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Table S1: Initial state conditions 

State Description Number of individuals, per 100,000 

S(0) # in Susceptible compartment 62,280 

L(0) # in Latent TB compartment 31,197 

A(0) # in Active TB compartment 104 

T1(0) # in Treatment phase 1 compartment 4 

T2(0) # in Treatment phase 2 compartment 11 

T3(0) # in Treatment phase 3 compartment 14 

T4(0) # in Treatment phase 4 compartment 13 

C(0) # in Cured compartment 6,377 

N Total population 100,000 
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Table S2: Model parameters 

Parameter Description Reference/baseline value  

[95% uncertainty range] 

Ref(s) 

β Transmission rate per person-year 8.5 [4.25-12.75] [1] 

p Relative susceptibility to infection after prior exposure to TB 0.4 [0.20-0.60] [2,3] 

ri Relative infectiousness in treatment phase 1 compared to active TB 0.5 [0.25-0.75]  

r Proportion of infections progressing immediately to active TB 0.15 [0.09-0.26] [4] 

er Rate of endogenous reactivation from latent to active TB, per year 0.0005 [0.0003-0.0008] [5,6] 

sc Self-cure rate, per year 0.2 [0.10-0.30] [7] 

μ0 Background mortality rate, per year 0.014 [0.01-0.03] [8] 

μTB Mortality rate in active TB state, per year 0.2 [0.10-0.30] [7] 

rl Rate of relapse after treatment, per year 0.001 [0.0005-0.0015] [9] 

cd TB treatment rate, per year  0.84 [0.42-1.26] [10] 

d Overall proportion of treatment default  0.07 [10] 

m Overall proportion of deaths on treatment 0.04 [10] 

f Overall proportion of treatment failure 0.02 [10] 
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Table S2 (cont.) 

Parameter Description Reference/baseline value  

[95% uncertainty range] 

Ref (s) 

  i= 1 i= 2 i= 3 i=4  

ti Duration of treatment phase i, in years 1/24 1/8 1/6 1/6  

di Proportion of all defaults from a 6-month 

regimen that occur in phase i 

0.03 0.27 0.38 0.32 [11] 

δi Treatment default rate in phase i, per year: 

d*di/ti 

0.05 

[0.03-0.08] 

0.15 

[0.08-0.23] 

0.16 

[0.08-0.24] 

0.13 

[0.07-0.20] 

[10] 

mi Proportion of all deaths on a 6-month treatment 

regimen that occur in phase i 

0.27 0.32 0.205 0.205 [12-14] 

μi Total (background + TB-specific) mortality rate 

in phase i, per year: m*mi/ti 

0.26 

[0.13-0.39] 

0.10 

[0.05-0.15] 

0.05 

[0.02-0.07] 

0.05 

[0.02-0.07] 

[7] 

tfi Treatment failure rate in phase i for regimen 

with n treatment phases, per year (for i=n): f/ti 

0.48  

[0.24-0.72] 

0.16  

[0.08-0.24] 

0.12  

[0.06-0.18] 

0.12  

[0.06-0.18] 

[10] 

       (for i<n) 0 0 0 0  

tci Rate of continuation from phase i to phase i+1 

(or to cure if i=n), per year: 1/ti – (tfi+δi+μi) 

23.69 7.75 5.79 5.70  

dfci Proportion in a 6-month regimen who are cured 

after default in phase i 

0 0.16 

[0.08-0.23] 

0.63 

[0.31-0.94] 

0.86  

[0.43-1] 

[10] 

dffi Proportion in a 6-month regimen who return to 

active TB after default in phase i 

1 0.84  

[0.77-0.92] 

0.38 

[0.06-0.69] 

0.14  

[0-0.57] 

[15,16] 
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Model inputs 

We derive our model inputs from published data on the natural history and treatment outcomes 

of TB. In order to account for the four phases of treatment of varying duration in our model, we 

convert proportions to time-dependent rates by dividing proportion values by the duration (in 

years) of each treatment phase. Take, for example, treatment phase 1, which lasts two weeks (t1 = 

