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 B3, v, 0, U, ©, p, o and t 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 Tg; (total number of blood stage infections), Ny, (number of infections
resistant to artesunate) and perc,, (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
;¢ = clearance rate of infection by drug according to drug sensitivity
;S = susceptible people

;L = liver stage infections

;B = noninfectious blood stage infections

;T = total

;1 = infectious blood stage infections

;T = resistant to...

;d = drug given

;0 =no drug

;a = artesunate

;al = artesunate as part of ACT



;b = piperaquine
;ab = ACT (dihydroartemisinin plus piperaquine)
;p = primaquine

;e.2.1 tpga = time for artesunate to clear noninfectious blood stage infection

;€.2.2 Cpradab = clearance rate (¢) of noninfectious blood stage infections (B) resistant to
artesunate (ra) by ACT (dab)

;e.8.3 Crodp = clearance rate (c) of infectious blood stage infections (I) resistant to no drugs i.e.
sensitive to all (ro) by primaquine (dp)

;1o = no intervention

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

;11a = treatment of symptomatic patients who have already received MDA

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

;6.2.4 dair, = treatment of symptomatic patients with artesunate monotherapy (d,) who have
already received MDA

;6.2.5 dapila = treatment of symptomatic patients with ACT who have already received MDA
; X = effective duration of drug action

;6.2.6 X,; = 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

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

No = 3200000 ; total population at time=0
Ip = No*pinf ; total infected at time=0

;Natural history of infection

v =365/5 ; rate of liver stage becoming noninfectious blood stage
G = 365/15 ; rate of developing gametocytes

0 =365/60 ; natural recovery rate of infectious

;Drug action

;Time for drug to clear drug sensitive infection in days



teda = 7 ; time for artesunate to clear B

ta = 4 ; time for artesunate to clear |

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

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

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

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

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

tdave = 3 ; time for clearance of noninfectious blood stage by atovaquone/proguanil
tiqvg = 4.5 ; time for clearance of infectious blood stage by atovaquone/proguanil
tLav = 6 ; time for clearance of liver stage by atovaquone

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

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

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

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

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

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

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

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

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

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

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

CBroda = 305/tp4a ; rate of clearance of blood stage resistant to none treated with artesunate

CBrada = ©rada™CBroda ; rate of clearance of blood stage resistant to artesunate treated with artesunate
Cprbda = 305/tpqa ; rate of clearance of blood stage resistant to piperaquine treated with artesunate
Clroda = 365/t14a ; rate of clearance of I resistant to none treated with artesunate

Clrada = €rada* Ciroda ; Tate of clearance of I resistant to artesunate treated with artesunate

Cirbda = 365/t14a ; Tate of clearance of I resistant to piperaquine treated with artesunate

CBrodab = 365/tp4ab ; rate of clearance of B resistant to none treated by ACT

CBradab = €rada™ 305/tBdab + (1-€1ada) *365/tpqp ; rate of clearance of artesunate resistant noninfectious
blood stage by ACT

CBrbdab = €rbdb " 305/tgdab T (1-€1bdb) *365/tp4a ; rate of clearance of piperaquine resistant
noninfectious blood stage by ACT

Cirodab = 365/t14ab ; Tate of clearance of sensitive infectious blood stage by ACT

Clradab = Crada™ 305/tigap T (1-€1ada) ¥365/t1gp ; rate of clearance of artesunate resistant infectious
blood stage by ACT

Cirbdab = €rbdb ¥ 305/tidab T (1-€5bab)*365/t14, ; rate of clearance of piperaquine resistant infectious
blood stage by ACT

CBrodb = 365/tpap ; rate of clearance of sensitive noninfectious blood stage treated with
piperaquine (after artesunate i.e. minus 3 days)

Caradb = 3605/tpqp ; rate of clearance of artesunate resistant noninfectious blood stage treated with
piperaquine

CBrbdb = €rbdb ™ 365/tpap ; rate of clearance of piperaquine resistant noninfectious blood stage
treated with piperaquine

Crrodb = 365/tigp ; rate of clearance of sensitive infectious blood stage treated with piperaquine



Crradb = 365/t14p ; rate of clearance of artesunate resistant infectious blood stage treated with
piperaquine

Cirbdb = €rbdb™ 305/tigp ; rate of clearance of piperaquine resistant infectious blood stage treated
with piperaquine

CLp = Pp*365/tLgp ; rate of clearance of liver stage treated with primaquine

Cip = Pp*365/tip ; rate of clearance of infectious blood stage treated with primaquine

CLdvg = 365/tLavg ; Tate of clearance of liver stage treated with atovaquone/proguanil

CBdvg = 365/tBavg ; rate of clearance of noninfectious blood stage treated with
atovaquone/proguanil

Cidvg = 365/t1avg ; rate of clearance of infectious blood stage treated with atovaquone/proguanil
Crdy = 365/t 4y ; rate of clearance of liver stage treated with atovaquone after
atovaquone/proguanil

Cpdv = 365/tpqy ; rate of clearance of noninfectious blood stage treated with atovaquone after
atovaquone/proguanil

Ciay = 365/t14y ; 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

Xp =20/365 ; effective duration of piperaquine

X, =4/365 ; effective duration of proguanil as part of atovaquone/proguanil
Xy =15/365 ; effective duration of atovaquone

Xp = 1/365 ; effective duration of primaquine

;Drug resistance

€rada = (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

prec., = 0.35 ; proportion recrudescences in resistant infections

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

;Rates of receiving treatments

;Artesunate monotherapy

T = 365/16*propRx,*SQUAREPULSE(start,, dur,) ; rate of starting artesunate in infected
patients

dur, = stop,-start, ; duration availability of artesunate

start, = 1975 ; time that artesunate first introduced

stopa = 2009 ; time from when artesunate no longer available

;Treat symptomatic infection with ACT
Tab = TMaZyy, *propRx,*SQUAREPULSE(start,p,, dur,y)
Tmag,, = 365/16



dur,, = 41; 'long-term'
start,, = 2009;

;Intervention 1: MDA with ACT

tpulse; = if mod(time-durt;,1)>=1-durt; then propRx;; *tmag;; else 0
7= tpulse; *SQUAREPULSE(2009, dur;;)

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

durj; = 0 ; total duration of intervention 1 in years

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

;Intervention 2: MSAT with atovaquone/proguanil

tpulse; = if mod(time-durt,,fri;)>=fri,-durt, then propRx;;*tmag;, else 0
1,= tpulse,*SQUAREPULSE(2009, duri,)

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

durj; = 0 ; total duration of intervention 2 in years

durt, = 0.25 ; duration of each round of intervention 2 in years

fri = 1/nip; 1/frequency of intervention 2 per year

nj> = 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 “;T,, = Tmagy, *propRx,*SQUAREPULSE(start,y, dura,)”

tpulse; = if mod(time-durts,1)>=1-durt; then propRxj3;*tmag;j; else 0

;2) remove the ‘;’ from the beginning of the line “;t,,= tpulse;*SQUAREPULSE(2009, duris)”
(below)

tpulse; = if mod(time-durts,1)>=1-durt; then propRxj3;*tmag;j; else 0

;Tab= Tpulse;*SQUAREPULSE(2009, durj;)

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

durj; = 0 ; total duration of intervention 3 in years

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

;ACT for symptomatic infection during intervention 1

Tabil = TMagZabi1 *propRx.,*SQUAREPULSE((start,y,, durgy); rate of starting ACT in infected
people during intervention 1

Tmagyi; = 365/16

;Artesunate monotherapy for symptomatic infection during intervention 1

Tai1 = TMag,i; *propRx,*SQUAREPULSE(2009, dur,); rate of starting artesunate in infected
people during intervention 1

Tmag,i; = 365/16

;ACT for symptomatic infection during intervention 2



Tabiz = TMaZabio *propRx,,*SQUAREPULSE(2009, dur,y,); rate of starting ACT during
intervention 2
TmMagapiz = 365/16

;Artesunate monotherapy for symptomatic infection during intervention 2

Taiz = TMag, *propRx,*SQUAREPULSE(2009, dur,); rate of starting artesunate in infected
people during intervention 2

Tmag,; = 365/16

;Bed nets

bn=bnmag*SQUAREPULSE(2009, dury,)
bnmag=0.3; transmission reduction due to bed nets
dury,=0; 0 or 4 years

;Initial conditions

pa = 0 ; proportion resistant to artesunate in 1960

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

Po = 1-pa-py ; proportion sensitive to artesunate and piperaquine in 1960

pei= 0.0743 ; proportion infected with detectable blood stage infection in 2009 (data is from
20006)

pint = 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 ;

propRx, = propRx.n*prop.*adh, ; proportion that get effective artesunate treatment for
symptomatic infection = 0.052

propRx,m = 0.63 ; proportion receiving antimalarials

propa = 0.4 ; proportion of antimalarials constituting artesunate monotherapy

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

propRx,, = IF TIME<2009 THEN 0 ELSE p,,*(cova-cova,*exp(-k*(TIME-2009))) ; proportion
that get effective ACT treatment for symptomatic infection

covyp = 0.6 ; maximum coverage with ACT for treatment

Psab = 0.85 ; proportion of shops that sell modern drugs

adh,, = 0.77 ; adherence to 3 day regime of ACT

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

Pab = COVap*psab*adhyy, ; proportion that actually take 3 day course of ACT

k =30 ; speed of introduction of intervention



propRx;; = covj;*adhyy, ; proportion that complete a 3 day course of MDA with ACT

propRx;, = covi*adh,, ; proportion that complete a 3 day course of atovaquone/proguanil during
MSAT

propRx;s = coviz*adh,, ; proportion that complete a 3 day course of ACT during MSAT
covj; = 0.8 ; coverage with intervention 1
covi, = 0.8 ; coverage with intervention 2
covis = 0.8 ; coverage with intervention 3

