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Section S1 Model Description

We used a model of TB transmission that can be represented as a system of ordinary differential equations. The model
consists of 9 TB compartments: S, susceptibles; Lf , latently infected (recent); Ls, latently infected (remote); Ps, pre-
symptomatic TB infection; Asp, smear-positive TB; Asn, smear-negative pulmonary TB; Aep, extra-pulmonary TB;
Tx, on treatment; Rtx, recently treated. Each of these compartments are further sub-divided by HIV status (shown
as subscript) with [−]0 representing HIV negative (e.g. S0 represents TB susceptible that are HIV negative), [−]1 HIV
positive CD4 > 350, [−]2 HIV positive CD4 ≤ 350 and not on ART, and [−]3 HIV positive on ART. The values of all
parameters used in the primary analysis are shown in Table S1. Each parameter is assumed to be a function of the
HIV class they are acting upon; however, for simplicity, in most cases we leave off explicit references to the HIV class.
The following text describes the system in detail along with key assumptions of the model. Although this is not an
individual-based model, for clarity, we refer to ‘individuals’ in compartments throughout the description.

The system of equations for HIV-uninfected (group 0) are:

dS0

dt
= −S0(λ+ λhiv) (1)

dLf0
dt

= −Lf0(γlf.ls + ρlf + λhiv) + λ(Ls0 · φl +Rtx0 · φl + S0) (2)

dLs0
dt

= −Ls0(λ · φl + ρls + λhiv) + Lf0 · γlf.ls +Rtx0 · γrtx.ls (3)

dPs0
dt

= −Ps0(ρps + ζsn + λhiv) + Lf0ρlf + Ls0ρls (4)

dAsp0
dt

= −Asp0(µsp + θ + ζsp + λhiv) + (Ps0 · ρps +Rtx0 · ρrel)πsp(1− πep) (5)

dAsn0
dt

= −Asn0(µsn + θ + ζsn + λhiv) + (Ps0 · ρps +Rtx0 · ρrel)(1− πsp)(1− πep) (6)

dAep0
dt

= −Aep0(µep + θ + ζsn + λhiv) + (Ps0 · ρps +Rtx0 · ρrel)πep (7)

dTx0
dt

= −Tx0(γtx.rtx + λhiv) + θ(Asp0 +Asn0 +Aep0) (8)

dRtx0
dt

= −Rtx0(γrtx.ls + ρrel + λ · φl + λhiv) +Asp0 · ζsp + (Asn0 +Aep0 + Ps0)ζsn + Tx0 · γtx.rtx (9)

1



The system of equations for HIV-infected, CD4 > 350 (group 1) are:

dS1

dt
= −S1(λ+ χelg + µhiv,1) + S0λhiv (10)

dLf1
dt

= −Lf1(γlf.ls + ρlf + χelg + µhiv,1) + λ(Ls1 · φl +Rtx1 · φl + S1) + Lf0λhiv (11)

dLs1
dt

= −Ls1(λ · φl + ρls + χelg + µhiv,1) + Lf1 · γlf.ls +Rtx1 · γrtx.ls + Ls0λhiv (12)

dPs1
dt

= −Ps1(ρps + ζsn + χelg + µhiv,1) + Lf1ρlf + Ls1ρls + Ps0λhiv (13)

dAsp1
dt

= −Asp1(µsp + θ + ζsp + χelg + µhiv,1) + (Ps1 · ρps +Rtx1 · ρrel)πsp(1− πep) +Asp0λhiv (14)

dAsn1
dt

= −Asn1(µsn + θ + ζsn + χelg + µhiv,1) + (Ps1 · ρps +Rtx1 · ρrel)(1− πsp)(1− πep) +Asn0λhiv (15)

dAep1
dt

= −Aep1(µep + θ + ζsn + χelg + µhiv,1) + (Ps1 · ρps +Rtx1 · ρrel)πep +Aep0λhiv (16)

dTx1
dt

= −Tx1(γtx.rtx + χelg + µhiv,1) + θ(Asp1 +Asn1 +Aep1) + Tx0λhiv (17)

dRtx1
dt

= −Rtx1(γrtx.ls + ρrel + λ · φl + χelg + µhiv,1) +Asp1 · ζsp + (Asn1 +Aep1 + Ps1)ζsn + Tx1 · γtx.rtx +Rtx0λhiv

(18)

