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Abstract
Artemisinin partial resistance, defined by delayed clearance of ring-stage
Plasmodium falciparum after treatment with an artemisinin derivative, was
first described in the Greater Mekong subregion and is now confirmed in East
Africa. This review brings together the clinical, molecular and operational
literature on that transition. It describes how the phenotype was defined and
measured, how mutations in the propeller domain of the kelch13 gene came to
serve as molecular markers, and what is understood about the underlying
mechanism, in which reduced haemoglobin endocytosis limits the activation
of the drug in young ring stages. The alleles reported from Rwanda and
Uganda arose locally rather than spreading from Asia, which carries
implications for how surveillance should be designed. The review then
examines the gaps: uneven geographical coverage of therapeutic efficacy
studies, the difficulty of interpreting kelch13 genotypes whose clinical
consequence has not been validated, the limited capacity for ex vivo
phenotyping in endemic settings, and the separate and more urgent question
of partner drug resistance, which determines whether treatment fails. Options
under discussion, including multiple first-line therapies and triple
combinations, are summarised with the evidence currently available for each.
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1. Introduction
Artemisinin-based combination therapy has been the backbone of falciparum malaria treatment for
around two decades. Its effectiveness rests on an unusual property of the artemisinins: they kill parasites
across a wide range of asexual stages, reduce the biomass rapidly over the first two days, and leave a
smaller residual population for a longer-acting partner drug to clear. Resistance to the artemisinin
component therefore does not usually present as treatment failure. It presents as slower clearance, which
transfers a larger surviving population to the partner drug and in time selects for resistance against it.

That phenotype was first reported from western Cambodia, where parasite clearance after artesunate

Girard et al. / Int.J.Bacteriol.Parasitol. 1(1) (2026) 7-13

Emeka Girard1*, Astrid Fortin2, Siddharth Chandrasekar3
1Department of Life Sciences, Parana Research Institute of Life Sciences, Kazakhstan
2Department of Life Sciences, Chaliyar Institute for Advanced Life Sciences, Sweden
3Department of Life Sciences, Loire Institute of Life Sciences, Croatia

© 2026 Emeka Girard et al. This is an open access article under the CC BY license

* Corresponding author: Emeka Girard, Department of Life Sciences, Parana Research Institute of Life Sciences, Kazakhstan. E-mail:
emeka.girard@parana.edu
© 2026 Emeka Girard et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Received: 26 April 2026
Accepted: 30 June 2026
Published: 22 August 2026

https://doi.org/10.62715/ijbp.2026.v1.i1.pp7-13
https://trpub.org/journal.php?id=KJ4WZ4WZti
https://doi.org/10.62715/ijbp.2026.v1.i1.pp7-13
https://creativecommons.org/licenses/by/4.0/
mailto:emeka.girard@parana.edu


Page 2 of 7

was slower than expected (Noedl et al., 2008) and was then characterised in detail in a study that
compared clearance kinetics across sites and established the central features of the phenotype (Dondorp
et al., 2009). The term now preferred is partial resistance, because the drugs retain substantial activity and
cure rates remain high where the partner drug is effective. Over the following decade the phenotype
spread across the Greater Mekong subregion (Ashley et al., 2014), and the long-anticipated question
became whether the same would occur in Africa, which carries most of the global burden (WHO, 2023).

It has now occurred, by independent emergence rather than importation. This article reviews the
evidence in three parts: how the phenotype is defined and measured, what the molecular markers do and
do not tell us, and where current surveillance falls short. The treatment is a narrative review of the
published literature rather than a systematic one, and it concentrates on the sources that have shaped how
the field reasons about the problem.

