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ABSTRACT

Plasmodium falciparum remained the deadliest malaria parasite, causing over 600,000 deaths annually, with
antimalarial drug resistance threatening global control efforts. Multiple resistance mechanisms have emerged
against quinolines, antifolates, and artemisinin-based combinations, compromising therapeutic efficacy across
endemic regions. This review examined the molecular mechanisms underlying antimalarial drug resistance in
Plasmodium falciparum and evaluates emerging therapeutic strategies to combat resistant parasites. A
comprehensive literature search of PubMed, Web of Science, and Cochrane databases identified peer-reviewed
articles published between 2014  and 2025, prioritizing studies on resistance genetics, biochemical mechanisms, and
novel drug development. Resistance mechanisms involved genetic mutations in drug target proteins (PfCRT,
PfIMDR1, PIDHFR, PfDHPS, kelch183), altered drug metabolism through efflux transporters, enhanced DNA repair
pathways, and metabolic adaptations. Chloroquine resistance mediated by PfCRT mutations remains widespread,
while kelch13 polymorphisms confer artemisinin resistance through enhanced oxidative stress responses and cell
cycle modulation. Emerging strategies included triple artemisinin-based combinations, synthetic peroxides,
spiroindolones targeting PfATP4, aminoacyl-tRNA synthetase inhibitors, proteasome inhibitors, and monoclonal
antibodies. Combination therapies exploiting synergistic mechanisms and targeting multiple parasite stages
demonstrate promising efficacy against resistant strains. Multifaceted resistance mechanisms necessitate integrated
approaches combining genomic surveillance, rational drug design, combination therapies, and transmission-blocking
interventions. Strategic deployment of emerging therapeutics alongside enhanced pharmacovigilance ofters renewed
hope for malaria elimination despite escalating resistance challenges.
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INTRODUCTION

Plasmodium falciparum represents the most virulent human malaria parasite, accounting for approximately 95% of
malaria mortality worldwide, predominantly affecting sub-Saharan Africa and Southeast Asia [1, 27. The parasite
exhibits a complex life cycle involving hepatic schizogony, erythrocytic multiplication, and sexual gametocyte
development, with each stage presenting distinct biochemical vulnerabilities for therapeutic intervention [37.
Antimalarial drugs historically targeted critical metabolic pathways including heme detoxification, folate synthesis,
and mitochondrial electron transport, achieving remarkable reductions in disease burden during the mid-20th
century [47]. However, the remarkable genetic plasticity of Plasmodium falciparum, characterized by high mutation
rates, chromosomal rearrangements, and clonal selection under drug pressure, has facilitated rapid evolution of
resistance mechanisms [5, 67].

The emergence and geographic spread of drug-resistant parasites have systematically compromised successive
antimalarial regimens, from chloroquine and sulfadoxine-pyrimethamine to contemporary artemisinin-based
combination therapies. Resistance mechanisms involve multifaceted molecular adaptations including point
mutations in drug target genes, amplification of resistance-conferring loci, upregulation of drug eftflux transporters,
and metabolic reprogramming that collectively reduce intracellular drug concentrations or diminish target
susceptibility [77]. Chloroquine resistance, mediated primarily by mutations in the Plasmodium falciparum
chloroquine resistance transporter gene (pfcrt), emerged in Southeast Asia during the 1950s and subsequently
spread to Africa, rendering this once highly effective drug obsolete in most endemic regions. Similarly, mutations in
dihydrofolate reductase (pfdhfr) and dihydropteroate synthase (pfdhps) genes confer resistance to antifolate
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combinations, while recent identification of kelch13 propeller domain mutations associated with artemisinin
resistance in the Greater Mekong Subregion threatens the efficacy of frontline artemisinin-based combination
therapies [87. Understanding the biochemical and genetic foundations of antimalarial resistance is essential for
developing surveillance strategies, optimizing therapeutic regimens, and designing next-generation antimalarials.
This review critically examines the molecular mechanisms underlying drug resistance in Plasmodium falciparum
and evaluates emerging therapeutic strategies that hold promise for overcoming resistance and advancing toward
malaria elimination.

