
	
                Swaminathan S
	
                Spigelman M
	
                Getahun H
	
                Menzies D
	
                Raviglione M


          (2016)
      
      
            Tuberculosis
      
      
      
      
          Nature Reviews Disease Primers 2:16076–23.

      
          
              
            https://doi.org/10.1038/nrdp.2016.76
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Pai M
	
                Bhaumik S
	
                Bhuyan SS


          (2017)
      
      
            India's plan to eliminate tuberculosis by 2025: converting rhetoric into reality
      
      
      
      
          BMJ Global Health 2:e000326.

      
          
              
            https://doi.org/10.1136/bmjgh-2017-000326
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Pai M
	
                Schito M


          (2015)
      
      
            Tuberculosis diagnostics in 2015: landscape, priorities, needs, and prospects
      
      
      
      
          Journal of Infectious Diseases 211 Suppl 2:S21–S28.

      
          
              
            https://doi.org/10.1093/infdis/jiu803
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Puri L
	
                Oghor C
	
                Denkinger CM
	
                Pai M


          (2016)
      
      
            Xpert MTB/RIF for Tuberculosis testing: access and price in highly privatised health markets
      
      
      
      
          The Lancet Global Health 4:e94–e95.

      
          
              
            https://doi.org/10.1016/S2214-109X(15)00269-7
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Qin ZZ
	
                Pai M
	
                Van Gemert W
	
                Sahu S
	
                Ghiasi M
	
                Creswell J


          (2015)
      
      
            How is Xpert MTB/RIF being implemented in 22 high tuberculosis burden countries?
      
      
      
      
          European Respiratory Journal 45:549–554.

      
          
              
            https://doi.org/10.1183/09031936.00147714
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Raizada N
	
                Sachdeva KS
	
                Nair SA
	
                Kulsange S
	
                Gupta RS
	
                Thakur R
	
                Parmar M
	
                Gray C
	
                Ramachandran R
	
                Vadera B
	
                Ekka S
	
                Dhawan S
	
                Babre A
	
                Ghedia M
	
                Alavadi U
	
                Dewan P
	
                Khetrapal M
	
                Khanna A
	
                Boehme C
	
                Paramsivan CN


          (2014)
      
      
            Enhancing TB case detection: experience in offering upfront Xpert MTB/RIF testing to pediatric presumptive TB and DR TB cases for early rapid diagnosis of drug sensitive and drug resistant TB
      
      
      
      
          PLoS One 9:e105346.

      
          
              
            https://doi.org/10.1371/journal.pone.0105346
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          Website

          	
                RESIST TB


          (2017)
      
      
      
            Research excellence to stop TB resistance. Clinical trials progress report
      
      
      
          Resist-TB. Accessed 2017.

      
      
      
            
              http://www.resisttb.org/?page_id=1602
            

      
      
      
      

    
	
      
          	
                Sachdeva KS
	
                Raizada N
	
                Sreenivas A
	
                Van't Hoog AH
	
                van den Hof S
	
                Dewan PK
	
                Thakur R
	
                Gupta RS
	
                Kulsange S
	
                Vadera B
	
                Babre A
	
                Gray C
	
                Parmar M
	
                Ghedia M
	
                Ramachandran R
	
                Alavadi U
	
                Arinaminpathy N
	
                Denkinger C
	
                Boehme C
	
                Paramasivan CN


          (2015)
      
      
            Use of Xpert MTB/RIF in decentralized public health settings and its effect on pulmonary TB and DR-TB case finding in India
      
      
      
      
          PLoS One 10:e0126065.

      
          
              
            https://doi.org/10.1371/journal.pone.0126065
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Sreeramareddy CT
	
                Qin ZZ
	
                Satyanarayana S
	
                Subbaraman R
	
                Pai M


          (2014)
      
      
            Delays in diagnosis and treatment of pulmonary tuberculosis in India: a systematic review
      
      
      
      
          The International Journal of Tuberculosis and Lung Disease 18:255–266.

