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The emergence of P. falciparum resistance to artemisinin-based combination therapy 

(ACT) threatens malaria control in Africa. The monitoring of polymorphisms in molecular 

markers associated with antimalarial drug resistance is essential for malaria control and 

elimination efforts. The purpose of this study is to analyze the polymorphism of the pfK13 
propeller gene of P. falciparum to artemisinin-based combination therapy (ACT) in three 

sites in southern Côte d'Ivoire. After obtaining informed consent, blood samples were 

collected from patients of any sex and aged over 2 years with uncomplicated P. falciparum 
malaria in Anonkoua-Kouté, Port-Bouët and Ayamé. P. falciparum genomic DNA was 

extracted and amplified by Nested-PCR using Pfk13 propeller gene-specific primers. The 

amplification products were sequenced using the Sanger method at Eurofins Genomics. The 
key codons (493, 539, 543 and 580), molecular markers of the resistance of P. falciparum 

to ACTs and the additional codons (476 and 561) were analyzed. A total of 186 DNA 

extracts from blood samples collected from the three study sites were amplified and 

sequenced. Of the 93 PCR products sequenced, 84.94% (158/186), 91.39% (170/186), 
95.69% (178/186), 100% (186/186), 82.79% (154/186) and 94.62% (178/186) 

corresponding to codons 493, 539, 543, 580, 476, 561, respectively, were successfully 

analyzed. Thus, the prevalences of wild-type alleles were 92.40% (Tyr493), 94.11% 
(Arg539), 94.38% (Ile543), 91.39% (Cys580), 89.61% (Met476) and 88.63% (Arg561) 

against 1.26% (His493), 3.52% (Thr539) and 1.29% (Ile476) of mutant alleles. The mutant 

alleles Thr543, Tyr580, and His561 were not observed in all three study sites. The analysis 
indicated a predominance of the YRICMR allelic form representing a susceptible haplotype 

(78.49%). No significant difference was observed between the prevalences of the wild-type 

alleles determined in the three study sites (p>0.05). More than a decade after the adoption 

of ACTs for the management of uncomplicated malaria, these combinations are still 
effective in Anonkoua-Kouté, Port-Bouët and Ayamé in the south of Côte d'Ivoire. 
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Introduction 
 

Malaria is a serious public health problem in the 

world. According to the World Health Organization, 

approximately 247 million cases of malaria were 

recorded in 2021, of which 619,000 caused deaths, 

95% of which occurred in Africa (WHO, 2022). The 

vast majority of deaths were among children under 

five years of age, accounting for 80% of all malaria 

deaths (WHO, 2022). 

 

For nearly 15 years, the treatment of Plasmodium 

falciparum malaria has been based on the use of 

artemisinin-based combination therapy (ACT). The 

main objective of treatment is to ensure rapid and 

complete elimination of malaria parasites to avoid 

the progression of a simple case to severe or fatal 

malaria. However, the emergence of P. falciparum 

resistance to ACTs that has been reported since 

2008 in Southeast Asia poses a serious threat to 

malaria control worldwide, particularly in Africa, 

where malaria transmission is most prominent 

(WHO, 2018; Noedl et al., 2008; Haldar et al., 

2018; Ashley et al., 2014). In Côte d'Ivoire, 

artesunate-amodiaquine (AS-AQ) and artemether-

lumefantrine (AL) combinations have been the first- 

and second-line treatments for uncomplicated P. 

falciparum malaria since 2004, respectively. Both 

ACTs have been shown to be highly effective 

against acute uncomplicated P. falciparum malaria 

(Toure et al., 2014). 

 

Clinical artemisinin resistance is characterized by 

delayed parasite clearance, and P. falciparum 

isolates from responding patients with a long 

parasite clearance half-life are characterized by high 

in vitro survival rates using the ring survival assay 

(RSA0-3h) (Witkowski et al., 2013). Several studies 

have demonstrated that artemisinin resistance is 

primarily due to mutations in the Plasmodium 

falciparumkelch13 propeller gene (pfk13) (Ariey et 

al., 2014; Ashley et al., 2014; MalariaGEN, 2016; 

Didier Menard et al., 2016; Siddiqui et al., 2020). 

