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Supplement 14 

Section 1: Data and Drugs 15 

Overview of compounds and data used for analysis of parasite growth P. berghei and P. falciparum in 16 

their respective murine host and drug efficacy experiments. 17 

Table S1: List of compounds including compound characteristics 18 

Drug Molecule class Mode of action  Literature 

ACT-451840 phenylalanine‐based  
Interaction with multidrug resistance protein-1 

(PfMDR1), needs further investigation 

1,2 

CQ 4-aminoquinoline Inhibits heme polymerization in food vacuole 

3 

MMV390048 2-aminopyridine Inhibits phosphatidylinositol 4‑kinase (PfPI(4)K)  

3,4 

OZ439 peroxide 
Peroxidative damage and oxidative stress through 

reductive activation by heme, needs further investigation 

5,6 
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Table S2: Overview of data used in fitting parasite growth and drug action parameters (parasite density 20 
data), and concentration-time profiles (concentration time data). Doses are given in mg/kg. 21 

 Data Concentration time data Parasite density data 

P
. 
b

er
g

h
ei

 i
n

 n
o

rm
a
l 

m
ic

e 

Undisturbed 

parasite growth 
- 

No. mice: 215 

No. experiments: 43 

Mice per experiment: 2-5 

Data source: Swiss TPH 

ACT-451840 

No. mice: 12 

No. experiments: 3 

Mice per dose: 4 

Quadruple dose: 100  

Data source: Idorsia 

No. mice: 69 

No. experiments: 4 

Mice per dose: 3-5 

Single dose: 10, 15, 20, 25, 30, 60, 80, 100, 300 

Triple dose: 3, 10, 2x15, 30, 50, 2x30, 100, 300  

Data source: Idorsia 

CQ 

No. mice: 2 

No. experiments: 1 

Mice per dose: 2 

Single dose: 10, 100, 300  

Data source: Swiss TPH 

No. mice: 72 

No. experiments: 8 

Mice per dose: 2-5 

Single dose: 3, 10, 30, 100  

Quadruple dose: 3, 10, 30, 100  

Data source: Swiss TPH 

MMV390048 

No. mice: 9 

No. experiments: 3 

Mice per dose: 3 

Single dose: 1, 10  

Data source: MMV 

No. mice: 65 

No. experiments: 3 

Mice per dose: 3-6 

Single dose: 0.5, 1, 2, 3, 10, 25, 30  

Quadruple dose: 0.3, 0.5, 0.8, 1, 3  

Data source: Swiss TPH 

OZ439 

No. mice: 6 

No. experiments: 1 

Mice per dose: 3 

Single dose: 30, 100  

Data source: MMV  

No. mice: 220 

No. experiments: 13 

Mice per dose: 5-10 

Single dose: 0.1, 0.3, 1, 1.5, 2, 3, 5, 10, 15, 20, 

25, 30, 50, 100  

Triple dose: 1, 3, 10  

Data source: Swiss TPH 

P
. 
fa

lc
ip

a
ri

m
 i

n
 N

O
D

 sc
id

IL
-2

R
' 

c-
/-

 m
ic

e 

Undisturbed 

parasite growth 
- 

No. mice: 132 

No. experiments: 32 

Mice per experiment: 2-8 

Data source: GSK, Swiss TPH, TAD 

ACT 451840 

 

No. mice: 3 

No. experiments: 1 

Mice per dose:3 

Single dose: 3  

Data source: Idorsia 

No. mice: 12 

No. experiments: 1 

Mice per dose: 3 

quadruple dose: 3, 10, 30, 100  

Data source: Idorsia 

CQ 

No. mice: 4 

No. experiments: 1 

Mice per dose: 4 

Single dose: 50  

Data source: Swiss TPH 

No. mice: 14 

No. experiments: 3 

Mice per dose: 2-3 

Single dose: 50 mg/kg 

Quadruple dose: 2, 5, 10, 50 

Data source: Swiss TPH 

MMV390048 

No. mice: 48 

No. experiments: 7 

Mice per dose: 1-2 

Double dose: 1,10  

Quadruple dose: 0.25, 0.5, 1, 5, 10, 20  

Data source: GSK, TAD 

No. mice: 50 

No. experiments: 7 

Mice per dose: 1-2 

Double dose: 1,10,  

Quadruple dose: 0.25, 0.5, 1, 5, 10, 20 

Data source: GSK, TAD 

OZ439 

No. mice: 34 

No. experiments: 4 

Mice per dose: 2 

Single dose: 0.5, 1, 3, 5, 10, 20, 30, 50, 75, 100  

Double dose: 25 

Data source: GSK, Swiss TPH 

No. mice: 48 

No. experiments: 4 

Mice per dose: 2 

Single dose: 0.5, 1, 3, 5, 10, 20, 30, 50, 75, 100 

Double dose: 25 

Data source: GSK, Swiss TPH 
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Section 2: Mechanistic models 23 