      
          
              
            https://doi.org/10.5588/ijtld.13.0585
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Subbaraman R
	
                Nathavitharana R
	
                Satyanarayana S
	
                Pai M
	
                Thomas B
	
                Chaddha V
	
                Rade K
	
                Swaminathan S
	
                Mayer K


          (2016)
      
      
            The tuberculosis cascade of care in India's public sector: recent estimates and gaps in knowledge
      
      
      
      
          PLoS Medicine 13:e1002149.

      
          
              
            https://doi.org/10.1371/journal.pmed.1002149
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                The Lancet


          (2017)
      
      
            Health in India, 2017
      
      
      
      
          Lancet 389:127.

      
          
              
            https://doi.org/10.1016/S0140-6736(17)30075-2
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Theron G
	
                Zijenah L
	
                Chanda D
	
                Clowes P
	
                Rachow A
	
                Lesosky M
	
                Bara W
	
                Mungofa S
	
                Pai M
	
                Hoelscher M
	
                Dowdy D
	
                Pym A
	
                Mwaba P
	
                Mason P
	
                Peter J
	
                Dheda K


          (2014)
      
      
            Feasibility, accuracy, and clinical effect of point-of-care Xpert MTB/RIF testing for tuberculosis in primary-care settings in Africa: a multicentre, randomised, controlled trial
      
      
      
      
          The Lancet 383:424–435.

      
          
              
            https://doi.org/10.1016/S0140-6736(13)62073-5
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          	
                Udwadia ZF
	
                Ganatra S
	
                Mullerpattan JB


          (2017)
      
      
            Compassionate use of bedaquiline in highly drug-resistant tuberculosis patients in Mumbai, India
      
      
      
      
          European Respiratory Journal 49:1601699.

      
          
              
            https://doi.org/10.1183/13993003.01699-2016
              
          
      
      
          	
            PubMed
          
	
            Google Scholar
          


      

    
	
      
          	
                Weld E
	
                Garcia-Prats AJ
	
                Furin J
	
                Bailey T
	
                Hesseling AC
	
                Dooley K


          (2017)
      
      
            The time has come: the case for injectable-sparing regimens in children with multidrug-resistant tuberculosis
      
      
      
      
          The Lancet. Respiratory Medicine 5:245–246.

      
          
              
            https://doi.org/10.1016/S2213-2600(17)30078-4
              
          
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2007)
      
      
      
            The Use of Liquid Medium for Culture and DST
      
      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
            
              http://www.who.int/tb/laboratory/policy_liquid_medium_for_culture_dst/en/index.html
            

      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2013a)
      
      
      
      
            Policy Update: Automated Real-Time Nucleic Acid Amplification Technology for Rapid and Simultaneous Detection of Tuberculosis and Rifampicin Resistance: Xpert MTB/RIF System for the Diagnosis of Pulmonary and Extrapulmonary TB in Adults and Children

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2013b)
      
      
      
      
            The Use of Bedaquiline in the Treatment of Multidrug-Resistant Tuberculosis: Interim Policy Guidance

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2014a)
      
      
      
      
            Guidelines on the Management of Latent Tuberculosis Infection. WHO/HTM/TB/2015.01

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2014b)
      
      
      
      
            The Use of Delamanid in the Treatment of Multidrug-Resistant Tuberculosis: Interim Policy Guidance

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2015a)
      
      
      
      
            The Use of Lateral Flow Urine Lipoarabinomannan Assay (LF-LAM) for the Diagnosis and Screening of Active Tuberculosis in People Living with HIV. Policy Update

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2015b)
      
      
      
      
             Active Tuberculosis Drug Safety Monitoring and Management (ADSM): A Framework for Implementation. WHO/HTM/TB/2015.28

      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2016a)
      
      
      
      
            Global Tuberculosis Report 2016

      
      
          Geneva, Switzerland: World Heath Organization.