The system of equations for HIV-infected, CD4 ≤ 350 and not on ART (group 2) are:

dS2

dt
= −S2(λ+ χtx + µhiv,2) + S1χelg (19)

dLf2
dt

= −Lf2(γlf.ls + ρlf + χtx + µhiv,2) + λ(Ls2 · φl +Rtx2 · φl) + Lf1χelg (20)

dLs2
dt

= −Ls2(λ · φl + ρls + χtx + µhiv,2) + Lf2 · γlf.ls +Rtx2 · γrtx.ls + Ls1χelg (21)

dPs2
dt

= −Ps2(ρps + ζsn + χtx + µhiv,2) + Lf2ρlf + Ls2ρls + Ps1χelg (22)

dAsp2
dt

= −Asp2(µsp + θ + ζsp + χtx + µhiv,2) + (Ps2 · ρps +Rtx2 · ρrel)πsp(1− πep) +Asp1χelg (23)

dAsn2
dt

= −Asn2(µsn + θ + ζsn + χtx + µhiv,2) + (Ps2 · ρps +Rtx2 · ρrel)(1− πsp)(1− πep) +Asn1χelg (24)

dAep2
dt

= −Aep2(µep + θ + ζsn + χtx + µhiv,2) + (Ps2 · ρps +Rtx2 · ρrel)πep +Aep1χelg (25)

dTx2
dt

= −Tx2(γtx.rtx + χtx + µhiv,2) + θ(Asp2 +Asn2 +Aep2) + Tx1χelg (26)

dRtx2
dt

= −Rtx2(γrtx.ls + ρrel + λ · φl + χtx + µhiv,2) +Asp2 · ζsp + (Asn2 +Aep2 + Ps2)ζsn + Tx2 · γtx.rtx +Rtx1χelg

(27)
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The system of equations for HIV-infected on ART (group 3) are:

dS3

dt
= −S3(λ+ µhiv,3) + S2χtx (28)

dLf3
dt

= −Lf3(γlf.ls + ρlf + µhiv,3) + λ(Ls3 · φl +Rtx3 · φl) + Lf2χtx (29)

dLs3
dt

= −Ls3(λ · φl + ρls + µhiv,3) + Lf3 · γlf.ls +Rtx3 · γrtx.ls + Ls2χtx (30)

dPs3
dt

= −Ps3(ρps + ζsn + µhiv,3) + Lf3ρlf + Ls3ρls + Ps2χtx (31)

dAsp3
dt

= −Asp3(µsp + θ + ζsp + µhiv,3) + (Ps3 · ρps +Rtx3 · ρrel)πsp(1− πep) +Asp2χtx (32)

dAsn3
dt

= −Asn3(µsn + θ + ζsn + µhiv,3) + (Ps3 · ρps +Rtx3 · ρrel)(1− πsp)(1− πep) +Asn2χtx (33)

dAep3
dt

= −Aep3(µep + θ + ζsn + µhiv,3) + (Ps3 · ρps +Rtx3 · ρrel)πep +Aep2χtx (34)

dTx3
dt

= −Tx3(γtx.rtx + µhiv,3) + θ(Asp3 +Asn3 +Aep3) + Tx2χtx (35)

dRtx3
dt

= −Rtx3(γrtx.ls + ρrel + λ · φl + µhiv,3) +Asp3 · ζsp + (Asn3 +Aep3 + Ps3)ζsn + Tx3 · γtx.rtx +Rtx2χtx (36)

Susceptible - S: Equations 1, 10, 19, and 28 describe the rates in and out of the susceptible classes. Susceptibles become
infected with TB at a rate of λ given by:

λ =
βsp
N

∑
i∈{0,1,2,3}

(Aspi + (Asni + Psi) · φsn) , (37)

where N represents the total population size. We assumed that smear-negative pulmonary TB is a fraction, φsp, of the
infectiousness of smear-positive TB, and that extra-pulmonary TB is non-infectious. To keep a constant population size,
all deaths from disease (TB and HIV) were replaced with HIV-negative susceptibles (not shown in equations for simplicity).

Latent, recent - Lf: Equations 2, 11, 20, 29 show the rates of transition in and out of the latent (recent) compart-
ments. New individuals enter the recently infected latent class through; (1) new infections via the susceptible class (λS),
(2) reinfections from recently treated individuals with partial immunity (λ · Rtx · φl), or (3) reinfections from partially
immune individuals with remote latent infections (λ · Ls · φl). Individuals leave this compartment either by progressing
to pre-symptomatic TB at a rate of ρlf , or by progressing to remote latent infection at a rate of γlf.ls.

Latent, remote - Ls: Equations 3, 12, 21, and 30 show the rates of transition in and out of the latent (remote)
compartments. New individuals enter the remotely infected latent class through progression from a recent latent infection
(Ls · γltx.ls), or through stabilization after successful treatment or self-cure, at a rate of Rtx · γrtx.ls. Individuals leave this
compartment for the pre-symptomatic compartment at a rate of ρls, the inverse of the duration of the ‘recently infected’
compartment.