Molecular Mechanisms of Chloroquine and Quinoline Resistance

Chloroquine resistance represents the most extensively characterized antimalarial resistance mechanism, providing
fundamental insights into parasite adaptation strategies [97]. The primary determinant of chloroquine resistance
involves mutations in the pfcrt gene, which encodes a digestive vacuole membrane transporter responsible for drug
efflux. The critical K76 T mutation, along with additional compensatory mutations at positions 72 to 76 (CVMNK
to CVIET haplotype), significantly reduces chloroquine accumulation within the acidic digestive vacuole where the
drug inhibits heme polymerization [107]. Biochemical studies demonstrate that mutant PfCRT proteins exhibit
enhanced capacity for transporting protonated chloroquine out of the digestive vacuole, reducing effective drug
concentrations below therapeutic thresholds. Importantly, the fitness cost associated with pfcrt mutations,
manifested as reduced parasite growth rates in the absence of drug pressure, explains the partial reversion to
chloroquine susceptibility observed in Malawi following chloroquine withdrawal.

The pfindr1 gene, encoding the Plasmodium falciparum multidrug resistance protein 1, modulates chloroquine
resistance and influences susceptibility to multiple antimalarials including mefloquine, lumefantrine, and quinine.
Amplification of pfmdr1 copy number correlates with mefloquine and lumefantrine resistance, while specific point
mutations (N86Y, Y184F, D1246Y) modulate drug transport efficiency and alter the parasites' susceptibility profile
across different quinoline compounds. The interplay between pfcrt and pfindr1 genotypes creates complex resistance
phenotypes, with certain mutation combinations conferring multidrug resistance while others generate reciprocal
susceptibility patterns [117. Recent structural studies employing cryo-electron microscopy have elucidated the
three-dimensional architecture of PfCRT, revealing drug binding pockets and conformational changes associated
with resistance mutations, thereby facilitating rational design of resistance-circumventing compounds.

Metabolic adaptation represents an additional resistance mechanism, wherein parasites upregulate alternative heme
detoxification pathways or enhance antioxidant defenses to mitigate chloroquine-mediated oxidative stress [127].
Transcriptomic analyses of resistant isolates reveal coordinated upregulation of glutathione biosynthesis genes and
stress response pathways that contribute to the resistance phenotype independently of transport mutations. These
findings underscore the multifactorial nature of quinoline resistance and highlight the necessity for combination
approaches targeting multiple resistance pathways simultaneously.

Antifolate Resistance: Genetic Determinants and Metabolic Consequences

Resistance to antifolate antimalarials exemplifies how sequential accumulation of point mutations progressively
diminishes drug efficacy through incremental reductions in target enzyme affinity. Sulfadoxine-pyrimethamine,
which inhibits folate biosynthesis by targeting dihydropteroate synthase and dihydrofolate reductase respectively,
represented a critical second-line therapy following chloroquine failure. However, the relatively low genetic barrier
to resistance facilitated rapid emergence of resistant parasites throughout endemic regions. The pfdhfr S108N
mutation alone confers low-level pyrimethamine resistance, while additional mutations at positions 51, 59, and 164
progressively enhance resistance, with the quintuple mutant (pfdhfr N511/C59R/S108N combined with ptdhps
A4387G/K540E) exhibiting complete clinical resistance [137.

Structural studies demonstrate that resistance mutations sterically hinder drug binding while preserving sufficient
catalytic activity for folate metabolism, representing an elegant evolutionary solution that maintains enzyme
function while evading inhibition. The S108N mutation, present in nearly all resistant isolates, reduces
pyrimethamine binding affinity approximately 1000-fold while decreasing enzyme efficiency only modestly,
illustrating the selective advantage conferred by this mutation under drug pressure [147]. Geographic distribution
patterns reveal that antifolate resistance originated independently in multiple foci, with subsequent spread facilitated
by human migration and parasite gene flow, contrasting with the more restricted origins of chloroquine resistance.
The clinical implications of antifolate resistance extend beyond treatment failure to impact intermittent preventive
treatment strategies in pregnancy and childhood. High-grade sulfadoxine-pyrimethamine resistance in eastern and
southern Africa has necessitated exploration of alternative chemoprevention regimens, including
dihydroartemisinin-piperaquine for intermittent preventive treatment, although concerns regarding artemisinin
resistance emergence temper enthusiasm for widespread deployment [157. Metabolic studies reveal that antifolate-
resistant parasites exhibit altered nucleotide metabolism and enhanced salvage pathway utilization, adaptations that
partially compensate for impaired de novo folate synthesis. The molecular epidemiology of antifolate resistance has
been extensively mapped using molecular markers, enabling real-time surveillance and informing policy decisions
regarding sulfadoxine-pyrimethamine utility in specific geographic contexts [167]. These insights demonstrate how
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understanding resistance mechanisms directly translates to evidence-based therapeutic recommendations and
resistance containment strategies.

