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A Heuristic Model for Control with Antimalarial Drugs:

We let VV denote vectorial capacity (1, 2) extended to include net transmission
efficiency. Using notation from Smith & McKenzie (3), it is:
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Following the tradition of models by Ross (4), and later Macdonald (5), we minimize
the role of mosquitoes to determining its intensity (6). We also make a further
simplifying assumption that transmission rates are quite low, such that it is sensible
to make an approximation about the equilibrium sporozoite rate:
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This allows us to write a highly simplified model for transmission by mosquitoes:
X=VX(1-X)—-1X.

In this equation, Ry = V /r, and if R, > 1, then malaria will be endemic with
equilibrium prevalence is X = 1 — 1/R,,.
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We make the simplifying assumption (useful for the purposes of developing a
heuristic model) that a person is either treated promptly and immediately with a
drug thereby ending all infectiousness, or that the person is untreated until the
infection resolves. The fraction of individuals that is treated is assumed to depend
on the level of clinical immunity in the population, which is assumed to track
prevalence but perhaps with a lag:

[=nX-D.

Finally, we assume that the fraction of the population that is promptly treated is a
linear function of the level of immunity:

pr=P—(P-0Q)L
The fraction treated with no immunity is P, but with maximum immunity, it is Q.
Treatment modifies the dynamics of malaria, as described by the equation:
X=VX(1-p)A-X)—-1rX.

At the equilibrium, X = I, and it is possible to solve for the equilibrium prevalence
as a function of four parameters:
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The first bifurcation point of this model, denoted B, is given by setting the radical to
Zero:
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The second bifurcation point, B,is given by:
Ry > !
7 1-P

Elimination & Resurgence:

A table was compiled based on Table 2.6 from Feachem et al. (7) and compared with
resurgence data from Cohen et al. (8), and with digitized malaria prevalence from
the Lysenko map following Gething et al. (9). These are plotted, stratified by
whether a country achieved elimination or not and had a resurgence or not for
adjusted GDP per capita (Fig 3a), doctors per 1,000 population (Fig 3b), and the
average parasite rate for the country in 1900 (Fig 3c).
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