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Abstract

Tuberculosis (TB) remains a major public health challenge, with financial and health
impacts extending beyond treatment. Both the perspective adopted in cost-effectiveness
analyses—which critically determines choices such as the inclusion of patient-incurred
costs—and the extent to which long-term post-treatment considerations are incorporated
have important policy implications. This study examines how the choice of timeframe and
cost perspectives influence the estimated cost-effectiveness of TB interventions, par-
ticularly preventative measures. Using data from 19 WHO TB patient cost surveys and
global epidemiological databases, we modelled a hypothetical preventative TB interven-
tion, generating four incremental cost-effectiveness ratios (ICERs) per country under dif-
ferent analytical approaches. These included a conventional timeframe up to treatment
completion, an extended timeframe incorporating post-TB effects, and two perspectives
that either included or excluded patient-incurred costs. The approach yielding the lowest
ICER (societal perspective; extended timeframe) was anchored in the primary analysis
to a 1xGDP per capita threshold. Using this benchmark simplified cross-country com-
parisons and removed the need for health system cost estimates. Sensitivity and sce-
nario analyses explored how threshold values influenced the relative impact of timeframe
and costing perspective. ICERs were higher when patient costs were omitted or the
post-TB period was excluded, peaking when both were absent. However, across all
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countries, post-TB considerations had a far greater impact on cost-effectiveness. On
average, removing the post-TB period increased ICERs by over 50% (ranging from
+19.3% in Ghana to +108% in Mongolia, societal perspective). Including patient-incurred
costs increased the likelihood that prevention was cost-effective, particularly in low-GDP
settings with lower willingness-to-pay thresholds. However, their impact was minimal
above 2xGDP. Our study highlights how narrowly defining the financial and health bur-
den of tuberculosis in cost-effectiveness analyses risks underestimating the benefits of
interventions—particularly in lower-GDP countries where the socioeconomic burden of
tuberculosis is greatest—which could lead to misguided policy decisions that overlook the
full impact of tuberculosis.

Introduction

Tuberculosis (TB) significantly affects people not only through mortality but also via its
impact on health, including functional capacity and psycho-social wellbeing [1,2]. The jour-
ney taken by someone with TB, from symptoms, through diagnosis and treatment to even-
tual recovery, often imposes a significant financial burden on patients and their households,
including direct medical (e.g., diagnostic tests) and non-medical (e.g., transport) out-of-
pocket expenses, alongside indirect costs, e.g., through loss of productivity due to illness [3].
The World Health Organization (WHO) has in the past decade highlighted the importance of
patient-incurred costs, and—in part to assess progress toward the END-TB targets of elimi-
nating ‘catastrophic costs, [4] —many countries have now completed a National TB Patient
Cost Survey. Findings summarised in 2022 reveal that “none of the surveyed countries [are]
coming close to achieving the End TB strategy target of zero” (the ‘catastrophic cost’ mile-
stone target for 2020) [3]. Furthermore, the WHO cost survey centres on costs of the care-
seeking and treatment periods, with their handbook acknowledging that, while long-term
effects of TB “can impair household economics for years”, capturing these costs would require
“a longer-term time-window than the present study design allows” [5]. While currently few,
those studies that have investigated the long-term post-treatment economic impact of TB
demonstrate a common finding: that the economic repercussions of TB are both considerable
and destabilising [6-8].

The analytical perspective taken in a cost-effectiveness analysis determines which costs
are included. Defining the perspective is, in essence, a normative question regarding social
value, aligned with the decision maker upon whom the costs of implementing the interven-
tion will fall. While agreement is lacking on how different perspectives are defined and over-
lap between definitions is common [9,10], taking a ‘provider’ or ‘healthcare sector’ perspec-
tive is more common than taking the broader ‘societal’ perspective (a review of over 7,000
cost-effectiveness analyses (CEAs) found 74% took one of these two narrower perspectives)
[11]. Grounded in welfare economics [12], the societal perspective aims to capture the full
economic impact of a health intervention across all members of society by incorporating all
relevant costs and consequences, irrespective of who incurs them, and to maximise over-
all societal benefit. Despite its conceptual breadth, in practice analysts often face challenges
in applying the full societal perspective due to limited data on non-health sector costs, such
as productivity losses or informal caregiving time. Nevertheless, inclusion of at least some
patient-incurred costs—such as direct payments and lost income—is widely considered a
minimum expectation when adopting this perspective.
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In addition to patient-cost data, the WHO TB patient-cost survey collects information on
coping mechanisms and broader household impacts, which vary considerably by country.
Coping strategies—such as asset sales, borrowing, and dissaving—were reported by 42% of
TB-affected households across 20 countries (pooled average; 95% CI: 33-50%). Other socioe-
conomic consequences included missed school days for children (4.2% of households; ranging
from 0.31% in Indonesia to 21% in the Solomon Islands), divorce or separation (3%; 0.36%
in the Philippines to 24% in Kenya), and employment loss (23% overall; 1.8% in Fiji to 46%
in Mongolia) [3]. Unlike conventional measures of catastrophic health expenditure (CHE),
which focus primarily on medical costs relative to household income, TB Patient Cost Sur-
veys capture a broader range of non-medical costs and lost income, providing a more com-
prehensive assessment of the financial impact of TB on patients and their households, and
a more holistic consideration of patient costs in CEAs conducted from a societal perspec-
tive. Despite the documented socioeconomic burden of TB on patients and households, only
one in four TB CEAs include patient costs—mirroring the broader trend in cost-effectiveness
analyses [11,13]. Moreover, those studies taking a societal perspective rarely go further than
the addition (or subtraction) of patient costs during treatment (and at times care-seeking)
to those of the health system, which—among other broader considerations—critically over-
looks the enduring financial shock to the household in the post-TB period, beyond treatment
completion.