 24 

Figure S1: Standardized workflow for the systematic analysis of preclinical drug efficacy experiments. The 25 
workflow was designed to assist execution of consistent analysis of parasite growth and drug treatment experiments 26 
in a preclinical setting. 27 
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Table S3: Equations (ordinary differential equations) for the parasite growth models. Models are annotated in a modular construction system. The equation 28 

for uninfected (𝑋) and infected (𝑌) RBCs and merozoites (𝑀) for the respective model are listed in the table below. The annotations represent mouse RBCs (𝑚), 29 

human RBCs (ℎ) and reticulocytes (𝑅). Parameter annotations can be found in Table S4. 30 

Model a (base) 
dXm

dt
  = ν − µXm

 Xm − βXmM     (1) 

dYXm,1

dt
= βXmM − αYXm,1     (2) 

dYXm,i

dt
= αYXm,i−1- αYXm,i ,  i = 2, . . , n    (2.1) 

dM

dt
    = −β(Xm + YXm)M + αrYXm,n − δM   (3) 

 
with:    YXm = ∑ YXm,i

n
i=1  

 

P =  
YXm

Xm + YXm
100 

 

and initial conditions:      Xm,0 = Xm,0,          M0 = 0 

YXm,0,i = ω
inoculum

Vn
 

Model b (bystander) 
dXm

dt
  = ν − (µXm

+ γ)X − βXmM    (4) 

dYXm,1

dt
= βXmM − αYXm,1     (2) 

dYXm,i

dt
= αYXm,i−1- αYXm,i , i = 2, . . , n    (2.1) 

dM

dt
    = −β(Xm + YXm)M + αrYXm,n − δM   (3) 

with :    YXm = ∑ YXm,i
n
i=1  

γ     =
γmaxYXm

kγ50 + YXm
 

P =  
YXm

Xm + YXm
100 

 

and initial conditions:      Xm,0 = Xm,0,          M0 = 0 

YXm,0,i = ω
inoculum

Vn
 

Model c (comp. erythr.) 
dXm

dt
  = ν − µXm

 Xm − βXmM     (1) 

dYXm,1

dt
= βXmM − αYXm,1     (2) 

dYXm,i

dt
= αYXm,i−1- αYXm,i , i = 2, . . , n    (2.1) 

dM

dt
    = −β(Xm + YXm)M + αrYXm,n − δM   (3) 

 

with:   YXm = ∑ YXm,i
n
i=1  

ν     =
νmax

1 +
Xm + YXm

kν50

Xm,0 

P =  
YXm

Xm + YXm
100 

 

and initial conditions:      Xm,0 = Xm,0,          M0 = 0 

YXm,0,i = ω
inoculum

Vn
 

Model d (impaired maturation) 
dXm

dt
  = ν − µXm

 Xm − βXmM     (1) 

dYXm,1

dt
= βXmM − lYXm,1     (2) 

dYXm,i

dt
= lYXm,i−1- lYXm,i , i = 2, . . , n    (2.1) 

dM

dt
    = −β(Xm + YXm)M + lrYXm,n − δM   (3) 

 

with:    YXm = ∑ YXm,i
n
i=1  

l      =  α −
lmaxYxm

2

kl,50Xm,0Yxm
2  

P =  
YXm

Xm + YXm
100 

 

and initial conditions:      Xm,0 = Xm,0,          M0 = 0 

YXm,0,i = ω
inoculum

Vn
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Table S3: Equations (ordinary differential equations) for the parasite growth models. Continued… 31 

Model e (reticulocytes) 
dR

dt
     = ν − τR R − βεRM       (5) 

dXm

dt
  = τR R − µXm

Xm − βXmM     (6) 

dYR

dt
   = βεRM − τYRYR −  αYR    (7) 

dYXm,1

dt
=  βXmM + τYRYR −  αYXm, 1    (8) 

dYXm,i

dt
= αYXm,i−1- αYXm,i , i = 2, . . , n    (8.1) 

dM

dt
    = −β(Xm + YXm)M − βε(R + YR) M + αrYXm,n − δM  (9) 

 
with:   YXm = ∑ YXm,i

n
i=1  

P =  
YXm + YR

Xm + R + YXm + YR
100 

 

and initial conditions: 

R0 = R0 

Xm,0 = Xm,0 

YR,0 = 0 

YXm,0,i = ω
inoculum

Vn
 

M0 = 0 

Model f (const. RBC decay) 
dXh

dt
   = inputRBC − (γ + λ)Xh − βXhM   (10) 

dXm

dt
  = ν − (λ + µXm

 )Xm       (11) 

dYXh,1

dt
 = βXhM − αYXh,1 − (γ + λ + φ)YXh,1    (12) 

dYXh,i

dt
 = αYXh,i−1 − (γ + λ + φ)YXh,i − αYXh,i , i = 2, . . , n  (12.1) 

dM

dt
    = −β(Xh + YXh)M + αrYXh,n − δM   (13) 

 
with:   YXh = ∑ YXh,i

n
i=1  

ν     =
νmax

1 +
Xh + Xm

kν50

 

γ     =
γmaxYXh

kγ50 + YXh
 

P =  
YXh

Xh + Xm + YXh
100 

H =  
Xh + YXh

Xh + Xm + YXh
100 

 

and initial conditions: 