1/24 of a year).  Thus, the sum of all exit rates from this phase (failure, tf1, phase completion, tc1, 

mortality, μ1 and default, δ1) should equal 24/year.  We next calculate the proportion of 

individuals entering phase 1 who exit by each of these four routes; for example, the proportion of 

individuals who die is calculated as the overall proportion of individuals who die (m = 0.04), 

multiplied by the proportion of those deaths that occur in phase 1 (m1 = 0.27).  The proportion of 

individuals who default is calculated in similar fashion.  The proportion of individuals who fail is 

assumed to be zero unless the regimen ends at the end of the phase (i.e., in phase 1, the failure 

proportion is zero for two-month, four-month, and six-month regimens), in which case the failure 

proportion is assumed to be a value that is the same for all regimens (f = 0.02 at baseline).  Thus, 

f represents the probability of failure, conditional on completing therapy.  
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Figure S1: Model structure, including parameter definitions 

 

Model equations 

Figure S1 shows a schematic representation of the model with relevant equations and rate 

constants for transitions between compartments. Initial state conditions for each compartment are 

listed in Table S1. Model parameters, reference values, and the range of values used in the 

probabilistic uncertainty analysis are listed in Table S2. 

 

Force of infection  
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The rate at which individuals in each compartment become infected with TB depends upon the 

force of infection (probability of an uninfected individual becoming infected per unit time), 

which varies with time according to the number of infectious (i.e., in active TB or treatment 

phase 1) individuals in the population. Thus, the force of infection F(t) is the product of the 

number of transmissions per unit time β¸ the number of individuals with active TB A(t), the 

number of individuals in the first treatment phase T1(t) multiplied by the relative infectiousness 

of that compartment ri, divided by the total number of individuals in the population N (held 

constant at 100,000 in this model). We assume homogenous mixing of the population, such that 

each susceptible individual has an equal chance of coming into contact with an infectious 

individual. 

 

Infection with rapid progression to active TB  

 

Infection with latent TB  

 

A proportion (r) of individuals who become infected with TB progress immediately to active 

disease, such that the rate of progression from the susceptible state to active disease νR(t) is equal 

to the force of infection F(t) multiplied by the proportion of rapidly progressing infections r. 

The remainder (1-r) of newly infected individuals progress at a rate νL(t) to a state of latent 

disease, in which they are not infectious.  
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Reinfection from latent or cured state, with rapid progression to active TB  

 

Individuals in the latent and cured states can become reinfected with TB at a rate determined by 

the force of infection F(t) and the proportion (r) progressing immediately to active disease. Prior 

exposure to TB confers relative protection against reinfection, such that only a proportion p of 

individuals in the latent or cured states are susceptible to infection. We vary this “latent 

protection” parameter widely in sensitivity and uncertainty analyses.  

 

Births  

  

We model a closed population, with the number of births B(t) equivalent to the number of deaths 

at any time. The mortality rate constants for each compartment are listed in Table S2. Individuals 

in the susceptible, latent and cured states [S(t), L(t), and C(t), respectively] progress to death 

according to a background mortality rate μ0 based on a life expectancy at birth of 70 years [8]. 

Individuals in the active TB state A(t) have an additional, TB-related mortality risk μTB. 

Individuals in the treatment compartments are subject to a mortality rate μi that varies with each 

treatment phase Ti, with 1≤ i ≤4.  

 

Relapse, reactivation, treatment initiation, self-cure 

We assume constant rates of relapse after treatment and reactivation of latent TB to active 

disease (see Table S2). Individuals in active disease are detected and diagnosed at a constant rate 
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to progress to the first phase of treatment. They may also experience self-cure and progress to the 

cured state without going through treatment.  