Recent data suggest that these mutations result in 

reduced endocytosis of host-derived hemoglobin 

and, consequently, decreased release of the Fe2+-

heme fraction (activating artemisinin), which 

reduces the efficacy of artemisinin (Yang et al., 

2019; Birnbaum et al., 2020).  

 

For example, mutations C580Y, N458Y, M476I, 

Y493H, R539T, I543T, and R561H) in the pfk13 

gene have been validated as mutations conferring 

artemisinin resistance (Straimer et al., 2015; 

Siddiqui et al., 2020; Uwimana et al., 2020; 

Bergmann et al., 2021). Multiple other mutations 

have been associated with the delayed clearance 

phenotype and have been proposed as candidate 

markers for artemisinin resistance (Group, 2019; 

WHO, 2019). 

 

Several studies conducted in African countries to 

establish the presence of pfk13 propeller gene 

mutations led to the discovery of non-synonymous 

mutations (M472I; Y558C; K563R; P570L; P615S) 

in Niger (Laminou et al., 2017), a novel mutation 

(R622I) in Ethiopia (Bayih et al., 2016), 15 

nonsynonymous mutations in Senegal (Talundzic et 

al., 2017), the R561H mutation in Rwanda 

(Uwimana et al., 2020), the P553L mutation in Mali, 

Kenya and Malawi (Taylor et al., 2015). However, 

these mutations have not been linked to delayed 

parasite clearance except for the one discovered in 

Rwanda. Thus, there is concern that ACT resistance 

may spread to other regions such as sub-Saharan 

Africa as has occurred in the past with chloroquine, 

amodiaquine, and sulfadoxine-pyrimethamine; 

hence, the need to strengthen surveillance of 

artemisinin resistance in Africa. This study, 

conducted in three locations in southern Côte 

d'Ivoire, aims to determine the prevalence of 

selected mutations associated with Plasmodium 

falciparum resistance to ACTs in subjects with 

uncomplicated malaria. 

 

Materials and Methods 

 

Study site 

 

This was a prospective study that took place from 

February to August 2015 at the AnonkouaKouté 

health center and the general hospitals of Port-Bouët 
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and Ayamé. These sites are located in the southern 

region of Côte d'Ivoire where the climate is 

dominated by annual rainfall that exceeds 1700 mm 

with a temperature that varies between 27 and 33 

°C. Malaria is seasonal; predominantly in the rainy 

season from June to September with peaks in 

prevalence and incidence in October-November. 

Plasmodium falciparum is the dominant species 

with over 90% of the parasite formula. The main 

malaria vectors in this study area (the forested south 

of Côte d'Ivoire) are members of the An. gambiaesl 

and An. funestussl complexes (Adja et al., 2011). 

The Anonkoua-Kouté health center and the Ayamé 

general hospital were selected because of their high 

annual incidences of malaria cases. In addition, 

these health facilities have been considered for 

several years as the main sites for multicenter 

clinical efficacy testing by the Malaria Unit of the 

Pasteur Institute of Côte d'Ivoire. The Port Bouët 

General Hospital was selected for this study not only 

because of its consistently high annual incidence of 

malaria cases, but also and especially because of its 

swampy environment used for market gardening.  

 

Study population and sample collection 

 

All patients clinically suspected of having malaria at 

the Anonkoua-Kouté health center, the general 

hospitals of Port-Bouët and Ayamé during our study 

period were eligible. However, after informed 

consent, blood samples were collected from patients 

older than 2 years with axillary or rectal temperature 

higher than 37.5°C and with microscopically 

confirmed uncomplicated P. falciparum malaria.  

 

Blood collection 

 

From each patient with microscopically confirmed 

malaria, approximately 2 to 5 mL of venous blood 

was drawn and collected in an EDTA tube. 

Approximately 50 μL of whole blood was spotted 

on Whatman 3 MM filter paper using a micropipette 

with filter cones. The paper containing the blood 

spots was dried for approximately 60 to 120 minutes 

at room temperature in a dust-free environment. 

Blood not used after confettiing and contained in the 

EDTA tube was stored in cryotubes at -20°C for 

possible future use. 