Xh = H01010 

Xm,0 = (1 − H0)1010 

YXh,0,1 = ω
inoculum

Vn
 

M0 = 0

 32 

 33 

 34 

 35 

 36 

 37 
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Table S3: Equations (ordinary differential equations) for the parasite growth models. Continued… 38 

Model g (dd. RBC decay) 
dXh

dt
   = inputRBC − (γ + λ)Xh − βXhM   (10) 

dXm

dt
  = ν − (λ + µXm

 )Xm      (11) 

dYXh,1

dt
 = βXhM − αYXh,1 − (γ + χ + φ)YXh,1    (12) 

dYXh,i

dt
 = αYXh,i−1 − (γ + χ + φ)YXh,i − αYXh,i , i = 2, . . , n  (12.1) 

dM

dt
    = −β(Xh + YXh)M + αrYXh,n − δM   (13) 

 
with:   YXh = ∑ YXh,i

n
i=1  

γ     =
γmaxYXh

kγ50 + YXh
 

χ =
χmaxN

kχ,50+ N
, N =  Xh + Xm + YXh 

P =  
YXh

Xh + Xm + YXh
100 

H =  
Xh + YXh

Xh + Xm + YXh
100 

 

and initial conditions: 

Xh = H01010 

Xm,0 = (1 − H0)1010 

YXh,0,i = ω
inoculum

Vn
 

M0 = 0 

Model h (human RBC) 
dXh

dt
   = inputRBC − (γ + λ)Xh − βXhM   (10) 

dYXh,1

dt
 = βXhM − αYXh,1 − (γ + λ + φ)YXh,1    (12) 

dYXh,i

dt
 = αYXh,i−1 − (γ + λ + φ)YXh,i − αYXh,i , i = 2, . . , n  (12.1) 

dM

dt
    = −β(Xh + YXh)M + αrYXh,n − δM   (14) 

 

with:     YXh = ∑ YXh,i
n
i=1  

γ     =
γmaxYXh

kγ50 + YXh
 

P =  
YXh

Xh + YXh
100 

 

and initial conditions: 

Xh = H01010 

YXh,0,i = ω
inoculum

Vn
 

M0 = 0 
Model i (exponential)  
dP

dt
     = pgrP        (15) 

with initial condition: 

Po = Po 

 39 
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Table S4: Overview of model parameters of the mechanistic parasite growth models developed. Estimated 40 
parameters are denoted with Est. in the value column. (uninfected: uninf., infected: inf., calculated: calc., 41 
concentration: conc., erythrocyte: RBC) 42 

Process Model Para-

meter 

Value Unit Description Ref 

Mouse RBC dyn. a-c, f, g ν  1.04x107 [cells/mLh] Rate of RBCs production 7 

Mouse RBC dyn. a-g µXm
  1.04x10-3  [1/h] Death rate of uninf. RBCs 7 

Mouse RBC dyn. c, f νmax  2.00x10-3 [1/h] 
Maximum effect of total RBC conc. 

on ν 

 

Mouse RBC dyn. c, f kν50  1e10 [cells/mL] 
Concentration of total RBC 

concentration achieving 0.5 ν max 

 

P. berghei dyn. a-c, e α  0.042 n [1/h] 
Death rate of infected RBCs in each 

age stage 

7 

P. berghei dyn. a-h δ  0.5 [1/h] Death rate of merozoite 7 

P. berghei dyn. e τR  0.014 [1/h] 
Maturation rate of uninf. 

reticulocytes 

8 

P. berghei dyn. e ε  Est. [] Attraction of parasite to reticulocyte 8 

P. berghei dyn. e τYR  0.042  [1/h] Maturation rate of inf. reticulocytes 8 

P. berghei dyn. d 
𝛼0  

kl,50  
lmax  

0.042 n 

Est. 

0.2 

[1/h] 

[cells/mL] 

[1/h] 

Base death rate of infected RBCs 

Conc. of YXm achieving 0.5lmax  

Maximum death rate of inf. RBCs 

7 

P. falc. dyn. f, h λ  Est. [1/h] Base death rate of all RBCs  

P. falc. dyn. g χ  Est. [1/h] 
Total RBC conc. induced clearance 

of RBCs 

 

P. falc. dyn. g χmax  Est. [1/h] 
Maximum effect of total RBC 

concentration on 𝜒 

 

P. falc. dyn. g kχ,50  Est. [cells/mL] 
Total RBC conc. achieving 

0.5 𝜒𝑚𝑎𝑥 

 

P. falc. dyn. i p
gr

  Est. [1/h] 
Replication rate of parasite in 

exponential growth phase 

 

P. falc. dyn. f-h α  0.025 n [1/h] 
Death rate of inf. RBCs at each age 

stage 

9 

Parasite dyn. a-h n 12 - 
Number of modeled parasite age 

stages 

 

Parasite dyn. a-h   Est. [] Viability of parasite inoculum  

Parasite dyn. a-h β  Est. [cells/mLh] 
Rate of merozoites- RBC contact 

resulting in infection (infectivity) 

 

Parasite dyn. a-h r  Est. [] Number of merozoites per inf. RBC  

Parasite dyn. b, f-h γ  Est. [1/h] Infection induced RBC clearance  

Parasite dyn. b, f-h γmax  Est. [1/h] Maximum effect of inf. RBCs on γ  

Parasite dyn. b, f-h kγ50  Est. [cells/mL] Conc. of inf. RBCs resulting 0.5γmax  

Parasite dyn. f-h φ  Est. [1/h] Base clearance of inf. RBCs  

  43 
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Table S5: Overview of model parameters of the mechanistic parasite growth models developed. . Continued… 44 

Process Model Variable Value Unit Description Ref 

RBC dyn. a-g 
Xm, 

Xh  
- 

[cells/mL] 

[cells/mL] 

Mouse RBC conc. 

