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Abstract
Introduction: In 2017, the Aurum Institute, with support from Unitaid, launched an initiative to expand short-course therapy
for the prevention of tuberculosis (TB) in 12 high-burden countries. This study aimed to investigate the importance of “cat-
alytic” effects beyond the original project timeframe when estimating cost-effectiveness of such large investments.
Methods: We estimated the cost-effectiveness of the IMPAACT4TB (I4TB) initiative from a health system perspective, using
a 10-year time horizon. We first conservatively estimated costs using a “top-down” approach considering only the direct health
benefits of providing TB preventive therapy to people initiating antiretroviral therapy (ART) through I4TB activities. We then
re-estimated the incremental cost-effectiveness of I4TB incorporating the costs and health benefits of potential catalytic
effects beyond the program itself.
Results: We estimated that TB preventive therapy through the I4TB initiative alone would prevent 14 201 cases of active TB
and 1562 TB deaths over 10 years with an up-front investment of $52.5 million; the estimated incremental cost-effectiveness
was $1580 per disability-adjusted life year (DALY) averted. If this initiative could achieve its desired catalytic effects, an addi-
tional 375 648 cases and 41 321 deaths could be averted, at an incremental cost of $546 million and cost-effectiveness of
$713 per DALY averted.
Conclusions: Our findings provide donors with reasonable evidence of value for money to support investment in short-course
TB preventive therapy for people initiating ART in high-burden settings. Our study also illustrates the importance of consider-
ing long-term secondary (“catalytic”) effects when evaluating the cost-effectiveness of large-scale initiatives designed to change
a global policy landscape.
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1 | INTRODUCTION

Since 1993, the World Health Organization (WHO) has rec-
ommended preventive therapy for tuberculosis (TB) for peo-
ple living with HIV (PLHIV) in whom active TB has been
excluded (without testing for latent TB infection, LTBI) [1]. Yet
the uptake of TB preventive therapy (TPT) – or treatment for
LTBI – in high burden countries remains low [2]. In 2011, a
novel short course regimen for TPT, consisting of three
months of weekly rifapentine and isoniazid (3HP), was shown
to have less toxicity, better adherence, lower risk of develop-
ing resistance and similar efficacy to six months of daily isoni-
azid (isoniazid preventive therapy, IPT) [3]. In 2018, WHO
released updated guidelines recommending 3HP as an alterna-
tive to IPT for treating LTBI in high TB burden countries [4,5].

In 2017, the Aurum Institute, with funding and support from
Unitaid [6], launched the IMPAACT4TB (Increasing Market and
Public health outcomes through scaling up Affordable Access
models of short Course preventive Therapy for TB, I4TB) initia-
tive to promote scale-up of 3HP. This initiative allocated
$59 million to provide 3HP to PLHIV and paediatric TB con-
tacts across 12 high-burden countries (Brazil, Cambodia, Ethio-
pia, Ghana, India, Indonesia, Kenya, Malawi, Mozambique, South
Africa, Tanzania, Zimbabwe), representing 50% of global TB
incidence. The I4TB project also includes comprehensive activi-
ties to support global scale-up of 3HP, including negotiations to
lower the price of rifapentine, supporting development of a
generic fixed-dose combination, coordination of procurement
and support of global advocacy. Implementation of 3HP through
I4TB is scheduled to start in late 2020 to early 2021.
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When evaluating the value-for-money of large initiatives
such as I4TB that aim not only to deliver an intervention
(TPT) but also to change a broader global landscape, it is
important to consider that a large up-front investment may be
necessary to facilitate future scale-up activities at the country
level. For example overcoming initial policy hurdles and
demonstrating that short-course TPT can successfully be
implemented at scale may create a “catalytic” effect, in which
TPT is delivered to a much greater population, both in the
original I4TB countries and worldwide. Cost-effectiveness
analyses of such major initiatives should therefore explicitly
consider the potential for such catalytic effects (and the
uncertainty thereof). We conducted a cost-effectiveness analy-
sis of the I4TB project (with a focus on PLHIV) that considers
the project both in isolation and incorporating its potential
catalytic impact over a future 10-year horizon.