 

Amplification of the pfk13 gene  

 

The pfk13 propeller gene (pfK13) was amplified by 

nested PCR using a specific primer pair and a 

commercial DNA polymerase kit named 5X 

FIREPol® Blend Master Mix with mM MgCl2. The 

composition of this kit was a pre-mix for the 

reaction mixture.  

 

For the primary PCR, the pair of primers used for 

the amplification of the pfK13 gene were 

K13_PCR_F (5’CGGAGTGACCAAATCTGGGA / 

K13_PCR_R (5’GGGAATCTGGTGGTAACAGC). 

 

Primary PCR of this gene was performed in a 

reaction volume of 25 µL containing: 0.625 μL of 

each primer, 3 µL of plasmodial DNA, 5 μL of Taq 

polymerase and 15.75 µL of milliQ water. The 

mixture was then placed in a PTC-100TM thermal 

cycler (Eppendorf Mastercycler, PTC-100 Peltier 

Thermal Cycler), programmed as follows: An initial 

denaturation at 95°C for 15 minutes followed by 30 

cycles of denaturation at 95°C for 30 seconds, 

hybridization at 58°C for 2 minutes and extension at 

72°C for 2 minutes. Finally, a terminal extension at 

72°C for 10 minutes. 

 

The second PCR was performed on the 

amplification products of the primary PCR in a 

reaction volume of 50 µl containing: 1.25 μL of 

each primer, 5 μL of amplification product 

(ampliate) from the first PCR, 5 μL of Taq 

polymerase, and 37.5 µl of milliQ water. The primer 

pairs used for the secondary PCR, were. K13_N1_F 

(5’GCCAAGCTGCCATTCATTTG / K13_N1_R 

(5’GCCTTGTT GAAAGAAGCAGA). 

 

Detection and analysis of PCR products 

 

The amplification products were migrated onto a 

1.5% (w/v) agarose gel containing Ethidium 

Bromide (BET). After migration, the gel was 

recovered and observed under a UV lamp using the 
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UV transluminator (Gel DocTM EZ Imager). The 

presence or absence of bands was used to judge the 

efficiency of the PCR. 

 

Sequencing Amplification 

 

In this work, the amplified DNA fragments (pfK13 

gene) were sequenced using the Sanger method by 

Eurofins MWG operon (Cochin Sequencing 

Platform). Samples were provided to the platform in 

a microplate (Greiner Bio-one-652270B) with a 

deposit slip that was sent to the platform's email 

address. A reaction medium was prepared for the 

nested PCR sense primer (sequencing primer) from 

the amplification products.  

 

In each well of the microplate, a volume of 13 μL of 

amplification product was added to 2 µL of 

sequencing primer at 10 µM. The wells containing 

the sequencing reaction medium were sealed with 

cap strips (4titude-044737) before covering the 

entire surface of the microplate with adhesive film 

(AmpliSeal, Greiner Bio-one-676040). This 

microplate containing our samples was provided to 

the platform for sequencing.  

 

After the sequencing reaction, the received DNA 

sequences were recovered in fasta form. For this 

work, these are the sequences corresponding to the 

pfK13 gene of the collected isolates. The use of 

BioEdit software allowed to analyze the sequences 

for possible mutations. Indeed, the loci of interest, 

i.e. codons at position 476, 493, 539, 543, 561 and 

580 of the PFK13 protein or nucleotides at position 

1428, 1479, 1617, 1623, 1683 and 1740 of the 

pfK13 gene, were identified and analyzed after a 

parallel alignment of two or more DNA sequences 

including the reference sequence of the pfK13 gene, 

maximizing the number of identical nucleotides or 

residues, while minimizing the number of 

mismatches and gaps. 

 

Statistical analysis of the data 

 

Data were collected on a standard questionnaire that 

was tested and validated. They were then entered 

and analyzed on R statistical software; version 3.2.2 

(Core Team, 2013). The χ
2
 test for comparison of 

three means was used to compare the prevalences of 

the M476I, Y493H, R539T, I543T, R561H, and 

C580Y mutations of the pfK13 gene.  