Human RBC conc.  

 

Parasite dyn. a-e 
YXm, 

YR, 

YXh. 

- 

[cells/mL] 

[cells/mL] 

[cells/mL] 

Inf. mouse RBC conc. 

Inf. reticulocyte conc. 

Inf. human RBC conc. 

 

RBC. dyn e R   [cells/mL] Reticulocyte conc.  

Parasite dyn. a-h M  - [cells/mL] Merozoite conc.  

Parasite dyn. a-h P  - [%] Parasitemia, Percentage inf. RBCs  

RBC dyn. f-g H  - [%] 
Hematocrit; Percentage human 

RBCs 

 

Mouse RBC dyn. a-g Xm,0  
1010 

or Calc. 
[cells/mL] Initial number of mouse RBCs 

 

RBC dyn. a-h Xh,0  Calc. [cells/mL] Initial number of human RBCs  

Mouse RBC dyn. e R0  58 [cells/mL] 
Initial number of reticulocytes, 

5% of 𝑋𝑚,0 

 

RBC dyn. f-h H0  Est. [%] Initial percentage of human RBCs 
8 

Parasite dyn. i P0  Est. [%] Initial parasitemia  

Model input a-h inoculum Data [c] Parasite Inoculum  

Model input f-h inputRBC Data [c] RBC injections  

Mouse RBC dyn. a-h V 1.23  [mL] Mouse blood volume 
10 

45 
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Table S6: Structural pharmacokinetic models. Models were built in a nested manner. No covariate model was 46 
developed. Models were evaluated based on difference in AIC and standard VPCs. Such that the one compartment 47 
model corresponding to the absorption and elimination strategies in the Table S6, Q1 and Vp1 were set to zero. 48 

Absorption Elimination Equation (2 compartments) 

1st order linear 𝑑𝐴𝑑

𝑑𝑡
= −𝑘𝑎𝐴𝑑 + 𝐼𝑛𝑝𝑢𝑡  

𝑑𝐴𝑐

𝑑𝑡
= 𝑘𝑎𝐴𝑑 −

𝐶𝑙

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑐
𝐴𝑐 +

𝑄1

𝑉𝑝1
𝐴𝑝1  

𝑑𝐴𝑝1

𝑑𝑡
=                        +

𝑄1

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑝1
𝐴𝑝1  

 

 

Michaelis-

Menten 

linear 𝑑𝐴𝑑

𝑑𝑡
= −

𝑣𝑚𝑎𝑥𝐴𝑑

𝑉𝑚𝑎𝑥,50+𝐴𝑑

+ 𝐼𝑛𝑝𝑢𝑡  

𝑑𝐴𝑐

𝑑𝑡
=

𝑣𝑚𝑎𝑥𝐴𝑑

𝑉𝑚𝑎𝑥,50+𝐴𝑑

−
𝐶𝑙

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑐
𝐴𝑐 +

𝑄1

𝑉𝑝1
𝐴𝑝1  

𝑑𝐴𝑝1

𝑑𝑡
=                                +

𝑄1

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑝1
𝐴𝑝1  

 

linear Linear and 

Michaelis-

Menten 

𝑑𝐴𝑑

𝑑𝑡
= −𝑘𝑎𝐴𝑑 + 𝐼𝑛𝑝𝑢𝑡  

𝑑𝐴𝑐

𝑑𝑡
= 𝑘𝑎𝐴𝑑  −

𝐶𝑙

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑐
𝐴𝑐 +

𝑄1

𝑉𝑝1
𝐴𝑝1 −

𝑣𝑚𝑎𝑥𝐴𝑑

𝑉𝑚𝑎𝑥,50+𝐴𝑑

 

𝑑𝐴𝑝1

𝑑𝑡
=                         +

𝑄1

𝑉𝑐
𝐴𝑐 −

𝑄1

𝑉𝑝1
𝐴𝑝1  

 

 49 

Parameter Unit Description 

ka [1/h] Absorption rate constant 

CL [mL/h] Drug Clearance 

Vc [mL] Volume of distribution 

Q1 [1/h] Inter-compartmental clearance  

Vp1 [mL] Volume of distribution of the peripheral compartment 

vmax [1/h] Maximum process rate 

Vmax,50 [ng/mL] Drug concentration with half-maximum process rate  

Variable   

Ad [ng] Amount of drug in dosing compartment (depot) 

