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Abstract 
 
Background 

Tuberculosis (TB) remains a major global health challenge, particularly in high-burden settings 

and among people with HIV. Achieving the World Health Organization (WHO) End TB Strategy 

requires improved detection of drug-resistant TB (DR-TB) and effective scale-up of tuberculosis 

preventive treatment (TPT). However, economic evidence to guide the adoption of novel 

diagnostic technologies and optimized TPT delivery strategies remains limited. This thesis aimed 

to generate policy-relevant economic evidence to inform TB diagnostic and prevention strategies 

across diverse high-burden settings. 

 

Methods 

Three complementary studies were conducted. First, a stochastic decision-analytic model was 

developed to evaluate the cost-effectiveness of targeted next-generation sequencing (tNGS) for 

DR-TB detection in India, South Africa, and Georgia, compared with existing drug susceptibility 

testing (DST) strategies. Second, a multi-country micro-costing study estimated health system 

costs of TPT delivery across high-burden settings using standardized bottom-up and top-down 

costing approaches. Third, a hybrid decision-analytic model integrating a decision tree and Markov 

framework evaluated the cost-effectiveness of four TPT delivery strategies among people with 

HIV: (1) standard of care, (2) universal 3HP, (3) TPT with shared decision-making , and (4) TPT 

with shared decision making plus enhanced adherence support (as a scenario analysis). Outcomes 

were expressed as incremental cost per disability-adjusted life year (DALY) averted, with 

uncertainty assessed through deterministic, probabilistic, and scenario analyses. 
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Results 

Across the three studies, the findings provide economic evidence for strengthening TB control 

across the care cascade. For the detection of DR-TB, the economic value of diagnostic innovation 

tNGS varied across settings, reflecting differences in existing drug susceptibility testing practices 

and test costs, highlighting the importance of local context when considering the adoption of new 

diagnostic technologies to enable appropriate treatment selection and reduce the risk of ongoing 

transmission and further development of drug resistance. For TB prevention, understanding true 

TPT delivery costs is essential, and the micro-costing analysis showed that drugs and human 

resources were the primary cost drivers, providing national programs with realistic, regimen-

specific estimates for informed budgeting and resource allocation. Finally, for maximizing 

preventive treatment impact, combining shorter regimens with patient-centred support delivered 

the greatest health gains. The strategy providing TPT with shared decision making and enhanced 

adherence support was cost-effective at $235 per DALY averted, demonstrating that investing in 

adherence support is both clinically and economically justified. Together, these findings show that 

effective TB control requires aligning diagnostic investments with local infrastructure, using 

comprehensive cost data to guide resource allocation, and pairing effective preventive treatment 

with patient support to ensure treatment completion. 

 

Conclusions 

This thesis includes several key pieces of economic evidence, which, taken together, will inform 

strategic investment decisions across the TB care cascade, from prevention, through detection and 

treatment. These findings provide actionable evidence to guide national TB programs and global 

policy efforts toward TB elimination while using resources to ensure the most value for money. 
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Chapter 1: Background 

1.1 Introduction 

Tuberculosis (TB) remains one of the most significant public health challenges globally despite 

being preventable and curable. The burden of TB is still substantial globally, where in 2024 an 

estimated 10.7 million people fell ill with TB, and 1.23 million people died from the disease, 

making it one of the top causes of death worldwide and the leading cause of death from a single 

infectious agent. (1) WHO have set an ambitious target to end the TB epidemic by 2035, which 

includes reducing TB deaths by 95%, TB incidence by 90%, and eliminating catastrophic costs for 

TB-affected households compared to 2015 levels. (2) To achieve these targets, an urgent 

concentrated action is required, on ensuring everyone with TB has access to high-quality 

diagnostic and preventive treatment. (3) As the diagnostic and preventive treatment are most 

needed for ending TB, they provide rationales for the economic evaluation presented in this thesis.  

 

This chapter provides the background for the thesis, beginning with an overview of TB disease, 

including its pathogenesis and transmission, as well as drug-resistant TB (DR-TB) and TB 

infection (TBI). This is followed by the epidemiology of TB, DR-TB and TBI. The chapter finally 

outlines the WHO End TB Strategy and concludes by putting the three manuscripts of this thesis 

together and explaining how they contribute to ending TB. 

 

1.2 Tuberculosis Disease 

1.2.1 Pathogenesis and Transmission of Tuberculosis 

Tuberculosis  (TB) is one of the oldest diseases known to humankind (4), which is a communicable 

and airborne infection caused by bacillus Mycobacterium tuberculosis (M.tuberculosis). (5) 



2 
  

Pulmonary TB is the common type of TB globally, but TB can affect almost any part of the body 

to cause extra-pulmonary TB. The transmission of TB occurs through the inhalation of infectious 

droplet nuclei, which contain viable bacilli. Following exposure to M. tuberculosis, individuals 

may clear the organism, develop TBI, or progress to active disease. (6) The early stages of infection 

involve bacterial uptake by alveolar macrophages followed by evasion of host immune responses 

and formation of granulomas. (7) In most immunocompetent individuals, the host immune system 

contains the bacilli but does not eliminate them, leading to TB infection.(8) The clinical spectrum 

of TB ranges from latent TB infection with no symptoms to active tuberculosis disease. (9) TB 

infection represents a state in which individuals harbour viable bacilli with no evidence of 

clinically manifest TB disease. (10) People with TB infection have no signs or symptoms of TB 

disease and are also not infectious, but they are at risk of developing TB disease and becoming 

infectious.  Approximately 5–10% of individuals with TB infection will develop active disease 

during their lifetime, usually within the first 5 years after initial infection. (10,11) The risk of 

progressing to TB disease is significantly higher in certain populations, including young children, 

older adults, and individuals with Human Immunodeficiency virus (HIV), diabetes, malnutrition, 

or other immunosuppressive conditions. HIV coinfection dramatically increases both the risk of 

progression and the severity of disease. Globally, people with HIV are about 18 times more likely 

to develop TB disease than those without HIV infection. (10) 

 

1.2.2 Drug-Resistant Tuberculosis (DR-TB) and diagnosis of DR-TB 

DR-TB remains one of the most formidable obstacles to ending the TB epidemic. (12) WHO 

defines DR-TB as TB disease caused by a strain of M.tuberculosis complex that is resistant to any 

TB medicines. The extent of resistance against key anti-TB drug regimens classifies DR-TB. One 
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of the most important of these drugs is rifampicin (Rif), a bactericidal and sterilizing drug that 

allows shortening of treatment duration. (13) Multidrug-resistant TB (MDR-TB) is defined as TB 

disease caused by a strain of M. tuberculosis complex that is resistant to both Rif and isoniazid 

(Inh). In Rifampin-Resistant TB (RR-TB), the M. tuberculosis complex is resistant to rifampin and 

is treated with similar regimens to those with MDR-TB, regardless of INH resistance. (12,13) 

When there is resistance to INH but susceptibility to Rif, then it is called rifampicin-susceptible, 

isoniazid-resistant TB (Hr-TB). Similarly, pre-extensively drug-resistant TB (pre-XDR-TB) is 

considered when a strain of M. tuberculosis complex that is resistant to rifampicin (with or without 

resistance to isoniazid), and that is also resistant to at least one fluoroquinolone (either levofloxacin 

or moxifloxacin). When a strain of M. tuberculosis complex is resistant to rifampicin (with or 

without resistance to isoniazid), and that is also resistant to at least one fluoroquinolone 

(levofloxacin or moxifloxacin), and to at least one other “Group A” drug (bedaquiline or linezolid), 

then it is called extensively drug-resistant TB (XDR-TB). (12)  

 

DR TB occurs through two main mechanisms: either through acquired resistance or directly 

through transmitted resistance. (14,15) Primary or transmitted resistance occurs when resistant 

strains are transmitted to a new host, and it is the main reason for RR/MDR incidence in high DR-

TB burden countries. (13,16) Acquired or secondary resistance occurs through the acquisition of 

drug resistance mutations to one or more drugs believed to be linked with inadequate drug 

treatment of drug-susceptible strains, either caused by poor regimen selection, nonadherence or 

subtherapeutic drug concentration. (15,16)  
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Bacteriological confirmation is necessary to diagnose DR-TB and determine the appropriate 

treatment regimen formally. Detection of drug resistance requires bacteriological confirmation of 

TB and testing for drug resistance using rapid molecular tests, culture methods or sequencing 

technologies. Currently, WHO recommends molecular WHO-recommended Diagnostics 

(mWRDs) with the capacity to detect RR as an initial test for diagnosis of TB drug-resistance, 

followed by Line Probe Assay (LPA), phenotypic and genotypic drug susceptibility testing (DST) 

for detection of additional drug-resistance. (17) The molecular test used for initial diagnosis can 

provide rapid test results, but it can only detect rif. resistance caused by the most common 

mutations in the Rifampicin Resistance Determining Region (RRDR) of rpoB; while rare, Mtb 

strains with rif. Resistance-conferring mutations located outside the RRDR would be missed by 

this test. (18) Furthermore, this will only help to make the diagnosis of RR/MDR TB and further 

test needs to be done to identify the drug susceptibility of additional TB drugs used in the treatment 

of drug-resistant TB.  

 

The current standard of care for DST for TB is being conducted using culture-based methods, 

which rely on either a liquid or solid culture. Unfortunately, this requires Biosafety Level 3 (BS3) 

laboratories; specialized reagents as well as cold-chain requirements; and may take 6-8 weeks for 

results, leading to delays and negative impacts on patient outcomes. (19) Phenotypic DST (pDST) 

is also not widely available for newer drugs. (20) 

 

An alternative DST method includes LPAs, a family of DNA strip-based tests that detect mutations 

associated with drug resistance. The LPAs come in two forms: one for resistance to first-line drugs 

(INH and RIF) and another for fluoroquinolones and second-line injectable drugs. (18) The 
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advantages of LPAs are that they are highly effective at diagnosing tuberculosis, rifampicin 

resistance, isoniazid resistance, and MDR-TB; and they can detect samples within only a few 

hours. (17)  This assay performs well on smear-positive samples, but poorly on smear-negative 

and scanty samples, and can serve as a rapid diagnostic tool, particularly in isoniazid mono-

resistance cases of tuberculosis. (21) LPAs are quite laboratory and staff-intensive, requiring 

complex laboratory infrastructure and expensive equipment that is normally only available in 

reference laboratories. The sensitivity and specificity of LPA also vary according to the mutation 

prevalence in the area, as LPA target coverage is limited to the main mutations. (22) 

 

There are novel diagnostics, such as targeted next-generation sequencing (tNGS), that offer the 

possibility of comprehensive resistance profiling in timeframes compatible with clinical decision-

making. tNGS can detect resistance for first-line and second-line drugs, guide regimen selection, 

and reduce delays to effective therapy. (23) We identified that there have been no economic 

evaluations done on the use of tNGS for the diagnosis of DRTB while doing systematic review on 

cost and cost-effectiveness of tNGS. As economic evaluations of these tools are critical to inform 

decisions about national adoption and scale-up, chapter 2 of my thesis has looked into the cost-

effectiveness of using tNG for the diagnosis of DRTB in high TB burden, low and middle-income 

countries 

 

1.2.3 TB Infection and Treatment 

Once infected with Mtb, most of the time, the adaptive immunity effectively contains the pathogen. 

(24) Successful infection depends on several factors, such as the proximity and duration of contact 

with TB disease individuals and the immune function of the host. (25) The state where active 
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bacteria not detectable, and the infected individual remains completely asymptomatic, then this 

state is referred to as TB infection. (26) The latency period duration varies, where a healthy 

individual can harbour TB infection for a lifetime, with reactivation occurring in a small fraction 

(5%-10%) often within the first 2 to 5 years following infection. (10,27)   

 

There are various comorbidities and risk factors which are associated with increased risk of 

developing TB disease. Among them, People living with human immunodeficiency virus (PLHIV) 

are one of the most vulnerable risk groups. Those with HIV and latent TB co-infection have more 

than a 10-18 fold increased risk of developing TB disease, with an annual risk of 5-10% of 

developing TB. (28,29) As there is a chance of reactivation of TB infection into TB disease, TB 

infection is therefore a major reservoir for the incidence of TB disease, and TB preventive 

treatment (TPT) plays an important role in stopping this process. (27)  

 

The main aim of TPT is to prevent progression to TB disease. WHO currently recommends TPT, 

which can reduce the TB reactivation rate by up to 60% to 90%. (10) WHO currently recommends 

6 or 9 months of daily isoniazid (6H or 9H), or a 3-month regimen of weekly rifapentine plus 

isoniazid (3HP) or a 3-month regimen of daily isoniazid plus rifampicin  (3HR) as the TPT option 

regardless of HIV status. WHO also recommends a 1-month regimen of daily rifapentine plus 

isoniazid (1HP) or a 4-month regimen of daily rifampicin (4R) as an alternative TPT regimen. (10)  

WHO strongly recommends TPT to PLHIV of all ages, all household contacts of people with TB 

disease (regardless of HIV status) and other people who are at risk, like those who are initiating 

anti-tumour-necrosis factor treatment, receiving dialysis, preparing for an organ or hematological 

transplant or who have silicosis. (10,30)   
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Despite clinical advantages of TPT, including a short-course rifapentine-based TPT regimen, 

adherence and implementation challenges persist.(31) Adherence remains a significant barrier to 

the effectiveness of TPT among PLHIV. Even when TPT is initiated, a considerable proportion of 

patients fail to complete the full course. (32–35) 

 

One of the main reasons for this adherence challenge is that treatment and prevention programs in 

TB have been driven by a “one-size-fits-all” approach, which stands in conflict with the person-

centred approach of TB care and does not reflect the needs of different groups.(36)  To address 

these challenges, global health programs, especially in HIV care, have introduced the concept of 

Differentiated Service Delivery (DSD). (37) DSD is a person-centred approach that adapts how 

care is provided based on the needs and preferences of different groups, to improve access and 

uptake of care, reduce patient burden and costs, and use health system resources more efficiently, 

while maintaining high-quality care. (38,39) However, its application to TPT is still emerging. 

(40)DSD can include enhanced adherence support, such as bidirectional messaging and shared 

decision-making (SDM) between providers and patients. (24) Enhanced adherence support (EAS) 

interventions, including mobile short message services and voice call reminders, have 

demonstrated benefits for anti-retroviral treatment (ART) adherence. (41) Yet, evidence of their 

effect on TPT adherence and completion in PLHIV is scarce. (42)  SDM is a core element of 

person-centred care where providers and patients jointly choose a regimen that aligns with clinical 

needs, preferences and daily realities. (43) The WHO People-Centred TB Care Framework 

emphasizes SDM as essential for improving treatment acceptability and completion. (44) Recent 

discrete choice experiment evidence among people living with HIV in Uganda shows that 
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preferences for TPT regimens vary widely, particularly regarding pill burden, dosing frequency, 

duration, and ART compatibility (Aschmann et al., 2024). This highlights the need for SDM to 

ensure individuals receive a regimen they are willing and able to complete. (45) Costing study and 

along with the cost-effectiveness of TPT in chapters 3 and 4 of this thesis, are critical to inform 

decisions national TB program and global policy makers on implementing different person 

centered cared at national and global level. 

 

1.3 Global Epidemiology of TB 

1.3.1 Burden and Trends in TB Epidemiology 

Despite a decline in the TB incidence by 1.7% in 2024 compared to previous years, TB remains a 

major cause of both morbidity and mortality worldwide, with 10.7 million people falling ill with 

TB and 1.23 million dying from it. The net reduction in TB incidence was 12% from 2015 to 2024, 

falling short of the End TB strategy's milestones of a 50% reduction by 2025 and an 80% reduction 

by 2030. (1) The burden of TB is unevenly distributed across regions, with most TB cases seen in 

South-East Asia, the Western Pacific and Africa, which accounts for almost 85% of total TB cases 

globally. (1)  

 

Among the ten million TB cases estimated by WHO, 5.8% were among PLHIV, with the highest 

proportion of cases occurring in the WHO African region. In 2024, among 1.23 million deaths 

caused by TB, 150,000 (19%) of these were in PLHIV. (1) 

 

The burden of TB is particularly high in sub-Saharan Africa (SSA), where HIV co-infection 

amplifies risk and mortality. (46,47) Even though SSA only represent 14% of the global 
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population, it accounted for 24% of all incident cases in 2023 and 33% of deaths. (48) Eighteen of 

the 30 high-TB-burden countries are located in SSA, where the incidence rate exceeds 300-500 

cases per 100,000 population, as shown in Fig. 1.1 sourced from the WHO Global TB report. (1) 

Out of these 18 countries, 16 countries also appear on the WHO high TB/HIV burden list, which 

highlights the strong overlap between the TB and HIV epidemic in the region and also underscores 

the role of HIV in driving TB incidence and mortality across SSA. (1) 

 

 
Figure 1.1: Estimated TB incidence rate at the country level, 2024  
(Source: WHO Global TB report 2025) 
 

1.3.2 Burden and Trends in DR-TB Epidemiology 

As DR-TB continues to be a public health threat, with an estimated 390,000 people developing 

RR/MDR TB in 2024. (1) DR-TB is also recognized as one of the leading causes of death 

associated with antimicrobial resistance (AMR) globally. RR/MDR continues to cause a 

substantial number of deaths each year and remains one of the most significant contributors to the 

global AMR burden. In settings like SSA and certain parts of Asia, the mortality caused by DR TB 

exceeds that of most individual AMR pathogen drug combinations. (49) The proportion of 

RR/MDR among new cases was 3.2% and among previously treated cases was 16%. The burden 
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of MDR/RR-TB varies substantially between regions and across countries. The WHO estimates 

that India, China, the Philippines and the Russian Federation account for more than half of the 

global number of people estimated to have developed RR/MDR TB in 2024. (1)  A modest progress 

was seen in the coverage of DST globally in 2024, where 83% of people diagnosed with 

bacteriologically confirmed TB cases were tested for RR, up from 62% in the pre-pandemic year 

of 2019. (1)  This improvement is largely attributed to the expansion of mWRDs, which have the 

capacity to detect RR but do not detect resistance to other drugs used in TB treatment. (50) WHO 

have recommended new drug regimens that consist of bedaquiline, clofazimine, linezolid, 

pretomanid, and delamanid which are being used globally. (12,51) These regimens also have 

shorter duration for treating RR/MDR TB, Pre-XDR and XDR TB with better outcome compared 

to old regimens. (52) Therefore, it is of critical importance to have DST of these new drugs for the 

effective management and control of DR-TB. 

 

There has been a decline of 7% among people with RR/MDR TB who were enrolled on treatment 

in 2024 compared to the previous year. Those 164,545 RR/MDR TB individuals also represent 

only 42% of estimated cases, indicating more than half of the individuals with DR-TB remain 

either undiagnosed or unlinked to appropriate care. (1) The main reason for this gap is incomplete 

coverage of DST, where many people with TB are not bacteriologically confirmed, and even 

among those, only a proportion undergo testing for RR. Even among those with established RR, 

most individuals do not receive DST for other first and second-line TB drugs, which results in 

delayed or suboptimal treatment with a treatment success rate of around 71% among those treated 

for RR/MDR TB. (1,52) Fluoroquinolone is an essential second-line drug to treat DR-TB, but its 

resistance is a major challenge, with resistance among RR/MDR TB being approximately 20%. 
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(53) There is also an emerging concern about bedaquiline and linezolid resistance (54), which 

highlights the need for a test which can provide universal DST of both first and second-line TB 

drugs without delay for a person with bacteriologically confirmed TB. (55) As discussed in section 

1.2.2, current DST methods have several limitations, including DST for many new and repurposed 

drugs. In this context, tNGS offers an opportunity to transform DR-TB diagnosis by providing a 

comprehensive resistance profile that can guide effective treatment selection, which is important 

particularly in countries where DR-TB burden is high and DST capacity is constrained. tNGS 

represents a transformative approach to DR-TB diagnosis, bridging the gap between rapid 

molecular tests and comprehensive pDST. The technique combines multiplex PCR amplification 

with next-generation sequencing to simultaneously identify resistance-associated mutations across 

multiple genomic regions directly from clinical specimens. This enables concurrent susceptibility 

profiling for up to 16 anti-TB drugs including critical newer agents like bedaquiline, linezolid, and 

pretomanid in a fraction of the time required for culture-based methods.(56) 

 

1.3.3 Epidemiology of TB Infection 

TB infection represents the reservoir from which future TB disease cases arise, and therefore 

remains central to TB control. (27) It is estimated that roughly 23% of the global population have 

been infected with TB, which acts as a reservoir of 1.9 billion individuals. Around 80% of TB 

infection is prevalent in the WHO South-East Asia, Western-Pacific and Africa regions. (57,58) 

Sub-Saharan Africa has one of the highest burdens of TB infection in the world, with its prevalence 

as high as 49% in Uganda and 55.2% in South Africa. (59) 
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A 1% rise in TB infection prevalence is linked to an increase of 5.23 per 100,000 in TB incidence 

and 1.41 per 100,000 in TB mortality. (58) The risk of progression from TB infection to TB disease 

is elevated in SSA due to the high HIV epidemic in the region, which remains one of the dominant 

drivers of reactivation. Out of 18 high TB burden countries in the region, 16 are also classified by 

the WHO as high TB and HIV burden countries.(1) Because of this, there was an increase in 

incident TB cases in SSA by 25.6% and prevalence by 44.2% between 1990 and 2021. (60)  

 

1.4 The WHO End TB Strategy and the role of novel diagnostic and preventive treatment 

1.4.1 WHO End TB strategy: Pillars and Targets  

In 2014, the WHO and United Nations member states committed to ending TB by 2035, by 

adopting the WHO End TB Strategy, which aligned with Sustainable Development Goals (SDGs). 

(61) The strategy set bold targets in TB incidence and mortality relative to 2015 baseline levels. 

The strategy aims for a 50% reduction in TB incidence and 75% reduction in TB deaths by 2025. 

An 80 % incidence reduction and 90% mortality reduction by 2030, and 90% incidence reduction 

and 95% mortality reduction by 2035 (Table 1.1).  

 

Table 1.1: WHO End TB strategy milestones and targets for 2020-2025 

Indicator 
Milestones  

Targets 
SDG End TB  

2020 2025 2030 2035 
Reduction in number of TB deaths 
compared with 2015 (%) 35% 75% 90% 95% 

Reduction in TB incidence rate 
compared with 2015 (%) 20% 50% 80% 90% 

TB-affected families facing 
catastrophic costs due to TB (%) 0% 0% 0% 0% 

 

These targets are to be achieved through three core pillars (Figure 1.2):(2,62)  
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Pillar 1-Integrated patient-centred care and prevention, which emphasizes early detection, 

universal DST, treatment of all, access to preventive treatment and putting patients at the heart of 

service delivery.  

Pillar 2- Bold policies and a supportive system, which calls for strong government commitment, 

multisectoral collaboration, and social protection to remove barriers to TB cases.  

Pillar 3-Intensifies research and innovation, prioritizes the development and uptake of new tools 

(diagnostics, drugs, vaccines) to break the trajectory of the TB epidemic and achieve the target.  

 

 
Figure 1.2:  The WHO End TB Strategy: 
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It is structured around three core pillars, supported by four foundational principles that 
emphasize government accountability, community engagement, equity, and global collaboration. 
This framework guides global efforts to end TB as a public health threat by 2035. (Source: WHO 
End TB Strategy (62)). 
 

To achieve the End TB goals and ensure political commitment, there was a United Nations High-

Level meeting on TB (UNHLM) held in 2018 and in 2023, which included the commitments and 

targets. The targets were for the coverage of rapid diagnostic testing, TB treatment, TPT, health 

and social benefits for people with TB, funding, TB research and availability of TB vaccine. The 

commitment was also made in terms of addressing the crisis of DR-TB by working towards 

achieving universal, equitable and affordable access to WHO-recommended diagnostic and DST. 

(63). The global target set in 2023 by 2027 included 100% coverage of rapid diagnostic test, 90% 

of people with TB to be diagnosed and treated, and provide TPT to up to 45 million people globally 

in the 5 years 2023–2027: up to 30 million household contacts of people with TB and up to 15 

million people living with HIV. (1) 

 

1.4.3 Addressing social determinant and the SDGs to End TB 

The global strategy to eliminate TB cannot rely solely on biomedical interventions; it requires a 

concerted effort to address the social determinants of health (SDOH) that sustain the epidemic. 

This multisectoral necessity is included within the United Nations Sustainable Development Goals 

(SDGs), where eliminating the TB epidemic by 2030 is established under SDG Target 3.3.(64) 

However, achieving this health target is fundamentally interdependent with progress across several 

non-medical SDGs. Specifically, TB transmission is directly mitigated by actions targeting SDG 

1 (No Poverty) through expanded social protection, SDG 2 (Zero Hunger) by eradicating 

undernutrition, a primary driver of host susceptibility, and SDG 11 (Sustainable Cities and 

Communities) through the mitigation of overcrowded, poorly ventilated housing.(65,66) 
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Consequently, the WHO End TB Strategy positions structural development frameworks as core 

requirements to reduce global TB incidence and shield vulnerable populations from catastrophic 

health-related costs.  

 

1.4.4 Global progress toward End TB targets 

As per WHO, the global progress towards the end TB milestones and targets is mostly off track, 

where TB incidence and mortality are declining slowly to meet the 2025 milestones globally and 

in most parts of the world. As of 2024, the global TB incidence had declined by only about 12% 

since 2015, which is far short of the 50% reduction milestone set for 2025. Similarly, the TB 

mortality had decreased by approximately 29% which is also behind the 75% target. The goal of 

eliminating catastrophic costs also remains unmet, with nearly 50% of households still facing 

financial hardship (Figure 1.3). (1)  

 

 
Figure1.3: End TB strategy target and latest status of progress  
(Source: Global TB report, 2025) 
 

A similar finding was observed when looking against the 2023 UNHLM targets, where global 

efforts remain insufficient to meet the 2027 goals, particularly in TB diagnosis and preventive 

treatment. (Figure 1.4). (1) As of 2023, only 54% of the people diagnosed with TB were using 
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mWRDs, which is far from the 100% target. Similarly, the coverage of TPT lags behind the 

commitments, where only 58% of PLHIV and 25% of the household contacts received TPT 

compared to 90% target set for both groups. There is a huge shortfall in the funding for access to 

TB prevention, diagnosis, treatment and care compared to the target which has further constrained 

the implementation of TB program. TB care received only US$ 5.9 billion in 2023 against a goal 

of US$ 22 billion annually by 2027, and TB research funding remains less than one-quarter of the 

US$ 5 billion target. (1)  These funding shortfalls not only threaten the achievement of diagnostic 

and prevention goals but also highlight the urgency of identifying value-for-money interventions 

where using cost-effectiveness analyses are essential to guide national programs and global donors 

in prioritizing novel diagnostic and preventive treatment that can accelerate progress toward the 

End TB targets.(67) 

 
Figure 1.4: 2023 UN high-level meeting on TB, its target and progress  
(Source: Global TB report, 2025) 
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The gap between End TB targets and current progress highlights the need for interventions that 

can accelerate both the detection of drug-resistant TB and the prevention of future disease through 

effective treatment of latent infection. 