 

The χ
2
 test was used to determine whether the 

molecular marker prevalences can be considered all 

equal (null hypothesis H0) or whether at least two 

prevalences are different (alternative hypothesis 

Ha). A statistical difference and/or association was 

considered significant if p of the χ
2
 test <0.05. 

 

Results and Discussion 

 

Profile of patients and selected isolates 

 

A total of 186 persons infected with Plasmodium 

falciparum were selected for this study, 114 (61.3%) 

of whom were female and 72 (38.7%) male. The age 

of the patients ranged from 2 to 62 years with an 

average age in Anonkoua-Kouté, Port-bouët and 

Ayamé of 16.60, 16.69 and 15.84 years respectively. 

Thus, 186 blood samples were collected from all 

three study sites (Table 1). 

 

Sequencing results 

 

For all three study sites, 186 DNA fragments from 

patient isolates were successfully sequenced.  

 

Molecular analysis of the 186 fragments showed that 

the number of successfully sequenced DNA 

fragments varied according to the presence of 

codons of interest on the fragment obtained.  

 

Thus, for these 186 successfully sequenced DNA 

fragments, 158 (84.94%), 170 (91.4%), 178 

(95.7%), 186 (100%), 154 (82.8%) and 176 

(94.62%) DNA fragments were successfully 

sequenced for nucleotides at positions 1479, 1617, 

1629, 1740, 1428, and 1683, which correspond to 

the amino acids at which the Tyr-493-Ile, Arg-539-

Thr, Ile-543-Thr, Cys-580-Tyr, Met-476-Ile, and 

Arg-561-His mutations are observed respectively 

(Table 2). 
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Sequencing of the DNA region leading to the Cys-

580-Tyr mutation was performed more successfully 

(186/186; i.e., 100%). 

 

Polymorphism of the pfk13 propeller gene in the 

study sites 

 

Prevalence of individual alleles of the pfk13 

propeller gene and molecular analysis of 

genotypes  

 

For all three study sites, our results indicate that the 

prevalences of isolates carrying the His-493 

(1.26%), Thr-539 (3.52%) and Ile-476 (1, 29%) are 

very low (less than 5%) compared to those of the 

wild-type isolates Tyr-493 (92.40%), Arg-539 

(94.11%), Ile-543 (94.38%), Cys-580 (91.39%), 

Met-476 (89.61%) and Arg-561 (88.63%) of the 

pfK13 propeller gene. (Table 3).  

 

The Thr-543, Tyr-580 and His-561 mutations were 

not observed. However, isolates carrying the Cys-

561 mutation (7.95%) were observed.  

 

Very low prevalences (less than 5%) of other 

mutations in the pfk13 propeller gene were also 

recorded (Table 3). 

 

Molecular analysis showed that the YRICMR allelic 

form (susceptible haplotype) was predominant in the 

isolates with a prevalence of 77.42% compared to 

7.53%, 9.68%, 3.22% and 2.15% prevalences 

respectively for the single mutant, double mutant, 

triple mutant and quadruple mutant genotypes 

observed (Table 4). 

 

Prevalence of mutations in the pfk13 propeller 

gene in Anonkoua-Kouté, Port-Bouët and Ayamé 

 

Our results show that the Ile-543-Thr, Cys-580-Tyr 

and Arg-561-His mutations were not observed in 

Anonkoua-Kouté, Port-Bouët and Ayamé while the 

Tyr-493-His, Arg-539-Thr and Met-476-Ile 

mutations were observed at very low proportions 

(less than 5%) in these three localities. None of the 

Tyr-493-His, Arg-539-Thr, Ile-543-Thr, Cys-580-

Tyr, Met-476-Ile and Arg-561-His mutations were 

observed in Port-Bouët. 

 

Table.1 Samples used for molecular analysis of artemisinin chemoresistance.  