Ac [ng] Amount of drug in central compartment 

Ap1 [ng] Amount of drug in peripheral compartment 

  50 
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Table S7: Drug action models fitted for each drug and parasite growth model combination. The effect E was 51 
added to the parameter of parasite death α for model a-h and directly subtracted from the growth rate pgr in case of 52 
model i. Bold parameters are calibrated against data during this modeling step. 53 

Model Equation Drug effect 

Clearance 𝑑𝑌

𝑑𝑡
= (… ) −

𝑬𝒎𝒂𝒙𝐶𝛾

𝑬𝑪𝟓𝟎
𝛾

+𝐶𝛾
𝑌 

𝑑𝑌𝐶𝑙

𝑑𝑡
=

𝑬𝒎𝒂𝒙𝐶𝛾

𝑬𝑪𝟓𝟎
𝛾

+𝐶𝛾
𝑌 − 𝑪𝒍𝒀𝑌𝐶𝑙  

 

Parasites Y are damaged by the drug with direct effect, 

dead parasites YCl are cleared with rate ClY 

Effect 𝑑𝐶𝑒

𝑑𝑡
= 𝒌𝒆(𝐶 − 𝐶𝑒) 

𝐸 =
𝑬𝒎𝒂𝒙𝐶𝑒

𝛾

𝑬𝑪𝟓𝟎
𝛾

+ 𝐶𝑒
𝛾 

 

Reversible direct effect with additional effect 

compartment, 

incorporates time-delay in drug action 

Emax 
𝐸 =

𝑬𝒎𝒂𝒙𝐶𝛾

𝑬𝑪𝟓𝟎
𝛾

+𝐶𝛾
 

 

Direct effect of the drug 

Turnover 
𝐸 = 𝒌𝑹𝑬𝒎𝒂𝒙 (

𝐶𝛾

𝑬𝑪𝟓𝟎
𝛾

+𝐶𝛾
− 𝐸) 

Indirect response 

 

 54 

Parameter Unit Description 

C [mg/mL] Drug concentration  

Ce [mg/mL] Drug concentration in effect compartment  

ClY [1/h] Clearance rate for damaged parasites  

E [1/h] Effect of the drug  

EC50 [mg/mL] Drug concentration causing 50% of maximum effect  

Emax [1/h] Maximum effect of the drug  

ke [1/h] First order rate constant for drug concentration in effect compartment  

kR [1/h] First order rate constant for biological intermediate 

𝛾  [] Hill-coefficient, parameter of steepness of the concentration-effect 

curve 

YCl [cells/mL] Parasites killed/damaged by the drug  

  55 
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Section 3: Parameter estimates 56 

Table S8: Estimated parameter values of P. berghei and P. falciparum growth models. Parameter estimation 57 
was performed using data specified in Table S2 and equations noted in Table S3. Parameter ranges estimated over 58 
all experiments are given for parameters 𝜷, 𝑯𝟎, 𝑷𝟎 and 𝒑𝒈𝒓. 59 

Model Description Parameter 

(95% CI) 

Unit Error  

(prop, add  

[% parasitemia]) 

Model a 

(base) 

β *  
r  
ω   

6.7e-11 – 1.7e-10  

14.5 (12.6;16.5) 

0.99 (0.99;0.99) 

[cells/mLh] 

 

 

0.35, 0.15 

Model b  

(bystander) 

β *  
r  
ω   
ymax  
ky50  

1.94e-10 – 5e-10 

11.5 (10;13.2) 

0.28 (0.22;0.35) 

0.02 (0.018;0.023) 

7.7e-5 (3.15e-5;1.9e-4)  

[cells/mLh] 

 

 

[1/h] 

[1010 cells/mL] 

0.35, 0.15 

Model c 

(comp. erythr.) 

β *  
r  
ω  

7.1e-11 – 1.70e-10 

14.5 (12.7;16.5) 

0.99 (0.99;0.99) 

[cells/mLh] 

 

 

0.37, 0.15 

Model d 

(impaired 

maturation) 

β *  
r  
ω   
kl,50  

9.8e-11 – 2.4e-10 

13.0 (11.4;14.9) 

0.74 (0.53;0.88) 

0.12 (0.095;0.17) 

[cells/mLh] 

 

 

[1010cells/mL] 

0.14, 0.14 

Model e 

(reticulocytes) 

β *  
r  
ω  
ε  

7.1e-11 – 1.2e-10 

10.6 (9.2;12.1) 

0.78 (0.12;0.99) 

5.1 (3.5;7.4) 

[cells/mLh] 

[1/h] 

 

 

0.39, 0.14 

Model f  

(const. RBC decay) 

β* 

H0* 
r  
λ 
γmax  
kγ50 

ω   
φ  

2.4e-10 – 1.6e-9 

0.40 – 0.69 

21.3 (18.6;24.5) 

0.010 (0.0099; 0.010) 

0.44 (0.38; 0.50) 

0.24 (0.21; 0.27) 

0.29 (0.26; 0.33) 

0.030 (0.023; 0.0340) 

[cells/mLh] 

 

 

[1/h] 

[1/h] 

[cells/mL] 

 

[1/h] 