In addition to decisions on whose costs and what consequences to include, decisions are
also required on the timeframe for which these are considered. Recommendations advise that
the “time horizon adopted in CEA should be long enough to capture all relevant future effects
of a health care intervention” [14]. Recent years have witnessed a growing focus and body
of evidence on post-tuberculosis lung disease (PTLD) and other long-term health effects of
tuberculosis beyond microbiological cure [15-19].

Units are needed in CEA to express health outcomes. The widely used generic outcome
measure, the Disability-adjusted life year (DALY), is designed to provide an objective overview
of a health intervention’s effects by combining the years of life lost due to premature death
(mortality) and years of healthy life lost due to impaired health (morbidity) [20]. While
the DALY is the predominant measure in TB cost-effectiveness analyses, its application
varies, particularly in how it accommodates non-fatal health consequences [13]. Research
has demonstrated that post-TB morbidity significantly contributes to the global TB burden
[17,21], and although it has been included in some cost-effectiveness analyses [22], such
inclusion is exceptional [13].

Despite the now well-established evidence base for both the long-term health effects of TB
and the considerable patient-incurred costs before, during, and after treatment, analyses only
occasionally consider patient costs before and during treatment, and rarely include costs or
health effects beyond treatment. It is likely that omissions of these factors are unfavourably
skewing the perceived benefits of interventions, although the extent of this misrepresentation
has not been clearly established and remains to be systematically explored in a cross-country
analysis. This study examines how extending the time period and incorporating patient costs
would influence the cost-effectiveness analyses of a hypothetical preventative TB interven-
tion, such as a vaccine, when compared to no intervention. We utilise patient-cost data for
both drug-susceptible TB and multidrug-resistant TB (MDR-TB) from 19 countries that have
conducted robust national surveys, along with epidemiological data from global databases and
existing literature. Employing transparent assumptions relating to cost structures, health out-
comes, and epidemiological data, our analysis seeks to elucidate the ranges and magnitudes by
which cost-effectiveness ratios would vary by country when considering longer time periods
and differing costing perspectives. Through examining variations in cost-effectiveness ratios
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against different willingness-to-pay per DALY averted thresholds, our study aims to provide
context-sensitive insights to support policy-making decisions.

Materials and methods
Overview

We evaluated a single hypothetical preventative TB intervention using different analytical
approaches that varied in terms of the time period considered and costing perspective. Mod-
elled at the population level but acting at the individual level, this assessment sought to under-
stand and broadly quantify how considerations beyond those typically employed in TB cost-
effectiveness analysis affect cost-effectiveness ratios (CERs). (Nb. Hereafter we refer to these
as ICERs’ (incremental CERs) in alignment with common terminology, though we are tech-
nically discussing CERs.)

Approaches

Specifically, we considered two TB phases: a ‘Conventional TB-phase’ that included only costs
and health effects in the period until treatment completion, and an ‘Extended TB-phase’ that
included the Conventional TB-phase plus the post-TB period. For each evaluation, we sep-
arately assessed the intervention from two perspectives: first, a health system perspective,
including only incremental costs incurred by the health system (ACy;), and second, a ‘lim-
ited societal’ perspective [11], which additionally accounted for costs incurred by TB patient
households (AC,,) (Fig 1).

Outcomes were measured in DALYs, reported as ‘DALYs averted, comprising reduc-
tions in TB-related mortality (Years of Life Lost, ADyy;) and TB-related morbidity (Years
Lived with Disability, ADy;p). We focused on the direct health effects of the intervention—
specifically reductions in TB incidence, deaths, and disability—without modelling trans-
mission dynamics or indirect (herd) protection effects. A detailed description of how these
effects were implemented is provided in section “Health outcomes and intervention effect
modelling”. All costs are expressed in USD, adjusted to a 2022 baseline. We applied our
methodology to 19 countries, all LMICs, chosen due to availability of patient-cost data
collected under the same WHO protocol [5].

In all approaches, incremental YLD were calculated for active disease (ADy[patB),
assumed to apply to time spent in treatment (¢ry) and pre-treatment (fpre1x) periods. We
assumed a 6-month treatment regimen for drug-susceptible TB (DS-TB) and a 9-month reg-
imen for multidrug-resistant TB (MDR-TB). The pre-treatment duration (i.e., time spent in
care-seeking) was varied in sensitivity analyses.

Conventional period, health system perspective (‘Basic Evaluation’). The most basic
evaluation conforms to the conventional time period under a health system perspective,
including health system costs during active TB (ACy 1), TB mortality (ADyy1) and dis-
ability during active disease (ADyyp,rp). These terms remained constant in all subsequent
approaches.