;Calculate intial conditions

ROOTI Bn = H*NO - Bn*(pinf*NO)*Srodoiol/N0+8*(pinf*N0)'M*Srodoiol
ROOTI S;od0io1 = B*(Pint™N0)* Srodoiot/ No-(y+1)*Liodoiol

ROOTT Liodoiol = Y*Lrodoiol'(G+H)*Brodoiol

ROOTI Biodoiol = cY*Brodoio1‘(8"{_11)*(pinf*NO)

GUESS B, = 10
LIMIT B, >= 0
LIMIT B, <= 1000

GUESS S;odoiol = 2.1e+6
LIMIT S;od0io1 >= 0
LIMIT Siodoior <= NO

GUESS L.odoio1 = 7et+4
LIMIT Liodoior >= 0
LIMIT L;odoio; <= NO
GUESS Biodoiol = 2€+5

LIMIT Biogoio1 >= 0
LIMIT Biodoior <= NO

‘MODEL

;Treatment with artesunate monotherapy
;Ndoio and Ndaio

;Box Nyoio

init Sdoio = Srodoiol
Lioioo = No™Pinf



Ldoio = Lrodoio+Lradoio+Lrbd0i0
Bdoio = Brod0i0+Brad0i0+Brbdoio
Idoio = Irodoio_’_Iradoio_’_Irbdoio

init Liodoio = Lrodoiol
init Liagoio = 0
init Lypgoio = 0
init Brodoio = Brodoiol
init Bradoio = 0
init Brpgoio = 0
init Lodoio = Po™* Laoioo
init Iradoio = pa*IdoiOO
init Lpdoio = Pb™Ldoioo

;Sdoio

; Example of code for stochasticity = Sgoio(t+dt) = max(poisson(Sgeiot(L*No - *Sdoio -
B*Sdoio*TIro/NO + 8>kIrodoio + CBrodo*Brodoio + CIrodo*Irodoio - B*Sdoio*TIra/NO + 8*Iradoio + CBrado*Bradoio
+ cIrado*Iradoio = B*Sdoio*Tlrb/NO + 6*Irbdoio + CBrbdo*Brbdoio + CIrbdo*Irbdoio + (I/Xao)*sdaio = Tl*sdoio +
( 1 /(Xb'Xai)) * Sdbio) *dt),O)

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

d/dt(sdoio) = M*NO - H*Sdoio - B*Sdoio*TIro/NO + 8*Irodoio + CBrodo*Brodoio + CIrodo*Irodoio -
B*Sdoio*Tlra/NO + 6*Iradoio + cBrado*Bradoio + Clrado*Iradoio = B*Sdoio*TIrb/NO + 8*Irbdoio + CBrbdo*Brbdoio
+ Cirbdo ™ Irvdoio T (1/Xa0)*Sdaio = T1*Sdoio T (1/(Xp-Xai))*Savio

;rodoio

d/dt(Lrodoio) = B*SdOiO*TITO/NO - (H—PY)*Lrodoio + (I/Xao)*Lrodaio -T *Lrodoio + (1/(Xb‘Xai))*Lrodbio
d/dt(Brodoio) = Y*Lrodoio = (PH_G)*Brodoio - CBrodo*Brodoio - T*Brodoio + (I/Xao)*Brodaio - Tl*Brodoio -
T2*Brodoio - Tab*Brodoio + (1/ (Xb'Xai))*Brodbio

d/ dt(Irodoio) = c7>kBrodoio - (H+6)*Irodoio = clrodo*Irodoio = T*Irodoio + (1/ Xao)*Irodaio - Tl*Irodoio - T2*Irodoio
- Tab*Irodoio + (1/(Xb'Xai))*Irodbio

;radoio

d/dt(Lradoio) = B*Sdoio*TIra/NO = (H+Y)*Lradoio + (I/Xao)*Lradaio - T *Lradoio + (1/(Xb‘Xai))*Lradbio

d/ dt(Bradoio) = 'Y*Lradoio - (H+G)*Bradoio - CBrado*Bradoio - T*Bradoio + (1/ Xao)*Bradaio - Tl*Bradoio -
T2*Bradoio = Tab*Bradoio + (1/ (Xb'Xai))*Bradbio

d/dt(lradoio) = G*Bradoio - (PH—S)*Iradoio - CIrado*Iradoio - T*Iradoio + (I/Xao)*lradaio - Tl*Iradoio - T2*Irad0i0 -
Tab *Tradoio T (1/(Xp-Xai)) *Lradvio T SQUAREPULSE(st, 1/365)*mst

;rtbdoio
d/ dt(Lrbdoio) = B * Sdoio* T]rb/I\I 0- (PH_Y) * Lrbdoio + ( 1/ Xao) * Lrbdaio - T * Lrbdoio + ( 1/ (Xb'Xai)) * Lrbdbio



d/dt(Brbdoio) = Y*Lrbdoio - (H+G)*Brbdoio - CBrbdo*Brbdoio - T*Brbdoio + (I/Xao)*Brbdaio - Tl*Brbdoio -
T2*Brbdoio = Tab *Brbdoio T (1/(Xp-Xai)) *Brodbio

d/dt(Ipdoio) = 6™ Bibdoio = (1+0)*Iibdoio = Cirbdo ™ Ibdoio = T*Irbdoio T (1/Xa0)*Iibdaio = T1* Irbdoio = T2* Irbdoio
= Tab* Libdoio + (1/(Xp-Xai)) *Livdbio

;BOX Ndaio

it Sgaio = 0

;1nit Baaio = Bdaioo
;il’lit Ldaio = LdaioO
;1nit Igaio = ldaioo

Ldaio = Lrodai0+Lradaio+Lrbdaio
Bdaio = Brodaio+Bradaio+Brbdai0
Idaio = Irodaio"i_Iradaio"{_Irbdaio

nit Liogaio =
init Lradaio =
init Lipgaio =
init Brodaio =
init Bradaio =
init Brbdaio =
nit Liogaio = 0
nit Iiagaio = 0
nit Lipdaio = 0

0
0
0
0
0
0

d/dt(sdaio) =- H*Sdaio - B*Sdaio*T]ro/NO + 8>l<Irodaio + CBroda*Brodaio + CIroda*Irodaio - B*Sdaio*TIra/NO +
8*Iradaio + CBrada*Bradaio + cIrada*lradaio = B*Sdaio*Tlrb/N 0 + 8*Irbdaio + CBrbda*Brbdaio + Clrbda*lrbdaio -
(I/Xao)*sdaio - Tl*Sdaio

;rodaio

d/ dt(Lrodaio) = B * Sdaio*TIro/N 0- (PH_Y) * Lrodaio - ( 1/ Xao)*Lrodaio -1l >l<Lrodaio

d/ dt(Brodaio) = Y*Lrodaio - (PH_G) >l<Brodaio - cBroda*Brodaio + T*Brodoio - (1/ Xao) >kBrodaio - T >kBrodaio -

T * Brodaio

d/ dt(lrodaio) = G*Brodaio - (PH_S) *Irodaio - cIroda*Irodaio + ¥ Irodoio - ( 1/ Xao) * Irodaio -1 * Irodaio -T2 * Irodaio

;radaio

d/ dt(Lradaio) = B*Sdaio*TIra/N 0- (H+'Y)*Lradaio - (1/ Xao)*Lradaio -T *Lradaio

d/ dt(Bradaio) = Y*Lradaio - (H+G)*Bradaio - CBrada*Bradaio + T*Bradoio - (1/ Xao)*Bradaio - Tl*Bradaio -
T2*Bradaio

d/ dt(lradaio) = G*Bradaio - (H+8)*Iradaio - CIrada*Iradaio + T*Iradoio - (1/ Xao)*Iradaio - Tl*Iradaio - TZ*Iradaio

;tbdaio



d/ dt(Lrbdaio) = B*Sdaio*TIrb/N 0- (M+Y)*Lrbdaio - (1/ Xao)*Lrbdaio -1l *Lrbdaio

d/dt(Brbdaio) = ¥* Libdaio = (1F6)*Bibdaio = CBrbda*Brbdaio T T*Brbdoio = (1/Xa0) *Bibdaio = T1*Brbdaio -
T2*Brbdaio

d/dt(lrbdaio) = G*Brbdaio - (H+8)*Irbdaio - CIrbda*Irbdaio + T*Irbdoio - (I/Xao)*lrbdaio - Tl*Irbdaio - TZ*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, Nabi1, Ndoil

;BOX Nabi1

it Sqapi1 =0

;init Baabit = Babil 0
;init Laabit = Laabir0
;init Lyabit = Idabil 0

Lgabi1 = Lrodabi1 TLradabi1 TLibdabit
Buabi1 = Brodabi1 T Bradabi1 TBrbdabil
Ldabit = Trodabi1 Tlradabit Tlrbdabit

init Liodabit =0
init Lyaganit = 0
init Lipdabit = 0
init Brogabit = 0
init Bradabit =0
init Bpganip = 0
init Lrodabit = 0
init Liagabiy = 0
init Libdabit = 0

d/dt(Sqabi1) = - W*Sdavit - B*Sdabi1t* Trro/No + 8*Lrodabit T CBrodab™Brodabil T Cirodab ™ Irodabi1 -
B*Sgabi1 ™ Tira/No + 8*Iradabit + CBradab ™ Bradabi1 T Ciradab™ Iradabit = B*Sdabi1*Tire/No + 6™ Lipdavi1 +
CBrbdab *Brbdabil T Cirbdab ™ Irbdabit + T1*Sdoio T T1™*Sdaio - (1/Xai)*Sdavit T CLp™Lrodabit + C1p*lrodabit +
CLp*Liadabit + C1p™lradabit + CLp* Livdavit 1 C1p* Lrvdavi