      
      
      
      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2016b)
      
      
      
            The Use of Molecular Line Probe Assays for the Detection of Resistance to Second-Line Anti-Tuberculosis Drugs. Policy Guidance
      
      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
            
              http://www.who.int/entity/tb/areas-of-work/laboratory/WHOPolicyStatementSLLPA.pdf?ua=1
            

      
      
          	
            Google Scholar
          


      

    
	
      
          Website

          	
                World Health Organization


          (2017a)
      
      
      
            WHO monitoring of Xpert MTB/RIF roll-out
      
      
      
          Accessed 2017.

      
      
      
            
              http://www.who.int/tb/areas-of-work/laboratory/mtb-rif-rollout/en/
            

      
      
      
      

    
	
      
          Report

          	
                World Health Organization


          (2017b)
      
      
      
            Report of the Guideline Development Group Meeting on the Use of Bedaquiline in the Treatment of Multidrug-Resistant Tuberculosis, a Review of Available Evidence (2016)
      
      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
            
              http://apps.who.int/iris/bitstream/10665/254712/1/WHO-HTM-TB-2017.01-eng.pdf?ua=1
            

      
      
          	
            Google Scholar
          


      

    
	
      
          Report

          	
                World Health Organization


          (2017c)
      
      
      
            WHO Meeting Report of a Technical Expert Consultation: Non-Inferiority Analysis of Xpert MTB/RIF Ultra Compared to Xpert MTB/RIF
      
      
      
          Geneva, Switzerland: World Health Organization.

      
      
      
            
              http://apps.who.int/iris/bitstream/10665/254792/1/WHO-HTM-TB-2017.04-eng.pdf
            

      
      
          	
            Google Scholar
          


      

    
	
      
          Website

          	
                World Health Organization


          (2017d)
      
      
      
            Ethics guidance for the implementation of the end TB strategy
      
      
      
          Accessed 2017.

      
      
      
            
              http://who.int/tb/publications/2017/ethics-guidance/en/
            

      
      
      
      

    







  





                
                    

    
      Decision letter

      
    

  
      
    	
          
            
          
              Emma Pewsey

              Reviewing Editor; eLife, United Kingdom

            

          

        


  In the interests of transparency, eLife includes the editorial decision letter and accompanying author responses. A lightly edited version of the letter sent to the authors after peer review is shown, indicating the most substantive concerns; minor comments are not usually included.





Thank you for submitting your article "Tuberculosis innovations mean little, if they cannot save lives" for consideration by eLife. Your article has been reviewed by 3 peer reviewers. The following individuals involved in review of your submission have agreed to reveal their identity: Jane Coyne (Reviewer #3).

I've copied the reviews below. In general, the reviewers were enthusiastic about the article, but they each have a number of points they would like you to address in a revised version of your article. Please try to address all these points in your revised version, or explain in the cover letter accompanying your resubmission why you did not feel it was essential to do so.

Reviewer #1:

1) Although there is nothing wrong in publishing this article as such, considering the authors' expertise, vast experience in the field of TB and other infectious diseases, they should also include few constructive suggestions on the above aspects than being generic.

2) Also, often time researchers ignore the necessity to concentrate more on the follow-up of TB cases started on treatment, and bacteriological confirmation at various time points to ensure the completion of treatment and disease free status. There is no diagnostic test available at present to differentiate dead and viable bacteria. Even the famous Bangladesh study relied only on vital staining techniques such as FDA/ EB based microscopy to prove that the MDR cases are not secreting non-viable bacilli. Considering this need, the authors must urge the scientific community to concentrate on this aspect as well.

3) People generally tend to ignore paediatric and extra-pulmonary TB cases due to diagnostic constraints. Although XPert does wonders in the early detection of such cases, access becomes difficult and also specimen collection, which requires additional provision including hospitalization, negates the optimal utility of XPert. With any new technique when the sensitivity gets enhanced, the danger of quality being compromised lingers on. To overcome this, the necessity to establish quality assurance in public and private care should be included.

4) Likewise, the easy access and availability of drugs in suitable formulations for paediatric TB cases should be advocated. This applies more so for newer drugs.