 

1.4.5 Role of tNGS and TB Preventive Treatment: Aligning with Strategy and HLM  

Despite clear global commitments to end TB, the progress towards END TB targets continued to 

be constrained due to bottlenecks across the TB care and prevention cascades. Previous sections 

have highlighted constraints on incomplete DST beyond rifampicin, leading to delayed diagnosis 

and persistent shortfalls in TPT initiation and completion among eligible populations. These 

constraints have directly challenged the goal of the WHO End TB strategy and UNHLM, which 

emphasize universal access to comprehensive diagnosis, timely treatment and large-scale 

preventive therapy.  

Among the range of interventions required to achieve the global targets, tNGS for the diagnosis 

and DST together with TPT are especially well aligned with the End TB strategy and 2023 

UNHLM priorities. These interventions directly support core policy objectives, including rapid 

testing, access to care and prevention of future TB disease through treatment of TB infection. 

Implementing novel diagnostics like tNGS alongside TPT regimens like 3HP delivered with 

adherence support are necessary strategies for accelerating progress and bending the curve of the 

TB epidemic.  

 

tNGS and End TB strategy:  

tNGS provides an in-depth analysis of specific genome sequences and would be able to detect a 

large variety of pathogens and DR genes in the clinical setting and guiding the appropriate 

selection of antimicrobial drugs. (68) tNGS can provide rapid DST of drugs used to treat both DS 
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and DR-TB by amplifying multiple regions of the M tuberculosis genome and can predict drug 

resistance to many tuberculosis drugs simultaneously.(69) This technology has the potential to 

revolutionize TB diagnosis and aligns strongly with the End TB strategy Pillar 1, which includes 

early diagnosis with universal DST. (62) It also supports Pillar 3, which is research and innovation, 

where introducing tNGS can be an innovative strategy to end the DR-TB epidemic. As DR-TB 

had been a significant obstacle to reaching the End TB mortality and incidence goal, by enabling 

faster identification of DR-TB, tNGS can help reduce DR-TB transmission, improve cure rate and 

lower TB mortality. Therefore, tNGS can be a powerful tool to improve TB care and control.  

 

TPT and End TB strategy  

Expanding preventive therapy for people at high risk of developing TB is a core component of 

Pillar 1 (integrated prevention) and is supported by Pillar 2 (policy commitment to expand access). 

With roughly a quarter of the world’s population being infected with TB infection, to end TB is 

not enough to treat TB disease, but also needs to prevent new cases by treating latent infection. 

The End TB strategy also mentions use of safer and more effective treatment for latent TB infection 

by 2025 to reduce new TB incidence. (70) The uptake of TPT has been slow, because of which in 

2023 UNHLM have also made TPT scale-up a top priority by setting an ambitious goal of reaching 

90% of those at risk with preventive treatment by 2027. (1) TPT is one of the most important 

elements to achieving the steep reduction in the incidence envisioned in the End TB strategy. A 

modelling study has shown that to decrease the incidence of TB to the level envisioned by the End 

TB strategy, TB efforts should expand beyond the TB treatment cascade to a comprehensive 

strategy incorporating TB prevention as well. This modeling analysis in the context of WHO 

South-East Asian region, which is one of the high TB burden regions, it is estimated that full uptake 
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of WHO WHO-recommended TPT among the eligible population could reduce TB incidence in 

2030 by an additional 8.3% relative to baseline. (71) TPT is therefore a critical component of the 

multi-pronged approach, like better diagnostic treatment and a hopeful vaccine to reach the End 

TB target (Figure 1.5).  

 

 
Figure 1.5: Projected TB incidence reduction under the WHO End TB strategy: Required Vs 
Current trend 2015-2035  
(Source: WHO End TB Strategy)  
 

In conclusion, tNGS and TPT are vital complementary tools in the fight to end TB, which embodies 

the core pillars of the End TB strategy, and the priorities set in the 2023 UN High-Level meeting. 

tNGS can accelerate and improve DR TB diagnosis, which aligns with the universal DST and 

innovation agenda of the End TB strategy. TPT, on the other hand, attacked the epidemic source 

by preventing future cases and supports the prevention target and the goal of steep TB incidence 

decline.  

Although novel diagnostics and tuberculosis preventive treatment are central to achieving End TB 

targets, their large-scale implementation requires substantial investment, underscoring the 

importance of economic evaluation to inform efficient and sustainable decision-making. 
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1.5 Rationale for Economic Evaluation in TB  

1.5.1 Global funding scenario and economic burden of TB  

Ending TB requires adequate funding for TB prevention, diagnostics, and treatment and should be 

sustained over many years. Contrary to this, funding for TB remains inadequate at both global and 

country levels compared to the scale of the TB epidemics. Despite renewed commitments of 

mobilizing US$22 billion annually by 2027 in the 2023 UNHLM, only US$5.9 billion was 

available for 2023, which is barely a quarter of the target (Figure 4). (1)  This shortfall has been 

further impacted by recent U.S. foreign aid cuts, which have threatened essential TB service 

delivery, including diagnostics, treatment and research initiatives which are critical to end TB. (72) 

As international donor funding remains crucial in many countries for the TB program, such a 

reduction risks slowing or even reversing progress towards the End TB strategy target. (72,73) 

Low and middle-income countries (LMICs) bear 99% of the global TB burden and dominate TB 

financial needs. Trends in recent years have shown that the TB funding in LMICs has been stagnant 

and remains short of what is needed. In 2024, the total funding available in LMICs was US$5.9 

billion, which is just 27% of the global target of US$22 billion annually. The funding for the TB 

program is split between domestic and external funding. In 2024, international donor funding 

accounted for 54% of the funding available in 26 high-TB-burden countries. However, 

international donor support has remained flat at US$1.1-1.2 billion per year since 2015. TB not 

only imposes a substantial economic burden on the health system but also on the affected 

individuals and their families. Several studies have shown that despite many countries offering 

free TB treatment, patients still incur high catastrophic costs. (74,75) The WHO reported that about 

50% of TB affected households and 82% of DR-TB-affected households have experienced 

catastrophic cost (out-of-pocket expenses and income loss exceeding 20% of annual household 
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income) during the course of illness and treatment. In this context of uncertainty, any new 

investment, either for diagnostics or prevention, requires careful economic justification to ensure 

optimal resource allocation.  

 

1.5.2 Importance of economic evaluation for efficient investment 

Economic evaluation is being used increasingly to inform health policies. To ensure the best value 

for money spent in healthcare, economic considerations are gaining increasing prominence among 

governments worldwide. (76) Economic evaluation in health care can assess a health intervention’s 

value for money, which will support optimal allocation of limited resources available for health 

care, which is also true for the TB program.(77)  In the face of limited resources and an immense 

TB burden, economic evaluation like cost-effective analysis (CEA)  is critical to guide efficient 

investment and prioritize high-impact interventions. 

CEA is a systematic way to compare interventions (e.g. diagnostic tools, treatment or preventive 

strategies) in terms of their health outcomes and cost, helping to identify the options that yield the 

greatest health benefit per dollar spent. (78) Primary outcome captured in cost-utility analysis are 

benefit incurred by the intervention, which can be in terms of quality-adjusted life year (QALY) 

or disability-adjusted life year (DALY). QALYs is a measure that incorporates impact on both 

quantity and quality of life and is a traditional metric of evaluating CEA in a resource-rich setting. 

(79) DALYs, on the other hand, are the sum of years of life lost due to premature mortality and 

years lived with disability. (80) DALYs is also a preferred metric for use in resource-limited 

settings and is also being recommended by WHO to be used as a part of CEA. (81)  

CEA had played a pivotal role in informing TB policy and decisions and in guiding WHO 

recommendations for TB diagnostics and treatment. WHO uses the GRADE (Grading of 
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Recommendations Assessment, Development and Evaluation) approach to assess the certainty of 

evidence and develop policy recommendations. Within GRADE’s evidence-to-decision (EtD) 

framework, cost and cost-effectiveness are one of the core criteria considered alongside clinical 

effectiveness, equity, acceptability, and feasibility. (82,83) This emphasis on cost-effectiveness is 

evident in recent WHO guidelines on TB diagnosis and treatment, which recommend the use of 

molecular mWRDs for initial TB testing, and endorse novel, shorter all-oral regimens (such as 

BPaL and BPaLM) for drug-resistant TB, both supported by formal economic evaluations 

reviewed as part of the WHO GRADE-based guideline process. (12,84) In summary, applying 

health economic evaluations in TB policy helps ensure that limited resources are allocated 

efficiently, guiding the adoption of interventions, whether it is novel diagnostics like tNGS or 

preventive treatment with enhanced adherence support that provides the greatest health benefit for 

the investment.  

 

1.5.3: Gap in economic evidence around implementation of tNGS and TPT with person-

centered care 

While the use of economic evidence in TB control has grown, there remains a critical gap in the 

literature for tNGS and TPT that needs to be addressed to inform future policy and research.  

 

• Gap in economic evidence around use of tNGS for DST: Before undertaking this study, 

we conducted a systematic review on the economic evaluation of using tNGS to diagnose 

DR-TB. Our search, conducted on Aug 14, 2024, included databases such as PubMed, 

EMBASE, and SCOPUS, without restrictions on publication year, age group, country, 

income level, comparator group, HIV status, or other comorbidities. The search revealed 
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no CEA specifically focused on the use of tNGS for the diagnosis of DR-TB. Hence, this 

study is the first CEA on tNGS for the detection of DR TB in low and middle-income 

countries.  

 

• Scarcity of real-world cost data for implementing TPT in SSA: Although TB preventive 

therapy is strongly recommended and multiple cost-effectiveness analyses indicate it is 

beneficial, there is a notable lack of empirical cost and programmatic data on large-scale 

TPT implementation in high-burden, low-resource settings. Cost analyses are crucial in 

this context, providing detailed insights into the financial resources required to implement 

and sustain TPT programs at scale. Existing studies, such as those from the Value TB 

project, have provided valuable frameworks for estimating the costs of tuberculosis care 

and prevention, including cost categories like diagnostics, treatment, and program 

management. These analyses help guide resource allocation decisions but often focus on 

general TB services.(85) In particular, these resources do not fully address the specific costs 

associated with scaling up newer TPT regimens, particularly in sub-Saharan Africa, where 

the burden of TB and HIV is greatest. While studies like the CaP-TB initiative (86) have 

examined the costs of child-focused TPT programs across several African countries, and 

others (87–90) have assessed the cost-effectiveness of specific regimens like 6H, 3HP and 

1HP, comprehensive cost data for implementing these regimens at scale are still lacking. 

This gap poses challenges for national TB programs, donors, and stakeholders, who need 

precise cost estimates to optimize TPT delivery and ensure financial sustainability. In sub-

Saharan Africa, where health systems are often under-resourced, and the economic burden 
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of TB and HIV is substantial, understanding these costs is essential for avoiding additional 

strain on existing systems.(91) 

 

• Absence of CEA studies evaluating TPT combined with shared decision making  and 

enhanced adherence support: As explained in section 1.2.3, incorporating DSD 

principles like  EAS and SDM into TPT programmes can offer a practical strategy to 

overcome adherence barriers and improve outcomes for PLHIV and reduce TB incidence. 

However, implementing these approaches requires additional resources for training, 

support, and delivery adaptations. The cost-effectiveness of TPT programs incorporating 

EAS and/or SDM has not yet been established, particularly in high-burden, resource-

limited settings. Existing CEAs of 3HP in sub-Saharan Africa show it can be cost-effective, 

but most omit comprehensive programme and patient costs, and do not incorporate DSD 

principles like EAS or SDM, reducing real-world policy relevance. (87,89,92,93)  

 

Addressing these evidence gaps is essential for informing national and global TB policies, 

providing the foundation for the research objectives of this thesis. 

 

1.6 Rationale for This Thesis 

This thesis addresses critical evidence gaps in the economic evaluation of TB diagnostics and 

preventive treatment interventions, contributing directly to the goals of the WHO End TB Strategy. 

It brings together three complementary studies that evaluate tNGS for DR-TB diagnosis, TPT 

implementation in sub-Saharan Africa, and enhanced adherence support models for TPT, using 

health economic methodologies. 



25 
  

1.6.1 Manuscript 1: Evaluate the cost-effectiveness of using tNGS for the diagnosis of DR-

TB in low and middle-income countries with a high burden of TB  

To our knowledge, this study is the first to conduct a cost-effectiveness analysis of tNGS for the 

detection of DR-TB in LMICs. It provides essential economic evidence that has informed the 

WHO in making recommendations regarding the adoption of this novel diagnostic tool. This 

study highlights the potential of tNGS to improve patient outcomes and offers valuable insights 

into its cost-effectiveness in diverse healthcare settings. 

 

1.6.2 Manuscript 2: Estimate real-world cost of TPT Delivery Across Five Sub-Saharan 

African Countries with high TB and HIV 

Despite global policy support, the scale-up of TPT has been constrained by a lack of reliable cost 

data. This multi-country study fills a major gap by generating empirical implementation cost 

estimates across five high-TB burden sub-Saharan African countries. The findings inform 

programmatic planning and budget forecasting for national TB programs and global partners 

aiming to expand preventive treatment. 

 

1.6.3 Manuscript 3: Evaluate the cost-effectiveness of TPT provided with SDM and EAS in 

Sub-Saharan Africa 

TPT initiation and  adherence remains the weakest link in TPT delivery, with high drop-off rates 

undermining effectiveness. This study evaluates a person-centred intervention combining shared 

decision-making and enhanced adherence support. It is the first economic evaluation of such a 

model for TPT, providing critical data on its potential health and economic value in improving 

completion rates and long-term impact. 
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1.6.4 Overall Thesis Contribution 

This thesis provides a structural rationale for TB control rooted in health economics. In 

high-burden, resource-limited settings, the lack of affordable diagnostics and rigid treatment 

delivery systems acts as an institutional barrier, trapping vulnerable populations in cycles of delay 

and default. By evaluating the cost-effectiveness of tNGS and different TPT delivery methods, this 

research provides the economic evidence needed to optimise resource allocation, supporting SDG 

Target 3.3, health equity (SDG 10), and protection from catastrophic costs (SDG 1).Together, these 

three studies provide a cohesive and timely evaluation of innovative diagnostic and preventive 

strategies aligned with the End TB Strategy. They offer evidence to guide investment, 

implementation, and scale-up decisions in resource-constrained, high-burden settings. Each study 

applies rigorous and consistent economic evaluation methods which includes cost-effectiveness 

analysis with Markov modelling, and real-world costing ensuring comparability and practical 

relevance for global and national TB policy. 
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2.1 Preface 

This chapter presents the manuscript titled "Cost-effectiveness of targeted next-generation 

sequencing (tNGS) for detection of tuberculosis drug resistance in India, South Africa and 

Georgia: a modelling analysis." It addresses the first research objective of this thesis: to do the 

economic evaluation of innovative diagnostic tools ie, tNGS, for drug-resistant TB  diagnosis in 

high-burden settings, aligning with the WHO End TB Strategy. 

 

This study is the first published cost-effectiveness evaluation of tNGS and was used as supporting 

economic evidence in the WHO Guideline Development Group’s 2023 deliberations on DR-TB 

diagnostic recommendations. It uses country-specific modelling to estimate the cost-effectiveness 

of implementing tNGS in India, South Africa, and Georgia, in comparison to standard-of-care 

diagnostics. 

 

Author Contributions: AZ and SS contributed to the conceptualization of the project, data 

curation, modelling, formal analysis, and manuscript writing. In addition, AZ also provided 

supervision of the overall project. CM and NI contributed to the conceptualization of the project 

and manuscript writing. AA contributed to data curation and analysis. The underlying data were 

verified by AZ and SKS.  All authors read and approved the manuscript. AZ accepts full 

responsibility for the work and/or the conduct of the study, had access to the data, and the decision 

to publish. 

 

Ethics Approval: Ethical approval was obtained from the University of Ottawa Research Ethics 

Boards (H-07-22-8325 - ANN1-8325). This analysis did not involve human subjects. 
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2.2 Abstract 

Background: Targeted next-generation sequencing (tNGS) is promising alternative to phenotypic 

drug susceptibility testing (pDST) for detecting drug-resistant tuberculosis (DRTB). This study 

explored the potential cost-effectiveness of tNGS for the diagnosis of DR-TB across 3 settings: 

India, South Africa and Georgia.  

 

Methods: To inform WHO guideline development group (GDG) on tNGS we developed a 

stochastic decision analysis model and assessed cost-effectiveness of tNGS for DST among 

rifampicin resistance individuals.  We also assessed tNGS as initial test for TB drug resistance in 

bacteriologically confirmed TB. Diagnostic accuracy and cost data were sourced from a systematic 

review conducted for GDG, covering studies published until September 2022. The primary 

outcome was incremental cost (2021 US$) per disability-adjusted life year (DALY) averted. 

 

Findings: tNGS when compared with in-country DST, tNGS proved cost-effective in South Africa 

(ICER:$15,619/DALY averted, WTP:$21,165) but not in Georgia (ICER:$18,375/ DALY averted, 

WTP:$15,069). In India, tNGS dominated in-country DST practice, providing greater health 

impact at lower cost. When comparing tNGS with universal pDST, tNGS was dominated by pDST 

in all three countries. In Georgia, using tNGS as initial test for TB drug-resistance compared to 

Xpert MTB/Rif followed by pDST appeared cost-effective. Scenario with 50% reduction in tNGS 

test kit costs made tNGS cost-effective across all three countries, while a high Bedaquiline 

resistance prevalence (30%) led to a worsening cost-effectiveness. 
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Interpretation: tNGS may be cost-effective in India, South Africa and Georgia when 

comprehensive DST is not routinely performed. Thus, existing DST practice and healthcare 

infrastructure should be considered before implementation and scale-up of tNGS.    

 

Funding: Global Tuberculosis Program, World Health Organization (2022/1249364-0)  

 

Keywords: Targeted next-generation sequencing (tNGS); Drug-resistant tuberculosis (DRTB); 

Cost-effectiveness analysis; Incremental cost-effectiveness ratio (ICER); Disability-adjusted life 

year (DALY) 
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2.3 Research in Context 

Evidence before this study: 

Before undertaking this study, we conducted a systematic review on the economic evaluation of 

using targeted next-generation sequencing (tNGS) to diagnose drug-resistant tuberculosis (DR-

TB). Our search, conducted on Aug 14, 2024, included databases such as PubMed, EMBASE, and 

SCOPUS, without restrictions on publication year, age group, country, income level, comparator 

group, HIV status, or other comorbidities. The search revealed no prior cost-effectiveness analyses 

(CEA) specifically focused on the use of tNGS for the diagnosis of DR-TB.  

Added value of this study: 

This study is the first to conduct a cost-effectiveness analysis of tNGS for the detection of DR-TB 

in low- and middle-income countries (LMICs). It provides essential economic evidence that has 

informed the World Health Organization (WHO) in making recommendations regarding the 

adoption of this novel diagnostic tool. This study highlights the potential of tNGS to improve 

patient outcomes and offers valuable insights into its cost-effectiveness in diverse healthcare 

settings. 

Implications of all the available evidence: 

Our study suggests that tNGS can be a cost-effective tool for DR-TB diagnosis, particularly in 

settings where comprehensive drug susceptibility testing (DST) is not routinely performed. The 

findings underscore the importance of considering existing DST practices and healthcare 

infrastructure before implementing tNGS, especially in countries with varying levels of resource 

availability and TB burden. Future research should focus on further refining cost-effectiveness 

models and assessing the long-term impacts of integrating tNGS into TB control programs. 
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2.4 Introduction:  

Drug-Resistant Tuberculosis (DR-TB) has become growing public health threat, with incidence 

increasing and only one third of people with multi-drug resistance (MDR)/Rifampicin resistant 

(RR) -TB diagnosed and enrolled in treatment annually.(1) DR-TB is more difficult to diagnose as 

it requires bacteriological confirmation with drug susceptibility testing (DST). As novel agents and 

treatment regimens are introduced, there is also an emerging concern about resistance to two newer 

DR-TB drugs i.e. bedaquiline (BDQ) and linezolid (LZD).(2,3) 

 

To end the global DR-TB epidemic, universal DST which includes new and repurposed TB drugs 

should be accessible. While WHO-recommended rapid molecular diagnostics (mWRDs) can 

detect resistance to rifampicin, follow-up testing by low complexity automated nucleic acid 

amplification tests (LCaNAATs), Line Probe Assays (LPA) or culture is typically required for 

detection of additional drug-resistance.(4) Also, none of the mWRDs can detect resistance to new 

and repurposed drugs like bedaquiline, linezolid, delamanid and pretomanid.(5) Culture-based 

methods are current standard of care for DST but this requires Biosafety Level 3 (BS3) 

laboratories; specialized reagents, cold-chain requirements; and may take 6-8 weeks for results, 

leading to delays and negative impacts on patient outcomes. (6) Phenotypic DST (pDST) is also 

not widely available for newer drugs.(2)  An alternative DST method includes LPAs but this assay 

performs poorly on smear-negative and scanty samples.(3,4,7) LPAs are also quite laboratory and 

staff intensive; requiring complex laboratory infrastructure and expensive equipment that is 

normally only available in reference laboratories.(8) The LCaNAATs although simpler and faster 

than LPAs, these have not reached wide scale adoption and are currently recommended for a 

limited number of drugs including fluoroquinolones and isoniazid but none of the new drugs. 
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One promising DST option is targeted Next Generation Sequencing (tNGS), which amplifies 

selected genes with next-generation sequencing technology to detect resistance to many drugs with 

a single test. (9) As tNGS can interrogate entire genes to identify specific mutations associated with 

resistance, it may provide improved accuracy compared with existing mWRDs.(10) The other 

advantages of tNGS include improved speed, and comprehensive coverage of many more potential 

mutations.(11) tNGS is valuable tool for the surveillance of DR-TB which allows the prediction 

of resistance to several anti-TB drugs including new and repurposed DR-TB drugs.(4,12)  

 

Despite numerous advantages of tNGS, particularly in low and middle-income counties (LMICs) 

with a high burden of DR-TB, implementation of tNGS requires investment. TB programs globally 

continue to face inadequate funding, constraining available resources.(13) Hence, it’s crucial to 

ensure that decision making is informed through critical economic evidence concerning tNGS 

technologies. This study aimed to generate economic evidence to aid the World Health 

Organization (WHO) guideline development group meeting (GDG) on formulating guidance on 

the use of tNGS for the detection resistance to anti-TB drugs.  The primary aim of this study was 

to assess the potential cost-effectiveness of introducing the tNGS for the detection of DR-TB in 

South Africa, Georgia, and India.  

 

This study assessed the cost-effectiveness of tNGS in three different contexts. First, we evaluated 

the cost-effectiveness of tNGS as a test for DST among persons with RR TB compared to 

phenotypic DST. Second, we analyzed the cost-effectiveness of using tNGS as a test for DST 

among persons with RR TB, comparing it to in-country DST practices: Xpert MTB/XDR and 

pDST in South Africa and Georgia, and LPA and pDST in India. Finally, we assessed the cost-
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effectiveness of tNGS as an initial test for TB drug resistance in patients with bacteriologically 

confirmed TB, compared to the use of mWRDs followed by pDST in Georgia.  

 

2.5 Methods: 

2.5.1Study design:  

We developed stochastic decision analysis model to assess the cost-effectiveness of introducing 

tNGS for the diagnosis of DR-TB for all three objectives. This study was done from healthcare 

system perspective and accounted for healthcare system costs to diagnose and treat TB. The 

primary outcome of this study was incremental cost-effectiveness ratio (ICER) calculated as the 

incremental cost in USD per disability-adjusted life years (DALYs) averted.  The ICER was 

computed by comparing the difference in costs and DALYs averted between the tNGS strategy 

and the comparator. 

 

2.5.2 Model structure, intervention, and comparator:  

2.5.2.1 Model structure: 

The decision analysis model employed a decision tree framework to simulate the diagnostic and 

treatment pathways for individuals with DR-TB. Each decision tree captured the sequence of 

testing, treatment decisions, and health outcomes, including true positive and false negative 

diagnostic results, treatment initiation based on DST outcomes, and final health outcomes such as 

survival and death. In our study, we used three different models to assess the cost effectiveness of 

tNGS. The first two models tracked individuals with RR when tNGS was used as test for DST 

among person with RR. First, model compared tNGS with universal DST (figure 2.1) and second 

model compared tNGS with in-country DST practice (supplement figure 2.1-2.2).  In both models, 
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the probability of receiving test results depend on the indeterminant or contamination rate specific 

to tNGS and pDST, respectively. Within the model, DST was done only for group A DR-TB drugs 

(fluoroquinolone, bedaquiline and linezolid).(14) We treated those individuals with rifampicin 

resistance as MDR TB and did not specifically consider DST for INH. The prevalence rate of 

fluoroquinolone (FQ) resistance, bedaquiline (BDQ) resistance and linezolid (LZD) were specific 

to each country. (15–19) In the model we made an assumption that there was no resistance to other 

drugs outside Group A drugs used to treat DR TB largely due to limited or non-existent data 

regarding resistance to other DR-TB drugs. Once results were received, they either initiated or 

didn’t initiate TB treatment ultimately resulting in either survival or death. Based on the DST 

results, treatment with Bedaquiline, Pretomanid, Linezolid and Moxifloxacin (BPALM), BPAL or 

an individualized regimen was initiated. (14) Since there was no clinical or programmatic data on 

effectiveness of individualised regimen guided by pDST or tNGS, we assumed that once 

individuals were diagnosed to have BDQ and/or LZD resistance, in addition to RR, the 

individualized treatment would include a minimum of four effective drugs.  In every model, loss 

to follow-up in both intervention and comparator is the same so as not to unduly favour tNGS. 