Artemisinin Resistance: Kelch13 Mutations and Cellular Adaptations

Artemisinin resistance represents the most concerning contemporary threat to malaria control, given that
artemisinin-based combination therapies constitute frontline treatment globally. Unlike resistance to other
antimalarials, artemisinin resistance manifests as delayed parasite clearance rather than complete treatment failure,
characterized by ring-stage parasites surviving brief artemisinin exposure. The landmark discovery that mutations
in the kelch13 propeller domain (k13) gene associate strongly with artemisinin resistance revolutionized
understanding of this phenomenon and enabled molecular surveillance. Validated resistance mutations, including
C580Y, R539T, 1548T, and Y493H, concentrate in the kelch18 propeller domain and occur predominantly in the
Greater Mekong Subregion, although recent reports document independent emergence in Africa and South America
[17].

The biochemical mechanism underlying kelch13-mediated artemisinin resistance involves enhanced cellular
responses to oxidative stress and modifications to the parasite cell cycle that reduce artemisinin susceptibility during
the ring stage. Kelch13 functions as a substrate adaptor for a cullin E3 ubiquitin ligase complex, regulating protein
degradation and cellular homeostasis [187]. Resistance mutations impair this function, resulting in accumulation of
phosphatidylinositol-3-kinase and reduced hemoglobin endocytosis, thereby limiting artemisinin activation through
decreased exposure to heme-derived iron. Additionally, resistant parasites exhibit cell cycle alterations characterized
by developmental arrest at the ring stage, the developmental phase inherently least susceptible to artemisinin,
effectively creating a temporal sanctuary from drug action [197].

Metabolic profiling reveals that artemisinin-resistant parasites display enhanced unfolded protein response
activation and upregulated antioxidant defenses, adaptations that mitigate artemisinin-induced proteotoxic stress.
The fitness costs associated with kelch18 mutations remain controversial, with some studies demonstrating reduced
growth rates in resistant parasites while others detect minimal impact, potentially explaining variable competitive
dynamics between sensitive and resistant populations [207]. Concerning epidemiological trends indicate that partial
artemisinin resistance has emerged independently multiple times and continues spreading geographically, with
documented cases in Rwanda and Uganda threatening African malaria control programs. Genomic surveillance
employing whole-genome sequencing has identified additional genetic modifiers, including mutations in ferredoxin,
apicoplast ribosomal proteins, and ubiquitin hydrolase, that modulate artemisinin resistance phenotypes in kelch13
mutant backgrounds [217. These findings emphasize the polygenic nature of artemisinin resistance and complicate
molecular surveillance strategies that rely solely on kelch13 genotyping.

Partner Drug Resistance and Combination Therapy Failure

The efficacy of artemisinin-based combination therapies depends critically on partner drug effectiveness, as the short
artemisinin half-life necessitates a longer-acting companion drug to eliminate residual parasites. Emergence of
resistance to partner drugs, particularly piperaquine and mefloquine, in combination with artemisinin resistance
threatens therapeutic longevity and raises the specter of untreatable malaria [227]. Piperaquine resistance involves
amplification of plasmepsin 2 and 3 genes along with mutations in the exonuclease E415G variant, resulting in
treatment failures with dihydroartemisinin-piperaquine across Cambodia and Vietnam. The molecular mechanism
remains incompletely elucidated, although plasmepsins function in hemoglobin degradation and their amplification
may alter digestive vacuole hemoglobin processing, potentially reducing piperaquine accumulation or activity [237].
Metloquine resistance, prevalent in Southeast Asia, involves pfmdrl amplification and specific mutations that
enhance drug efflux, limiting therapeutic efficacy of artesunate-mefloquine combinations. Mathematical modeling
demonstrates that the sequential emergence of artemisinin resistance followed by partner drug resistance
significantly accelerates treatment failure rates, with double-resistant parasites exhibiting selective advantages that
facilitate rapid population replacement [247. Clinical studies document alarming treatment failure rates exceeding
50% for dihydroartemisinin-piperaquine in western Cambodia, necessitating therapeutic regimen changes and
heightened surveillance [25].

