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Supplementary Figure 1:  Distribution of antibody levels in plasma samples at baseline (day 0) from patients infected with P. knowlesi malaria, in response to 21 P. vivax antigens. The data show antibody levels combined from two separate studies, previously reported separately [29]. The dots in red and purple represent the median relative antibody units (RAU) and 75th percentiles (RAU) for malaria naïve controls (for EBP, MSP7F, RBP2b.161.1454 and RBP2b.1986.2653, the red dots are overlapping for the median and 75th percentile values), and healthy controls from Sabah respectively [12] (for EBP, the purple dots are overlapping for the median and 75th percentile values). The maroon dashed line indicates the 1/100 dilution of the positive control to identify antigens with high responses and the blue dots are outliers.


                                                                       

















Supplementary Table 1. Characteristics of the pooled clinical trial data used in this study.
	Trial details
	Data used in the analysis (134 patients)

	Trial name [reference]
	ACT KNOW [3]
	CAN KNOW [4]
	PACKNOW [5,6]

	Trial period
	October 2012 – December 2014
	January 2014 – 
March 2015
	October 2016 – February 2018

	Number of patients with plasma samples available and parasitaemia data / total number of patients (%)
	85 / 252 (34%)

	10 / 123 (8%)
	39 / 396 (10%)

	Location
	Sabah, Malaysia
a. Kota Marudu District Hospital
b. Kudat District Hospital
c. Pitas District Hospital
	Sabah, Malaysia
a. Kota Marudu District Hospital
b. Kudat District Hospital
c. Pitas District Hospital
	Sabah, Malaysia
a. Keningau District Hospital
b. Queen Elizabeth Hospital
c. Kota Marudu District Hospital
d. Ranau District Hospital

	Antimalarial treatment
	a. Artesunate-mefloquine 
b. Chloroquine 
	a. Artemether-lumefantrine
b. Chloroquine
	a. Artemether-lumefantrine
b. Intravenous artesunate followed by artemether-lumefantrine
c. Artemether-lumefantrine followed by intravenous artesunate

	Study population
	Children (age  one year and weight  10kg) and adults with uncomplicated knowlesi malaria
	Children (age  one year and weight  10kg) and adults with uncomplicated knowlesi malaria 
	Children (age  five years) and adults with uncomplicated and severe knowlesi malaria

	Parasitaemia sampling times
	Initial sample taken at time 0, before the first dose of treatment and every 6 hours post antimalarial drug administration until parasitaemia falls below the detection limit for two consecutive samples, for all trials









Supplementary Table 2. List of 21 P. vivax proteins used in this study and the respective abbreviations and functions.
	Antibody feature/protein
	Abbreviation
	Function
	Sequence identities when P. vivax protein sequence was compared to P. knowlesi orthologs (%) [2]

	Duffy binding protein region alpha II AH (strain AH)
	DBPII_AH
	Key for P. vivax and P. knowlesi entry into red blood cells by binding to the Duffy antigen receptor on cell surface.
	68.2

	Duffy binding protein region alpha II (strain Sal1)
	DBPII_Sal1
	
	68.7

	Erythrocyte binding protein
	EBP
	Involved in erythrocyte recognition and invasion, similar to Duffy binding protein.
	35.0

	Hypothetical protein (PVX_097715)
	Hypothetical (PVX_097715)
	Function unknown; requires further characterization.
	40.7

	Merozoite surface protein 1
	MSP1.19
	Important for immune evasion and host cell invasion. MSP1 is particularly crucial for binding and initiating invasion. MSP3, MSP5, MSP7, and MSP8 play roles in immune modulation and stability of the merozoite structure.
	81.3

	Merozoite surface protein 3
	MSP3a
	
	No match

	Merozoite surface protein 3
	MSP3b
	
	62.5

	Merozoite surface protein 5
	MSP5
	
	46.3

	Merozoite surface protein 7
	MSP7F
	
	27.5

	Merozoite surface protein 7
	MSP7L
	
	24.3

	Merozoite surface protein 8
	MSP8
	
	84.5

	Plasmodium translocon for exported protein component 150
	PTEX150
	Likely involved in exporting parasite proteins into the host cell, essential for remodelling host erythrocytes to favour parasite survival.
	72.0