Model comparing tNGS with in-country DST in India, since BDQ DST was not routinely 

performed among RR-TB patients, we assigned higher mortality to BDQ-resistant individuals in 

the in-country DST arm, as they would be initiated on regimens including BDQ, resulting in fewer 

than four effective drugs. 

 

The third model tracked hypothetical cohort of bacteriologically confirmed TB individuals in the 

high DRTB burden setting of Georgia. They were offered either tNGS or Xpert MTB/RIF followed 

by pDST as an initial DST (supplement figure 3). Since tNGS can simultaneously detect resistance 
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to several drugs with a single test, in the tNGS arm DST of Rif, INH, FQ, BDQ and LZD was done 

simultaneously. In the comparator arm, we assumed that only those with rif. resistance in mWRDs 

were further subjected to DST for FQ, BDQ and LZD through pDST. It was assumed that DST of 

INH among RIF sensitive individuals in the comparator arm was not done.  

 

2.5.2.2 Epidemiological, diagnostic and programmatic parameters:  

We gathered epidemiological parameters - prevalence data, diagnostic accuracy data and health 

outcome data - that were essential for the model from various sources. A detailed list of those 

sources is included in Table 2.1. The estimate and ranges for the prevalence of DR-TB were 

derived from the 2021 WHO DR-TB surveillance sheet, published DR survey report (15,17), 

published literature, and in consultation with WHO experts. Parameters on treatment initiation, 

completion and outcomes were taken from published literature for BPaLM, BPaL and 

individualized treatment, WHO guidelines and the 2022 global TB report. (14,19–21) We used 

data from the systematic review on the diagnostic accuracy of tNGS done as a part of evidence 

generation for the WHO’s GDG which covered the studies published until September of 2022 as 

well as the recently completed Foundation for Innovative New Diagnostics (FIND) multicenter 

clinical trial to assess the performance of culture-free, end-to-end tNGS solutions for diagnosis of 

DR-TB trial. The diagnostic accuracy of the comparator which included pDST, LPA and mWRDs 

was extracted from published literature. Utility data were sourced from the global burden of 

disease study.(22) 

 

2.5.2.3 Cost parameters:  
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We only included costs incurred by the health care system (Table 2.1). Per unit test cost of tNGS 

were derived from a systematic review on the cost-effectiveness of tNGS and empirical costing 

done in consultation with manufacturers and FIND in preparation for the GDG meeting. The costs 

of the different treatment regimens for DRTB were extracted from a recently published cost-

effectiveness study done by Sweeney et. al. on short oral treatment regimens in the countries 

selected of this study. (23) We assumed that the cost of individualized treatment will be same 

regardless of DST result. Per unit test costs of other diagnostics were taken from published 

literature and the Value TB studies which provide comprehensive cost information for various 

tuberculosis interventions.(24) All costs were converted to 2021 using inflation rates in the 

respective local currency and then converted to 2021 USD using US bureau of labour statistics.  

 

2.5.2.4 Incremental cost-effectiveness:  

This study measured outcomes in terms of total costs and DALYs, with the primary economic 

measure being incremental cost per DALY averted. When tNGS was used as a test for DST among 

person with RR, we analyzed the incremental cost per DALY averted of introducing tNGS, 

compared to universal pDST and in-country DST practice.  When tNGS was used as an initial test 

for TB drugs resistance, we analyzed the incremental cost per DALYs averted of introducing tNGS 

compared to Xpert MTB/RIF followed by pDST. A willingness to pay (WTP) threshold of 3 times 

the countries’ gross domestic product (GDP) per capita was employed as per World Bank report 

of 2021.(25) This WTP threshold of 3 times GDP per capita was based on WHO-CHOICE (26) 

recommendation and considering the significant health and economic benefits of effective DR-TB 

management. 
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2.5.3 Statistical analysis:  

Uncertainty around included parameters and the impact of this uncertainty on model results were 

explicitly examined through probabilistic sensitivity analyses (PSA). The primary outcome of 

ICER were obtained from a Monte Carlo simulation with 10,000 replications with 95% uncertainty 

ranges reported as the 2.5th and 97.5th percentiles of corresponding distributions. 

 

2.5.4 Sensitivity and scenario analysis:  

One-way sensitivity analysis was conducted to understand the potential impact of key model inputs 

on the ICER. We evaluated each individual parameter value independently. Parameters that 

showed greater influence, such as per unit test cost, contamination rate, repeat test probability 

(considered a proxy for loss to follow-up (LTFU)) were presented in tornado diagrams. Two-way 

sensitivity analysis was carried out on unit costs of tNGS and LTFU and presented graphically.  

 

To evaluate the impact of various scenarios on cost-effectiveness, additional scenario analyses 

were performed. One scenario assessed the cost-effectiveness of tNGS compared to phenotypic 

DST, where individualized treatment in pDST arm lacked four effective drugs due to its limitation 

to perform DST of certain other drugs used to treat DR TB, leading to higher mortality. Other 

scenario analyses focused on cost-effectiveness of using tNGS for DST among persons with RR 

TB compared to in-country DST practice. We explored scenario that accounted for the benefit of 

using tNGS for multiple disease. A volume-based analysis accounting for the benefit of patient 

volume was also explored in the scenario analysis. We also did a scenario analysis with reduced 

tNGS test kit costs, assuming a 50% reduction in test kit price. A scenario with increased tNGS 

costs due to 20% fewer samples was also included. We conducted a scenario analysis where there 
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was no LTFU in tNGS compared to 10% LFTU in pDST to give an advantage to tNGS for its 

faster turnaround time. We also conducted scenario analysis with increased BDQ resistant at 30%. 

2.5.5 Ethics: 

Ethical approval was obtained from the University of Ottawa Research Ethics Boards (H-07-22-

8325 - ANN1-8325). This analysis did not involve human subjects. 

2.5.6 Role of funding source: 

The funder itself had no role in the design, conduct, analysis or in the decision to submit for 

publication.  

 

2.6 Results:  

2.6.1 Cost-effectiveness of tNGS vs. Universal pDST for DST among persons with RR: 

The cost-effectiveness results for using tNGS as a test for DST after detection of RR, replacing 

pDST without considering differences in time to results and potential impact on loss to follow up 

is shown in Table 2.2. In this hypothetical context, the pDST approach resulted in fewer DALYs 

compared with tNGS and has lower costs across all three assessed countries.  Under these 

conditions, pDST is considered dominant or preferred over tNGS.  

 

2.6.2 Cost-effectiveness of tNGS vs. in-country DST practice for DST among persons with 

RR:  

The incremental cost per DALYs averted of using tNGS as a test for DST after detection of RR, 

replacing in-country DST practice for South Africa and Georgia was $15,619 (95% UR: 

Dominated -$114,782) and $18,375 (95% UR: Dominated - $158,972) respectively (table 2.2). 

Using a WTP threshold at three times the country’s GDP per capita, tNGS was cost effective in 
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South Africa and not in Georgia. In India, tNGS dominated pDST leading to cost-savings and 

health gains compared to India’s existing standard of care relying on pDST and LPAs. For South 

Africa and India, almost 60% of model iterations fell below the respective WTP thresholds whereas 

for Georgia only 40% of iterations fall below the WTP threshold (figure 2.2 a-c).  

 

2.6.3 Cost-effectiveness of tNGS as an initial test for TB drug resistance: 

When tNGS was used as an initial test for TB drug resistance in the high DR TB setting of Georgia 

(table 2.2) it resulted in improved health gains leading to an ICER of $9,261 per DALY averted 

(95% UR: $5258-$32,040). At WTP threshold of 3 times the country’s GDP using tNGS is cost-

effective in high burden DR-TB setting of Georgia, with almost 70% of the iterations below the 

respective WTP threshold (figure 2.3).   

 

2.6.4 Sensitivity analysis:  

In univariable sensitivity analyses key epidemiological and cost parameters were varied across 

expected ranges to understand the influence of each parameter on model results.  All variables 

having more than 10% change in model results were presented as a tornado diagram.   

 

When tNGS was used as a test for DST among person with RR replacing pDST the most 

influencing parameter in the model for India and Georgia were the rate of probability of repeat 

testing among pDST and tNGS and per unit cost of tNGS. Conversely, for South Africa unit cost 

of tNGS and pDST exerted a greater effect on model outcome (supplement figure 2.4).  
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When tNGS was used as a test for DST among person with RR replacing in-country DST practice 

for South Africa and Georgia the rate of contamination of pDST, probability of repeat testing 

among pDST (proxy for LTFU) and per unit cost of tNGS exerted the greatest impact on ICER 

values (figure 2.4a-b). In India, the unit cost of tNGS, LPA and pDST were more influencing on 

model outcome (figure 2.4c). We have investigated these influencing parameters further in 

scenario analysis.  

 

When tNGS was used as the initial test for TB drugs resistance detection in the high DR TB burden 

setting of Georgia the rate of indeterminant result of tNGS, probability of INH resistance and per 

unit cost of tNGS had the largest influence on ICER values (figure 2.5). Cost effectiveness 

threshold based on prevalence of INH resistance and tNGS indeterminate rate was also done which 

is shown in supplementary article.  

 

2.6.5 Scenario analysis:  

Table 2.3 shows the result of scenario analyses done to evaluate cost effectiveness of using tNGS. 

When tNTS was compared to pDST, the scenario where patients in the pDST arm were initiated 

on the least effective individualized treatment, compared to tNGS, pDST was no longer dominant 

over tNGS. In the scenario where tNGS was employed for multiple diseases, cost-effectiveness 

improved across all three countries, with ICER per DALY averted of $12,530 (95% UR: cost 

saving-$86,202) and $15,808 (95% UR: cost saving- $137,387) in South Africa and Georgia, 

respectively. In India, utilizing tNGS for multiple diseases dominated the in-country DST practice. 

In scenario where there was 50% reduction in tNGS test kit cost resulted in tNGS to be cost-

effective in all 3 countries. In South Africa and Georgia, the ICER per DALY averted was $12,757 
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(95% UR: cost saving - $79,122) and $14,077 (95% UR: cost saving - $112,771) whereas in India 

tNGS dominated the in-country DST practice. We also looked in the scenario where there is  20% 

fewer samples  per run of tNGS due to low volume of samples received, it resulted in increased 

ICER per DALY averted and resulted in tNGS being only cost-effective in South Africa (ICER: 

$17,763/DALY averted, WTP: $21,165) but not in Georgia (ICER: $20,130/ DALY averted, WTP: 

$15,069) and India (ICER: $7,520/ DALY averted, WTP: $6,771). In scenario where there is no 

LTFU in tNGS due to early turnaround time resulted in tNGS to be cost-effective in South Africa 

(ICER: $13,004/DALY averted, WTP: $21,165) and Georgia (ICER: $13,640/ DALY averted, 

WTP: $15,069) whereas in India tNGS dominated in-country DST practice. In scenario with high 

BDQ resistant the ICER per DALY averted was $16,144 and $22,889 for South Africa and Georgia 

respectively whereas in India tNGS dominated in-county DST practice. In supplemental table 2.1 

we have additional scenario analysis result where the probability of death among untreated is 70%.  

 

2.7 Discussion:  

In this economic evaluation, we evaluated the cost-effectiveness of using tNGS for DST and 

detection of DR TB in the settings of South Africa, Georgia and India.  When tNGS was compared 

with universal pDST, for DST among people with RR and assuming a similar probability of LTFU 

between tNGS and pDST, our findings indicated that tNGS was dominated by pDST. Therefore, 

in countries where pDST is well established without prohibitively high rates of LTFU, tNGS is 

less likely to be cost-effective. It should be noted that this is an idealistic comparator, as universal 

DST is not current practice is most countries particularly among low- and middle-income 

countries. Price of testing also influenced the overall cost-effectiveness and based on a 50% 

reduction which is expected upon market launch, tNGS would be cost-effective in all three settings. 
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When tNGS was compared as a replacement for current in-country DST practice, for DST among 

people with RR, tNGS was found to be cost-effective in South Africa. However, in Georgia, tNGS 

was not considered cost-effective according to WTP threshold of the country. In India, where the 

country is currently using LPA and pDST, tNGS dominated India’s DST practice with lower costs 

and greater health gains. In India, BDQ pDST was conducted only among those who failed the 

BDQ regimen, and in South Africa, DST of BDQ and LZD is not being performed among FQ 

sensitive, though that is in the process of change. So, countries where universal DST of new and 

repurposed drugs is not being done routinely will benefit more from tNGS implementation.  All 

three countries are currently using two DST methods after RIF. resistance. In South Africa and 

Georgia, they are using Xpert XDR followed by pDST and in India, they are using LPA and pDST. 

Therefore, countries with more complex and expensive existing DST algorithms (e.g. LPAs) are 

more likely to find tNGS cost-effective.  

 

We found that tNGS was cost-effective as the initial test for DST after bacteriological confirmation 

of TB compared to mWRDs followed by pDST for those where RR is detected. Therefore, in 

countries with a high prevalence of DR TB and where DST of INH among those individuals with 

Rif. sensitive is not being done, implementing tNGS as the initial test for DST may be beneficial 

compared to mWRDs followed by pDST.   

 

Different scenarios were looked at to assess the cost-effectiveness of using tNGS as a test for DST 

among person with RR replacing in-country DST practice. In the scenario where tNGS was 

compared to pDST, with pDST containing the least effective four drugs in the individualized 
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treatment regimen due to its limitations in conducting DST for all other drugs, pDST was no longer 

dominant. This result shows that tNGS is more effective compared to pDST in scenarios where 

pDST cannot test for a wider range of drugs, leading to less effective treatment regimens and 

higher mortality.  In the scenario where tNGS is used with a multi-disease testing approach, cost-

effectiveness improved in all three countries suggesting that tNGS used for TB and other diseases 

like SARS-CoV2, HIV and cancers, may be beneficial and improve cost-effectiveness.   When 

LTFU decreased with tNGS compared to the in-country DST practice in scenario analysis, cost-

effectiveness improved. This suggests that introducing tNGS in countries experiencing high LTFU 

rates due to delayed DST results is more likely to be cost-effective. It implies placement at 

decentralized sites or centralized testing with highly efficient sample referral to achieve faster 

turnaround times. However, testing in either situation is likely to require batching need to achieve 

efficiency and decrease test cost but may increase the turnaround time and which might increase 

the chance of LTFU among DR-TB individuals. If batching is implemented only factoring in 

improvement to turnaround time, it will increase unit test cost and will also decrease likelihood of 

being cost-effective which was seen in the scenario with tNGS running with 20% fewer samples 

and was only cost-effective in South Africa since WTP threshold is higher in South Africa 

compared to Georgia and India.  

 

To our knowledge, this is the first economic analysis assessing the cost-effectiveness of using 

tNGS for the detection of DR TB in LMICs. There are few limitations in the study underpinned 

by the lack of patient important outcomes using tNGS for DST. The first limitation is that the 

model did not account for disease transmission and the long-term impact of using tNGS in TB 

incidence, which might have underrepresented the cost-effectiveness of tNGS.  When 
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transmission-dynamic modelling was done using WGS DST by Mugwagwa et al. using WGS was 

initially associated with increase in annual cost but averting TB transmission and future TB cases 

subsequently resulted in cost savings and health benefits.(27) In the model impact of faster 

turnaround time was incorporated into the model through its effect on LTFU rates, We 

acknowledge that this approach may not fully capture the potential benefits of tNGS in reducing 

morbidity, and this is a limitation of our current model.  tNGS can simultaneously detect resistance 

to several drugs with a single test. Yet, in the model, we only included DST of INH and RIF among 

the first-line drugs.   Not including PZA and EMB in this model might have underrepresented the 

potential cost-effectiveness of tNGS. The cost-effectiveness result of tNGS for DST after rapid 

molecular test for RIF only looked at DST of three group A drugs i.e. FQ, BDQ and LZD. Not 

including other drugs used in the treatment of DR-TB in this model with tNGS can provide results 

that might have also lessened the potential cost-effectiveness of tNGS. In the cost-effective result 

for tNGS as initial diagnostic, only those with resistance to RIF from mWRD were further 

subjected to pDST in the comparator arm. So, this result may not be generalized to the countries 

where DST to INH is being done among all bacteriologically confirmed pulmonary TB. This study 

used utility data from the Global Burden of Disease study, which does not focus specifically on 

DR-TB and may have underestimated its unique morbidity profile and health-related burden. 

 

Implementing tNGS as an initial test for drug resistance detection in patients with bacteriologically 

confirmed TB may be cost-effective in a country with a high prevalence of DR TB such as Georgia, 

and where DST of INH and Group A second-line drugs is not being performed universally.  If the 

country is considering implementing tNGS after rapid molecular testing for RIF resistance, then 

the cost-effectiveness of tNGS depends on the existing DST practice of the country. In countries 
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where pDST is well established and provides universal DST of new and repurposed DR-TB drugs 

among individuals with RIF Resistance, implementing tNGS is less likely to be cost-effective. In 

contrast, in countries where universal DST of new and repurposed DR-TB drugs among RIF 

resistant individuals are not being done routinely, compared to their in-country DST practice 

implementing tNGS will be cost effective. In a scenario where tNGS can be used for multiple 

disease which will increase its utility and reduce cost implementing tNGS will be beneficial and 

cost-effective. Countries with high loss to follow up (LTFU) among RIF resistant individuals due 

to delayed follow-on DST results, the implementation of tNGS will more likely be cost-effective. 

In conclusion, implementing tNGS can be cost-effective depending on current DST practice and 

coverage. It is therefore important to consider the existing standard of care before implementation 

and scale-up of tNGS. 
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Figure 2.1: Simplified model decision structure. Two strategies were compared: DST with tNGS 
vs pDST as a test for DST among person with RR: Schematically these strategies are separated by 
a square representing a decision node. The circles represent chance nodes where individuals may 
experience one of several possible events shown on subsequent lines. The probabilities of 
developing each event are listed in Table 1. Dotted lines represent model structure omitted for 
simplicity. In all cases, this omitted structure parallels that shown. The diamond symbol represents 
terminal node. RR= Rifampicin resistance; tNGS=Targeted Next Generation sequencing; pDST= 
Phenotypic Drugs susceptibility testing; Rif=Rifampicin, FQ= Fluroquinolone; BDQ= 
Bedaquiline; LZD=Linezolid; Rx.=treatment, TB-Tuberculosis 
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Figure 2.2a: Incremental cost-effectiveness scatterplot comparing tNGS versus South Africa’s in-
country DST as a test for DST among person with RR. Each dot represents the result of iteration 
out of 10,000 Mont Carlo simulation. The dashed diagonal shows the willingness to pay threshold 
of $21,165 per DALY averted. The green DOTs that are below WTP threshold represent cost-
effective simulations.   
 

 
Figure 2.2b: Incremental cost-effectiveness scatterplot comparing tNGS versus Georgia’s in-
country DST as a test for DST among person with RR. Each dot represents the result of iteration 
out of 10,000 Mont Carlo simulation. The dashed diagonal shows the willingness to pay threshold 
of $15,069 per DALY averted. The green DOTs that are below WTP threshold represent cost-
effective simulations.   
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Figure 2.2c: Incremental cost-effectiveness scatterplot comparing tNGS versus India’s in-country 
DST as a test for DST among person with RR. Each dot represents the result of iteration out of 
10,000 Mont Carlo simulation. The dashed diagonal shows the willingness to pay threshold of 
$6,771 per DALY averted. The green DOTs that are below WTP threshold represent cost-effective 
simulations.   
 

 
Figure 2.3: Incremental cost-effectiveness scatterplot comparing tNGS as an initial test for TB 
drug resistance in patients with bacteriologically confirmed TB compared to use of mWRDs 
followed by pDST. Each dot represents the result of iteration out of 10,000 Mont Carlo 
simulations. The dashed diagonal shows the willingness to pay threshold of $15,069 per DALY 
averted. The green DOTs that are below WTP threshold represent cost-effective simulations.   
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Figure 2.4a: One way sensitivity analyses tornado diagram on incremental cost effectiveness 
ratio (ICER) of using tNGS as a replacement of South Africa’s DST practice as a test for DST 
among person with RR.  In this diagram, the horizontal bars illustrate how the ICER varies as 
each parameter is adjusted individually within the specified range, while all other parameters are 
held constant. The length of each bar reflects the degree of influence that parameter has on the 
ICER, with longer bars indicating greater impact. The orange bars represent the ICER when the 
parameter is at its high value, and the blue bars represent the ICER when the parameter is at its 
low value. The parameters are listed in descending order of their impact on the ICER, from top 
to bottom. 
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Figure 2.4b: One way sensitivity analyses tornado diagram on incremental cost effectiveness 
ratio (ICER) of using tNGS as a replacement of Georgia’s DST practice as a test for DST among 
person with RR.  In this diagram, the horizontal bars illustrate how the ICER varies as each 
parameter is adjusted individually within the specified range, while all other parameters are held 
constant. The length of each bar reflects the degree of influence that parameter has on the ICER, 
with longer bars indicating greater impact. The orange bars represent the ICER when the 
parameter is at its high value, and the blue bars represent the ICER when the parameter is at its 
low value. The parameters are listed in descending order of their impact on the ICER, from top 
to bottom. 
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Figure 2.4c: One way sensitivity analyses tornado diagram on incremental cost effectiveness 
ratio (ICER) of using tNGS as a replacement of India’s DST practice as a test for DST among 
person with RR.  In this diagram, the horizontal bars illustrate how the ICER varies as each 
parameter is adjusted individually within the specified range, while all other parameters are held 
constant. The length of each bar reflects the degree of influence that parameter has on the ICER, 
with longer bars indicating greater impact. The orange bars represent the ICER when the 
parameter is at its high value, and the blue bars represent the ICER when the parameter is at its 
low value. The parameters are listed in descending order of their impact on the ICER, from top 
to bottom. 
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Figure 2.5: One way sensitivity analyses tornado diagram on incremental cost effectiveness ratio 
(ICER) of using tNGS as initial test for DR diagnosis. In this diagram, the horizontal bars 
illustrate how the ICER varies as each parameter is adjusted individually within the specified 
range, while all other parameters are held constant. The length of each bar reflects the degree of 
influence that parameter has on the ICER, with longer bars indicating greater impact. The orange 
bars represent the ICER when the parameter is at its high value, and the blue bars represent the 
ICER when the parameter is at its low value. The parameters are listed in descending order of 
their impact on the ICER, from top to bottom. 
 