2 | METHODS

2.1 | Estimating the direct effect of I4TB

We first sought to conservatively estimate the effectiveness
and cost-effectiveness of I4TB by only considering the impact
of directly providing 3HP to 695 000 PLHIV newly enrolled

on ART within the context of I4TB in the 12 target countries
(the I4TB target population size). We estimated the number
of TB cases and deaths that would be averted over a 10-year
time horizon, using probability parameters from the scientific
literature (Table 1). We assumed that 23% of the target popu-
lation would have LTBI (of whom 1.6% would reactivate TB
each year), that 80% of the target population would complete
3HP (with 90% efficacy among those who complete), and that
PLHIV on ART who subsequently develop active TB have 10%
case-fatality. For simplicity and conservativeness, we assumed
that individuals receiving TPT were not recently infected with
TB, and that TPT offered no benefit against TB disease due to
reinfection after TPT initiation. We assumed that PLHIV initi-
ating ART remain in care without loss to follow-up for the
entire 10-year horizon. Future TB cases and deaths were con-
verted to disability-adjusted life years (DALYs) by assuming
standard disability weights [7] and an average 27-year life
expectancy of HIV-positive individuals on ART at the time of
TPT. Future DALYs (and costs, below) were discounted at 3%
per year, with sensitivity analysis between 0% and 7%. Calcu-
lations were performed in R version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria). All data and R scripts
for reproducing this analysis are available at https://github.c
om/TB-Modeling/impaact4tb-tpt-3hp.

Table 1. Parameter values

Epidemiologic values Base Low High Source

Prevalence of LTBIa 0.23 0.20 0.35 [26]

TB reactivation rate on ARTb 0.016 0.012 0.020 [19,20]

Efficacy of 3HP 0.9 0.8 0.95 [8]

Completion of 3HP 0.8 0.6 0.9 [8]

TB case-fatality ratio for HIV + on ARTb 0.1 0.08 0.14 [27]

Life expectancy of HIV + on ARTb 27 20.25 33.75 [28]

TPT Toxicity without hospitalizationb 0.082 0.062 0.103 [29]

TPT Toxicity with hospitalizationb 0.003 0.002 0.004 [29]

Disability weights

Disability weight, HIV on ART 0.053 0.034 0.079 [7]

Disability weight, TB/HIV 0.399 0.267 0.547 [7]

Costsc

Cost per outpatient visit, Africa $2.39 �50% +50% [11]

Cost per outpatient visit, Latin America/Asia $2.65 �50% +50% [11]

Cost per hospital bed-day, Africa $12.84 �50% +50% [11]

Cost per hospital bed-day, Latin America/Asia $12.85 �50% +50% [11]

Laboratory testing for toxicity, Africa $16.31 �50% +50% [10,11]

Laboratory testing for toxicity, Latin America/Asia $18.13 �50% +50% [10,11]

TB treatment cost, Africa $446 �50% +50% [13]

TB treatment cost, Latin America/Asia $1040 �50% +50% [13]

3HP price after volume reaching 10 million doses $10 $7 $12 Assumption

ART cost, per person-year $64 $61 $75 [12]

Discounting rate 0.03 0.00 0.07 Assumption

3HP, three months of weekly isoniazid and rifapentine therapy; ART, antiretroviral therapy; HIV, human immunodeficiency virus; LTBI, latent tuber-
culosis infection; TB, tuberculosis; TPT, TB preventive therapy.
aWe used a wider range of LTBI prevalence from 0.20 to 0.35 (reflecting the lower bound for the African region and the upper bound for the
Southeast Asian region), given the large variation in LTBI prevalence across regions and countries.;

b

For epidemiologic parameters where 95%
uncertainty ranges were not available from the literature, we applied �25% of the base value as the lower bound and +25% of the base value as
the upper bound.;

c

For cost parameters, we applied �50% of the base value as the lower bound and +50% of the base value as the upper bound.
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2.2 | Cost and cost-effectiveness of I4TB (Direct
Effects Only)