Pre-symptomatic, Ps: Equations 4, 13, 22, and 31 show the rates of transition in and out of the pre-symptomatic TB
class. Individuals in this class are assumed to be less infectious than fully-symptomatic smear-positive cases (φsn times
less). Individuals move into this compartment by progressing from recent or remote latency (Lf or Ls). They leave this
class by either spontaneous self-cure at a rate of ζsn (assumed to happen at the same rate as it does for smear-negative
pulmonary TB), or by progressing to active TB at a rate of ρps. We assume that there is no TB associated mortality at
this stage of disease.

Active TB, Asp/Asn/Aep: Equations 5, 14, 23, 32, 6, 15, 24, 33, 7, 16, 25, and 34 show the rates of transition for
smear-positive (Asp), smear-negative pulmonary (Asn), and extra-pulmonary (Aep) TB. Individuals progress to active
TB either from the pre-symptomatic phase at a rate of Ps · ρps, or by relapsing after recent TB treatment at a rate of
Rtx · ρrel. The proportion of individuals progressing to pulmonary TB is 1 − πep, and πsp represents the proportion of
pulmonary TB cases that are smear-positive. Individuals leave the Active TB compartments through TB associated death
at a rate of µsp/sn/ep, by spontaneous cure at a rate of ζsp/sn/ep, or through detection and treatment at a rate of θ.

Treatment, Tx: Equations 8, 17, 26, and 35 show the rates in and out of compartments representing those on TB
treatment. Those with active TB enter this compartment at a rate of A(sp/sn/ep) · θ and exit the compartment on
average, 6-months later (a rate of γtx.rtx). No re-infections can take place during this time and we assume that all deaths
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on TB treatment reflect mortality risk accrued during the active TB phases with no additional risk of TB associated death
in these compartments.

Recently Treated/Recovered, Rtx: Equation 9, 18, 27, and 36 show the rates of transition in and out of the recently
treated/recovered compartments. Individuals enter these compartments from treatment at a rate of γtx.rtx, and through
spontaneous cure from pre-symptomatic (at a rate of Ps · ζsn) or active TB (at a rate of Asp/sn/ep · ζsp/sn/ep). From this
compartment, individuals can either be reinfected (λφl), relapse (ρrel), or progress to remote latent infection (γrtx.ls) an
average of 5 years later.

HIV Compartments: To account for HIV, we created parallel compartments (Figure S1) representing HIV − (0), HIV +

CD4 ≥ 350 (1), HIV + CD4 < 350 not on ART (2), and HIV + on ART (3). Individuals in the HIV − compartments
were assumed to move at a constant rate, λhiv, to the HIV + CD4 ≥ 350 compartments (from the circles shown in white
to those in yellow in Figure S1). Based on data on the natural history of HIV,[1] those inHIV + CD4 ≥ 350 progressed
to HIV + CD4 < 350 not on ART at a constant rate χelg. Those in HIV + CD4 < 350 not on ART then go on HIV
treatment at a constant rate of χtx. All HIV + classes (1, 2, and 3) are assumed to have an increased mortality rate, µhiv,·.
When insufficient data was available to assign specific parameter values to all HIV sub-compartments, we assumed that
those corresponding to individuals on ART and those with CD4 > 350 were a weighted average of HIV − and CD4 < 350
not on ART parameters with the weight, κ (0.7), on class HIV − and (1− κ) on class CD4 < 350 not on ART.
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Figure S1: HIV-TB model structure. The main TB model is shown on the left most column in white. Rates between each
compartment are shown on the lines with the arrow heads indicating the flow direction. The arrows representing flows between HIV
states are shown in grey, along with a set of unlabeled arrows for the TB flows within the HIV + states.
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Section S2 Transmission Parameters

Table S1: TB and HIV parameters used for models in each country by HIV class (columns). All rates are expressed
in units of yr−1 unless otherwise noted. When three values are shown in a single cell (e.g. the first row), they represent values from
India/China/South Africa respectively.