5) The upcoming improved version of Xpert such as XPert Ultra, Omni and other methods such as TB LAMP, True NAT etc may also be mentioned to show that some hope is on the horizon.

6) Finally TB control should be inclusive and we are all aware that involving private care remains mostly on paper now for various reasons. Until the respective governments give their commitment by way of legislation or decree, we will be rendering mostly lip service and any amount of writing may not solve the problem. This may be advocated in the UN Assembly as and when they hold a special session on TB Control. Can this be considered by the authors and also other points submitted.

Reviewer #2:

1) The authors omit to mention that Bdq and Dlm are not fully approved by any SRA but got either accelerated or conditional approval by FDA or EMA after their phase IIb. This justifies the pharmacovigilance requirements and partly explains the reluctance of some countries to use these drugs.

2) The paper fails to recognize and describe the major obstacles that lie at country level (regulatory authorities, NTPs, or reluctance from clinicians): India which is eligible to GF is limiting access to Bdq to 6 centers of excellence for a country of 1.3 billion inhabitants; Peru, despite registration and free access to Bdq has only enrolled 71 patients, Philippines 51, etc.

3) Presenting the cost as a major obstacle to access is somehow contradicted (or at least tempered) by the facts: there is very little uptake of Bdq by most GF eligible countries for which Bdq is free (numerous examples: Peru, Kyrgyzstan, Bangladesh, India, etc.) when South Africa (which pays Bdq at 900 USD per treatment because of internal procurement mechanism) is far ahead with over 4,000 treatments.

4) There is no doubt that the WHO recommendations on new drugs should be revised, however most countries are far from even reaching the current WHO recommended indications. One could quite easily make estimates showing that following these recommendations "to the letter", as the authors say, would rather result in a much greater uptake than what is actually observed.

5) Minor comments

-77 million sputum smears is a bit misleading as it includes the follow-up smears

- Presenting the costs of the new drugs in high income countries is not relevant to the scope of the paper

- I would suggest referencing the WHO guidelines for Xpert, LPA, LAM, etc.

- Bonnet et al. found that 2/3 of their cohort (mainly from CIS countries) could benefit from the new drugs

- Presenting the WHO recommended basic aDSM as a complex pharmacovigilance slowing down the uptake seems quite exaggerated.

Reviewer #3:

1) Figure 1 - I think it would be stronger if you added graphically to it the estimated number of smear tests - to show the GeneX growth in the context of smear usage

2) Diagnostics section - when you mention private sector I think you are wasting an opportunity - the issue is not just with concessionary pricing it's that there is no effective oversight and no political leadership to assure quality of diagnosis and care in the private sector.

3) Paragraph three - I would calculate the estimated number of patients that need access to these drugs (480K *1/3 = 160K annually) to emphasize how far off the mark we are with 7000 ttt's total. This would strengthen the deficit
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      Author response

      
    

  
      Reviewer 1

1) Although there is nothing wrong in publishing this article as such, considering the authors' expertise, vast experience in the field of TB and other infectious diseases, they should also include few constructive suggestions on the above aspects than being generic.

Thank you. We agree and have provide several constructive suggestions towards the end of the revised version. Please see the revised section on Silver linings and potential solutions.

2) Also, often time researchers ignore the necessity to concentrate more on the follow-up of TB cases started on treatment, and bacteriological confirmation at various time points to ensure the completion of treatment and disease free status. There is no diagnostic test available at present to differentiate dead and viable bacteria. Even the famous Bangladesh study relied only on vital staining techniques such as FDA/ EB based microscopy to prove that the MDR cases are not secreting non-viable bacilli. Considering this need, the authors must urge the scientific community to concentrate on this aspect as well.

Our article was about low access to TB innovations that already exist. We agree that a test for cure is necessary, but we would like to avoid listing all the unmet needs in TB, since that is not the goal of our paper.

3) People generally tend to ignore paediatric and extra-pulmonary TB cases due to diagnostic constraints. Although XPert does wonders in the early detection of such cases, access becomes difficult and also specimen collection, which requires additional provision including hospitalization, negates the optimal utility of XPert. With any new technique when the sensitivity gets enhanced, the danger of quality being compromised lingers on. To overcome this, the necessity to establish quality assurance in public and private care should be included.