2. Defining and Measuring the Phenotype
Partial resistance is defined operationally. In vivo it is expressed as the proportion of patients still
parasitaemic by microscopy on day three after the start of treatment, or more precisely as the parasite
clearance half-life estimated from serial counts. In vitro the conventional susceptibility assay proved
unsuitable, because the drug acts over a few hours on a narrow window of the life cycle and a standard
forty-eight hour exposure does not capture it. The ring-stage survival assay, which exposes tightly
synchronised early rings to a short pulse of dihydroartemisinin and counts viable parasites afterwards,
was developed to fill that gap and correlates with clearance in patients (Witkowski et al., 2013).

Both measures have limitations that bear on surveillance. Day three positivity depends on the starting
parasitaemia, on host immunity and on the quality of microscopy, so it performs poorly as a comparator
across sites with different transmission intensity. The ring-stage survival assay requires fresh isolates,
synchronisation and skilled staff, which restricts it to a small number of laboratories. Table 1 sets out the
principal approaches, what each measures and the constraint that limits its routine use.

Table 1: Approaches to detecting artemisinin partial resistance and the constraint on each

Approach What it measures Main constraint

Day three parasitaemia Proportion still positive by microscopy
after three days

Sensitive to immunity and initial
parasite density

Clearance half-life Rate of decline from serial counts Requires frequent sampling over
several days

Ring-stage survival assay Survival of early rings after a short drug
pulse

Fresh isolates and specialist
laboratory capacity Witkowski et

al., 2013

kelch13 genotyping Presence of validated or candidate
propeller mutations

Many alleles have no established
clinical meaning Menard et al., 2016

Therapeutic efficacy study Cure rate at day 28 or 42 with
genotyping of recurrences

Resource intensive and slow to
repeat WHO, 2020

Partner drug markers Copy number and polymorphisms
linked to partner drug response

Markers differ by drug and are
incompletely validated

3. The Molecular Marker and Its Mechanism
The genetic basis was identified through long-term in vitro selection combined with sequencing of
resistant and sensitive lines, which pointed to mutations in the propeller domain of a kelch protein
encoded on chromosome 13 (Ariey et al., 2014). Causality was established by gene editing: introducing
single propeller mutations into sensitive parasites raised ring-stage survival, and reverting them in
resistant clinical isolates lowered it (Straimer et al., 2015). Population genomic work showed that the
resistant populations in Southeast Asia arose on particular genetic backgrounds, which suggested that
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additional loci modulate the phenotype (Miotto et al., 2015).

Mechanistically the picture that has gained most support links kelch13 to the endocytosis of host
haemoglobin by the parasite. Artemisinins are activated by the iron released during haemoglobin
digestion, so a parasite that takes up less haemoglobin during the ring stage activates less drug and
survives the pulse. Proteomic and genetic work placed kelch13 at the cytostomal structures responsible
for that uptake and showed that reduced kelch13 function diminishes it (Birnbaum et al., 2020). An
alternative line of work implicated increased phosphatidylinositol-3-phosphate and an unfolded protein
response in tolerance to the drug (Mbengue et al., 2015). The two accounts are not mutually exclusive, and
both are consistent with the stage specificity of the phenotype.

The practical value of the marker depends on validation. A worldwide survey of propeller
polymorphisms found considerable diversity, much of it without any demonstrated association with
clearance (Menard et al., 2016). An individual patient data meta-analysis established which alleles are
reliably associated with slow clearance and provided the evidence base for the distinction between
validated and candidate markers that surveillance now uses (WWARN K13 Genotype-Phenotype Study
Group, 2019). Reporting a kelch13 mutation without stating which category it falls into is a recurring
weakness in the literature.

Two further properties of the marker shape how it should be used. Propeller mutations carry a fitness
cost in the absence of drug pressure, which is part of the reason resistant genotypes have sometimes
receded when drug policy changed, and it means that frequency estimates are sensitive to recent
treatment practice as well as to transmission. The marker is also imperfectly sensitive: slow clearance has
been observed in parasites with wild-type propeller sequences, and genotyping alone will therefore
underestimate the phenotype where an unrecognised mechanism is operating. Genotype data are most
informative when collected alongside clinical clearance data from the same patients, which is the design
the therapeutic efficacy study protocol already supports.