The phenomenon of collateral sensitivity, wherein resistance to one drug increases susceptibility to another, offers
potential strategies for therapeutic cycling and combination optimization [267]. For instance, pfindrl mutations
conferring lumefantrine resistance paradoxically enhance susceptibility to mefloquine and vice versa, suggesting
that strategic deployment of different artemisinin-based combination therapies might delay or reverse resistance.
However, practical implementation faces challenges including limited drug availability, cost considerations, and the
need for real-time molecular surveillance to guide therapeutic choices. Triple artemisinin-based combination
therapies, incorporating two partner drugs with distinct mechanisms, represent a promising strategy to overcome
resistance, with artemisinin-naphthoquine-piperaquine demonstrating superior efficacy in regions with piperaquine
resistance [277]. Population genetic analyses reveal that combination therapies exert strong selective pressure on
parasite populations, necessitating careful consideration of deployment strategies to maximize therapeutic lifespan
while minimizing resistance evolution.
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Emerging Therapeutic Strategies and Novel Drug Development
The antimalarial drug development pipeline has expanded substantially, with multiple compounds in clinical trials
targeting novel parasite pathways and circumventing established resistance mechanisms [287]. Synthetic peroxides,
including arterolane and artefenomel, maintain activity against artemisinin-resistant parasites while offering
improved pharmacokinetic properties and single-dose treatment potential. These compounds generate reactive
oxygen species through a similar mechanism to artemisinins but exhibit distinct structure-activity relationships that
may delay resistance emergence [297. Spiroindolones, exemplified by cipargamin, target the parasite sodium pump
PfATP4 and demonstrate rapid parasite clearance with activity against multiple life cycle stages including liver and
transmission stages. Phase II trials demonstrate excellent tolerability and efficacy, with cipargamin advancing
toward registration as a component of novel combination therapies [307.
Imidazolopiperazines, such as KAF156, inhibit phosphatidylinositol 4-kinase and exhibit broad-spectrum activity
against drug-resistant parasites, although recent reports document reduced susceptibility associated with mutations
in PICARL and UDP-galactose transporter genes. Aminoacyl-tRNA synthetase inhibitors represent another
promising class, with compounds targeting prolyl-tRNA synthetase and other translation machinery components
demonstrating potent antimalarial activity and acceptable safety profiles in early clinical development [317.
Proteasome inhibitors exploit the parasites' dependence on protein degradation pathways for hemoglobin catabolism
and cell cycle regulation, although clinical development has been limited by concerns regarding host cell toxicity.
Monoclonal antibodies targeting merozoite surface proteins offer an immunotherapeutic approach, with several
candidates demonstrating parasite neutralization in vitro and protection in animal models [327. The development
of bispecific antibodies that simultaneously engage multiple parasite antigens and host immune eftectors represents
an innovative strategy that may enhance efficacy and delay resistance. Host-directed therapies that modulate human
pathways essential for parasite survival, such as Plasmodium falciparum kinase inhibitors that target erythrocyte
membrane modifications, provide an alternative approach less vulnerable to parasite resistance evolution.
Transmission-blocking vaccines and drugs targeting gametocyte development offer complementary strategies to
reduce malaria transmission and limit resistance spread, although their impact depends on achieving high population
coverage [337]. The strategic combination of these diverse approaches, informed by pharmacokinetic-
pharmacodynamic modeling and evolutionary considerations, offers renewed optimism for sustainable malaria
control despite continuing resistance challenges [347.
CONCLUSION
Antimalarial drug resistance in Plasmodium falciparum represents a multifaceted challenge involving diverse
molecular mechanisms that collectively threaten global malaria control achievements. Chloroquine and quinoline
resistance, mediated primarily through PfCRT and PfIMDR1 mutations altering drug transport, established the
paradigm for understanding resistance evolution. Antifolate resistance exemplifies how sequential target site
mutations progressively compromise therapeutic efficacy, while artemisinin resistance, associated with kelch13
mutations and complex cellular adaptations, presents the most immediate threat to frontline therapies. The
emergence of partner drug resistance, particularly piperaquine resistance in artemisinin-resistant backgrounds,
creates potentially untreatable malaria scenarios in Southeast Asia. Current evidence demonstrates variable quality,
with robust genetic association studies contrasted by incomplete mechanistic understanding for some resistance
phenotypes. Emerging therapeutic strategies encompass synthetic peroxides, spiroindolones, aminoacyl-tRNA
synthetase inhibitors, and immunotherapeutic approaches that target novel parasite pathways and circumvent
established resistance mechanisms. The clinical translation of these compounds, deployed rationally in triple
combination therapies and informed by real-time genomic surveillance, offers promise for overcoming resistance.
However, sustainable success requires integrated approaches combining novel drug development, optimized
combination strategies, enhanced pharmacovigilance, transmission reduction interventions, and continued
investment in resistance monitoring infrastructure. The evolutionary pressure exerted by antimalarial drugs
demands continuous innovation and adaptive strategies to maintain therapeutic efficacy and advance toward malaria
elimination. National malaria control programs should implement routine molecular surveillance for validated
resistance markers, including kelch138 genotyping and partner drug resistance determinants, to enable evidence-
based therapeutic policy decisions and facilitate early detection of resistance emergence in new geographic regions.
REFERENCES

