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Full Model Code 

 

The model used in this paper was created using a software package called Berkeley Madonna. 

(Berkeley Madonna can be downloaded as a free trial version at 

http://www.berkeleymadonna.com/download.html) 

 

Below is the full Berkeley Madonna code for the model. 

 

In order to run the model, the following steps should be followed: 

1) Replace the terms β, γ, δ, µ, π, ρ, σ and τ with their names e.g. beta, gamma, etc. 

2) Cut and paste the entire code into the Equations window of Berkeley Madonna 

3) Run the code with TBI (total number of blood stage infections), Nra (number of infections 

resistant to artesunate) and percra (percentage of infections resistant to artesunate) 

displayed in the Graph window 

4) Use the parameter sliders to alter parameter values to explore their effects on the results 

 

 

 

STARTTIME = 1960 

STOPTIME=2050 

DT = 0.0027 

 

;Model to examine the effect of elimination interventions on artesunate resistance in Western 

Cambodia 

;Dr Richard Maude 27/11/08 

 

;All times are in years 

;Artesunate monotherapy begins in 1975 

;Artesunate resistance first arises in 1980 

;Interventions begin in 2009 

 

;NOTATION 

;N = total population size (N = S+L+B+I) 

;t = time for drug to clear sensitive infection 

;c = clearance rate of infection by drug according to drug sensitivity 

;S = susceptible people 

;L = liver stage infections 

;B = noninfectious blood stage infections 

;T = total 

;I = infectious blood stage infections 

;r = resistant to... 

;d = drug given 

;o = no drug 

;a = artesunate 

;ai = artesunate as part of ACT 
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;b = piperaquine 

;ab = ACT (dihydroartemisinin plus piperaquine) 

;p = primaquine 

 

;e.g.1 tBda = time for artesunate to clear noninfectious blood stage infection 

;e.g.2 cBradab = clearance rate (c) of noninfectious blood stage infections (B) resistant to 

artesunate (ra) by ACT (dab) 

;e.g.3 cIrodp = clearance rate (c) of infectious blood stage infections (I) resistant to no drugs i.e. 

sensitive to all (ro) by primaquine (dp) 

 

;io = no intervention 

;i1 = mass drug administration (MDA) (Intervention 1) 

;i1a = treatment of symptomatic patients who have already received MDA 

;i2 = masss screen and treat (MSAT) with atovaquone/proguanil (Intervention 2) 
;i3 = MSAT with ACT (Intervention 3) 

 

;e.g.4 dai1a = treatment of symptomatic patients with artesunate monotherapy (da) who have 

already received MDA 

;e.g.5 dabi1a = treatment of symptomatic patients with ACT who have already received MDA 

;X = effective duration of drug action 

;e.g.6 Xai = effective duration of artesunate as part of ACT 

 

;e = relative effectiveness of drug against drug resistant infections vs drug sensitive infections 

;bn = bed nets 

;dur = duration 

 

 

 

 

;PARAMETERS 

 

;Population parameters 

µ = 0.015 ; i.e. birth rate & death rate 

N0 = 3200000 ; total population at time=0 

I0 = N0*pinf ; total infected at time=0 

 

;Natural history of infection 

γ = 365/5 ; rate of liver stage becoming noninfectious blood stage 

σ = 365/15 ; rate of developing gametocytes 

δ = 365/60 ; natural recovery rate of infectious 

 

 

;Drug action 

 

;Time for drug to clear drug sensitive infection in days 
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tBda = 7 ; time for artesunate to clear B 

tIda = 4 ; time for artesunate to clear I 

tBdb = 3 ; time for clearance of noninfectious blood stage by piperaquine 

tIdb = 21 ; time for clearance of infectious blood stage by piperaquine 

tBdab = 3 ; time for ACT to clear B = 3 days if synergy or 7 days if none 

tIdab = 3 ; time for ACT to clear I = 3 days if synergy or 4 days if none 

tLdvg = 3 ; time for clearance of liver stage by atovaquone/proguanil 

tBdvg = 3 ; time for clearance of noninfectious blood stage by atovaquone/proguanil 

tIdvg = 4.5 ; time for clearance of infectious blood stage by atovaquone/proguanil 

tLdv = 6 ; time for clearance of liver stage by atovaquone 

tBdv = 3 ; time for clearance of noninfectious blood stage by atovaquone 

tIdv = 4.5 ; time for clearance of infectious blood stage by atovaquone 

tLdp = 7 ; time for clearance of liver stage by primaquine 

tIdp = 1 ; time for clearance of infectious blood stage by primaquine 

 

;rate of clearance of infection by drug according to drug sensitivity 

cBrodo = 0 ; rate of clearance of sensitive noninfectious blood stage by no drug  

cBrado = 0 ; rate of clearance of artesunate resistant noninfectious blood stage by no drug 

cBrbdo = 0 ; rate of clearance of piperaquine resistant noninfectious blood stage by no drug 

cIrodo = 0 ; rate of clearance of sensitive infectious blood stage by no drug 

cIrado = 0 ; rate of clearance of artesunate resistant infectious blood stage by no drug 

cIrbdo = 0 ; rate of clearance of piperaquine resistant infectious blood stage by no drug 

cBroda = 365/tBda ; rate of clearance of blood stage resistant to none treated with artesunate 

cBrada = erada*cBroda ; rate of clearance of blood stage resistant to artesunate treated with artesunate 

cBrbda = 365/tBda ; rate of clearance of blood stage resistant to piperaquine treated with artesunate 

cIroda = 365/tIda ; rate of clearance of I resistant to none treated with artesunate 

cIrada = erada*cIroda ; rate of clearance of I resistant to artesunate treated with artesunate 

cIrbda = 365/tIda ; rate of clearance of I resistant to piperaquine treated with artesunate 

cBrodab = 365/tBdab ; rate of clearance of B resistant to none treated by ACT 

cBradab = erada*365/tBdab + (1-erada)*365/tBdb ; rate of clearance of artesunate resistant noninfectious 

blood stage by ACT 

cBrbdab = erbdb*365/tBdab + (1-erbdb)*365/tBda ; rate of clearance of piperaquine resistant 

noninfectious blood stage by ACT 

cIrodab = 365/tIdab ; rate of clearance of sensitive infectious blood stage by ACT 

cIradab = erada*365/tIdab + (1-erada)*365/tIdb ; rate of clearance of artesunate resistant infectious 

blood stage by ACT  

cIrbdab = erbdb*365/tIdab + (1-erbdb)*365/tIda ; rate of clearance of piperaquine resistant infectious 

blood stage by ACT 

cBrodb = 365/tBdb ; rate of clearance of sensitive noninfectious blood stage treated with 

piperaquine (after artesunate i.e. minus 3 days) 

cBradb = 365/tBdb ; rate of clearance of artesunate resistant noninfectious blood stage treated with 

piperaquine 

cBrbdb = erbdb*365/tBdb ; rate of clearance of piperaquine resistant noninfectious blood stage 

treated with piperaquine 

cIrodb = 365/tIdb ; rate of clearance of sensitive infectious blood stage treated with piperaquine  
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cIradb = 365/tIdb ; rate of clearance of artesunate resistant infectious blood stage treated with 

piperaquine 

cIrbdb = erbdb*365/tIdb ; rate of clearance of piperaquine resistant infectious blood stage treated 

with piperaquine 

cLp = pp*365/tLdp ; rate of clearance of liver stage treated with primaquine 

cIp = pp*365/tIdp ; rate of clearance of infectious blood stage treated with primaquine 

cLdvg = 365/tLdvg ; rate of clearance of liver stage treated with atovaquone/proguanil 

cBdvg = 365/tBdvg ; rate of clearance of noninfectious blood stage treated with 

atovaquone/proguanil 

cIdvg = 365/tIdvg ; rate of clearance of infectious blood stage treated with atovaquone/proguanil 

cLdv = 365/tLdv ; rate of clearance of liver stage treated with atovaquone after 

atovaquone/proguanil 

cBdv = 365/tBdv ; rate of clearance of noninfectious blood stage treated with atovaquone after 

atovaquone/proguanil 

cIdv = 365/tIdv ; rate of clearance of infectious blood stage treated with atovaquone after 

atovaquone/proguanil 

 

;Effective duration of drug action 

Xao = 7/365 ; effective duration of artesunate monotherapy 

Xai = 3/365 ; effective duration of artesunate as part of ACT 

Xb = 20/365 ; effective duration of piperaquine 

Xg = 4/365 ; effective duration of proguanil as part of atovaquone/proguanil 

Xv = 15/365 ; effective duration  of atovaquone 

Xp = 1/365 ; effective duration of primaquine 

 

;Drug resistance 

erada = (1-precra) * pctroda/pctrada ; relative effectiveness of artesunate against artesunate resistant 

infections (0-1)  

pctroda = 30 ; parasite clearance time for artesunate vs sensitive infections    

pctrada = 83 ; parasite clearance time for artesunate vs resistant infections 

precra = 0.35 ; proportion recrudescences in resistant infections 

erbdb = 0.8 ; relative effectiveness of piperaquine in piperaquine resistant infections (0-1) 

 

 

;Rates of receiving treatments 

;Artesunate monotherapy 

τ = 365/16*propRxa*SQUAREPULSE(starta, dura) ; rate of starting artesunate in infected 

patients 

dura = stopa-starta ; duration availability of artesunate 

starta = 1975 ; time that artesunate first introduced 

stopa = 2009 ; time from when artesunate no longer available 

 

;Treat symptomatic infection with ACT 

τab = τmagab*propRxab*SQUAREPULSE(startab, durab) 

τmagab = 365/16 
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durab = 41; 'long-term' 

startab = 2009; 

 

;Intervention 1: MDA with ACT 

τpulse1 = if mod(time-durτ1,1)>=1-durτ1 then propRxi1*τmagi1 else 0 

τ1= τpulse1*SQUAREPULSE(2009, duri1) 

τmagi1 = 4 ; rate of starting intervention 1 in 1/years 

duri1 = 0 ; total duration of intervention 1 in years 

durτ1 = 0.25 ; duration of each round of intervention 1 in years 

 

;Intervention 2: MSAT with atovaquone/proguanil 

τpulse2 = if mod(time-durτ2,fri2)>=fri2-durτ2 then propRxi2*τmagi2 else 0 

τ2= τpulse2*SQUAREPULSE(2009, duri2) 

τmagi2 = 4 ; rate of starting intervention 2 in 1/years 

duri2 = 0 ;  total duration of intervention 2 in years 

durτ2 = 0.25 ; duration of each round of intervention 2 in years 

fri2 = 1/ni2;1/frequency of intervention 2 per year 

ni2 = 1; frequency of intervention 2 per year 

 

;Intervention 3: MSAT with ACT. 