4. Emergence in Africa
Two sets of findings established that partial resistance is present in East Africa. In Rwanda, parasites
carrying the R561H propeller mutation were found at appreciable frequency and showed raised
ring-stage survival (Uwimana et al., 2020); a subsequent therapeutic efficacy study linked the genotype to
delayed clearance in treated patients (Uwimana et al., 2021). In northern Uganda, delayed clearance was
documented together with the A675V and C469Y mutations (Balikagala et al., 2021), and longitudinal
genotyping across Ugandan sites showed these alleles rising in frequency over successive years (Conrad
et al., 2023).

Two features of this evidence matter for policy. The first is that the African alleles differ from those
that dominate in Southeast Asia and sit on local genetic backgrounds, indicating independent emergence
rather than spread along a trade route. Containment strategies modelled on the Mekong experience,
which assumed a geographically advancing front, do not transfer directly. The second is that cure rates in
the reported studies largely remained high, because the partner drug, in most cases lumefantrine, was still
effective. Figure 1 places these reports in sequence with the earlier Asian findings. The sequence shows
how long the interval was between the first Asian report and the first African confirmation, and how
short the interval has been between successive African reports.

The epidemiological setting also differs in ways that may alter the trajectory. Transmission in most of
sub-Saharan Africa is far more intense than in the Mekong region, so a treated infection is frequently one
of several and the parasite population within a host is genetically mixed. Higher recombination rates
break up the multi-locus combinations on which the Asian resistant lineages depended, which could slow
the assembly of parasites resistant to both components of a combination. Acquired immunity works in the
same direction, since partially immune hosts clear residual parasites that would survive in a non-immune
patient. These arguments cut both ways: the same intensity of transmission produces an enormous
number of infections, and therefore of opportunities for a resistant parasite to arise and be transmitted
onwards.
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Figure 1: Sequence of principal reports on artemisinin partial resistance, from the first Asian
descriptions to confirmation in East Africa

5. Surveillance Gaps
Therapeutic efficacy studies remain the reference activity, and the decade-long synthesis published by the
World Health Organization shows both their value and their unevenness (WHO, 2020). Coverage is
concentrated where research capacity already exists. Large areas of Central and West Africa are sampled
infrequently, and a study conducted once every few years at a sentinel site cannot detect an allele rising in
frequency between rounds. Molecular surveillance is cheaper and can use samples already collected for
other purposes, but it inherits the validation problem described above and says nothing about the partner
drug.

Partner drug resistance is the more immediate threat to treatment outcome, and the Asian experience
illustrates why. Where piperaquine resistance emerged alongside artemisinin partial resistance,
dihydroartemisinin-piperaquine failed outright, with cure rates falling to levels that forced a change of
policy (Amaratunga et al., 2016). African surveillance is at present better equipped to detect kelch13
mutations than to detect the amplifications and polymorphisms associated with partner drug response.
The mechanistic and clinical background to the whole problem is reviewed by Fairhurst and Dondorp
(2016).

A third gap is analytical rather than logistical. Genotyping is often performed on samples collected
through routine surveys, with little information on recent treatment history, on which drug was taken, or
on whether the infection was polyclonal. Minority resistant clones within a mixed infection are readily
missed by conventional sequencing, and deep sequencing methods that detect them are not yet standard
outside research laboratories. Nor is there agreement on the frequency threshold at which a candidate
allele should prompt a programmatic response. These are solvable problems, but they require protocols
agreed across national programmes rather than decisions taken study by study.

The response options under discussion are set out in the strategy published for the African region
(WHO, 2022). They include deploying multiple first-line therapies simultaneously so that drug pressure
is diversified, improving the quality of diagnosis so that treatment is not given unnecessarily, and triple
artemisinin-based combinations, which add a second partner drug. A multicentre randomised trial found
triple combinations to be efficacious and acceptably tolerated where the underlying two-drug
combination was failing (van der Pluijm et al., 2020). Each option carries costs in procurement, regulation
and adherence that fall on programmes already stretched.