We conservatively estimated the cost of providing TPT for
PLHIV through I4TB as the “top-down” budget of the entire
initiative ($59 million), after subtracting the estimated portion
($6 million) for TPT among child contacts, based on the rela-
tive size of each target group. We excluded household contact
investigation with TPT for paediatric contacts from this analy-
sis because it represents a different intervention with different
considerations for both costs and effectiveness. Our goal in
this initial analysis was to be maximally conservative, not ignor-
ing any costs that might be incurred. We therefore implicitly
assumed that I4TB could not be performed without substantial
overhead costs for project coordination, technical assistance,
monitoring and evaluation and implementation research to
inform models of delivery. In addition to the “top-down” cost of
I4TB, we also incorporated costs for adverse events, assuming
that 8.2% of all PLHIV receiving TPT would experience a treat-
ment-limiting adverse event incurring costs of additional labo-
ratory testing, and that 0.3% of individuals would experience
an adverse event requiring seven days of hospitalization [8,9].
We assumed a one-time outpatient visit and laboratory testing
(complete blood count, electrolyte panel, urinalysis and liver
function tests) for all patients experiencing such toxicity, plus
hospitalization costs for those requiring inpatient care. Coun-
try-specific costs of laboratory testing were assumed to follow
the same proportional cost, relative to South Africa (where lab-
oratory costs were available [10]), as the cost of outpatient
treatment. Costs of outpatient visits and hospitalization were
estimated from WHO-CHOICE [11]. We assumed that 3HP
would save TB treatment costs for those in whom TB reactiva-
tion was averted; we also included additional ART costs (esti-
mated at $64 per year [12]) for those in whom TB death was
averted. We also considered, in the case of dolutegravir, the
potential need for additional dosing with rifapentine; this did
not alter our estimates of cost-effectiveness by more than 1%
(data not shown). TB treatment cost in each country was esti-
mated based on its gross domestic product (GDP) per capita,
using WHO’s TB treatment cost regression model (TB treat-
ment cost = e�2.2 + 1.1*ln(GDP)) [13]. This formula accounts for
the higher cost of TB treatment in wealthier countries where
labour is more expensive. In all cost analyses, we took an aver-
age of each country-specific cost by region, converted costs
into same-year US dollars and inflated those costs to 2018
using the US GDP deflator [14]. When costs or savings
occurred in the future, we calculated the net present value of
all future costs and savings accruing to each patient in the year
in which s/he was given 3HP.
In our primary analysis, we compared 3HP to no TPT based

on historical evidence of low IPT uptake in these countries. (In
other words, we assumed that TPT delivered through I4TB
would be additional to existing levels of TPT rather than
replacing IPT or other TPT regimens.) Our primary outcome
was the incremental cost-effectiveness ratio (ICER), comparing
the intervention to the existing status quo, assuming that TPT
coverage under the status quo would remain constant at
2019 levels in the absence of I4TB. Data were collected from
the scientific literature and the project implementing agency
from 29 July 2019 to 11 February 2020.

2.3 | Estimating the catalytic effect of I4TB

Following this maximally conservative cost-effectiveness esti-
mate of the I4TB initiative above, we next estimated the poten-
tial “catalytic” impact of I4TB between 2020 and 2030. We
assumed that I4TB would enable countries to enhance provi-
sion of TPT to 32 million PLHIV, both those newly enrolling and
already enrolled in care globally by 2030. We calculated this
total simulated population size by taking the current global
prevalence of HIV and assuming that the mean annual decline
in new HIV infections over the preceding 10 years [15] would
continue linearly for the next decade. We further assumed a
two-year delay between new HIV infection and diagnosis, and
constant 81% ART coverage (90% of all PLHIV know their sta-
tus, of whom 90% are on treatment) in future years.
To project annual 3HP coverage by 2030 with potential cat-

alytic impact not only within 12 target countries but also
worldwide, we categorized countries into three groups based
on their anticipated potential to open a window for policy
change according to the framework of Kingdon [16]. This
framework conceptualizes the potential for policy change as a
function of the size of the perceived problem, availability of
effective policy and favourability of the political environment.
We characterized problem size based on TB incidence and
TB/HIV comorbidity, TPT policy availability based on existing
coverage of TPT and ART, and favourability of the political
environment based on the per-capita budget for TB/HIV as a
proportion of per-capita gross national income (GNI). Using
these data, we classified countries into those with “high,”
“moderate,” and “low” potential for TPT policy change following
I4TB (Appendix S1). We then assumed that countries with
“high” potential would reach 90% TPT coverage by 2025 and
95% by 2030 for both PLHIV on ART and PLHIV newly
enrolled in care; countries with “moderate” potential would
reach 90% TPT coverage by 2030; and countries with “low”
potential would reach 70% TPT coverage by 2030. We
assumed linear increases in TPT coverage over the post-I4TB
time period. Specific TPT coverage assumptions by the group
are provided in Appendix S2.