;this uses the same section of code as switching treatment to ACT 

; to make this run, do the following: 

;1) add a ‘;’ to the beginning of the first line of the 'treat symptomatic infection with ACT' 

section (above) to give “;τab = τmagab*propRxab*SQUAREPULSE(startab, durab)” 

τpulse3 = if mod(time-durτ3,1)>=1-durτ3 then propRxi3*τmagi3 else 0 

;2) remove the ‘;’ from the beginning of the line “;τab= τpulse3*SQUAREPULSE(2009, duri3)” 

(below) 

τpulse3 = if mod(time-durτ3,1)>=1-durτ3 then propRxi3*τmagi3 else 0 

;τab= τpulse3*SQUAREPULSE(2009, duri3) 

τmagi3 = 4 ; rate of starting intervention 3 in 1/years 

duri3 = 0 ; total duration of intervention 3 in years 

durτ3 = 0.25 ; duration of each round of intervention 3 in years 

 

;ACT for symptomatic infection during intervention 1 

τabi1 = τmagabi1*propRxab*SQUAREPULSE(startab, durab); rate of starting ACT in infected 

people during intervention 1 

τmagabi1 = 365/16 

 

;Artesunate monotherapy for symptomatic infection during intervention 1 

τai1 = τmagai1*propRxa*SQUAREPULSE(2009, dura); rate of starting artesunate in infected 

people during intervention 1 

τmagai1 = 365/16 

 

;ACT for symptomatic infection during intervention 2 
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τabi2 = τmagabi2*propRxab*SQUAREPULSE(2009, durab); rate of starting ACT during 

intervention 2 

τmagabi2 = 365/16 

 

;Artesunate monotherapy for symptomatic infection during intervention 2 

τai2 = τmagai2*propRxa*SQUAREPULSE(2009, dura); rate of starting artesunate in infected 

people during intervention 2 

τmagai2 = 365/16 

 

 

;Bed nets 

bn=bnmag*SQUAREPULSE(2009, durbn) 

bnmag=0.3; transmission reduction due to bed nets  

durbn=0; 0 or 4 years 

 

 

;Initial conditions 

pa = 0 ; proportion resistant to artesunate in 1960 

pb = 0.05 ; proportion resistant to piperaquine in 1960 (and 2009) 

po = 1-pa-pb ; proportion sensitive to artesunate and piperaquine in 1960 

pBI = 0.0743 ; proportion infected with detectable blood stage infection in 2009 (data is from 

2006) 

pinf = 0.16 ;  proportion any malaria infection in 1960 

pp = 0 ; proportion given primaquine = 0-1 

 

st = 1980 ; time that artesunate resistance first arises - this is set relatively early to maximise pa 

in 2009 so near 10% 

mst = 350 ;  

 

propRxa = propRxam*propa*adha ; proportion that get effective artesunate treatment for 

symptomatic infection = 0.052   

propRxam = 0.63 ; proportion receiving antimalarials 

propa = 0.4 ; proportion of antimalarials constituting artesunate monotherapy 

adha = 0.2 ; proportion that take full 7 day course artesunate monotherapy 

 

propRxab = IF TIME<2009 THEN 0 ELSE pab*(covab-covab*exp(-k*(TIME-2009))) ; proportion 

that get effective ACT treatment for symptomatic infection 

 

covab = 0.6 ; maximum coverage with ACT for treatment 

psab = 0.85 ; proportion of shops that sell modern drugs 

adhab = 0.77 ; adherence to 3 day regime of ACT 

adhvg = 0.77 ; adherence to 3 day regime of atovaquone/proguanil 

pab = covab*psab*adhab ; proportion that actually take 3 day course of ACT 

 

k = 30 ; speed of introduction of intervention 
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propRxi1 = covi1*adhab ; proportion that complete a 3 day course of MDA with ACT 

propRxi2 = covi2*adhvg ; proportion that complete a 3 day course of atovaquone/proguanil during 

MSAT 

propRxi3 = covi3*adhab ; proportion that complete a 3 day course of ACT during MSAT 

covi1 = 0.8 ; coverage with intervention 1 

covi2 = 0.8 ; coverage with intervention 2 

covi3 = 0.8 ; coverage with intervention 3 

 

 

;Calculate intial conditions 

 

ROOTI βn = µ*N0 - βn*(pinf*N0)*Srodoio1/N0+δ*(pinf*N0)-µ*Srodoio1 

ROOTI Srodoio1 = βn*(pinf*N0)*Srodoio1/N0-(γ+µ)*Lrodoio1 

ROOTI Lrodoio1 = γ*Lrodoio1-(σ+µ)*Brodoio1 

ROOTI Brodoio1 = σ*Brodoio1-(δ+µ)*(pinf*N0) 

 

GUESS βn = 10 

LIMIT βn >= 0 

LIMIT βn <= 1000 

 

GUESS Srodoio1 = 2.1e+6 

LIMIT Srodoio1 >= 0 

LIMIT Srodoio1 <= N0 

 

GUESS Lrodoio1 = 7e+4 

LIMIT Lrodoio1 >= 0 

LIMIT Lrodoio1 <= N0 

 

GUESS Brodoio1 = 2e+5 

LIMIT Brodoio1 >= 0 

LIMIT Brodoio1 <= N0 

 

 

 

;MODEL 

 

;Treatment with artesunate monotherapy 

;Ndoio and Ndaio 

 

;Box Ndoio 

 

init Sdoio = Srodoio1 

Idoio0 = N0*pinf 
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Ldoio = Lrodoio+Lradoio+Lrbdoio 

Bdoio = Brodoio+Bradoio+Brbdoio 

Idoio = Irodoio+Iradoio+Irbdoio 

 

init Lrodoio = Lrodoio1 

init Lradoio = 0 

init Lrbdoio = 0 

init Brodoio = Brodoio1 

init Bradoio = 0 

init Brbdoio = 0 

init Irodoio = po*Idoio0 

init Iradoio = pa*Idoio0 

init Irbdoio = pb*Idoio0 

 

 

;Sdoio 

; Example of code for stochasticity   Sdoio(t+dt) = max(poisson(Sdoio+(µ*N0 - µ*Sdoio - 

β*Sdoio*TIro/N0 + δ*Irodoio + cBrodo*Brodoio + cIrodo*Irodoio - β*Sdoio*TIra/N0 + δ*Iradoio + cBrado*Bradoio 

+ cIrado*Iradoio - β*Sdoio*TIrb/N0 + δ*Irbdoio + cBrbdo*Brbdoio + cIrbdo*Irbdoio + (1/Xao)*Sdaio - τ1*Sdoio + 

(1/(Xb-Xai))*Sdbio)*dt),0) 

; this form of code was substituted for every differential equation in the model to achieve 

stochasticity 

 

 

d/dt(Sdoio) = µ*N0 - µ*Sdoio - β*Sdoio*TIro/N0 + δ*Irodoio + cBrodo*Brodoio + cIrodo*Irodoio - 

β*Sdoio*TIra/N0 + δ*Iradoio + cBrado*Bradoio + cIrado*Iradoio - β*Sdoio*TIrb/N0 + δ*Irbdoio + cBrbdo*Brbdoio 

+ cIrbdo*Irbdoio + (1/Xao)*Sdaio - τ1*Sdoio + (1/(Xb-Xai))*Sdbio 

 

;rodoio 

d/dt(Lrodoio) = β*Sdoio*TIro/N0 - (µ+γ)*Lrodoio + (1/Xao)*Lrodaio - τ1*Lrodoio + (1/(Xb-Xai))*Lrodbio 

d/dt(Brodoio) = γ*Lrodoio - (µ+σ)*Brodoio - cBrodo*Brodoio - τ*Brodoio + (1/Xao)*Brodaio - τ1*Brodoio - 

τ2*Brodoio - τab*Brodoio + (1/(Xb-Xai))*Brodbio 

d/dt(Irodoio) = σ*Brodoio - (µ+δ)*Irodoio - cIrodo*Irodoio - τ*Irodoio + (1/Xao)*Irodaio - τ1*Irodoio - τ2*Irodoio 

- τab*Irodoio + (1/(Xb-Xai))*Irodbio 

 

;radoio 

d/dt(Lradoio) = β*Sdoio*TIra/N0 - (µ+γ)*Lradoio + (1/Xao)*Lradaio - τ1*Lradoio + (1/(Xb-Xai))*Lradbio 

d/dt(Bradoio) = γ*Lradoio - (µ+σ)*Bradoio - cBrado*Bradoio - τ*Bradoio + (1/Xao)*Bradaio - τ1*Bradoio - 

τ2*Bradoio - τab*Bradoio + (1/(Xb-Xai))*Bradbio 

d/dt(Iradoio) = σ*Bradoio - (µ+δ)*Iradoio - cIrado*Iradoio - τ*Iradoio + (1/Xao)*Iradaio - τ1*Iradoio - τ2*Iradoio - 

τab*Iradoio + (1/(Xb-Xai))*Iradbio + SQUAREPULSE(st,1/365)*mst 

 

;rbdoio 

d/dt(Lrbdoio) = β*Sdoio*TIrb/N0 - (µ+γ)*Lrbdoio + (1/Xao)*Lrbdaio - τ1*Lrbdoio + (1/(Xb-Xai))*Lrbdbio 



9 

 

d/dt(Brbdoio) = γ*Lrbdoio - (µ+σ)*Brbdoio - cBrbdo*Brbdoio - τ*Brbdoio + (1/Xao)*Brbdaio - τ1*Brbdoio - 

τ2*Brbdoio - τab*Brbdoio + (1/(Xb-Xai))*Brbdbio 

d/dt(Irbdoio) = σ*Brbdoio - (µ+δ)*Irbdoio - cIrbdo*Irbdoio - τ*Irbdoio + (1/Xao)*Irbdaio - τ1*Irbdoio - τ2*Irbdoio 

- τab*Irbdoio + (1/(Xb-Xai))*Irbdbio 

 

 

;Box Ndaio  

 

init Sdaio = 0 

;init Bdaio = Bdaio0 

;init Ldaio = Ldaio0 

;init Idaio = Idaio0 

 

Ldaio = Lrodaio+Lradaio+Lrbdaio 

Bdaio = Brodaio+Bradaio+Brbdaio 

Idaio = Irodaio+Iradaio+Irbdaio 

 

init Lrodaio = 0 

init Lradaio = 0 

init Lrbdaio = 0 

init Brodaio = 0 

init Bradaio = 0 

init Brbdaio = 0 

init Irodaio = 0 

init Iradaio = 0 

init Irbdaio = 0 

 

d/dt(Sdaio) = - µ*Sdaio - β*Sdaio*TIro/N0 + δ*Irodaio + cBroda*Brodaio + cIroda*Irodaio  - β*Sdaio*TIra/N0 + 

δ*Iradaio + cBrada*Bradaio + cIrada*Iradaio - β*Sdaio*TIrb/N0 + δ*Irbdaio + cBrbda*Brbdaio + cIrbda*Irbdaio - 

(1/Xao)*Sdaio - τ1*Sdaio 

 

;rodaio 

d/dt(Lrodaio) = β*Sdaio*TIro/N0 - (µ+γ)*Lrodaio - (1/Xao)*Lrodaio - τ1*Lrodaio 

d/dt(Brodaio) = γ*Lrodaio - (µ+σ)*Brodaio - cBroda*Brodaio + τ*Brodoio - (1/Xao)*Brodaio - τ1*Brodaio - 

τ2*Brodaio 

d/dt(Irodaio) = σ*Brodaio - (µ+δ)*Irodaio - cIroda*Irodaio + τ*Irodoio - (1/Xao)*Irodaio - τ1*Irodaio - τ2*Irodaio 

 

;radaio 

d/dt(Lradaio) = β*Sdaio*TIra/N0 - (µ+γ)*Lradaio - (1/Xao)*Lradaio - τ1*Lradaio 

d/dt(Bradaio) = γ*Lradaio - (µ+σ)*Bradaio - cBrada*Bradaio + τ*Bradoio - (1/Xao)*Bradaio - τ1*Bradaio - 

τ2*Bradaio   

d/dt(Iradaio) = σ*Bradaio - (µ+δ)*Iradaio - cIrada*Iradaio + τ*Iradoio - (1/Xao)*Iradaio - τ1*Iradaio - τ2*Iradaio 

 

