Molecular surveillance uncovers early resistance markers in Plasmodium

falciparum at the Brazilian Amazon border
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Malaria elimination in the Brazilian Amazon is increasingly threatened by the emergence
of antimalarial drug resistance in a region shaped by intense cross-border mobility,
informal drug use, and social and territorial inequities. Surveillance strategies that rely
predominantly on conventional Sanger sequencing have limited sensitivity to detect low-
frequency resistance variants, delaying recognition of early warning signals. Using
lllumina-based next-generation sequencing, we developed and validated a targeted
ultra-deep sequencing panel covering the full coding regions of 48 resistance-associated
genes in Plasmodium falciparum. Validation using 3D7:Dd2 mock mixtures and clinical
samples demonstrated high depth and coverage, accurate allele-frequency estimation,
and robust detection of minority variants, including dried blood spot samples. The
approach was applied to 99 P. falciparum isolates collected in Roraima State, northern
Brazil (2016-2020), a tri-border region, connecting Brazil, Venezuela, and Guyana.
High-resolution analysis identified molecular resistance markers, including the pfmdr1-
NFD haplotype (6%) and the pfom2/3 hybrid (4%), both reported for the first time in
Brazil, as well as pfcrt-C350R (7%) and pfpm2/3 amplifications (5% and 6%), all
associated with reduced susceptibility to ACT partner drugs. No mutations linked to
artemisinin partial resistance were detected, indicating a narrow window. The detection
of these markers in border areas overlapping Indigenous territories, including Yanomami
land, and other vulnerable populations shows that resistance emergence is established



and extends beyond national borders. These findings place clear responsibility on
national and regional malaria programs to strengthen cross-border coordination, update
surveillance strategies, and anticipate resistance-driven threats before they result in
treatment failure and increased disease burden in the Amazon. Funding: WANECAM2
(EDCTP2); Swedish Research Council; FAPEMIG; CNPq; Print-Fiocruz-CAPES.



