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Abstract 

Artemisinin partial resistance (ART-R) represents a growing concern for malaria control in Sub-

Saharan Africa. This narrative review synthesizes current evidence on the epidemiology, molecular 

markers, therapeutic efficacy, transmission dynamics, and surveillance of ART-R. Structured searches 

of peer-reviewed literature and grey sources published between 2020 and 2025 were conducted, 

focusing on clinical studies of artemisinin-based combination therapy (ACT) efficacy, PfKelch13 

(PfK13) mutations, and surveillance reports. Data were extracted descriptively and synthesized 

thematically across four domains: emergence patterns, molecular markers and phenotypic expression, 

treatment efficacy and partner drug susceptibility, and transmission and surveillance capacity. 

Validated PfK13 mutations associated with ART-R, including R561H, C469Y, A675V, and R622I, have 

emerged independently across Sub-Saharan African countries. While delayed parasite clearance is 

observed with these mutations, first-line ACTs continue to show high cure rates in many settings, 

reflecting the combined activity of artemisinin derivatives and partner drugs. Candidate PfK13 

mutations and markers of altered partner drug susceptibility have also been reported, highlighting 

potential emerging vulnerabilities in the ACT framework. Prolonged parasite clearance may increase 

the window of transmission, particularly in low to moderate transmission settings. Surveillance 

capacity is expanding but remains uneven, with gaps in genomic monitoring, timely reporting, and 

integration into policy processes. Overall, ART-R in Sub-Saharan Africa remains focal and of low 

prevalence, with limited evidence of widespread clinical impact. Strengthening integrated molecular 

and therapeutic surveillance, improving data-to-policy translation, and implementing targeted 

interventions in high-risk areas are critical to prevent wider dissemination and sustain ACT 

effectiveness, thereby supporting malaria control gains across the region. 

Keywords: ACT Efficacy, Artemisinin Partial Resistance, Malaria, Molecular Surveillance, PfK13 

Mutations, Sub-Saharan Africa. 

Introduction 

Malaria remains among the most important 

global public health concerns, with an 

estimated 282 million cases and over 600,000 

deaths annually, primarily occurring in low- 

and middle-income countries. Sub-Saharan 

Africa bears the greatest burden, accounting for 

more than 90% of global malaria cases and 

deaths [1]. Plasmodium falciparum is the 

predominant species in this region and is 

responsible for most severe disease outcomes, 

including hospitalizations and mortality [1]. 

Malaria transmission across Sub-Saharan 

Africa is highly heterogeneous, ranging from 

perennial high-transmission settings to seasonal 

or low-transmission areas [2]. This variability 

influences acquired immunity, clinical 
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manifestations, and the effectiveness of control 

interventions [3]. In addition, socioeconomic 

conditions, environmental factors, and health 

system capacity contribute to substantial 

variation in malaria burden [4]. These 

differences create diverse epidemiological 

contexts that shape both transmission dynamics 

and intervention effectiveness. 

In this context, artemisinin-based 

combination therapies (ACTs) remain the 

cornerstone of treatment for uncomplicated P. 

falciparum malaria. These therapies combine a 

fast-acting artemisinin derivative with a longer-

acting partner drug, enabling rapid parasite 

clearance and sustained therapeutic effect [5]. 

Together with vector control strategies such as 

insecticide-treated nets and indoor residual 

spraying, ACTs have contributed to significant 

reductions in malaria morbidity and mortality 

across the region [6]. However, the durability of 

these gains depends on the continued 

effectiveness of antimalarial drugs. Artemisinin 

partial resistance, first identified in Southeast 

Asia, is characterized by delayed parasite 

clearance and has been linked to mutations in 

the Pfkelch13 (PfK13) gene [5]. This form of 

resistance is not typically characterized by 

immediate treatment failure, but rather by 

changes in parasite clearance dynamics, making 

early detection dependent on clinical and 

molecular indicators. Although ACTs largely 

remain effective, the presence of molecular 

markers associated with reduced artemisinin 

susceptibility raises concern about potential 

future declines in treatment efficacy [7]. 

