Supplement S1

State transitions and probability trees

At each monthly time step, transitions between health/disease states occur stochastically; state transitions occur with the probabilities listed in Table S1, and the sequence in which the probabilities are considered is depicted in the probability trees in Supplemental Figure 1. Since the two strains of TB in the model differ in transmissibility as well as drug-susceptibility, many parameters are subscripted DS or DR to indicate strain.  

The interpretation of the probability trees is shown most simply in the tree of an individual in the IDR state (Fig. S1F).  The first branch indicates that each month an IDR individual has a DR probability of recovering from disease and transitioning back to the EDR state, and therefore a probability of not recovering equal to (1- DR).  If the IDR individual does not recover, then he has a μDR probability of dying from the infection, and a corresponding (1- μDR) probability of not dying.  This means that overall, an IDR individual has a probability of dying each month equal to (1- DR)*μDR, and not simply μDR.  If he does not recover or die, a probability of (1- DR)* (1- μDR), then he stays in the IDR state.  

The first two branches of the IDS probability tree are analogous to IDR (Fig. S1E).  The additional branch at the tip of the tree indicates that the probability of acquiring drug-resistance is equal to (1- DS)* (1- μDS)*α.  In others words, if an IDS individual does not recover and does not die, then he has a probability of acquiring drug resistance equal to α.  For an IDS individual who is not undergoing treatment, α = 0.  With this additional factor, the probability of an IDS individual staying in the same state becomes (1- DS)* (1- μDS)*(1-α).  

There are only slight variations in the other probability trees.  For instance, the three-pronged branching in the tree for an EDR individual (Fig. S1C) indicates that if such an individual does not die and does not progress, then he has both a probability DS of being infected with drug-sensitive TB and a probability DR of being re-infected with drug-resistant TB.  A dotted-line indicates a re-infection event. Together this means that the probability that a EDR individual will remain in the EDR state in a given month is equal to (1- μ)*( 1-DR)*(1- DS - DR).

Probabilities of progression from latent states

Previous studies suggest that the risk of progression from latency to disease is highest within five years of an infection or re-infection event.  In our model, we specify the per-month probability of progression for those with a recent first infection (p1  primary progression), a recent re-infection (p3  exogenous progression), and a more distant infection or re-infection event (p2  endogenous progression).  Additional complexity arises because individuals can be infected with DS or DR strains (EDS, EDR) or both strains (EM), so that we must index both the timing and the phenotype of infection events.  The progression rates arising from latency, and their relation to the timing of infection events, are depicted in Figure S2.  
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