0.31, 0.17 

 

Model g 

(dd. RBC decay) 

β* 

H0* 
r  
ω   
χmax  

kχ,50  
γmax  
Kγ50 
φ  

2.0e-10 – 9.2e-10 

0.40 – 0.65 

22.8 (19.8;26.2) 

0.25 (0.18;0.34) 

0.018 (0.016;0.021)  

1.05 (0.91;1.18) 

0.055 (0.041;0.074) 

0.10 (0.09;0.12) 

0.027 ( 0.016;0.047) 

[cells/mLh] 

 

 

 

[1/h]  

[1010 cells/mL] 

[1/h] 

[1010 cells/mL] 

[1/h] 

0.3, 0.001 

Model h  

(human RBC) 

β* 

H0* 
r  
ω  
γmax  
kγ50  

λ 

φ 

2.1e-10 – 8.8e-10 

0.40 – 0.65 

22 (21.7;22.3) 

0.36 (0.28;0.46) 

0.067 (0.046;0.098) 

0.20 (0.17;0.24) 

0.008 (0.008;0.008) 

0.040 (0.030;0.047) 

[cells/mLh] 

 

 

 

[1/h] 

[1010 cells/mL] 

[1/h] 

[1/h] 

0.34, 0.00010 

Model i 

(exponential) 

P0  
pgr  

-1.03 -1.52 

0.16 – 0.30 

[log(P)] 

[1/h] 

 

* range of values found over all experiments  60 
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Table S9: Estimates of the pharmacokinetic profile parameters for each investigated drug in infected mice. 61 
Estimates are given with their residual standard error [%]. Rates are given in [1/h], concentrations in [mg/mL] and 62 
volume in [mL]. Parameters were estimated using a NLME approach in Monolix (2016R1). 63 

 64 

  65 
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 66 

 67 

Figure S2: Selection of model of drug action based on AIC for the two murine experimental systems and four 68 
drugs. Models were selected based on lowest AIC and biological plausibility of the estimated parameters (Emax, 69 
EC50 and additional parameter). Models excluded due to biologically implausible parameters are set in parentheses. 70 

 71 

  72 
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Table S10: Estimated values of drug efficacy parameters. For each parasite growth model (PG), the drug action 73 
model with hill-coefficient n describing data best (ΔOFV) was chosen for comparison (see equations for drug action 74 
model in Table S6). Parameters are stated with their 95% confidence interval. Additional parameters are ke for the 75 
effect model, kR for the turnover model and ClY for the clearance model.  76 

 

Drug PG Drug 

action  
𝛾 EC50 [ng/mL] 

(95% CI) 

Emax [1/h] 

(95% CI) 

Add. parameter[1/h] 

(95 % CI) 

P
. 

 b
er

g
h

ei
 i

n
 n

o
rm

a
l 

m
ic

e
 

 

ACT- 

451840 

a 

b 

c 

d 

e 

 

Clearance 

Clearance 

Clearance 

Clearance 

Clearance 

 

5 

5 

5 

5 

5 

1.1e2 (91;1.3 e2) 

92 (82;1.0 e2) 

1.1e2 (91;1.3 e2) 

1e2 (85;1.2e2) 

98 (85;1.1e2 

 

0.71 (0.41;1.2) 

0.50 (0.35;0.71) 

0.71 (0.41;1.2) 

0.63 (0.41;0.97) 

0.60 (0.40;0.91) 

0.027 (0.025;0.029) 

0.026 (0.022;0.029) 

0.027 (0.025;0.029) 

0.028 (0.026;0.031) 

0.032 (0.030;0.034) 

CQ 

a 

b 

c 

d 

e 

 

Effect 

Clearance 

Effect 

Effect 

Clearance 

 

7 

5 

7 

2 

7 

41 (39;43) 

1.2e2 (98;1.4e2) 

41 (39;43) 

46(43;50) 

88 (83;94) 

0.095 (0.093;0.097) 

0.42 (0.35;0.50) 

0.094 (0.092;0.096) 

0.11 (0.11;0.11) 

0.34 (0.33;0.35) 

0.037 (0.036;0.038) 

2.8e-3 (9.8e-5;4.8e-3) 

0.035 (0.034;0.037) 

0.030 (0.028;0.031) 

0.053 (0.051;0.055) 

 

MMV- 

390048 

a 

b 

c 

d 

e 

 

Clearance 

Clearance 

Clearance 

Clearance 

Turnover 

5 

7 

5 

5 

2 

3.7e2 (3.3e2;4.1e2) 

2.8e2 (2.6e2;3.0e2) 

3.7e2 (3.3e2;4.1e2) 

3.1e2 (2.8e2;3.5e2) 

2.2e2 (1.7e2;3.0e2) 

0.61 (0.45;0.83) 

0.39 (0.31;0.48) 

0.61 (0.45;0.83; 

0.45 (0.36;0.58) 

0.19 (0.070;0.50) 

 

0.039 (0.035;0.043) 

0.036 (0.032;0.042) 

0.039 (0.036;0.043) 

0.041 (0.037;0.045) 

0.055 (0.0054;0.55) 