In Sub-Saharan Africa, the detection of 

PfK13 polymorphisms has been increasingly 

reported, but their epidemiological and clinical 

significance remains incompletely understood 

[8, 9]. Current evidence is fragmented across 

molecular surveillance, therapeutic efficacy 

studies, and transmission assessments, limiting 

integrated interpretation. In addition, the 

presence of both validated and novel PfK13 

mutations presents challenges for classification 

and risk assessment, particularly where 

phenotypic evidence is limited [10, 11]. 

Given the heterogeneity of malaria 

transmission, drug pressure, and health system 

capacity across Sub-Saharan Africa, a 

comprehensive understanding of the emergence 

and spread of artemisinin partial resistance is 

essential. This review aims to synthesize 

current evidence on epidemiological patterns, 

molecular markers, therapeutic efficacy, 

transmission dynamics, and surveillance 

capacity to inform timely and adaptive malaria 

control strategies. 

Methods 

This is a structured narrative review that 

synthesizes evidence on the emergence of 

artemisinin partial resistance (ART-R) in Sub-

Saharan Africa from 2020 to 2025. The review 

was conducted between January and March 

2025. 

Strategy 

Structured searches were performed in 

PubMed, Google Scholar, and grey literature 

sources covering the period 2020 - 2025. 

Keywords and Medical Subject Headings 

(MeSH) included “artemisinin partial 

resistance,” “kelch13 mutations,” “PfK13,” 

“ACT failure,” “therapeutic efficacy,” “malaria 

treatment,” and “Sub-Saharan Africa,” 

combined with Boolean operators (“AND” 

“OR”). Backward citation searching of 

reference lists from included studies was 

conducted to identify further eligible 

publications. 

Eligibility Criteria 

Included studies comprised original clinical 

investigations assessing ACT efficacy, parasite 

clearance dynamics, or therapeutic outcomes in 

Sub-Saharan African populations; molecular 

studies reporting PfK13 polymorphisms 

associated with ART-R; and surveillance or 

programmatic reports documenting emerging 

resistance trends. Review articles were included 
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to provide context and to identify additional 

primary sources. Only studies conducted in 

Sub-Saharan Africa reporting data on 

artemisinin susceptibility were considered. 

Studies unrelated to artemisinin resistance, 

PfK13 mutations, or ACT outcomes were 

excluded unless providing relevant contextual 

information. 

Data Extraction and Synthesis 

Data were extracted descriptively, including 

country, ACT regimens, therapeutic outcomes, 

parasite clearance patterns, and reported PfK13 

mutations (validated or candidate). Relevant 

surveillance findings and policy updates were 

also included to contextualize emerging trends. 

Quantitative synthesis or meta-analysis was not 

performed due to variability in study designs 

and outcome definitions. Findings were 

organized thematically into four key domains: 

epidemiologic patterns of emergence, 

molecular markers and phenotypic expression, 

therapeutic efficacy and partner drug 

susceptibility, and transmission dynamics with 

surveillance capacity. 

Results 

This section synthesizes evidence from 39 

sources (2020-2025) on artemisinin partial 

resistance in sub-Saharan Africa. The included 

evidence comprised different study designs, 

including modelling and genomic surveillance 

approaches, molecular surveillance of PfK13 

mutations, therapeutic efficacy studies, 

systematic reviews, and World Health 

Organization reports. Findings were organized 

into key domains including epidemiologic 

patterns of emergence, molecular markers and 

phenotypic expression, therapeutic efficacy and 

partner drug susceptibility, and transmission 

dynamics with surveillance capacity. 

Epidemiologic Patterns of Emergence 

The reviewed studies reported increasing 

detection of PfK13 mutations associated with 

artemisinin partial resistance across several 

Sub-Saharan African countries. In Rwanda, 

nonsynonymous PfK13 mutations increased 

over successive survey years [12]. 

In Uganda, PfK13 variants including 

A675V, C469Y, 469F, and 561H were detected 

across multiple districts, with frequencies in 

some locations ranging from approximately 

10% to over 50% depending on district and 

survey period [8]. In Western Kenya, PfK13 

mutations associated with artemisinin 

resistance were detected across serial cross-

sectional school-based surveys conducted in 

2019, 2022, and 2023, showing temporal 

variation in detection and prevalence of key 

variants across study years [13]. 