;rodabil
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d/dt(Lrodabil) = B*Sdabil*TIro/NO - (M'H{)*Lrodabil + Tl*Lrodoio + Tl*Lrodaio - (I/Xai)*Lrodabil -
Cp ™ Lrodabit

d/dt(Brodabil) = Y*Lrodabil - (}H—G)*Brodabil - CBrodab*Brodabil + Tl*Brodoio + Tl*Brodaio = (I/Xai)*Brodabil
+ Tabil*Brodoil + TI*Brodoil

d/dt(Iodabi1) = 6™ Brodabit = (F06)*Lrodabil = Cirodab ™ lrodabit * T1*lrodoio + T1* Irodaio = (1/Xai) *Irodabil +

Tabil *rodoi1 - Cip™lrodabil T T1™* Lrodoit

;radabil

d/dt(Lradabi]) = B*Sdabi]*TIra/NO - (PH—'Y)*Lradabil + TI*Lradoio +T1*Lradaio - (I/Xai)*Lradabil -
CLp*Lradabil

d/dt(Bradabi1) = Y*Lradabit = (WF6)*Bradabil = CBradab ™ Bradabit + T1*Bradoio + T1*Bradaio = (1/Xai) *Bradabi1
+ Tabi]*Bradoil + TI*Bradoi]

d/dt(lradabi]) = cT*Bradabil - (H+6)*Iradabil - Clradab*Iradabil +7 >X<Iradoio T *Iradaio - (I/Xai)*lradabil +
Tabil *radoi1 = Cip* Iradabit T T1* Iradoil

;rbdabil

d/dt(Lipgavit) = B*Sdabit * Tin/No - (UHy)*Lipdavit T T1*Libdoio 1™ Libdaio - (1/Xai)*Libdabit -

CLp* Libdabil

d/dt(Bipdabi1) = Y*Livdavit - (U+H0)*Brvdabil - CBrvdab™Brbdabil + T1*Brbdoio + T1*Brodaio - (1/Xai) *Brodabit
+ Tabi1 *Brbdoil + Tabil *Brodvit T T1*Brbdoit

d/dt(Iipdabil) = 6*Brodabit - (U+0)*Lipdabit - Cirbdab™ Ibdabit T T1*Lvdoio + T1™ libdaio = (1/Xai)*Lrbdabit +
Tabi1 *Irbdoi1 T Tabil *Iibdbi1 = Cip™Irbdabit T T1*Libdoil

Nabi1 = Sdabi1 T Lrodabi1 + Brodabi1 + Irodabit T Lradabit T Bradabit T Iradabit T Lrbdabit + Brbdabit + Irbdabil

;Box Nabi

it Sqpi; =0

;init Bapit = Bgpbir0
;init Lapip = Lapit 0
;init Igpip = Igpir0

Lavit = LrodbitTLradbit+Lrbdbit
Babit = BrodbiiTBradbii TBrbdbit

Lavit = Lrodbii T radbi1 T Lrbdbit

it Liogpi1 =0
init Liagpi1 =0
mit Lipgpi1 =0
nit Brogpi1 = 0
it Bragsit =0
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nit Bpgpi1 = 0
init Lrogni1 = 0
it Laqpin =0
init Lipani1 = 0

d/dt(Savi1) = - W*Sabi1 - B*Sabi1 *TIro/No + 8*Lroabit + CBrodb ™ Brodbil T Cirodb *Lrodbit = B*Sabi1 * Tra/No
+ &*Lradbi1 T CBradb ™ Bradbit T Ciradb * Lradbil = B*Sdbi1 * Trb/No + 8*Lindbit + CBrodb *Brbabit + Cirbab™Lrbabil +

(1/Xai)*Sdabit - (1/(Xp-Xai)*Sdbi1)

;rodbil

d/dt(Lroai1) = B*Sabi1 * Tiro/No - (W+Y)*Lrodbit T (1/Xai)*Lrodabit = (1/(Xp-Xai) *Lrodbil)
d/dt(Brodbi1) = Y*Lrodbit - (1+0)*Brodbii = CBrodb ™ Brodbit T (1/Xai)*Brodabi1 - (1/(Xb-Xai) *Brodbi1)
d/dt(Lroani1) = 0™*Broabil = (1+0)*Lrodbil = Crrodb™Trodbil + (1/Xai)*Lrodabit = (1/(Xp-Xai) *Irodbi1)

;radbil

d/dt(Lyadbi1) = B*Savi1 * Trra/No - (1Y) *Lradbit + (1/Xai)*Lradabit - (1/(Xp-Xai)*Lradbi1)
d/dt(Bradbi1) = Y*Lradbi1 - (LH0)*Bradbii - CBradb™Bradvit + (1/Xai) *Bradabit - (1/(Xp-Xai)*Bradbi1)
d/dt(Iradvi1) = 6*Bradbi1 - (WH0)*Tradbit - Crradb ™ Iradbit T (1/Xai) *Lradabit - (1/(Xb-Xai)* Lradbi1)

;rbdbil

d/dt(Lrpavit) = B*Savit *Tin/No - (uty)*Livavit T (1/Xai)*Livdavit - (1/(Xp-Xai)*Libdbi1)
d/dt(Broabi1) = Y*Livdvit - (1+06)*Broabit - CBrbdb *Brodvit T (1/Xai) *Brvdabit - (1/(Xp-Xai) *Broavit) -
1abil *Bipdbit- Tail *Biodbil

d/dt(Iipabi1) = 6™ Broavit - (U+H0)*Lipabit - Crrbdb ™ Irvavit T (1/Xai) *Lipdavit - (1/(Xp-Xai) *Libavit) -
Tabi1 *Irvabi1- Ta1l *Lipdvit

Nabit = Sdbit + Lrodbit + Brodbit T Irodbit T Lradbit + Bradbit + Lradbit T Libabit T Brodbit + Irbdbii

;Box Nyoir

init Sgoi; = 0;No-I40i10
;init Baojt = Bgoi10
;init Laoit = Laoi1 0
Li0i10 = 0;No™*pinf

Laoit = Lrodoi1TLradoi1TLrbdoil
Baoit = Brodoi1tBradoi1 ™Bibdoit
Idoi 1= Irodoi 1 +Irad0i 1 +Irbd0i1

it Liogoi1 =0
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it Liagoi1 =0
nit Lipgoi1 =0
1nit Biogoi1 = 0
init Bradoit = 0
1nit Bipgoi1 =0
it Logoir = 0;po*1doi10
init Tradoit = 0;pa*140i10
init Libdoi1 = O;pb*Idoilo

d/dt(Sqoi1) = - 1¥*Sdoi1 = B*Sdoi1* Tiro/No + 0™ Lrodoi1 + CBrodo™Brodoil T Cirodo™Irodoi1 = B*Sdoi1t * Tra/No +
O*lradoil T CBrado™Bradoi1 + Cirado™Iradoil = B™Sdoi1t * Trb/No + 0™*Lindoi1 + CBrbdo*Brbdoil T Crrbdo ™ Irbdoi1 T
(1/(Xp-Xai)*Savit T 1/(Xp-Xai-Xao) *Sabita T (1/Xa0)*Sdaila

;rodoil

d/dt(Lrodoi1) = B*Sdoit *Tiro/No = (UH+y)*Lirodoir + (1/(Xp-Xai))*Lrodbit + 1/(Xb-Xai-Xao) *Liodbita +

( 1/)(ao)*Lrodaila

d/dt(Brodoi1) = Y*Lrodoi1 - (1+S)*Brodoil = CBrodo *Brodoi1 T (1/(Xb-Xai))*Brodbil = Tabi1 *Brodoil T 1/(Xb-
Xai'Xao)*Brodbila - Tail >kBrodoil + (I/Xao)*Brodaila - T >l<Brodoil

d/dt(lrodoil) = G*Brodoil - (H+6)*Irodoil - CIrodo*Irodoil + (1/(Xb'Xai))*Irodbil - Tabil*Irodoil + 1/()(b‘)(ai‘
Xao)*Irodbila = Tail*Irodoil + (1/ Xao)*lrodaila - Tl*Irodoil

;radoil

d/dt(Ladoi1) = B*Sdoit *Trra/No = (1Y) *Liradoi1 + (1/(Xp-Xai)) *Lyadbit + 1/(Xb-Xai=Xao) *Lradbila +

( 1/ Xao)*Lradai la

d/dt(Bradoi1) = Y*Liadoil - (W+6)*Bradoit - CBrado *Bradoit T (1/(Xb-Xai))*Bradbil - Tabi1 *Bradoit + 1/(Xb-
Xai'Xao)*Bradbila = Tail*Bradoil + (I/Xao)*Bradaila = Tl >l<Bradoil

d/dt(lradoil) = G*Bradoil - (PH_S)*Iradoil - CIrado*Iradoil + (1/(Xb'Xai))*Iradbil - Tabil*Iradoil + 1/()(b'>(ai'
Xao)*Iradbila - Tail*lradoil + (I/Xao)*lradaila - Tl*Iradoil

;rbdoil

d/dt(Libdoi1) = B*Sdoit* Tin/No = (1Y) *Livdoit T (1/(Xp-Xai))*Livabit T 1/(Xp-Xai-Xao) *Libdbita T

( 1/ Xao)*Lrbdai la

d/dt(Brbdoi1) = Y*Libdoil - (1106)*Bibdoil - CBrbdo™Bibdoi1 T (1/(Xp-Xai))*Brbdbit - Tabi1 *Brbdoit T 1/(Xp-
Xai-Xa0)*Brodbita = Tait *Brodoi1 T (1/Xa0)*Brvdaita - T1*Brbdoil

d/dt(Iipaoi1) = 0*Brbdoit - (1+0)*Libdoil - Crrbdo™ Irbdoi1 + (1/(Xp-Xai)) *Lrbdbit - Tabit *lrbdoit + 1/(Xp-Xai-
Xao)*Irbdbila - Tail*Irbdoil + (I/Xao)*lrbdaila - Tl*Irbdoil