 

Sites Collection periodin 

2015 

Age groups 

(years) 

Averageage 

(years) 

Conffetiscollected 

Anonkoua-kouté February - March 2 à 53 16,60 60 

Port - Bouët April - May - July 2 à 62 16,69 64 

Ayamé June - July - August 2 à 55 15,84 62 

Total 186 

 

Table.2 Summary of DNA sequencing of isolates according to mutations 

 

Sequenced fragments  Mutations  Successful 

n (%) 

Failures 

n (%) 

 

 

pfk13  

 

(N = 186) 

Tyr-493-His 158 (84,95) 28 (15,05) 

Arg-539-Thr 170 (91,4) 16 (8,6) 

Ile-543-Thr 178 (95,7) 8 (4,3) 

Cys-580-Tyr 186 (100) 0 (0) 

Met-476-Ile 154 (82,8) 32 (17,2) 

Arg-561-His 176 (94,62) 10 (5,38) 
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Table.3 Prevalence of individual alleles of the pfk13 porpeller gene at the study sites. 

 

  Study sites (N=186) 

Codons Strain and mutations observed Numbers  (%) 

K13_493 

 (n = 158) 

  

  

  

Wild  Tyr-493 146 (92,40) 

  

Mutants 

  

His-493 2 (1,26) 

Pro-493 2 (1,26) 

Phe-493 6 (3,79) 

Cys-493 2 (1,26) 

K13_539 

  (n = 170) 

  

  

Wild  Arg-539 160 (94,11) 

  Mutants 

  

Thr-539 6 (3,52) 

Gly-539 2 (1,17) 

Pro-539 2 (1,17) 

K13_543 

  (n = 178) 

  

  

Wild  Ile-543 168 (94,38) 

  Mutants 

  

  

Thr-543 0,00 

Met-543 4 (2,24) 

Phe-543 4 (2,24) 

Ser-543 2 (1,12) 

K13_580 

  (n = 186) 

  

  

  

Wild  Cys-580 170 (91,39) 

  Mutants 

  

  

  

Tyr-580 0,00 

Ser-580 6 (3,22) 

Pro-580 6 (3,22) 

Gly-580 2 (1,07) 

Arg-580 2 (1,07) 

K13_476 

  (n = 154) 

  

  

  

  

  

Wild  Met-476 138 (89,61) 

Mutants 

 

  

  

  

Ile-476 2 (1,29) 

Gly-476 4 (2,59) 

Lys-476 2 (1,07) 

Arg-476 4 (2,59) 

Thr-476 2 (1,29) 

Ser-476 2 (1,29) 

 

R561H 

(n = 176) 

 

 

 

Wild Arg-561 156 (88,63) 

 

Mutants 

 

His-561 0,00  

Cys-561 14 (7,95) 

Trp-561 2 (1,13) 

Ser-561 2 (1,13) 

Leu-561 2 (1,13) 

Notes: "N" represents the total number of isolates successfully sequenced at the three sites. "n" represents the number of isolates 

for which codons of interest (493, 539, 543, 580, 478, and 561) or nucleotides at positions 1479, 1617, 1629, 1740, 1428, 1683, of 

the sequence were located. 
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Table.4 Prevalence of genotypes corresponding to pfk13propeller in the three sites. 

 

  Blood (N=186) 

Haplotype Y493H R539T I543T C580Y M476I R561H n proportion 

Wild Y R I C M R 144  77,42 

Single Mutants   

  
14 

 

7,53 

 

  Y R I C K R 2  

  Y R I C R R 2  

  Y R I C T R 2  

  Y R I C M C 2  

  C R I C M R 2  

  Y R I G M R 2  

  Y R I S M R 2  

Double Mutants       18 9,68 

  Y R I C G C 2  

  Y G I S M R 2  

  P R I C M C 2  

  Y R M C M C 2  

  Y R F P M R 2  

  F T I C M R 2  

  F R I C R R 2  

  Y R I C S C 2  

  Y R I R M L 2  

Triple Mutants     6 3,22  

  H R I C I C 2  

  Y R M P M W 2  

  Y P F F M R 2  

Quadruple Mutants   4 2,15 

 Y T S P M S 2  

 F T I C G C 2  

Notes: A capital letter in the "genotypes" column represents the single-letter code for the amino acids. The amino acids resulting 

from the mutation are underlined and in bold. The prevalences determined correspond to the number of observations over the 

number of hits per gene. 
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Table.5 Prevalence of wild alleles of the pfK13 propeller gene in Anonkoua-Kouté, Port-Bouët and Ayamé 