 

Treatment 

We model varying durations of treatment by determining the number of treatment phases (n) 

required for a full treatment course in each simulation, such that the six-month regimen requires 

completion of n = 4 phases and the four-month regimen requires completion of n = 3 phases, 

etc... Entry into the “Cure” compartment requires either completion of treatment phase n or cure 

after default from any treatment phase 1 through n. Individuals may complete each phase of 

treatment, die or default. A proportion of defaulters (dfc) will have undergone sufficient 

treatment to progress to cure, while the remainder (dff) returns to the active TB state.  

 

The differential equations describing rates of transition between model compartments are as 

follows:  

 

• Susceptible, S:  

At any time, entry into the susceptible state is determined by the number of births B(t). The 

rate of exit is determined by the sum of the rates of progression to active disease, latent 

disease, and mortality (νR(t), νL(t), and μ0, respectively).  

• Latent, L:  

At any time, the number of new latent infections is determined by the number of susceptible 

individuals S(t) multiplied by the rate of progression to latent disease νL(t). The rate of exit is 

determined by the number of individuals in the latent TB compartment L(t) multiplied by the 
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sum of the rates of endogenous reactivation to active disease er, reinfection with rapid 

progression to active disease νC(t), and mortality μ0.  

• Active TB, A:  

  

At any time, the number of new cases of active disease includes cases resulting from rapid 

progression after initial infection at rate νR(t)for individuals in the susceptible state S(t), 

endogenous reactivation at rate er and reinfection at rate νC(t) for individuals in the latent 

state L(t), and relapse at rate rl and reinfection at rate νC(t) for individuals in the cured state, 

in addition to failure after treatment completion at rate tfi and the proportion dffi of 

individuals in each treatment phase Ti(t) who default at rate δi and subsequently return to the 

active disease state. The rate of exit is determined by the sum of the rates of background 

mortality μ0, TB-specific mortality μTB, TB treatment rate cd, and self-cure without treatment 

sc.  

• Treatment phase 1, T1:  

• Treatment phase 2, T2:  

• Treatment phase 3, T3:  

• Treatment phase 4, T4:  

At any time, entry into the first phase of treatment is determined by the rate of detection cd 

for individuals in the active disease state A(t). The number of individuals from each phase of 

treatment i who enter the subsequent phase of treatment i+1 (or the cured state if phase i is 

the last phase of treatment) is equal to the rate of treatment continuation tci multiplied by the 



  Fofana et al. Appendix S1 

11 
 

number of individuals in each treatment phase Ti(t).  Individuals may exit each treatment 

phase by death at rate μi, default at rate δi, continuation to the next phase at rate tci, and 

failure of treatment at rate tfi if they are in the final phase.  

• Cure, C:  

where n = index for last phase of treatment in regimen (e.g., n = 4 for six-month regimen, n = 

2 for two-month regimen). 

At any time, the number of new cured cases includes self-cure at rate sc for A(t) individuals 

in the active disease state, treatment success at rate tcn for Tn(t) individuals in the last 

treatment phase, in addition to the proportion dfci of the Ti(t) individuals in each treatment 

phase who experience default at rate δi and subsequently progress to the cured state. Exit 

from the cured state is determined by the rates of relapse rl, reinfection νC(t), and mortality 

μ0. 

 

Partial treatment efficacy data inputs 

We estimated the proportion of relapse among those completing one-third, one-half or the 

entirety of the treatment regimen based on relapse outcomes in early clinical trials of short-

course TB regimens [15,17]. These trials report 24% and 14% relapse after 60 months of follow-

up for two-month and four-month treatment regimens consisting of streptomycin, isoniazid, 

rifampin, and pyrazinamide. Similar outcomes were achieved with a four-month regimen in a 

trial conducted in East Africa [18]. We estimate the probability of stable cure for patients who 

default after two months or four months of treatment based on the proportion of patients who did 

not experience relapse over long-term follow-up in these trials. As a conservative approach, we 

assume a “stepwise” distribution of the probability of cure after default in each phase of 
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treatment; for example, the probability of cure with default at any point between four and six 

months is estimated as the probability of cure with completion of four months of treatment.  