;rbdaio 
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d/dt(Lrbdaio) = β*Sdaio*TIrb/N0 - (µ+γ)*Lrbdaio - (1/Xao)*Lrbdaio - τ1*Lrbdaio 

d/dt(Brbdaio) = γ*Lrbdaio - (µ+σ)*Brbdaio - cBrbda*Brbdaio + τ*Brbdoio - (1/Xao)*Brbdaio - τ1*Brbdaio - 

τ2*Brbdaio   

d/dt(Irbdaio) = σ*Brbdaio - (µ+δ)*Irbdaio - cIrbda*Irbdaio + τ*Irbdoio - (1/Xao)*Irbdaio - τ1*Irbdaio - τ2*Irbdaio 

 

 

Ndoio = Sdoio + Lrodoio + Brodoio + Irodoio + Lradoio + Bradoio + Iradoio + Lrbdoio + Brbdoio + Irbdoio 

Ndaio = Sdaio + Lrodaio + Brodaio + Irodaio + Lradaio + Bradaio + Iradaio + Lrbdaio + Brbdaio + Irbdaio 

 

 

 

;Intervention 1 

;MDA using artesunate/piperaquine +/- primaquine 

;Ndabi1, Ndbi1, Ndoi1  

 

;Box Ndabi1 

 

init Sdabi1 = 0 

;init Bdabi1 = Bdabi10 

;init Ldabi1 = Ldabi10 

;init Idabi1 = Idabi10 

 

Ldabi1 = Lrodabi1+Lradabi1+Lrbdabi1 

Bdabi1 = Brodabi1+Bradabi1+Brbdabi1 

Idabi1 = Irodabi1+Iradabi1+Irbdabi1 

 

init Lrodabi1 = 0 

init Lradabi1 = 0 

init Lrbdabi1 = 0 

init Brodabi1 = 0 

init Bradabi1 = 0 

init Brbdabi1 = 0 

init Irodabi1 = 0 

init Iradabi1 = 0 

init Irbdabi1 = 0 

 

 

d/dt(Sdabi1) = - µ*Sdabi1 - β*Sdabi1*TIro/N0 + δ*Irodabi1 + cBrodab*Brodabi1 + cIrodab*Irodabi1  - 

β*Sdabi1*TIra/N0 + δ*Iradabi1 + cBradab*Bradabi1 + cIradab*Iradabi1 - β*Sdabi1*TIrb/N0 + δ*Irbdabi1 + 

cBrbdab*Brbdabi1 + cIrbdab*Irbdabi1 + τ1*Sdoio + τ1*Sdaio - (1/Xai)*Sdabi1 + cLp*Lrodabi1 + cIp*Irodabi1 + 

cLp*Lradabi1 + cIp*Iradabi1 + cLp*Lrbdabi1 + cIp*Irbdabi1 

 

 

;rodabi1 
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d/dt(Lrodabi1) = β*Sdabi1*TIro/N0 - (µ+γ)*Lrodabi1 + τ1*Lrodoio + τ1*Lrodaio - (1/Xai)*Lrodabi1 - 

cLp*Lrodabi1 

d/dt(Brodabi1) = γ*Lrodabi1 - (µ+σ)*Brodabi1 - cBrodab*Brodabi1 + τ1*Brodoio + τ1*Brodaio - (1/Xai)*Brodabi1 

+ τabi1*Brodoi1 + τ1*Brodoi1 

d/dt(Irodabi1) = σ*Brodabi1 - (µ+δ)*Irodabi1 - cIrodab*Irodabi1 + τ1*Irodoio + τ1*Irodaio - (1/Xai)*Irodabi1 + 

τabi1*Irodoi1 - cIp*Irodabi1 + τ1*Irodoi1 

 

;radabi1 

d/dt(Lradabi1) = β*Sdabi1*TIra/N0 - (µ+γ)*Lradabi1 + τ1*Lradoio +τ1*Lradaio - (1/Xai)*Lradabi1 - 

cLp*Lradabi1 

d/dt(Bradabi1) = γ*Lradabi1 - (µ+σ)*Bradabi1 - cBradab*Bradabi1 + τ1*Bradoio + τ1*Bradaio - (1/Xai)*Bradabi1 

+ τabi1*Bradoi1 + τ1*Bradoi1 

d/dt(Iradabi1) = σ*Bradabi1 - (µ+δ)*Iradabi1 - cIradab*Iradabi1 + τ1*Iradoio + τ1*Iradaio - (1/Xai)*Iradabi1 + 

τabi1*Iradoi1 - cIp*Iradabi1 + τ1*Iradoi1 

 

;rbdabi1 

d/dt(Lrbdabi1) = β*Sdabi1*TIrb/N0 - (µ+γ)*Lrbdabi1 + τ1*Lrbdoio +τ1*Lrbdaio - (1/Xai)*Lrbdabi1 - 

cLp*Lrbdabi1 

d/dt(Brbdabi1) = γ*Lrbdabi1 - (µ+σ)*Brbdabi1 - cBrbdab*Brbdabi1 + τ1*Brbdoio + τ1*Brbdaio - (1/Xai)*Brbdabi1 

+ τabi1*Brbdoi1 + τabi1*Brbdbi1 + τ1*Brbdoi1 

d/dt(Irbdabi1) = σ*Brbdabi1 - (µ+δ)*Irbdabi1 - cIrbdab*Irbdabi1 + τ1*Irbdoio + τ1*Irbdaio - (1/Xai)*Irbdabi1 + 

τabi1*Irbdoi1+ τabi1*Irbdbi1 - cIp*Irbdabi1 + τ1*Irbdoi1 

 

 

Ndabi1 = Sdabi1 + Lrodabi1 + Brodabi1 + Irodabi1 + Lradabi1 + Bradabi1 + Iradabi1 + Lrbdabi1 + Brbdabi1 + Irbdabi1 

 

 

 

;Box Ndbi1 

 

init Sdbi1 = 0 

;init Bdbi1 = Bdbi10 

;init Ldbi1 = Ldbi10 

;init Idbi1 = Idbi10 

 

Ldbi1 = Lrodbi1+Lradbi1+Lrbdbi1 

Bdbi1 = Brodbi1+Bradbi1+Brbdbi1 

Idbi1 = Irodbi1+Iradbi1+Irbdbi1 

 

init Lrodbi1 = 0 

init Lradbi1 = 0 

init Lrbdbi1 = 0 

init Brodbi1 = 0 

init Bradbi1 = 0 
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init Brbdbi1 = 0 

init Irodbi1 = 0 

init Iradbi1 = 0 

init Irbdbi1 = 0 

 

 

d/dt(Sdbi1) = - µ*Sdbi1 - β*Sdbi1*TIro/N0 + δ*Irodbi1 + cBrodb*Brodbi1 + cIrodb*Irodbi1  - β*Sdbi1*TIra/N0 

+ δ*Iradbi1 + cBradb*Bradbi1 + cIradb*Iradbi1 - β*Sdbi1*TIrb/N0 + δ*Irbdbi1 + cBrbdb*Brbdbi1 + cIrbdb*Irbdbi1 + 

(1/Xai)*Sdabi1 - (1/(Xb-Xai)*Sdbi1) 

  

 

;rodbi1 

d/dt(Lrodbi1) = β*Sdbi1*TIro/N0 - (µ+γ)*Lrodbi1 + (1/Xai)*Lrodabi1 - (1/(Xb-Xai)*Lrodbi1) 

d/dt(Brodbi1) = γ*Lrodbi1 - (µ+σ)*Brodbi1 - cBrodb*Brodbi1 + (1/Xai)*Brodabi1 - (1/(Xb-Xai)*Brodbi1) 

d/dt(Irodbi1) = σ*Brodbi1 - (µ+δ)*Irodbi1 - cIrodb*Irodbi1 + (1/Xai)*Irodabi1 - (1/(Xb-Xai)*Irodbi1) 

  

;radbi1 

d/dt(Lradbi1) = β*Sdbi1*TIra/N0 - (µ+γ)*Lradbi1 + (1/Xai)*Lradabi1 - (1/(Xb-Xai)*Lradbi1) 

d/dt(Bradbi1) = γ*Lradbi1 - (µ+σ)*Bradbi1 - cBradb*Bradbi1 + (1/Xai)*Bradabi1 - (1/(Xb-Xai)*Bradbi1) 

d/dt(Iradbi1) = σ*Bradbi1 - (µ+δ)*Iradbi1 - cIradb*Iradbi1 + (1/Xai)*Iradabi1 - (1/(Xb-Xai)*Iradbi1) 

 

 

;rbdbi1 

d/dt(Lrbdbi1) = β*Sdbi1*TIrb/N0 - (µ+γ)*Lrbdbi1 + (1/Xai)*Lrbdabi1 - (1/(Xb-Xai)*Lrbdbi1) 

d/dt(Brbdbi1) = γ*Lrbdbi1 - (µ+σ)*Brbdbi1 - cBrbdb*Brbdbi1 + (1/Xai)*Brbdabi1 - (1/(Xb-Xai)*Brbdbi1) - 

τabi1*Brbdbi1- τai1*Brbdbi1  

d/dt(Irbdbi1) = σ*Brbdbi1 - (µ+δ)*Irbdbi1 - cIrbdb*Irbdbi1 + (1/Xai)*Irbdabi1 - (1/(Xb-Xai)*Irbdbi1) - 

τabi1*Irbdbi1- τai1*Irbdbi1  

 

Ndbi1 = Sdbi1 + Lrodbi1 + Brodbi1 + Irodbi1 + Lradbi1 + Bradbi1 + Iradbi1 + Lrbdbi1 + Brbdbi1 + Irbdbi1 

 

 

 

;Box Ndoi1 

 

init Sdoi1 = 0;N0-Idoi10 

;init Bdoi1 = Bdoi10 

;init Ldoi1 = Ldoi10 

Idoi10 = 0;N0*pinf 

 

Ldoi1 = Lrodoi1+Lradoi1+Lrbdoi1 

Bdoi1 = Brodoi1+Bradoi1+Brbdoi1 

Idoi1 = Irodoi1+Iradoi1+Irbdoi1 

 

init Lrodoi1 = 0 
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init Lradoi1 = 0 

init Lrbdoi1 = 0 

init Brodoi1 = 0 

init Bradoi1 = 0 

init Brbdoi1 = 0 

init Irodoi1 = 0;po*Idoi10 

init Iradoi1 = 0;pa*Idoi10 

init Irbdoi1 = 0;pb*Idoi10 

 

 

 

d/dt(Sdoi1) = - µ*Sdoi1 - β*Sdoi1*TIro/N0 + δ*Irodoi1 + cBrodo*Brodoi1 + cIrodo*Irodoi1  - β*Sdoi1*TIra/N0 + 

δ*Iradoi1 + cBrado*Bradoi1 + cIrado*Iradoi1 - β*Sdoi1*TIrb/N0 + δ*Irbdoi1 + cBrbdo*Brbdoi1 + cIrbdo*Irbdoi1 + 

(1/(Xb-Xai))*Sdbi1 + 1/(Xb-Xai-Xao)*Sdbi1a + (1/Xao)*Sdai1a 

 

 

;rodoi1 

d/dt(Lrodoi1) = β*Sdoi1*TIro/N0 - (µ+γ)*Lrodoi1 + (1/(Xb-Xai))*Lrodbi1 + 1/(Xb-Xai-Xao)*Lrodbi1a + 

(1/Xao)*Lrodai1a 

d/dt(Brodoi1) = γ*Lrodoi1 - (µ+σ)*Brodoi1 - cBrodo*Brodoi1 + (1/(Xb-Xai))*Brodbi1 - τabi1*Brodoi1 + 1/(Xb-