2.4 | Cost and cost-effectiveness of I4TB,
incorporating catalytic effects

We assumed that, once a 3HP delivery system has been set
up in each country through the mechanism of I4TB, 3HP
could be delivered to patients for the cost of drugs plus three
outpatient visits and a 25% markup for overheads including
procurement and delivery, monitoring and evaluation and
ongoing quality assurance. We used the recently discounted
price of 3HP ($15 per adult course), reflecting negotiations by
Sanofi and Unitaid/Global Fund [17] followed by manufacture
of a generic fixed-dose combination. We assumed that this
price would fall to $12 in 2022 and subsequently stabilize
until reaching a global volume of 10 million doses (in 2024
under our projection), at which time we assumed the price
could be reduced to $10 per course.
Using the estimates of cost and effectiveness as described

above, we re-estimated the incremental cost-effectiveness of
I4TB considering both the direct impact of the project itself
(using maximally conservative estimates, as above) and the
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potential catalytic impact. We again adopted a 10-year horizon
for all costs and effects, assuming that policymakers might use
10 years as a reasonable horizon for decision making. To pro-
vide budgetary estimates, we also estimated costs required
and saved plus cases and deaths averted in each year without
discounting.

2.5 | Sensitivity analysis

We performed one-way sensitivity analyses to describe the
association between each input variable and the primary out-
come (i.e. incremental cost-effectiveness of I4TB). To explore
the simultaneous effect of uncertainty in all model parame-
ters, we also conducted a probabilistic sensitivity analysis
(PSA) in which all model parameter values were randomly
sampled over pre-specified distributions (shown in Table 1).
This process was repeated 10 000 times to generate uncer-
tainty estimates around the primary cost-effectiveness esti-
mate, with 95% uncertainty ranges (95% UR) reported as
the 2.5th and 97.5th percentiles of the corresponding distri-
butions.
To the extent that I4TB-delivered 3HP would replace IPT

(rather than add to existing TPT efforts), the incremental cat-
alytic impact of I4TB would be reduced. As such, we per-
formed a secondary analysis in which 50% of PLHIV receiving
3HP would otherwise have received IPT. To explore the
impact and cost-effectiveness of I4TB over a longer time hori-
zon, we additionally considered a 27-year time horizon (as the
mean life expectancy of patients receiving 3HP). We also per-
formed a sensitivity analysis with each country group
(Appendix S3) and with a higher LTBI prevalence (31%) which
was seen in the Southeast Asian region [18] (Appendix S4).

2.6 | Ethical statement

Neither ethical approval nor informed consent was required
for this analysis which did not involve human subjects
research.

3 | RESULTS

Under our initial conservative analysis, we estimated that, if
I4TB could effectively deliver 3HP to 695 707 PLHIV initiat-
ing ART, it would avert 14 201 (95% UR: 8097 to 19 367)
cases of active TB, 1562 (799 to 2326) deaths, and 29 368
(12 405 to 52 311) DALYs over a 10-year time horizon com-
pared to the status quo. After discounting and removing the
budget for child contacts, the top-down cost of I4TB was
$52.5 million. We estimated that $8.1 million would be saved
due to averted treatment costs, but an additional $2 million
would be required for management of toxicity and incremental
ART for people avoiding TB death, resulting in an incremental
cost of $46.4 million and incremental cost-effectiveness of
$1580 ($859 to $3940) per DALY averted over a 10-year
horizon (Table 2). This cost-effectiveness estimate fell by 44%
(to $890 per DALY averted) when using a 27-year horizon.