ACosts AChs 1B

ICERgqns = =
ADALYs ADyyp + ADYLD,aTB

Conventional period, societal perspective. The evaluation using the conventional period
under a societal perspective included patient costs incurred during care-seeking and treat-
ment (ACpata1B)-

AChs,aTB +Acpal,;\'l‘lﬁ

ICER =
Sdsoe ADy1y + ADy1pats
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Conventional TB period, health system perspective (‘Basic Evaluation’) | Extended TB period, health system perspective

Health Health Health

system DALYs system Baironmill DALYs
costs costs costs’
Pre-diagnosis During treatment Post-TB Pre-diagnosis During treatment Post-TB
Conventional TB period, societal perspective® Extended TB period, societal perspective® (‘Enhanced Evaluation’)

Patient
costs

Health
system
costs’

Patient
costs

Health
DALYs system
costs

Patient
costs

Health
system
costs

Patient Patient
costs costs

Health
system
costs

Health
DALYs system
costs

Pre-diagnosis During treatment Post-TB Pre-diagnosis During treatment Post-TB

Fig 1. Evaluation approaches and perspectives. * In evaluating the societal perspective, our analyses are limited to additional costs borne by the patient’s household.
During the pre-diagnosis and treatment periods, these encompass direct and indirect costs as reported in WHO patient cost surveys. For the post-TB period, we assume
a delayed financial recovery based on observed reductions in household finances at treatment completion. tPost-TB health system costs were set to zero in the core
analyses due to a lack of available data but were varied in subsequent scenario analyses.

https://doi.org/10.1371/journal.pgph.0005062.9001

Extended period, health system perspective. The extended period included the long-
term disability due to TB (ADyrpd).

AChs,aTB
ADyyy, + ADyrpats +

ICERgxd hs =

Extended period, societal perspective (‘Enhanced Evaluation’). The most comprehen-
sive ‘Enhanced Evaluation’ considered the extended period under the societal perspective,
including an additional cost term accounting for the financial shock on the patient’s house-
hold post treatment completion (ACqts)-

AChs,aTB + ACpat,a'l‘B + Acpat,lts

ICER; =
Extd,soc ADy11 + ADy1patB +

Anchoring ICERs. Assuming the reduction in TB prevalence from a preventative inter-
vention would lead to a reduction in both TB patient costs and long-term disability, the
‘Enhanced ICER would be smallest (most favourable), the ‘Basic ICER’ the greatest, with the
other two between them.

ie., ACpat,aTB, ACpat,lts <0 = ACs < AChs,aTB,
ADyipjg >0 = ADgyg > ADgyq,
- ICERExtd,soc < ICERStd,hs

The four evaluation approaches differ only by the inclusion of the terms ACpqta18, ACpatitss
and ADy;p 4. By adopting a simplifying heuristic, stipulating that the lowest ICER precisely
meets the cost-effectiveness threshold (ICERgxq soc = k), we can determine the other ICERs
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relative to this without requiring additional assumptions about the magnitude of incremen-
tal health system costs (Fig 2). While distinct, this approach shares similarities with CEA
methodology where ‘net benefits’ are calculated utilising a predetermined cost-effectiveness
threshold [23].

In simple terms, we set the most comprehensive analysis scenario (extended timeframe,
societal perspective) to be exactly cost-effective at a threshold of 1XGDP per capita. This
allowed us to derive all other ICERs relative to this benchmark without assuming an arbitrary
intervention cost.

With our formulation using overall rates for input parameters (prevalence, population
breakdowns, mortality, case-detection etc), it is inherently scale-invariant with respect to total
population size, meaning no further assumptions are required regarding implementation
costs.

Treatment-related disability (ADry) was not included in the core analysis, as we assumed
no significant long-term adverse effects from the intervention. Scenario analyses explor-
ing potential treatment-related disability are described in section “Adverse event from

vaccination”.

Post-TB health system costs—such as those related to managing long-term disability—
were excluded from all approaches in the core analysis due to a lack of robust data across
settings. However, their potential impact was explored through a separate scenario analysis
(see section “Post-TB health system costs”).

Model parameters

Population and epidemiological parameters. TB incidence and mortality estimates for
2022 were obtained from WHO databases [24], which are provided disaggregated by sex and
reported in broad age categories (e.g., 0-14, 15-24, 25-34) for each country. To convert these
into more granular 5-year age groups, we used population distribution data from the Global
Burden of Disease Study 2019 (IHME) [25], which provides sex-disaggregated estimates in
5-year age bands (e.g., 0-4, 5-9, etc.). Assuming that age-sex demographic structures have
remained stable since 2019, we applied these proportions to disaggregate the WHO estimates.