OZ439 

a 

b 

c 

d 

e 

 

Turnover 

Turnover 

Turnover 

Turnover 

Turnover 

7 

7 

7 

7 

7 

49 (47;50) 

49 (46;52) 

42 (40;45) 

46 (44;48) 

46 (44;47) 

0.93 (0.90;0.95) 

0.94 (0.35;2.5) 

0.28 (0.25;0.31) 

0.84 (0.82;0.86) 

0.91 (0.89;0.94) 

 

0.013 (0.012;0.014) 

0.013 (0.004;0.038) 

0.060 (0.050;0.072) 

0.015 (0.014;0.016) 

0.014 (0.013;0.015) 

P
. 

 f
a

lc
ip

a
ri

m
 i

n
 N

O
D

 s
ci

d
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' 
c
-/

- 

ACT- 

451840 

f 
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i 

 

Turnover 

Turnover 

Turnover 

Clearance 

5 

5 

5 

5 

17 (16;19) 

17 (16;19) 

18 (17;19) 

16 (15;18) 

0.093 (0.080;0.11) 

0.095 (0.082; 0.11) 

0.094 (0.082;0.11) 

0.065 (0.062;0.067) 

0.062 (0.041;0.091) 

0.063 (0.062;0.073) 

0.061 (0.041;0.088) 

0.17 (0.14;0.19) 

 

CQ 

f 

g 

h 

i 

 

Effect 

Effect 

Effect 

Effect 

7 

7 

7 

7 

71 (67;76) 

71 (67;75) 

70 (66;74) 

70 (66;75) 

0.098 (0.094;0.10) 

0.10 (0.095;0.10) 

0.098 (0.094;0.10) 

0.099 (0.092;0.11) 

0.044 (0.040;0.061) 

0.044 (0.038;0.059) 

0.045 (0.038;0.059) 

0.050 (0.042;0.060) 

MMV-

390048 

f 

g 

h 

i 

 

Clearance 

Clearance 

Turnover 

Clearance 

2 

5 

7 

5 

1.2e2 (1.1e2;1.3e2) 

1.1e2 (1.1 e2;1.2e2) 

1.1e2 (1.0e2;1.1e2) 

32 (29;35) 

0.090 (0.087;0.091) 

0.093 (0.091;0.096 

0.082 (0.080;0.084) 

0.12 (0.11;0.13) 

0.071 (0.065;0.077) 

0.068 (0.062;0.073) 

0.073 (0.063;0.083) 

0.025 (0.023;0.028) 

OZ439 

f 

g 

h 

i 

 

Turnover 

Turnover 

Turnover 

Turnover 

5 

5 

5 

2 

75 (71;79) 

80 (76;85) 

77 (73;82) 

213 (197;230) 

0.26 (0.25;0.26) 

0.33 (0.32;0.34) 

0.30 (0.30;0.31) 

0.67 (0.63;0.72) 

0.016 (0.015;0.017) 

0.013 (0.012;0.014) 

0.013 (0.013;0.014) 

0.020 (0.018;0.023) 

  77 
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Section 4: Additional Findings 78 

Table S11: Overview of experimental data of drug efficacy for P. falciparum infected NOD scidIL-2R' c-/- -mice 79 
treated with MMV390048 and OZ439. Only experiments conducted for sufficient duration parasites to recrudesce 80 
are listed. The total number of mice treated with the treatment regimen is split into mice cured and mice 81 
demonstrating recrudescence. For the remaining mice treatment did not decrease parasite numbers below the lower 82 
limit of quantification (0.01% parasitemia). 83 

 Treatment 

regimen 

no. 

mice 

mice 

cured 

mice with 

recrudescence 

Time of recrudescence  

[hours after inoculation] 

M
M

V
3

9
0

0
4

8
 

2×1 mg/kg 4 0 0 - 

2×10 mg/kg 5 0 2 336, 408 

4×0.25mg/kg 4 0 0 - 

4×0.5 mg/kg 8 0 0 - 

4×1 mg/kg 8 0 6 336, 456, 504, 504, 576, 624  

4×2.5 mg/kg 6 2 4 288, 576 ,576, 744 

4×5 mg/kg 2 2 0 - 

4×10 mg/kg 4 2 2 672,744 

4×20 mg/kg 2 2 0 - 

O
Z

4
3
9
 

1×2.5 mg/kg 2 0 0 - 

1×5 mg/kg 2 0 0 - 

1×10 mg/kg 6 0 0 - 

1×20 mg/kg 2 0 2 288, 288 

1×30 mg/kg 2 0 2 336, 480 

1×50 mg/kg 2 0 2 576, 624 

1×75 mg/kg 2 0 2 408, 672 

1×100 mg/kg 2 2 0 - 

2×10 mg/kg 4 0 4 240, 240, 288, 336 

2×25 mg/kg 4 0 4 408, 456, 504, 672 

  84 
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Table S11: Individual slopes of parasite treatment curves and time of recrudescence for treatment with 85 
MMV390048 and OZ439 in SCID mice. The slopes of the parasite count curves after treatment were determined 86 
directly from the data. 87 