Spatial heterogeneity was observed across 

countries. In Uganda, mutations were unevenly 

distributed across districts, with higher 

concentrations in northern regions [8]. In 

Kenya, mutations were distributed across 

multiple counties, with variation in detection 

across survey years (Osoti et al., 2025). In 

Tanzania, Rwanda, and Uganda, R561H has 

been reported, while A675V and C469Y were 

mainly reported in northern Uganda, and R622I 

in Ethiopia and Eritrea [8, 14–16]. 

Genomic analyses indicate that several 

African PfK13 variants emerged independently 

within local parasite populations rather than 

through importation from Southeast Asia [9]. In 

Western Kenya, serial surveys showed 

temporal variation in mutation detection, 

including absence of A675V and R561H in 

2019, detection of multiple variants in 2022, 

and emergence and fluctuation of key mutations 

in 2023 [13]. 

In West Africa, studies from Ghana and 

Nigeria report a high proportion of PfK13 wild-

type parasites alongside multiple novel non-

synonymous polymorphisms, many of which 

are geographically or ecologically restricted 

and not yet classified as validated artemisinin 

resistance markers [10, 11].In Central Africa, 

molecular surveillance of Plasmodium 

falciparum isolates between 2016 and 2021 

showed limited PfK13 diversity, with a small 
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number of nonsynonymous mutations reported 

and a predominance of wild-type alleles [17]. 

Molecular Markers and Phenotypic 

Expression 

Mutations in the PfK13 propeller domain are 

associated with delayed parasite clearance, the 

clinical phenotype defining artemisinin partial 

resistance [7]. A total of 13 PfK13 propeller-

domain mutations have been recognized as 

molecular markers associated with artemisinin 

partial resist A total of 13 PfK13 propeller-

domain mutations have been consistently 

reported as validated molecular markers of 

artemisinin partial resistance in global 

surveillance datasets, including: F446I, N458Y, 

C469Y, M476I, Y493H, R539T, I543T, P553L, 

R561H, P574L, C580Y, R622I, and A675V. 

This list is periodically updated based on 

emerging evidence and WHO-supported global 

surveillance data [5]. 

In addition to validated markers, several 

PfK13 propeller-domain mutations are 

classified as candidate or associated markers of 

artemisinin partial resistance. These include 

P441L, G449A, C469F, A481V, R515K, 

P527H, N537I/D, G538V, and V568G [5]. 

These variants have been reported in 

surveillance studies, and a subset has shown in 

vitro or field signals of reduced artemisinin 

susceptibility, although they have not met 

validation thresholds for confirmed resistance 

status [7]. Experimental studies report that 

PfK13 mutations are associated with altered 

parasite biology, including reduced hemoglobin 

endocytosis and impaired activation of 

artemisinin during early ring stages [18]. 

Higher day 3 parasitemia is reported among 

infections carrying validated mutations 

compared with wild-type parasites [19]. Where 

assessed, parasite clearance half-life was 

prolonged relative to historical baselines [20]. 

PfK13 polymorphisms beyond the validated 

and candidate markers have also been reported 

in surveillance datasets, although their 

phenotypic relevance remains unconfirmed due 

to insufficient clinical and in vivo  

evidence [21]. 

Quantitative measures of parasite clearance, 

including parasite clearance half-life and 

proportion of patients with detectable 

parasitemia on day 3, were reported in multiple 

therapeutic efficacy studies [19, 20]. In several 

studies, infections carrying validated PfK13 

mutations were associated with higher 

proportions of day 3 positivity compared with 

infections with wild-type alleles [19]. There is 

also documented evidence on the presence of 

multiple PfK13 polymorphisms within single 

study populations, with varying frequencies 

across sites [21]. 

Therapeutic Efficacy and Partner Drug 

Susceptibility 

Across the reviewed studies, PCR-corrected 

efficacy of first-line artemisinin-based 

combination therapies (ACTs) remains within 

policy-recommended thresholds, with most 

studies reporting day 28 or day 42 cure rates 

above 90%, while a few studies reported values 

below lower values [22, 23]. Variation in 

reported efficacy was observed across 

transmission settings and follow-up durations, 

with differences in 28-day and 42-day 

endpoints across studies [22, 24–26]. Validated 

PfK13 mutations associated with artemisinin 

partial resistance were reported, with studies 

documenting prolonged parasite clearance half-

life in infections carrying these mutations [8]. 

