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            Abstract
A major gap in the Plasmodium vivax elimination toolkit is the identification of individuals carrying clinically silent and undetectable liver-stage parasites, called hypnozoites. This study developed a panel of serological exposure markers capable of classifying individuals with recent P. vivax infections who have a high likelihood of harboring hypnozoites. We measured IgG antibody responses to 342 P. vivax proteins in longitudinal clinical cohorts conducted in Thailand and Brazil and identified candidate serological markers of exposure. Candidate markers were validated using samples from year-long observational cohorts conducted in Thailand, Brazil and the Solomon Islands and antibody responses to eight P. vivax proteins classified P. vivax infections in the previous 9 months with 80% sensitivity and specificity. Mathematical models demonstrate that a serological testing and treatment strategy could reduce P. vivax prevalence by 59â€“69%. These eight antibody responses can serve as a biomarker, identifying individuals who should be targeted with anti-hypnozoite therapy.
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                    Fig. 1: Flow diagram of antigen downselection pipeline.[image: ]


Fig. 2: Antigen discovery phase: estimating the time since last P. vivax infection.[image: ]


Fig. 3: Validation phase.[image: ]


Fig. 4: Performance of the top eight P. vivax proteins for classifying recent infection and modeled ability to identify hypnozoite carriers.[image: ]


Fig. 5: Pilot application phase.[image: ]
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Extended data

Extended Data Fig. 1 Study design and follow-up schedule.
a, Thai and Brazilian patients were enrolled following a clinical episode of P. vivax and treated according to the relevant National Guidelines, with directly observed treatment (DOT) to ensure compliance and reduced risk of relapse. Volunteers were followed for nine months after enrollment, with finger-prick blood samples collected at enrollment and week 1, then every two weeks for six months, then every month. Antibody levels were measured in a subset of 32 Thai and 33 Brazilian volunteers who were confirmed to be free of blood-stage Plasmodium parasites by analysing all samples by light microscopy and qPCR. b, 999 participants from Thailand, 1274 participants from Brazil, and 860 participants from the Solomon Islands were followed longitudinally for 12 months with active surveillance visits every month. For the analysis in the validation phase antibody levels were measured in plasma samples from the last visit. For the analysis in the application phase, antibody levels were measured in plasma samples from the first visit.


Extended Data Fig. 2 Measured antibody responses to 60 proteins on the LuminexÂ® platform, stratified by geographical location and time since last PCR detected infection.
Antibody responses to 60 antigens measured in n = 2,281 biologically independent samples on the LuminexÂ® platform, stratified by geographical location and time since last PCR detected infection. Boxplots denote median and interquartile ranges (IQR) of the data, with whiskers denoting the median Â± 1.5*IQR.


Extended Data Fig. 3 Association between background reactivity in non-malaria exposed controls and ranking of candidate SEMs by area under the curve (AUC).
Mean relative antibody units (RAU) detected in malaria-naÃ¯ve control panels from Melbourne, Australia (n=202), Bangkok, Thailand (n=72) and Rio de Janeiro Brazil (n = 96) compared to the AUC of the 60 candidate P.vivax proteins generated during the validation phase. WGCF expressed proteins are in black and E. coli or Baculovirus expressed proteins are in blue. RBP2b161-1454 (E. coli) is in red and RBP2b1986-2653 is in orange.


Extended Data Fig. 4 Breakdown of the classification of the Random Forests algorithm with target sensitivity and specificity of 80%.
The size of each rectangle is proportional to the number of samples in each category (See Supplementary Table 4 of accompanying manuscript). The coloured area represents the proportion correctly classified, and the shaded area represents the proportion mis-classified.


Extended Data Fig. 5 Receiver operating characteristic (ROC) curve for the composite classification algorithm.
All curves presented are the median of 1000 repeat cross-validations.
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