 

Codon K13_493 (N=158) 

 

 

Alleles 

Anonkoua-Kouté 

(n=46) 
Port-Bouët 

(n=56) 
Ayamé 

(n=56) 
p of the χ

2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

 Tyr-493 42 91,3 54 96,43 50 89,29 0,342 

His-493 2 4,35 0 0 0 0 0,085 

Other 2 4,35 2 3,57 6 10,71 0,242 

Codon K13_539 (N=170) 

Alleles Anonkoua-Kouté 

(n=54) 
Port-Bouët 

(n=60) 
Ayamé 

(n=56) 
p of the χ

2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

Arg-539 52 96,30 58 96,67 54 96,43 0,994 

Thr-539 0 0 0 0 2 3,57 0,127 

Other 2 3,70 2 3,33 0 0 0,362 

Codon K13_543 (N=178) 

 

 

Alleles 

Anonkoua-Kouté 

(n=60) 
Port-Bouët 

(n=64) 
Ayamé 

(n=54) 
p of the χ

2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

Ile-543 58 96,7 62 96,87 54 100 0,409 

Thr-543 0 0 0 0 0 0 NA 

Other 2 3,33 2 3,13 0 0 0,409 

Codon K13_580 (N=186) 

Alleles Anonkoua-Kouté 

(n=60) 
Port-Bouët 

(n=64) 
Ayamé 

(n=62) 
p of the χ

2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

Cys-580 56 93,33 60 93,75 56 92,32 0,731 

Tyr-580 0 0 0 0 0 0 NA 

Other 4 6,67 4 6,25 6 9,68 0,731 

Codon K13_476 (N=154) 

Alleles Anonkoua-Kouté 
(n=46) 

Port-Bouët 
(n=54) 

Ayamé 
(n=54) 

p of the χ
2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

Met-476 38 82,61 52 96,30 48 88,90 0,080 

Ile-476 2 4,35 0 0 0 0 0,092 

Other 6 13,04 2 3,70 6 11,10 0,219 

Codon K13_561 (N=176) 

Alleles Anonkoua-Kouté 
(n=60) 

Port-Bouët 
(n=58) 

Ayamé 
(n=58) 

p of the χ
2
 

test
 

Numbers (%) Numbers (%) Numbers (%) 

Arg-561 50 83,33 56 96,55 50 86,20 0,060 

His-561 0 0 0 0 0 0 NA 

Other 10 16,67 2 3,45 8 13,8 0,060 

Notes: "N" represents the total number of successfully sequenced isolates per study site. "n" represents the number of isolates 

successfully sequenced for codons K13_493, K13_539, K13_543, K13_580, K13_476 and K13_561. The list of other mutants can 

be found in Appendix 1. 
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The analysis also showed high prevalences of wild 

strains Tyr-493 (91.3%, 96.43% and 89.29%), Arg-

539 (96.3%, 93.67% and 96.43%), Ile-543 (93.33%, 

90, 63% and 100%), Cys-580 (93.33%, 90.63% and 

90.82%) and Met-476 (82.61%, 96.3% and 88.90%) 

and Arg-561 (83.33%, 96.55% and 86.20%) in 

Anonkoua-Kouté, Port-Bouët and Ayamé 

respectively. No significant difference was observed 

between the frequencies of wild strains in these 

three localities (p > 0.05). Table 5. 
 

In Côte d'Ivoire, ACTs have been recommended as 

first- and second-line treatment for uncomplicated 

malaria since 2005, and the efficacy of these 

combinations remains high as reported by Touré et 

al., (Touré et al., 2018; Touré et al., 2020). The use 

of ACTs increased in the country after the adoption 

of their free distribution to children under five. 

Therefore, drug pressure due to uncontrolled use 

(prescription or self-medication) of ACTs might 

have selected resistant parasites over time. Also, it is 

important to monitor the possible appearance of a 

population of parasites resistant to ACTs. 