1. Ogbonnia Egwu, C., Aloke, C., Chukwu, J., Agwu, A., Alum, E.U,, Tsamesidis, I., E Offor, C., Ajuka Obasi,

N, Aja, PM.: A world free of malaria: It is time for Africa to actively champion and take leadership of

elimination and  eradication strategies.  Afr  Health Sci. 22,  627-640  (2022).

https://doi.org/10.4314/ahs.v22i4.68

2. WHO Team Global Malaria Programme: World Health Organization. (2024). World Malaria Report 2024
Key facts and figures. Geneva: WHO. 316 (2024)
3. Cowman, A.F., Healer, J., Marapana, D., Marsh, K.: Malaria: Biology and Disease. Cell. 167, 610—624 (2016).

https://doi.org/10.1016/].cell.2016.07.055

98



www.idosr.org Nalongo, 2026

4.

10.

11.

12.

13.

14.

16.

18.

Achan, J.,, Talisuna, A.O., Erhart, A., Yeka, A. Tibenderana, J.K., Baliraine, F.N., Rosenthal, P.J,,
D’Alessandro, U.: Quinine, an old anti-malarial drug in a modern world: role in the treatment of malaria.
Malaria Journal 2011 10:1. 10, 1-12 (2011). https://doi.org/10.1186/1475-2875-10-144:

Tufail, T., Agu, P.C,, Akinloye, D.I., Obaroh, I.O.: Malaria pervasiveness in Sub-Saharan Africa: Overcoming
the scuftle. Medicine. 103, e40241 (2024). https://doi.org/10.1097/MD.0000000000040241

Milner, D.A., Vareta, J., Valim, C., Montgomery, J., Daniels, R.F., Volkman, S.K., Neafsey, D.E., Park, D.J.,
Schaftner, S.I., Mahesh, N.C,, Barnes, K.G., Rosen, D.M., Lukens, A.K., Van Tyne, D., Wiegand, R.C., Sabeti,
P.C, Seydel, K.B., Glover, S.J., Kamiza, S., Molyneux, M.E., Taylor, T.E., Wirth, D.F.: Human cerebral
malaria and Plasmodium falciparum genotypes in Malawi. Malar J. 11, 385 (2012).
https://doi.org/10.1186/1475-2875-11-35

Alum, E. U. (2024). Phytochemicals in Malaria Treatment: Mechanisms of Action and Clinical Efficacy. KIU
J. Health Sci., 4(2):71-84. https://doi.org/10.59568/KIJHS-2024-4-2-06.

Ashley, E.A., Dhorda, M., Fairhurst, R.M., Amaratunga, C., Lim, P., Suon, S., Sreng, S., Anderson, J.M.,
Mao, S., Sam, B., Sopha, C., Chuor, C.M., Nguon, C., Sovannaroth, S., Pukrittayakamee, S., Jittamala, P.,
Chotivanich, K., Chutasmit, K., Suchatsoonthorn, C., Runcharoen, R., Hien, T.T., Thuy-Nhien, N.'T, Thanh,
N.V,, Phu, N.H,, Htut, Y., Han, K.-T., Aye, K.H., Mokuolu, O.A., Olaosebikan, R.R., Folaranmi, O.0O.,,
Mayxay, M., Khanthavong, M., Hongvanthong, B., Newton, P.N., Onyamboko, M.A., Fanello, C.I., Tshefu,
A.K.,, Mishra, N, Valecha, N, Phyo, A.P,, Nosten, I,, Yi, P,, Tripura, R., Borrmann, S., Bashraheil, M., Peshu,
J., Faiz, M.A., Ghose, A., Hossain, M.A., Samad, R., Rahman, M.R., Hasan, M.M., Islam, A., Miotto, O.,
Amato, R., Maclnnis, B., Stalker, J., Kwiatkowski, D.P., Bozdech, Z., Jeeyapant, A., Cheah, P.Y., Sakulthaew,
T., Chalk, J., Intharabut, B., Silamut, K., Lee, S.J., Vihokhern, B., Kunasol, C., Imwong, M., Tarning, J.,
Taylor, W.J,, Yeung, S., Woodrow, CJ., Flegg, J.A., Das, D., Smith, J., Venkatesan, M., Plowe, C. V.,
Stepniewska, K., Guerin, P.J., Dondorp, A.M., Day, N.P., White, N.J.: Spread of Artemisinin Resistance in
Plasmodium falciparum Malaria. New England Journal of Medicine. 3871, 411—423 (2014).
https://doi.org/10.1056/NEJMOA 1314981