Xai-Xao)*Brodbi1a - τai1*Brodoi1 + (1/Xao)*Brodai1a - τ1*Brodoi1 

d/dt(Irodoi1) = σ*Brodoi1 - (µ+δ)*Irodoi1 - cIrodo*Irodoi1 + (1/(Xb-Xai))*Irodbi1 - τabi1*Irodoi1 + 1/(Xb-Xai-

Xao)*Irodbi1a - τai1*Irodoi1 + (1/Xao)*Irodai1a - τ1*Irodoi1 

  

;radoi1 

d/dt(Lradoi1) = β*Sdoi1*TIra/N0 - (µ+γ)*Lradoi1 + (1/(Xb-Xai))*Lradbi1 + 1/(Xb-Xai-Xao)*Lradbi1a + 

(1/Xao)*Lradai1a 

d/dt(Bradoi1) = γ*Lradoi1 - (µ+σ)*Bradoi1 - cBrado*Bradoi1 + (1/(Xb-Xai))*Bradbi1 - τabi1*Bradoi1 + 1/(Xb-

Xai-Xao)*Bradbi1a - τai1*Bradoi1 + (1/Xao)*Bradai1a - τ1*Bradoi1 

d/dt(Iradoi1) = σ*Bradoi1 - (µ+δ)*Iradoi1 - cIrado*Iradoi1 + (1/(Xb-Xai))*Iradbi1 - τabi1*Iradoi1 + 1/(Xb-Xai-

Xao)*Iradbi1a - τai1*Iradoi1 + (1/Xao)*Iradai1a - τ1*Iradoi1 

 

;rbdoi1 

d/dt(Lrbdoi1) = β*Sdoi1*TIrb/N0 - (µ+γ)*Lrbdoi1 + (1/(Xb-Xai))*Lrbdbi1 + 1/(Xb-Xai-Xao)*Lrbdbi1a + 

(1/Xao)*Lrbdai1a 

d/dt(Brbdoi1) = γ*Lrbdoi1 - (µ+σ)*Brbdoi1 - cBrbdo*Brbdoi1 + (1/(Xb-Xai))*Brbdbi1 - τabi1*Brbdoi1 + 1/(Xb-

Xai-Xao)*Brbdbi1a - τai1*Brbdoi1 + (1/Xao)*Brbdai1a - τ1*Brbdoi1 

d/dt(Irbdoi1) = σ*Brbdoi1 - (µ+δ)*Irbdoi1 - cIrbdo*Irbdoi1 + (1/(Xb-Xai))*Irbdbi1 - τabi1*Irbdoi1 + 1/(Xb-Xai-

Xao)*Irbdbi1a - τai1*Irbdoi1 + (1/Xao)*Irbdai1a - τ1*Irbdoi1 

 

Ndoi1 = Sdoi1 + Lrodoi1 + Brodoi1 + Irodoi1 + Lradoi1 + Bradoi1 + Iradoi1 + Lrbdoi1 + Brbdoi1 + Irbdoi1 
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;Treatment with artesunate in Intervention 1 

; Ndai1a 

 

;Box Ndai1a  

 

init Sdai1a = 0 

;init Bdai1a = Bdai1a0 

;init Ldai1a = Ldai1a0 

;init Idai1a = Idai1a0 

 

Ldai1a = Lrodai1a+Lradai1a+Lrbdai1a 

Bdai1a = Brodai1a+Bradai1a+Brbdai1a 

Idai1a = Irodai1a+Iradai1a+Irbdai1a 

 

init Lrodai1a = 0 

init Lradai1a = 0 

init Lrbdai1a = 0 

init Brodai1a = 0 

init Bradai1a = 0 

init Brbdai1a = 0 

init Irodai1a = 0 

init Iradai1a = 0 

init Irbdai1a = 0 

 

d/dt(Sdai1a) = - µ*Sdai1a - β*Sdai1a*TIro/N0 + δ*Irodai1a + cBroda*Brodai1a + cIroda*Irodai1a  - 

β*Sdai1a*TIra/N0 + δ*Iradai1a + cBrada*Bradai1a + cIrada*Iradai1a  - β*Sdai1a*TIrb/N0 + δ*Irbdai1a + 

cBrbda*Brbdai1a + cIrbda*Irbdai1a - (1/Xao)*Sdai1a  

 

;rodai1a 

d/dt(Lrodai1a) = β*Sdai1a*TIro/N0 - (µ+γ)*Lrodai1a - (1/Xao)*Lrodai1a  

d/dt(Brodai1a) = γ*Lrodai1a - (µ+σ)*Brodai1a - cBroda*Brodai1a + τai1*Brodoi1 - (1/Xao)*Brodai1a  

d/dt(Irodai1a) = σ*Brodai1a - (µ+δ)*Irodai1a - cIroda*Irodai1a + τai1*Irodoi1 - (1/Xao)*Irodai1a  

 

;radai1a 

d/dt(Lradai1a) = β*Sdai1a*TIra/N0 - (µ+γ)*Lradai1a - (1/Xao)*Lradai1a  

d/dt(Bradai1a) = γ*Lradai1a - (µ+σ)*Bradai1a - cBrada*Bradai1a + τai1*Bradoi1 - (1/Xao)*Bradai1a  

d/dt(Iradai1a) = σ*Bradai1a - (µ+δ)*Iradai1a - cIrada*Iradai1a + τai1*Iradoi1 - (1/Xao)*Iradai1a  

  

;rbdai1a 

d/dt(Lrbdai1a) = β*Sdai1a*TIrb/N0 - (µ+γ)*Lrbdai1a - (1/Xao)*Lrbdai1a  

d/dt(Brbdai1a) = γ*Lrbdai1a - (µ+σ)*Brbdai1a - cBrbda*Brbdai1a + τai1*Brbdoi1 - (1/Xao)*Brbdai1a  

d/dt(Irbdai1a) = σ*Brbdai1a - (µ+δ)*Irbdai1a - cIrbda*Irbdai1a + τai1*Irbdoi1 - (1/Xao)*Irbdai1a 

 

Ndai1a = Sdai1a + Lrodai1a + Brodai1a + Irodai1a + Lradai1a + Bradai1a + Iradai1a + Lrbdai1a + Brbdai1a + Irbdai1a 
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;Treatment of infected patients with artesunate/piperaquine in Intervention 1 

; Ndabi1a, Ndbi1a 

 

;Box Ndabi1a 

 

init Sdabi1a = 0 

;init Bdabi1a = Bdabi1a0 

;init Ldabi1a = Ldabi1a0 

;init Idabi1a = Idabi1a0 

 

Ldabi1a = Lrodabi1a+Lradabi1a+Lrbdabi1a 

Bdabi1a = Brodabi1a+Bradabi1a+Brbdabi1a 

Idabi1a = Irodabi1a+Iradabi1a+Irbdabi1a 

 

init Lrodabi1a = 0 

init Lradabi1a = 0 

init Lrbdabi1a = 0  

init Brodabi1a = 0 

init Bradabi1a = 0 

init Brbdabi1a = 0 

init Irodabi1a = 0 

init Iradabi1a = 0 

init Irbdabi1a = 0 

 

 

d/dt(Sdabi1a) = - µ*Sdabi1a - β*Sdabi1a*TIro/N0 + δ*Irodabi1a + cBrodab*Brodabi1a + cIrodab*Irodabi1a - 

β*Sdabi1a*TIra/N0 + δ*Iradabi1a + cBradb*Bradabi1a + cIradab*Iradabi1a - β*Sdabi1a*TIrb/N0 + δ*Irbdabi1a + 

cBrbdab*Brbdabi1a + cIrbdab*Irbdabi1a - (1/Xao*Sdabi1a) 

 

 

;rodabi1a 

d/dt(Lrodabi1a) = β*Sdabi1a*TIro/N0 - (µ+γ)*Lrodabi1a - (1/Xao)*Lrodabi1a 

d/dt(Brodabi1a) = γ*Lrodabi1a - (µ+σ)*Brodabi1a - cBrodab*Brodabi1a - (1/Xao)*Brodabi1a 

d/dt(Irodabi1a) = σ*Brodabi1a - (µ+δ)*Irodabi1a - cIrodab*Irodabi1a - (1/Xao)*Irodabi1a 

  

;radabi1a 

d/dt(Lradabi1a) = β*Sdabi1a*TIra/N0 - (µ+γ)*Lradabi1a - (1/Xao)*Lradabi1a 

d/dt(Bradabi1a) = γ*Lradabi1a - (µ+σ)*Bradabi1a - cBradab*Bradabi1a - (1/Xao)*Bradabi1a 

d/dt(Iradabi1a) = σ*Bradabi1a - (µ+δ)*Iradabi1a - cIradab*Iradabi1a - (1/Xao)*Iradabi1a 

 

 

;rbdabi1a 

d/dt(Lrbdabi1a) = β*Sdabi1a*TIrb/N0 - (µ+γ)*Lrbdabi1a - (1/Xao)*Lrbdabi1a 
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d/dt(Brbdabi1a) = γ*Lrbdabi1a - (µ+σ)*Brbdabi1a - cBrbdab*Brbdabi1a + τai1*Brbdbi1a  - (1/Xao)*Brbdabi1a + 

τai1*Brbdbi1 

d/dt(Irbdabi1a) = σ*Brbdabi1a - (µ+δ)*Irbdabi1a - cIrbdab*Irbdabi1a + τai1*Irbdbi1a - (1/Xao)*Irbdabi1a + 

τai1*Irbdbi1 

 

Ndabi1a = Sdabi1a + Lrodabi1a + Brodabi1a + Irodabi1a + Lradabi1a + Bradabi1a + Iradabi1a + Lrbdabi1a + Brbdabi1a + 

Irbdabi1a 

 

 

;Box Ndbi1a 

 

init Sdbi1a = 0 

;init Bdbi1a = Bdbi1a0 

;init Ldbi1a = Ldbi1a0 

;init Idbi1a = Idbi1a0 

 

Ldbi1a = Lrodbi1a+Lradbi1a+Lrbdbi1a 

Bdbi1a = Brodbi1a+Bradbi1a+Brbdbi1a 

Idbi1a = Irodbi1a+Iradbi1a+Irbdbi1a 

 

init Lrodbi1a = 0 

init Lradbi1a = 0 

init Lrbdbi1a = 0 

init Brodbi1a = 0 

init Bradbi1a = 0 

init Brbdbi1a = 0 

init Irodbi1a = 0 

init Iradbi1a = 0 

init Irbdbi1a = 0 

 

 

d/dt(Sdbi1a) = - µ*Sdbi1a - β*Sdbi1a*TIro/N0 + δ*Irodbi1a + cBrodb*Brodbi1a + cIrodb*Irodbi1a  - 

β*Sdbi1a*TIra/N0 + δ*Iradbi1a + cBradb*Bradbi1a + cIradb*Iradbi1a - β*Sdbi1a*TIrb/N0 + δ*Irbdbi1a + 

cBrbdb*Brbdbi1a + cIrbdb*Irbdbi1a + (1/Xao*Sdabi1a) - 1/(Xb-Xai-Xao)*Sdbi1a 

 

 

;rodbi1a 

d/dt(Lrodbi1a) = β*Sdbi1a*TIro/N0 - (µ+γ)*Lrodbi1a + (1/Xao)*Lrodabi1a - 1/(Xb-Xai-Xao)*Lrodbi1a 

d/dt(Brodbi1a) = γ*Lrodbi1a - (µ+σ)*Brodbi1a - cBrodb*Brodbi1a  + (1/Xao)*Brodabi1a - 1/(Xb-Xai-