Naoi1 = Sdoi1 + Lrodoil T Brodoil T Irodoil T Lradoi1 + Bradoi1 T tradoi1 T Libdoi1l T Brbdoil + Irbdoil

13



;Treatment with artesunate in Intervention 1
; Ndaila

;BOX Nyaita

init Sgai1a = 0

;il’lit Bdaila = Bdailao
;init Laaita = Laai1a0
;il’lit Idai]a = Idai]aO

Ldai la=™ Lrodai 1 a+Lradai 1 a+Lrbdai] a
Bdaila = Brodai1a+Bradai1a+Brbdaila
Idai la = Irodail a+Iradai 1 a+Irbdai la

init Lrodai]a =
nit Liadaita =
init Lrbdai]a =
init Brogaita =
init Bradaila =
init Brydaita =
init Irodaila = 0
Nt fradaita = 0
init Irbdaila =0

0
0
0
0
0
0

d/dt(sdaila) =- H*Sdaila - B*Sdaila*TIro/NO + 8*Irodaila + CBroda*Brodaila + Clroda*lrodaila -
B*Sdaila*TIra/NO + 6>klradaila + CBrada*Bradaila + CIrada*Iradaila - B*Sdaila*TIrb/NO + 8*Irbdaila +
CBrbda Brbdaila T Cibda™ Irbdaita = (1/Xa0)*Sqaita

;rodaila

d/ dt(Lrodaila) = B*Sdaila*TIrO/N 0- (H+Y)*Lrodaila - (1/ Xao)*Lrodaila

d/dt(Brodaila) = Y*Lrodaila - (H+G)*Brodaila - CBroda*Brodaila + Tail *Brodoil = (I/Xao)*Brodaila
d/ dt(Irodaila) = G*Brodaila - (H+8)*Irodaila - C]roda*lrodaila + Tail*Irodoil - (1/ Xao)*Irodaila

;radaila

d/ dt(Lradaila) = B >kSdaila*Tlra/j[\I 0- (PH_Y)*Lradaila - (1/ Xao)*Lradaila

d/dt(Bradaila) = Y*Lradaila = (PH_G)*Bradai la = CBrada*Bradai la + Tail >l<Bradoil = (l/Xao)*Bradaila
d/ dt(lradai 1 a) = G*Bradaila - (PH_S)*Iradai la = Clrada*lradai la + Tail >l<Iradoil - (1/ Xao)*Iradaila

;rbdaila

d/dt(Lrpdaita) = B*Sdaita™ Tin/No - (1Y) *Livdaita - (1/Xa0)*Livdaita

d/dt(Bibgaita) = Y*Libdaita - (WF0)*Brbdaila - CBrvda *Brbdaita T Tait *Brodoil = (1/Xa0)*Brodaita
d/ dt(lrbdaila) = G*Brbdaila - (PH_S)*Irbdaila - CIrbda*Irbdaila + Tail*Irbdoil - (1/ Xao)*Irbdaila

Ndaila = Sdaila + Lrodaila + Brodaila + Irodaila + Lradaila + Bradaila + Iradaila + Lrbdaila + Brbdaila + Irbdaila



;Treatment of infected patients with artesunate/piperaquine in Intervention 1
; Ndabi1a, Ndbila

;BOX Ndabila

1nit Sgapiza =0

;init Byapita = Babi1a0
;init Lyapita = Ldabi1a0
;Init Igabita = Idabi1a0

Lgabita = LrodabilatLradabitaTLibdabita
Bdabi la— Brodabi 1 a+Bradabi 1 a+Brbdabi la
Ldabita = IrodabilaTIradabitaT Irbdabila

init Lyodabita =0
init Lradabila =0
init Lipgabita = 0
init Brodabila =0
init Bradabita =0
init Brydabita = 0
nit odabita = 0
Nt rradabita = 0
init Ipdabita = 0

d/dt(sdabila) =- H*Sdabila - B*Sdabila*TIro/NO + 8*Irodabila + CBrodeib>l<]—3’rodeibila + CIrodab*lrodabila -
B*Sdabila*TIra/NO + 8*Iradabila + CBradb*Bradabila + CIradab*Iradabila - B*Sdabila*TIrb/NO + 8*Irbdabila +
CBrbdab™ Brbdabila T Cirbdab™ Irbdabita = (1/Xa0™Sdabita)

;rodabila

d/ dt(Lrodabi 1 a) = B * Sdabi 1 a*T]ro/N 0- (PH_Y) * Lrodabi la = ( 1 / Xao) * Lrodabi la
d/dt(Brodabila) = Y*Lrodabila - (PH_G)*Brodabila - CBrodab*Brodabila - ( 1 /Xao)*Brodabila
d/ dt(lrodabi 1 a) =0 >l<Brodabi la = (PH_S) * Irodabila = Clrodab * Irodabila = ( 1 / Xao) * Irodabila

;radabila

d/dt(Lradabila) = B*Sdabila*TIra/NO - (H+Y)*Lradabila - (I/Xao)*Lradabila

d/ dt(Bradabila) = 'Y*Lradabila - (H+G)*Bradabi1a - CBradab*Bradabila - (1/ Xao)*Bradabila
d/ dt(lradabila) = cS*Bradabila - (H+6)*Iradabi1a - C]radab*]radabila - (1/ Xao)*lradabila

;rbdabila
d/dt(Lypdabita) = B*Sdabita® TIi/No - (U+Y)*Livdabita - (1/Xa0)*Libdabita
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d/dt(Brbdabita) = Y*Libdabita - (H10)*Brbdabita - CBrbdab™Brbdabita + Tai1 *Brbabita - (1/Xa0)*Brbdabila
Tai1 *Brbdbil

d/dt(Iibdabita) = 0™ Brbdabita - (1) * Libdabila - Cirbdab™ Irbdabita + Tail *Libdbila = (1/Xa0)* libdabila +

Tail "~ Lrbdbil

Naabita = Sdabita T Lrodabila T Brodabila + Irodabita T Lradabila T Bradabita T Iradabita T Lrbdabila + Brbdabita +
Lipdabita

;BOX Nabila

it Sqpiza =0

;init Babita = Babi1a0
;init Labita = Lapi1a0
;init Iypita = Lavi1a0

Lavita = LrodbitatTLradbitaTLibdbila
Babita = BrodbitaTBradbitaTBrbdbila
Labita = TrodbilaTiradbitaIrbdbita

init Lrodbila =0
init Liagpita = 0
init Lipapita =0
init Brogpita = 0
init Bradbila =0
init Bpgpita = 0
init Irodbila =0
init Iagpitza = 0
init Lipgpita = 0

d/dt(Sqbita) = - W*Sdabita - B*Sdabita™Tire/No T 8*rodbila T CBrodb ™ Brodbita T Cirodb ™ Irodbila -
B*Sdabita™ Tira/No + 8*radbita + CBradb™Bradbita + Ciradb™ Iradbita = B*Sdbita™ Tirn/No + 8*Livdbita +
CBrbdb *Brbdbita + Cirbdb *Irbdbita T (1/Xa0™Sdabita) - 1/(Xb-Xai-Xao)*Sdbila

;rodbila

d/ dt(Lrodbila) = B*Sdbila*TIro/NO - (H+'Y)*Lrodbila + (1/ Xao)*Lrodabila - 1/ (Xb‘Xai‘Xao)*Lrodbila
d/dt(Brodbila) = Y*Lrodbila - (PH_G)*Brodbila - CBrodb*Brodbila + (I/Xao)*Brodabila = 1/()(b‘)(ai‘
Xao)*Brodbila

d/ dt(lrodbila) = G*Brodbila = (PH_S)*Irodbila - CIrodb*Irodbila + (1/ Xao)*Irodabila = 1/ (Xb‘Xai‘Xao)*Irodbila

;radbila

d/ dt(Lradbila) = B*Sdbila*TIra/NO - (H+Y)*Lradbila + (1/ Xao)*Lradabila = 1/ (Xb‘Xai‘Xao)*Lradbila

d/dt(Bradbila) = Y*Lradbila - (H+G)*Bradbi1a - CBradb*Bradbila + (1/Xao)*Bradabi1a - 1/(Xb'Xai'Xa0)*Bradbi1a
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d/dt(lradbila) = cT*Bradbila - (}H—S)*Iradbila - CIrad]:)*lradbila + (I/Xao)*lradabila = 1/()(b')(ai')(ao)*Iradbila

;rbdbila

d/dt(Lrpavita) = B*Savita® Ti/No - (W+Y)*Lipavita + (1/Xa0)*Libdavita - 1/(Xo-Xai-Xao) *Libdvila
d/dt(Brbdvita) = Y*Livdvita - (U+06)*Brodbita - CBrbdb *Brbdbila = Tait *Brodbita + (1/Xa0)*Brodabita - 1/(Xp-
Xai-Xa0)*Brodvita

d/dt(Lpdvita) = 0*Brvdvita - (W) Lipdbita - Cirbdb ™ Irbdbita = Tait *Irbdbita + (1/Xa0) *Trbdavita - 1/(Xp-Xai-
Xao)*Irbdbi]a

Nabita = Sdbita T Lrodbita + Brodbila T Irodbila + Lradbila T Bradbita + Iradbita + Libdbita + Brbdbita + Iibdbita

;Switch to ACT (artesunate + piperaquine) for treatment in place of artesunate monotherapy
;also Intervention 3: MSAT with ACT
5 Ndabio, Nabio