 
Table 2.1: Key Model Parameter estimate, ranges for sensitivity analysis and data sources 

Description 
South Africa  India Georgia 

References 
Estimate Estimate Estimate 

Prevalence data 
Prevalence of FQ 
resistance among 

RR  

0.13  
(0.05 - 0.21) 

0.3  
(0.22 - 0.38) 

0.29  
(0.25 – 0.33) (15–18) 

Prevalence of 
BDQ resistance 
among RR and 

FQR 

0.17  
(0.07 - 0.27) 

0.15  
(0.07 - 0.23) 

0.15  
(0.07 – 0.23) (15,18,28,29) 

Prevalence of 
BDQ resistance 
among RR and 

FQs 

0.05  
(0.02 - 0.08) 

0.035  
(0.01 - 0.06) 

0.035  
(0.01 - 0.06) (28,30–35) 

Prevalence of 
LZD resistance 

among RR, FQR 
and BDQR 

0.065  
(0.03 - 0.10) 

0.065  
(0.03 - 0.1) 

0.175  
(0.1 - 0.25) (15,18) 
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Prevalence of 
LZD resistance 

among RR, FQR 
and BDQs 

0.026  
(0.01 - 0.042) 

0.035  
(0.01 - 0.06) 

0.04  
(0.01 - 0.07) (15,18,36,37) 

Prevalence of 
LZD resistance 
among RR, FQs 

and BDQR 

0.065  
(0.03 - 0.10) 

0.065  
(0.03 - 0.1) 

0.175  
(0.1 - 0.25) (35), Assumption 

Prevalence of 
LZD resistance 
among RR, FQs 

and BDQs 

0.026  
(0.01 - 0.042) 

0.0275  
(0.01 - 
0.045) 

0.04  
(0.01 – 0.07) (29,38,39) 

Treatment outcome* 
Probability of 

treatment 
initiation  

0.9  
(0.72-1)      (19) 

Probability of 
completion of 
BPaLM/BPaL 

0.9  
(0.83-0.95)     (14,20,21) 

Probability of 
Individualized 

treatment 
completion 

0.73  
(0.657-0.766)     (14) 

Probability of 
death with 

BPaLM regimen 

0.03  
(0-0.6)     (14,20,21) 

Probability of 
death with BPaL 

regimen 

0.03  
(0-0.6)     (14,21,40) 

Probability of 
death with 

Individualized 
RX 

0.125  
(0.06-0.25)     (40,41) 

Probability of 
death no 

treatment of of 
DR TB (18 

months) 

1  
(0.648-1)     (40), Assumption 

Probability of 
death with 

wrong/incomplete 
treatment of of 

DR TB (Annual) 

0.486  
(0.38-0.58)     (42,43) 

Percentage of 
contamination 
and failure of 

0.13  
(0.10-0.15)     Country data 
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growth in control 
tube pDST 

Percentage of 
Indeterminate in 

tNGS  

0.1 
(0.08-0.13)   tNGS Diagnostic 

accuracy SR 

Percentage of 
repeat test among 

contaminated 
samples in pDST 

and tNGS 

0.9  
(0.72-1)     

Country data 
Cost data 
Cost of BPaLM 

treatment 3730 953 3505 

(23) 
  

Cost of BPaL 
treatment 3544 918 3421 

Cost of 
Individualized 

treatment 
4787 1036 4463 

Unit test cost 
tNGS 

$197  
($134-$257) 

$159  
($121-$175) 

$166  
($120-$198) 

tNGS CEA SR, 
FIND, 

Manufacturer 
Unit test cost 

pDST 
$95  

($68-$120) 
$74  

($56-$92) 
$83  

($57-$108) (44–47)  
Unit test cost LPA  - $103  

($60-$115) - 

Unit test cost 
Xpert XDR 

$39  
(37-41) - $39  

(37-41) (48); Assumption 

Unit test cost 
Xpert MTB/Rif  

$29  
(27-31) 

$29  
(27-31) 

$29  
(27-31) (49,50) 

Diagnostic Accuracy data*  
  tNGS pDST LPA   
Rif         

 
 
 
 
tNGS Diagnostics 

accuracy SR; 
(51–55) 

  
  
  
  
  

Sensitivity  0.96  
(0.91-1) 

0.982  
(0.93-1)   

Specificity  0.94  
(0.86-1) 

0.81 
(0.69-0.93)   

Inh       

Sensitivity  0.96  
(0.93-0.99) 

0.99  
(0.94-1) 

0.89  
(0.89-0.92) 

Specificity  0.97  
(0.95-0.99) 

0.98  
(0.95-0.99) 

0.98  
(0.97-0.99) 

FQ       
Sensitivity  0.97  0.99  0.93  
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(0.94-1) (0.76-1) (0.9-0.95)   
  
  
  
  

Specificity  0.95  
(0.91-0.99) 

1  
(0.98-1) 

0.99  
(0.98-1) 

BDQ       

Sensitivity  0.68  
(0.43-0.93) 

1  
(0.98-1)   

Specificity  0.97  
(0.94-1) 

1  
(0.99-1)   

LZD       

Sensitivity  0.69  
(0.39-0.99) 

1  
(0.51-1)   

Specificity  1 1  
(0.96-1)   

Utility Data* 
DALYs death 1     

 (22,56)  

DALYs DR-TB 
individuals on 
treatment  

0.33     

DALYs with no 
treatment/LTFU 0.66     

*Same for all 3 countries  

 
 
Table 2.2: CEA result of using tNGS for DST 

Country Comparator DALYs Cost 

ICER 
($ per DALY 

averted, 
95% uncertainty 

ranges) 
Cost-effectiveness result when tNGS was used as a test for DST among persons with RR 
compared to universal pDST 

South Africa 

pDST 0.504 $3,289  Ref. 

tNGS 0.508 $3,404  
Dominated by pDST 

(Dominated - 
$303,635)  

Georgia 

pDST 0.503 $3,085  Ref. 

tNGS 0.508 $3,183  
Dominated by pDST 

(Dominated - 
$171,666) 

India 

pDST 0.503 $878  Ref. 

tNGS 0.508 $970  
Dominated by pDST 

(Dominated - 
$162,897) 
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Cost-effectiveness result when tNGS was used as a test for DST among persons with RR 
compared to in-country DST practice:  

South Africa 

XpertXDR+pDST 0.519 $3,223  Ref. 

tNGS 0.509 $3,401  
$15,619  

(Dominated -
$114,782) 

Georgia 

XpertXDR+pDST 0.516 $3,040  Ref. 

tNGS 0.508 $3,183  
$18,375  

(Dominated - 
$158,972) 

India  

LPA and pDST 0.5073 $981  Ref. 

tNGS 0.5072 $971  

Dominates LPA and 
pDST 

(Cost saving- 
$60,083) 

Cost-effectiveness result when tNGS was used as an initial test for TB drug resistance in 
patients with bacteriologically confirmed TB 

Georgia 

Xpert MTB/Rif 
+pDST 0.51 $1,180  Ref. 

tNGS 0.488 $1,377  $9,261  
($5258-$32,040) 

DALY: Disability Adjusted Life year; ICER: Incremental cost effectiveness ratio; tNGS: Targeted Next Generation Sequencing; pDST: Phenotypic 

Drugs Susceptibility Test 

 
 
Table 2.3: Scenario analysis tNGS compared to pDST and in country DST practice among RR 
individuals  

Country Comparator DALYs Cost 

ICER 
($ per DALY averted, 

95% uncertainty 
ranges) 

Increased mortality among individual initiated in individualized treatment in pDST arm 

South Africa 
pDST 0.510 $3,237 Ref. 

tNGS 0.508 $3,404  $103,195 
(Dominated -$655,752)  

Georgia 
pDST 0.513 $3031 Ref. 

tNGS 0.508 $3,183  $29,961 
(Dominated -$284,646) 

India 

pDST 0.511 $872 Ref. 

tNGS 0.508 $970  
$23,065 

(Cost saving -
$241,534) 

Multiuse for multi-disease with reduced tNGS cost* 
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South Africa 
XpertXDR+pDST 0.52 $3,224  Ref. 

tNGS 0.509 $3,367  $12,530  
(Cost saving -$86,202) 

Georgia 
XpertXDR+pDST 0.516 $3,038  Ref. 

tNGS 0.508 $3,162  $15,808  
(Cost saving - $137,387) 

India  

LPA and pDST 0.5076 $981  Ref. 

tNGS 0.5075 $961  
Dominates LPA and 

pDST  
(Cost saving - $55,713) 

Reduced tNGS kit cost (50% price reduction) * 

South Africa 
XpertXDR+pDST 0.52 $3,222  Ref. 

tNGS 0.508 $3,368  $12,757  
(Cost saving - $79,122) 

Georgia 
XpertXDR+pDST 0.516 $3,043  Ref. 

tNGS 0.508 $3,157  $14,077  
(Cost saving - $112,771) 

India  
LPA and pDST 0.5074 $982  Ref. 

tNGS 0.5073 $939  Dominates  
(Cost saving - $22) 

20% fewer samples and increased unit test cost* 

South Africa 
XpertXDR+pDST 0.52 $3,222  Ref. 

tNGS 0.508 $3,421  $17,763  
(Cost saving - $152,515) 

Georgia 
XpertXDR+pDST 0.516 $3,040  Ref. 

tNGS 0.508 $3,133  $20,130  
(Cost saving - $185,104) 

India  
LPA and pDST 0.5075 $980  Ref. 

tNGS 0.5073 $981  $7,520  
(Cost saving - $70,187) 

Reduced LTFU in tNGS (0%vs. 10%)* 

South Africa 
XpertXDR+pDST 0.52 $3,223  Ref. 

tNGS 0.504 $3,435  $13,004  
($7,075-$44,119) 

Georgia 
XpertXDR+pDST 0.516 $3,039  Ref. 

tNGS 0.503 $3,212  $13,640 
 (Cost saving-$91,130) 

India  

LPA and pDST 0.507 $982  Ref. 

tNGS 0.502 $981  
Dominates LPA and 

pDST  
(Cost saving - $48,801) 

80% sensitivity of tNGS to BDQ and LZD* 
South Africa XpertXDR+pDST 0.52 $3,226 Ref. 
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tNGS 0.508 $3,406 $15,758 
(Cost saving - $114,193) 

Georgia 
XpertXDR+pDST 0.516 $3,040 Ref. 

tNGS 0.507 $3,186 $17,124 
(Cost saving - $176,728) 

India  

LPA and pDST 0.508 $981 Ref. 

tNGS 0.507 $971  
Dominates LPA and 

pDST 
(Cost saving - $53,695) 

Increasing BDQ resistant at 30%* 

South Africa 
XpertXDR+pDST 0.52 $3,234  Ref. 

tNGS 0.51 $3,408 $16,144  
(Cost saving - $128,456) 

Georgia 
XpertXDR+pDST 0.519 $3,062 Ref. 

tNGS 0.513 $3,199 $22,889 
(Cost saving - $186,593) 

India  

LPA and pDST 0.584 $981  Ref. 

tNGS 0.513 $971  
Dominates LPA and 

pDST  
(Cost saving - $911) 

*These scenarios compared use of tNGS as test for DST among person with RR replacing in-country DST practice. 
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2.13 Supplement  
 

 
 
Supplement Figure 2.1 : Simplified model decision structure. Two strategies were compared: 
DST with tNGS vs South Africa and Georgia’s in country DST practice as a subsequent test for 
DST following detection of RR.   Schematically these strategies are separated by a square 
representing a decision node. The circles represent chance nodes where individuals may 
experience one of several possible events shown on subsequent lines. The probabilities of 
developing each event are listed in Table 1. Dotted lines represent model structure omitted for 
simplicity. In all cases, this omitted structure parallels that shown. The diamond symbol represents 
terminal node. RR= Rifampicin resistance; tNGS=Targeted Next Generation sequencing; pDST= 
Phenotypic Drugs susceptibility testing; Rif=Rifampicin, FQ= Fluroquinolone; BDQ= 
Bedaquiline; LZD=Linezolid; Rx.=treatment, TB-Tuberculosis  
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Supplement Figure 2.2: Simplified model decision structure. Two strategies were compared: 
DST with tNGS vs India’s in country DST practice as a subsequent test for DST following 
detection of RR.   Schematically these strategies are separated by a square representing a decision 
node. The circles represent chance nodes where individuals may experience one of several possible 
events shown on subsequent lines. The probabilities of developing each event are listed in Table 
1. Dotted lines represent model structure omitted for simplicity. In all cases, this omitted structure 
parallels that shown. The diamond symbol represents terminal node. RR= Rifampicin resistance; 
tNGS=Targeted Next Generation sequencing; pDST= Phenotypic Drugs susceptibility testing; 
Rif=Rifampicin, FQ= Fluroquinolone; BDQ= Bedaquiline; LZD=Linezolid; Rx.=treatment, TB-
Tuberculosis ; LPA= Line  Probe As
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Supplement Figure 2.3: Simplified model decision structure. Two strategies were compared: 
DST with tNGS vs mWRDs followed by pDST among individuals with bac. confirmed TB.   
Schematically these strategies are separated by a square representing a decision node. The circles 
represent chance nodes where individuals may experience one of several possible events shown 
on subsequent lines. The probabilities of developing each event are listed in Table 1. Dotted lines 
represent model structure omitted for simplicity. In all cases, this omitted structure parallels that 
shown. The diamond symbol represents terminal node. RR= Rifampicin resistance; 
tNGS=Targeted Next Generation sequencing; pDST= Phenotypic Drugs susceptibility testing; 
Rif=Rifampicin, FQ= Fluroquinolone; BDQ= Bedaquiline; LZD=Linezolid; Rx. =treatment, TB-
Tuberculosis; mWRD= Molecular WHO recommended Rapid Diagnostics 
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Supplement figure 4: One way sensitivity of Objective 1 
 

 
Supplement Figure 2.4a: One way sensitivity analyses tornado diagram on incremental cost 
effectiveness ratio (ICER) of using tNGS as a replacement of pDST in South Africa as a subsequent 
test for DST following detection of RR.  In this diagram, the horizontal bars illustrate how the 
ICER varies as each parameter is adjusted individually within the specified range, while all other 
parameters are held constant. The length of each bar reflects the degree of influence that parameter 
has on the ICER, with longer bars indicating greater impact. The orange bars represent the ICER 
when the parameter is at its high value, and the blue bars represent the ICER when the parameter 
is at its low value. The parameters are listed in descending order of their impact on the ICER, from 
top to bottom. 
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Supplement Figure 2.4b: One way sensitivity analyses tornado diagram on incremental cost 
effectiveness ratio (ICER) of using tNGS as a replacement of pDST in Georgia as a subsequent 
test for DST following detection of RR.  In this diagram, the horizontal bars illustrate how the 
ICER varies as each parameter is adjusted individually within the specified range, while all other 
parameters are held constant. The length of each bar reflects the degree of influence that parameter 
has on the ICER, with longer bars indicating greater impact. The orange bars represent the ICER 
when the parameter is at its high value, and the blue bars represent the ICER when the parameter 
is at its low value. The parameters are listed in descending order of their impact on the ICER, from 
top to bottom. 
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Supplement Figure 2.4c: One way sensitivity analyses tornado diagram on incremental cost 
effectiveness ratio (ICER) of using tNGS as a replacement of pDST in India as a subsequent test 
for DST following detection of RR.  In this diagram, the horizontal bars illustrate how the ICER 
varies as each parameter is adjusted individually within the specified range, while all other 
parameters are held constant. The length of each bar reflects the degree of influence that parameter 
has on the ICER, with longer bars indicating greater impact. The orange bars represent the ICER 
when the parameter is at its high value, and the blue bars represent the ICER when the parameter 
is at its low value. The parameters are listed in descending order of their impact on the ICER, from 
top to bottom. 
 
Supplementary table 2.1: Additional scenario analysis tNGS compared to in-country DST 
practice  

Country  Comparator  DALYs Cost  

ICER  
($ per DALY averted, 

95% uncertainty 
ranges) 

Decreasing probability of death among those without treatment  

South Africa 
XpertXDR+pDST 0.51 $3,223 Ref. 

tNGS 0.50 $3,401 $ 18,592 

Georgia 
XpertXDR+pDST 0.50 $3,035 Ref. 

tNGS 0.49 $3,180 $25,371 

India  
LPA and pDST 0.56 $981  Ref. 

tNGS 0.50 $971  Dominates LPA and 
pDST  
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3.1 Preface 

This chapter presents the manuscript titled “ Cost of Tuberculosis Preventive Treatment: Insights 

from five sub-Saharan African countries”. This manuscript addresses the second research objective 

of this thesis: to estimate the economic cost of implementing tuberculosis preventive treatment 

(TPT) programs across different health system contexts, and to identify key cost drivers in high 

TB and HIV burden settings.  

 

This study provides detailed micro-costing evidence from Eswatini, Lesotho, Malawi, Uganda and 

Tanzania using standardized costing methods to estimate per-individual and activity-based cost of 

TPT delivery. This empirical cost date contributes to inform economic evaluation, national 

budgeting and global policy on TPT implementation within resource-constrained settings.  

 

The manuscript has been finalized and approved by all co-authors. Submission has been 

temporarily delayed allowing for internal review and alignment with current funding and 

dissemination considerations. 

 

Author Contribution:  

SS and AZ contributed to the conceptualization and design of the study, development of the 

standardized costing framework, data analysis, interpretation of findings, and manuscript 

preparation. SS led the micro-costing analysis. 

AV, NOM, DV, NK, PD, TS, ML, JM, AM, BB, MHA, PE, MS, LBK, EB, AK, and AN 

contributed to the development of country-specific patient pathways, provision of programmatic 
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cost data, and primary data collection. ODS and RMT contributed to data entry and database 

management. 

AZ and AM provided overall supervision, methodological guidance, and critical revision of the 

manuscript. All authors reviewed and approved the final version of the manuscript. 

 

Ethical Approval:  

Ethical approval was obtained from the University of Ottawa Research Ethics Boards (H-01-23-

8344 – MOD4-8344). 

 

Publication Status:  

This manuscript has been submitted in The International Journal of Tuberculosis and Lungs 

Disease for publication and is currently under review.  
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3.2 Abstract 

Background: Scaling up tuberculosis preventive treatment (TPT) is essential but hindered by 

operational and financial challenges, including limited cost evidence. This study estimated TPT 

delivery costs across five sub-Saharan African TB high-burden countries. 

 

Methods: Micro-costing study was conducted from health system perspective across five clinics 

in Eswatini, Lesotho, Malawi, Uganda and Tanzania. Data were collected using standardized 

templates covering overhead, human resources, equipment, consumables, and drugs, using 

bottom-up and top-down approaches. Human resource time was measured via 648 observations 

using time-and-motion studies, questionnaires and timesheets. Costs are reported per patient in 

2024 USD. 

 

Results: Among adults, total cost per individual ranged from US$27-59 for 3 months of isoniazid 

plus rifapentine (3HP) and from US$22-67 for 6 months of isoniazid (6H). Among children, the 

cost of 6H ranged from US$32-80, while 3 months of daily rifampicin plus isoniazid (3RH) ranged 

from US$27-46. Human resources and drugs were the principal cost drivers, accounting for the 

majority of total costs across all countries. Consultation for TPT initiation and adherence 

monitoring was the most time-consuming and costly activity.  

 

Conclusion: TPT implementation costs extend significantly beyond drug prices. National 

programs must adopt full-cost accounting that prioritizes workforce efficiency and service 

integration to ensure sustainable scale-up. 
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Keywords: Tuberculosis preventive treatment; Costing; Human resources; Time and Motion; 

Sub-Saharan Africa. 
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3.3 Background 

Tuberculosis (TB) remains a leading cause of death globally, with an estimated 1.23 million deaths 

in 2024.(1) The burden is particularly significant in the African region, which accounts for 23% of 

incident TB cases and 31% of TB-related deaths, despite the region comprising only 15% of the 

world’s population.(2) In sub-Saharan Africa, over 50% of TB cases are co-infected with HIV 

where (3,4) TB remains the leading cause of death among people with HIV (PWH) who have 

increased risk for TB infection and progression to TB disease.(5–7) Tuberculosis preventive 

treatment (TPT) is therefore a critical strategy in reducing the incidence of TB among PWH, as it 

prevents the progression from TB-infection to TB disease, averting morbidity and mortality and 

reducing ongoing transmission.(8) 

 

TPT is a cornerstone of the WHO End TB Strategy, reinforced by UN High-Level Meetings in 

2018 and 2023.(9,10) WHO recommends TPT for all PWH to prevent TB disease. The 

recommendations include shorter regimens like three months of daily isoniazid with rifampicin 

(3HR) and three months of weekly isoniazid plus rifapentine (3HP), which have improved 

adherence compared to longer traditional regimens such as 6 months of isoniazid (6H).(11–13)   

Evidence from community-based programs suggests that shorter regimens can also be successfully 

delivered in routine settings, achieving high levels of treatment completion.(14) However, 

Effective TPT scale-up in high-burden settings has been hindered by significant implementation 

challenges, including limited resources and health system logistics.(15) 

 

Detailed cost evidence and analyses are crucial to guide the sustainable expansion of TPT 

programs. Nevertheless, evidence on the cost of implementing newer TPT regimens, particularly 
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in sub-Saharan Africa, remains limited. Existing frameworks, like the Value TB project, provide 

important guidance on TB care and prevention costs but largely focus on general TB services.(16) 

While studies like the CaP-TB initiative (17) and several cost-effectiveness studies (15,18–21) 

have assessed the cost-effectiveness of specific regimens, comprehensive cost data are lacking, 

posing challenges for cost estimates to optimize TPT delivery and ensure financial sustainability. 

In sub-Saharan Africa, where health systems are often under-resourced, and the economic burden 

of TB and HIV is substantial, understanding these costs is essential for avoiding additional strain 

on existing systems.(22) 

 

This study aims to fill the existing knowledge gap by conducting a comprehensive costing analysis 

of the operational cost of providing different TPT regimens in five sub-Saharan African countries: 

Eswatini, Lesotho, Uganda, Malawi and Tanzania in clinics affiliated with Baylor College of 

Medicine. By estimating the costs associated with different TPT regimens and identifying key cost 

drivers, this research provides valuable data to support the scale-up of TPT programs in settings 

where they are most needed. The findings will also help to ensure that TPT delivery is both efficient 

and sustainable, ultimately contributing to the reduction of TB-related morbidity and mortality 

among PWH in sub-Saharan Africa.  

 

3.4 Methods 

3.4.1 Study Design 

We conducted micro-costing study to estimate costs of providing TPT among PWH in clinics of 

Eswatini, Lesotho, Uganda, Malawi and Tanzania. All clinics are embedded within Ministry of 

Health service delivery framework, providing integrated TB/HIV care and operate as public-
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private partnership managed by local non-governmental organizations. This study was nested 

within the Closing TB GAPs for people living with HIV (TB GAPs) study, which evaluated novel 

TB screening and diagnostic strategies, differentiated service delivery models on TPT uptake and 

completion, and cost-effectiveness of these interventions. Data collection for the costing analysis 

was conducted between 2022-2024.  

 

Costing was conducted from healthcare system perspective using an ingredients-based approach, 

combining top-down and bottom-up methods to capture resource usage.(23) Costs were grouped 

in five categories: overhead, human resources (HR), equipment, consumables and drug costs. All 

costs were inflated to 2024 US dollars.  

 

3.4.2 Calculating cost per individual on different TPT regimens:  

TPT-related activities were identified based on country-specific pathways and TB management 

guidelines, which included TB screening, consultation to initiate TPT, treatment literacy, TPT 

dispensing, and follow-up visits for compliance and adverse event (AE) monitoring.  While 

screening, consultation, and treatment literacy typically occurred during a single visit, TPT 

dispensing and follow-up visits varied by regimen and national guidelines, with full details shown 

in supplemental Table 3.1. Cost per-individual treated for different TPT regimens was calculated 

by summing costs associated with all required TPT-related activities, including screening, clinical 

visits, and medication dispensing, where each activity included HR, overhead, equipment, 

consumables, and drug costs. 
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3.4.3 Cost data collection and cost calculation by component:  

Overhead costs included building and recurrent facility expenditures like utilities, communication, 

and administrative services. These costs were collected from clinic financial records. We used a 

top-down approach, where building cost was annualized assuming a 30-year useful life and a 3% 

discount rate, using the WHO amortization factor of 19.6.(23) An allocation factor for TB services 

reflecting the TB program contributions was used to obtain the overhead share attributable to TB 

activities. Overhead costs were converted to a per-minute rate and applied to activities based on 

measured activity duration. 

 

HR costs were estimated using bottom-up approach. Staff time per activity was measured using 

three empirical methods: time and motion (TAM) observation, time estimation questionnaires 

(TEQ), and self-reported timesheets (TS) to intentionally triangulate our findings. Because 

individual tools may systematically over-represent or under-represent specific tasks, utilizing 

multiple complementary methods allowed us to capture an operational range reflecting true clinical 

time. In total, 648 time observations were collected across health care worker cadres involved in 

different TPT-related activities using these three tools. Of these, TEQ accounted for the largest 

share (n=389), followed by TAM (n=131), and TS (n=128) (Supplemental Figure 3.2). A detailed 

instructions document was developed to guide using these tools (Supplemental Methods 1.3), and 

research staff were trained accordingly. Across methods, the distributions showed substantial 

overlap in ranges, with no systematic differences. Given this consistency, and because these tools 

were designed for triangulation rather than independent evaluation, pooled median estimates were 

used and separate sensitivity analyses by tool were not conducted. Cadre-specific annual salaries 

were converted to a per-minute salary using facility-specific working hours. Human resource cost 



94 
  

per activity was calculated by multiplying the median activity time by per-minute salary and 

summing across cadres where applicable. 

 

Equipment and consumables used for each activity were identified through TEQ data.  Unit costs 

were obtained from financial records and procurement documents. Equipment costs were 

annuitized and converted to a per-minute rate, and the activity-based equipment cost was 

calculated by multiplying the per-minute cost by the measured time.  Consumables were costed 

based on item-specific utilization per activity. Donated resources were valued using economic 

costing (market replacement value) to reflect their full opportunity cost. 

 

TPT drug costs were calculated using both top-down and bottom-up approaches to account for 

wastage, shipping, storage and customs costs. Procurement and pharmacy records to estimate 

average consumption per patient. Regimen-specific cost was calculated based on national dosing 

guidelines and treatment duration.  Detailed costing methods of overheads, HR, equipment, 

consumables and drugs are provided in supplemental methods and illustrated in supplemental 

figure 3.1.  

 

3.4.4 Ethical Considerations 

Ethical approval was obtained from the University of Ottawa Research Ethics Board (REB), CDC 

USA, Baylor College of Medicine and all relevant ethical boards in Eswatini, Lesotho, Malawi, 

Uganda and Tanzania. Informed consent was obtained from all HCW participants before data 

collection. 
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3.5 Results 

3.5.1 TPT drugs cost across country 

For 3HP regimen, drug regimen costs ranged narrowly from US$11 to US$15. Adult INH (300mg) 

was consistently the least expensive (US$3–4), whereas pediatric INH (100mg) costs varied 

widely (US$3-24), driven by use of child-friendly formulation. The 3RH regimen was used in 

Tanzania and Lesotho, where the pediatric regimen cost US$13 in Tanzania and US$23 in Lesotho 

(Supplemental Table 3.2). While all regimens were procured through the global drug facility, cost 

variations were impacted by country-specific procurement and pricing policies, including 

differences in national procurement agencies’ handling and distribution charges applied beyond 

manufacturer or global drug facility prices. 

 

3.5.2 Cost of TPT activities and components, excluding drugs 

Table 1 summarizes cost per activity for TPT delivery, broken down by overheads, consumables 

(excluding drugs), equipment, and HR. The most expensive activities varied by country: 

consultation to initiate TPT was the most costly activity in Eswatini (US$5.3), Lesotho (US$7.7), 

and Malawi (US$18.7); while compliance and AE monitoring visits were the most costly activity 

in Uganda (US$5.5); and treatment literacy sessions were the most costly activity in Tanzania 

(US$6.1). Across all five settings, HR constituted the largest cost component within these 

activities. Supplemental Figure 3.3 illustrates cost components by activity. Given the prominent 

contribution of HR to the activity-level costs, we also examined staff time and associated costs. 

Figures 3.1 and 3.2 present the median, minimum and maximum staff time and associated cost per 

activity. Across settings, activities associated with higher total cost generally corresponded to 

higher staff time and cost. Specifically, consultation to initiate TPT in Eswatini, Lesotho and 
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Malawi, compliance and AR monitoring in Uganda, and treatment literacy in Tanzania were among 

the activities with both high total costs and high HR cost contributions.  

 

3.5.3 Total cost per-patient treated with TB preventive treatment:  

Table 3.2 presents the cost per patient treated with various TPT regimens across 5 countries. Cost 

of providing TPT varied by regimen and country. For the adult 3HP regimen, per-patient treatment 

costs ranged from US$27 to  US$59. For the 6H regimen in adults, costs ranged from US$22 to 

US$67 per person treated.  Pediatric TPT costs were generally higher, with 6H ranging from 

US$32 to $80 per child treated. The 3RH regimen was used in Lesotho and Tanzania, with a per-

patient treatment cost of US$30 for adults and ranging from US$27 to US$46 for children.   

 

Deterministic sensitivity analysis using minimum and maximum time bounds showed consistent 

cost estimates across most settings (Supplemental Figure 3.4). Malawi exhibited wider variance 

under maximum time inputs, reflecting higher baseline salary structures magnifying time 

fluctuations. These variations highlight how country-specific visit intervals, contact hours, and 

cadres interact with parameter uncertainty. 