Cost

AChs

AChs + ACpat,arB
AChs + ACpat,arB + ACpat,its

AD AD + ADyq DALYs averted

Fig 2. Relating ICERs through the threshold. Conceptual framework illustrating how ICERs transition between
different analytical perspectives. The arrows indicate the transition from the Extended ICER under the societal
perspective (‘Enhanced ICER; red) to the ICER under the health system perspective calculated for the conventional
TB period (‘Basic ICER; blue) for a preventative TB intervention. This is depicted as a shift upward (representing

an increase in total costs due to no longer considering the [negative] incremental patient costs under a HS perspec-
tive) and leftward (representing fewer DALY averted through not including long-term disability). Assuming the
Enhanced ICER falls on the cost-effectiveness threshold provides both HS costs and the Basic ICER.

https://doi.org/10.1371/journal.pgph.0005062.9002
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This enabled us to estimate incidence and mortality for each 5-year sex-age subgroup, facili-
tating more detailed DALY calculations across demographic strata. HIV and MDR-TB preva-
lences among patients were additionally taken from the WHO [24]. Lacking detailed demo-
graphic breakdowns for MDR-TB prevalence, we assumed a uniform distribution across all
age and sex groups as per the WHO overall country percentage estimate.

Life expectancy. For each study country, age and sex-specific disaggregated estimates
for life remaining (5-year age brackets) were obtained from the 2022 United Nations (UN)
life tables [26]. These were used to YLLs, by assigning the remaining life expectancy to each
averted TB death.

TB treatment coverage. We utilised 2022 WHO case detection rates (CDR) for
each country to estimate the proportions of active TB cases who would receive treat-
ment. We assumed consistent rates for those with active TB both with and without the
intervention.

Health outcomes and intervention effect modelling. We modelled a generic preventive
intervention (e.g., a vaccine) applied uniformly across the entire population, without prefer-
ential targeting by age, risk group, or co-morbidity. Our core analysis assumed fixed values
of 80% efficacy and 80% coverage [27,28]. This resulted in a reduction in TB incidence across
the population, applied as a scalar to all incident TB cases (i.e., incidence X [1-efficacy X cov-
erage], equivalent to a 64% reduction in our base case). This reduction then flowed through
the model structure to reduce TB deaths, YLL, YLD, and DALYs, with all other epidemio-
logical parameters held constant between intervention and comparator scenarios. We did
not include disease transmission dynamics or indirect (herd) protection effects. This sim-
plification allowed us to isolate the impact of analytic choices—specifically cost perspective,
timeframe, and post-TB morbidity—on cost-effectiveness results across settings.

Health system costs. Health system costs were assumed unchanged between evalua-
tion approaches; while unspecified these would include the programme cost of the preven-
tative intervention, net of the reduction in cost for future treatment and management of
prevented TB cases (assumed up to the point of treatment completion). Scenario analyses
separately explored the impact of additional health system costs in the post-TB period (see
section “Post-TB health system costs™).

Patient costs. Data from twenty countries that completed a National Tuberculosis Patient
Cost Survey between 2015 and 2021 have been compiled by the WHO [3]. Costs are provided
in USD for the care-seeking and treatment period, separately for first-line and MDR-TB treat-
ment. We used these patient costs for the periods pre-treatment completion, adjusted from
the year of the study to 2022 USD values using the Consumer Price Index (CPI) provided
by the World Bank (see Table 1). Due to significant hyperinflation since the 2018 survey,
we excluded Zimbabwe from analyses. We applied patient costs only to treated patients DS-
TB and MDR-TB separately. For Fiji and the Solomon Islands, where only overall treatment
costs were available, we applied these costs to all TB patients regardless of resistance status.
GDP per capita estimates for 2022 were sourced from the World Bank, and correlation with
patient-costs checked using Pearson correlation analysis. No additional patient-level cost data
were sourced beyond the WHO’s publicly available surveys; all values used are drawn directly
trom this dataset and adjusted as described. These are presented in Table 1, and Table D in S1
Text, Supporting Information.

Patient cost values for the post-TB period under the extended societal approach were
derived from lost income (similar to the ‘output approach’ [5]). We extracted average house-
hold income before and during TB from the patient cost survey data and assumed a linear
return to pre-TB income levels following treatment completion. This simplifying assumption
was informed by cohort studies from Malawi, India, Brazil and South Africa, which found
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that income and employment often remain suppressed up to 12 months post-treatment, with
only partial recovery by two to three years [6-8,29]. This return period was assumed to be
3-years in core analyses (varied from 1 to 10 years in sensitivity analyses), with a 3% annual
discount rate applied.

Patient costs associated with receiving the preventative intervention were not included
in the core analyses but were explored in a scenario analysis (see section “Patient costs of
intervention administration”).

Disability weights. The disability weight for active TB (0.333), and TB-HIV (0.408) were
taken from the GBD [30]. In core analyses we utilised sex and HIV-status specific post-TB
weights from a primary post-TB cohort in Malawi, split into two periods: 3-years following

treatment completion, and then beyond [21]. We assumed no adverse effects from the inter-
vention in our core results, with both weights and serious adverse events (SAEs) explored in
scenario analyses (see Sections “Adverse event from vaccination” and “Alternative post-TB
weights”, and Table 2).

Discounting. For health effects and post-TB patient costs we applied a discount rate of
3%, which was varied in sensitivity analyses.

Cost-effectiveness threshold. The relative size of estimated ICER values were explored
under our different approaches against threshold values of 0.1 to 3 times GDP per capita,
though use 1xGDP per capita (2022) in our core analyses.