We have added the following text to address this:

‘Children are an especially vulnerable population when it comes to TB and MDR-TB and although tools like Xpert have been endorsed for use in children (WHO policy), and Xpert has been shown to greatly improve the detection of MDR-TB in children (Raizada et al), access remains a concern in this subgroup.’

4) Likewise, the easy access and availability of drugs in suitable formulations for paediatric TB cases should be advocated. This applies more so for newer drugs.

Children have been virtually overlooked when it comes to access to the new drugs, even though delamanid was recommended by the World Health Organization for children as young as six years of age in 2016 (World Health Organization, 2016). Such exclusion is often a perverse result of a desire to “protect” children from the unknown adverse events of novel agents, a practice that is especially concerning given the well-known toxicity of the injectable agents (Weld, E., et al., 2017). Not only is there a need to include children earlier in the clinical trials of novel agents (Nachman et al., 2015) but also to develop child-friendly formulations of the medications (Furin et al., 2015), something that is being pursued with both bedaquiline and delamanid. Other populations vulnerable to exclusion include pregnant women and persons with extrapulmonary TB, and countries should make plans for off-label use of new drugs in these individuals should the benefits outweigh the risks.

5) The upcoming improved version of Xpert such as XPert Ultra, Omni and other methods such as TB LAMP, True NAT etc may also be mentioned to show that some hope is on the horizon.

We have added a note about the recent WHO endorsement of Xpert Ultra and other newer tools.

6) Finally TB control should be inclusive and we are all aware that involving private care remains mostly on paper now for various reasons. Until the respective governments give their commitment by way of legislation or decree, we will be rendering mostly lip service and any amount of writing may not solve the problem. This may be advocated in the UN Assembly as and when they hold a special session on TB Control. Can this be considered by the authors and also other points submitted.

We have added the following text to the article:

‘There has been almost no involvement of the private sector in the use of new drugs, even in private sector facilities that have a proven track record in the successful management of MDR-TB (Udwadia et al., 2016).’

Reviewer 2

1) The authors omit to mention that Bdq and Dlm are not fully approved by any SRA but got either accelerated or conditional approval by FDA or EMA after their phase IIb. This justifies the pharmacovigilance requirements and partly explains the reluctance of some countries to use these drugs.

We added the term “conditionally approved” to the manuscript.

2) The paper fails to recognize and describe the major obstacles that lie at country level (regulatory authorities, NTPs, or reluctance from clinicians): India which is eligible to GF is limiting access to Bdq to 6 centers of excellence for a country of 1.3 billion inhabitants; Peru, despite registration and free access to Bdq has only enrolled 71 patients, Philippines 51, etc.

Most of the barriers mentioned here are discussed in the text. However, in order to emphasize their importance, we have added the following sentence:

Other important country-level barriers seem to be driving the slow uptake of new drugs on the part of regulatory agencies, NTPs, and clinical providers.

3) Presenting the cost as a major obstacle to access is somehow contradicted (or at least tempered) by the facts: there is very little uptake of Bdq by most GF eligible countries for which Bdq is free (numerous examples: Peru, Kyrgyzstan, Bangladesh, India, etc.) when South Africa (which pays Bdq at 900 USD per treatment because of internal procurement mechanism) is far ahead with over 4,000 treatments.

We thank the reviewer for pointing this out. We have added the following sentence to the paragraph to show that cost is not the only barrier to bedaquiline use.

Some countries, however, have recognized that the cost of purchasing bedaquiline is lower than the health systems costs of ongoing spread of MDR-TB, as seen in the successful South African program. South Africa has to purchase its own bedaquiline yet it accounts for more than 60% of the global use (Ndjeka et al., 2016)

4) There is no doubt that the WHO recommendations on new drugs should be revised, however most countries are far from even reaching the current WHO recommended indications. One could quite easily make estimates showing that following these recommendations "to the letter", as the authors say, would rather result in a much greater uptake than what is actually observed.