0 1 2 3 Ref

βsp
Number of TB infections
per smear-positive case

16.16/
11.16/
23.63

16.16/
11.16/
23.63

16.16/
11.16/
23.63

16.16/
11.16/
23.63

fit

φsn
Relative transmissibility of
smear-negative TB

0.22 0.22 0.22 0.22 [2]

φps
Relative transmissibility of
pre-symptomatic TB

0.22 0.22 0.22 0.22 assumed

γlf.ls
Rate of stabilization from
early to late latency

0.50 0.50 0.50 0.50 [3]

γrtx.ls
Rate of stabilization after
successful treatment

0.20 0.20 0.20 0.20 [3]

γtx.rtx Rate of treatment 2.00 2.00 2.00 2.00 [4]
φl Relative risk of reinfection 0.21 0.45 1.00 0.45 [5, 6]

ρlf

Rate of rapid progression to
active TB after recent
infection

0.07 0.26 0.70 0.26 [3]

ρls

Rate of endogenous
reactivation to active TB
after remote infection

4.9 × 10−40.024 0.08 0.024 [7, 8]

ρrel Relapse rate from active TB 0.02 0.02 0.02 0.02 [6]

ρps

Rate of development of
active TB from
pre-symptomatic stage

1.33 3.93 10.00 3.93 assumed

πep
Proportion of TB that is
extra-pulmonary

0.15 0.23 0.40 0.23 assumed

πsp
Proportion of pulmonary
TB that is smear-positive

0.75 0.65 0.40 0.65 [4]

µsp
Mortality rate from
smear-positive TB

0.23 0.56 1.33 0.56 [9]

µsn

Mortality rate from
smear-negative pulmonary
TB

0.18 0.53 1.33 0.53 [9]

µep
Mortality rate from extra
pulmonary TB

0.18 0.53 1.33 0.53 [9]

ζsp
Self cure rate,
smear-positive

0.10 0.07 0.00 0.07 [9]

ζsn

Self cure rate,
smear-negative/extra
pulmonary

0.15 0.10 0.00 0.10 [9]

θ
Rate of detection and
diagnosis

1.01/
1.05/
1.94

1.01/
1.05/
1.94

1.01/
1.05/
1.94

1.01/
1.05/
1.94

fit

λhiv
Rate of new HIV infections
(per 10,000 person-yrs)

3.4/
0.004/
212.4

0.00 0.00 0.00 fit

χelg
Rate of CD4 decline from
infection to CD4=350

0.00 0.24 0.00 0.00 [1]

χtx
Rate of progression from
ART eligibility to on ART

0.00 0.00
0.04/
0.06/
0.19

0.00 fit

µhiv
Excess mortality rate from
HIV

0.00 0.01 0.13 0.04 [10]

δ Background mortality rate 0.02 0.02 0.02 0.02 assumed

κ
HIV weight (see Model
Description)

0.70 0.70 0.70 0.70 assumed
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Section S3 Model Calibration

The models for each country were calibrated to reflect key attributes of the TB and HIV epidemics. We adjusted βsp and
θsp to match each country’s TB incidence and case detection proportion (sometimes referred to as the case detection rate)
as estimated by the WHO. The HIV parameters λhiv and χtx were adjusted to yield each country’s HIV incidence and
proportion of eligible adult HIV + individuals on ART (HIV class 3).

Since the TB incidence in both India and China has consistently declined in the years leading up to 2011, we fit models
for both of these countries to data from 2004 [4]. We then found the (constant) rate of decline in βsp necessary to have the
epidemic match the TB and HIV data for 2011. In South Africa, the TB incidence has been nearly constant (according
to [4]) so we directly calibrated the model to a steady-state 2011. Key outputs from the each of the models are shown in
the Table S2.

Table S2: Key epidemiologic outputs (per 100,000 population) from models in years calibrated to data from
[4, 11, 12]. Note that all these represent the figures for adults only.

TB Mort. TB Mort. TB Prev. TB Prev. TB Inc. TB Inc. HIV Prev. % on ART
HIV − only HIV + only HIV + only HIV + only

India - 2004 28.70 4.80 9.90 333.90 212.00 11.10 4.0 × 10−4 40
India - 2011 25.70 4.50 9.30 291.30 181.00 10.50 4.0 × 10−4 40
China - 2004 13.00 <1e-6 <1e-6 150.90 95.00 <1e-6 4.6 × 10−6 50
China - 2011 11.10 <1e-6 <1e-6 123.30 75.00 <1e-6 4.6 × 10−6 50

