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Additional file 2 — Model equations

Humans

The rate of change in the susceptible compartment is given as:

dSH
dt

= µH(EH (t) + I1H (t) + I2H (t) +RH (t)) + ωHRH (t) − λH (t)SH (t) (2.1)

where µH is background mortality, 1/ωH is the duration of immunity, and λH (t) is the force

of infection at time t, given as:

λH (t) = βHαpH
IV (t)
NV (t)

NV (t)
NH (t) (2.2)

where βH is the probability of transmission from a tsetse fly to a human during a bloodmeal,

α is the daily probability a fly takes a bloodmeal, pH is the probability a given bloodmeal

is taken from a human,
IV (t)
NV (t) is the probability a given fly is infectious at time t, and

NV (t)
NH (t)

is the ratio of flies:humans at time t. Births are not explicitly modeled as they are assumed

to have a 1:1 relationship with background mortality.

The rate of change in the exposed compartment is given as:

dEH

dt
= λH (t)SH (t) − σHEH (t) − µHEH (t) (2.3)

where 1 / σH is the duration of the incubation period. The rate of change in the stage 1

infectious compartment is:

dI1H
dt

= σHEH (t) − φH1
I1H (t) − µHI1H (t) (2.4)

where 1 / φH1
is the duration of the stage 1 infectious period. The rate of change in the

stage 2 infectious compartment is:

dI2H
dt

= φH1
I1H (t) − φH2

I2H (t) − µHI2H (t) (2.5)

where 1/φH2
is the duration of stage 2 infectious period. The rate of change in the recovered

compartment is:

dRH

dt
= φH1

τH1
I1H (t) + φH2

τH2
I2H (t) − ωHRH (t) − µHRH (t) (2.6)
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where τH1
is the probability of detection in stage 1 and τH2

is the probability of detection

in stage 2. We assume detection perfectly predicts recovery, that is 100% of detected cases

recover, and 100% of undetected cases transition to death, an absorbing state.

Reservoir animals

With i indexing reservoir animal species group (I = 1 in gHAT models), rate of change in

the susceptible compartment is given as:

dSRi

dt
= µRi(ERi(t) + IRi(t) +RRi(t)) + ωRiRRi(t) − λRi(t)SRit(t) (2.7)

where, for species i, µRi is background mortality, 1 / ωRi is the duration of immunity, and

λRi(t) is the force of infection at time t, given as:

λRi(t) = βRiαpRi(t)
IV (t)
NV (t)

NV (t)
NRi(t)

(2.8)

where, for species i, βRi is the probability of transmission from a tsetse fly to a reservoir

animal during a bloodmeal, α is the daily probability a fly takes a bloodmeal,
IV (t)
NV (t) is the

probability a given fly is infectious at time t, and
NV (t)
NRi(t) is the ratio of flies:reservoir animals

of species i at time t, and pRi(t) is the probability a given bloodmeal is taken from species

i at time t, given as:

pRi(t) = (1 − pH ) × NRi(t)

(
I

∑
i=1
NRi(t)) +NnR(t)

(2.9)

where pH is the probability a given bloodmeal is taken from a human, NRi(t) is the number

of reservoir animals of species i at time t, and NnR(t) is the number of non-reservoir tsetse

hosts at time t. This formulation imposes the assumption that tsetse flies have an inherent

level of anthrophily, with the remainder of bloodmeals being distributed among host species

according to their abundance. Births are not explicitly modeled as they are assumed to

have a 1:1 relationship with background mortality.

The rate of change in the exposed compartment is given as:

dERi

dt
= λRi(t)SRi(t) − σRiERi(t) − µRiERi(t) (2.10)



3

where 1 / σRi
is the duration of the incubation period. The rate of change in the infectious

compartment is:

dIRi

dt
= σRiERi(t) − φRint

(1 − τRi
)IRi(t) − φRitτRi

IRi(t) − µRiIRi(t) (2.11)

where 1 / φRint
is the duration of the infectious period without treatment,1 / φRit is the

duration of the infectious period with treatment, and τRi
is the probability an animal

receives treatment. This parameterization imposes the assumption that all reservoir animals

eventually recover, but the rate of this recovery is dependent on trypanocide treatment. This

is consistent with observations that T. brucei infection, unlike T. congolense and T. vivax,

the primary causative agents of AAT, generally cause no to mild disease in animals [1].

The rate of change in the recovered compartment is:

dRRi

dt
= φRint

(1 − τRi
)IRi(t) + φRitτRi

IRi(t) − ωRiRRi(t) − µRiRRi(t) (2.12)

Flies

The rate of change in the susceptible compartment is given as:

dSV
dt

= µV (EV (t) + IV (t) +NSV (t)) − λV (t)SV (t) (2.13)

where µV is background mortality and λV (t) is the force of infection at time t, given as:

λV (t) = α(βV r

I

∑
i=1

pRi(t)
IRi(t)
NRi(t)

+ βV hpH
I1H (t)
NH (t) ) (2.14)

where α is the daily probability a fly takes a bloodmeal, βV r is the probability of transmission

from a reservoir animal to a tsetse fly during a bloodmeal, pRi(t) is the probability a given

bloodmeal is taken from species i at time t,
IRi(t)
NRi

(t) is the probability a given individual of

reservoir species i is infectious at time t, βV r is the probability of transmission from a human

to a tsetse fly during a bloodmeal, pH is the probability a given bloodmeal is taken from

a human, and
I1H (t)
NH (t) is the probability a given human is in the stage 1 infectious period,

as it is assumed those with stage 2 disease are hospitalized or too debilitated to serve as a

bloodmeal source.
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The rate of change in the exposed compartment is given as:

dEV

dt
= λV (t)SV (t) − σvEV (t) − µVEV (t) (2.15)

where 1 / σv is the duration of the infectious period. The rate of change in the infectious

compartment is given as:
dIV
dt

= σVEV (t) − µV IV (t) (2.16)

imposing the assumption that tsetse flies do not recover once infected. Finally, the rate of

change in the non-susceptible compartment is given as:

dNSV t

dt
= (1 − λV (t))SV (t) − µVNSV (t) (2.17)

reflecting the teneral effect.
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