Scenario analyses

We conducted four separate scenario analyses to test the impact of varying our assumptions.

Patient costs of intervention administration. We considered how applying a ‘patient
cost’ to those receiving the preventative intervention would change the relative size of ICERs.
The Societal Extended ICER remained on the threshold, and the Societal Conventional
remained constant (as patient costs prior to TB treatment completion included). For each
country, we calculated how high patient costs for receiving the intervention would need to be
for the ICER under the Health System Perspective to appear more cost-effective than under
the Societal Perspective—i.e., when overall net patient costs were positive.

Alternative post-TB weights. We re-ran analyses using a uniform disability weight
for the post-TB period (remainder of life) of 0.053, as suggested by Quaife et al. (2020)
[31].

Post-TB health system costs. Empirical follow-up studies suggest approximately 16%
of pulmonary DS-TB patients continue to experience disability 3-years post-treatment [21],
however, there is little evidence on the magnitude of costs for managing these symptoms. We
explored the impact on the Enhanced ICER for a wide range of lifetime costs, from $1 to $100
dollars per person post-TB. This range ($1-$100) was selected to reflect a plausible lower- and
upper-bound scenario, given the absence of robust data on post-TB health service utilisation.
It draws on limited empirical studies suggesting ongoing disability in a proportion of patients,
but acknowledges the wide uncertainty in actual treatment costs.

Adverse event from vaccination. Our core analysis assumed no adverse events leading
to long-term disability from the intervention, meaning ADy = 0. We present the effect if a
proportion of those who received the intervention suffered an adverse event (incidencegag),
applicable if the preventative intervention were, for example, a vaccination. We present two-
way data tables, varying the incidence of AEFI (adverse event following immunisation)
between 0.01% and 1% and the duration between 0.02 years (~1 week) and 0.5 years. We
present three tables for weights of 0.1, 0.2, and 0.3.

This is presented for the country with the largest changes as the percentage increase in the
Extended ICER under the societal perspective.
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Additional one-way sensitivity analyses

In addition to scenario analyses, which assessed discrete alternative assumptions, we
conducted one-way sensitivity analyses to evaluate the impact of parameter uncertainty on
disability weights, time taken for financial recovery, and efficacy & coverage (Table 2).

Ethics

Ethical approval was not sought, as this study was a secondary analysis of previously pub-
lished data.

Results
Country profiles

Economic - patient costs. Patient costs between countries vary considerably, particularly
when considered against GDP per captia. The ratio of GDP per capita to overall mean patient-
costs ranged from 1.8 times (DRC) to 40.5 times (Papua New Guinea). MDR-TB costs are
markedly higher across all countries, with MDR-TB patients in Vietnam experiencing costs
nearly 4.5 times that of first-line treatment (DS-TB) patients. Pearson correlation found no
significant relationship between GDP per capita and either DSTB patient costs (p =0.534) or
MDR-TB costs (p =0.927). (See S1 Fig, S2 Fig, Supporting Information, for graphical illustra-
tion). We also found no significant relationship between GDP per capita and individual cost
components overall: Direct Medical (p = 0.830), Direct Non-medical (p =0.920), and Indirect
costs (p =0.146) (see Supporting information, S3 Fig).

Epidemiological. Country TB profiles showed considerable heterogeneity. Philip-
pines registered the highest 2022 incidence (638/100,000) and Burkina Faso the lowest at
(44/100,000). On average, the HIV co-infection rate among TB patients across countries was
approximately just under 10%, ranging from close to zero (Solomon Islands) to one third of
cases in Thailand. TB mortality rate was highest in Myanmar among HIV-negative individ-
uals (80/100,000), while Brazil reported the lowest (3.4/100,000). Average CDR was 68%,
again ranging widely from a reported 100% in Uganda to 37% in Ghana (Table B in S1 Text,
Supporting Information).

Intervention and health outcomes

The health benefit offered by the intervention varied substantially between countries across
YLL, YLD, and DALYs (Table A in S1 Text). Under the conventional period, the average con-
tribution of YLD to DALY was 9% across countries, ranging from 4% (Ghana) to 26% (Mon-
golia). This contribution increased to 31% under the Extended timeframe, (from 14% Ghana
up to 60% Mongolia). For both timeframes, DALYs were greatest in Myanmar (2,019 Con-
ventional; 2,527 Extended), with fewest in Fiji (117 & 186). On average, the inclusion in cal-
culations of post-TB disability increased DALY estimates by +36% (ranging +12% Burkina
Faso and Ghana to +86% Mongolia). Effectiveness of the intervention was expectantly driven
by baseline incidence. The largest benefits were seen in Laos and Vietnam (1,583 and 1,357
DALYs averted, respectively). On average, the extended timeframe increased estimates of
DALYs averted by 39% (ranging +13% DRC to +101% Mongolia).