3.1 | Cost-effectiveness considering catalytic
impact

If the I4TB initiative could catalyse TPT delivery to an addi-
tional 32 million PLHIV over 10 years, an additional 389 849
(219 488 to 540 370) cases of active TB, 42 883 (21 522 to
64 523) deaths, and 830 257 (340 901 to 1 502 158) DALYs
would be averted relative to the status quo over that time
frame. The additional cost of providing 32 million courses of
3HP was estimated at $677 million, resulting in $209 million
in averted treatment costs and $78 million in additional costs
for toxicity management and ART in survivors. As a result,
after also considering this catalytic impact, the estimated
incremental cost-effectiveness of I4TB fell to $713 ($370 to
$1781) per DALY averted (Table 2). If the baseline catalytic
effect was cut in half (e.g. if 50% PLHIV receiving 3HP would
otherwise have received IPT or if the number of PLHIV
receiving TPT only met 50% of initial projections), the esti-
mated incremental cost-effectiveness of I4TB rose to $743
per DALY averted.

Table 2. Cost-effectiveness of the I4TB initiative over a 10-year time horizon

Scenario

Cost (2018 US dollars, in millions) Effectiveness and Cost-effectiveness

TB

Preventive

Therapy

Averted TB

Treatment

Additional

ART

3HP

Toxicity

Incre-

mental

cost

TB cases

averted

TB

deaths

averted

DALYs

averted

ICER (cost per

DALY averted)

Direct effect

(n = 695 707)

$52.5 �$8.1 $0.5 $1.5 $46.4 14 201 1562 29 368 $1580

Incremental catalytic

effecta

(n = 31 918 629)

$676.6 �$208.6 $17.1 $60.9 $545.9 375 648 41 321 800 889

Catalytic impact $729.0 �$216.7 $17.7 $62.4 $592.3 389 849 42 883 830 257 $713

3HP, three months of weekly isoniazid and rifapentine therapy; ART, antiretroviral therapy; DALY, disability adjusted life years; I4TB,
IMPAACT4TB initiative; ICER, incremental cost-effectiveness ratio; TB, tuberculosis.
a

We assumed that countries with “high” potential would reach 90% TPT coverage by 2025 and 95% by 2030 for both currently and newly
enrolled PLHIV on ART; countries with “moderate” potential would reach 90% TPT coverage by 2030; and countries with “low” potential would
reach 70% TPT coverage by 2030. We applied a linear increase in TPT coverage in the period from 2020 to 2030.
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Figure 1 presents the estimated budget impact (as undis-
counted costs and benefits) of I4TB through 2030, broken
down according to direct and catalysed effects. The I4TB-
catalysed delivery of 3HP would require an additional bud-
getary outlay of $780 million over 10 years, beyond the initial
$53 million investment by Unitaid. However, when considering
TB treatment costs saved, annual net costs for “catalysed”
TPT after 2026 would be less than half of the first-year
investment. Moreover, additional cost savings would be real-
ized in years beyond 2030 (Figure 1).

3.2 | Sensitivity analysis

Figure 2 illustrates the model parameters that were most
influential on the primary outcome of I4TB cost-effectiveness,
in the direct-effect-only scenario. Specifically, variation in the
assumed discount rate, TB reactivation rate and probability of
3HP completion alone could cause the estimated cost-effec-
tiveness of I4TB to rise as high as $2200-$2500 per DALY

averted. The results of probabilistic sensitivity analysis are
shown in Figure 3, illustrating that uncertainty regarding the
effectiveness of I4TB is greater than uncertainty in cost.
Despite this uncertainty, the probability that I4TB would be
considered cost-effective at a threshold of $4000 per DALY
averted, even in the most conservative scenario of top-down
costing and a 10-year horizon of effects, was 98%. After
incorporating potential catalytic effects, the probability of
cost-effectiveness at a threshold of $1000 per DALY averted
was 67%, and at a threshold of $2000 per DALY averted was
99%.
If the cost of rifapentine is dramatically reduced to an unli-

kely price of $1 per course upon achieving a global volume of
10 million doses, the estimated incremental cost-effectiveness
becomes $474 per DALY averted under the catalytic impact
scenario. When we estimate the cost-effectiveness with a 27-
year time horizon, I4TB with catalytic impact prevents at least
402 841 TB cases and 44 313 TB deaths, resulting in incre-
mental cost-effectiveness as low as $690 per DALY averted.