;BoxX Ndabio

it Sqapioc = 0

;init Baabio = Baabio0
;init Laabio = Laabio0
;init Iyabio = ldabio0

Ldabio = Lrodabio+Lradabi0+Lrbdabio
Bdabio = Brodabi0+Bradabio+Brbdabio
Idabio = Irodabi0+Iradabio+lrbdabio

init Lrodabio =
init Liagabio =
init Lypdabio =
init Brodabio =
init Bradabio =
init Brbdabio =
init Irodabio =0
init Lragabio = 0
init Iipdabio = O

0
0
0
0
0
0

d/ dt(sdabio) =- H*Sdabio - B*Sdabio*Tlro/N ot 6*Irodabio + CBrodab*Brodabio + Clrodab*Irodabio -
B*Sdabio*T]ra/N 0 + 6*Iradabio + CBradab*Bradabio + Clradab*Iradabio - B*Sdabio*T]rb/N 0 + 8*Irbdabio +
CBrbdab * Brbdabio T Cirbdab ™ Lrbdabio = (1/Xai)*Sdabio T ¢Lp™ (Lrodabio T Lradabio + Libdabio) T Cip™ (Irodabio
Iradabio + Irbdabio)
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;rodabio

d/dt(Lrodabio) = B*Sdabio™ Tiro/No - (W+Y)*Lrodabio - (1/Xai)*Lrodabio - €Lp™* Lrodabio

d/ dt(Brodabio) = Y*Lrodabio = (H+G)*Brodabio - CBrodab*Brodabio + Tab*BrodOio - (1/ Xai)*Brodabio
d/dt(lrodabio) = cT*Brodabio - (}H—S)*Irodabio - CIrodab*Irodabio + Tab*Irodoio - (I/Xai)*lrodabio ‘CIp*Irodabio

;radabio

d/dt(Lradabio) = B * Sdabio*TIra/NO - (PH—'Y) >kLradabio - ( 1 /Xai)*Lradabio - CLp*Lradabio

d/ dt(Bradabio) = Y* Lradabio - (PH_G) * Bradabio - CBradab * Bradabio + Tab * Bradoio - ( 1/ Xai) * Bradabio
d/dt(lradabio) = G*Bradabio - (PH_S) >klradabio - Clradab*lradabio + Tab*lradoio - ( 1 /Xai)*lradabio - Clp*Iradabio

;tbdabio

d/dt(Lipdabio) = B*Sdabio™ Tri/No - (1+Y)*Livdavio - (1/Xai)*Libdabio - CLp™ Libdabio

d/dt(Bipdabio) = Y*Libdabio - (M+06)*Bibdabio = CBrbdab ™ Brbdabio T Tab™Brbdoio = (1/Xai)*Brbdabio T
Tab ™ Brodbio

d/dt(Iipdabio) = 0™ Brbdabio - (M+0)* Lipdabio - Cirbdab™ Ibdabio T Tab ™ Irbdoio = (1/Xai)*Libdabio + Tab™ Irbdbio -
Cip ™ Irbdabio

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

;Box Npio

nit Sgpio =0

;init Bapio = Babiol
;init Lapio = Labio0
;init Igpio = Lapio0

Lavio = LrodbioTLradbioTLibdbio
Babio = BrodbiotBradbioTBrbdbio
Lavio = LrodbioTradbio T Lrbdbio

init Liogpio =
init Lradbio =
init Lipdbio =
init Brodbio =
init Bradvio =
init Bipabio =
nit ogvio = 0
nit jragbio = 0
nit Lpdpio =0

0
0
0
0
0
0
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d/dt(Savio) = - 1*Sdbio = B*Sdbio™ Tire/No + 8*Lrodbio T CBrodb*Brodbio + Cirodb *Irodbio = B*Sdbio ™ Tira/No +

O*Lradbio T CBradb™Bradbio T Ciradb ™ Iradbio = B™Sdbio ™ Trb/No + 0™ Libdbio + CBrbdb™*Brbdbio T Cirbdb ™ Irbdbio T
(1/Xai)*Sdabio - (1/(Xp-Xai)*Sdbio)

;rodbio

d/dt(Lrodbio) = B*Sdbio ™ Tiro/No = (LFY)*Lrodbio T (1/Xai)* Lrodabio = (1/(Xb-Xai)* Lrodbio)
d/dt(Brodbio) = Y*Lrodbio - (1+S)*Brodbio = CBrodb * Brodbio T (1/Xai)*Brodabio - (1/(Xb-Xai) *Brodbio)
d/dt(lrodbio) = cS*Brodbio - (H+8)*Irodbio - CIrodb*Irodbio + (I/Xai)*lrodabio - (1/(Xb'Xai)*Irodbio)

;radbio

d/dt(Lradbio) = B*Sdbio*TIra/NO - (PH—'Y)*Lradbio + (l/Xai)*Lradabio - (1/(Xb'Xai)*Lradbi0)

d/ dt(Bradbio) = Y*Lradbio - (PH_G)*Bradbio - CBraldb*Bradbio + (1/ Xai)*Bradabio - (1/ (Xb‘Xai)*Bradbio)
d/dt(lradbio) = cT*Bradbio - (H+8)*Iradbio - CIradb*Iradbio + (I/Xai)*lradabio - (1/(Xb'Xai)*Iradbio)

;tbdbio

d/dt(Livdvio) = B*Sabio™ Trrn/No - (1+y)*Libabio + (1/Xai)*Livdabio - (1/(Xp-Xai) *Libdbio)
d/dt(Bipdbio) = Y*Livdbio - (1+6)*Brodbio - CBrbdb *Brovdvio T (1/Xai) *Bibdabio = (1/(Xb-Xai) *Brodvio) -
Tab™ Brodbio

d/dt(Iipabio) = 6™ Brbabio - (1+0)* Lipdbio - Cirbdb ™ Irbdbio T (1/Xai) *Libdabio - (1/(Xb-Xai)*Libdbio) -
Tab * Lrbdbio

Nabio = Sdbio + Lrodbio T Brodbio T Irodbio T Lradbio T Bradbio + Iradbio T Libdbio + Brbdbio T Iibdbio

;Intervention 2
;MSAT using atovaquone/proguanil
5 Navgpi2, Navgi2, Navi2, Ndoi2

;BoX Naygpiz

nit degpiz =0

;init BdVgpiZ = degpiZO
;init Laygpio = Lavgpi20
;Init Idvgpiz = IdVgpiZO

LdvgpiZ = Lrodvgpi2+Lradvgpi2+Lrbdvgpi2
Bavepiz = Brodvepi2TBradvepiz T Brbdvepiz
IdvgpiZ = IrodVgpiZ—i_IradvgpiZ_i_IrdegpiZ

init Liodvepiz = 0
nit Lradvgpi2 =0
init LrdegpiZ =0
nit Brodvgpi2 =0
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1nit Bradvgpiz =0
nit Brbdvgpi2 =0
1nit Irodvgpiz =0
init Iradvgpi2 =0
init IrdegpiZ =0

d/dt(Savepiz) = - W Savepiz - B*Savepiz™ Tiro/No + 6™ Lroavepiz T Crdve™ Lrodvepi2 T CBdve ™ Brodvepiz
Cidvg Irodvepiz = B*Sdvepio™Tira/No + 0* Lradvepiz T CLdve™Lradvepiz + CBdve™Bradvepi2 T Cidve™ Iradvepiz -
B*degpiZ*TIrb/NO + 6*IrbdvgpiZ + CLdvg*Lrdegpi2 + Cdeg*BrbdvgpiZ + Cldvg*IrdegpiZ - (I/Xp)*sdvgpiZ +
CLp*(LrodVgpiZ + Lradvgpi2 + LrbdvgpiZ) + Clp*(IrodVgpiZ + IradvgpiZ + IrbdvgpiZ)

;rodvgpi2

d/dt(LrodVgpi2) = B*degpiZ*TIro/NO - (H+'Y)*Lrodvgpi2 - (I/Xp)*LrodvgpiZ - CLp*LrodvgpiZ - CLdVg*LrodVgpiZ
d/ dt(BrodvgpiZ) = Y*Lrodvgpi2 - (H+G)*Brodvgpi2 + T2*Br0doio + T2*Br0daio - (1/ Xp)*Brodvgpi2 -
CBdvg ™ Brodvepi2 T T2*Brodoi2 T T2*Brodabiz T T2*Brodbiz

d/dt(lrodvgpi2) = G*BrodvgpiZ - (M+8)*Irodvgpi2 + TZ*Irodoio + TZ*Irodaio - (I/Xp)*lrodvgpiZ - CIp*IrodVgpiZ -
CIdVg*IrodvgpiZ + T2*Ir0doi2 + TZ*IrodabiZ + TZ*IrodbiZ

;radvgpi2

d/ dt(Lradvgpi2) = B*degpﬁ*TIra/NO - (H"H/)*LradvgpiZ - (1/ Xp)*Lradvgpi2 - CLp*Lradvgpi2 - CLdvg*Lradvgpi2
d/ dt(BradvgpiZ) = Y*Lradvgpi2 = (H+G)*Bradvgpi2 + T2*Bradoio + TZ*Bradaio - (1/ Xp)*Bradvgpi2 -
CBdvg ™ Bradvepiz + T2*Bradoi2 T T2*Bradabiz T T2*Bradbiz

d/dt(lradvgpi2) = G*Bradvgpiz - (H+6)*Iradvgpi2 + TZ*Iradoio + TZ*Iradaio - (I/Xp)*lradvgpiz - CIp*IradvgpiZ -
Cldvg  Iradvgpiz T T2*Iradoi2 + T2* Lradabiz + T2* Lradbiz

