Supplementary information

The Model

The fundamental model used to describe the mean worm burden of individuals of a given
age and the quantity of infectious eggs in the environment was developed from the
founding work of Anderson and May [1]. The current version of the model is described in
detail in [2, 3]. Briefly, the model is an PDE model describing the evolution of mean female
worm burden as a function of age, M(a,t)
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where L is the concentration of infectious material in the environment. The model describes
the evolution of the female worm burden and assumes they are distributed according to an
underlying negative binomial distribution with fixed negative binomial aggregation
parameter, k. The dynamics of infectious material is governed by
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where P(a) is the normalised age distribution for the population. The function f(.) describes

the production of fertile infectious material and is the product of a term representing the
dampening effect of density dependent fecundity at higher worm burdens [first term] and
the catalytic effect of the presence of male worms on sexual reproduction at very low worm
burdens, ¢
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where z =e”” representing the strength of density-dependent fecundity and the parameter
Y characterises the flow of infectious material into the environment. Several previous
models have included a dependence on worm burden in k [4, 5]. In the context of the
response to the model to changing coverage levels, we found negligible sensitivity to the
value of the aggregation parameter. However, we have not investigated its impact on
elimination behaviour. Sexual reproduction is assumed to monogamous, dependant on
male-female worm pairs. In this case, the appropriate form for the function ¢ is [6]
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The parameter ¢ and the absolute magnitude of B and p are subsumed into the definition of
the basic reproduction number, Ro, that measures the intensity of the transmission cycle.
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Assuming a 1:1 sex ratio in worms, the total worm burden is given by 2M (a,t) .

Treatment is modelled without systematic non-compliance. Coverage in an age group is taken as the
probability that an individual in that age group will receive treatment. Hence the drop in mean worm
burden from treatment is the product of the coverage and drug efficacy (which can be understood
as the probability of a single treatment killing a worm within the host).

The data to which the model was fitted were taken from the Machakos study by Butterworth and
colleagues [7] and were available in the form of mean eggs per gram across an age group. Model
output in the form of mean eggs per gram at a given age and time is given by

E(a,t)=AM(a,t) f (M (a,t),z,k)

where A is the mean egg per gram output from a single worm pair in the absence of density-
dependent fecundity effects (See Table 1).
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