6. Conclusion
Artemisinin partial resistance is established in East Africa, it arose there independently, and the alleles
involved are being tracked. What is not in place is surveillance dense enough to see those alleles move,
validation of the many propeller mutations that fall outside the confirmed list, and equivalent attention to
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the partner drugs on which cure actually depends. The Asian experience suggests that the interval
between a slow-clearance phenotype and frank treatment failure is measured in years rather than
decades, and that the interval is the window in which policy can still act. Using it well will require
sustained investment in therapeutic efficacy studies outside the current sentinel sites and in laboratory
capacity for ex vivo phenotyping within the region.

Conflict of interest
To be declared by the author(s) before publication.

Funding
To be declared by the author(s) before publication.

References
Amaratunga, C., Lim, P., Suon, S., Sreng, S., Mao, S., Sopha, C., Sam, B., Dek, D., Try, V., Amato, R.,

Blessborn, D., Song, L., Tullo, G.S., Fay, M.P., Anderson, J.M., Tarning, J. and Fairhurst, R.M. (2016).
Dihydroartemisinin-piperaquine resistance in Plasmodium falciparum malaria in Cambodia: a
multisite prospective cohort study. The Lancet Infectious Diseases, 16(3): 357-365.
https://doi.org/10.1016/S1473-3099(15)00487-9

Ariey, F., Witkowski, B., Amaratunga, C., Beghain, J., Langlois, A.-C., Khim, N., Kim, S., Duru, V.,
Bouchier, C., Ma, L., Lim, P., Leang, R., Duong, S., Sreng, S., Suon, S., Chuor, C.M., Bout, D.M.,
Menard, S., Rogers, W.O., Genton, B., Fandeur, T., Miotto, O., Ringwald, P., Le Bras, J., Berry, A.,
Barale, J.-C., Fairhurst, R.M., Benoit-Vical, F., Mercereau-Puijalon, O. and Menard, D. (2014). A
molecular marker of artemisinin-resistant Plasmodium falciparum malaria. Nature, 505(7481): 50-55.
https://doi.org/10.1038/nature12876

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.O., 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, F., 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., MacInnis, 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, C.J., Flegg, J.A., Das, D.,
Smith, J., Venkatesan, M., Plowe, C.V., Stepniewska, K., Guerin, P.J., Dondorp, A.M., Day, N.P. and
White, N.J. (2014). Spread of artemisinin resistance in Plasmodium falciparum malaria. New England
Journal of Medicine, 371(5): 411-423. https://doi.org/10.1056/NEJMoa1314981

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. and Mita, T.
(2021). Evidence of artemisinin-resistant malaria in Africa. New England Journal of Medicine, 385(13):
1163-1171. https://doi.org/10.1056/NEJMoa2101746

Birnbaum, J., Scharf, S., Schmidt, S., Jonscher, E., Hoeijmakers, W.A.M., Flemming, S., Toenhake, C.G.,
Schmitt, M., Sabitzki, R., Bergmann, B., Froehlke, U., Mesen-Ramirez, P., Blancke Soares, A.,
Herrmann, H., Bartfai, R. and Spielmann, T. (2020). A Kelch13-defined endocytosis pathway mediates
artemisinin resistance in malaria parasites. Science, 367(6473): 51-59.
https://doi.org/10.1126/science.aax4735

Conrad, M.D., Asua, V., Garg, S., Giesbrecht, D., Niare, K., Smith, S., Namuganga, J.F., Katairo, T., Legac,
J., Crudale, R.M., Tumwebaze, P.K., Nsobya, S.L., Cooper, R.A., Kamya, M.R., Dorsey, G., Bailey, J.A.
and Rosenthal, P.J. (2023). Evolution of partial resistance to artemisinins in malaria parasites in
Uganda. New England Journal of Medicine, 389(8): 722-732. https://doi.org/10.1056/NEJMoa2211803