;rbdvgpi2

d/dt(Lipavepiz) = B*Savepia™ Tin/No - (+y)*Livavepiz - (1/Xp)*Libdvepiz - CLp™Libdvepiz = CLdve™ Libdvepi2
d/dt(BrdegpiZ) = Y*LrbdvgpiZ - (H+G)*Brbdvgpi2 + TZ*Brbdoio + TZ*Brbdaio - (I/Xp)*BrbdvgpiZ -
CBdvg ™ Brbdvepiz T T2*Brbdoi2 T T2*Brbdabiz T T2*Brbabiz

d/dt(Lipavepiz) = 0*Brodvepiz - () * Lipavepiz T T2 Libdoio T T2 Libdaio - (1/Xp) *Libdvepiz - Cip™ Irbdvepiz -
Clavg ™ Libdvgpiz T T2*Libdoiz T T2* Libdabiz + T2* Lvabiz

NdvgpiZ = degpiz + Lrodvgpiz + Brodvgpiz + Irodvgpiz + Lradvgpiz + BradvgpiZ + IradvgpiZ + LrbdvgpiZ + BrbdvgpiZ
+ Lipdvepiz

;BoxX Navgiz
1nit degiz =0

;init Baygio = Baygi20
;1nit LdvgiZ = LdVgiZO
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;il’lit Idvgi2 = Idvgi20

LdvgiZ = Lrodvgi2+Lradvgi2+Lrdegi2
Baveiz = BrodvgiztBradveiz T Brbdveiz
IdvgiZ = IrodVgiZ"—IradvgiZ—'—IrbdvgiZ

1nit Lrodvgiz =0
nit Lradvgi2 =0
1nit Libdveiz = 0
nit Brodvgiz =0
1nit Bradvgiz = 0
nit Brbdvgi2 =0
1nit Lodveio = 0
nit Iradvgi2 =0
1nit Libdveio = 0

d/dt(Sqvgi2) = - W*Savgiz - B*Savgi2*Tiro/No + 6*Lrodvgiz - B*Savei2™ Tira/No + 6™ Lragvgiz -
B*Sdvgin* Tirn/No + 8*Lipavgiz + (1/Xp)*Savepiz - (1/(Xg-Xp)*Saveiz) + CrLave™(Lrodveiz + Lradveiz +
LrbdvgiZ) + CBdVg*(BrodvgiZ + BradvgiZ + BrdegiZ) + Cldvg*(IrodvgiZ + Iradvgiz + IrbdvgiZ)

;rodvgi2
d/ dt(LrodVgi2) = B*degiZ*TIro/NO - (H+'Y)*Lrodvgi2 + (1/ Xp)*LrodVgpiZ - (1/ (Xg'Xp)*LrodvgiZ) -
CLdvg™ Lrodvgi2
g odvg
d/ dt(Brodvgi2) = Y*Lrodvgi2 - (H+G)*Brodvgi2 + (1/ Xp)*BrodvgpiZ - (1/ (Xg'Xp)*BrodvgiZ) - Cdeg*Brodvgi2
d/ dt(IrodVgiZ) = G*Brodvgiz - (H+8)*Irodvgi2 + (1/ Xp)*IrodVgpiZ - (1/ (Xg'Xp)*IrodvgiZ) - CIdVg*IrodvgiZ

;radvgi2

d/ dt(LradVgiZ) = B * SdVgiZ*Tlra/N 0- (“+'Y) * Lradvgi2 + ( 1/ Xp)*LradVgpiZ - ( 1/ (Xg'Xp) * Lradvgiz) -

CLdvg* Lradvgi2

d/dt(BradVgiZ) = Y*LradvgiZ - (PH_G) *BradvgiZ + ( 1 /Xp) *Bradvgpiz - ( 1 /(Xg'Xp)*BradvgiZ) - CBdVg*BradVgiZ
d/ dt(lradvgiZ) = G*BradvgiZ - (H+8)*Iradvgi2 + (1/ Xp)*IradVgpiZ - (1/ (Xg'Xp)*IradvgiZ) - Cldvg*IradvgiZ

;rbdvgi2

d/ dt(LrdegiZ) = B*degiZ*TITb/NO - (H+Y)*Lrbdvgi2 + (1/ Xp)*Lrbdvgpiz - (1/ (Xg'Xp)*Lrbdvgiz) -
CLdvg*LrdegiZ

d/dt(Brbavgi2) = Y*Livdveiz - (UH6)*Brvaveiz + (1/Xp)*Brodvgpiz - (1/(Xg-Xp)*Brbaveiz) - CBdve*Brbdvei2
d/dt(lrbdvgiZ) = G*Brbdvgiz - (PH_S)*IrdegiZ + (I/Xp)*lrbdvgpiz - (1/(Xg‘Xp)*Irbdvgi2) - CIdvg*IrbdvgiZ

Navgi2 = Savei2 + Lrodvgi2 + Brodveiz + Irodveiz + Lradveiz + Bradveiz + Iradveiz + Livdveiz + Brbaveiz + Iibdveiz
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;BoxX Navin

it Sgyip =0

;init Baviz = Bgyi20
;init Layiz = Lavi20
;init Igvio = I4vi20

Lavi2 = LrodviztLradvi2tLibaviz
Bavi2 = Brodvi2tBradvi2 T Brbdviz
Livi2 = Lroavio T lraavi2 T Libdviz

mit Lyogviz =0
it Liagviz =0
mit Lipgyin =0
1nit Bogviz = 0
it Bragvio =0
nit Bipaviz = 0
mit Logvio =0
it Iagvio = 0
mit Lpgviz =0

d/dt(Savi2) = - W¥*Savi2 - B*Savi2* Tiro/No + 0*Lrodviz - B*Savi2*Tira/No + 8*Lragviz - B*Savia*Tire/No +
O* Lipaviz T (1/(Xg=Xp)) *Savgiz - (1/(Xy-Xg-Xp)*Saviz) + cLav*(Lrodviz + Lradviz + Libaviz) +
CBdv™* (Brodvi2 T Bradvi2 + Brbavi2) T Ciav*(Irodviz + Tradviz + Tibdviz)

;rodvi2

d/dt(Lroavi2) = B*Savi2*Tiro/No - (1Y) Lrodviz - CLdv*Lrodviz + (1/(Xg-Xp)) *Liodveiz - (1/(Xy-Xg-
Xp)*Lrodvi2)

d/dt(BrodviZ) = Y*Lrodviz - (PH_G)*BrodViZ - CBdV*Bl‘OdViZ + (1/(Xg‘Xp))*BrodVgi2 - (1/(Xv‘Xg‘Xp)*Brodvi2)
d/ dt(Irodvi2) = G*Brodvi2 - (M+6)*Irodvi2 - Cldv*Irodvi2 + (1/ (Xg'XP))*IrodvgiZ - (1/ (Xv'Xg'Xp)*IrodviZ)

;radvi2

d/dt(Liadvi2) = B*Savi2* Tira/No - (U+y)*Lradviz - CLav*Lradviz T (1/(Xg-Xp)) *Lradvein - (1/(Xy-Xg-
Xp)*LradViZ)

d/ dt(Bradvi2) = Y*Lradvi2 - (H+G)*Bradvi2 - Cde*Bradvi2 + (1/ (Xg'XP))*Bradvgi2 - (1/ (Xv'Xg'Xp)*Bradvﬁ)
d/ dt(Iradvi2) = G*Bradvi2 - (M+6)*Iradvi2 - Cldv*Iradvi2 + (1/ (Xg'XP))*Iradvgi2 - (1/ (Xv'Xg'Xp)*IradviZ)

;rbdvi2
22



d/dt(Lipaviz) = B*Savi2* Ties/No - (1Y) *Livaviz - CLav*Livaviz + (1/(Xg-Xp)) *Lipavgiz - (1/(Xy-Xg-
Xp)*Livaviz)

d/dt(Brbaviz) = Y*Livaviz - (W+6)*Broaviz - €dv*Broaviz T (1/(Xg-Xp)) *Broavgiz - (1/(X-Xg-Xp)*Broaviz)
d/dt(Lpaviz) = 6™Brvavia - (U+06)*Lvavia - Crav* Lvaviz + (1/(Xg-Xp)) *Ibavgiz - (1/(X-Xg-Xp) *Irpaviz)

NdviZ = SdVi2 + Lrodvi2 + Brodvi2 + Irodvi2 + Lradvi2 + Bradvi2 + Iradvi2 + Lrbdvi2 + BrbdviZ + IrdeiZ

;Box Nyoin

it Sqoi2 =0
L1020 =0

Laoi2 = Lrodoi2tLradoi2TLrbdoi2
Baoiz = BrodoiztBradoiz T Brbdoi2
Laoiz = Irodoiz T radoiz Flrbdoiz

it L;ogoip = 0
it Lagoin =0
it Lipgoip = 0
it Brogoiz = 0
1nit Bragoip = 0
it Bpgoiz =0
it Liogoip = 0
mit Lagoin =0
1nit Lipgoip = 0

d/dt(sdoiZ) =- H*Sdoiz - B*SdOiZ*TII‘O/NO + 8*IrodoiZ + CBrodo*BrodoiZ + Clrodo*IrodoiZ - B*SdoiZ*TIra/NO +
O*Lradoi2 T CBrado™Bradoi2 1 Cirado™Iradoi2 = B™Sdoi2™* Ti/No + 0™ Lindoiz + CBrbdo *Brbdoiz T Cirbdo™ Irbdoiz T
(/XX g-Xp))*Saviz + 1/(Xp-Xai) *Sabiz + (1/Xa0)*Sdaiz

;rodoi2

d/dt(Lrodoiz) = B*Saoi2™Tiro/No = (W) *Lrodoiz + (1/(Xy-Xg=Xp)) *Lioaviz T 1/(Xp-Xai) *Liodbiz +