Xao)*Brodbi1a 

d/dt(Irodbi1a) = σ*Brodbi1a - (µ+δ)*Irodbi1a - cIrodb*Irodbi1a + (1/Xao)*Irodabi1a - 1/(Xb-Xai-Xao)*Irodbi1a 

  

;radbi1a 

d/dt(Lradbi1a) = β*Sdbi1a*TIra/N0 - (µ+γ)*Lradbi1a  + (1/Xao)*Lradabi1a - 1/(Xb-Xai-Xao)*Lradbi1a 

d/dt(Bradbi1a) = γ*Lradbi1a - (µ+σ)*Bradbi1a - cBradb*Bradbi1a + (1/Xao)*Bradabi1a - 1/(Xb-Xai-Xao)*Bradbi1a 
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d/dt(Iradbi1a) = σ*Bradbi1a - (µ+δ)*Iradbi1a - cIradb*Iradbi1a + (1/Xao)*Iradabi1a - 1/(Xb-Xai-Xao)*Iradbi1a 

 

 

;rbdbi1a 

d/dt(Lrbdbi1a) = β*Sdbi1a*TIrb/N0 - (µ+γ)*Lrbdbi1a + (1/Xao)*Lrbdabi1a - 1/(Xb-Xai-Xao)*Lrbdbi1a 

d/dt(Brbdbi1a) = γ*Lrbdbi1a - (µ+σ)*Brbdbi1a - cBrbdb*Brbdbi1a - τai1*Brbdbi1a  + (1/Xao)*Brbdabi1a - 1/(Xb-

Xai-Xao)*Brbdbi1a 

d/dt(Irbdbi1a) = σ*Brbdbi1a - (µ+δ)*Irbdbi1a - cIrbdb*Irbdbi1a - τai1*Irbdbi1a + (1/Xao)*Irbdabi1a - 1/(Xb-Xai-

Xao)*Irbdbi1a 

 

Ndbi1a = Sdbi1a + Lrodbi1a + Brodbi1a + Irodbi1a + Lradbi1a + Bradbi1a + Iradbi1a + Lrbdbi1a + Brbdbi1a + Irbdbi1a 

 

 

 

 

;Switch to ACT (artesunate + piperaquine) for treatment in place of artesunate monotherapy 

;also Intervention 3: MSAT with ACT 

; Ndabio, Ndbio 

 

;Box Ndabio 

 

init Sdabio = 0 

;init Bdabio = Bdabio0 

;init Ldabio = Ldabio0 

;init Idabio = Idabio0 

 

Ldabio = Lrodabio+Lradabio+Lrbdabio 

Bdabio = Brodabio+Bradabio+Brbdabio 

Idabio = Irodabio+Iradabio+Irbdabio 

 

init Lrodabio = 0 

init Lradabio = 0 

init Lrbdabio = 0 

init Brodabio = 0 

init Bradabio = 0 

init Brbdabio = 0 

init Irodabio = 0 

init Iradabio = 0 

init Irbdabio = 0 

 

 

d/dt(Sdabio) = - µ*Sdabio - β*Sdabio*TIro/N0 + δ*Irodabio + cBrodab*Brodabio + cIrodab*Irodabio - 

β*Sdabio*TIra/N0 + δ*Iradabio + cBradab*Bradabio + cIradab*Iradabio - β*Sdabio*TIrb/N0 + δ*Irbdabio + 

cBrbdab*Brbdabio + cIrbdab*Irbdabio - (1/Xai)*Sdabio + cLp*(Lrodabio + Lradabio + Lrbdabio) + cIp*(Irodabio + 

Iradabio + Irbdabio) 
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;rodabio 

d/dt(Lrodabio) = β*Sdabio*TIro/N0 - (µ+γ)*Lrodabio - (1/Xai)*Lrodabio - cLp*Lrodabio 

d/dt(Brodabio) = γ*Lrodabio - (µ+σ)*Brodabio - cBrodab*Brodabio + τab*Brodoio - (1/Xai)*Brodabio 

d/dt(Irodabio) = σ*Brodabio - (µ+δ)*Irodabio - cIrodab*Irodabio + τab*Irodoio - (1/Xai)*Irodabio -cIp*Irodabio 

 

;radabio 

d/dt(Lradabio) = β*Sdabio*TIra/N0 - (µ+γ)*Lradabio - (1/Xai)*Lradabio - cLp*Lradabio 

d/dt(Bradabio) = γ*Lradabio - (µ+σ)*Bradabio - cBradab*Bradabio + τab*Bradoio - (1/Xai)*Bradabio 

d/dt(Iradabio) = σ*Bradabio - (µ+δ)*Iradabio - cIradab*Iradabio + τab*Iradoio - (1/Xai)*Iradabio - cIp*Iradabio 

 

;rbdabio 

d/dt(Lrbdabio) = β*Sdabio*TIrb/N0 - (µ+γ)*Lrbdabio - (1/Xai)*Lrbdabio - cLp*Lrbdabio 

d/dt(Brbdabio) = γ*Lrbdabio - (µ+σ)*Brbdabio - cBrbdab*Brbdabio + τab*Brbdoio - (1/Xai)*Brbdabio + 

τab*Brbdbio 

d/dt(Irbdabio) = σ*Brbdabio - (µ+δ)*Irbdabio - cIrbdab*Irbdabio + τab*Irbdoio - (1/Xai)*Irbdabio + τab*Irbdbio - 

cIp*Irbdabio 

 

 

Ndabio = Sdabio + Lrodabio + Brodabio + Irodabio + Lradabio + Bradabio + Iradabio + Lrbdabio + Brbdabio + Irbdabio 

 

 

;Box Ndbio 

 

init Sdbio = 0 

;init Bdbio = Bdbio0 

;init Ldbio = Ldbio0 

;init Idbio = Idbio0 

 

Ldbio = Lrodbio+Lradbio+Lrbdbio 

Bdbio = Brodbio+Bradbio+Brbdbio 

Idbio = Irodbio+Iradbio+Irbdbio 

 

init Lrodbio = 0 

init Lradbio = 0 

init Lrbdbio = 0 

init Brodbio = 0 

init Bradbio = 0 

init Brbdbio = 0 

init Irodbio = 0 

init Iradbio = 0 

init Irbdbio = 0 
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d/dt(Sdbio) = - µ*Sdbio - β*Sdbio*TIro/N0 + δ*Irodbio + cBrodb*Brodbio + cIrodb*Irodbio  - β*Sdbio*TIra/N0 + 

δ*Iradbio + cBradb*Bradbio + cIradb*Iradbio - β*Sdbio*TIrb/N0 + δ*Irbdbio + cBrbdb*Brbdbio + cIrbdb*Irbdbio + 

(1/Xai)*Sdabio - (1/(Xb-Xai)*Sdbio) 

 

 

;rodbio 

d/dt(Lrodbio) = β*Sdbio*TIro/N0 - (µ+γ)*Lrodbio + (1/Xai)*Lrodabio - (1/(Xb-Xai)*Lrodbio) 

d/dt(Brodbio) = γ*Lrodbio - (µ+σ)*Brodbio - cBrodb*Brodbio + (1/Xai)*Brodabio - (1/(Xb-Xai)*Brodbio) 

d/dt(Irodbio) = σ*Brodbio - (µ+δ)*Irodbio - cIrodb*Irodbio + (1/Xai)*Irodabio - (1/(Xb-Xai)*Irodbio) 

  

;radbio 

d/dt(Lradbio) = β*Sdbio*TIra/N0 - (µ+γ)*Lradbio + (1/Xai)*Lradabio - (1/(Xb-Xai)*Lradbio) 

d/dt(Bradbio) = γ*Lradbio - (µ+σ)*Bradbio - cBradb*Bradbio + (1/Xai)*Bradabio - (1/(Xb-Xai)*Bradbio) 

d/dt(Iradbio) = σ*Bradbio - (µ+δ)*Iradbio - cIradb*Iradbio + (1/Xai)*Iradabio - (1/(Xb-Xai)*Iradbio) 

 

;rbdbio 

d/dt(Lrbdbio) = β*Sdbio*TIrb/N0 - (µ+γ)*Lrbdbio + (1/Xai)*Lrbdabio - (1/(Xb-Xai)*Lrbdbio) 

d/dt(Brbdbio) = γ*Lrbdbio - (µ+σ)*Brbdbio - cBrbdb*Brbdbio + (1/Xai)*Brbdabio - (1/(Xb-Xai)*Brbdbio) - 

τab*Brbdbio 

d/dt(Irbdbio) = σ*Brbdbio - (µ+δ)*Irbdbio - cIrbdb*Irbdbio + (1/Xai)*Irbdabio - (1/(Xb-Xai)*Irbdbio) - 

τab*Irbdbio 

 

Ndbio = Sdbio + Lrodbio + Brodbio + Irodbio + Lradbio + Bradbio + Iradbio + Lrbdbio + Brbdbio + Irbdbio 

 

 

 

;Intervention 2 

;MSAT using atovaquone/proguanil 

; Ndvgpi2, Ndvgi2, Ndvi2, Ndoi2 

 

;Box Ndvgpi2 

 

init Sdvgpi2 = 0 

;init Bdvgpi2 = Bdvgpi20 

;init Ldvgpi2 = Ldvgpi20 

;init Idvgpi2 = Idvgpi20 

 

Ldvgpi2 = Lrodvgpi2+Lradvgpi2+Lrbdvgpi2 

Bdvgpi2 = Brodvgpi2+Bradvgpi2+Brbdvgpi2 

Idvgpi2 = Irodvgpi2+Iradvgpi2+Irbdvgpi2 

 

init Lrodvgpi2 = 0 

init Lradvgpi2 = 0 

init Lrbdvgpi2 = 0 

init Brodvgpi2 = 0 
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init Bradvgpi2 = 0 

init Brbdvgpi2 = 0 

init Irodvgpi2 = 0 

init Iradvgpi2 = 0 

init Irbdvgpi2 = 0 

 

 

d/dt(Sdvgpi2) = - µ*Sdvgpi2 - β*Sdvgpi2*TIro/N0 + δ*Irodvgpi2 + cLdvg*Lrodvgpi2 + cBdvg*Brodvgpi2 + 

cIdvg*Irodvgpi2  - β*Sdvgpi2*TIra/N0 + δ*Iradvgpi2 + cLdvg*Lradvgpi2 + cBdvg*Bradvgpi2 + cIdvg*Iradvgpi2 - 

β*Sdvgpi2*TIrb/N0 + δ*Irbdvgpi2 + cLdvg*Lrbdvgpi2 + cBdvg*Brbdvgpi2 + cIdvg*Irbdvgpi2 - (1/Xp)*Sdvgpi2 + 

cLp*(Lrodvgpi2 + Lradvgpi2 + Lrbdvgpi2) + cIp*(Irodvgpi2 + Iradvgpi2 + Irbdvgpi2) 

 

 

;rodvgpi2 

d/dt(Lrodvgpi2) = β*Sdvgpi2*TIro/N0 - (µ+γ)*Lrodvgpi2 - (1/Xp)*Lrodvgpi2 - cLp*Lrodvgpi2 - cLdvg*Lrodvgpi2 

d/dt(Brodvgpi2) = γ*Lrodvgpi2 - (µ+σ)*Brodvgpi2 + τ2*Brodoio + τ2*Brodaio - (1/Xp)*Brodvgpi2 - 

cBdvg*Brodvgpi2 + τ2*Brodoi2 + τ2*Brodabi2 + τ2*Brodbi2 

d/dt(Irodvgpi2) = σ*Brodvgpi2 - (µ+δ)*Irodvgpi2 + τ2*Irodoio + τ2*Irodaio - (1/Xp)*Irodvgpi2 - cIp*Irodvgpi2 - 

cIdvg*Irodvgpi2 + τ2*Irodoi2 + τ2*Irodabi2 + τ2*Irodbi2 

 

