Additional File 1: Model Initialisation

Text S1. Model Initialisation

To account for the over-dispersed distribution of worms in a population, we assumed that the initial worm
distribution in each group would follow a negative binomial (NB) distribution with initial aggregation
(shape) parameter ky. From May [1], assuming an NB distribution where adult male and female worms are
distributed together, then the following relationship is true
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where p4 is the antigen prevalence, and p,, ; is mf prevalence. The model was seeded in 2010 with a surveyed
pa of 3.2% [2]. The 2010 survey did not include mf, but we inferred p,,; by using the following relationship
of pa and p,,s in the years proceeding MDA outlined by Xu et al. [3]:
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where T is the number of years since the last round of MDA. This allowed for kg to be solved in equation
1. The mean initial worm load (u) in the population was then:
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The probability of an agent having n worms was given by:

o= (1o ) e (2

where N is a NB random variable representing the number of worms an agent has.

An agent was initially antigen positive if a randomly generated number from a uniform real distribution
on [0, 1], was less than the group-level antigen prevalence. If antigen positive, the probability the agent had
n worms, where n > 0, was:
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For all scenarios territory-wide antigen prevalence was 3.2%. For the Village and Sub-Village scenarios,
to account for initial clustering, groups had varied initial antigen prevalence. We used previously published
data for American Samoa, on the village-level intra-cluster ICC value for prevalence in 2016 [4]. As there
are several conflicting definitions of ICC, to guarantee that our model was reproducing the correct degree
of correlation we wanted to ensure that estimates of ICC from model simulations were calculated with a
similar method to the source of our ICC estimates. The published ICC values we used had been calculated
from a mixed-effect logistic regression model with fixed effects (e.g. age and sex) and random effects for
village and household. In this framework, group-level (i.e. household or village level) prevalence is assumed
to be logitnormally distributed. The formula used by Lau et al. [4] for calculating ICC depends only on
o, the s.d. of normal random effects, and is independent of the fixed effects. As we had other means of
initialising prevalence by age and sex, we did not use the full logistic regression model used by Lau et al.
[4]. Instead, to reproduce a comparable distribution of group-level prevalence, we drew from a logit-normal
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distribution with the same o and mean equal to the territory-wide prevalence in 2010. We validated this
method with a test scenario with N, groups and N, individuals per group. The model was subsequently
applied to spatially heterogeneous scenarios, where we accepted the initialisation only if the territory-wide
antigen prevalence was within +0.1% of the observed 2010 baseline prevalence.

Text S2. Biting Risks

An individual’s bite risk (b) was modelled as a gamma random variable with shape parameter k£ and scale
parameter 1/k. For each scenario, a single shape parameter was fitted and used to generate all agent’s bite
risks. Agents seeded with either mature or immature worms were more likely to have greater bite risks.
To implement this, bite risks for all N agents were generated and sorted. The top N, were shuffled and
assigned to the Np,; mf positive agents. Of the remaining N — N,,; bite parameters, the top Ng were shuffled
and assigned to the Nj,4 agents who were mf negative but had either immature or unmated worms. The
remaining values were reshuffled and assigned to the remaining agents. In this study setting, N,y ~ 290
and Ny,4 = 1500. We assumed N, = 1400 and Ng = 4200.

Figure S1. Group-level Population Distributions
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The group-level population distribution for the Village model is given in the left figure, and the Sub-Village
model group-level population distribution is given in the right figure.
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