( 1/ Xao)*LrodaiZ

d/ dt(Brodoi2) = 'Y*Lrodoi2 = (M+G)*Brodoi2 - CBrodo*Brodoﬁ + (1/ (Xv'Xg'Xp))*Brodvi2 - Tabi2*Brodoi2 +
1/(X-Xai) *Brodbiz = Tai2 *Brodoi2 + (1/Xa0) *Brodaiz-T2*Brodoi2

d/dt(lrodoiZ) = G*Brodoiz - (PH_S)*IrodoiZ = cIrodo*IrodoiZ + (1/(XV‘Xg'Xp))*IrodVi2 = TabiZ*IrodoiZ + 1/()(b‘
Xai)*IrodbiZ - TaiZ*IrodoiZ + (1/ Xao)*lrodaiZ‘TZ*IrodoiZ

;radoi2
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d/dt(LradoiZ) = B*SdoiZ*TIra/NO - (M'H{)*LradoiZ + (1/(XV'Xg' p))*LradviZ + 1/()(b')(ai)*LradbiZ +

( 1/ Xao)*Lradai2

d/dt(BradoiZ) = 'Y*LradoiZ - (PH—G)*BradoiZ - CBrado*Bradoi2 + (1/(Xv'Xg'Xp))*Bradvi2 - TabiZ*Bradoi2 +
1/ (Xb'Xai)*BradbiZ - TaiZ*BradoiZ + (1/ Xao)*BradaiZ'T2*Brad0i2

d/dt(Iragoi2) = 6*Bradoiz - (U+8)*Lradoi2 = Cirado™Iradoiz + (1/(Xy-Xg-Xp)) *Lradviz - Tabiz*Iradoiz + 1/(Xp-
Xai) *Iradvi2 - Tai2*lradoiz + (1/Xa0) *Iradain=T2* Iradoi2

;tbdoi2

d/dt(Lipdoiz) = B*Sdoi2™ Tis/No - (U4Y)*Livdoiz T (1/(Xy-Xg-Xp)) *Livaviz T 1/(Xp-Xai)*Livaviz +

( 1/ Xao)*Lrbdaiz

d/dt(Brpgoiz) = Y*Livdoiz - (1+6)*Brodoiz - CBrbdo *Brbdoiz T (1/(Xy-Xg-X5)) *Broaviz - Tabi2*Brovdoi2 +
1/(Xp-Xai) *Bibdbiz - Taiz*Brovdoiz T (1/Xa0) *Brodaiz-T2*Brovdoi2

d/dt(Iipaoiz) = 6™Brodoiz - (1+0)*Lipdoi2 - Cirbdo *Irbdoiz T (1/(Xy-Xg=Xp)) *Lrpaviz - Tabiz*libdoiz + 1/(Xp-
Xai) *Tibdviz - Taiz*libdoiz T (1/Xa0) *Tivdaiz-T2* Lrbdoi2

Naoi2 = Sdoi2 + Lrodoiz + Brodoi2 T Irodoi2 T Lradoiz + Bradoiz * Iradoi2z T Libdoiz T Brbdoiz T Irbdoi2

;Treatment with artesunate in intervention 2
> NdaiZ

;Box Naaiz

it Sgaip =0

;init Baai2 = Bai20
;init Lyaiz = Laai20
;init Igaip = ldai20

Lgai2 = LrodaiztLradaiTLibdai
Baai2 = Brodaiz tBradai2 TBrodai2
Ldai2 = IrodaioHradaio T Irbdaiz

mit Lyogain =0
nit Liagaip =0
it Lipgain =0
nit Biogaip = 0
init Biagaip =0
nit Bipdaip = 0
it Logain =0
nit Iagaip = 0
nit Lipgap = 0

d/dt(Sdai2) = - W*Sdai2 - B*Sdaiz*Tiro/No + 8*Irodaiz + CBroda™Brodai2 T Ciroda™Irodai2 = B*Sdaiz* Tira/No +
6*Iradai2 + CBrada*BradaQ + Clrada*lradai2 - B*SdaiZ*T]rb/N 0 + 8>l<Irbdai2 + CBrbda*BrbdaiZ + C]rbda*lrbdaﬁ -
(1/>(a0)>l< Sdai2
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;rodai2

d/ dt(LrodaiZ) = B*SdaiZ*TIro/NO - (M+Y)*Lr0dai2 - (1/ Xao)*Lrodai2

d/ dt(BrodaiZ) = 'Y*LrodaiZ - (PH—G)*BrodaiZ - CBroda*Brodai2 + TaiZ*Brod0i2 - (1/ Xao)*BrodaiZ
d/dt(Iodaiz) = 6*Brodaiz = (118)*Lrodai2 = Ciroda™ Irodaiz + Tai2 *Irodoi2 = (1/Xa0) *Lrodaiz

;radai2

d/dt(Lyadaiz) = B*Sdaiz* Tira/No - (1Y) *Lradaiz = (1/Xa0)*Lradaiz

d/dt(BradaiZ) = Y*Lradai2 - (PH—G)*BradaiZ - CBrada*BradaiZ + Tai2*Brad0i2 - (I/Xao)*BradaiZ
d/ dt(Iradai2) = cY*BradaiZ - (H+8)*Iradai2 - Clrada*lradai2 + Tai2*Iradoi2 - (1/ Xao)*IradaiZ

;tbdai2

d/dt(Lipdaiz) = B*Sdai2* Tin/No - (W+Y)*Livdaiz - (1/Xa0)*Libdaiz

d/dt(Brbdaiz) = Y*Libdai2 - (U+06)*Brbdaiz - CBibda™Brbdaiz T Tai2*Brbdoi2 - (1/Xa0)*Brodaiz
d/dt(Iipdaiz) = 6*Brodaiz - (UH0)*Lipdaiz - Crrvda™ Irbdaiz + Taiz*livdoiz - (1/Xa0) *Libdaiz

Naai2 = Sdaiz T Lrodaiz + Brodai2 + Irodai2 T Lradaiz T Bradaiz T Iradaiz T Libdaiz + Brbdaiz + Libdaiz

;Treatment with ACT (artesunate + piperaquine) during intervention 2
5 Ndabi2, Nabiz

;BOX Nabi2

it Sqapin =0

;init Baabiz = Babi20
;init Laabiz = Laabi20
sinit Igapio = Idabi20

Lgabi2 = Lrodabi2 TLragabioLibdabiz
Baabiz = BrodabizTBragabio T Brbdabiz
Lgabio = Irodabiztlradabiz TIrbdabiz

init Lrodabiz = 0
it Lrag,pip =0
init Lipdabiz = 0
init Brodabiz = 0
init Bragapip = 0
init Brydabiz = 0
init Irodabiz = 0
init Iradabio = 0
init Iipdabiz = 0



d/dt(Sdabiz) = - W¥*Sdabiz - B*Sdabi2* Tire/No + 6*Lrodabiz T CBrodab *Brodabiz + Cirodab ™ Lrodabi2 -
B*Sdabiz* Tira/No + 8*lradabiz + CBradab™Bradabiz + Ciradab™ Iradabiz = B*Sdabi2™* Trb/No + 0* Lipdabiz +
CBrbdab” Brbdabi2 T Cirbdab ™ Irbdabiz = (1/Xai™Sdabiz)

;rodabi2

d/dt(Lrodabi2) = B*Sdabiz* Tiro/No - (W+Y)*Lrodabiz - (1/Xai)*Lrodabi

d/dt(Brodabiz) = Y*Lrodabiz - (1+6)*Brodabiz = CBrodab™Brodabiz = (1/Xai)*Brodabiz T Tabi2*Brodoi2 -
T2*Br0dabi2

d/dt(Lrodabiz) = 0™*Brodabiz - (M+0)*Lrodabiz - Cirodab™Irodabiz = (1/Xai)*Irodabiz 1 Tabiz*Irodoiz = T2*Irodabiz

;radabi2

d/dt(Lragabi2) = B*Sdabi2™Tira/No - (U+Y)*Liadaviz - (1/Xai)*Lradabiz

d/dt(BradabiZ) = 'Y*Lradabi2 - (H+G)*Bradabi2 - CBradab*BradabiZ - (I/Xai)*BradabiZ + TabiZ*BradoiZ -
T2*Bradabi2

d/dt(Iragabiz) = 6™Bradaviz - (W10)*Lradabiz - Ciradab™ Iradabiz - (1/Xai)*Lradabiz + Tabiz*Tradoi2 - T2* Iradaviz

;rbdabi2

d/dt(Lipdabiz) = B*Sdabi2™ Tr/No - (1+Y)*Lipdaviz - (1/Xai)*Livdabiz

d/dt(Bipgabiz) = Y*Livdabiz - (W+H0)*Brvdabiz - CBrvdab™Brbdabiz + Tab™Brodviz - (1/Xai)*Brpdabiz +
Tabi2 *Brbdoi2 = T2*Brbdabiz

d/dt(Iibdabiz) = *Bibdabiz = (L1+0)*Libdabiz - Crrbdab * Libdabiz + Tab™ rbdbiz = (1/Xai)*Iibdabiz + Tabiz*Irbdoi -

T2 *Libdabiz

Naabi2 = Sdabi2 T Lrodabi2 + Brodabiz T Irodabiz + Lradabiz T Bradabiz + Iradabiz + Libdabiz + Brbdabiz + Irbdabi2

;Box Nabin

it Sqpip =0

;init Bapiz = Bgbi20
;init Lapio = Lapi20
;init Igpio = Igpi20

Laviz = LrodbiztLradbiztLrbdbiz
Babi2 = BrodbiztBradviz T Brbdbiz
Laviz = Lrodbiz T Lradbi2 T Lrbdbiz

mit Logpin =0
nit Liagpiz =0
mit Lipgpin =0
nit Bogiz = 0
it Bragbio =0

26



init Bypgpiz = 0
nit Logpip =0
it Iagpip = 0
it Lpapiz =0

d/dt(Saviz) = - W*Sabiz = B*Sabiz* Tiro/No + 8*Lrodbiz + CBrodb *Brodbiz + Cirodb *Irodbiz = B*Sabiz* Tra/No +