Higher day 3 parasite positivity was also 

reported in infections with validated PfK13 

mutations compared with wild-type 

infections [19]. 

Markers associated with reduced 

susceptibility to ACT partner drugs, including 

lumefantrine, amodiaquine, and piperaquine, 

were reported in selected surveillance settings 

[27]. However, simultaneous high-level 

resistance to both artemisinin and partner drugs 

leading to widespread treatment failure was not 

documented in the reviewed studies [5, 8, 25]. 

Geographical variation in the frequency of 
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partner drug resistance markers was observed 

across both regional and within-country 

surveillance settings, with heterogeneity 

reported between ecological zones and 

transmission sites [27, 28]. 

Recurrent parasitemia in high-transmission 

settings was frequently attributed to reinfection 

rather than recrudescence following PCR 

genotyping, which distinguishes new infections 

from true treatment failure in therapeutic 

efficacy studies [24–26]. Evidence from 

therapeutic efficacy studies indicates that PCR-

corrected analyses reduce estimated treatment 

failure compared with uncorrected outcomes, 

particularly in settings with high reinfection 

pressure [24]. 

Dynamics and Surveillance Capacity 

Delayed parasite clearance associated with 

validated PfK13 mutations has been reported to 

prolong the duration of asexual parasitemia, 

extending the period during which infected 

individuals may contribute to transmission [29]. 

Some studies report that artemisinin partial 

resistance mutations are associated with altered 

parasite fitness and changes in gametocyte 

production dynamics, including increased 

gametocyte carriage during infection [30, 31]. 

In low-to-moderate transmission settings, 

prolonged parasite clearance times have been 

reported to coincide with extended infectious 

periods [32]. 

At the population level, reduced ACT 

efficacy has been associated with sustained 

parasite circulation in settings approaching 

elimination, where residual transmission foci 

may persist despite control efforts [33]. 

Integration of therapeutic efficacy studies 

(TES) with molecular surveillance has been 

reported as a recommended strategy for 

monitoring artemisinin resistance signals [34]. 

Genomic sequencing capacity in Africa has 

expanded in recent years; however, it is 

concentrated in a limited number of research 

hubs, with many samples requiring external 

processing [35]. Dependence on externally 

funded collaborations and variable reporting 

timelines have been reported to affect 

surveillance turnaround times [36]. Linkages 

between molecular surveillance data, 

therapeutic efficacy monitoring, and national 

policy review processes have been reported as 

inconsistently implemented across  

settings [37]. 

Discussion 

The evidence synthesized in this review 

highlights a critical stage in the emergence of 

artemisinin partial resistance (ART-R) in Sub-

Saharan Africa, where molecular signals are 

evident but widespread clinical failure has not 

yet materialized in therapeutic efficacy studies 

[8]. Across settings, PfK13 mutations 

associated with delayed parasite clearance 

demonstrate a focal and heterogeneous 

distribution, supporting the interpretation that 

selection is occurring locally [9, 14]. These 

spatial patterns are consistent with the uneven 

distribution of mutations reported across 

countries and within surveillance sites in the 

reviewed studies [8, 14–16, 38]. 

At the molecular and clinical interface, 

PfK13 propeller-domain mutations are 

associated in multiple studies with delayed 

parasite clearance and increased day 3 

parasitemia; however, these associations are not 

uniform across all settings or study populations 

[22, 23]. Despite these molecular signals, 

therapeutic efficacy studies consistently report 

that first-line artemisinin-based combination 

therapies (ACTs) largely maintain high PCR-

corrected cure rates within recommended 

thresholds, typically exceeding 90% in most 

sites, although variation across transmission 

settings and follow-up durations is evident [22, 

23]. This reflects heterogeneity in ACT 

performance rather than uniform efficacy 

across all endemic settings. 