Girard et al. / Int.J.Bacteriol.Parasitol. 1(1) (2026) 7-13

https://doi.org/10.1016/S1473-3099(15)00487-9
https://doi.org/10.1038/nature12876
https://doi.org/10.1056/NEJMoa1314981
https://doi.org/10.1056/NEJMoa2101746
https://doi.org/10.1126/science.aax4735
https://doi.org/10.1056/NEJMoa2211803


Page 6 of 7

Dondorp, A.M., Nosten, F., Yi, P., Das, D., Phyo, A.P., Tarning, J., Lwin, K.M., Ariey, F., Hanpithakpong,
W., Lee, S.J., Ringwald, P., Silamut, K., Imwong, M., Chotivanich, K., Lim, P., Herdman, T., An, S.S.,
Yeung, S., Singhasivanon, P., Day, N.P.J., Lindegardh, N., Socheat, D. and White, N.J. (2009).
Artemisinin resistance in Plasmodium falciparum malaria. New England Journal of Medicine, 361(5):
455-467. https://doi.org/10.1056/NEJMoa0808859

Fairhurst, R.M. and Dondorp, A.M. (2016). Artemisinin-resistant Plasmodium falciparum malaria.
Microbiology Spectrum, 4(3). https://doi.org/10.1128/microbiolspec.EI10-0013-2016

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. and Haldar, K. (2015). A molecular mechanism of
artemisinin resistance in Plasmodium falciparum malaria. Nature, 520(7549): 683-687.
https://doi.org/10.1038/nature14412

Menard, D., Khim, N., Beghain, J., Adegnika, A.A., Shafiul-Alam, M., Amodu, O., Rahim-Awab, G.,
Barnadas, C., Berry, A., Boum, Y., Bustos, M.D., Cao, J., Chen, J.-H., Collet, L., Cui, L., Thakur, G.-D.,
Dieye, A., Djalle, D., Dorkenoo, M.A., Eboumbou-Moukoko, C.E., Espino, F.-E.-C.J., Fandeur, T.,
Ferreira-da-Cruz, M.-F., Fola, A.A., Fuehrer, H.-P., Hassan, A.M., Herrera, S., Hongvanthong, B.,
Houze, S., Ibrahim, M.L., Jahirul-Karim, M., Jiang, L., Kano, S., Ali-Khan, W., Khanthavong, M.,
Kremsner, P.G., Lacerda, M., Leang, R., Leelawong, M., Li, M., Lin, K., Mazarati, J.-B., Menard, S.,
Morlais, I., Muhindo-Mavoko, H., Musset, L., Na-Bangchang, K., Nambozi, M., Niare, K., Noedl, H.,
Ouedraogo, J.-B., Pillai, D.R., Pradines, B., Quang-Phuc, B., Ramharter, M., Randrianarivelojosia, M.,
Sattabongkot, J., Sheikh-Omar, A., Silue, K.D., Sirima, S.B., Sutherland, C., Syafruddin, D., Tahar, R.,
Tang, L.-H., Toure, O.A., Tshibangu-wa-Tshibangu, P., Vigan-Womas, I., Warsame, M., Wini, L.,
Zakeri, S., Kim, S., Eam, R., Berne, L., Khean, C., Chy, S., Ken, M., Loch, K., Canier, L., Duru, V.,
Legrand, E., Barale, J.-C., Stokes, B., Straimer, J., Witkowski, B., Fidock, D.A., Rogier, C., Ringwald, P.,
Ariey, F. and Mercereau-Puijalon, O. (2016). A worldwide map of Plasmodium falciparum
K13-propeller polymorphisms. New England Journal of Medicine, 374(25): 2453-2464.
https://doi.org/10.1056/NEJMoa1513137