 

 
3.5.4 Key drivers of per-patient TPT cost by regimen and country:  

In Lesotho and Tanzania, drug costs dominated when TPT regimen was 3HP, 3RH, or pediatric 

6H, contributing 39–51% of total cost. For adult 6H, overhead was the major cost driver in 

Lesotho, while HR cost dominated in Tanzania.  In Eswatini, Malawi, and Uganda, HR were the 

principal cost driver across most regimens, accounting for 41% to 80% of total cost. In Eswatini 

and Malawi, overhead costs were generally second-largest contributor (23% to 39%), except for 
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3HP regimen in Eswatini, where drug costs represented second-largest share (32%). In Uganda, 

drug costs ranked second for the 3HP (34%) and pediatrics 6H (29%). Figure 3a–e shows 

composition of per-patient TPT costs by regimen and country. Regimen-and country-specific totals 

are presented in supplemental table 3.3. 

 

3.6 Discussion: 

In this multi-country comprehensive cost analysis, the total costs per-patient treated with 3HP, 6H 

(adult), 6H (children), and 3RH (children) ranged from US$35 to US$59, US$22 to US$67, US$32 

to US$80, and US$27 to US$46, respectively. Drug and human resource costs were consistently 

important drivers of cost. Activities such as consultation to initiate TPT and follow-up adherence 

and compliance monitoring were the most time-consuming and costly activities across all sites 

highlighting the importance of these activities to ensure patient comprehension and adherence. 

Overall costs were consistently further driven by drug costs, reflecting procurement processes that 

incorporate wastage, shipping, storage and customs costs. 

 

Few studies have comprehensively examined the cost of TPT in sub-Saharan Africa, and most 

available evidence captures only limited components of service delivery. Ferguson et al. (2020) 

estimated cost of delivering 3HP in Uganda was US$22.7, while Jo et al reported a cost of US$24 

per person for 3HP in Malawi; (15,24) Ryckman et al. reported 3HP costs ranging from 

approximately US$10 to US$32 across Eswatini, Lesotho, Malawi, and Uganda, with variations 

by age group. (19)   Across these studies, reported drug costs ranged from approximately US$13 

to US$15, which is comparable to our estimates. Differences in total per-patient costs are primarily 

driven by how service delivery costs were estimated. Previous studies approximated clinic costs 
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using WHO-CHOICE outpatient unit costs, which are generalised, top-down estimates of the 

average economic cost of a routine outpatient visit, yielding low per-visit cost (US$1-3).(25) In 

contrast, our study used a TB-specific, activity-based micro-costing approach directly measuring 

staff time and accounting for clinic-level overheads, consumables, and materials. Hence, these 

costs reflect a more comprehensive assessment of TPT delivery compared with previous estimates 

reported in the published literature. 

 

Both drugs and HR were critical cost drivers in our analysis, consistent with findings from previous 

studies. Among all TPT specific activities, HR costs were the primary driver of cost, aligns with 

the evidence from other settings.  A comparative costing study in Pakistan reported that clinic staff 

salaries constituted the single largest cost component of delivering TPT.(26)  Similarly, 

Mafirakureva et al., in a study conducted across nine sub-Saharan African countries (Cameroon, 

Côte d’Ivoire, DRC, Kenya, Lesotho, Malawi, Tanzania, Uganda, Zimbabwe), found that 

personnel time accounted for most intervention costs for TB treatment. (17) Alsdurf et al., using  

TAM methods across multiple countries (Benin, Ghana, Indonesia, Vietnam and Canada), also 

showed that expanding TPT-related services substantially increased healthcare worker time for 

preventive activities.(27)   

 

Importantly, these findings should be interpreted in the context of improving transparency around 

the full resources required for implementation. By capturing the actual activities and time required 

to deliver TPT services, this study aims to provide more realistic estimates that can inform program 

planning and resource allocation, rather than suggesting that TPT delivery itself is inherently 

costly. 
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Drug costs were key driver of overall TPT cost, particularly when TPT included rifapentine-based 

regimens and pediatric formulations. This aligns with prior studies showing that the cost-

effectiveness of short-course TPT regimens is highly sensitive to rifapentine price.(15,19) 

Although most TB drugs were procured through the Global Drug Facility, cross-country variation 

in drug costs persisted due to additional country-specific handling, storage, distribution, and 

administrative charges. The substantial cross-country cost variations, notably between Tanzania 

and Malawi, reflect differences in baseline salary structures and localized service delivery models, 

including clinical visit schedules and contact hours. Furthermore, these totals are influenced by 

country-specific national procurement practices for commodities and site-specific overhead 

allocation methods, rather than varying clinical protocols. By accounting for these structural 

realities, this study provides empirical cost estimates to inform future cost-effectiveness models. 

Crucially, cost alone should not guide regimen choices as shorter regimens improve adherence and 

completion. Evaluating our findings therefore requires complementary cost-effectiveness analysis 

to determine if gains in adherence outweigh the costs of short-course and child-friendly regimens. 

 

This study has several notable strengths. By combining bottom-up and top-down costing 

approaches, we captured patient-level resource use and shared facility costs. (28) The integration 

of multiple empirical time estimation methods like TAM, TEQ, and time sheets enabled 

triangulation and improved robustness of staff time cost estimates. Standardized data collection 

enhanced cross-country comparability, while country-specific patient pathways ensured that 

estimates reflected operational realities. Time data relied partly on observation and self-report, 

which may introduce recall or measurement bias, particularly in the self-reported timesheet. This 
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was addressed through the triangulation and use of different data collection modalities.(29)  While 

the study clinics operate within national frameworks as public-private partnerships following 

Ministry of Health guidelines, the transferability of these economic findings may vary across 

different healthcare settings. Core clinical delivery aligns nationwide because these sites perform 

identical mandated clinical tasks, and program logistics are largely standardized through central 

procurement. However, these results reflect specific implementation models and may not fully 

represent peripheral or rural health centers with different resources. Therefore, care is needed when 

translating these estimates to diverse healthcare environments where operational capacity or 

human resource scales differ 

 

TB preventive treatment is an important element in the END TB Strategy, and the successful scale-

up of TPT for PWH will require innovative solutions, particularly within resource-limited settings.  

This work highlights examples of efficiency-focused workforce strategies in TPT implementation. 

Task-shifting by delegating TPT initiation and follow-up to nurses may reduce reliance on higher-

cost clinical staff. (30) Integrating TPT into existing differentiated service delivery (DSD) models 

(12), such as aligning TPT visits with routine ART refill appointments, can further minimize 

personnel time and patient visits. Given that follow-up visits for adherence and AE monitoring are 

among the most time-consuming and costly components of TPT delivery, differentiated service 

delivery models incorporating enhanced adherence support, such as bidirectional messaging, could 

reduce unnecessary clinic visits by targeting in-person follow-up to individuals who require 

clinical assessment, thereby improving efficiency and optimizing health system resources.(31) In 

parallel, reducing the cost of TPT medications, especially rifapentine, is critical for sustainable 

scale-up. While recent global agreements have lowered adult 3HP to under US$10, national TB 
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programs should leverage pooled procurement mechanisms and platforms like the GDF to secure 

these lower prices.(32) Drugs procured through GDF may still incur additional national charges, 

underscoring the need to strengthen procurement and supply chain systems to reduce downstream 

costs. Together, workforce optimization, service integration, and strategic procurement can 

minimize TPT delivery cost and support progress toward ending TB. 
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Table 3.1: Cost of TPT delivery activities by country, disaggregated by cost components (human 

resources, consumables, equipment, and overheads) 

Country  Component  

Activities 

TB 

screening  

Consultatio

n to initiate 

TPT 

Treatment 

literacy 

for TPT 

TPT 

dispensing 

Complianc

e and AE 

monitoring 

Eswatini  

Overhead  $1.1 $1.6 $1.5 $0.9 $1.0 

Consumable  $0.3 $0.0 $0.0 $0.7 $0.0 

Equipment $0.0 $0.0 $0.0 $0.0 $0.0 

Human 

resource  
$0.4 $3.8 $3.6 $0.7 $2.5 

Total cost $1.8 $5.3 $5.1 $2.2 $3.5 

Lesotho 

Overhead  $0.9 $3.6 $3.9 $0.4 $3.2 

Consumable  $1.2 $0.5 $0.0 $0.4 $0.5 

Equipment $0.1 $0.2 $0.2 $0.0 $0.3 

Human 

resource  
$0.2 $3.4 $1.1 $0.2 $3.0 

Total cost $2.3 $7.7 $5.3 $0.9 $6.9 

Malawi  

Overhead  $1.4 $3.7 $2.3 $1.0 $1.8 

Consumable  $0.3 $0.2 $0.1 $0.1 $0.2 

Equipment $0.0 $0.1 $0.1 $0.0 $0.0 

Human 

resource  
$1.3 $14.7 $2.1 $0.9 $1.6 

Total cost $2.9 $18.7 $4.5 $2.0 $3.7 

Uganda 

Overhead  $0.6 $0.5 $0.5 $0.5 $0.5 

Consumable  $0.2 $0.0 $0.2 $0.0 $0.1 

Equipment $0.03 $0.02 $0.04 $0.1 $0.01 
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Human 

resource  
$1.3 $4.4 $0.7 $1.2 $4.9 

Total cost $2.1 $4.9 $1.4 $1.7 $5.5 

Tanzania 

Overhead  $0.3 $0.5 $1.9 $0.3 $0.6 

Consumable  $0.3 $0.0 $0.0 $0.2 $0.0 

Equipment $0.1 $0.0 $0.1 $0.0 $0.0 

Human 

resource  
$0.3 $0.8 $4.1 $0.2 $0.6 

Total cost $0.9 $1.3 $6.1 $0.6 $1.3 

Notes: Activity-level costs are presented by country and disaggregated into human resources, 
consumables (excluding drugs), equipment, and overheads. Costs reflect the health system 
perspective and represent the average cost per activity per participant. Total cost represents the 
sum of all cost components for each activity. Abbreviations: TB: Tuberculosis; TPT – Tuberculosis 
Preventive Treatment; AE – Adverse Event 
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Figure 3.1. Median human resource time (in minutes) spent on tuberculosis preventive treatment 
(TPT) activities in Eswatini, Lesotho, Malawi, Uganda and Tanzania. 
The figure displays the median time required by healthcare workers to complete five TPT-related 
activities: tuberculosis (TB) screening, consultation to initiate TPT, TPT dispensing, monthly 
compliance and adverse event (AE) monitoring, and treatment literacy for TPT. Dots represent the 
median time, and horizontal lines indicate the minimum and maximum values observed across 
facilities. 
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Figure 3.2. Median human resource cost (in US$) for tuberculosis preventive treatment (TPT) 
activities in Eswatini, Lesotho, Malawi, Uganda and Tanzania. 
The figure illustrates the median personnel cost incurred for five key TPT-related activities: 
tuberculosis (TB) screening, consultation to initiate TPT, TPT dispensing, monthly compliance 
and adverse event (AE) monitoring, and treatment literacy for TPT. Dots represent the median 
time, and horizontal lines indicate the minimum and maximum values observed across facilities. 
 

 

Table 3.2:  Cost per-patient treated with different TPT regimens by country (US$, 2024) 

Country  Cost of 3HP  
Cost of 6H 

(Adult) 

Cost of 6H 

(Children) 

Cost of 3RH 

(Adult) 

Cost of 3RH 

(Children)  

Eswatini  $35 $34 $32 - - 

Lesotho  $38 $27 $47 - $46 

Malawi  $59 $67 $80 - - 

Uganda $43 $41 $54 - - 

Tanzania  $27 $22 $34 $30 $27 

Notes: Costs include overhead, human resources, equipment, consumables, and drug costs, and 
reflect the health system perspective. Costs represent the total cost incurred for a participant who 
completes the full TPT regimen. Dashes indicate regimens not implemented in the respective 
country. 
Abbreviations: 3HP = 3‑month weekly isoniazid–rifapentine; 6H = 6‑month isoniazid; 3RH = 
3‑month rifampicin–isoniazid 
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Figure 3.3. Share of total per-patient cost by component for each TPT regimen, by country. Panels 
show (a) Eswatini, (b) Lesotho, (c) Malawi, (d) Uganda, (e) Tanzania. Within each panel, bars 
correspond to regimens implemented in that country—3HP, 6H (Adult), 6H (Children), and where 
available 3RH (Adult) and 3RH (Children). Bars are scaled to 100%; segments denote cost 
components (Drugs, Human resource, Overhead, Consumables, Equipment). Numbers inside 
segments are within-regimen percentages; values <3% are not displayed. 3RH (Children) is 
reported for Lesotho and Tanzania; 3RH (Adult) is reported only for Tanzania. Abbreviations: 3HP 
= 3-month once-weekly isoniazid–rifapentine; 6H = 6-month isoniazid; 3RH = 3-month 
rifampicin–isoniazid; HR = human resources. 
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3.9. Supplemental appendix 

This appendix is a part of the original submission.  

Supplemental to: Shrestha S, et al. Costs of Tuberculosis Preventive Treatment: Insights from 

Five Sub-Saharan African Countries 
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3.9.1Supplemental methods:  

3.9.1.1 Framework for calculating per-patient cost on different TPT 

To estimate the per-patient cost of TPT across different TPT regimens and populations, we mapped 

the key activities and visit schedules for each country-regimen combination. The table below 

summarizes the regimen duration, activities involved and visit frequency by country. 

 

Supplemental Table 3.1. Framework for calculating cost per individual receiving tuberculosis 
preventive treatment (TPT): Activities and calculation by country. 

Country Population & 
Regimen 

Regimen 
Duration 

Activities 
included Visit Frequency 

Eswatini 

Adults/children on 
3HP 3 months 

Screening 
 +  

Consultation  
+  

(Dispensing × # 
of visits)  

+  
(Compliance & 

AE monitoring × 
# of visits)  

+  
Treatment literacy 

Every 2 month (2 visit for 
3HP and 3 visit for 6H) Adults on 6H 6 months 

Children on 6H 6 months 

Lesotho 

Adults/children on 
3HP 3 months 

All TPT drugs dispensed 
during initiation with 
monthly follow-up visits 

Adults on 6H 6 months 
Children on 6H 6 months 
Children on 3RH 3 months 

Malawi 

Adults/children on 
3HP 3 months Month follow up visit (3 

visit for 3HP and 6 visit for 
6H) 

Adults on 6H 6 months 
Children on 6H 6 months 

Uganda 

Adults/children on 
3HP 3 months 

Every 3 month (2 visit for 
3HP and 3 visit for 6H) Adults on 6H 6 months 

Children on 6H 6 months 

Tanzania  

Adults/children on 
3HP 3 months 

Monthly follow up visit (3 
visit for 3HP and 6 visit for 
6H) 

Adults on 6H 6 months 
Children on 6H 6 months 
Adult on 3RH 3 months 
Children on 3RH 3 months 

Abbreviations: TPT – Tuberculosis Preventive Treatment; AE – Adverse Event; 6H – Isoniazid 
Preventive Therapy; 3HP – 3-month regimen of isoniazid and rifapentine; 3RH – 3-month regimen 
of rifampicin and isoniazid. 
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3.9.1.2 Details on cost data collection and cost calculation by component:  

The cost of different components was collected in the standardized data collection tools as shown 

in Supplementary_CostingSheet_S1. Figure 2 shows the cost estimation approach for TB activities 

by cost component, data source, and method.  

For overhead, the cost of building was collected from the financial records. In addition to building 

costs, annual recurrent expenditures like utilities, communication and administration costs were 

also collected from financial records. For overhead costing (building + recurrent), we used a top-

down approach, with data sourced from clinic financial records.  Building cost was annualized 

assuming a 30-year useful life and a 3% discount rate, using the WHO amortization factor of 

19.6.(21) Annual recurrent overheads were also considered, including utilities, communication, 

administration, and similar non-capital items. The allocation factor for TB services reflecting the 

TB program contributions was used to obtain the overhead share attributable to TB activities. A 

per-minute overhead rate was calculated by dividing by the facility’s operating days per year and 

hours of operation per day. Overhead cost per activity was calculated by multiplying the median 

time of the activity by the per-minute overhead cost.  

For human resource costs, the salary scale of each staff cadre was collected from financial records, 

and staff time per activity was recorded using three empirical methods: Time and Motion (TAM) 

studies, which observed healthcare workers performing TB screening, diagnosis, and TPT 

delivery; TEQ surveys completed by clinic staff to estimate activity durations; and self-reported 

Time Sheets (TS) documenting time spent on TB-related tasks. A detailed instructions document 

was developed to guide the use of these three tools, which are explained in detail in the next 

chapter, and research staff were trained using these documents. To calculate HR costs, a bottom-

up approach was used. A median time per activity was calculated from the data recorded in the 
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three tools: TAM, TS, and TEQ. Each cadre’s annual salary was converted to a per-minute salary 

using the facility’s number of working days per year and hours worked per day. 

 

Then the human resource cost per activity was calculated as: 

 

When multiple cadres contributed to an activity, the calculation was applied to each cadre and 

summed to obtain the total HR cost for that activity. 

For equipment and consumables, a comprehensive list of equipment and consumables used for 

each activity was compiled using the TEQ and cost of each equipment and consumable was 

sourced form financial records, procurement documents, or online using current market value 

when necessary. For equipment cost each equipment item was annuitized using its expected useful 

life and a 3% annualization rate. The resulting annual equipment cost was converted to a per-

minute rate using the facility’s operating days per year and hours per day (as for overhead). For 

each activity, we used the TEQ equipment list to sum the per-minute cost of all relevant items and 

then multiply this summed per-minute rate by the measured activity time to obtain the equipment 

cost per activity. For consumables, utilization was assessed according to each TB activity and 

collected in the TEQ. For each item, unit costs were sourced from facility financial records. 

TPT regimen costs were calculated using top-down and bottom-up approaches to account for 

wastage and shipping, and customs costs. Data were sourced from procurement records, and total 

dose dispersion data were collected from pharmacy records and enrollment data from Monitoring 

and Evaluation (M&E) records. Using average weights for children and adults, we determined the 

tablets per dose, then calculated total tablets per regimen by multiplying tablets per dose by the 
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treatment duration (days); multiplying by the cost per tablet yielded the total drug cost per regimen. 

In the modified top-down approach, we used dispensing data to estimate average consumption per 

patient by dividing the total number of tablets dispensed by the number of patients initiated on that 

regimen, and then multiplying this average by the cost per tablet to obtain the dispensing-based 

drug cost per regimen 

 
Supplemental Figure 3.1. Cost estimation approach for tuberculosis (TB) activities by cost 
component, data source, and method. 
This figure outlines the methodology used to estimate the cost of TB service delivery activities, 
categorized into four main cost components: overhead, equipment, consumables (including drugs), 
and human resources. For each component, the corresponding data sources are indicated, including 
financial records, time estimation tools (Time Estimate Questionnaire [TEQ], Time-and-Motion 
[TAM], and timesheets), and drug procurement or monitoring and evaluation (M&E) data. The 
methods column details how unit costs were derived, including annuitization of capital costs and 
calculation of per-minute human resource costs using median time estimates across three 
measurement methods. 
 
 
3.9.1.3 Human Resource time data collection tools and guidelines: 

This package includes the following data collection tools for economic data collection of health 

care system costs: 

 

Overhead

Equipment

Consumable 
including drugs 

Human resource

Financial records

Financial records and 
TEQ

Financial records and 
Drug procurement 

records, TEQ, Pharmacy 
and M&E data

Financial records, TAM, 
TEQ and Self reported 

timesheet

Data source Methods

Collect building and annual capital cost, annuitize 
building cost, use allocation factor for TB program 

to determine overhead cost per minute.

Collect a list of Equipment used for each activity 
from TEQ, the cost of equipment from the 

financial record, and annuitize equipment cost to 
determine cost per minute 

Collect a list of consumables used for each activity 
from TEQ, drugs used from pharmacy use a 

bottom-up and modified top-down approach to 
come up with drug cost 

Collect HR salary and calculate per minute salary 
of each staff type. Collect time for each TB 

activity from 3 methods (TAM, TEQ and TS) and 
use the median time to calculate HR cost per 

activity

Cost component
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1. Informed Consent form: Each participating HCW must sign an informed consent prior to 

any direct observation or completion of TEQ or self-reported timesheet. Reassure HCWs 

that this is not being used for performance evaluation, all responses will be anonymous, 

supervisors will not see responses and their position is not dependent on their 

participation. 

 

2. Time and motion studies (TAM): The objective of the Time and Motion Study is to 

determine a ‘normal’ or average time for a specific activity by observing exactly how 

much time is being devoted to each task of interest. TAM should be done on a typical 

clinic workday (avoid half days, days mostly scheduled for meetings, etc.). TAM should 

be conducted for the entire day’s work (i.e. follow the staff from beginning of their work 

day until end of their work day).  At least three TAM observations per clinic staff type 

identified.  

 

3. Interviews and observations of time equipment and consumables/Time estimation 

questionnaires (TEQ): These sheets are used to list the consumables and equipment used 

for each service being costed and the average time spent per patient on each relevant 

activity. During your first interview with staff, please fill one sheet per service/activity of 

interest. Ideally, we want to have 3-5 observations for each service/activity of interest 

collected from different providers (can be same staff cadre).  

 

4. Self-reported time sheet: The self-reported time sheet can be completed by the health care 

worker at the end of each day for a typical week or the research staff can help facilitate 
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completion of the form by working with the HCW at the end of each day. Daily or 

weekly reminders can be very helpful in encouraging timely completion. Research staff 

should review the timesheet and instructions for completion during the consent and TEQ 

interview. 

 

TB GAPS TIME AND MOTION STUDY FORMS (TAMs) 

Time and Motion Studies are useful to determine a ‘normal’ or average time for a specific 

activity by observing exactly how much time is being devoted to each task of interest. 

• TAM should be done on a typical clinic workday (avoid half days, days mostly scheduled 

for meetings, etc.).  

• TAM should be conducted for the entire day’s work (i.e. follow the staff from beginning 

of their work day until end of their work day).   

• Please stay outside the clinical room or out of earshot to maintain provider client privacy 

and confidentiality. 

• Please collect at least three TAM observations per clinic staff type identified.  

• Please scan all the hard copy and share with uOttawa team every week.  

 

EXAMPLE SCRIPT 

Thank you for your willingness to participate in the TAM measurements today. As you can see 

on this sheet [show TAM form], I will be recording the exact time that you begin and end an 

activity.  For example, if a patient comes into your clinic room at 9:37am, I will write that down 

and then when the patient leaves the room at 9:52am. I will note that time as the end of the 

patient encounter. I will always wait outside the consultation room, so once the consultation has 
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ended, please tell me the type of patient activity so I can record it on the form. You can then 

continue on to your next task.   

 

I will be here for the entire workday, and will need to note when you take breaks (for tea or 

coffee, lunch, personal time, or to use the restroom), but I do not need to know what you are 

doing during this time. This information will not be provided to supervisors or management. It 

may not be obvious to me when you are taking a break, so please let me know when you are 

starting a break so I will know not to follow you, or attribute the time to a clinical activity.    

 

Lastly, I have an additional questionnaire and time sheet that I will need to ask you about your 

typical work activities [show other forms]. If there is a good time, such as lunch, for me to ask 

these questions please let me know.  

 

Do not hesitate to ask me questions throughout the day. Again, thank you for your participation 

in these TAM measurements 

 

INTERVIEWS & OBSERVATIONS OF TIME, EQUIPMENT AND CONSUMABLES 

(TEQs) 

These sheets are used to list the consumables and equipment used for each service being costed.  

We also ask about average time spent per patient on each relevant activity before the 

implementation of TB GAPs project (Pre-TB GAPs) and after the implementation of TB GAPs 

(Post TB GAPs).   
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During your first interview with staff, please fill one sheet per service/activity of interest. Ideally, 

we want to have 5 observations for each service/activity of interest collected from different 

providers (can be same staff cadre).  

 

SELF REPORTED TIME SHEETS  

The self-reported time sheet can be completed by the health care worker at the end of each day 

for a typical week or the research staff can help facilitate completion of the form by working 

with the HCW at the end of each day. Daily or weekly reminders can be very helpful in 

encouraging timely completion. Research staff should review the timesheet and instructions for 

completion during the consent and TEQ interview. 

• Please collect at least five-time sheet per clinic staff type identified.  

• Please scan all the hard copy and share with uOttawa team every week.  

 
3.9.1.3.1 TB GAPS economic data collection tool: TAM 
 
ENTER CODE FOR STAFF TYPE, TIME IN AND OUT, AND CODES OF ANY SERVICE PROVIDED. PLEASE USE ONE SHEET FOR 

ONE STAFF.  

Number STAFF 
CODE 

TIME 
IN 

TIME 
OUT 

SERVICE 
CODE 

SERVICE 
CODE 

SERVICE 
CODE 

Date & Clinic:   
  

Arrival time             
Activity 1             
Activity 2             
Activity 3             
Activity 4             
Activity 5             
Activity 6             
Activity 7             
Activity 8             
Activity 9             
Activity 10             
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Activity 11             
Activity 12             
Activity 13             
Activity 14             
Activity 15             
Activity 16             
Activity 17             
Activity 18             
Activity 19             
Activity 20             
Activity 21             
Activity 22             
Activity 23             
Time exiting             

Note: These sheet needs to be completed and shared within one week.  