We have added the following statement in to address the reviewer’s concerns:

‘It should be noted, however, that most countries are unable to implement new drugs even following these restrictive recommendations.’

5) Minor comments

-77 million sputum smears is a bit misleading as it includes the follow-up smears

We have added a note that this includes follow-up smears.

- Presenting the costs of the new drugs in high income countries is not relevant to the scope of the paper

We disagree with this, as the high costs have greatly limited access to the new drugs in wealthier countries, and they are reserved only for the sickest patients. Pricing is an issue and we feel it is important to mention the range of prices.

- I would suggest referencing the WHO guidelines for Xpert, LPA, LAM, etc.

We have added these references

- Bonnet et al. found that 2/3 of their cohort (mainly from CIS countries) could benefit from the new drugs

We have added the following text to the paper to address the reviewer’s concerns: although some studies suggest that as many as two-thirds of patients would benefit from the new drugs (Bonnet, Bastard et al. 2016)

- Presenting the WHO recommended basic aDSM as a complex pharmacovigilance slowing down the uptake seems quite exaggerated.

While we appreciate the reviewer’s opinion on this topic, data on early barriers to using new drugs was collected as part of the work reported in the Furin et al., 2016 article. A majority of the countries named the need for active PV as a significant barrier to introduction. Most TB programs use passive reporting systems, and in some countries, no PV system existed at all. Because this was reported by countries as a major reason for not introducing the new drugs, we prefer to keep it in the paper, even if the reviewer feels it is an exaggeration.

Reviewer 3

1) Figure 1 - I think it would be stronger if you added graphically to it the estimated number of smear tests - to show the GeneX growth in the context of smear usage

We have a separate paper in preparation, on the Smear to Xpert cartridge ratio across 22 HBCs. Since that work is not published, we are not able to add the estimated smear numbers to the existing Fig 1.

2) Diagnostics section - when you mention private sector I think you are wasting an opportunity - the issue is not just with concessionary pricing it's that there is no effective oversight and no political leadership to assure quality of diagnosis and care in the private sector.

We agree and have noted this in the revised version:

In addition, quality of TB care, especially diagnosis, is a concern in the private sector (Das, Kwan et al. 2015). This requires a comprehensive private sector engagement that includes quality improvement strategies (Cazabon, Alsdurf et al. 2017).

3) Paragraph three - I would calculate the estimated number of patients that need access to these drugs (480K *1/3 = 160K annually) to emphasize how far off the mark we are with 7000 ttt's total. This would strengthen the deficit

DR-TB STAT, the organization whose work is cited here, takes a more conservative approach to estimating new drug needs, and they base it not on the estimated 580,000 persons with RR-TB each year, but rather on the numbers of persons actually started on treatment. In order to address this concern, we have added the following statement:

although some studies suggest that as many as two-thirds of patients would benefit from the new drugs (Bonnet, Bastard et al. 2016)—meaning that there are between than 200,000 and 400,00 persons in need of the novel medications. Even a more conservative estimate based on the number of persons actually started on MDR-TB treatment each year reveals a major access gap among the 41,667 patients who urgent need these medications.

Overall in this section I think you are missing a major part of the narrative. In my opinion, the TB community has collectively failed to get the Phase 3 trials through in a timely manner. It's a little tough to say that the guidelines haven't changed when the pool of data (except observational cohort data) hasn't really moved in 4 years. There are many contributory factors but this is super slow - money, trials sites, regimen design, data access issues yes - but this is another strong signal of the lack of ambition.