Miotto, O., Amato, R., Ashley, E.A., MacInnis, B., Almagro-Garcia, J., Amaratunga, C., Lim, P., Mead, D.,
Oyola, S.O., Dhorda, M., Imwong, M., Woodrow, C., Manske, M., Stalker, J., Drury, E., Campino, S.,
Amenga-Etego, L., Thanh, T.-N.N., Tran, H.T., Ringwald, P., Bethell, D., Nosten, F., Phyo, A.P.,
Pukrittayakamee, S., Chotivanich, K., Chuor, C.M., Nguon, C., Suon, S., Sreng, S., Newton, P.N.,
Mayxay, M., Khanthavong, M., Hongvanthong, B., Htut, Y., Han, K.T., Kyaw, M.P., Faiz, M.A.,
Fanello, C.I., Onyamboko, M., Mokuolu, O.A., Jacob, C.G., Takala-Harrison, S., Plowe, C.V., Day, N.P.,
Dondorp, A.M., Spencer, C.C.A., McVean, G., Fairhurst, R.M., White, N.J. and Kwiatkowski, D.P.
(2015). Genetic architecture of artemisinin-resistant Plasmodium falciparum. Nature Genetics, 47(3):
226-234. https://doi.org/10.1038/ng.3189

Noedl, H., Se, Y., Schaecher, K., Smith, B.L., Socheat, D. and Fukuda, M.M. (2008). Evidence of
artemisinin-resistant malaria in western Cambodia. New England Journal of Medicine, 359(24):
2619-2620. https://doi.org/10.1056/NEJMc0805011

Straimer, J., Gnadig, 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., Menard, D. and Fidock, D.A. (2015). K13-propeller mutations confer artemisinin resistance in
Plasmodium falciparum clinical isolates. Science, 347(6220): 428-431.
https://doi.org/10.1126/science.1260867

Uwimana, A., Legrand, E., Stokes, B.H., Ndikumana, J.-L.M., Warsame, M., Umulisa, N., Ngamije, D.,
Munyaneza, T., Mazarati, J.-B., Munguti, K., Campagne, P., Criscuolo, A., Ariey, F., Murindahabi, M.,
Ringwald, P., Fidock, D.A., Mbituyumuremyi, A. and Menard, D. (2020). Emergence and clonal
expansion of in vitro artemisinin-resistant Plasmodium falciparum kelch13 R561H mutant parasites in
Rwanda. Nature Medicine, 26(10): 1602-1608. https://doi.org/10.1038/s41591-020-1005-2

Uwimana, A., Umulisa, N., Venkatesan, M., Svigel, S.S., Zhou, Z., Munyaneza, T., Habimana, R.M.,

Girard et al. / Int.J.Bacteriol.Parasitol. 1(1) (2026) 7-13

https://doi.org/10.1056/NEJMoa0808859
https://doi.org/10.1128/microbiolspec.EI10-0013-2016
https://doi.org/10.1038/nature14412
https://doi.org/10.1056/NEJMoa1513137
https://doi.org/10.1038/ng.3189
https://doi.org/10.1056/NEJMc0805011
https://doi.org/10.1126/science.1260867
https://doi.org/10.1038/s41591-020-1005-2


Page 7 of 7

Rucogoza, A., Moriarty, L.F., Sandford, R., Piercefield, E., Goldman, I., Ezema, B., Talundzic, E.,
Pacheco, M.A., Escalante, A.A., Ngamije, D., Mangala, J.-L.N., Kabera, M., Munguti, K., Murindahabi,
M., Brieger, W., Musanabaganwa, C., Mutesa, L., Udhayakumar, V., Mbituyumuremyi, A., Halsey,
E.S. and Lucchi, N.W. (2021). Association of Plasmodium falciparum kelch13 R561H genotypes with
delayed parasite clearance in Rwanda: an open-label, single-arm, multicentre, therapeutic efficacy
study. The Lancet Infectious Diseases, 21(8): 1120-1128. https://doi.org/10.1016/S1473-3099(21)00142-0