 

Baylor COE  
STAFF   CODE SERVICE CODE 

Triage nurse A Triage 1 
Prescribing nurse/Nurse clinician B Consultation to prescribe TPT 2 
Adherence counseling/ Nurse C Consultation to rule out TB   3 
Pediatrician D Consultation to diagnose TB and initiate TB 

treatment 4 

Clinical officer E Non-TB related consultation  5 
Pharmacy supervisor /Pharmacy 
technician F Sputum collection 6 

Pharmacy assistant G Sputum induction  7 
Nutritionist H TPT dispensing  8 
Psychosocial counselor  I ATT dispensing  9 
Social worker  J Monthly compliance and AE monitoring of TPT  10 
Community health worker K Monthly compliance and AE monitoring of ATT 11 
Peer supporter L Consultation to initiate TPT / Adherence 

counseling for TPT 12 

 M Adherence counseling for ATT 13 

  N Adherence counseling for ART and other non-TB 
medications  14 

  O Nutrition consultation for severely malnourished 
individuals  15 

  P Nutrition consultation for moderately 
malnourished individuals  16 

  Q Nutrition consultation for those with non-
malnourished individuals 17 

  General psychosocial consultation  18 
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    Psychosocial consultation for Active TB 
individuals  19 

  Psychosocial consultation for non-TB related 
individuals  20 

  Phone call for active TB related issues   21 
  Phone call for latent TB related issues   22 
  Phone call for non-TB related issues  23 
  Community visits for active TB related issues   24 
  Community visits for latent TB related issues   25 
  Outreach community visit- non-TB related issue 26 
  Admin work (record keeping, email etc.) 27 
  Break/Lunch 28 
  Training  29 

  Focused Assessment with Sonography for HIV-
associated tuberculosis (FASH) test   30 

   33 
 

 

 

3.9.1.3.2 TEQ: Observations, Equipment and Consumables 
Service: …………………………….. 

Type of provider: ……………………..      

Date: ……………………….. 

Average time spent per client: ………..… Min: ………………… Max: ……………… 

Category Description Details Quantity 

Consumables 

      
      
      
      
      
      
      
      
      

Equipment 
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Drugs 

      
      
      
      
      
      
      
      
      
      

 
 
 
 
3.9.1.3.3 Self-reported Time Sheet 
 
This time sheet is intended for   

Type of health care professional   
Month & Year  
Involved in TB Gaps (please tick the correct response):   Yes              No   

 

 

   Bre
ak 

Train
ing  

Adm
in 
work 
(reco
rd 
keepi
ng, 
email 
etc.) 

 Oth
er/ 
Non 
TB 
relat
ed 
Wor
k  

  
Tot
al 

tim
e 

(mi
ns) 

Num
ber 
of 

patie
nts 

seen  

Tot
al 

tim
e 

spe
nt 

Num
ber 
of 

patie
nts 

seen  

Tot
al 

tim
e 

spe
nt 

Num
ber 
of 

patie
nts 

seen  

Tot
al 

tim
e 

spe
nt 

Tot
al 

tim
e 

spe
nt 

Total 
time 
spent 
(min

s) 

Total 
time 
spent 
(min

s) 

Tota
l 

time 
spen

t  
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(mi
ns) 

(mi
ns) 

(mi
ns) 

(mi
ns) 

(mi
ns) 

Monday 7.30 - 
13.00                       
Monday 13.00 – 
16.00                       
Tuesday 7.30 - 
13.00                       
Tuesday 13.00 – 
16.00                       
Wednesday 7.30 
- 13.00                       
Wednesday 
13.00 – 16.00                       
Thursday 7.30 - 
13.00                       
Thursday 13.00 
– 16.00                       
Friday 7.30 - 
15.00                       

*Please insert time in minutes 
 
 
3.9.2. Supplemental results 
 
Supplemental Table 3.2: Drug costs of different TPT regimens by country 

Country Cost (3HP) 
Cost 6H 
(300mg 
Adult) 

Cost 6H 
(100mg 
Child) 

Cost of 3RH 
(Adult) 

Cost of 3RH 
(Child) 

Eswatini $11 $4 $3 - - 
Lesotho $15 $4 $24 - $23 
Malawi $14 $3 $15 - - 
Uganda $15 $3 $16 - - 
Tanzania $13 $3 $14 $16 $13 

Abbreviations: TPT – Tuberculosis Preventive Treatment; 6H – Isoniazid Preventive Therapy; 3HP 
– 3-month regimen of isoniazid and rifapentine; 3RH – 3-month regimen of rifampicin and 
isoniazid. 
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Supplemental Table 3.3: Share of total per-patient cost by component for each TPT 
regimen, by country 

Country 
Cost 

componen
t 

Cost of 3HP  Cost of 6H 
(Adult)  

Cost of 6H 
(Children)  

Cost 
of 

3RH 
(Adult

)  

Cost of 
3RH 

(Children)  

Eswatini 

Overhead  8 (22.9%) 9.9 (29.2%) 9.9 (30.7%)     
Consumab

le  1.6 (4.7%) 2.3 (6.8%) 2.3 (7.1%)     

Equipment 0.1(0.3%) 0.1(0.4%) 0.1(0.4%)     
Human 
resource  

14.1 
(40.5%) 

17.2 
(50.8%) 

17.2 
(53.5%)     

Drugs 11(31.6%) 4.4 (12.9%) 2.7 (8.3%)     
Total cost $35  $34  $32      

Lesotho 

Overhead  11.9 
(31.2%) 

11.9 
(44.2%) 

11.9 
(25.3%)   11.9 

(25.6%) 
Consumab

le  2.6 (6.7%) 2.6 (9.5%) 2.6 (5.4%)   2.6 (5.5%) 

Equipment 0.8 (2%) 0.8 (2.9%) 0.8 (1.7%)   0.8 (1.7%) 
Human 
resource  7.9 (20.8%) 7.9 (29.4%) 7.9 (16.8%)   7.9 (17.1%) 

Drugs 15 (39.3%) 3.8 (14.1%) 24 (50.9%)   23.3 
(50.1%) 

Total cost $38  $27  $47    $46  

Malawi  

Overhead  $16.7 
(28.3%) 

$26.5 
(39.3%) 

$26.5 
(33.3%)     

Consumab
le  $1.2 (2%) $1.7 (2.6%) $1.7 (2.2%)     

Equipment $0.4 (0.8%) $0.7 (1.1%) $0.7 (0.9%)     
Human 
resource  

$26.4 
(44.8%) 

$35.2 
(52.2%) 

$35.2 
(44.3%)     

Drugs $14.3 
(24.2%) $3.2 (4.8%) $15.4 

(19.3%)     

Total cost $59  $67  $80      

Uganda 

Overhead  3.7 (8.6%) 4.7 (11.6%) 4.7 (8.8%)     
Consumab

le  0.6 (1.5%) 0.8 (1.9%) 0.8 (1.4%)     

Equipment 0.1 (0.3%) 0.1 (0.3) 0.1 (0.2%)     
Human 
resource  

23.8 
(55.4%) 

32.5 
(79.5%) 

32.5 
(60.1%)     

Drugs 14.7 
(34.3%) 2.7 (6.7%) 15.9 

(29.5%)     
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Total cost $43  $41  $54      

Tanzania 

Overhead  $5.5 (20%) $8.3 (37%) $8.3 (25%) $5.5 
(18%) $5.5 (20%) 

Consumab
le  $0.8 (3%) $1.2 (5%) $1.2 (4%) $0.8 

(3%) $0.8 (3%) 

Equipment $0.3 (1%) $0.4 (2%) 0.4 (1%) $0.3 
(1%) $0.3 (1%) 

Human 
resource  $7.6 (28%) $10.0 (44%) $10.0 (30%) $7.6 

(25%) $7.6 (28%) 

Drugs $13.1 (48%) $2.6 (12%) $13.8 (41%) $15.7 
(53%) $15.7 (48%) 

Total cost $27  $22  $34  $30  $27  

All 
countries  

Average 
total cost 
(min and 

max) 

$43 ($35-
$55) 

$41 ($27-
$64) 

$52 ($32-
$76) $30  $37 ($27-

$46) 

Abbreviations: TPT – Tuberculosis Preventive Treatment; 6H – Isoniazid Preventive Therapy; 3HP 
– 3-month regimen of isoniazid and rifapentine; 3RH – 3-month regimen of rifampicin and 
isoniazid. 
 
 

 
Supplemental Figure 3.2: Summary of time data collected using three data collection tools 
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Supplemental Figure 3.3: Panels A–E show country-specific costs for five TPT service 
activities: 
Panels show (a) Eswatini, (b) Lesotho, (c) Malawi, (d) Uganda, (e) Tanzania. TB screening, 
consultation to initiate TPT, TPT dispensing, monthly compliance and adverse-event (AE) 
monitoring, and treatment literacy for TPT. Stacked bars display the share of each cost 
component—Human resource, Overhead, Consumable, and Equipment—with bar heights 
indicating the absolute cost (US$) for that activity. Note that y-axis scales differ by panel to reflect 
country-specific magnitudes. 
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Supplemental Figure 3.4: Cost ranges for TPT regimens across five countries. This figure 
displays the median, minimum, and maximum costs (USD) per patient for completing various TPT 
regimens across Eswatini, Lesotho, Malawi, Tanzania, and Uganda, derived from the TB GAPs 
micro-costing study. Error bars represent the observed minimum and maximum values. 
 
 
 
Supplemental Table 3.4: CHEERS checklist for economic studies 

Topic No. Item Location where 
item is reported 

Title    
1 Identify the study as an economic evaluation and specify the 

interventions being compared. 
Title page  

Abstract    
2 Provide a structured summary that highlights context, key 

methods, results, and alternative analyses. 
Abstract 

Introduction    
Background and objectives 3 Give the context for the study, the study question, and its 

practical relevance for decision making in policy or practice. 
Yes, background 

section  
Methods    
Health economic analysis plan 4 Indicate whether a health economic analysis plan was 

developed and where available. 
Yes, methods 

section 
Study population 5 Describe characteristics of the study population (such as age 

range, demographics, socioeconomic, or clinical 
characteristics). 

Yes, methods 
section 

Setting and location 6 Provide relevant contextual information that may influence 
findings. 

Yes, methods 
section 

Comparators 7 Describe the interventions or strategies being compared and 
why chosen. 

Yes, methods 
section 

Perspective 8 State the perspective(s) adopted by the study and why 
chosen. 

Yes, methods 
section 
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Topic No. Item Location where 
item is reported 

Time horizon 9 State the time horizon for the study and why appropriate. Not Applicable  
Discount rate 10 Report the discount rate(s) and reason chosen. Not Applicable  
Selection of outcomes 11 Describe what outcomes were used as the measure(s) of 

benefit(s) and harm(s). 
Yes, methods 

section 
Measurement of outcomes 12 Describe how outcomes used to capture benefit(s) and 

harm(s) were measured. 
Yes, methods 

section 
Valuation of outcomes 13 Describe the population and methods used to measure and 

value outcomes. 
Yes, methods 

section  
Measurement and valuation of 
resources and costs 

14 Describe how costs were valued. Yes, methods 
section 

Currency, price date, and 
conversion 

15 Report the dates of the estimated resource quantities and unit 
costs, plus the currency and year of conversion. 

Yes, methods 
section 

Rationale and description of 
model 

16 If modelling is used, describe in detail and why used. Report 
if the model is publicly available and where it can be 
accessed. 

Not Applicable  

Analytics and assumptions 17 Describe any methods for analysing or statistically 
transforming data, any extrapolation methods, and 
approaches for validating any model used. 

Not Applicable  

Characterising heterogeneity 18 Describe any methods used for estimating how the results of 
the study vary for subgroups. 

Yes, methods 
section 

Characterising distributional 
effects 

19 Describe how impacts are distributed across different 
individuals or adjustments made to reflect priority 
populations. 

Yes, methods 
section 

Characterising uncertainty 20 Describe methods to characterise any sources of uncertainty 
in the analysis. 

Not Applicable  

Approach to engagement with 
patients and others affected by 
the study 

21 Describe any approaches to engage patients or service 
recipients, the general public, communities, or stakeholders 
(such as clinicians or payers) in the design of the study. 

Not Applicable  

Results    
Study parameters 22 Report all analytic inputs (such as values, ranges, references) 

including uncertainty or distributional assumptions. 
Yes, results 

section 
Summary of main results 23 Report the mean values for the main categories of costs and 

outcomes of interest and summarise them in the most 
appropriate overall measure. 

Yes, results 
section  

Effect of uncertainty 24 Describe how uncertainty about analytic judgments, inputs, 
or projections affect findings. Report the effect of choice of 
discount rate and time horizon, if applicable. 

Not Applicable  

Effect of engagement with 
patients and others affected by 
the study 

25 Report on any difference patient/service recipient, general 
public, community, or stakeholder involvement made to the 
approach or findings of the study 

Not Applicable  

Discussion    
Study findings, limitations, 
generalisability, and current 
knowledge 

26 Report key findings, limitations, ethical or equity 
considerations not captured, and how these could affect 
patients, policy, or practice. 

Yes, discussion 
section 

Other relevant information    
Source of funding 27 Describe how the study was funded and any role of the 

funder in the identification, design, conduct, and reporting of 
the analysis 

Yes 

Conflicts of interest 28 Report authors conflicts of interest according to journal or 
International Committee of Medical Journal Editors 
requirements. 

Yes 

  
From: Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic 
Evaluation Reporting Standards 2022 (CHEERS 2022) Explanation and Elaboration: A Report 
of the ISPOR CHEERS II Good Practices Task Force. Value Health 2022;25. 
doi:10.1016/j.jval.2021.10.008 
 

doi:10.1016/j.jval.2021.10.008


128 
  

 

 

 

Chapter 4: 
 
Evaluating person-centered tuberculosis preventive treatment delivery approach among 
people with HIV in Eswatini: a cost-effectiveness analysis 
 
 
 
 
 

Suvesh Shrestha1, Olivia D’Silva1, Rose Mary Tazinya Asong1, Anca Vasiliu2, Nompumelelo 
Olive Mzizi2, Debrah Vambe2,3, Nokwanda Kota2,3, Phumzile Dlamini3, Alexander Kay2,3, Anna 

Mandalakas2, Alice Zwerling1 
 
 

1 School of Epidemiology and Public Health, University of Ottawa, Ottawa, Canada 
2 Baylor College of Medicine and Texas Children’s Hospital, Houston, USA 

3 Baylor College of Medicine Children’s Foundation, Mbabane, Eswatini 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



129 
  

4.1: Preface  

This chapter presents the manuscript titled “Evaluating shared decision-making and enhanced 

adherence support for tuberculosis preventive treatment among people with HIV in Eswatini: a 

cost-effectiveness analysis.” This manuscript addresses the third research objective of this thesis: 

to evaluate the cost-effectiveness of alternative TPT delivery strategies designed to improve 

treatment completion and health outcomes in high-burden settings. 

 

Building upon the empirical costing data presented in Chapter 3, this study developed a hybrid 

decision-analytic model integrating a decision tree and a Markov model to compare four 

tuberculosis preventive treatment (TPT) delivery strategies: (1) standard of care, (2) 3HP for all 

eligible age groups, (3) TPT with shared decision-making (SDM), and (4) hypothetical scenario 

of proving TPT with shared decision-making combined with enhanced adherence support (SDM 

+ EAS). The decision tree component captured short-term treatment initiation and completion 

outcomes, while the Markov model projected long-term health and economic consequences, 

including progression to active tuberculosis and associated costs and disability-adjusted life years 

(DALYs). 

 

To our knowledge, this is the first economic evaluation to assess the cost-effectiveness of 

integrating shared decision-making and structured adherence support within TPT delivery using a 

hybrid modelling framework in high-burden settings. 

 

The manuscript has been finalized and approved by all co-authors and is being prepared for 

submission to a peer-reviewed journal. 
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4.2 Abstract: 

Background: Improving uptake and completion of TB preventive treatment (TPT) among people 

with HIV (PWH) remains paramount to reducing TB incidence and mortality. Shortened TPT 

regimen and person-centred care strategies such as shared decision-making (SDM) and enhanced 

adherence support (EAS) have the potential to increase initiation and completion rates, but their 

economic value has not been comprehensively evaluated. We evaluated the cost-effectiveness of 

these person-centred interventions within the Closing TB GAPs study, a multinational 

implementation study among PWH. 

 

Methods: We developed a hybrid decision-analytic Markov model to evaluate three strategies 

among PWH eligible for TPT: (1) standard of care (SoC; 6 months of isoniazid [6H] for children 

≤9 years and three months of weekly isoniazid–rifapentine [3HP] among other age groups), (2) 

universal 3HP for all age groups, (3) TPT with shared decision making. Model parameters were 

primarily informed by local programmatic and trial data from the TB GAPs study, supplemented 

with published literature where necessary. The primary outcome was incremental cost per 

disability-adjusted life year (DALY) averted, and uncertainty was assessed using probabilistic and 

deterministic sensitivity analyses, alongside alternative scenario analyses.  

 

Results: Both interventions (universal 3HP and shared decision making) increased costs and 

improved health outcomes compared to SoC. Universal 3HP averted 17 TB cases and 1 TB death 

per 1,000 PWH, with an incremental cost-effectiveness ratio (ICER) of $105 per DALY averted. 

TPT provided with shared decision making averted 29 TB cases and 3 TB deaths per 1,000 PWH, 
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yielding an ICER of $125 per DALY averted. At a willingness-to-pay threshold of $780 per DALY 

averted, both strategies were cost-effective.  

 

Conclusions: Universal access to 3HP and inclusion of person-centred shared decision-making as 

a part of the TPT delivery approach improve health outcomes and are cost-effective compared to 

standard care. Public health programs should prioritize universal scale-up of 3HP and inclusion of 

shared decision-making within the routine TPT program.  
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4.3 Background: 

Tuberculosis (TB) remains major public health problem globally, with more than 10 million new 

cases diagnosed each year.(1) Although TB is both curable and preventable, it is the leading cause 

of death among people with HIV (PWH).(2) The TB burden is particularly high in sub-Saharan 

Africa, where HIV co-infection amplifies the risk of progressing from Mycobacterium tuberculosis 

infection to TB disease and mortality.(2,3) By weakening the host immune system, HIV increases 

vulnerability to TB, and PWH are about 15–21 times more likely to develop TB disease than people 

without HIV.(4) This elevated risk highlights the importance of TB Preventive Treatment (TPT), 

which effectively reduces the individual’s risk of progressing to TB disease .(5,6) Accordingly, 

TPT is a critical component of the World Health Organization (WHO) End TB Strategy, and WHO 

recommends that all PWH aged one year and older with no TB disease should be offered TPT.(7–

9) Despite these recommendations, only 58% of eligible PWH initiated TPT in 2024, well below 

the global target of 90% coverage by 2027.(1) Uptake of TPT remains particularly limited among 

children and adolescents with HIV (CAWH), who face a disproportionately high burden of TB due 

to immune suppression and social vulnerabilities.(10–12) TB remains among the leading causes 

of death in CAWH, mainly in the Sub-Saharan Africa region, which accounts for 36% of child TB 

deaths globally.(13) 

 

For decades, daily isoniazid for 6 months (6H) was the standard TPT regimen (14), but its 

characteristically low completion rate has limited its effectiveness.(15) Informed by a growing 

body of evidence demonstrating non-inferiority and improved completion rates, WHO now also 

recommends shorter once-weekly isoniazid plus rifapentine for 3 months (3HP), three months of 

daily rifampicin/isoniazid (3HR), and one month of daily rifapentine/isoniazid (1HP).(5)  Seminal 
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studies relevant to children and PWH have shown that 3HP is noninferior to 6H in children (16,17), 

and 1HP is well tolerated among PWH.(18) 

 

Despite clinical advantages, adherence and implementation challenges persist.(19) Even when 

TPT is initiated, a considerable proportion of patients fail to complete treatment.(20–24) A key 

contributor is the continued use of a “one-size-fits-all” approach to TB prevention, which does not 

reflect the needs of different groups.(25) In HIV care, similar challenges have been addressed 

through person-centered care models (26), which adapt how care is provided based on the needs 

and preferences of different groups.(27,28) These approaches may include shared decision-making 

between providers and patients and enhanced adherence support (EAS) interventions.  

 

SDM is a core element of person-centred care where providers and patients jointly choose a 

regimen that aligns with clinical needs, preferences and daily realities.(29) The WHO People-

Centred TB Care Framework emphasizes SDM as essential for improving treatment acceptability 

and completion.(30) Recent discrete choice experiment evidence among PWH in Uganda suggests 

that offering TPT regimens aligned with patient preferences, including lower pill burden and 

compatibility with antiretroviral therapy, may substantially improve treatment uptake.(31,32)  

 

EAS interventions, including mobile short message services and voice call reminders, have 

demonstrated benefits for ART adherence.(33) A meta-analysis of randomised trials by Wald et al. 

found that two-way text messaging was associated with a 23% relative improvement in 

medication adherence (RR 1.23, 95% CI 1.13–1.35, p = 0.007).(34)  Similar benefits have been 

observed in HIV care, where bidirectional messaging improves adherence and appointment 
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outcomes; Kibu et al. found a significant increase in adherence among HIV/TB patients when 

combined one-way and two-way SMS was used.(35–39) However, evidence for TPT is mixed. 

Johnston et al. found no benefit from two-way SMS for TPT adherence, (40) and a recent 

systematic review concluded that digital adherence technologies offer only modest and uncertain 

improvements, with no consistent effect on TB treatment completion.(41) 

 

Economic evidence on TPT has primarily focused on comparisons between preventive therapy 

regimens rather than delivery strategies that support adherence. Evidence suggest that 3HP can be 

cost-effective in high-burden settings if rifapentine prices are sufficiently reduced and completion 

rates are high.(42) A multi-country analysis further indicated that scaling up short-course TPT for 

PWH and household contacts across 29 high-incidence countries would reduce tuberculosis 

incidence and be cost-effective in most settings.(43) Similar findings have been reported for 

scaling up short-course preventive therapy among children across multiple high-burden 

countries.(44) However, existing analyses focus on regimen comparisons and often do not 

incorporate the programmatic costs of adherence support or patient engagement strategies.(36–39) 

To address this evidence gap, this study evaluates the cost-effectiveness of two TPT delivery 

strategies: universal 3HP and TPT with shared decision-making, compared to standard-of-care 

TPT among people with HIV in Eswatini. Because the evidence for EAS in TPT is conflicting and 

uncertain (with some studies showing promise in HIV care but others finding no benefit for TPT), 

we do not include EAS in the main conclusions. To explore the exact conditions under which EAS 

becomes a viable addition, we conducted a scenario analysis evaluating its cost-effectiveness 

threshold. Additionally, based on HIV literature, we modelled an optimistic scenario assuming a 

15% absolute improvement in TPT to illustrate the potential impact of a highly effective future 
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intervention. These analyses are conducted within the Closing-TB GAPs for people living with 

HIV (TB GAPs) study, a multi-country study conducted across high TB–HIV burden settings.(45)  

 

4.4 Methods:  

4.4.1 Study Design and Setting 

This cost-effectiveness study was nested within the TB GAPs study designed to evaluate novel TB 

screening and diagnostic strategies, assess the impact of differentiated service delivery models on 

TPT uptake and completion, and examine the cost-effectiveness of these interventions.(45) The 

present analyses focuses on the site in Eswatini, a country where 66% of new or relapse TB cases 

are individuals living with HIV. (46) 

 

We developed a hybrid decision-analytic Markov cohort model to simulate TPT delivery among 

PWH who attended TB/HIV clinics affiliated with the Baylor Global TB program in Eswatini. The 

target population are PWH (on ART) who are eligible for TPT according to national guidelines. 

(47) Eligibility follows WHO recommendations: all symptom-negative PWH are offered TPT 

without routine IGRA or TST testing. Eligible groups include newly diagnosed individuals, those 

with detectable viral load, and patients returning to care after loss to follow-up, all of whom have 

an increased risk of underlying TB infection. 

 

 

The population was stratified by three age group: 9 years and below, 10 to 19 years, and 20 years 

and older.  The population was stratified to account for the differences in TB progression risk and 

likelihood of treatment-related adverse events across age strata.  
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We estimate the incremental costs, effectiveness and cost-effectiveness of TPT delivered under 

different strategies as shown in supplemental table 1. Strategy 1, where the standard of care for 

TPT provision in Eswatini is followed. Among children (9 years and below), 6H is recommended, 

whereas, among the 10 to 19 years and 20 years and older age groups, 3HP was the standard 

regimen. This strategy does not involve any shared decision-making, and no EAS is provided. In 

strategy 2, we model all age groups receiving 3HP, as the country is planning to introduce 3HP 

among children as well. For strategy 3, we assessed TPT provided with SDM as a part of person-

centred care, where individuals 10 to 19 years and 20 years and older have the option to choose 

between 3HP and 6H. Finally, in strategy 4 (ie hypothetical scenario analysis), we assess TPT with 

SDM as in strategy 3, but also with EAS, where bidirectional messaging and weekly reminders 

supported TPT completion. Because evidence for EAS in TPT is mixed and uncertain, this strategy 

is not part of the main conclusions; it assumes an optimistic 15% absolute improvement in TPT 

completion.  

 

4.4.2 Modelling 

We developed a hybrid decision-analytic model comprising an initial decision tree, followed by a 

Markov state-transition model to evaluate the cost-effectiveness of alternative TPT delivery 

strategies, as shown in supplemental table 4.1. The decision tree captured short-term events 

following clients eligible for TPT, initiation, adverse events and treatment completion, accounting 

for all associated costs. The subsequent Markov component projected long-term outcomes, 

allowing for progression to TB disease and death due to TB or natural progression where relevant. 

TPT efficacy was modelled as a sustained reduction in the risk of progression to TB disease over 
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the individual’s lifetime in the base-case analysis. Age-specific probabilities of AEs, progression 

to TB disease and mortality were applied and allowed to vary over time. (Figure 4.1) 

 

4.4.3 Time Horizon and Perspective 

The model followed participants over a lifetime horizon, with six-month cycle lengths, to allow 

sufficient time for the development of TB disease and downstream outcomes. The analysis was 

conducted from the healthcare system perspective. Costs and health outcomes were discounted at 

an annual rate of 3%, in accordance with international economic evaluation guidelines. 