	Pv-fam-a family protein
	PVX_096995
	A family of proteins with various roles in immune evasion and host-parasite interactions, though specific functions for individual members remain unclear.
	70.3

	Pv-fam-a family protein
	PVX_112670
	
	83.1

	Rhoptry associated membrane antigen
	RAMA
	Involved in the invasion of host erythrocytes, aiding in the formation of the parasitophorous vacuole where the parasite resides.
	73.6

	Reticulocyte binding protein 2a
	RBP2a
	Critical for the selective invasion of reticulocytes, a key characteristic of P. vivax and P. knowlesi biology.
	25.8

	Reticulocyte binding protein 2b
	RBP2b.161.1454
	
	26.1

	Reticulocyte binding protein 2b
	RBP2b.1986.2653
	
	34.5

	Rh5 interacting protein
	RIPR 
	Likely involved in host cell invasion by interacting with RH5, essential for parasite entry.
	73.4

	Sexual stage antigen
	s16
	Plays a role in the sexual development stages of the parasite, potentially relevant for transmission to mosquitoes.
	65.5

	Thrombospondin related adhesion protein
	TRAP
	Involved in cell adhesion, aiding in invasion and migration through host tissues.
	64.2






















Supplementary Table 3. Summary statistics for antibody responses grouped by antimalarial drug treatment ACT and chloroquine.
	Antibody featurea
	Antibody levels

	
	ACT (n=88)
	Chloroquine (n=46)

	MSP7L
Median (IQRb)
Range
	
0.18 (0.08, 0.34)
(0.02, 3.39)
	
0.14 (0.09, 0.31)
(0.04, 5.82)

	DBPII_AH
Median (IQR)
Range
	
0.42 (0.26, 0.84)
(0.09, 13.48)
	
0.45 (0.35, 1.00)
(0.16, 20.00)

	RBP2b.1986.2653
Median (IQR)
Range
	
0.11 (0.03, 0.36)
(0.02, 4.95)
	
0.15 (0.07, 0.49)
(0.02, 10.06)

	PVX_096995
Median (IQR)
Range
	0.67 (0.21, 4.53)
(0.03, 20.00)
	1.37 (0.35, 5.23)
(0.11, 20.00)

	RIPR
Median (IQR)
Range
	0.24 (0.09, 0.98)
(0.02, 4.26)
	0.43 (0.15, 1.09)
(0.04, 20.00)

	MSP1.19
Median (IQR)
Range
	1.75 (0.19, 16.97)
(0.02, 20.00)
	1.83 (0.43, 20.00)
(0.04, 20.00)

	DBPII_Sal1
Median (IQR)
Range
	0.45 (0.21, 0.93)
(0.10, 9.82)
	0.48 (0.28, 0.90)
(0.12, 20.00)

	s16
Median (IQR)
Range
	0.11 (0.05, 0.30)
(0.02, 10.07)
	0.10 (0.06, 0.19)
(0.02, 3.45)

	MSP8
Median (IQR)
Range
	
0.48 (0.11, 4.64)
(0.02, 20.00)
	0.70 (0.19, 4.74) 
(0.06, 20.00)

	MSP3a
Median (IQR)
Range
	0.15 (0.07, 0.24)
(0.02, 15.13)
	0.32 (0.10, 0.55)
(0.03, 18.18)

	MSP3b
Median (IQR)
Range
	0.37 (0.23, 0.78)
(0.06, 10.26)
	0.59 (0.30, 0.86)
(0.13, 7.04)

	RAMA
Median (IQR)
Range
	0.25 (0.10, 0.65)
(0.02, 20.00)
	0.30 (0.13, 0.71)
(0.03, 20.00)

	TRAP
Median (IQR)
Range
	0.61 (0.17, 1.24)
(0.02, 20.00)
	0.68 (0.31, 1.16)
(0.11, 20.00)

	MSP5
Median (IQR)
Range
	
0.11 (0.05, 0.54)
(0.02, 11.02)
	
0.47 (0.10, 1.03)
(0.02, 6.13)