Across all countries, excluding post-TB effects increased ICERs by an average of 51%
(ranging from +19.3% in Ghana to +108% in Mongolia), while omitting patient-incurred
costs had a smaller effect, , increasing ICERs by an average of 14% (from +0.6% in Papua New
Guinea up to +54.4% in Mali).
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Costs

Health system costs were calculated through our methodological assumption that the inter-
vention was cost-effective at the point of the threshold under the societal perspective of the
extended evaluation (Fig 3), using a threshold of 1*GDP per capita. Accordingly, HS costs
varied between countries, from $803,315 (Brazil) to $93,929 (Burkina Faso). Across all coun-
tries patient costs made only a small proportion of total costs, under 10% in all but three
countries (Brazil, Burkina Faso, Thailand) under the conventional time period (average 6%
conventional period, 14% extended period). Moreover, our post-treatment patient cost esti-
mates were for many countries substantial, on average comprising 64% of total patient costs.
These ranged widely, from 21.7% of total patient costs in Solomon Islands to 92% in Burkina
Faso.

ICERs

ICERSs calculated under the four approaches (Table 3) demonstrate large variation, with the
extended timeframe societal perspective (‘Enhanced’) evaluation providing the lowest ICER,
and the conventional timeframe under the health system perspective (‘Basic’) the largest (see
section “Anchoring ICERs”). This difference was largest for Mongolia at +112.7% Across

all countries, the timeframe considered had a greater impact on ICERs than choice of per-
spective. Expressing differences as percentage change from the smallest ICER, that under the
‘Enhanced Evaluation’ (societal perspective and the Extended timeframe), a health system
perspective with an extended timeframe led to ICERs that are on average 14% larger (ranging
+54.4% Mali to +0.6% Papua New Guinea), while a societal perspective under the conven-
tional (shorter) timeframe, increased ICERSs by an average of over 50% (+108% Mongolia to

+19.3% Ghana).
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Fig 3. ICERs for TB Intervention by Country and Approach. (A standardised figure is provided in Supporting
Information, S3 Fig).

https://doi.org/10.1371/journal.pgph.0005062.g003
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Comparative analysis across thresholds

For all countries, as the size of the cost-effectiveness threshold is increased, the ICER estima-
tions given under the two approaches converge, as the addition of patient costs becomes less
relevant to the addition of post-TB DALYs. Fig 4, shows this relationship for each country
between threshold values of 0.1xGDP and 2xGDP. Beyond 2xGDP per capita thresholds, the
relative size of the ICERs has stabilised, and the difference between the two ICERs for most
countries is minimal, although for Mali the Enhanced approach ICER is still 20% lower than
the ICER under the conventional approach.

Sensitivity analyses

Results of sensitivity analyses are summarised in Supporting Information, Tables C,D,E,EG
in S1 Text. Higher and lower values for active TB disability weights (HIV-positive and HIV-
negative) affected ICERs in most countries by < +1%, with the largest difference in Mongolia,
where the conventional ICERs (both HS and Soc) increased by 5.6% and 5.8% (decreasing
5.1% and 5.2%). Increasing the period of financial recovery from 3 to 10 years increased costs

100

90

80

Extended ICERg,. as a percentage of Conventional ICERg,c

10
%.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Cost-effectiveness threshold as a proportion of GDP per capita (2022)
—— Brauzil —— BurkinaFaso — DRC Fiji —— Ghana —— Indonesia Kenya
—— Laos Mali Mongolia Myanmar Nigeria —— PapuaNewGuinea —— Philippines
—— Solomonlslands Tanzania ~ —— Thailand — Uganda VietNam
Fig 4. Relative sizes of ICERs: Societal perspective - Extended vs. Conventional.
https://doi.org/10.1371/journal.pgph.0005062.9004
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by 202%, while reducing to 1 year decreased costs by 66%. (See Supporting Information Table
E in S1 Text); in Papua New Guinea and Tanzania there was no change (see Table 3).

Scenario analyses

Including an intervention administration cost to patients. When assuming that roll-
out of intervention incurred patient costs, we found that for even modest costs patient cost
savings from preventing treatment were outweighed by the costs of implementation. For the
extended evaluation, this ranged from as little as $1 (6 countries) to $6 for Myanmar (Sup-
porting Information, Table F in S1 Text).

Alternative post-TB weights. Applying a uniform, lifelong post-TB disability weight of
0.053 increased the Basic ICER relative to the Enhanced by +8% to +43% across countries,
with an average increase of +20% (Table I, S1 Text, Supporting Information).

Adverse events following intervention. Table J in S1 Text (Supporting Information)
shows the percentage increase in the ICER for the intervention under the Extended evalua-
tion, Societal perspective, in the case of Brazil (largest changes). In a sample analysis, for a dis-
ability weight of 0.1, for an SAE incidence of 1 in 200, if the duration of SAE lasted 6 months
the ICER increased by 16%.

Discussion

Our analyses demonstrate the significant impact that choices regarding timeframe and
analytical perspective can have on cost-effectiveness ratios for a generic preventative TB
intervention, such as a vaccine. Across 19 countries, we found that including the post-TB
period consistently improved cost-effectiveness estimates, whereas including patient costs
had a more limited effect, except at low cost-effectiveness thresholds. The degree of impact
varied considerably between countries, reinforcing the importance of context-specific evalu-
ations.