Chinappi, M., Via, A., Marcatili, P., Tramontano, A.: On the Mechanism of Chloroquine Resistance in
Plasmodium falciparum. PLoS One. 5, e14064 (2010). https://doi.org/10.1371/JOURNAL.PONE.0014064
Goswami, D., Dhiman, S., Rabha, B., Kumar, D., Baruah, I., Sharma, D.K., Veer, V.: Pfcrt mutant haplotypes
may not correspond with chloroquine resistance. The Journal of Infection in Developing Countries. 8, 768~
773 (2014). https://doi.org/10.8855/jidc.3398

Veiga, M.1,, Dhingra, S.K., Henrich, P.P., Straimer, J., Gnddig, N., Uhlemann, A.C,, Martin, R.E,, Lehane,
A.M,, Fidock, D.A.: Globally prevalent PEIMDR1 mutations modulate Plasmodium falciparum susceptibility
to artemisinin-based combination therapies. Nature Communications 2016 7:1. 7, 1-12 (2016).
https://doi.org/10.1038/ncomms11553

Ainebyoona, C., Egwu, C.O., Onohuean, H., Ugwu, O.P.C, Uti, D.E., Alum, B.N, Echegu, D.A. Mitigation
of Malaria in Sub-Saharan Africa through Vaccination: A Budding Road Map for Global Malaria Eradication
(2025). Ethiopian Journal of Health Sciences, 2025; 35(3): 205-217. doi: 10.4814/ejhs.v85i3.9. PMID:
40717722; PMCID: PMC12287706

Naidoo, I., Roper, C.: Mapping “partially resistant”, “fully resistant”, and “super resistant” malaria. Trends
Parasitol. 29, 505—515 (2013). https://doi.org/10.1016/].pt.2013.08.002

Barnett, D.S., Guy, R.K.: Antimalarials in Development in 2014. Chem Rev. 114, 11221-11241 (2014).
https://doi.org/10.1021/CR500543F

Kakuru, A., Jagannathan, P., Muhindo, M.K., Natureeba, P., Awori, P., Nakalembe, M., Opira, B., Olwoch,
P., Ategeka, J., Nayebare, P., Clark, T.D., Feeney, M.E., Charlebois, E.D., Rizzuto, G., Muehlenbachs, A.,
Havlir, D. V., Kamya, M.R., Dorsey, G.: Dihydroartemisinin—Piperaquine for the Prevention of Malaria in
Pregnancy. New England Journal of Medicine. 374, 928-939 (2016).
https://doi.org/10.1056/NEJMOA 1509150

Takala-Harrison, S., Laufer, M.K.: Antimalarial drug resistance in Africa: Key lessons for the future. Ann N
Y Acad Sci. 1342, 62-67 (2015).
https://doi.org/10.1111/NYAS.12766;PAGE:STRING:ARTICLE/CHAPTER

Balikagala, B., Fukuda, N., Ikeda, M., Katuro, O.T., Tachibana, S.-I., Yamauchi, M., Opio, W., Emoto, S.,
Anywar, D.A., Kimura, E., Palacpac, N.M.Q., Odongo-Aginya, E.I, Ogwang, M., Horii, T., Mita, T.:
Evidence of Artemisinin-Resistant Malaria in Africa. New England Journal of Medicine. 385, 1163—1171
(2021). https://doi.org/10.1056/NEJIMOA2101746;WGROUP:STRING:MMS

Mbengue, A., Bhattacharjee, S., Pandharkar, T, Liu, H., Estiu, G., Stahelin, R. V., Rizk, S.S., Njimoh, D.L.,
Ryan, Y., Chotivanich, K., Nguon, C., Ghorbal, M., Lopez-Rubio, J.J., Pfrender, M., Emrich, S., Mohandas,
N., Dondorp, A.M., Wiest, O., Haldar, K.: A molecular mechanism of artemisinin resistance in Plasmodium
falciparum malaria. Nature 2015 520:7549. 520, 683—687 (2015). https://doi.org/10.1088/nature14412

99


https://doi.org/10.1186/1475-2875-11-35
https://doi.org/10.59568/KJHS-2024-4-2-06
https://scholar.google.com/scholar?oi=bibs&cluster=14930744230328505557&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=14930744230328505557&btnI=1&hl=en

www.idosr.org Nalongo, 2026

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

Hott, A., Casandra, D., Sparks, K.N., Morton, L.C., Castanares, G.G., Rutter, A., Kyle, D.E.: Artemisinin-
Resistant Plasmodium falciparum Parasites Exhibit Altered Patterns of Development in Infected
Erythrocytes. Antimicrob Agents Chemother. 59, 3156—3167 (2015). https://doi.org/10.1128/AAC.00197-
15