South Africa - 2011 18.70 206.60 513.80 877.00 993.20 714.30 0.17 75

Section S4 Active Case Finding Intervention Size

We modeled the ACF intervention in main manuscript as a 25% increase in the number of cases (Asp, Asn, and Aep) that
would have been found in the first year in the absence of ACF (through increasing the rate of diagnosis and detection, θ).
For example, we estimate 124 cases per 100,000 would be found in India in 2012; therefore, we assume the intervention
will detect an additional 124 × 0.25 = 31 cases in the first year. We based this number roughly on the percentage of all
smear positive cases detected by the Enhanced Case Finding (ECF) arm of the ZAMSTAR trial [13]. Although many of
the individuals detected by ECF may otherwise have been detected by the passive system, such that 29% represents an
upper bound of the effect achieved through enhanced case-finding within ZAMSTAR, we use this benchmark as being an
ambitious yet feasible target for a TB case-finding program, rather than arguing that the ZAMSTAR intervention actually
achieved this level of effect. Figure S2 illustrates how the estimated cost-effectiveness threshold changes as the size of the
ACF campaign is changed.
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Figure S2: Effect of ACF intensity on cost per DALY averted. Percent change in cost per DALY (y-axis) for ACF
interventions ($1500 per case detected) of different intensity and shown on the y-axis as the percent increase in case detection in
the first year. Note that the points positions along the x-axis are slightly jittered for illustrative clarity. Vertical line indicates ACF
intensity used in main analysis.

As seen in Figure S2, the relationship between cost per additional case diagnosed and treated and cost per DALY
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averted is robust to the size of the ACF campaign. In many cases, there may be efficiencies of scale that reduce the cost
per additional case diagnosed and treated in larger campaigns. In such cases, the cost per DALY averted would be smaller
for a larger campaign, but that cost could still be estimated from Figures 2 and 4 (i.e., the larger campaign would fall at
a different place on the cost-per-case-diagnosed axis).

Section S5 Economic Analyses

To calculate the cost per DALY, we used outputs from the transmission model along with a number of cost-related
assumptions. We allowed benefits and costs to accrue only up to the specified analytic horizon. For example, if the
analytic horizon were 3 years, deaths averted in the 4th year (or anytime afterwards) as a result of the intervention would
not be included in any estimates of the cost-effectiveness. All future costs and benefits were discounted at 3%. To calculate
the incremental DALYs averted, we computed the years of life lost (YLL, Equation 38) and years of life with disability
(YLD, Equation 39) for both the counterfactual and active case finding scenarios. The equations for both are as follows:

Y LL =

∫ H

t=0

∫ H−t

u=0

e−0.03t

 ∑
j∈hiv group

µsp,jAspj(t) + µsn,jAsnj(t) + µep,jAepj(t)

 dudt (38)

Y LD =

∫
t

∑
j∈hiv group

Txj(t)wTx,j + wTB,j [Aspj(t) +Asnj(t) +Aepj(t)] dt (39)

where H is the analytic horizon. We then subtracted the estimates from both scenarios and took their sum so that:

incremental DALYs averted = (Y LLcounterfactual − Y LLACF ) + (Y LDcounterfactual − Y LDACF ) (40)

We calculate YLD for each group by Equation 39 where wTB,j represents the disability weight assigned to TB infections
by HIV status (j ∈ {0, 1, 2, 3}), and wTx,j represents the disability weight for time on TB treatment. The disability
weights for TB disease, adapted from Salomon et al [14] are 0.331, 0.399, 0.547, 0.399, for HIV groups 0-3, respectively.
The disability weights for TB treatment, 0.166, 0.310, 0.547, 0.226, are assumed to be the average of the weight for TB
disease with or without HIV co-infection and the weight for HIV infection with or without ARTs (when HIV +).

We calculate the incremental cost difference by subtracting the treatment and detection/diagnosis costs for the baseline
scenario from that of the active case finding scenario. Treatment costs were approximated as the treatment costs for
standard first-line regimens, as reported estimated by the WHO [4], times the proportion of incident cases estimated to
be drug-susceptible plus the second-line drug cost (assumed to be $4672 in South Africa, and $4396 in China, and $2560
in India [4]) times the proportion of incident cases estimated to be MDR TB (1.8% in South Africa, 2.1% in India, and
5.7% in China [4]).
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Section S6 Additional Results Figures
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Figure S3: Impact of a discrete 2-Year active case finding campaign in China. Panel A illustrates the incidence (dark
green), case detection rate (light green), and mortality rate (red) for a baseline/counterfactual scenario (dashed) compared against
an intervention scenario (solid) in which TB case detection is increased, through active case finding, by 25% from the cases detected
in the first year (2012). Panel B shows the cumulative incidence (per 100,000) for both the intervention (solid) and baseline (dashed)
scenarios with the area between the two curves representing the cases averted through active case finding. Panel C shows the cases
averted by the intervention (green), and DALYs averted by the intervention (brown) a function of cases averted and mortality
averted by intervention. The grey shading highlights the component of the intervention effect that would be observable during the
course of a two-year intervention study.
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Figure S4: Impact of a discrete 2-Year active case finding campaign in South Africa. Panel A illustrates the incidence
(dark green), case detection rate (light green), and mortality rate (red) for a baseline/counterfactual scenario (dashed) compared
against an intervention scenario (solid) in which TB case detection is increased, through active case finding, by 25% from the cases
detected in the first year (2012). Panel B shows the cumulative incidence (per 100,000) for both the intervention (solid) and baseline
(dashed) scenarios with the area between the two curves representing the cases averted through active case finding. Panel C shows
the cases averted by the intervention (green), and DALYs averted by the intervention (brown) a function of cases averted and
mortality averted by intervention. The grey shading highlights the component of the intervention effect that would be observable
during the course of a two-year intervention study.
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Figure S5: Cost effectiveness thresholds per country by cost per case and analytic horizon. The lines show the ratio of
the estimated ICER for a 2 year campaign divided by the GDP of each country (columns) with each line type representing a different
cost per case detected. The two grey horizontal lines on each represent the thresholds commonly used to define cost effectiveness of
health interventions.[15]
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Figure S6: Prevalence ratio of TB, comparing a 2-year ACF campaign to the counterfactual. Prevalence ratio of TB
is calculated as the point prevalence of the intervention scenario divided by the point prevalence of the counterfactual scenario.
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Figure S7: Prevalence ratio of TB, comparing a 10-year ACF campaign to the counterfactual. Prevalence ratio of TB
is calculated as the point prevalence of the intervention scenario divided by the point prevalence of the counterfactual scenario.