 

This study analyzed the polymorphism related to 

resistance to ACTs in three localities in southern 

Côte d'Ivoire. It made it possible to determine the 

prevalences of the YRICMR sensitive haplotype of 

the pfK13 propeller gene and those of its main 

alleles carrying the mutations Tyr-493-His (His-

493), Arg-539-Thr (Thr-539), Ile- 543-Thr (Thr-

543), Cys-580-Tyr (Tyr-580), Met-476-Ile (Ile-476) 

and Arg-561-His (His-561) whose implication in 

resistance to derivatives of artemisinin in Southeast 

Asia has been described (Ariey et al., 2014). For all 

three study sites, the analysis showed that the 

YRICMR allelic form (susceptible haplotype) was 

predominant in the blood isolates, with a prevalence 

of 78.49%.  

 

The results also indicate prevalences of 1.26%, 

3.52% and 1.29% respectively for the mutant alleles 

His-493, Thr-539 and Ile-476 against 92.40% (His-

493), 94, 11% (Thr-539), 94.38% (Thr-543), 

91.39% (Tyr-580), 89.61% (Ile-476) and 88.63% 

(His-561) for wild alleles. No mutations in the Ile-

543, Cys-580 and His-561 alleles were observed at 

the three study sites. Overall, our results indicate 

very low prevalences of mutations associated with 

resistance to artemisinin derivatives. These low 

proportions of known mutations in the pfK13 

propeller gene are in favor of the effectiveness of 

ACTs in Côte d'Ivoire. This is in accordance with 

the studies updating the efficacy data of Artesunate-

Amodiaquine (ASAQ) and Artemether-

Lumefantrine (AL) carried out in Côte d'Ivoire and 

which showed good efficacy of these ACTs (Yavo 

et al., 2015; Abibatou et al., 2018; Touré et al., 

2018, 2015; Touré et al., 2020, Offianan et al., 

2015, 2020). 
 

In addition, molecular studies conducted in Côte 

d'Ivoire and other African countries have shown the 

absence of the known mutations in the kelch 13 

(Pfk-13) gene associated with artemisinin resistance 

(Kamau et al., 2015, Taylor et al., 2015, Pembe et 

al., 2018; Umar et al., 2020; Uwimana et al., 2021), 

suggesting that artemisinins are still effective. 

Moreover, the His-561 mutation first associated with 

a delay in parasite clearance in Southeast Asia 

(Ashley et al., 2014; Phyo et al., 2016), and very 

recently identified at a prevalence ranging from up 

to 13% in some districts of Rwanda (Uwimana et 

al., 2020; Bergmann et al., 2021; Uwimana et al., 

2021) was not found in isolates from our three study 

sites. 
 

More careful monitoring of the evolution of these 

resistance markers is needed in malaria-endemic 

regions of Africa and particularly in Côte d'Ivoire in 

order to anticipate countermeasures. Although this 

work gives us hope for the effectiveness of ACTs in 

Côte d'Ivoire, it has limitations. Indeed, for 

monitoring chemoresistance to artemisinin 

derivatives, we did not perform in vitro culture like 

the RSA (Ring-stage Survival Assay) and we did not 

do the sequencing of the complementary DNA 

strand of our amplification products. This limitation 

of the work led us not to associate the observed 

mutations (prevalences below 5) with resistance to 

artemisinin derivatives in the three study sites. 

Moreover, the financial means did not allow us to 

use many more samples for the realization of this 

work. This limit does not allow us to conclude on 
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the situation of resistance of P. falciparum to 

artemisinin derivatives at the national level. 

 

In the context of our study, we cannot conclude that 

the observed mutations are associated with 

resistance to artemisinin derivatives. However, these 

results deserve to be confirmed by sequencing of the 

complementary DNA strand and also by in vitro 

tests such as the RSA (Ring-stage Survival Assay). 

 

The main objective of this work was to analyze the 

polymorphism of the pfK13 propeller gene, a 

molecular marker of Plasmodium falciparum 

chemoresistance to artemisinin derivatives. The 

analysis indicated a predominance of the YRICMR 

allelic form representing a susceptible haplotype. In 

addition, very low prevalences of alleles of the K13 

propeller gene carrying mutations associated with 

resistance to artemisinin derivatives in Southeast 

Asia were observed in the three study sites 

(Anonkoua-kouté, Port-Bouët and Ayamé). 