 

4.4.4 Model parameters:  

4.4.4.1 Epidemiological Parameters  

Model epidemiological parameters were primarily informed by local programmatic and trial data 

from the TB GAPs study, supplemented with published literature where necessary. TPT initiation 

probabilities were obtained from local programmatic data and published literature for standard-of-

care strategies, while probabilities of initiating different TPT regimens under strategies 

incorporating SDM were derived from TB GAPs study data.(43,48–51) Treatment completion 

probabilities were also informed by published literature and the TB Gaps study. Parameters related 

to adverse events, TPT efficacy, and mortality were derived from published literature, including 

the probability of death following severe AEs, death due to TB disease, and death from other 

causes. The details of all the model parameters and their references are provided in Table 4.1. 
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4.4.4.2 Cost Parameters 

A comprehensive costing study was conducted as part of the TB GAPS project. We used the micro 

costing approach to calculate the cost of different components like overheads, human resources, 

equipment, consumables and drugs. Specific details of the costing methodology and results are 

available in a previously published piece Shrestha et al, 2026. This study provided detailed per-

person costs for different TPT regimens, enhanced adherence support (EAS), and treatment 

activities. Costs related to the management of mild to moderate and severe adverse events (AEs) 

and the cost of antiretroviral therapy (ART) were obtained from published literature. In addition, 

a systematic review was conducted on the cost and cost-effectiveness of TPT to supplement the 

cost estimates, as shown in Table 4.1. All costs were expressed in 2024 United States dollars 

(USD), with values originally reported in local currencies first adjusted to 2024 price levels using 

country-specific inflation indices and then converted using the average 2024 exchange rates. (52) 

 

4.4.5 Assumption:  

The model assumed that all TPT-eligible individuals have tuberculosis infection. This 

programmatic simplification was made in consultation with the Eswatini National TB/HIV 

Programme team, as all eligible individuals are considered a high-risk group, and it follows 

Eswatini’s national policy of offering TPT to everyone who is symptom-negative without any 

further test to rule out TB infection. We assumed there was no reinfection, as the analysis focuses 

on the incremental differences between TPT delivery strategies in a cohort already presumed to 

have TB infection. TPT was assumed to provide lifetime protection against TB, although scenario 

analyses varied the protection duration (5, 10, 20 years, and lifetime) to test this assumption and 

as proxy to reinfection. In the absence of empirical data on treatment completion for strategies 
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incorporating EAS, we assumed a 15% absolute increase in treatment completion among 

individuals enrolled in EAS. This assumption reflects optimist estimate of the potential benefit of 

EAS and was partly informed by evidence from published studies evaluating bidirectional 

messaging interventions in antiretroviral therapy among people with HIV. (35–39)  In addition, the 

model assumed that all individuals in the cohort were receiving antiretroviral therapy (ART). 

Among those who progressed to active TB disease, we assumed that all cases were diagnosed and 

subsequently initiated on appropriate TB treatment. 

 

4.4.6 Analysis 

The primary outcome was the incremental cost-effectiveness ratio (ICER), expressed as the 

incremental cost per DALY averted. In addition, a sequential incremental analysis was conducted 

in which strategies were ordered by increasing cost and compared with the next least costly 

alternative to assess the additional cost per additional health benefit gained. Secondary outcomes 

included additional TB cases averted, and deaths averted, as well as incremental cost per death 

averted and per TB case averted.  

 

Cost-effectiveness was primarily evaluated by reporting ICERs rather than applying a fixed 

willingness-to-pay threshold, allowing decision-makers to interpret results across a range of 

potential thresholds. Net monetary benefit was subsequently calculated using a reference threshold 

of $780 per DALY averted (approximately 20% of Eswatini’s GDP per capita), reflecting an 

opportunity cost–based estimate (53–55), and was used in two-way deterministic sensitivity 

analyses. 
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4.4.7 Uncertainty, sensitivity and scenario analysis 

To address parameter uncertainty, we used probabilistic sensitivity analysis with 10,000 Monte 

Carlo sampling to generate 95% uncertainty range (UR). One-way deterministic sensitivity 

analysis was conducted on the parameter that had the greatest influence on ICER, and the results 

were presented using tornado diagrams.  We also conducted a two-way deterministic sensitivity 

analysis jointly varying the cost of EAS and the incremental improvement in treatment completion 

attributable to EAS to evaluate how variations in the cost and effectiveness of EAS would 

influence cost-effectiveness.  

A separate hypothetical scenario analysis was conducted to assess the potential impact of adding 

EAS to SDM, assuming an optimistic 15% absolute improvement in TPT completion rate. In 

addition, a series of scenario analyses was conducted to assess the structural uncertainty 

surrounding key assumptions in the model. In each of these scenarios, the four strategies were 

evaluated: SoC, universal 3HP, TPT with SDM, and TPT with SDM + EAS (the latter as a 

hypothetical scenario).  First, we conducted a scenario analysis with 30% prevalence of TB 

infection among the TPT-eligible population to assess the impact of a lower TB infection 

prevalence among those initiated on TPT. Second, the annual TB progression rate in the first two 

years was reduced from 7% to 3.5% (while the 2% annual rate thereafter remained unchanged) to 

test a more conservative estimate of early TB risk. Third, the efficacy of 6H was decreased from 

70% to 60% to examine the implications if 6H were less effective than other regimens. Fourth, the 

duration of TPT protection after treatment completion was varied across five scenarios: no 

protection, 5-year protection, 10-year protection, and 20-year protection, which also indirectly 

captured the potential impact of reinfection. Fifth, shared decision-making (SDM) was extended 

to children aged ≤9 years, giving them a choice between 3HP and 6H instead of 6H for this age 
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group, to evaluate whether offering choice to younger children affects cost-effectiveness. Sixth, a 

higher first-year TB progression risk was examined. Finally, a scenario of incomplete TB diagnosis 

and treatment was evaluated, in which a proportion of individuals who progressed to active TB 

were assumed not to be diagnosed or not to initiate appropriate treatment, to account for real-world 

diagnostic and treatment gaps. Results of these scenario analyses are presented as ICERs per 

DALY averted compared to the SoC. 

 

4.5 Results: 

4.5.1 Incremental Cost-Effectiveness of TPT Implementation Strategies  

Compared to SoC, both strategies 1 and 2 (universal 3HP and TPT provided with SDM) were 

associated with incremental cost and incremental health gain (Table 4.2). Compared with SoC, 

Strategy 2: scaling up 3HP for all age groups resulted in an increased cost ($7) and improved health 

outcomes (0.06 DALYs averted), yielding an ICER of $105 per DALY averted. Strategy 3 (TPT 

with SDM) was associated with an incremental cost of $10 and a greater health gain (0.08 DALYs 

averted), resulting in an ICER of $124 per DALY averted (95% CI: $77-$197). The higher cost 

relative to strategy 2 was primarily driven by increased uptake of TPT through SDM, resulting in 

more individuals initiating treatment. Improved health outcomes are related to greater TPT 

coverage and a reduction in TB incidence.  

 

In the sequential analysis, strategies were ordered by increasing cost and compared incrementally 

with the next least costly alternative to estimate the additional cost per additional health benefit 

gained. In this analysis (supplemental table 4.2), the ICER was $105 per DALY averted for 

Strategy 2, and $182 for Strategy 3. No strategy was dominated in the base-case analysis. 
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4.5.2 TB cases averted  and deaths averted 

Projected health outcomes per 1,000 PWH eligible for TPT are presented in Table 4.3. Compared 

with the standard of care, all intervention strategies reduced incident TB cases and TB-related 

deaths. Strategy 2 averted 18 TB cases and 2 death per 1,000 individuals, while Strategy 3 

increased this impact to 29 TB cases and 3 deaths averted.  

 

4.5.3 Probabilistic sensitivity analysis:  

Probabilistic sensitivity analysis results are presented as cost-effectiveness acceptability curves 

(Figure 4.2), illustrating the probability that each strategy is cost-effective across a range of 

willingness-to-pay (WTP) thresholds per DALY averted. At lower WTP thresholds, SoC and 

Strategy 2 had the highest probability of being cost-effective, reflecting their lower implementation 

cost compared to other strategies. As the WTP increased, the strategy with greater health gains 

(Strategy 3) became the preferred strategy, exceeding a 50% probability of cost-effectiveness at 

approximately $180 per DALY averted and maintaining the highest probability at higher 

thresholds.  

 

In Supplemental 4.1a-b, the ICER scatterplot based on 10,000 Monte Carlo simulations presents 

the cost-effectiveness results comparing the strategy providing TPT with SDM and HP with SoC. 

Results consistently show incremental effectiveness greater than zero, indicating that both strategy 

results in improved TPT yield, and thus more DALYs averted compared to SoC.  
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4.5.4 Deterministic sensitivity analysis:  

Deterministic one-way sensitivity analyses were performed to evaluate the impact of parameter 

uncertainty on the baseline ICERs for both strategy comparisons (supplemental 4.2 a-b). For 

Strategy 1 (SoC) versus Strategy 2 (3HP all age group), where the baseline ICER was 104, the 

model was highly sensitive to the cost of a complete 6H regimen among children, followed by the 

clinical efficacy of the 6H regimen and the efficacy of the 3HP regimen across all age groups. In 

contrast, the comparison between Strategy 1 (SoC) and Strategy 3 (TPT with SDM) yielded a 

baseline ICER of 125, with the model being most sensitive to the efficacy of the 6H regimen across 

all age groups. Other notable drivers in the latter comparison included annual progression to TB 

disease among 10 years and above.  

 

4.5.5 Scenario analysis results:  

4.5.5.1 Scenario analysis: Cost effectiveness of TPT is delivered with SDM and EAS: 

We also conducted a two-way deterministic sensitivity analysis (Figure 4.3), simultaneously 

varying the cost of enhanced adherence support and the incremental increase in treatment 

completion attributable to EAS. For each combination of parameter values, net monetary benefit 

(NMB) was calculated at a willingness-to-pay threshold of $780 per DALY averted, and the 

strategy with the highest NMB was identified. The analysis demonstrated that SDM with EAS was 

the optimal strategy across a wide range of parameter combinations, particularly when the 

intervention cost was low or its clinical efficacy was high. For example, at a minimal EAS cost of 

$5 per person, an incremental completion gain of only 2% was required to make the strategy cost-

effective. However, the threshold for cost-effectiveness increased linearly with the intervention's 

cost; if the cost of EAS reached $115, the strategy required at least a 17% absolute increase in 
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treatment completion to maintain the highest NMB. Below this diagonal threshold line, the added 

expenditure of the support program was no longer justified by the health gains achieved, making 

SDM alone the preferred and most cost-effective intervention. 

 

 Building on these thresholds, we evaluated a specific hypothetical scenario assuming a 15% 

absolute improvement in treatment completion. In this analysis, the combined SDM and EAS 

strategy increased costs by $37 and averted 0.15 DALYs relative to SoC, yielding an ICER of $238 

per DALY averted (95% CI: $129–$1,420). This exploratory approach generated the highest 

population-level clinical impact, preventing 61 TB cases and 7 deaths per 1,000 individuals. While 

it outperformed both universal 3HP and TPT with SDM in absolute health gains, the increased 

incremental cost reflects the combined expenses of expanded TPT uptake and digital 

infrastructure. Conversely, the health gains are driven by higher treatment completion rates and a 

subsequent reduction in downstream TB cases (Table 4.4). 

 

The cost-effectiveness acceptability curve (CEAC) shown in supplemental figure 3 revealed that 

TPT with SDM and EAS was not cost-effective at lower thresholds, maintaining a 0% probability 

below $150 per DALY averted. However, its probability rose sharply beyond this point, indicating 

that at a WTP threshold of $250 per DALY averted or higher, more than 50% of simulated iterations 

showed SDM and EAS to be cost-effective choices. 

 

4.5.5.2 Other scenarios analysis:  

The cost-effectiveness of TPT strategies remained highly robust across most scenario analyses, 

with ICERs consistently staying well under $500 per DALY averted. The model was most sensitive 
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to the duration of TPT protection. In a conservative scenario assuming no protection after treatment 

completion, ICERs escalated sharply to $743 for 3HP, $708 for TPT with SDM, and $1,244 for 

TPT with SDM + EAS. Conversely, extending the duration of protection lowered the ICERs closer 

to base-case values (e.g., 20-year protection resulted in $119, $132, and $268 per DALY averted, 

respectively). Variations in latent TB infection (LTBI) prevalence, progression risks, and 

diagnostic gaps caused minor fluctuations but did not alter the overall economic ranking of the 

strategies. Results are presented in detail in the supplemental table 4.3. 

 

4.6 Discussion:  

Our study demonstrates that TPT strategies for people living with HIV in Eswatini – including 

universal 3HP as a regimen strategy and shared decision-making (SDM) as a person-centred 

delivery approach – are cost-effective and clinically impactful. Both strategies substantially 

improve health outcomes at an incremental cost well below local willingness-to-pay thresholds. 

Crucially, integrating shared decision-making yielded the highest health gains, nearly doubling the 

number of TB cases and deaths averted compared to a universal strategy alone. These findings 

suggest that incorporating patient preferences into TPT delivery provides an economically sound 

pathway to accelerating progress toward national TB elimination targets. 

 

In our study, universal 3HP for all age groups demonstrated health benefit with ICER of US$105 

per DALY averted, indicating that expanding access to short-course rifapentine-based regimens 

yields substantial health gains at relatively low additional cost. This finding aligns with growing 

body of evidence supporting shorter TPT regimens due to improved adherence, higher completion 

rates, and lower overall programmatic burden. More recently, Ryckman et al. modelled short-
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course TPT among household contacts and PWH across 29 high-incidence countries and 

concluded that short-course TPT is likely to be cost-effective in many settings.(43) Similarly, Jo 

et al. evaluated short-course preventive therapy delivered through contact investigation for 

children across 12 high-burden countries and reported favorable cost-effectiveness across settings, 

emphasizing that preventive therapy can yield substantial health gains when programmatically 

scaled.(44) In a high-burden modelling context, Johnson et al. demonstrated that the cost-

effectiveness of 3HP relative to isoniazid preventive therapy is highly sensitive to rifapentine price 

and completion assumptions, highlighting that the value of 3HP is fundamentally implementation-

dependent.(56) 

 

Our findings strongly support the integration of SDM as a highly effective mechanism for TPT 

delivery. Rather than relying on a rigid, top-down clinical mandate, SDM alone generated 

substantial health gains over the standard of care, with an ICER of US$125 per DALY averted. 

This economic and clinical viability aligns with extensive behavioural health literature 

demonstrating that SDM significantly improves treatment uptake, patient activation, and early 

treatment adherence.(57) By actively engaging patients, explaining risks and benefits, and aligning 

care with individual lifestyle preferences, SDM transforms the preventive treatment process into a 

collaborative effort. While pairing SDM with intensive EAS yields the highest absolute 

effectiveness in a hypothetical scenario, the mixed and uncertain evidence for EAS in TPT suggests 

that implementing SDM as a standalone programmatic strategy remains a powerful, cost-effective, 

and evidence-based tool for improving patient outcomes. 
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Our evaluation of enhanced adherence support highlights a critical trade-off between the costs of 

digital health platforms and their real-world clinical utility. Although bidirectional messaging 

shows success in general HIV care (35–38) global evidence for latent TB remains deeply 

mixed.(39) For instance, Johnston et al. found no adherence benefit from two-way SMS for TPT 

(40) and recent systematic reviews report only modest, low-certainty improvements in overall 

treatment success.(41) Our model demonstrates that under an optimistic 15% completion gain, the 

combined SDM+EAS strategy reduces disease burden—averting an additional 61 TB cases and 6 

deaths per 1,000 PLHIV ($235/DALY averted) compared to standard care. However, our 

sensitivity analysis clarifies that this value is highly conditional. If completion gains fall below 

2%, EAS is completely inefficient even at a minimal cost of $5 per patient; conversely, gains must 

exceed 7% to justify a maximum cost of $50. For resource-constrained settings like Eswatini, 

investing in digital infrastructure is economically risky unless substantial completion gains can be 

operationally guaranteed. Public health systems should therefore prioritize foundational, client-

centered frameworks like standalone SDM before scaling up complex digital adherence packages. 

 

 

This study has several important strengths. Cost inputs were derived from a comprehensive costing 

study conducted within the TB GAPs program, in which resource use was identified at the activity 

level and valued using locally collected data on personnel time, consumables, drugs, overhead, 

and equipment. Parameters related to SDM were informed by data from the parent TB GAPs trial, 

which makes the TPT uptake parameter grounded in real-world implementation. To our 

knowledge, this is the first economic evaluation to assess the incremental impact of SDM and EAS 

on TPT outcomes among PWH. The use of a hybrid modelling approach allowed us to capture 
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both short-term outcomes and long-term outcomes. Extensive probabilistic sensitivity and scenario 

analyses further strengthened the robustness of the findings.  

 

Several limitations should be noted. The incremental benefit of EAS on TPT completion was 

informed primarily by evidence from HIV adherence studies rather than TPT-specific trials, and 

the true effect in TB prevention settings may differ. Given mixed evidence for SMS-based 

interventions in TB prevention, this assumption may overestimate the real-world effectiveness of 

EAS. In addition, the model did not explicitly incorporate TB reinfection following successful 

preventive therapy. In high-incidence settings such as Eswatini, reinfection may occur and could 

attenuate the long-term protective effect of TPT, potentially leading to a modest overestimation of 

projected health benefits. Furthermore, the analysis was conducted from a healthcare system 

perspective and did not incorporate a societal perspective. As such, indirect costs and broader 

economic consequences, including patient out-of-pocket expenses, productivity losses, and 

caregiver time, were not captured. Excluding these costs may underestimate the full economic 

benefits of interventions that improve treatment adherence and completion, particularly in high-

burden settings. However, the healthcare system perspective was selected to align with decision-

making contexts relevant to national TB programs and available data sources. In addition, children 

under two years of age were excluded due to limited data availability, which may limit 

generalizability; however, this age group represents a small proportion of the target population and 

is often managed under different clinical protocols, reducing the likelihood of substantial impact 

on overall cost-effectiveness estimates. Future studies incorporating age-specific data and direct 

evaluation of adherence interventions within TPT programs would strengthen the evidence base. 
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Taken together, our findings demonstrate that optimizing TPT outcomes among people living with 

HIV demands equal attention to regimen selection and the delivery framework. While the universal 

expansion of short-course 3HP offers highly robust and cost-effective health gains, integrating 

standalone shared decision-making provides vital person-centred benefits. Conversely, the added 

value of enhanced adherence support remains uncertain and heavily contingent upon optimistic 

operational assumptions. For decision-makers, the critical insight is that digital adherence 

interventions are not universally cost-effective but are strictly bounded by their ability to achieve 

the specific completion thresholds modelled here. Given the fragmented external evidence 

regarding digital tools for latent TB, national programs should prioritize scaling up short-course 

3HP and providing TPT with SDM. Combined SDM and EAS should be reserved exclusively for 

settings where high-quality digital engagement and substantial completion gains can be 

operationally guaranteed. As high-burden countries accelerate TPT scale-up under the End TB 

Strategy, pairing shortened regimens with people-centred delivery is essential, though widespread 

adoption of bidirectional messaging should await more robust, TB-specific evidence. 
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Figure 4.1. Hybrid decision-analytic model structure for tuberculosis preventive treatment 
(TPT) strategies among people with HIV (PWH): The figure illustrates the combined decision 
tree and Markov state-transition model used to evaluate different TPT delivery strategies. All 
eligible PWH, stratified by age group (children ≤9 years, adolescents 10–19 years, adults ≥20 
years), enter the decision tree. Strategy-specific pathways determine TPT regimen selection and 
the presence of differentiated service delivery components, including shared decision-making 
(SDM) and enhanced adherence support (EAS). 
The decision tree captures short-term outcomes during the TPT period, including treatment 
initiation, occurrence of adverse events (AEs), serious AEs leading to discontinuation, and 
treatment completion. Individuals then transition into the Markov model, which projects long-term 
outcomes over six-month cycles and a lifetime horizon. Markov health states include remaining 
TB infected, progression to TB disease, survival, and death. Transitions represent disease 
progression, TB-related mortality, and background mortality. 
Abbreviations: PWH = people with HIV; TPT = tuberculosis preventive treatment; SDM = shared 
decision-making; EAS = enhanced adherence support; AE = adverse event; TB = tuberculosis, 
TBI: TB infection 
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Table 4.1: Epidemiological parameters for the cost-effectiveness analysis of TB preventive 
treatment among PWH in Eswatini 
 

Parameter  Description  Point 
estimate LL UL References 

Probability 
of TPT 

initiation 

Probability of initiating 6H 0.77 0.50 0.85 Clinic data, 
(43,48,58) 

Probability of 3HP 
initiation  0.77 0.70 0.85 Clinic data. 

(43,48–51) 
Proportion choosing TPT 

based on SDM        

Among 10 years and above 
group        

TB GAPS trial 
data, (32) (Pre-
print version) 

Proportion of selecting 
3HP  0.8 0.75 0.95 

Probability of selecting 6H 0.17 0.05 0.25 

Declining TPT 0.03 0.01 0.07 

Probability 
on AE 

Probability of 
experiencing any AE with 
3HP 

      
(16,51,59–64) 

9 and below 0.08 0.05 0.22 
Adolescent and adult 0.11 0.07 0.14 

Probability of 
experiencing any AE with 
6H 

      
(64–69) 

9 and below 0.10 0.08 0.12 
Adolescent and adult 0.20 0.15 0.35 

Probability of experience 
serious AE 3HP       

(16,51,59–64) 
9 and below 0.0020 0.0010 0.0030 

Adolescent and adult 0.0060 0.0040 0.0070 
Probability of experience 
serious AE 6H       

(64–69) 
9 and below 0.0040 0.0030 0.0060 

Adolescent and adult 0.0120 0.0080 0.0020 

Probability 
of TPT 

completion 

Probability of completing 
3HP with SOC  0.8  0.8 0.9 (16,42,50,70–74) 
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Probability of completing 
6H with  SoC 0.56 0.41 0.77 (42,70,73,75,76) 

Percentage increment in  
completing 3HP and 6H 
with  EAS  

0.15 0.025 0.2 Assumption 

Efficacy of 
TPT 

regimens  
Efficacy of TPT 0.7 0.65 0.75 (16,42,58,70,77,78) 

Natural 
progression 
of disease 

Annual progression of TB 
disease among PWH  
without TPT: Year 1 and 2 

      

(70,72,79) 

9 and below 0.1 0.03 0.18 

Adolescent and adult 0.07 0.02 0.1 

Annual progression of TB 
disease among PWH  
without TPT:  Year 3 and 
beyond 

0.02 0.01 0.04 

Probability of death due to 
Tuberculosis on treatment  0.12 0.09 0.16 (80–83) 

Annual death rate form 
all other cause       

(84,85) 
9 and below 0.044     

Adolescent and adult 0.0088     
Probability 

of death 
among 

those who 
experience 

SAE 

Probability of death from 
3HP among those with 
SAE 

0.0033 0.0004 0.01 
(16,51,59–64,64–
69) Probability of death from 

6INH among those with 
SAE 

0.0093 0.0003 0.02 

Cost (US$ 
2024) Cost of complete 3HP $35 $21 $77 Empirical costing 

from TB GAPs 
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Cost of complete INH for 
10 and above $34 $16 $89 

Cost of complete INH 
among children $32 $14 $88 

Cost of active TB 
treatment $141 $113 $169 

Cost of active TB 
treatment (Children) $148 $118 $178 

Cost of EAS on 6H 
regimen $19     

Cost of EAS for HP 
regimen $11     

Cost of management of 
Mild to moderate AE $35 $9 $113 (70,71)  

Cost of management of 
severe AE $106 $53 $159   

Cost of ART per year  $209 $183 $236 (43,71,86–89) 

Disutility 
(DALY) 

PLHIV with ART        

(75,90–93) 

Healthy (no active TB) 0.05 0.03 0.08 
Mild to moderate AE from 

TPT 0.20 0.08 0.36 

Sever Adverse Event from 
TPT 0.62 0.13 0.91 

Active TB disease  0.33 0.29 0.58 
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Table 4.2: ICER per DALYs averted with 95% UR 

Strategy 
Average Cost 

(US$) per 
individual 

Incremental 
Cost (US$) Eff (DALYs) DALYs 

Averted 

ICER per 
DALYs 

averted (95% 
CI) 

Strategy 1: 
SoC $3,934   8.99   Reference 

Strategy 2: 
3HP all age 
group 

$3,940 $6 8.93 0.06 
$104  

(Cost saving 
- $249) 

Strategy 3: 
TPT with 
SDM 

$3,944 $10 8.92 0.08 $125  
($77-$197) 

 

 

Table 4.3. Lifetime TB cases and deaths per 1,000 people living with HIV under alternative TPT 

strategies 

Strategy 

TB 
Cases 
(per 
1,000) 

TB Cases 
Averted* 

Incremental 
cost per TB 
case 
averted* 

TB 
Death 
(per 
1,000) 

TB 
Death 
Averted* 

Incremental 
cost per TB 
death 
averted* 

Strategy 1: SoC 320 Reference Reference 38 Reference Reference 
Strategy 2: 3HP all 
age group 302 18 $349 36 2 $2,908 

Strategy 3: TPT 
with SDM 291 29 $334 35 3 $2,801 

*Averted outcomes represent the absolute difference compared with the standard of care (SoC). Outcomes are expressed per 1,000 individuals over 

the lifetime horizon. 
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Figure 4.2: Cost-effectiveness acceptability curve of different TPT strategies: CE acceptability 
curve: Represents the proportion of simulations where it shows the strategy to consider cost-
effective compared to SoC, at varying WTP thresholds. TPT: TB Preventive Treatment; SDM: 
Shared Decision Making; EAS: Enhanced Adherence Support; SoC: Standard of Care; CE: Cost 
Effectiveness; WTP: Willingness to Pay. 
 

 
Figure 4.3: Two-way deterministic sensitivity analysis of EAS cost and completion gain at an 
opportunity cost–based willingness-to-pay threshold at $780 per DALYs averted. Net monetary 
benefit (NMB) was calculated at a willingness-to-pay threshold of $780 per DALY averted, 
corresponding to approximately 20% of Eswatini’s GDP per capita and used as a proxy for the 
health opportunity cost. The figure displays the optimal strategy across combinations of 
enhanced adherence support (EAS) cost and incremental improvement in treatment completion. 
Regions indicate the strategy with the highest NMB at each parameter combination. 
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Table 4.4: Scenario analysis result when TPT is provided with SDM and EAS 
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4.9 Supplemental 
 

Supplemental Table 4.1: Description of TPT strategies 

Strategy Description SoC Eswatini  

Strategy 1 (Comparator): 
Standard of Care 

TPT regimen according to 
country's current guidelines. 

