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Supplemental Material: A Brief Description of the Stratified Worm Burden (SWB) Model
                The diagram of host strata and their potential transitions in Stratified Worm Burden (SWB) modeling approach for schistosomiasis, explained in detail in Gurarie, et al., 2010 1[]
 is:
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Here, the process of human infection from exposure to host snail-infested water, quantitatively represented by
[image: image2.wmf]l

, brings people in the lower strata to higher strata, while worm death (at rate
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g

 ) does the opposite. Different strata i have specific resolution rates
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 that increase with burden, either due to density-dependent natural worm mortality or, possibly, experience related immunity. Additional source terms, Si , represents new recruits to the infection pool (through newborns, migration into the area, and transitioning from younger to older age groups). Loss rates
[image: image5.wmf]m

 combine host mortality as well as out-migration, aging, etc. A differential equation system describing this scheme is:
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

             The source term for children enters through an uninfected (zero) stratum of newborns each year, whereas the initial adult source is equal to older children’s SWB distribution, in that adults mostly come from local children through the process of aging. So, the source list for children is 
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with 
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being birth rate and 
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adult population, and that for adult 
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with 
[image: image11.wmf]t

as transition rate from children to adults and 
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the 
[image: image13.wmf]i

th stratum of child population.

               In calibration of the village network model, the mean worm burden equations for a distributed system of n villages and m snail sites are as follows:
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where 
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(s is either c or a, indicating children or adults) denotes the mean worm burden for children in village i , 
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for that of adults. Mean egg count, denoted by
[image: image17.wmf]E

, is set be proportional to female worm burden with an egg production rate
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, which is taken as biological factor and is thus not site-specific. 
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,
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, and
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represent the local density of total, infected, and infectious snails, respectively. The snail transition rate from infected to infectious status depends on local environment, so we define it locally, denoted by 
[image: image22.wmf]j

y

, where 
[image: image23.wmf]j

is the index for a given snail site.  We assume that the infection transmission rate from snails to human beings is proportional to the relative contact rate, 
[image: image24.wmf]ij

h

, of a village, which is defined as the ratio of the number of visits to a specific snail site to the total number of visits to all snail sites for that village, so 
[image: image25.wmf]s
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is a local factor for establishment of transmission that needs to be estimated for each site. By the same pattern, snails at snail site j will get infected by humans from different village sites i in proportion to their absolute contact X that village’s human infection level (egg release). Connecting both with contact rate,
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, both transmission coefficients  for snail infection from human group s are found to be proportional to
[image: image27.wmf]s
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 with a local factor 
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(for more detail, please refer to 1[]
). This assumption reduces the number of unknown parameters to a manageable set 
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, consistent with the number of MWB equations.

In the past, when using mean worm burden as the metric for human infection intensity, chemotherapy treatment (praziquantel) was modeled as an additional loss in the mean worm burden over a time period. This additional loss rate can be derived from the basic pharmacodynamics. If we define the efficacy of a drug(
[image: image30.wmf]C

e

) to be the fraction of worms killed by the drug within its effective duration and denote 
[image: image31.wmf]C
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be the effective duration of the chemotherapy, then the additional loss due to chemotherapy takes the following form2[]
:
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This loss rate is added to the equations (for mean worm burden) only for the period of 
[image: image33.wmf]C

T

since the additional loss rate is not valid for other times. In reality, we cannot cover the whole population or target subpopulation with chemotherapy because of limitations of drug delivery. So the target group is divided into two subgroups: covered and uncovered. For instance, if we choose a group of children for a drug treatment of efficacy 
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and effective duration 
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 ,  we use 
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to represent the mean worm burden of the covered children and 
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 for the uncovered subgroup. The differential equations for 
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is same as the uncovered group except the additional loss rate 
(3)

 of worms. The mean worm burden of whole children group is GOTOBUTTON ZEqnNum180018  \* MERGEFORMAT , where 
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is the fraction of children treated by drug.  

However, for modeling treatment effects with the SWB model, the effect of drug treatment on the prevalence of Schistosoma infection was implemented in the model by instantaneously shifting humans at higher burden levels (stratum) to lower levels according to the established efficacy of praziquantel 3[,4]
. As an example, within the model, a treatment session with an efficacy of 90% (i.e., killing 90% of worms) would bring a person in the 10th stratum (i.e., one who is carrying between 90 and 100 worm pairs before therapy) down to the 0th strata (carrying 0 to 10 worms), as the remaining number of worm pairs will most likely be between 9 and 10 of worms after the treatment.  This is a more realistic effect than modeled in the traditional approaches used in the past, in which a treatment term is added to the natural mortality of worms to indicate an extra loss. In fact,  the drug-killing effect on worms occurs more quickly (in less than one month) than natural death (~ 4-5 years 5[]
), and this more flexible scheme allows predictions for various timing and coverage among different control strategies, such as treating only the most heavily-infected groups. 
In our model’s simulations we assumed at-random treatment coverage, in the sense that a random subset of each population was treated each time 6[,7]
. In this sense, the ‘coverage’ of a control program means the fraction of all people treated in each treatment session, regardless of each individual’s past treatment history 
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