Section S7 Sensitivity & Uncertainty Analyses

Section S7.1 One Way Sensitivity Analyses

In one-way sensitivity analyses, we varied each parameter by 50% of the value used in the main analysis (Table S1), then
starting the model at the same 2011 initial conditions as the main analyses, ran the model and then calculated the cost
per DALY averted. The results for India, China, and South Africa are shown in Figures S8, S10, and S9.

11



1000 1400 1800

Cost per DALY Averted (USD)

High Value
Low Value

Relative transmissibility of smear negative TB [0] (0.11,0.33)

Rate of detection and diagnosis, smear negative [0] (0.50,1.51)

Relative transmissibility of presymtomatic TB [0] (0.11,0.33)

Proportion TB that is extra pulmonary [0] (0.07,0.22)

Rate of development of active TB from presymtomatic [0] (0.67,2.00)

Relative risk of reinfection [0] (0.10,0.32)

Self cure rate, smear positive [0] (0.05,0.15)

Self cure rate, smear negative [0] (0.07,0.22)

Proportion of pulmonary TB that is smear positive [0] (0.38,1.00)

Rate of stabilization from early latent TB [0] (0.25,0.75)

Rate of detection and diagnosis, smear positive [0] (0.50,1.51)

Number of TB infections per smear positive case [0] (8.08,24.24)

Rate of rapid progression to active TB [0] (0.04,0.11)

Figure S8: One-way sensitivity analysis for India using a 10-year analytic horizon at a cost of $1200 per case
detected. This plot shows the estimated costs per DALY averted of a discrete two-year campaign, with costs and effects evaluated
over a ten-year horizon, for India assuming the cost per case detected is $1,200. The number next to each parameter (e.g. [0])
indicates the HIV class (see Figure S1). Red bars represent high values of the parameters and blue bars represent low values of the
parameters. The 11 parameters with the widest uncertainty range are shown. The range of each parameter went from ±50% of
the estimated value (or the maximum/minimum possible value in the case of bounded parameters, e.g. proportions). Note: rate of
rapid progression refers to the rate of progression per year from the recently infected, latent compartment - which lasts a mean of
2 years.
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Relative risk of reinfection [2] (0.50,1.50)

Rate of rapid progression to active TB [2] (0.35,1.05)

Proportion of pulmonary TB that is smear positive [0] (0.38,1.00)

Rate of rapid progression to active TB [0] (0.04,0.11)

Rate of stabilization from early latent TB [0] (0.25,0.75)

Mortality rate, smear negative [2] (0.67,2.00)

Rate of detection and diagnosis, smear positive [0] (0.97,2.91)

Number of TB infections per smear positive case [0] (11.81,35.44)

Figure S9: One-way sensitivity analysis for South Africa using a 10-year analytic horizon at a cost of $9,400 per case
detected. This plot shows the estimated costs per DALY averted of a discrete two-year campaign, with costs and effects evaluated
over a ten-year horizon, for South Africa assuming the cost per case detected is $9,400. The number next to each parameter (e.g.
[0]) indicates the HIV class (see Figure S1). Red bars represent high values of the parameters and blue bars represent low values of
the parameters. The 10 parameters with the widest uncertainty range are shown. The range of each parameter went from ±50% of
the estimated value (or the maximum/minimum possible value in the case of bounded parameters, e.g. proportions). Note: rate of
rapid progression refers to the rate of progression per year from the recently infected, latent compartment - which lasts a mean of
2 years.
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Proportion TB that is extra pulmonary [0] (0.07,0.22)