MMV390048 

 

OZ439 

Time of 

recrudescence  

[hours after 

inoculation] 

Dosing 

Regimen 

-slope Time of 

recrudescence  

[hours after 

inoculation] 

Dosing 

Regimen 

-slope 

288 4×2.5 mg/kg 0.0100 240 2×10 mg/kg 0.0030 

336 4×1    mg/kg 0.0075 240 2×10 mg/kg 0.0021 

336 2×10  mg/kg 0.0092 288 1×20 mg/kg 0.0281 

408 2×10  mg/kg 0.0073 288 1×20 mg/kg 0.0264 

456 4×1    mg/kg 0.0054 288 2×10 mg/kg 0.0020 

504 4×1    mg/kg 0.0108 336 1×30 mg/kg 0.0256 

504 4×1    mg/kg 0.0108 336 2×10 mg/kg 0.0061 

576 4×1    mg/kg 0.0213 408 1×75 mg/kg 0.0174 

576 4×2.5 mg/kg 0.0117 408 2×25 mg/kg 0.0085 

576 4×2.5 mg/kg 0.0117 456 2×25 mg/kg 0.0058 

624 4×1    mg/kg 0.0113 480 1×30 mg/kg 0.0281 

672 4×10  mg/kg 0.0088 504 2×25 mg/kg 0.0071 

744 4×2.5 mg/kg 0.0129 576 1×50 mg/kg 0.0291 

744 4×10  mg/kg 0.0091 624 1×50 mg/kg 0.0337 

   672 1×75 mg/kg 0.0296 

   672 2×25 mg/kg 0.0080 

  88 
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Table S12: Regression analysis for slope of parasite treatment curve and recrudescence times. Ordinary linear 89 
regression (least-squares) was conducted to analyze the correlation between time of recrudescence (y) for each 90 
individual mouse and the slope of the parasite concentration curve after treatment calculated from individual mouse 91 
data (x1, b1), number of doses (x2, b2), and dosing amount (x3, b3) using the regression equation y= b1 x+ b2 x + b3 x 92 
+b0.We tested all combinations of predictors. The data used for the analysis can be found in Table S10 and Table 93 
S11. 94 

 
Slope b1  

(p-value) 

Regimen b2 

 (p-value) 

Dose b3 

 (p-value) 

Regression 

p-value 
R2 

M
M

V
3

9
0

0
4

8
 

13440 

(0.240) 
- - 0.240 0.0392 

- - 
3.3 

(0.761) 
0.761 -0.07 

- 
89 

(0.116) 
- 0.165 0.125 

9434 

(0.404) 

76 

(0.194) 
- 0.214 0.107 

16486 

(0.187) 
- 

8.4 

(0.454) 
0.386 0.00625 

- 
169 

(0.0171) 

23 

(0.0608) 
0.0492 0.317 

14558 

(0.142) 

163 

(0.167) 

27 

(0.0300) 
0.0442 0.401 

O
Z

4
3
9
 

 

4936 

(0.133) 
- - 0.133 0.0932 

- - 
4.5 

(0.008) 
0.00780 0.363 

- 
-66 

(0.396) 
0 0.396 -0.01 

- 
169 

(0.00793) 

23 

(0.00793) 
0.0183 0.377 

23486 

(0.0215) 

448 

(0.0493) 
- 0.0455 0.283 

249 

(0.942) 
- 

4.4 

(0.0359) 
0.0340 0.314 

25009 

(0.000267) 

645 

(0.000148) 

6.2 

(0.000112) 
6.80e-5 0.786 

  95 
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 96 

Figure S3: Typical fit of drug action models of SCID mice infected with P. falciparum 97 

demonstrating late recrudescence. Infection occurred at day 0 with an inoculum of 2×107-3.5×107 98 

infected RBCs. Treatment commenced three days after inoculation in dosing intervals of 24 hours. Mice 99 

were treated with 2×25 mg/kg OZ439, 1×50 mg/kg OZ439, 4×2.5 mg/kg MMV390048 or 4×10 mg/kg 100 

MMV390048. n=2 mice for all doses shown. 101 

  102 
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 103 

 104 

Figure S4: The influence of ceasing human erythrocyte injections in SCID mice infected with P. falciparum. 105 
Data (black ) and model output (red line) of four experiments, with human RBC injections ceasing before data 106 
collection, is shown for (a) model f (const. RBC decay) and (b) model g (dd. RBC decay). RBC injections are 107 
indicated by sudden increase in hRBCs in the model output. 108 

 109 

 110 

Figure S5: Stability analysis conducted for the base structure of the models (corresponding to model a (base) 111 
towards the number of intra-erythrocytic parasite age-stages. Total values of parameter estimates for model a 112 
(base) including n=1,2..,16 age compartments show the most prominent influence of the number of age 113 
compartments between one and two compartments with no distinctive contribution of additional age compartments. 114 
Considering the stability analysis and computational efficacy, we chose n=12 splitting the parasite life cycle in time-115 
steps of two hours for P.berghei and four hours for P.falciparum considering the stability analysis and 116 
computational efficacy. 117 

 118 

 119 
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