;radvgpi2 

d/dt(Lradvgpi2) = β*Sdvgpi2*TIra/N0 - (µ+γ)*Lradvgpi2 - (1/Xp)*Lradvgpi2 - cLp*Lradvgpi2 - cLdvg*Lradvgpi2 

d/dt(Bradvgpi2) = γ*Lradvgpi2 - (µ+σ)*Bradvgpi2 + τ2*Bradoio + τ2*Bradaio - (1/Xp)*Bradvgpi2  - 

cBdvg*Bradvgpi2 + τ2*Bradoi2 + τ2*Bradabi2 + τ2*Bradbi2 

d/dt(Iradvgpi2) = σ*Bradvgpi2 - (µ+δ)*Iradvgpi2 + τ2*Iradoio + τ2*Iradaio - (1/Xp)*Iradvgpi2 - cIp*Iradvgpi2 - 

cIdvg*Iradvgpi2 + τ2*Iradoi2 + τ2*Iradabi2 + τ2*Iradbi2 

 

;rbdvgpi2 

d/dt(Lrbdvgpi2) = β*Sdvgpi2*TIrb/N0 - (µ+γ)*Lrbdvgpi2 - (1/Xp)*Lrbdvgpi2 - cLp*Lrbdvgpi2 - cLdvg*Lrbdvgpi2 

d/dt(Brbdvgpi2) = γ*Lrbdvgpi2 - (µ+σ)*Brbdvgpi2 + τ2*Brbdoio + τ2*Brbdaio - (1/Xp)*Brbdvgpi2  - 

cBdvg*Brbdvgpi2 + τ2*Brbdoi2 + τ2*Brbdabi2 + τ2*Brbdbi2 

d/dt(Irbdvgpi2) = σ*Brbdvgpi2 - (µ+δ)*Irbdvgpi2 + τ2*Irbdoio + τ2*Irbdaio - (1/Xp)*Irbdvgpi2 - cIp*Irbdvgpi2 - 

cIdvg*Irbdvgpi2 + τ2*Irbdoi2 + τ2*Irbdabi2 + τ2*Irbdbi2 

 

 

Ndvgpi2 = Sdvgpi2 + Lrodvgpi2 + Brodvgpi2 + Irodvgpi2 + Lradvgpi2 + Bradvgpi2 + Iradvgpi2 + Lrbdvgpi2 + Brbdvgpi2 

+ Irbdvgpi2 

 

 

;Box Ndvgi2 

 

init Sdvgi2 = 0 

;init Bdvgi2 = Bdvgi20 

;init Ldvgi2 = Ldvgi20 
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;init Idvgi2 = Idvgi20 

 

Ldvgi2 = Lrodvgi2+Lradvgi2+Lrbdvgi2 

Bdvgi2 = Brodvgi2+Bradvgi2+Brbdvgi2 

Idvgi2 = Irodvgi2+Iradvgi2+Irbdvgi2 

 

init Lrodvgi2 = 0 

init Lradvgi2 = 0 

init Lrbdvgi2 = 0 

init Brodvgi2 = 0 

init Bradvgi2 = 0 

init Brbdvgi2 = 0 

init Irodvgi2 = 0 

init Iradvgi2 = 0 

init Irbdvgi2 = 0 

 

 

d/dt(Sdvgi2) = - µ*Sdvgi2 - β*Sdvgi2*TIro/N0 + δ*Irodvgi2  - β*Sdvgi2*TIra/N0 + δ*Iradvgi2 - 

β*Sdvgi2*TIrb/N0 + δ*Irbdvgi2 + (1/Xp)*Sdvgpi2 - (1/(Xg-Xp)*Sdvgi2) + cLdvg*(Lrodvgi2 + Lradvgi2 + 

Lrbdvgi2) + cBdvg*(Brodvgi2 + Bradvgi2 + Brbdvgi2) + cIdvg*(Irodvgi2 + Iradvgi2 + Irbdvgi2) 

 

 

  

 

;rodvgi2 

d/dt(Lrodvgi2) = β*Sdvgi2*TIro/N0 - (µ+γ)*Lrodvgi2 + (1/Xp)*Lrodvgpi2 - (1/(Xg-Xp)*Lrodvgi2) - 

cLdvg*Lrodvgi2 

d/dt(Brodvgi2) = γ*Lrodvgi2 - (µ+σ)*Brodvgi2 + (1/Xp)*Brodvgpi2 - (1/(Xg-Xp)*Brodvgi2) - cBdvg*Brodvgi2 

d/dt(Irodvgi2) = σ*Brodvgi2 - (µ+δ)*Irodvgi2 + (1/Xp)*Irodvgpi2 - (1/(Xg-Xp)*Irodvgi2) - cIdvg*Irodvgi2 

  

;radvgi2 

d/dt(Lradvgi2) = β*Sdvgi2*TIra/N0 - (µ+γ)*Lradvgi2 + (1/Xp)*Lradvgpi2 - (1/(Xg-Xp)*Lradvgi2) - 

cLdvg*Lradvgi2 

d/dt(Bradvgi2) = γ*Lradvgi2 - (µ+σ)*Bradvgi2 + (1/Xp)*Bradvgpi2 - (1/(Xg-Xp)*Bradvgi2) - cBdvg*Bradvgi2 

d/dt(Iradvgi2) = σ*Bradvgi2 - (µ+δ)*Iradvgi2 + (1/Xp)*Iradvgpi2 - (1/(Xg-Xp)*Iradvgi2) - cIdvg*Iradvgi2 

 

 

;rbdvgi2 

d/dt(Lrbdvgi2) = β*Sdvgi2*TIrb/N0 - (µ+γ)*Lrbdvgi2 + (1/Xp)*Lrbdvgpi2 - (1/(Xg-Xp)*Lrbdvgi2) - 

cLdvg*Lrbdvgi2 

d/dt(Brbdvgi2) = γ*Lrbdvgi2 - (µ+σ)*Brbdvgi2 + (1/Xp)*Brbdvgpi2 - (1/(Xg-Xp)*Brbdvgi2) - cBdvg*Brbdvgi2 

d/dt(Irbdvgi2) = σ*Brbdvgi2 - (µ+δ)*Irbdvgi2 + (1/Xp)*Irbdvgpi2 - (1/(Xg-Xp)*Irbdvgi2) - cIdvg*Irbdvgi2 

 

Ndvgi2 = Sdvgi2 + Lrodvgi2 + Brodvgi2 + Irodvgi2 + Lradvgi2 + Bradvgi2 + Iradvgi2 + Lrbdvgi2 + Brbdvgi2 + Irbdvgi2 
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;Box Ndvi2 

 

init Sdvi2 = 0 

;init Bdvi2 = Bdvi20 

;init Ldvi2 = Ldvi20 

;init Idvi2 = Idvi20 

 

Ldvi2 = Lrodvi2+Lradvi2+Lrbdvi2 

Bdvi2 = Brodvi2+Bradvi2+Brbdvi2 

Idvi2 = Irodvi2+Iradvi2+Irbdvi2 

 

init Lrodvi2 = 0 

init Lradvi2 = 0 

init Lrbdvi2 = 0 

init Brodvi2 = 0 

init Bradvi2 = 0 

init Brbdvi2 = 0 

init Irodvi2 = 0 

init Iradvi2 = 0 

init Irbdvi2 = 0 

 

 

d/dt(Sdvi2) = - µ*Sdvi2 - β*Sdvi2*TIro/N0 + δ*Irodvi2  - β*Sdvi2*TIra/N0 + δ*Iradvi2 - β*Sdvi2*TIrb/N0 + 

δ*Irbdvi2 + (1/(Xg-Xp))*Sdvgi2 - (1/(Xv-Xg-Xp)*Sdvi2) + cLdv*(Lrodvi2 + Lradvi2 + Lrbdvi2) + 

cBdv*(Brodvi2 + Bradvi2 + Brbdvi2) + cIdv*(Irodvi2 + Iradvi2 + Irbdvi2) 

 

 

  

 

;rodvi2 

d/dt(Lrodvi2) = β*Sdvi2*TIro/N0 - (µ+γ)*Lrodvi2 - cLdv*Lrodvi2 + (1/(Xg-Xp))*Lrodvgi2 - (1/(Xv-Xg-

Xp)*Lrodvi2) 

d/dt(Brodvi2) = γ*Lrodvi2 - (µ+σ)*Brodvi2 - cBdv*Brodvi2 + (1/(Xg-Xp))*Brodvgi2 - (1/(Xv-Xg-Xp)*Brodvi2) 

d/dt(Irodvi2) = σ*Brodvi2 - (µ+δ)*Irodvi2 - cIdv*Irodvi2 + (1/(Xg-Xp))*Irodvgi2 - (1/(Xv-Xg-Xp)*Irodvi2) 

  

;radvi2 

d/dt(Lradvi2) = β*Sdvi2*TIra/N0 - (µ+γ)*Lradvi2 - cLdv*Lradvi2 + (1/(Xg-Xp))*Lradvgi2 - (1/(Xv-Xg-

Xp)*Lradvi2) 

d/dt(Bradvi2) = γ*Lradvi2 - (µ+σ)*Bradvi2 - cBdv*Bradvi2 + (1/(Xg-Xp))*Bradvgi2 - (1/(Xv-Xg-Xp)*Bradvi2) 

d/dt(Iradvi2) = σ*Bradvi2 - (µ+δ)*Iradvi2 - cIdv*Iradvi2 + (1/(Xg-Xp))*Iradvgi2 - (1/(Xv-Xg-Xp)*Iradvi2) 

 

 

;rbdvi2 
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d/dt(Lrbdvi2) = β*Sdvi2*TIrb/N0 - (µ+γ)*Lrbdvi2 - cLdv*Lrbdvi2 + (1/(Xg-Xp))*Lrbdvgi2 - (1/(Xv-Xg-

Xp)*Lrbdvi2) 

d/dt(Brbdvi2) = γ*Lrbdvi2 - (µ+σ)*Brbdvi2 - cBdv*Brbdvi2 + (1/(Xg-Xp))*Brbdvgi2 - (1/(Xv-Xg-Xp)*Brbdvi2)  

d/dt(Irbdvi2) = σ*Brbdvi2 - (µ+δ)*Irbdvi2 - cIdv*Irbdvi2 + (1/(Xg-Xp))*Irbdvgi2 - (1/(Xv-Xg-Xp)*Irbdvi2)  

 

Ndvi2 = Sdvi2 + Lrodvi2 + Brodvi2 + Irodvi2 + Lradvi2 + Bradvi2 + Iradvi2 + Lrbdvi2 + Brbdvi2 + Irbdvi2 

 

 

 

;Box Ndoi2 

 

init Sdoi2 = 0 

Idoi20 = 0 

 

Ldoi2 = Lrodoi2+Lradoi2+Lrbdoi2 

Bdoi2 = Brodoi2+Bradoi2+Brbdoi2 

Idoi2 = Irodoi2+Iradoi2+Irbdoi2 

 

init Lrodoi2 = 0 

init Lradoi2 = 0 

init Lrbdoi2 = 0 

init Brodoi2 = 0 

init Bradoi2 = 0 

init Brbdoi2 = 0 

init Irodoi2 = 0 

init Iradoi2 = 0 

init Irbdoi2 = 0 

 