 

 

The best estimate that we found for the probability of cure after two months of treatment was 

from a clinical trial of a two-month regimen in patients with smear-negative, culture-positive 

pulmonary tuberculosis [15]. We used data from a review of early clinical trials of first-line TB 

regimens of two to six months to estimate a correction factor based on the assumption of 

relatively faster progression to cure among smear-negatives, who are thought to have a lower 

bacillary burden, compared to smear-positive TB patients [16,19]. Because these trials were 

conducted in the 1970s, we presume that HIV was not a significant factor in the outcomes of 

smear-positive vs. smear-negative TB. We estimated that the probability of relapse after two 

months of treatment is twice as high among smear-positive than smear-negative cases; in 

sensitivity analyses, we vary this correction factor from 1 to 3 and further vary the probability of 

cure with 2 months of treatment by ±50% to account for the uncertainty in the values of these 

parameters. We then compute a weighted probability of cure using the relative prevalence of 

smear-negatives and smear-positives among new TB cases [10].  

 

We used interpolation to derive estimates for the probability of cure after two weeks of 

treatment, assuming a linear increase between initiation of treatment and the completion of two 

months. This results in an estimated probability of cure of 15.6% among individuals who 

complete two to eight weeks of treatment. To account for the scarcity of data for these estimates 

and the inherent uncertainty related to our assumptions, we used a wide range of estimates in 
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sensitivity analyses around these parameters. We assumed that there is no chance of cure with 

default during the first two weeks of treatment. 

 

For the shortened treatment regimens, we adjusted these estimates of probability of cure after 

default as follows: for each 1/3 incremental reduction in total treatment duration from the six-

month regimen (to four months and two months), the probability of cure at phase n increases by 

1/3 of the difference in probability of cure between phases i and i+1 in the six-month regimen. 

For example, given probabilities of cure of 16%, 63%, and 86% at two weeks, two months and 

four months in the six-month regimen, the probability of cure at two months in the four-month 

regimen is computed as 63% + 1/3 * (86% - 63%) = 70%. In sensitivity analyses, we vary this 

correction factor for the probability of cure (cpcf) from 1/6 to 1/2.  

 

We also assess the impact of using linear interpolation of the clinical trial data to set the 

probability of cure with default. This represents a less conservative approach, with higher 

probabilities of cure compared to using the stepwise distribution described above. For instance, 

the probability of cure for those who default between months 2 and 4 is computed as the mean of 

the proportions cured with two-month and four-month courses of treatment in the trials, rather 

than as the proportion cured with the two-month treatment course. This results in probabilities of 

cure of 31%, 74%, and 92% with default in treatment phases 2, 3, and 4 of standard six-month 

therapy (vs. 16%, 63%, and 86% with stepwise distribution) but does not significantly alter 

results on the transmission impact of novel regimens (1.3% incidence reduction at 10 years with 

four-month vs. six-month regimen compared to 1.9% with stepwise distribution). 
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Structural sensitivity analyses 

As a sensitivity analysis, we repeated the main analysis in a setting of declining incidence rather 

than a steady state. We first initialized the model at a steady state reflective of the TB epidemic a 

decade ago, then reduced the transmission rate and simulated the course of the epidemic to 

obtain a decline reflective of current global TB incidence estimates. We then simulated the 

continuation of the 6-month regimen or the introduction of shorter regimens. 