9 years and below: 6H 
10 years and above: 3HP  

Strategy 2: 3HP to all age 
group 

3HP will be provided to all 
three-age group.  3HP to all age group  

Strategy 3: TPT provided 
with SDM 

Participants will be choosing 
their preferred TPT regimen  

9 years and below: 6H 
10 years and above: 3HP or 

6H 

Strategy 4: TPT provided 
with SDM and  EAS 

(Hypothetical optimistic 
scenario) 

Participants choose their 
preferred TPT regimen and will 
be enroll in EAS. EAS includes 

weekly bidirectional text 
messages for medication 

adherence and appointment 
reminders. 

 
Assuming an absolute 

optimistic TPT completion gain 
of 15% have been assumed. 

9 years and below: 6H 
10 years and above: 3HP or 

6H 

 

Notes: All strategies were evaluated using a combined decision tree and Markov state-transition model to estimate incremental costs, health 

outcomes, and cost-effectiveness. Enhanced adherence support (EAS) consisted of weekly bidirectional text messages for medication adherence 

and clinic appointment reminders. Strategy 1 served as the comparator. 

Abbreviations: TPT: Tuberculosis Preventive Treatment; SoC: Standard of Care; SDM: Shared Decision-Making; EAS: Enhanced Adherence 

Support; 3HP = 3-month weekly isoniazid–rifapentine; 6H = 6-month isoniazid; 3RH = 3-month rifampicin–isoniazid. 

 
 

Supplemental results: 

Supplemental result on Sequential Analysis Results  

In the sequential analysis (supplemental table 2), strategies were ordered by increasing cost. 

Compared with the SoC, Strategy 2 (3HP for all age groups) was associated with lower DALYs 

and an ICER of $105 per DALY averted. Strategy 3 (TPT with SDM) provided additional health 

gains relative to Strategy 2 and resulted in an ICER of $181 per DALY averted. No strategy was 

subject to simple or extended dominance in the base-case analysis, indicating that each strategy 

offered additional health benefits at increasing incremental cost along the efficiency frontier. 
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Supplemental Table 4.2: ICER per DALYs averted in sequential analysis.  

Strategy Cost (US$) Incr Cost 
(US$) Eff (DALYs) Incr Eff 

ICER per 
DALYs 
averted 

Strategy 1: 
SoC $3,932   8.99   Reference 

Strategy 2: 
3HP all age 
group 

$3,939 $6 8.93 0.06 $105 

Strategy 3: 
TPT with 
SDM 

$3,942 $4 8.92 0.02 $182 

 
 
Supplemental results on Probabilistic sensitivity analysis:  
 
The incremental cost-effectiveness scatter plot for Strategy 2 (3HP for all age groups) compared 

with Standard of Care (supplemental figure 1a) shows that across simulations, incremental 

effectiveness remained consistently positive, indicating improved health outcomes relative to SoC. 

Incremental costs were generally small and clustered close to zero, with most simulations 

indicating slightly higher costs and a smaller proportion indicating cost savings. 

Overall, the distribution of simulations suggests that Strategy 2 is likely to provide additional 

health benefits relative to SoC, with limited variability in incremental effectiveness and modest 

uncertainty in incremental costs. 

The incremental cost-effectiveness scatter plot for Strategy 3 (TPT with SDM) compared with SoC 

(supplemental figure 1b) shows that the majority of simulations resulted in positive incremental 

effectiveness and increased costs. However, a smaller proportion of simulations yielded negative 

incremental effectiveness, indicating potential reductions in health benefit under certain parameter 

combinations. 
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Supplemental Figure 4.1a: Incremental cost-effectiveness scattered plot for 3HP provided to 
all age group. Each scatterplot compares the ICER of strategy 2 versus SoC, showing incremental 
cost (X-axis) against incremental effectiveness in DALYs averted (Y-axis). Red dots represent 
10,000 probabilistic simulations. TPT: TB Preventive Treatment; SDM: Shared Decision Making; 
EAS: Enhanced Adherence Support; SoC: Standard of Care; DALY: Disability-Adjusted Life Year; 
ICER: Incremental Cost-Effectiveness Ratio 
 

 
Supplemental Figure 4.1b: Incremental cost-effectiveness scattered plot for TPT provided 
with SDM. Each scatterplot compares the ICER of strategy 3 versus SoC, showing incremental 
cost (X-axis) against incremental effectiveness in DALYs averted (Y-axis). Red dots represent 
10,000 probabilistic simulations. TPT: TB Preventive Treatment; SDM: Shared Decision Making; 
EAS: Enhanced Adherence Support; SoC: Standard of Care; DALY: Disability-Adjusted Life Year; 
ICER: Incremental Cost-Effectiveness Ratio 
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Supplemental results on deterministic sensitivity analysis:  
 

 

 
Supplemental Figure 4.2a. One-way sensitivity analysis of the ICER for Strategy 2 versus 
standard of care. 
The tornado diagram illustrates the impact of varying key model parameters on the ICER of 
Strategy 2 (3HP provided to all age groups) compared with SoC. Each bar represents the range of 
ICER values obtained by varying one parameter at a time across its predefined lower and upper 
bounds while holding all other parameters constant. Parameters are ranked according to their 
influence on the ICER, with the most influential drivers shown at the top. Abbreviations: ICER, 
incremental cost-effectiveness ratio; SoC, standard of care; TPT, tuberculosis preventive 
treatment; PLHIV, people living with HIV 
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Supplemental Figure 4.2b. One-way sensitivity analysis of the ICER for Strategy 3 versus 
standard of care. 
The tornado diagram illustrates the impact of varying key model parameters on the ICER of 
Strategy 3 (TPT provided with SDM) compared with SoC. Each bar represents the range of 
ICER values obtained by varying one parameter at a time across its predefined lower and upper 
bounds while holding all other parameters constant. Parameters are ranked according to their 
influence on the ICER, with the most influential drivers shown at the top. Abbreviations: ICER, 
incremental cost-effectiveness ratio; SoC, standard of care; TPT, tuberculosis preventive 
treatment; PLHIV, people living with HIV; SDM, shared decision-making; TB, tuberculosis. 
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Supplemental Figure 4.3: Cost-effectiveness acceptability curve with addition of hypothetical 
scenario analysis strategy 4 (TPT with SDM and EAS): CE acceptability curve: Represents the 
proportion of simulations where it shows the strategy to consider cost-effective compared to SoC, 
at varying WTP thresholds. TPT: TB Preventive Treatment; SDM: Shared Decision Making; EAS: 
Enhanced Adherence Support; SoC: Standard of Care; CE: Cost Effectiveness; WTP: Willingness 
to Pay. 
 
 
 
Supplemental Table 4.3. Scenario Analysis Results: ICER per DALY Averted Under Alternative 
Assumptions on EAS Effectiveness and SDM Regimen Availability 
 

Scenario Strategy  ICER per DALYs 
averted  

Base case 

SoC Reference 
3HP all age $104 

TPT with SDM $125 

TPT with SDM and EAS $238 
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30% LTBI prevalence 

SoC Reference 
3HP all age $152  

TPT with SDM $172  

TPT with SDM and EAS $339  

Reduced first-two-year 
progression (3.5%) 

SoC Reference 
3HP all age $106  

TPT with SDM $135  

TPT with SDM and EAS $268  

Reduced 6H efficacy 
(60%) 

SoC Reference 
3HP all age $96  

TPT with SDM $133  

TPT with SDM and EAS $258  

No TPT protection after 
completion 

SoC Reference 
3HP all age $743  

TPT with SDM $708  

TPT with SDM and EAS $1,244  

5-year TPT protection 

SoC Reference 
3HP all age $179  

TPT with SDM $183  

TPT with SDM and EAS $451  

10-year TPT protection 

SoC Reference 
3HP all age $142  

TPT with SDM $152  

TPT with SDM and EAS $326  

20-year TPT protection 

SoC Reference 
3HP all age $119  

TPT with SDM $132  

TPT with SDM and EAS $268  

SDM for children ≤9 years 

SoC Reference 
3HP all age $104  

TPT with SDM $112  

TPT with SDM and EAS $144  
SoC Reference 



176 
  

Higher first-year 
progression risk 

3HP all age $110  

TPT with SDM $119  

TPT with SDM and EAS $203  

Incomplete TB 
diagnosis/treatment 

SoC Reference 
3HP all age $109  

TPT with SDM $114  

TPT with SDM and EAS $148  

Undiscounted ICER 

SoC Reference 
3HP all age $102  

TPT with SDM $112  

TPT with SDM and EAS $195  
SoC = standard of care; TPT = tuberculosis preventive treatment; SDM = Shared decision 
making; 3HP = 3 months of isoniazid and rifapentine; 6H = 6 months of isoniazid; EAS = 
enhanced adherence support; DALY = disability-adjusted life year; ICER = incremental cost-
effectiveness ratio. 
 
 
Supplemental Table 4.4: CHEERS checklist for economic studies 
 

Topic No. Item 
Location where 

item is 
reported 

Title    
1 Identify the study as an economic 

evaluation and specify the interventions 
being compared. 

Title page  

Abstract    
2 Provide a structured summary that 

highlights context, key methods, results, 
and alternative analyses. 

Abstract 

Introduction    
Background and 
objectives 

3 Give the context for the study, the study 
question, and its practical relevance for 
decision making in policy or practice. 

Yes, background 
section  

Methods    
Health economic 
analysis plan 

4 Indicate whether a health economic 
analysis plan was developed and where 
available. 

Yes, methods 
section 

Study population 5 Describe characteristics of the study 
population (such as age range, 
demographics, socioeconomic, or 
clinical characteristics). 

Yes, methods 
section 
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Topic No. Item 
Location where 

item is 
reported 

Setting and location 6 Provide relevant contextual information 
that may influence findings. 

Yes, methods 
section 

Comparators 7 Describe the interventions or strategies 
being compared and why chosen. 

Yes, methods 
section 

Perspective 8 State the perspective(s) adopted by the 
study and why chosen. 

Yes, methods 
section 

Time horizon 9 State the time horizon for the study and 
why appropriate. 

Yes, methods 
section 

Discount rate 10 Report the discount rate(s) and reason 
chosen. 

Yes, methods 
section 

Selection of outcomes 11 Describe what outcomes were used as 
the measure(s) of benefit(s) and harm(s). 

Yes, methods 
section 

Measurement of 
outcomes 

12 Describe how outcomes used to capture 
benefit(s) and harm(s) were measured. 

Yes, methods 
section 

Valuation of outcomes 13 Describe the population and methods 
used to measure and value outcomes. 

Yes, methods 
section  

Measurement and 
valuation of resources 
and costs 

14 Describe how costs were valued. Yes, methods 
section 

Currency, price date, 
and conversion 

15 Report the dates of the estimated 
resource quantities and unit costs, plus 
the currency and year of conversion. 

Yes, methods 
section 

Rationale and 
description of model 

16 If modelling is used, describe in detail 
and why used. Report if the model is 
publicly available and where it can be 
accessed. 

Yes, methods 
section 

Analytics and 
assumptions 

17 Describe any methods for analysing or 
statistically transforming data, any 
extrapolation methods, and approaches 
for validating any model used. 

Yes, methods 
section 

Characterising 
heterogeneity 

18 Describe any methods used for 
estimating how the results of the study 
vary for subgroups. 

Yes, methods 
section 

Characterising 
distributional effects 

19 Describe how impacts are distributed 
across different individuals or 
adjustments made to reflect priority 
populations. 

Yes, methods 
section 

Characterising 
uncertainty 

20 Describe methods to characterise any 
sources of uncertainty in the analysis. 

Yes, methods 
section 
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Topic No. Item 
Location where 

item is 
reported 

Approach to 
engagement with 
patients and others 
affected by the study 

21 Describe any approaches to engage 
patients or service recipients, the general 
public, communities, or stakeholders 
(such as clinicians or payers) in the 
design of the study. 

Not Applicable  

Results    
Study parameters 22 Report all analytic inputs (such as 

values, ranges, references) including 
uncertainty or distributional assumptions. 

Yes, 
supplemental 

section 
Summary of main 
results 

23 Report the mean values for the main 
categories of costs and outcomes of 
interest and summarise them in the most 
appropriate overall measure. 

Yes, results 
section  

Effect of uncertainty 24 Describe how uncertainty about analytic 
judgments, inputs, or projections affect 
findings. Report the effect of choice of 
discount rate and time horizon, if 
applicable. 

Yes, results 
section 

Effect of engagement 
with patients and others 
affected by the study 

25 Report on any difference patient/service 
recipient, general public, community, or 
stakeholder involvement made to the 
approach or findings of the study 

Not Applicable  

Discussion    
Study findings, 
limitations, 
generalisability, and 
current knowledge 

26 Report key findings, limitations, ethical 
or equity considerations not captured, 
and how these could affect patients, 
policy, or practice. 

Yes, discussion 
section 

Other relevant 
information 

   

Source of funding 27 Describe how the study was funded and 
any role of the funder in the 
identification, design, conduct, and 
reporting of the analysis 

Yes 

Conflicts of interest 28 Report authors conflicts of interest 
according to journal or International 
Committee of Medical Journal Editors 
requirements. 

Yes 

  
From: Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic 
Evaluation Reporting Standards 2022 (CHEERS 2022) Explanation and Elaboration: A Report 
of the ISPOR CHEERS II Good Practices Task Force. Value Health 2022;25. 
doi:10.1016/j.jval.2021.10.008 
 

doi:10.1016/j.jval.2021.10.008
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Chapter 5: General Discussion  

Ending TB requires not only better technologies and shorter regimens, but delivery models that 

translate efficacy into real-world effectiveness under real-world budget and workforce constraints. 

This thesis examines three persistent gaps across the TB care and prevention cascade—gap in 

detection of drug-resistant TB, lack of realistic cost data for TPT delivery, and suboptimal TPT 

adherence- and evaluates whether innovative diagnostic and preventive interventions represent 

efficient uses of limited health system resources. Through three integrated studies, this thesis 

provides economic evidence that moves beyond isolated intervention assessment, but in line with 

WHO’s End TB Strategy pillar of “integrated, patient-centred care and prevention”.  

 

5.1 Integrated studies summaries  

Taken together, these three studies address different bottlenecks along the TB cascade: diagnosing 

drug-resistant TB, delivering preventive treatment affordably, and supporting adherence to 

complete TPT. Each study stands on its own, but together they show that ending TB requires 

attention to all three areas.  

 

Improving DR-TB diagnosis with tNGS closes critical gaps in DST coverage, enabling earlier 

appropriate treatment. We examined the cost-effectiveness of targeted NGS for drug-resistance 

testing in high-burden settings. The value of tNGS was highly context dependent. In India, where 

phenotypic DST is often incomplete, tNGS dominated existing DST algorithms, improving DR-TB  

detection (beyond rifampicin alone) at lower cost. In South Africa, tNGS was cost-effective at 

conventional thresholds, due to faster, more comprehensive resistance profiling. By contrast, in 

Georgia, which already has broad DST coverage, tNGS added little benefit and did not meet cost-
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effectiveness benchmarks. In all cases, universal phenotypic DST (if fully available) would 

outperform tNGS. The findings reinforce that incomplete DST beyond rifampicin remains a binding 

constraint in many high-burden settings, contributing to delayed initiation of appropriate DR-TB 

therapy and suboptimal outcomes. The value of tNGS lies not in replacing comprehensive 

phenotypic testing where it already exists, but in addressing diagnostic gaps where universal DST is 

operationally or financially infeasible. For national programs, this implies that tNGS should be 

targeted to settings with documented diagnostic gaps rather than adopted uniformly. 

 

Understanding the real costs of TPT delivery and the cost drivers helps programs budget and plan. 

Our micro-costing analysis revealed substantial variation in TPT delivery costs across countries 

and regimens. Across all settings, drug costs and human resources emerged as the dominant cost 

drivers. Critically, treatment initiation, adherence counselling, and follow-up monitoring were 

identified as the most time-consuming and costly activities among all TPT-related tasks. These 

findings align with prior studies indicating that TB screening and preventive services are labour-

intensive interventions. These findings have important implications for budget impact analyses 

and national TB program planning, particularly in resource-constrained settings where workforce 

capacity is already stretched. Importantly, identifying initiation and follow-up visits as the most 

time-consuming and costly components of TPT delivery suggests that improving service 

organization efficiency may be as critical as reducing medication prices. While recent global 

agreements have reduced the cost of rifapentine-based regimens, sustainable TPT scale-up will 

require parallel investments in workforce optimization and service integration. 
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Finally, addressing adherence through SDM and, where effective, EAS to improve completion 

rates can prevent more cases from progressing into active TB. We evaluated whether combining 

shorter regimens with patient-centred interventions improves TPT outcomes among people living 

with HIV. Shorter regimens such as 3HP improved outcomes compared with standard care, but 

the addition of SDM and EAS generated the largest modelled health gains by directly addressing 

adherence gaps. However, this result depends on an assumed 15% completion improvement from 

EAS, an assumption with limited TB-specific empirical support. Given the contradictory evidence 

(including a TB-specific trial finding no benefit from two-way SMS), national programs should 

first prioritize 3HP and SDM alone, which offer robust, evidence-backed improvements. 

SDM+EAS should be reserved for settings where adherence support can be delivered optimally 

and its impact measured locally. Together, these results point to a clear conclusion: efficient TPT 

scale-up requires expanding access to shorter regimens while simultaneously strengthening patient 

engagement and adherence mechanisms. This shifts the economic evaluation lens from 

simply which regimen to provide toward how to deliver it effectively, emphasizing that 

implementation design is just as important as technological innovation for reaching End TB 

targets. 

We also want to emphasize that none of these findings alone is sufficient. A new diagnostic does 

not fix treatment adherence. A shorter regimen does not address delivery costs. And adherence 

support cannot compensate for missed diagnoses. But together, strategic investments in 

diagnostics, realistic costing, and patient-centred delivery can move us closer to ending TB. The 

challenge for decision-makers is to identify which bottleneck binds most tightly in their setting 

and invest accordingly, while not ignoring the others. 
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5.2 Policy implications  

This thesis provides timely economic evidence to inform national and global TB policy. First, it 

supports the strategic adoption of tNGS as part of efforts to expand comprehensive drug 

susceptibility testing, particularly in settings with a high burden of drug-resistant TB. The 

economic evidence generated in this work directly contributed to global policy discussions through 

the World Health Organization Guideline Development Group (GDG) process in 2023, informing 

the WHO rapid communication (1) and subsequent 2024 consolidated guidelines recommending 

the use of tNGS for drug-resistance testing. (2) These guidelines conditionally recommend tNGS 

for people with bacteriologically confirmed TB and rifampicin-resistant TB to detect resistance to 

a broad range of first- and second-line drugs, including isoniazid, fluoroquinolones, and newer 

agents, as an alternative to culture-based phenotypic drug susceptibility testing. By enabling more 

comprehensive and rapid resistance profiling, tNGS supports earlier and more appropriate 

treatment decisions. 

 

Beyond guideline development, the modelling framework developed in this thesis has been applied 

in subsequent analyses, including the study “Cost-effectiveness of Targeted Next Generation 

Sequencing for TB drug-resistance testing as an alternative to the standard of care in South 

Africa,” (3) which found that tNGS can be a cost-effective alternative to standard diagnostic 

approaches by improving detection of drug resistance and supporting more appropriate treatment 

at acceptable incremental cost. The model is also currently being adapted to support country-level 

decision-making in Kyrgyzstan and Tanzania through collaborations with KNCV as part of the 

DREAM Fund project.(4) These applications demonstrate the broader policy relevance and 

transferability of this work across diverse settings. 
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Second, this thesis highlights the importance of accounting for the full costs of TPT delivery. It 

provides comprehensive, activity-based cost estimates that capture all components of service 

delivery, including drugs, human resources, and overheads. These detailed cost estimates were 

subsequently used to inform the cost-effectiveness analysis within this thesis, ensuring that the 

evaluation of TPT strategies was grounded in realistic, programmatic cost data. In addition, the 

standardized data collection tools and costing templates developed in this work offer a practical 

resource for conducting similar costing studies in other settings, supporting cross-country 

comparisons and strengthening the evidence base for TPT scale-up. 

 

Third, this thesis demonstrates that investments in adherence support and person-centred care can 

represent efficient uses of limited resources. The cost-effectiveness analysis shows that combining 

shorter TPT regimens with approaches such as shared decision-making and enhanced adherence 

support can improve treatment completion and maximize health gains. The modelling framework 

developed in this analysis is being extended to support ongoing cost-effectiveness evaluations in 

multiple high-burden settings, including Lesotho, Malawi, Uganda, and Tanzania. These 

applications will provide policy-relevant economic evidence for sub-Saharan Africa and other high 

TB–HIV burden settings, supporting national decision-making and program planning. 

 

Crucially, the findings of this thesis must be interpreted within a rapidly shifting global health 

financing landscape. Recent funding contractions to the U.S. President's Emergency Plan for AIDS 

Relief (PEPFAR), for instance, have introduced severe challenges for tuberculosis control efforts 

among PWH. PEPFAR has historically served as a financial cornerstone of HIV/TB integration in 
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high-burden settings, underwriting essential screening, treatment, and preventive services. 

Reductions in this external funding stream threaten to reverse hard-won gains in collaborative 

TB/HIV activities, particularly in countries where domestic health infrastructure remains heavily 

dependent on donor aid. (5) 

 

In this volatile funding climate, the economic evidence generated by this thesis becomes even more 

critical. Demonstrating that person-centred TPT strategies and tNGS yield favourable incremental 

cost-effectiveness ratios provides an empirical safeguard to justify sustained investment even when 

budgets are tight. As domestic and international resource constraints tighten, policymakers require 

precise data to identify which interventions yield the highest return on investment; the robust 

ICERs presented herein provide exactly this evidence. Collectively, these findings align with the 

strategic pillars of the WHO End TB Strategy and the political commitments of the United Nations 

High-Level Meeting on TB. By offering actionable guidance on targeted diagnostic investments 

and efficient resource allocation, this work provides a framework for strengthening TB control 

resilience in an era of fiscal uncertainty. 

 

5.3 Cross-cutting limitations: 

Our conclusions should be interpreted with caution for several reasons. First, the economic 

estimates are highly context-dependent: they assume specific country settings for costs, TB 

incidence, and existing services. If conditions differ—for example, in DST coverage or workforce 

costs—cost-effectiveness would change, so local adaptation of our model is needed.  Second, the 

analyses rely on model-based extrapolation where we projected long-term outcomes (like DALYs) 

from short-term trial data using assumptions about TB re-infection and how long protection lasts. 
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Third, a favorable ICER on paper does not always mean a strategy is affordable or feasible. 

Implementing new diagnostics like tNGS or preventive programs may require substantial upfront 

investment in equipment, supply chains, and specialized staff training. Budget constraints and 

health system capacity could prevent achieving the modeled impact. Finally, we took the 

healthcare system perspective, excluding patient’s out-of-pocket costs and productivity losses. If 

we had included these societal factors, the net benefits of interventions, especially those that 

improve adherence and prevent illness, might look even more favourable. In short, these 

limitations mean our findings provide guidance but require careful local validation and 

consideration of real-world constraints. 

 

5.4 Priorities for Future Research and Global Strategic Implications 

 
5.4.1  Bridging the Implementation and Scalability Gap 

While this thesis shows that tNGS and person-centred TPT are cost-effective, being cost-effective 

does not always mean they are affordable or easy to implement. Future research needs to test how 

these interventions work in decentralized setting for tNGS and when person-centered TPT is being 

delivered in smaller, rural clinics where supply chains are weaker, and staff training is more 

limited. Studies should also examine how the high upfront costs of sequencing machines can be 

spread across multiple diseases (like HIV or COVID-19) to improve value for money. 

 

5.4.2 Equity Considerations and the Societal Perspective 

The current analysis was conducted from a healthcare system perspective, which excludes indirect 

costs such as patient out-of-pocket expenses and productivity losses. Given that 50% of 

TB-affected households still face catastrophic costs, future research should adopt a societal 
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perspective to evaluate whether patient-centred models (such as SDM and shorter regimens) 

successfully reduce the financial hardship that drives treatment interruption. Furthermore, equity 

in digital adherence support must be examined; future studies should investigate whether reliance 

on digital EAS inadvertently excludes vulnerable populations with limited mobile access or low 

literacy, potentially widening health disparities. 

 

5.4.3 Real-World Effectiveness and Long-Term Impact 

This research relied on an optimistic 15% completion gain for EAS, which currently lacks strong 

TB-specific empirical support. Large-scale pragmatic trials are needed to quantify the real-world 

impact of bidirectional messaging and SDM specifically for TPT, moving beyond the HIV-centric 

evidence used in current models. Additionally, future research should integrate the findings of this 

thesis into transmission-dynamic models to evaluate how closing the diagnostic gap with tNGS 

impacts community-level TB incidence and the development of further drug resistance over 

decades. 

 

5.4.4 Generalizability to Other High-Burden Settings 

The findings of this thesis offer a strategic blueprint that informs TB control beyond the specific 

contexts of India, South Africa, Georgia and countries in sub-Saharan Africa. The finding that 

diagnostic innovation should be targeted to settings with documented diagnostic gaps rather than 

adopted uniformly is a universal lesson for any National TB Programme (NTP) with fragmented 

laboratory infrastructure. The standardized, activity-based micro-costing templates developed in 

this work provide a practical toolkit for NTPs in other resource-constrained settings (e.g., 

Southeast Asia) to move away from price-only budgeting toward realistic fiscal planning that 
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accounts for the 41-80% human resource burden of TPT delivery. The overarching conclusion is 

that implementation design is as critical as technological innovation. This mandate should guide 

global policy toward pairing every new tool with a robust, person-centred delivery framework to 

ensure that global investments translate into value for money and ultimate TB elimination. 

 

5.5 Overall conclusion  

In conclusion, this thesis demonstrates that achieving TB elimination requires not only effective 

diagnostic and preventive tools but also economically informed strategies that address diagnostic 

completeness, implementation affordability, and treatment adherence. By integrating economic 

evidence across the TB care cascade, this work contributes to a more comprehensive understanding 

of how limited resources can be deployed efficiently to accelerate progress toward the goals of the 

WHO End TB strategy. 
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