 

 

d/dt(Sdoi2) = - µ*Sdoi2 - β*Sdoi2*TIro/N0 + δ*Irodoi2 + cBrodo*Brodoi2 + cIrodo*Irodoi2 - β*Sdoi2*TIra/N0 + 

δ*Iradoi2 + cBrado*Bradoi2 + cIrado*Iradoi2 - β*Sdoi2*TIrb/N0 + δ*Irbdoi2 + cBrbdo*Brbdoi2 + cIrbdo*Irbdoi2 + 

(1/(Xv-Xg-Xp))*Sdvi2 + 1/(Xb-Xai)*Sdbi2 + (1/Xao)*Sdai2 

 

 

;rodoi2 

d/dt(Lrodoi2) = β*Sdoi2*TIro/N0 - (µ+γ)*Lrodoi2 + (1/(Xv-Xg-Xp))*Lrodvi2 + 1/(Xb-Xai)*Lrodbi2 + 

(1/Xao)*Lrodai2 

d/dt(Brodoi2) = γ*Lrodoi2 - (µ+σ)*Brodoi2 - cBrodo*Brodoi2 + (1/(Xv-Xg-Xp))*Brodvi2 - τabi2*Brodoi2 + 

1/(Xb-Xai)*Brodbi2 - τai2*Brodoi2 + (1/Xao)*Brodai2-τ2*Brodoi2 

d/dt(Irodoi2) = σ*Brodoi2 - (µ+δ)*Irodoi2 - cIrodo*Irodoi2 + (1/(Xv-Xg-Xp))*Irodvi2 - τabi2*Irodoi2 + 1/(Xb-

Xai)*Irodbi2 - τai2*Irodoi2 + (1/Xao)*Irodai2-τ2*Irodoi2 

  

;radoi2 



24 

 

d/dt(Lradoi2) = β*Sdoi2*TIra/N0 - (µ+γ)*Lradoi2 + (1/(Xv-Xg-Xp))*Lradvi2 + 1/(Xb-Xai)*Lradbi2 + 

(1/Xao)*Lradai2 

d/dt(Bradoi2) = γ*Lradoi2 - (µ+σ)*Bradoi2 - cBrado*Bradoi2 + (1/(Xv-Xg-Xp))*Bradvi2 - τabi2*Bradoi2 + 

1/(Xb-Xai)*Bradbi2 - τai2*Bradoi2 + (1/Xao)*Bradai2-τ2*Bradoi2 

d/dt(Iradoi2) = σ*Bradoi2 - (µ+δ)*Iradoi2 - cIrado*Iradoi2 + (1/(Xv-Xg-Xp))*Iradvi2 - τabi2*Iradoi2 + 1/(Xb-

Xai)*Iradbi2 - τai2*Iradoi2 + (1/Xao)*Iradai2-τ2*Iradoi2 

 

;rbdoi2 

d/dt(Lrbdoi2) = β*Sdoi2*TIrb/N0 - (µ+γ)*Lrbdoi2 + (1/(Xv-Xg-Xp))*Lrbdvi2 + 1/(Xb-Xai)*Lrbdbi2 + 

(1/Xao)*Lrbdai2 

d/dt(Brbdoi2) = γ*Lrbdoi2 - (µ+σ)*Brbdoi2 - cBrbdo*Brbdoi2 + (1/(Xv-Xg-Xp))*Brbdvi2 - τabi2*Brbdoi2 + 

1/(Xb-Xai)*Brbdbi2 - τai2*Brbdoi2 + (1/Xao)*Brbdai2-τ2*Brbdoi2 

d/dt(Irbdoi2) = σ*Brbdoi2 - (µ+δ)*Irbdoi2 - cIrbdo*Irbdoi2 + (1/(Xv-Xg-Xp))*Irbdvi2 - τabi2*Irbdoi2 + 1/(Xb-

Xai)*Irbdbi2 - τai2*Irbdoi2 + (1/Xao)*Irbdai2-τ2*Irbdoi2 

 

Ndoi2 = Sdoi2 + Lrodoi2 + Brodoi2 + Irodoi2 + Lradoi2 + Bradoi2 + Iradoi2 + Lrbdoi2 + Brbdoi2 + Irbdoi2 

 

 

;Treatment with artesunate in intervention 2 

; Ndai2 

 

;Box Ndai2  

 

init Sdai2 = 0 

;init Bdai2 = Bdai20 

;init Ldai2 = Ldai20 

;init Idai2 = Idai20 

 

Ldai2 = Lrodai2+Lradai2+Lrbdai2 

Bdai2 = Brodai2+Bradai2+Brbdai2 

Idai2 = Irodai2+Iradai2+Irbdai2 

 

init Lrodai2 = 0 

init Lradai2 = 0 

init Lrbdai2 = 0 

init Brodai2 = 0 

init Bradai2 = 0 

init Brbdai2 = 0 

init Irodai2 = 0 

init Iradai2 = 0 

init Irbdai2 = 0 

 

d/dt(Sdai2) = - µ*Sdai2 - β*Sdai2*TIro/N0 + δ*Irodai2 + cBroda*Brodai2 + cIroda*Irodai2 - β*Sdai2*TIra/N0 + 

δ*Iradai2 + cBrada*Bradai2 + cIrada*Iradai2 - β*Sdai2*TIrb/N0 + δ*Irbdai2 + cBrbda*Brbdai2 + cIrbda*Irbdai2 - 

(1/Xao)*Sdai2  
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;rodai2 

d/dt(Lrodai2) = β*Sdai2*TIro/N0 - (µ+γ)*Lrodai2 - (1/Xao)*Lrodai2  

d/dt(Brodai2) = γ*Lrodai2 - (µ+σ)*Brodai2 - cBroda*Brodai2 + τai2*Brodoi2 - (1/Xao)*Brodai2  

d/dt(Irodai2) = σ*Brodai2 - (µ+δ)*Irodai2 - cIroda*Irodai2 + τai2*Irodoi2 - (1/Xao)*Irodai2  

 

;radai2 

d/dt(Lradai2) = β*Sdai2*TIra/N0 - (µ+γ)*Lradai2 - (1/Xao)*Lradai2  

d/dt(Bradai2) = γ*Lradai2 - (µ+σ)*Bradai2 - cBrada*Bradai2 + τai2*Bradoi2 - (1/Xao)*Bradai2  

d/dt(Iradai2) = σ*Bradai2 - (µ+δ)*Iradai2 - cIrada*Iradai2 + τai2*Iradoi2 - (1/Xao)*Iradai2  

  

;rbdai2 

d/dt(Lrbdai2) = β*Sdai2*TIrb/N0 - (µ+γ)*Lrbdai2 - (1/Xao)*Lrbdai2  

d/dt(Brbdai2) = γ*Lrbdai2 - (µ+σ)*Brbdai2 - cBrbda*Brbdai2 + τai2*Brbdoi2 - (1/Xao)*Brbdai2  

d/dt(Irbdai2) = σ*Brbdai2 - (µ+δ)*Irbdai2 - cIrbda*Irbdai2 + τai2*Irbdoi2 - (1/Xao)*Irbdai2 

 

Ndai2 = Sdai2 + Lrodai2 + Brodai2 + Irodai2 + Lradai2 + Bradai2 + Iradai2 + Lrbdai2 + Brbdai2 + Irbdai2 

 

 

;Treatment with ACT (artesunate + piperaquine) during intervention 2 

; Ndabi2, Ndbi2 

 

;Box Ndabi2 

 

init Sdabi2 = 0 

;init Bdabi2 = Bdabi20 

;init Ldabi2 = Ldabi20 

;init Idabi2 = Idabi20 

 

Ldabi2 = Lrodabi2+Lradabi2+Lrbdabi2 

Bdabi2 = Brodabi2+Bradabi2+Brbdabi2 

Idabi2 = Irodabi2+Iradabi2+Irbdabi2 

 

init Lrodabi2 = 0 

init Lradabi2 = 0 

init Lrbdabi2 = 0 

init Brodabi2 = 0 

init Bradabi2 = 0 

init Brbdabi2 = 0 

init Irodabi2 = 0 

init Iradabi2 = 0 

init Irbdabi2 = 0 
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d/dt(Sdabi2) = - µ*Sdabi2 - β*Sdabi2*TIro/N0 + δ*Irodabi2 + cBrodab*Brodabi2 + cIrodab*Irodabi2 - 

β*Sdabi2*TIra/N0 + δ*Iradabi2 + cBradab*Bradabi2 + cIradab*Iradabi2 - β*Sdabi2*TIrb/N0 + δ*Irbdabi2 + 

cBrbdab*Brbdabi2 + cIrbdab*Irbdabi2 - (1/Xai*Sdabi2)  

 

 

;rodabi2 

d/dt(Lrodabi2) = β*Sdabi2*TIro/N0 - (µ+γ)*Lrodabi2 - (1/Xai)*Lrodabi2 

d/dt(Brodabi2) = γ*Lrodabi2 - (µ+σ)*Brodabi2 - cBrodab*Brodabi2 - (1/Xai)*Brodabi2 + τabi2*Brodoi2 - 

τ2*Brodabi2 

d/dt(Irodabi2) = σ*Brodabi2 - (µ+δ)*Irodabi2 - cIrodab*Irodabi2 - (1/Xai)*Irodabi2 + τabi2*Irodoi2 - τ2*Irodabi2 

  

;radabi2 

d/dt(Lradabi2) = β*Sdabi2*TIra/N0 - (µ+γ)*Lradabi2 - (1/Xai)*Lradabi2 

d/dt(Bradabi2) = γ*Lradabi2 - (µ+σ)*Bradabi2 - cBradab*Bradabi2 - (1/Xai)*Bradabi2 + τabi2*Bradoi2 - 

τ2*Bradabi2 

d/dt(Iradabi2) = σ*Bradabi2 - (µ+δ)*Iradabi2 - cIradab*Iradabi2 - (1/Xai)*Iradabi2 + τabi2*Iradoi2 - τ2*Iradabi2 

 

 

;rbdabi2 

d/dt(Lrbdabi2) = β*Sdabi2*TIrb/N0 - (µ+γ)*Lrbdabi2 - (1/Xai)*Lrbdabi2 

d/dt(Brbdabi2) = γ*Lrbdabi2 - (µ+σ)*Brbdabi2 - cBrbdab*Brbdabi2 + τab*Brbdbi2  - (1/Xai)*Brbdabi2 + 

τabi2*Brbdoi2 - τ2*Brbdabi2 

d/dt(Irbdabi2) = σ*Brbdabi2 - (µ+δ)*Irbdabi2 - cIrbdab*Irbdabi2 + τab*Irbdbi2 - (1/Xai)*Irbdabi2 + τabi2*Irbdoi2 - 

τ2*Irbdabi2 

 

Ndabi2 = Sdabi2 + Lrodabi2 + Brodabi2 + Irodabi2 + Lradabi2 + Bradabi2 + Iradabi2 + Lrbdabi2 + Brbdabi2 + Irbdabi2 

 

 

;Box Ndbi2 

 

init Sdbi2 = 0 

;init Bdbi2 = Bdbi20 

;init Ldbi2 = Ldbi20 

;init Idbi2 = Idbi20 

 