Rate of development of active TB from presymtomatic [0] (0.67,2.00)

Self cure rate, smear positive [0] (0.05,0.15)

Self cure rate, smear negative [0] (0.07,0.22)
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Rate of stabilization from early latent TB [0] (0.25,0.75)
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Number of TB infections per smear positive case [0] (5.58,16.74)

Rate of rapid progression to active TB [0] (0.04,0.11)

Figure S10: One-way sensitivity analysis for China using a 10-year analytic horizon at a cost of $3800 per case
detected. This plot shows the estimated costs per DALY averted of a discrete two-year campaign, with costs and effects evaluated
over a ten-year horizon, for China assuming the cost per case detected is $3,800. The number next to each parameter (e.g. [0])
indicates the HIV class (see Figure S1). Red bars represent high values of the parameters and blue bars represent low values of the
parameters. The 11 parameters with the widest uncertainty range are shown. The range of each parameter went from ±50% of
the estimated value (or the maximum/minimum possible value in the case of bounded parameters, e.g. proportions). Note: rate of
rapid progression refers to the rate of progression per year from the recently infected, latent compartment - which lasts a mean of
2 years.
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Section S7.2 Multivariate Uncertainty Analyses

Table S3: Ranges explored for parameters in multi-variable uncertainty analyses, by country. Random sets of
parameters were drawn, using Latin Hypercube Resampling, from independent beta distributions with a mode, min, and max, as
shown in the table and a shape parameter equal to 3.

India China South Africa
Parameter HIV Mode Min Max Mode Min Max Mode Min Max

βsp 0 16.16 8.08 24.24 11.16 5.58 16.74 23.63 11.82 35.45
φsn 0 0.22 0.11 0.33 0.22 0.11 0.33 0.22 0.11 0.33
φl 0 0.21 0.10 0.32 0.21 0.10 0.32 0.21 0.10 0.32
φl 2 1.00 0.50 1.50 1.00 0.50 1.50 1.00 0.50 1.50
φps 0 0.22 0.11 0.33 0.22 0.11 0.33 0.22 0.11 0.33
γlf.ls 0 0.50 0.25 0.75 0.50 0.25 0.75 0.50 0.25 0.75
γrtx.ls 0 0.20 0.10 0.30 0.20 0.10 0.30 0.20 0.10 0.30
γtx.rtx 0 2.00 1.00 3.00 2.00 1.00 3.00 2.00 1.00 3.00
ρlf 0 0.07 0.04 0.10 0.07 0.04 0.10 0.07 0.04 0.10
ρlf 2 0.70 0.35 1.05 0.70 0.35 1.05 0.70 0.35 1.05
ρls 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ρls 2 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 0.03
ρrel 0 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 0.03
ρps 0 1.33 0.67 2.00 1.33 0.67 2.00 1.33 0.67 2.00
ρps 2 10.00 5.00 15.00 10.00 5.00 15.0 10.00 5.00 15.0
πsp 0 0.75 0.38 1.12 0.75 0.38 1.00 0.75 0.38 1.00
πsp 2 0.40 0.20 0.60 0.40 0.20 0.60 0.40 0.20 0.60
πep 0 0.15 0.07 0.23 0.15 0.07 0.23 0.15 0.07 0.23
πep 2 0.40 0.20 0.60 0.40 0.20 0.60 0.40 0.20 0.60
µsp 2 1.33 0.67 2.00 1.33 0.67 2.00 1.33 0.67 2.00
µsn 2 1.33 0.67 2.00 1.33 0.67 2.00 1.33 0.67 2.00
µep 2 1.33 0.67 2.00 1.33 0.67 2.00 1.33 0.67 2.00
ζsp 0 0.10 0.05 0.15 0.10 0.05 0.15 0.10 0.05 0.15
ζsp 2 0.00 0.00 0.10 0.00 0.00 0.15 0.00 0.00 0.15
ζsn 0 0.15 0.07 0.23 0.15 0.07 0.23 0.15 0.07 0.23
ζsn 2 0.00 0.00 0.15 0.00 0.00 0.15 0.00 0.00 0.15
ζep 0 0.15 0.07 0.23 0.15 0.07 0.23 0.15 0.07 0.23
ζep 2 0.00 0.00 0.15 0.00 0.00 0.15 0.00 0.00 0.15
θ 0 1.01 0.50 1.51 1.05 0.53 1.58 1.94 0.97 2.91