	RBP2a
Median (IQR)
Range
	0.45 (0.34, 0.96)
(0.17, 18.94)
	0.54 (0.39, 1.71)
(0.21, 20.00)

	RBP2b.161.1454
Median (IQR)
Range
	0.05 (0.02, 0.23)
(0.02, 1.49)
	0.12 (0.05, 0.32)
(0.02, 3.93)

	PVX_112670
Median (IQR)
Range
	0.32 (0.13, 0.79)
(0.02, 20.00)
	0.31 (0.16, 0.87)
(0.06, 7.53)

	PTEX150
Median (IQR)
Range
	0.51 (0.22, 1.24)
(0.03, 20.00)
	0.51 (0.27, 0.93)
(0.07, 20.00)

	Hypothetical (PVX_097715)
Median (IQR)
Range
	0.29 (0.13, 0.81)
(0.02, 20.00)
	0.42 (0.16, 0.97)
(0.02, 7.40)

	EBP
Median (IQR)
Range
	0.02 (0.02, 0.03)
(0.02, 0.58)
	0.02 (0.02, 0.13)
(0.02, 5.45)

	MSP7F
Median (IQR)
Range
	0.05 (0.03, 0.14)
(0.02, 1.56)
	0.06 (0.03, 0.12)
(0.02, 9.84)


a - All values in the table were multiplied by 103 for better presentation of the Relative Antibody Units (RAU)
b - IQR – interquartile range















Supplementary Table 4. Regression coefficient estimates (95% confidence interval) for the association of each P. vivax antibody feature (log2 transformed) with P. knowlesi parasite clearance half-life (n=134), with and without adjustments for patient age and sex.
	Antibody feature
	Without adjustment for age and sex
	Adjusted for age and sex

	
	Ratio of geometric mean of P. knowlesi parasite clearance half-life (95% CI)
	p-value
	Ratio of geometric mean of P. knowlesi parasite clearance half-life (95% CI)
	p-value

	MSP7L
	1.0463 (1.0117,1.0821)
	0.01
	1.0437 (1.0083, 1.0804)
	0.02

	DBPII_AH
	1.0444 (1.0051,1.0852)
	0.03
	1.0414 (1.0012, 1.0833)
	0.04

	RBP2b.1986.2653
	1.0284 (1.0011,1.0564)
	0.04
	1.0270 (0.9989, 1.0558)
	0.06

	PVX_096995
	1.0236 (1.0018,1.0460)
	0.04
	1.0224 (1.0003, 1.0451)
	0.05

	RIPR
	1.0312 (1.0012,1.0621)
	0.04
	1.0282 (0.9973, 1.0600)
	0.07

	MSP1.19
	1.0183 (1.0008,1.0362)
	0.04
	1.0171 (0.9990, 1.0356)
	0.06

	DBPII_Sal1
	1.0397 (1.0010,1.0799)
	0.05
	1.0362 (0.9964, 1.0776)
	0.07

	s16
	1.0327 (0.9986,1.0680)
	0.06
	1.0287 (0.9935, 1.0652)
	0.11

	MSP8
	1.0190 (0.9988,1.0396)
	0.07
	1.0177 (0.9972, 1.0385)
	0.09

	MSP3a
	1.0290 (0.9974,1.0616)
	0.07
	1.0251 (0.9907, 1.0608)
	0.15

	MSP3b
	1.0392 (0.9952,1.0851)
	0.08
	1.0347 (0.9899, 1.0817)
	0.13

	RAMA
	1.0236 (0.9967,1.0513)
	0.09
	1.0227 (0.9954, 1.0506)
	0.10

	TRAP
	1.0207 (0.9891,1.0534)
	0.20
	1.0172 (0.9848, 1.0507)
	0.30

	MSP5
	1.0171 (0.9912,1.0437)
	0.20
	1.0131 (0.9851, 1.0419)
	0.36

	RBP2a
	1.0235 (0.9853,1.0633)
	0.23
	1.0226 (0.9832, 1.0635)
	0.26

	RBP2b.161.1454
	1.0172 (0.9876,1.0477)
	0.26
	1.0150 (0.9839, 1.0470)
	0.35

	PVX_112670
	1.0162 (0.9860,1.0473)
	0.30
	1.0197 (0.9888, 1.0515)
	0.21

	PTEX150
	1.0167 (0.9854,1.0490)
	0.30
	1.0159 (0.9842, 1.0486)
	0.33

	Hypothetical (PVX_097715)
	1.0081 (0.9795,1.0374)
	0.58
	1.0060 (0.9771, 1.0358)
	0.69