Ldbi2 = Lrodbi2+Lradbi2+Lrbdbi2 

Bdbi2 = Brodbi2+Bradbi2+Brbdbi2 

Idbi2 = Irodbi2+Iradbi2+Irbdbi2 

 

init Lrodbi2 = 0 

init Lradbi2 = 0 

init Lrbdbi2 = 0 

init Brodbi2 = 0 

init Bradbi2 = 0 
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init Brbdbi2 = 0 

init Irodbi2 = 0 

init Iradbi2 = 0 

init Irbdbi2 = 0 

 

 

d/dt(Sdbi2) = - µ*Sdbi2 - β*Sdbi2*TIro/N0 + δ*Irodbi2 + cBrodb*Brodbi2 + cIrodb*Irodbi2 - β*Sdbi2*TIra/N0 + 

δ*Iradbi2 + cBradb*Bradbi2 + cIradb*Iradbi2 - β*Sdbi2*TIrb/N0 + δ*Irbdbi2 + cBrbdb*Brbdbi2 + cIrbdb*Irbdbi2 + 

(1/Xai*Sdabi2) - 1/(Xb-Xai)*Sdbi2 

 

 

;rodbi2 

d/dt(Lrodbi2) = β*Sdbi2*TIro/N0 - (µ+γ)*Lrodbi2 + (1/Xai)*Lrodabi2 - 1/(Xb-Xai)*Lrodbi2 

d/dt(Brodbi2) = γ*Lrodbi2 - (µ+σ)*Brodbi2 - cBrodb*Brodbi2  + (1/Xai)*Brodabi2 - 1/(Xb-Xai)*Brodbi2 - 

τ2*Brodbi2 

d/dt(Irodbi2) = σ*Brodbi2 - (µ+δ)*Irodbi2 - cIrodb*Irodbi2 + (1/Xai)*Irodabi2 - 1/(Xb-Xai)*Irodbi2 - τ2*Irodbi2 

  

;radbi2 

d/dt(Lradbi2) = β*Sdbi2*TIra/N0 - (µ+γ)*Lradbi2 + (1/Xai)*Lradabi2 - 1/(Xb-Xai)*Lradbi2 

d/dt(Bradbi2) = γ*Lradbi2 - (µ+σ)*Bradbi2 - cBradb*Bradbi2 + (1/Xai)*Bradabi2 - 1/(Xb-Xai)*Bradbi2 - 

τ2*Bradbi2 

d/dt(Iradbi2) = σ*Bradbi2 - (µ+δ)*Iradbi2 - cIradb*Iradbi2 + (1/Xai)*Iradabi2 - 1/(Xb-Xai)*Iradbi2 - τ2*Iradbi2 

 

 

;rbdbi2 

d/dt(Lrbdbi2) = β*Sdbi2*TIrb/N0 - (µ+γ)*Lrbdbi2 + (1/Xai)*Lrbdabi2 - 1/(Xb-Xai)*Lrbdbi2 

d/dt(Brbdbi2) = γ*Lrbdbi2 - (µ+σ)*Brbdbi2 - cBrbdb*Brbdbi2 - τab*Brbdbi2  + (1/Xai)*Brbdabi2 - 1/(Xb-

Xai)*Brbdbi2 - τ2*Brbdbi2 

d/dt(Irbdbi2) = σ*Brbdbi2 - (µ+δ)*Irbdbi2 - cIrbdb*Irbdbi2 - τab*Irbdbi2 + (1/Xai)*Irbdabi2 - 1/(Xb-Xai)*Irbdbi2 - 

τ2*Irbdbi2 

 

Ndbi2 = Sdbi2 + Lrodbi2 + Brodbi2 + Irodbi2 + Lradbi2 + Bradbi2 + Iradbi2 + Lrbdbi2 + Brbdbi2 + Irbdbi2 

 

 

 

;CHECKS AND TOTALS 

 

check = N0 - (Ndoio + Ndaio + Ndabi1 + Ndbi1 + Ndoi1 + Ndabio + Ndbio + Ndai1a + Ndabi1a + Ndbi1a + 

Ndvgpi2 + Ndvgi2 + Ndvi2 + Ndoi2  + Ndai2 + Ndabi2 + Ndbi2) 

 

TN = Ndoio + Ndaio +Ndabi1 + Ndbi1 + Ndoi1 + Ndabio + Ndbio + Ndai1a + Ndabi1a + Ndbi1a + Ndvgpi2 + 

Ndvgi2 + Ndvi2 + Ndoi2 + Ndai2 + Ndabi2 + Ndbi2 
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Nra = (Iradoio + Iradaio + Iradabi1 + Iradbi1 + Iradoi1 + Iradabio + Iradbio + Iradai1a + Iradabi1a + Iradbi1a) + (Bradoio 

+ Bradaio + Bradabi1 + Bradbi1 + Bradoi1 + Bradabio + Bradbio + Bradai1a + Bradabi1a + Bradbi1a) + (Iradvgpi2 + 

Iradvgi2 + Iradvi2 + Iradoi2 + Iradai2 + Iradabi2 + Iradbi2) + (Bradvgpi2 + Bradvgi2 + Bradvi2 + Bradoi2 + Bradai2 + 

Bradabi2 + Bradbi2) 

 

Nrb = (Irbdoio + Irbdaio + Irbdabi1 + Irbdbi1 + Irbdoi1 + Irbdabio + Irbdbio + Irbdai1a + Irbdabi1a + Irbdbi1a) + 

(Brbdai1a + Brbdoio + Brbdaio + Brbdabi1 + Brbdbi1 + Brbdoi1 + Brbdabio + Brbdbio + Brbdai1a + Brbdabi1a + 

Brbdbi1a) + (Irbdvgpi2 + Irbdvgi2 + Irbdvi2 + Irbdoi2 + Irbdai2 + Irbdabi2 + Irbdbi2) + (Brbdai2 + Brbdvgpi2 + Brbdvgi2 

+ Brbdvi2 + Brbdoi2 + Brbdai2 + Brbdabi2 + Brbdbi2) 

 

TIB = (Idoio + Idaio + Idabi1 + Idbi1 + Idoi1 + Idabio + Idbio + Idai1a + Idabi1a + Idbi1a) + (Bdoio + Bdaio + Bdabi1 

+ Bdbi1 + Bdoi1 + Bdabio + Bdbio + Bdai1a + Bdabi1a + Bdbi1a) + (Idvgpi2 + Idvgi2 + Idvi2 + Idoi2 + Idai2 + 

Idabi2 + Idbi2) + (Bdvgpi2 + Bdvgi2 + Bdvgi2 + Bdoi2 + Bdai2 + Bdabi2 + Bdbi2) 

 

 

β = amp*((1-bn)*βn)*cos(2*3.14159*(time-π)) + ((1-bn)*βn) 

π = 0.5 ; peak time for malaria transmission with 0=January 

amp = 0.67 ; amplitude of seasonal variation with value 0 to 1 

 

q=(µ+γ)*(µ+σ)*(µ+δ)/(σ*γ) 

 

costa = 0; cost of resistance to artesunate 

costb = 0; cost of resistance to piperaquine 

 

TIro = Irodoio + Irodaio + Irodabi1 + Irodbi1 + Irodoi1 + Irodabio + Irodbio + Irodai1a + Iradabi1a + Iradbi1a + Irodvgpi2 

+ Irodvgi2 + Irodvi2 + Irodoi2 + Irodai2 + Iradabi2 + Iradbi2 

TIra = (1-costa)*(Iradoio + Iradaio + Iradabi1 + Iradbi1 + Iradoi1 + Iradabio + Iradbio + Iradai1a + Iradabi1a + Iradbi1a 

+ Iradvgpi2 + Iradvgi2 + Iradvi2 + Iradoi2 + Iradai2 + Iradabi2 + Iradbi2) 

TIrb = (1-costb)*(Irbdoio + Irbdaio + Irbdabi1 + Irbdbi1 + Irbdoi1 + Irbdabio + Irbdbio + Irbdai1a + Irbdabi1a + Irbdbi1a 

+ Irbdvgpi2 + Irbdvgi2 + Irbdvi2 + Irbdoi2 + Irbdai2 + Irbdabi2 + Irbdbi2) 

TI=TIro+TIra+TIrb 

 

Ti1cum' = τ1*(Ndoio + Ndaio) 

Ti1cumcov = (100*Ti1cum)/TN 

init Ti1cum = 0  

 

percra = 100*Nra/TIB ; percent of blood stage infections resistant to artesunate 

percrb = 100*Nrb/TIB ; percent of blood stage infections resistant to piperaquine 

percIB = 100*TIB/TN ; percent of infections that are blood stage 

 

init(ITroda)=0 

ITroda'=Brodaio + Brodai1a + Lrodaio + Lrodai1a + Irodaio + Irodai1a + Brodabio + Brodabi1 + Brodabi1a + Lrodabio + 

Lrodabi1 + Lrodabi1a + Irodabio + Irodabi1 + Irodabi1a + Brodabi2 + Lrodabi2 + Irodabi2 + Brodai2 + Lrodai2 + Irodai2 

 

init(ITrodb)=0 
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ITrodb'=Brodbio+ Brodbi1+ Brodbi1a+ Lrodbio+ Lrodbi1+ Lrodbi1a+ Irodbio+ Irodbi1+ Irodbi1a+ Brodabio+ Brodabi1+ 

Brodabi1a+ Lrodabio+ Lrodabi1+ Lrodabi1a+ Irodabio+ Irodabi1+ Irodabi1a + Irodabi1a + Brodabi2 + Lrodabi2 + Irodabi2 + 

Brodbi2 + Lrodbi2 + Irodbi2 

 

init(ITrada)=0 

ITrada'=Bradaio+ Bradai1a+ Lradaio+ Lradai1a+ Iradaio+ Iradai1a+ Bradabio+ Bradabi1+ Bradabi1a+ Lradabio+ 

Lradabi1+ Lradabi1a+ Iradabio+ Iradabi1+ Iradabi1a + Bradabi2 + Lradabi2 + Iradabi2 + Bradai2 + Lradai2 + Iradai2 

 

init(ITradb)=0 

ITradb'=Bradbio+ Bradbi1+ Bradbi1a+ Lradbio+ Lradbi1+ Lradbi1a+ Iradbio+ Iradbi1+ Iradbi1a+ Bradabio+ Bradabi1+ 

Bradabi1a+ Lradabio+ Lradabi1+ Lradabi1a+ Iradabio+ Iradabi1+ Iradabi1a + Bradabi2 + Lradabi2 + Iradabi2 + Bradbi2 + 

Lradbi2 + Iradbi2 

 

init(ITrbda)=0 

ITrbda'=Brbdaio+ Brbdai1a+ Lrbdaio+ Lrbdai1a+ Irbdaio+ Irbdai1a+ Brbdabio+ Brbdabi1+ Brbdabi1a+ Lrbdabio+ 

Lrbdabi1+ Lrbdabi1a+ Irbdabio+ Irbdabi1+ Irbdabi1a + Brbdabi2 + Lrbdabi2 + Irbdabi2 + Brbdai2 + Lrbdai2 + Irbdai2 

 

init(ITrbdb)=0 

ITrbdb'=Brbdbio+ Brbdbi1+ Brbdbi1a+ Lrbdbio+ Lrbdbi1+ Lrbdbi1a+ Irbdbio+ Irbdbi1+ Irbdbi1a+ Brbdabio+ Brbdabi1+ 

Brbdabi1a+ Lrbdabio+ Lrbdabi1+ Lrbdabi1a+ Irbdabio+ Irbdabi1+ Irbdabi1a + Brbdabi2 + Lrbdabi2 + Irbdabi2 + Brbdbi2 + 

Lrbdbi2 + Irbdbi2 

 

 