Figure 1. Budget impact of I4TB, 2020 to 2030. (a) Shows costs and benefits (costs saved) from the direct and catalyzed impact of I4TB by cal-
endar year (i.e. without discounting). Direct costs of I4TB (light green) are high in the initial two years, reflecting the large initial investment in the
I4TB initiative itself. After 2026, the catalyzed delivery costs (dark green) were substantially lower on a per-person basis. Toxicity treatment costs
(light and dark blue) for adverse events and additional ART costs required for people in whom TB death is averted (light and dark red) are also
considered in this budgetary analysis. TB treatment costs saved (light and dark orange) reflect TB cases that are averted by TPT. (b) Shows the
cumulative number of TB cases averted by 2030 considering the direct effect of I4TB (light blue) and the additional catalytic impact (dark blue).
(c) Shows similar numbers but for TB deaths averted.
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4 | DISCUSSION

This analysis of I4TB illustrates the importance of considering
long-term secondary (“catalytic”) effects when evaluating the
cost-effectiveness of interventions that require an initial up-
front investment to change an existing policy and practice land-
scape. For example we estimated that, after discounting, the
I4TB initiative alone could prevent about 14 000 cases of active
TB and 1600 TB deaths over 10 years with an up-front invest-
ment of $52.5 million, at a maximally conservative cost-effec-
tiveness estimate of $1580 per DALY averted. If this effort
could catalyse TPT provision to an additional 32 million PLHIV,
376 000 cases of active TB and 41 000 deaths due to TB
could be averted additionally in the same 10 years, at an incre-
mental cost of $546 million and cost-effectiveness of $713 per
DALY averted. This incremental cost corresponds to less than
1% of currently allocated global budgets for TB and HIV [2,18].
Cost-effectiveness was enhanced even further under a longer
time horizon or lower price of rifapentine. These analyses sug-
gest that I4TB is likely to be cost-effective at most widely used
willingness-to-pay thresholds and more broadly illustrate the
importance of incorporating catalytic effects when estimating
the cost-effectiveness of major global health initiatives.
In estimating the cost-effectiveness of any large initiative

with desired secondary effects, there will be some uncertainty
about how much of the planned catalytic impact will actually
be achieved. It is therefore important to consider cost-effec-
tiveness across different scenarios of this potential catalytic
impact, as we have done. For example using very simple calcu-
lations, we estimate an incremental cost-effectiveness of
$1580 per DALY averted in the absence of any catalytic
impact, $743 per DALY averted if half the planned catalytic

impact is achieved, and $713 per DALY averted if the full
anticipated catalytic impact is achieved. These estimates can
be used by funders to evaluate the anticipated cost-effective-
ness of their investment based on their desired cost-effective-
ness threshold and willingness to assume risk regarding
catalysed effects. This approach of providing transparent and
straightforward estimates of cost-effectiveness under different
scenarios of secondary impact can also serve as a useful tem-
plate for funding bodies who are considering making similar
large investments in global health in the future.
The I4TB initiative includes 12 countries representing very

different economic and epidemiological contexts. The cost-effec-
tiveness of I4TB is sensitive to assumptions about TB epidemi-
ology and the cost of treatment that are likely to differ across
countries [8,9,19-21]; individual countries are also likely to
apply different cost-effectiveness thresholds in their decision
making. To generate a single estimate of cost-effectiveness for
this multi-country intervention, we were forced to combine
data across all countries into a single summary estimate; how-
ever, decisions of whether to scale up 3HP will be made at a
country level, and country-specific estimates of budget impact
and cost-effectiveness are also important to provide.
Previous studies have emphasized the importance of esti-

mating costs considering economies of scale when evaluating
cost-effectiveness of large interventions. For example Gau-
vreau et al. [22] argued that most studies of paediatric immu-
nization programs should extend their time horizons for
evaluating the impacts of donor funding because implementa-
tion costs of such programs tend to be incurred predomi-
nantly at the beginning of intervention scale-up. As further
examples, Menzies et al. [23] and Gupta et al. [24] showed
that unit costs of ART delivery fall by 50% or more in the