This divergence between molecular 

detection of resistance markers and clinical 

outcomes is partly explained by the continued 

efficacy of partner drugs and the modifying 
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effect of host immunity in endemic settings, 

which together mitigate the clinical impact of 

delayed parasite clearance phenotypes [27]. In 

addition, PCR-corrected analyses consistently 

show lower treatment failure rates compared 

with uncorrected estimates, as recurrent 

parasitemia is frequently attributable to 

reinfection rather than recrudescence in high-

transmission environments [24–26]. This 

distinction is critical for interpreting variability 

in reported ACT efficacy across studies and 

transmission settings. 

The presence of molecular markers 

associated with reduced susceptibility to 

partner drugs, including lumefantrine, 

amodiaquine, and piperaquine, further suggests 

emerging pharmacological pressure within 

ACT combinations [27]. However, available 

evidence does not demonstrate confirmed 

widespread dual resistance to both artemisinin 

and partner drugs, and clinically significant 

treatment failure attributable to combined 

resistance remains unreported in the included 

studies [5, 8, 25]. Notably, substantial 

geographical variation in the frequency of 

partner drug resistance markers has been 

reported across ecological zones and within-

country surveillance sites, indicating 

heterogeneous selection pressures [25, 27]. 

From a transmission perspective, delayed 

parasite clearance may extend the duration of 

asexual parasitemia and, in some cases, 

increase gametocyte carriage, potentially 

prolonging infectiousness in treated [30, 31]. 

These effects are likely more pronounced in 

low-to-moderate transmission or pre-

elimination settings, where residual parasite 

reservoirs contribute disproportionately to 

ongoing transmission and may sustain local 

transmission foci even under high treatment 

coverage [32]. In such contexts, even modest 

reductions in drug efficacy may translate into 

disproportionate epidemiological 

consequences. 

Operationally, surveillance systems across 

Sub-Saharan Africa demonstrate improving but 

uneven capacity for detecting and responding to 

emerging resistance signals. Although 

molecular surveillance and therapeutic efficacy 

studies are increasingly integrated in some 

settings, delays in sequencing, data reporting, 

and translation into policy continue to limit 

real-time responsiveness [35, 39]. Furthermore, 

inconsistent linkage between molecular 

findings, therapeutic efficacy data, and national 

treatment guideline review processes represents 

a persistent structural limitation [37]. These 

system-level gaps reduce the speed at which 

emerging resistance signals can inform national 

policy decisions. 

Overall, the findings support a scenario of 

early-stage ART-R in Africa, where focal 

emergence of PfK13 mutations and partner 

drug susceptibility markers occurs alongside 

sustained ACT efficacy, but with increasing 

epidemiological complexity requiring 

intensified and better-integrated surveillance 

systems. This highlights the need for 

strengthened molecular–clinical integration to 

detect early transitions toward clinically 

significant resistance. 

Conclusion 

Artemisinin partial resistance in sub-Saharan 

Africa is currently focal and of low to moderate 

prevalence, but evidence indicates ongoing 

emergence and local detection of PfK13 

mutations, along with markers of reduced 

partner drug susceptibility, which may pose a 

potential threat to the long-term effectiveness of 

ACTs. While first-line therapies remain largely 

efficacious, with most therapeutic efficacy 

studies reporting PCR-corrected cure rates 

above recommended thresholds, proactive 

measures are essential. Strengthening 

integrated surveillance systems, expanding 

molecular monitoring of PfK13 and partner 

drug markers, and ensuring timely translation 

of surveillance findings into adaptive treatment 

policies are recommended. Targeted 

interventions in high-transmission and 

identified hotspot areas, combined with 
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continued therapeutic efficacy studies, will be 

important to limit further spread and sustain 

malaria control gains across the region. 

Limitations 

This narrative review relied on descriptive 

synthesis rather than systematic analysis and 

therefore does not provide quantitative pooled 

estimates of effect. The included studies varied 

in methodology, outcome definitions, and 

reporting standards, which may contribute to 

heterogeneity in reported findings. Geographic 

coverage was also incomplete, with some 

regions underrepresented, potentially limiting 

the generalizability of the findings. 

Additionally, the review was based on 

published articles and grey literature, which 

may introduce publication and reporting bias 

and exclude relevant unpublished data. 
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