van der Pluijm, R.W., Tripura, R., Hoglund, R.M., Phyo, A.P., Lek, D., ul Islam, A., Anvikar, A.R.,
Satpathi, P., Satpathi, S., Behera, P.K., Tripura, A., Baidya, S., Onyamboko, M., Chau, N.H., Sovann,
Y., Suon, S., Sreng, S., Mao, S., Oun, S., Yen, S., Amaratunga, C., Chutasmit, K., Saelow, C.,
Runcharern, R., Kaewmok, W., Hoa, N.T., Thanh, N.V., Hanboonkunupakarn, B., Callery, J.J.,
Mohanty, A.K., Heaton, J., Thant, M., Gantait, K., Ghosh, T., Amato, R., Pearson, R.D., Jacob, C.G.,
Goncalves, S., Mukaka, M., Waithira, N., Woodrow, C.J., Grobusch, M.P., van Vugt, M., Fairhurst,
R.M., Cheah, P.Y., Peto, T.J., von Seidlein, L., Dhorda, M., Maude, R.J., Winterberg, M., Thuy-Nhien,
N.T., Kwiatkowski, D.P., Imwong, M., Jittamala, P., Lon, C., Pukrittayakamee, S., Newton, P.N.,
Chotivanich, K., Tarning, J., Day, N.P.J., Dondorp, A.M. and White, N.J. (2020). Triple
artemisinin-based combination therapies versus artemisinin-based combination therapies for
uncomplicated Plasmodium falciparum malaria: a multicentre, open-label, randomised clinical trial.
The Lancet, 395(10233): 1345-1360. https://doi.org/10.1016/S0140-6736(20)30552-3

Witkowski, B., Amaratunga, C., Khim, N., Sreng, S., Chim, P., Kim, S., Lim, P., Mao, S., Sopha, C., Sam, B.,
Anderson, J.M., Duong, S., Chuor, C.M., Taylor, W.R.J., Suon, S., Mercereau-Puijalon, O., Fairhurst,
R.M. and Menard, D. (2013). Novel phenotypic assays for the detection of artemisinin-resistant
Plasmodium falciparum malaria in Cambodia: in-vitro and ex-vivo drug-response studies. The Lancet
Infectious Diseases, 13(12): 1043-1049. https://doi.org/10.1016/S1473-3099(13)70252-4

World Health Organization (2020). Report on antimalarial drug efficacy, resistance and response: 10
years of surveillance (2010-2019). World Health Organization, Geneva.

World Health Organization (2022). Strategy to respond to antimalarial drug resistance in Africa. World
Health Organization, Geneva.

World Health Organization (2023). World malaria report 2023. World Health Organization, Geneva.

WWARN K13 Genotype-Phenotype Study Group (2019). Association of mutations in the Plasmodium
falciparum Kelch13 gene with parasite clearance rates after artemisinin-based treatments: a WWARN
individual patient data meta-analysis. BMC Medicine, 17: 1. https://doi.org/10.1186/s12916-018-1207-3

Girard et al. / Int.J.Bacteriol.Parasitol. 1(1) (2026) 7-13

Cite this article as: Girard E., Fortin A. and Chandrasekar S. (2026). Artemisinin Partial Resistance in 
African Malaria Parasites: Molecular Markers and Surveillance Gaps. International Journal of 
Bacteriology and Parasitology. 1(1), 7-13. doi: 10.62715/ijbp.2026.v1.i1.pp7-13

https://doi.org/10.1016/S1473-3099(21)00142-0
https://doi.org/10.1016/S0140-6736(20)30552-3
https://doi.org/10.1016/S1473-3099(13)70252-4
https://doi.org/10.1186/s12916-018-1207-3
https://doi.org/10.62715/ijbp.2026.v1.i1.pp7-13
https://doi.org/10.62715/ijbp.2026.v1.i1.pp7-13
https://doi.org/10.62715/ijbp.2026.v1.i1.pp7-13