We have added the following sentence to the paper to address the reviewer’s concern: Complicating this have been the long delays seen in starting pivotal later stage clinical trials for MDR-TB (RESIST TB, 2017).
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                Non-pharmaceutical interventions implemented to block SARS-CoV-2 transmission in early 2020 led to global reductions in the incidence of invasive pneumococcal disease (IPD). By contrast, most European countries reported an increase in antibiotic resistance among invasive Streptococcus pneumoniae isolates from 2019 to 2020, while an increasing number of studies reported stable pneumococcal carriage prevalence over the same period. To disentangle the impacts of the COVID-19 pandemic on pneumococcal epidemiology in the community setting, we propose a mathematical model formalizing simultaneous transmission of SARS-CoV-2 and antibiotic-sensitive and -resistant strains of S. pneumoniae. To test hypotheses underlying these trends five mechanisms were built into the model and examined: (1) a population-wide reduction of antibiotic prescriptions in the community, (2) lockdown effect on pneumococcal transmission, (3) a reduced risk of developing an IPD due to the absence of common respiratory viruses, (4) community azithromycin use in COVID-19 infected individuals, (5) and a longer carriage duration of antibiotic-resistant pneumococcal strains. Among 31 possible pandemic scenarios involving mechanisms individually or in combination, model simulations surprisingly identified only two scenarios that reproduced the reported trends in the general population. They included factors (1), (3), and (4). These scenarios replicated a nearly 50% reduction in annual IPD, and an increase in antibiotic resistance from 20% to 22%, all while maintaining a relatively stable pneumococcal carriage. Exploring further, higher SARS-CoV-2 R0 values and synergistic within-host virus-bacteria interaction mechanisms could have additionally contributed to the observed antibiotic resistance increase. Our work demonstrates the utility of the mathematical modeling approach in unraveling the complex effects of the COVID-19 pandemic responses on AMR dynamics.
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      Background:

      
    

  
      The aim of our study was to test the hypothesis that the community contact tracing strategy of testing contacts in households immediately instead of at the end of quarantine had an impact on the transmission of SARS-CoV-2 in schools in Reggio Emilia Province.






  





    
      Methods:

      
    

  
      We analysed surveillance data on notification of COVID-19 cases in schools between 1 September 2020 and 4 April 2021. We have applied a mediation analysis that allows for interaction between the intervention (before/after period) and the mediator.






  





    
      Results:

      
    

  
      Median tracing delay decreased from 7 to 3.1 days and the percentage of the known infection source increased from 34–54.8% (incident rate ratio-IRR 1.61 1.40–1.86). Implementation of prompt contact tracing was associated with a 10% decrease in the number of secondary cases (excess relative risk –0.1 95% CI –0.35–0.15). Knowing the source of infection of the index case led to a decrease in secondary transmission (IRR 0.75 95% CI 0.63–0.91) while the decrease in tracing delay was associated with decreased risk of secondary cases (1/IRR 0.97 95% CI 0.94–1.01 per one day of delay). The direct effect of the intervention accounted for the 29% decrease in the number of secondary cases (excess relative risk –0.29 95%–0.61 to 0.03).






  





    
      Conclusions:

      
    

  
      Prompt contact testing in the community reduces the time of contact tracing and increases the ability to identify the source of infection in school outbreaks. Although there are strong reasons for thinking it is a causal link, observed differences can be also due to differences in the force of infection and to other control measures put in place.
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                In biomedical science, it is a reality that many published results do not withstand deeper investigation, and there is growing concern over a replicability crisis in science. Recently, Ellipse of Insignificance (EOI) analysis was introduced as a tool to allow researchers to gauge the robustness of reported results in dichotomous outcome design trials, giving precise deterministic values for the degree of miscoding between events and non-events tolerable simultaneously in both control and experimental arms (Grimes, 2022). While this is useful for situations where potential miscoding might transpire, it does not account for situations where apparently significant findings might result from accidental or deliberate data redaction in either the control or experimental arms of an experiment, or from missing data or systematic redaction. To address these scenarios, we introduce Region of Attainable Redaction (ROAR), a tool that extends EOI analysis to account for situations of potential data redaction. This produces a bounded cubic curve rather than an ellipse, and we outline how this can be used to identify potential redaction through an approach analogous to EOI. Applications are illustrated, and source code, including a web-based implementation that performs EOI and ROAR analysis in tandem for dichotomous outcome trials is provided.
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