	EBP
	1.0025 (0.9675,1.0387)
	0.89
	0.9953 (0.9573, 1.0349)
	0.81

	MSP7F
	1.0004 (0.9664,1.0357)
	0.98
	0.9980 (0.9635, 1.0339)
	0.91


Supplementary Table 5. Regression coefficient estimates (95% confidence interval) for the association of each P. vivax antibody feature (log2 transformed) with P. knowlesi parasite clearance half-life (n=134), analysed separately by antimalarial drug treatment given, ACTs (n=88) and chloroquine (n=46). Both were adjusted for age and sex.
	Antibody feature
	ACT (n=88)
	Chloroquine (n=46)

	
	Ratio of geometric mean of P. knowlesi parasite clearance half-life (95% CI)
	p-value
	Ratio of geometric mean of P. knowlesi parasite clearance half-life (95% CI)
	p-value

	DBPII_AH
	1.0606 (1.0053,1.1190)
	0.03
	1.0084 (0.9578,1.0617)
	0.74

	DBPII_Sal1
	1.0481 (0.9946,1.1045)
	0.08
	1.0102 (0.9589,1.0642)
	0.70

	EBP
	0.9906 (0.9360,1.0483)
	0.74
	0.9516 (0.9075,0.9979)
	0.04

	Hypothetical
(PVX_097715)
	1.0073 (0.9716,1.0444)
	0.69
	0.9984 (0.9560,1.0428)
	0.94

	MSP1.19
	1.0182 (0.9965,1.0404)
	0.10
	1.0016 (0.9726,1.0315)
	0.91

	MSP3a
	1.0186 (0.9743,1.0648)
	0.41
	1.0092 (0.9589,1.0622)
	0.72

	MSP3b
	0.9992 (0.9446,1.0571)
	0.98
	1.0737 (1.0055,1.1464)
	0.03

	MSP5
	1.0237 (0.9880,1.0606)
	0.19
	0.9549 (0.9167,0.9947)
	0.03

	MSP7F
	1.0099 (0.9629,1.0592)
	0.68
	0.9660 (0.9228,1.0112)
	0.13

	MSP7L
	1.0555 (1.0104,1.1025)
	0.02
	1.0074 (0.9568,1.0607)
	0.77

	MSP8
	1.0237 (0.9984,1.0496)
	0.07
	0.9918 (0.9615,1.0232)
	0.60

	PTEX150
	1.0301 (0.9900,1.0719)
	0.14
	0.9678 (0.9243,1.0134)
	0.16

	PVX_096995
	1.0203 (0.9936,1.0477)
	0.14
	1.0134 (0.9783,1.0497)
	0.45

	PVX_112670
	1.0231 (0.9870,1.0606)
	0.21
	0.9976 (0.9468,1.0511)
	0.93

	RAMA
	1.0340 (1.0009,1.0681)
	0.04
	0.9831 (0.9429,1.0251)
	0.42

	RBP2a
	1.0326 (0.9763,1.0923)
	0.26
	0.9738 (0.9243,1.0261)
	0.31

	RBP2b.161.1454
	1.0143 (0.9752,1.0550)
	0.47
	0.9840 (0.9396,1.0306)
	0.49

	RBP2b.1986.2653
	1.0396 (1.0039,1.0765)
	0.03
	0.9865 (0.9481,1.0264)
	0.49

	RIPR
	1.0356 (0.9976,1.0751)
	0.07
	0.9819 (0.9367,1.0291)
	0.44

	s16
	1.0334 (0.9920,1.0767)
	0.11
	1.0191 (0.9611,1.0807)
	0.52

	TRAP
	1.0239 (0.9874,1.0618)
	0.20
	0.9784 (0.9186,1.0423)
	0.49
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