 

We also assessed the robustness of our findings to increased detail in model structure, by 

repeating the analysis with two alternate models. In Model 2, we replaced the single “Latent TB” 

compartment with three sequential compartments reflecting “Immediate” (year 1), “Recent” 

(years 2-5), and “Remote” (years 6 and beyond) latent infection, resulting in a total of 10 

compartments (Figure S2A). In this model, reinfection can occur in the “Recent” and “Remote” 

latent infection compartments in addition to the “Cured” compartment, and results in return to 

the “Latent Immediate” compartment. Rapid progression can occur from either “Immediate” or 

“Recent” latent infection, resulting in transition to the “active TB” compartment. As in the 

primary model, we set the total proportion of latent infection of cases progressing rapidly to 

active TB at 15%, with 63% occurring in the first year and 37% occurring in the subsequent four 

years [3]. 

 

In Model 3, we replicated the structure of the original model four times to create four age 

subdivisions (0-14, 15-29, 30-44, and ≥45 years old), resulting in a total of 32 compartments 

(Figure S2B). Rates of background mortality for each age group are derived from global life 

tables estimates [8]. As in the original model, we maintained the total population constant by 
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setting the number of births in each timestep equal to the total number of deaths, with all 

individuals being born in the susceptible state in the 0-14 age subdivision. In addition to 

progressing through the TB states, individuals in the first three age subdivisions progress to the 

next age subdivision at a rate of 1/15 yr-1. We used this model to replicate the analysis under 

varying assumptions of (1) equal rates of infection and reactivation across all age subdivisions, 

(2) rates of infection set to 50% of the baseline value among children (ages 0-14), and (3) rates 

of reactivation set to 50% of the baseline value among children to assess the impact of 

differential disease progression by age. 

 

For both Model 2 and Model 3, we initialized the model at steady-state and projected incidence 

using the same procedures as in the primary analysis. The conclusions remained largely 

unchanged in all of these sensitivity analyses, with the reduction in incidence at 10 years with a 

4-month vs. 6-month regimen ranging from 0.9% to 2.5% when taking into account the efficacy 

of partial treatment; as in the primary analysis, incidence reduction was overestimated when we 

did not account for this partial efficacy (5.1% to 13.5%; 5.3 to 5.7-fold). Detailed results are 

presented in Table S3.  

Table S3: Additional sensitivity analysis results 

 Incidence reduction at 10 years 

 With partial efficacy No partial efficacy 

Primary analysis 1.9% 10.3% 

Declining incidence 1.7% 9.3% 

Model 2 (latent infection) 0.9% 5.1% 

Model 3 (age structure) 2.4% 12.8% 

Model 3, differential infection rates 2.4% 13.0% 

Model 3, differential reactivation rates 2.5% 13.5% 
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Figure S2: Structural sensitivity analyses on (A) latent infection and (B) age structure. Model 

parameters are the same as in the primary model except where indicated otherwise in the legend. 

Illustration of births and deaths in panel A and age progression in panel B are omitted for clarity.  

A) 

 

B) 
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Uncertainty analysis 

A total of 2,449 combinations of input values were generated using Latin Hypercube Sampling 

[20], of which 1,449 were excluded because they resulted in baseline incidence below or above 

the specified range (62-188 per 100,000). Incidence values from the remaining 1,000 

combinations of inputs were used to generate 95% uncertainty ranges. This selection procedure 

did not induce appreciable bias in the range of selected values for any of the model parameters 

(Figure S3). We conducted a similar uncertainty range analysis for a moderate-burden setting 

(incidence 100 per 100,000 ±50% and 3% default proportion) and a high-burden setting 

(incidence 300 per 100,000 ±50% and 20% default proportion). A total of 2,086 and 4,009 

combinations of input values were generated for the moderate-burden and high-burden settings 

respectively, of which 1,000 resulted in incidence values within the specified ranges and were 

used to generate the 95% uncertainty ranges.  
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Figure S3 

A) Distribution of input values for each parameter used in uncertainty analysis and baseline 

incidence for each combination of input parameters  

 

B) Distribution of incidence at 15 years with 6-month regimen with full set of initial input values 

generated by Latin Hypercube sampling (LHS) vs. restricted set (incidence 62-188 per 100,000)  
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