Straimer, J., Gnidig, N.F., Witkowski, B., Amaratunga, C., Duru, V., Ramadani, A.P., Dacheux, M., Khim,
N, Zhang, L., Lam, S., Gregory, P.D., Urnov, F.D., Mercereau-Puijalon, O., Benoit-Vical, F., Fairhurst,
R.M., Ménard, D., Fidock, D.A.: K13-propeller mutations confer artemisinin resistance in Plasmodium
falciparum clinical isolates. Science (1979). 347, 428-431 (2015).
https://doi.org/10.1126/SCIENCE.1260867;CSUBTYPE:STRING:SPECIAL;PAGE:STRING:ARTICL
E/CHAPTER

Miotto, O., Sekihara, M., Tachibana, S.I., Yamauchi, M., Pearson, R.D., Amato, R., Gongalves, S., Mehra, S.,
Noviyanti, R., Marfurt, J., Auburn, S., Price, RN., Mueller, I., Ikeda, M., Mori, T., Hirai, M., Tavul, L.,
Hetzel, M.W., Laman, M., Barry, A.E., Ringwald, P., Ohashi, J., Hombhanje, F., Kwiatkowski, D.P., Mita,
T.: Emergence of artemisinin-resistant Plasmodium falciparum with kelch13 C580Y mutations on the island
of New Guinea. PLoS Pathog. 16, €1009183 (2020). https://doi.org/10.1871/JOURNAL.PPAT.1009133
Amato, R, Lim, P., Miotto, O., Amaratunga, C., Dek, D., Pearson, R.D., Almagro-Garcia, J., Neal, AT,
Sreng, S., Suon, S., Drury, E., Jyothi, D., Stalker, J., Kwiatkowski, D.P., Fairhurst, R.M.: Genetic markers
associated with dihydroartemisinin—piperaquine failure in Plasmodium falciparum malaria in Cambodia: a
genotype—phenotype  association study. Lancet Infect  Dis. 17, 164—173 (2017).
https://doi.org/10.1016/S1473-3099(16)30409-1

Ross, L.S., Dhingra, S.K., Mok, S., Yeo, T., Wicht, K.J., Kiimpornsin, K., Takala-Harrison, S., Witkowski, B.,
Fairhurst, R M., Ariey, F., Menard, D., Fidock, D.A.: Emerging Southeast Asian PfCRT mutations confer
Plasmodium falciparum resistance to the first-line antimalarial piperaquine. Nature Communications 2018
9:1. 9, 1-18 (2018). https://doi.org/10.1038/541467-018-05652-0

White, N.J., Hien, T.T., Nosten, F.H.: A Brief History of Qinghaosu. Trends Parasitol. 31, 607610 (2015).
https://doi.org/10.1016/).pt.2015.10.010

van der Pluijm, RW., Imwong, M., Chau, N.H., Hoa, N.T., Thuy-Nhien, N.T., Thanh, N.V., Jittamala, P,
Hanboonkunupakarn, B., Chutasmit, K., Saelow, C., Runjarern, R., Kaewmok, W., Tripura, R., Peto, T.J,,
Yok, S, Suon, S, Sreng, S., Mao, S., Oun, S., Yen, S., Amaratunga, C., Lek, D., Huy, R., Dhorda, M.,
Chotivanich, K., Ashley, E.A., Mukaka, M., Waithira, N., Cheah, P.Y., Maude, R.J., Amato, R., Pearson, R.D,,
Gongalves, S., Jacob, C.G., Hamilton, W.L., Fairhurst, R.M., Tarning, J., Winterberg, M., Kwiatkowski,
D.P., Pukrittayakamee, S., Hien, T.T., Day, N.P., Miotto, O., White, N.J., Dondorp, A.M.: Determinants of
dihydroartemisinin-piperaquine treatment failure in Plasmodium falciparum malaria in Cambodia, Thailand,
and Vietnam: a prospective clinical, pharmacological, and genetic study. Lancet Infect Dis. 19, 952961
(2019). https://doi.org/10.1016/S51473-3099(19)30391-3

Rosenthal, P.J.: The interplay between drug resistance and fitness in malaria parasites. Mol Microbiol. 89,
1025—1088 (2018). https://doi.org/10.1111/MMI.12349;PAGE:STRING:ARTICLE/CHAPTER