Figure 2. One-way sensitivity analysis of I4TB (Direct effect). The parameters shown had the greatest absolute influence (among parameters
evaluated in the model) on the incremental cost-effectiveness ratio (ICER) of the I4TB intervention in one-way sensitivity analyses. Bars show the
ICER (incremental dollars per DALY averted in 2018 US dollars) of the I4TB intervention under variation of each parameter over the range speci-
fied, with the dark blue bar representing the high parameter value and light blue bar representing the low parameter value, holding the values of
all other parameters as constant. For example, we varied the TB reactivation rate by 0.012 to 0.02 from the baseline (0.016), which caused the
ICER to vary from its baseline value of $1580/DALY averted to $2188/DALY averted (assuming a lower reactivation rate) and $1215/DALY
averted (assuming a higher reactivation rate). Cost-effectiveness estimates shown here are for the direct impact of I4TB only (no catalytic costs),
based on top-down cost estimates (Unitaid total budget allocation) with a 10-year time horizon. Variables for which the ICER did not vary by
more than �$100 were excluded from the figure.
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years following initial scale-up, and Suwanthawornkul et al. [25]
demonstrated that HPV vaccination, while costing $1400 per
DALY in the baseline scenario, could become cost-saving when
assuming universal coverage and applying economies of scale.
These results illustrate the importance of considering economies
of scale but do not explicitly evaluate large initiatives (such as
I4TB) that are undertaken with the express intent of catalysing
broad-scale uptake of an underutilized intervention.
As with any model-based analysis, this research has limita-

tions. To provide a maximally conservative estimate of cost-ef-
fectiveness that incorporates all possible costs of I4TB, we
used a top-down costing approach. However, the total cost of
the I4TB initiative includes a wide range of indirect activities
such as a safety and pharmacokinetic study for co-administer-
ing 3HP with ART and supporting civil society engagement.
Our primary results may therefore provide pessimistic esti-
mates of the cost-effectiveness of I4TB. Second, for purposes
of transparency and of illustrating an approach that could be
undertaken in time to inform decision making, we adopted a
number of simplifying assumptions regarding the natural his-
tory of HIV and TB, future trajectory of the HIV epidemic,
ART coverage and adherence and costs of delivering TPT and
treatment for active TB. While this approach may be useful
for high-level decision making, our results should not be

misinterpreted as precise estimates of the cost-effectiveness
of I4TB or of 3HP. To provide more accurate estimates, incor-
poration of more detailed country-specific data would be nec-
essary. Third, we used a very conservative 10-year time
horizon, reasoning that decision makers might not be strongly
influenced by effects or budget impact occurring beyond this
time frame; use of a longer (e.g. lifetime) time horizon would
greatly enhance the estimated cost-effectiveness of the inter-
vention. Finally, we applied simple and optimistic assumptions
regarding future 3HP coverage as a result of catalytic impact,
which might bias our cost-effectiveness estimates if those vol-
umes are not achieved. However, even if only half of the
desired catalytic impact is achieved, overall cost-effectiveness
estimates remained similar ($743 vs $713 per DALY averted).

5 | CONCLUSION

In conclusion, this study provides quantitative estimates of the
cost-effectiveness of a multi-country initiative aimed at chang-
ing the policy landscape regarding preventive therapy for TB
among people living with HIV. Our results underscore the
importance of considering “catalytic” impact when estimating
the cost-effectiveness of large-scale interventions that require

Figure 3. Cost-effectiveness of I4TB: Probabilistic sensitivity analysis. The cost effectiveness planes (a) depict the simulated outputs from prob-
abilistic sensitivity analyses for direct effect (left) and catalytic effect (right) of I4TB. The horizontal axis denotes the disability adjusted life years
(DALYs) averted in each simulation, and the vertical axis indicates the incremental costs of the I4TB initiative compared to the status quo. Costs
are expressed in 2018 US dollars. The cost effectiveness planes indicate the uncertainty around the incremental cost effectiveness ratio, in terms
of both costs (variation on the y-axis) and DALYs averted (variation on the x-axis). In the cost effectiveness acceptability curves (b), the horizontal
axis denotes the willingness to pay (WTP) per DALY averted (incremental cost-effectiveness ratio, ICER), and the vertical axis indicates the proba-
bility of cost-effectiveness based on the proportion of simulations in which the comparison of the I4TB intervention to the baseline falls below the
WTP threshold shown on the x-axis. The gray area in each curve indicates the 95% uncertainty range, or the range between the 2.5th and 97.5th

percentiles of simulations, in terms of their calculated cost per DALY averted. Costs are again expressed in 2018 US dollars.
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substantial up-front investment to facilitate future implemen-
tation, which in turn generates health benefits and cost sav-
ings over a longer period of time.
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