The inclusion of post-TB health effects significantly altered cost-effectiveness ratios. In
Mongolia, for example, an intervention that would be considered cost-effective at a threshold
of 1xGDP per capita under the extended approach had an ICER twice as large under the con-
ventional approach. The average increase in ICERSs across countries was 51%, highlighting the
need for greater consideration of post-TB health impacts in cost-effectiveness analyses. While
relevant across all intervention types, these impacts are particularly salient for preventative
interventions, where TB incidence is averted entirely and with it, all downstream morbidity
and disability. The evidence base on prolonged post-TB morbidity is robust [16] and widely
recognised by TB care stakeholders [34], yet remains underrepresented in many economic
evaluations.

By contrast, including patient costs had a relatively limited effect on ICERs (as esti-
mated using our extended approach). In all countries, their influence diminished as the cost-
effectiveness threshold increased, with the relative difference between ICERs (under the
societal vs. health system perspectives) plateauing or changing minimally beyond approxi-
mately 2xGDP per capita (S5 Fig). At these higher thresholds, patient costs contributed little
to the overall ICER. The largest impacts were seen in countries where patient costs were espe-
cially high relative to GDP, such as Mali and Uganda, where ICERs were 20% and 11% lower,
respectively, under the societal perspective.
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Cost-effectiveness thresholds and GDP influence

Cost-effectiveness thresholds (often determined as multiples of GDP per capita) play a critical
role in how much patient-incurred costs affect the ICER. Because our ICER calculations were
anchored to GDP, the relative influence of adding patient costs depended on this. In absolute
terms, patient-incurred costs constitute a larger share of total TB costs in low-GDP countries,
making the difference between including or excluding those costs appear larger. In higher-
GDP settings, the same absolute patient costs represent a smaller fraction of the threshold,

so their inclusion produces a smaller change in ICER. For example, in Mali (GDP per capita
~ $847), adding patient costs lowered the ICER by about 20%, whereas in Brazil (GDP per
capita = $10,000), the ICER difference was only 4% at a IXGDP per capita threshold.

Notably, we found no significant overall correlation between a country’s GDP and the
magnitude of TB patient costs, yet several countries with the highest average patient cost bur-
dens (e.g., Laos, Ghana, Nigeria) also have relatively low GDP per capita, likely due to weaker
health financing arrangements and social protection systems leading to higher out-of-pocket
expenses. This highlights an important issue, being that analyses using GDP-based thresh-
olds may place less weight on patient costs in wealthier settings, potentially obscuring the true
financial burden of TB, especially in middle-income countries where patient costs remain
high but appear less influential proportionally. When we examined results in relative terms
(percent change in ICER), patient-incurred costs were still a substantial component across
all settings, suggesting that GDP-based ICER thresholds can mask the impact of these costs
rather than eliminate it. Grouping countries by World Bank income classification, we found
that excluding patient-incurred costs increased ICERs by an average of 12.6% in low-income,
11.3% in lower-middle-income, and 5.9% in upper-middle-income countries, supporting the
observation that the relative influence of patient-incurred costs on cost-effectiveness estimates
diminishes in higher-income settings with larger GDP-based thresholds.

There is ongoing debate about the appropriateness of GDP-based cost-effectiveness thresh-
olds. Critics have noted their limitations and proposed alternative approaches, such as bench-
marking against context-specific interventions or using “league tables” [35]. Despite these
critiques, GDP-based thresholds remain common in practice [36]. Additionally, GDP-based
thresholds cannot necessarily account for the pricing structure of some interventions, such as
vaccines, which may be subject to tiered pricing or global procurement mechanisms that may
not align closely with national income levels.

As a result, cost-effectiveness assessed using GDP-based thresholds may undervalue such
interventions in lower-income settings, given that intervention costs remain relatively con-
sistent across countries whereas affordability differs. Our findings support the adoption of
more nuanced, equitable, and context-specific criteria for cost-effectiveness—ones that bet-
ter reflect each country’s economic realities and protect against undervaluing interventions
in lower-income settings. Incorporating measures of financial risk protection or affordabil-
ity into threshold-setting (in addition to or instead of pure GDP-per-capita metrics) could
enhance cross-country comparisons and decision-making fairness.

Societal perspective and externalities

The application of a “societal” perspective in TB cost-effectiveness studies is often more
restricted than the term suggests. The relatively low impact of patient costs on ICERs in our
results should not be misinterpreted as meaning those costs can be ignored or that adopting a
societal perspective is unimportant. Rather, it reflects the fact that the patient costs typically
included in TB cost-effectiveness studies (as in our “conventional” analysis) capture only a
narrow part of true societal costs. Even our extended scenario with a longer post-treatment
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economic recovery period would be more accurately described as a “limited societal” perspec-
tive, as defined by Kim et al. [11].

While consensus on definitions is lacking, generally, a ‘societal perspective’ is expected
to consider the public interest with wider spillover effects beyond the health sector, often
encompassing factors such as productivity losses and cost-shifting between sectors, and
potentially too the effects on sectors such as education [37,38]. Such considerations are often
difficult to fully capture in practice, with patient cost estimates typically constrained by data
availability and methodological choices. Moreover, reliance on the DALY as the primary
health outcome measure—focusing on individual health losses rather than wider economic
and social disruptions—further distances such analyses from a truly comprehensive societal
perspective. As a result, even CEAs adopting a societal perspective are overlooking key exter-
nalities, particularly those related to household and social wellbeing—highly relevant in the
context of TB. These challenges become even more pronounced in preventative interventions,
where public health externalities are clearer, and specific frameworks have been proposed to
address them [39,40].