Leang, R., Taylor, W.R.J,, Bouth, D.M,, Song, L., Tarning, J., Char, M.C,, Kim, S., Witkowski, B., Duru, V.,
Domergue, A., Khim, N., Ringwald, P., Menard, D.: Evidence of plasmodium falciparum malaria multidrug
resistance to artemisinin and piperaquine in Western Cambodia: Dihydroartemisinin-piperaquine open-label
multicenter  clinical ~ assessment.  Antimicrob  Agents Chemother. 59, 4719-4726 (2015).
https://doi.org/10.1128/AAC.00835-15;PAGE:STRING:ARTICLE/CHAPTER

Wells, T.N.C., Van Huijsduijnen, R.H., Van Voorhis, W.C.: Malaria medicines: a glass half full? Nature
Reviews Drug Discovery 2015 14:6. 14, 424—442 (2015). https://doi.org/10.1038/nrd4573

Charman, S.A., Arbe-Barnes, S., Bathurst, 1.C., Brund, R., Campbell, M., Charman, W.N., Chiu, F.CK,,
Chollet, J., Craft, J.C., Creek, D.J., Don, Y., Matile, H., Maurer, M., Morizzi, J., Nguyen, T., Papastogiannidis,
P., Scheurer, C., Shackleford, D.M., Sriraghavan, K., Stingelin, L., Tang, Y., Urwyler, H., Wang, X., White,
K.L., Wittlin, S., Zhou, L., Vennerstrom, J.L.: Synthetic ozonide drug candidate OZ439 offers new hope for
a single-dose cure of uncomplicated malaria. Proc Natl Acad Sci U S A. 108, 4400—4405 (2011).
https://doi.org/10.1078/PNAS.1015762108;PAGE:STRING:ARTICLE/CHAPTER

White, N.J., Duong, T.T., Uthaisin, C., Nosten, F., Phyo, A.P., Hanboonkunupakarn, B., Pukrittayakamee,
S., Jittamala, P., Chuthasmit, K., Cheung, M.S,, Feng, Y., Li, R., Magnusson, B., Sultan, M., Wieser, D., Xun,
X., Zhao, R., Diagana, T.T., Pertel, P., Leong, F.J.: Antimalarial Activity of KAF156 in Falciparum and
Vivax Malaria. New England Journal of Medicine. 375, 1152—1160 (2016).
https://doi.org/10.1056/NEJMOA1602250;WGROUP:STRING:MMS

Kato, N., Comer, E., Sakata-Kato, T., Sharma, A., Sharma, M., Maetani, M., Bastien, J., Brancucci, N.M.,
Bittker, J.A., Corey, V., Clarke, D., Derbyshire, E.R., Dornan, G.L., Dufty, S., Eckley, S., Itoe, M.A., Koolen,
K.M.J,, Lewis, T.A,, Lui, P.S,, Lukens, A.K., Lund, E., March, S., Meibalan, E., Meier, B.C., McPhail, J.A.,,

100



www.idosr.org Nalongo, 2026
& b

32.

33.

34.

Mitasev, B., Moss, E.L.,, Sayes, M., Van Gessel, Y., Wawer, M.J,, Yoshinaga, T., Zeeman, A.M., Avery, V.M.,
Bhatia, S.N., Burke, J.E., Catteruccia, ., Clardy, J.C., Clemons, P.A., Dechering, K.J., Duvall, J.R., Foley,
M.A., Gusovsky, ., Kocken, C.H.M., Marti, M., Morningstar, M.L., Munoz, B., Neafsey, D.E., Sharma, A,,
Winzeler, E.A., Wirth, D.F., Scherer, C.A., Schreiber, S.L.: Diversity-oriented synthesis yields novel
multistage antimalarial inhibitors. Nature 2016 538:7625. 538, 344—349 (2016).
https://doi.org/10.10388/nature19804

Julien, J.P., Wardemann, H.: Antibodies against Plasmodium falciparum malaria at the molecular level.
Nature Reviews Immunology 2019 19:12. 19, 761-775 (2019). https://doi.org/10.1088/541577-019-0209-
5

Duffy, P.E,, Patrick Gorres, J.: Malaria vaccines since 2000: progress, priorities, products. npj Vaccines 2020
5:1. 5, 1-9 (2020). https://doi.org/10.1038/541541-020-0196-3

Burrows, J.N., Duparc, S., Gutteridge, W.E., Hooft Van Huijsduijnen, R., Kaszubska, W., Macintyre, F.,
Mazzuri, S., Mohrle, J.J., Wells, T.N.C.: New developments in anti-malarial target candidate and product
profiles. Malaria Journal 2017 16:1. 16, 1-29 (2017). https://doi.org/10.1186/512936-016-1675-X

101