λhiv 0 0.0004 0.0002 0.0005 0.00 0.00 0.00 0.02 0.01 0.03
χelg 1 0.24 0.12 0.36 0.24 0.12 0.36 0.24 0.12 0.36
χtx 2 0.04 0.02 0.06 0.06 0.03 0.09 0.19 0.10 0.28
µhiv 1 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01
µhiv 2 0.13 0.07 0.20 0.13 0.07 0.20 0.13 0.07 0.20
µhiv 3 0.04 0.02 0.05 0.04 0.02 0.05 0.04 0.02 0.05
κ - 0.70 0.35 1.00 0.70 0.35 1.00 0.70 0.35 1.00

1st-line Treatment Cost ($) - 81.0 40.5 121.5 232.0 116.0 38.0 1029.0 514.5 1543.5
2nd-line Treatment Cost ($) - 4396 2198 6594 4396 2198 6594 4672 2336 7008

Table S4: Estimates and 95% uncertainty ranges for cost per case detected to yield a highly cost-effective 2-year
ACF campaign (i.e. where the cost per DALY averted equals the per capita GDP).

Analytic India China South Africa
Horizon Est. 2.5% 97.5% Est. 2.5% 97.5% Est. 2.5% 97.5%
10-year 1215 850 2043 3837 2706 6392 9408 6957 13221
5-year 868 691 1151 2834 2257 3731 7094 5580 9022
2-year 309 275 343 1146 1030 1258 2760 2272 3174
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Table S5: Partial Rank Correlation Coefficients for ICER with a 10-year analytic horizon from a 2-year ACF
campaign in each country.

HIV Class India China South Africa
Rate of rapid progression to active TB 0 0.89 0.89 0.70
Number of TB infections per smear-positive 0 0.89 0.88 0.90
Rate of detection and diagnosis,
smear-positive

0 -0.87 -0.88 -0.80

Rate of stabilization from early to late
latency

0 -0.75 -0.75 -0.72

Proportion of pulmonary TB that is
smear-positive

0 0.72 0.64 0.60

Self cure rate, smear-negative 0 -0.63 -0.68 -0.39
Self cure rate, smear-positive 0 -0.54 -0.60 -0.26
Relative risk of reinfection 0 0.33 0.11 0.38
Proportion TB that is extra pulmonary 0 -0.24 -0.24 -0.21
Rate of development of active TB from
pre-symptomatic

0 0.23 0.21 -0.10

Relative transmissibility of pre-symptomatic 0 0.19 0.16 0.17
Rate of detection and diagnosis,
smear-negative

0 -0.13 -0.17 -0.08

Relative transmissibility, smear-negative 0 0.11 0.12 0.18
Mortality rate from smear-negative TB 2 0.10 -0.01 0.77
Mortality rate from extra pulmonary TB 2 -0.08 0.02 -0.39
Rate of rapid progression to active TB 2 0.08 -0.01 0.62
Rate of endogenous reactivation to active TB 0 0.07 0.12 0.00
Rate of detection and diagnosis, extra
pulmonary

0 -0.04 -0.01 0.06

Rate of endogenous reactivation to active TB 2 0.04 0.01 0.03
Rate of new HIV infections 0 0.04 0.02 0.30
Self cure rate, extra pulmonary 0 0.04 -0.01 0.02
Rate of CD4 decline from infection to
CD4=350

1 0.04 -0.01 0.23

Excess Mortality rate from HIV 2 -0.04 -0.01 -0.24
Relative risk of reinfection 2 0.03 0.01 0.49
Excess Mortality rate from HIV 3 -0.02 0.01 -0.08
TB Treatment Rate 0 -0.02 -0.02 0.03
1st-line TB treatment Cost - -0.01 0.01 0.00
Rate of development of active TB from
presymptomatic

2 0.01 -0.00 -0.02

Self cure rate, extra pulmonary 2 0.01 -0.01 -0.06
Rate of stabilization after treatment 0 -0.01 -0.01 -0.02
Proportion TB that is extra pulmonary 2 -0.01 0.02 -0.17
Self cure rate, smear-negative pulmonary 2 0.01 -0.01 -0.07
Proportion of pulmonary TB that is
smear-positive

2 0.01 -0.02 0.15

Excess Mortality rate from HIV 1 0.01 -0.05 -0.03
2nd-line treatment cost - -0.01 -0.01 0.01
Mortality rate from smear-positive 2 -0.00 0.02 0.28
Rate of progression from ART eligibility to
on ART

2 -0.00 0.03 -0.17

Self cure rate, smear-positive 2 0.00 -0.02 -0.04
Relapse rate from active TB 0 -0.00 0.06 -0.04
ART Multiplier - -0.00 0.02 0.00
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