&*Iradbi2 1 CBradb™Bradbiz + Crradb ™ Lradbiz = B*Sabi2* Trt/No + 8*Lindbiz + Corbdb *Brbdbiz + Cirbab ™ Lrbabiz +
(1/Xai*Sdabiz) - 1/(Xp-Xai)*Saviz

;rodbi2
d/dt(Lroabiz) = B*Sdabi2* Tiro/No - (LHY)*Lrodbiz T (1/Xai)*Lirodabiz = 1/(Xp-Xai) *Lrodbiz
d/dt(Brodbiz) = 7*Liodbiz - (1+6)*Brodbiz = CBrodb ™ Brodbiz 1 (1/Xai)*Brodabiz = 1/(Xb-Xai)*Brodbi2 -

T2*Brodbiz
d/dt(Irodbiz) = 0*Brodbiz - (1H8)*Lrodbiz = Cirodd * Trodbiz + (1/Xai)*Lrodabiz - 1/(Xb-Xai) * Lrodbiz = T2*Irodbiz

;radbi2

d/dt(Lragviz) = B*Sabi2*Tira/No - (W+Y)*Liadviz T (1/Xai)*Lradabiz - 1/(Xp-Xai)*Lradbiz

d/dt(Bragbi2) = Y*Lradviz - (W+06)*Bragbiz - CBradb™Bradviz T (1/Xai)*Bradabiz - 1/(Xp-Xai) *Bradviz -
T2*Bradbiz

d/dt(Iradvi2) = 6*Brabiz - (W+0)* Iradbiz - Crradb ™ Iradbiz + (1/Xai) *Lradabiz - 1/(Xb-Xai) *Lradbiz - T2* Iradbiz

;tbdbi2

d/dt(Lipavi2) = B*Savi* Tiv/No - (U4+Y)*Livaviz T (1/Xai)*Livdaviz - 1/(Xp-Xai) *Libdbiz

d/dt(Brvaviz) = Y*Livaviz - (1+6)*Brbdbiz - CBrbdb *Brodbiz - Tab™Brodviz + (1/Xai)*Brodaviz - 1/(Xo-
Xai)*Brodbiz - T2*Brodviz

d/dt(Lpaviz) = 0*Bivdbiz - (1+H0)*Libdviz - Crrbdb ™ Iivdbiz = Tab™ Iibdbiz T (1/Xai) *Libdaviz = 1/(Xp-Xai) *Lpaviz -
T2 * Lpdbiz

Nabi2 = Sabi2 + Lrodbiz T Brodbiz + Irodbiz T Lradbiz T Bradbiz + Iradbiz T Libdbiz + Brodbiz + Libdbiz

;CHECKS AND TOTALS

check = Ny - (Ndoio + Naaio + Naabit + Nabit T Ndoit + Ndabio T Nabio + Ndaita + Ndabita + Nabita +
Navgpiz + Navgi2 + Naviz + Naoiz + Naaiz T Naaviz + Nabiz)

Tn = Naoio + Naaio TNdabit T Nabi1 T Ndoi1 + Naabio + Navio T Ndaita + Naavita T Navita T Navepiz +
Navgi2 T Navi2 T Ndoi2 + Naai2 + Naaviz + Naviz
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Nra = (Iradoio + Iradaio + Iradabil + Iradbil + Iradoil + Iradabio + Iradbio + Iradaila + Iradabila + Iradbila) + (Bradoio
+ Bradaio + Bradabil + Bradvit T Bradoit T Bradabio T Bradbio T Bradaita + Bradabita + Bradbita) T (Iradvepiz
IradvgiZ + Iradvi2 + Iradoi2 + Iradai2 + Iradabi2 + Iradbi2) + (Bradvgpiz + Bradvgi2 + BradViZ + BradoiZ + Bradai2 +
Bradabi2 + Bradbi2)

Nib = (Itbdoio T Trbdaio + Ibdabit + Iibabit + Iibdoil + Iibdabio T Iibdbio T Iibdaita + Iibdabita T Iibdbita) +
(Brbdaita T Brbdoio T Brodaio T Brbdabil + Brbdvit T Brbdoil + Brodabio T Brbdbio T Brbdaila T Brbdabita T
Brbabita) T (Iibdvepiz + Iivdveiz T Libdviz + Livdoi2  Ibdaiz T Iibdabiz  Ibabiz) + (Brbdaiz + Brbdvepiz T Brbdvein
+ Brvdviz T Brodoi2 T Brodaiz + Brbdabiz + Brodbiz)

T = (Lioio + Laaio T Laabit + Lavit T ldoit * ldabio + Labio + Ldaita + Laabita T ldbita) + (Bdoio + Bdaio T Bdabii
+ Babit + Baoit + Bdabio T Bdbio  Bdaita + Bdabita T Babita) T (Lavepiz + Laveiz + Laviz + laoiz + ldaiz +
Liabiz + Iavi2) + (Bavepiz + Bavgi2 T Bavgiz T Baoi2 + Bdai2 T Bdabiz T Babiz)

B =amp*((1-bn)*B,)*cos(2*3.14159*(time-n)) + ((1-bn)*f,)
= 0.5 ; peak time for malaria transmission with 0=January
amp = 0.67 ; amplitude of seasonal variation with value 0 to 1

q=(u+y)*(uto)*(uto)/(c*y)

cost, = 0; cost of resistance to artesunate
cost, = 0; cost of resistance to piperaquine

TIro = Irodoio + Irodaio + Irodabil + Irodbil + Irodoil + Irodabio + Irodbio + Irodaila + Iradabila + Iradbila + IrodvgpiZ
+ Lrodveiz T Irodviz 1 Irodoi2 + Trodai2 + Tradabiz + radbiz

TIra = (l'COSta)*(Iradoio + Iradaio + Iradabil + Iradbil + Iradoil + Iradabio + Iradbio + Iradaila + Iradabila + Iradbila
+ Lradvepi2 + Iradvgiz T Iradviz + Iradoi2 + Tradai2 + Iradabiz + Iradbiz)

Ty = (1-costp)*(Iivdoio + Irbdaio + Ibdavit T Iibdbit + Ibdoit T Iibdabio + Ibdbio T Iibdaita T Iibdabita + Livdbita

+ Libdvepiz T Irbdvgiz T Ibaviz + Iibdoiz + Iibdaiz + Iibdabi + Ibdbiz)
TI:TIr0+TIra+TIrb

Tilcum' =1l >l<(Ndoio + Ndaio)
Ti1cumeov = (IOO*Tilcum)/TN
mit Tijeum = 0

perc, = 100*N,,/Tip ; percent of blood stage infections resistant to artesunate
percy, = 100*N,/Tig ; percent of blood stage infections resistant to piperaquine
percis = 100*Ts/Tx ; percent of infections that are blood stage

iit(IToda)=0
ITroda':Brodaio + Brodaila + Lrodaio + Lrodaila + Irodaio + Irodaila + Brodabio + Brodabil + Brodabila + Lrodabio +
Lrodabil + Lrodabila + Irodabio + Irodabil + Irodabila + BrodabiZ + LrodabiZ + IrodabiZ + BrodaiZ + Lrodai2 + Irodai2

init(IT;oq,)=0
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IT 0d6"=BrodbioT Brodbitt Brodbita™ LrodbioT Lrodbi1 ™ Lrodbitat IrodbioT Irodbiit Irodbita® Brodabiot Brodabil T
Brodabilat LrodabioT Lrodabitt Lrodabita® Irodabiot Irodabii T Irodabila T Irodabita + Brodabiz + Lrodabiz + Irodabiz T
Brodbiz T Lrodbiz T Irodbiz

init(ITsaa)=0
ITrada':Bradaio_" Bradai1a+ Lradaio+ Lradai1a+ Iradaio+ Iradai1a+ Bradabio+ Bradabi1+ Bradabi1a+ Lradabio+
Lradabi1+ Lradabi1a+ Iradabi0+ Iradabi1+ Iradabila + Bradabi2 + Lradabiz + Iradabi2 + BradaiZ + LradaiZ + IradaiZ

nit(ITyuqp)=0

IT agb =Bradbio™ Bradvit™ Bradvitat Lradbio™ Lradbitt Lradbita® Iradbio™ Tradbitt Iradbila®™ Bradabio™ Bradabitt
Bradabila+ Lradabio+ Lradabil+ Lradabila+ Iradabi0+ Iradabi1+ Iradabila + Bradabi2 + Lradabiz + IradabiZ + Bradbi2 +
Liagvi2 + Tradbiz

nit(ITypg,)=0
IT pda=Brbdaiot Brbdaitat Libdaiot Libdaita™ Irbdaio™ Irbdaita® Brbdabiot Brbdabi1 ™ Brbdabitat Libdabiot
Livdabit T Lrbdabitat Irbdabio™ Irbdabil T Iibdabita + Brbdabiz + Libdabiz + Irbdabiz T Brbdaiz T Libdaiz + Irbdaiz

nit(ITpgp)=0

ITbdb =Brbdvio™ Brbdbil ™ Brbdbita®™ LivdbioT Lrbdbit T Libdbita™ Iibdbio™ Libabit T Iibdbita® BrbdabioT Brodabit
Brvdabitat Libdabiot Libdabitt Libdabita™ Irbdabio™ Irbdabit ™ Irbdabita T Brodabiz T Libdabiz T Irbdabiz T Brodbiz +
Libdbiz * Lrbabiz
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