Our study has several limitations that must be considered when interpreting the find-
ings. First, we did not account for the effects of onward TB transmission, which would likely
increase the cost-effectiveness of preventative interventions by reducing secondary cases. This
simplification was intentional: by excluding dynamic transmission and indirect protection
effects, we aimed to maintain consistency across countries and isolate the impact of key ana-
Iytic choices in a transparent and replicable manner. Additionally, we assumed no differences
in TB case detection or case fatality rates with or without the intervention, a likely simplifi-
cation of real-world dynamics. Moreover, several of the WHO-derived parameters—such as
TB incidence, case fatality rates, and detection rates—have considerable uncertainty, often
provided with wide confidence intervals. While our model is instrumental, this uncertainty
could influence the scale of our findings, particularly for country-level estimates, and should
be borne in mind. Second, our analysis was constrained by a lack of long-term data on both
patient and health system post-TB costs. While we assumed that household finances recover
approximately three years after TB treatment completion, this is based on limited empirical
evidence and likely varies by setting [6-8,29]. The recovery was modelled as linear, which
may not reflect actual income trajectories in all contexts. Similarly, post-TB healthcare costs
remain poorly documented, and our analysis does not capture the financial burden associated
with managing long-term TB-related complications—costs which could meaningfully influ-
ence cost-effectiveness estimates if systematically included. Given this uncertainty, we applied
a wide ($1-$100) range in sensitivity analyses to explore plausible scenarios.

Although our population was modelled to reflect TB/HIV co-infection rates using TB-HIV
specific disability weights, we did not explicitly model differences in outcomes by HIV sta-
tus, which could impact cost-effectiveness if interventions affect these groups differently. Fur-
thermore, our analysis assumes TB care is delivered within government- or donor-financed
programmes, where patients face minimal direct treatment costs. In settings with insurance-
based financing or cost-sharing mechanisms, patient costs could be higher, potentially alter-
ing ICERs. Lastly, while we presented results across a range of cost-effectiveness thresholds,
the use of GDP-based thresholds remains a subject of debate, as they may not fully capture
societal willingness-to-pay or affordability considerations. Future research incorporating
alternative threshold-setting approaches and detailed financial protection metrics could pro-
vide a more comprehensive view of TB intervention cost-effectiveness.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0005062 September 11, 2025 17/ 21



https://doi.org/10.1371/journal.pgph.0005062

PLOS GLOBAL PUBLIC HEALTH TB cost-effectiveness analysis - Post-TB and patient costs

Policy implications and future research

A key motivation for this work is to inform TB policy and resource allocation by provid-

ing evidence on long-term outcomes. A 2022 qualitative study highlighted significant data
gaps that hinder informed decision-making by funders and policy-makers, noting that many
National TB Programmes feel unable to advocate for post-TB care due to a lack of funding,
guidelines, and evidence. Our study helps address this evidence gap by demonstrating the sig-
nificant impact of the post-TB period on cost-effectiveness and, by extension, on policy deci-
sions. For example, a TB vaccine that appears marginally cost-effective under a conventional
analysis may actually be highly cost-effective when post-TB disability and patient costs are
included—potentially influencing financing decisions in low-income countries.

By quantifying how much extending the analytic horizon beyond the final day of medica-
tion can change cost-effectiveness results, we provide policymakers with an estimate of the
value of reconceptualising TB as a disease with outcomes that extend into the post-treatment
period. Our results advocate for longer-term follow-up in economic evaluations of TB inter-
ventions to ensure that benefits such as restored productivity, averted disability, and pre-
vented long-term complications are captured.

Conclusion

In conclusion, our findings underscore that narrowly defining the scope of TB cost-
effectiveness analyses can lead to an incomplete picture of an intervention’s value. Analyses
that consider only the costs and health effects up to treatment completion (and that focus
solely on health system costs) risk missing a substantial portion of TB’s total impact. We
observed that when the enduring health and economic consequences of TB—such as post-
treatment disability and ongoing patient financial burdens—are included, preventative inter-
ventions appear considerably more cost-effective.

Perspectives that include these broader costs and longer-term outcomes increase the like-
lihood that an intervention will be deemed cost-effective, especially in lower-income settings
or at lower willingness-to-pay thresholds. Conversely, failing to account for TB’s extended
impacts under-represents the benefits of preventative measures, which could bias decisions
against interventions that are actually highly valuable in the long run. Ultimately, incorporat-
ing post-TB outcomes and patient costs into cost-effectiveness evaluations will provide a more
accurate reflection of the true benefits of TB interventions, helping to guide better-informed
and more equitable policy decisions.

Our findings suggest that traditional cost-effectiveness analyses may systematically under-
estimate the value of TB prevention. Researchers should consider adopting longer timeframes
and broader cost perspectives when evaluating interventions to ensure that their full societal
and economic benefits are recognised.
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