However, these mutations cannot be correlated to P. 

falciparum resistance to artemisinin derivatives 

without further analysis including complementary 

DNA strand sequencing and RSA (Ring-stage 

Survival Assay). Thus, more than a decade after the 

adoption of ACTs in Côte d'Ivoire, these 

combinations are still effective in the three localities 

(Anonkoua-Kouté, Port-Bouët and Ayamé) of 

southern Côte d'Ivoire.  

 

Ethical Considerations 

 

The study was conducted in accordance with the 

Declaration of Helsinki and approval was received 

from the National Committee on Ethics and 

Research (CNER) of the Ministry of Health and 

AIDS of Côte d'Ivoire. After appropriate 

information and explanation, written consent was 

obtained from the adult participants and parents or 

legal guardians of all children who wished to 

participate in the study prior to sampling. 
 

Acknowledgements 

 

The authors express their deep gratitude to Professor 

Mireille DOSSO (Director of the Pasteur Institute of 

Côte d'Ivoire) for allowing them to use the 

equipment of the molecular biology platform of the 

Institut Pasteur of Côte d'Ivoire to perform the PCR 

tests. The authors also thank the staff of the study 

sites (Anonkoua-Kouté, Port-Bouët and Ayamé) for 

their efforts and cooperation in patient recruitment 

and sample collection. 
 

References 

 

Abibatou Konaté, Pulchérie Christiane Marie Barro-

Kiki, Kpongbo Etienne Angora, Akoua 

Valérie Bédia-Tanoh, Vincent Djohan, 

Kondo Fulgence Kassi,, Henriette Vanga-

Bosson, Assohoun Jean Sébastien Miézan, 

Serge Brice Assi, Eby Ignace Hervé Menan, 

William Yavo. 2018. Efficacy and 

tolerability of artesunate-amodiaquine versus 

artemether-lumefantrine in the treatment of 

uncomplicated Plasmodium falciparum 

malaria at two sentinel sites across Côte 

d’Ivore. Ann. Parasitol. 2018, 64(1), 49–57 

https://doi.org/10.17420/ap6401.132  

Adja A. M., N'goran E. K., Koudou B. G., Dia I., 

Kengne P., Fontenille D., Chandre F. 2011. 

Contribution of Anopheles funestus, An. 

gambiae and An. nili (Diptera: Culicidae) to 

the perennial malaria transmission in the 

southern and western forest areas of Côte 

d'Ivoire. Ann. Trop. Med. Parasitol., 105, 13-

24. 

https://doi.org/10.1179/136485910X1285186

8780388  

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, 

Ménard 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, Ménard D. 2014.A 

molecular marker of artemisinin-resistant 

Plasmodium falciparum malaria. Nature. 

2014;505:50–5. 

https://doi.org/10.1038/nature12876  PMID: 

24352242  

Ashley E A, Dhorda M, Fairhurst R M, Amaratunga 

https://doi.org/10.17420/ap6401.132
https://doi.org/10.1179/136485910X12851868780388
https://doi.org/10.1179/136485910X12851868780388
https://doi.org/10.1038/nature12876


Int.J.Curr.Microbiol.App.Sci (2023) 12(06): 76-89 

86 

 

C, Lim P, Suon S, Sreng S, Anderson JM, 

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 OA, 

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 MA, 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 JA, Das D, Smith J, 

Venkatesan M, Plowe C V, Stepniewska K, 

Guerin P J, Dondorp A M, Day N P, White 

N J, Tracking Resistance to Artemisinin 

Consortium. 2014. Spread of artemisinin 

resistance in Plasmodium falciparum 

malaria. N Engl J Med 371:411-423. 

https://doi.org/10.1056/NEJMoa1314981  

PMID: 25075834 

Bayih, A. G.; Getnet, G.; Alemu, A.; Getie, S.; 

Mohon, A. N.; Pillai, D. R. 2016. A Unique 

Plasmodium falciparum Kelch 13 Gene 

Mutation in Northwest Ethiopia. Am. J. 

Trop. Med. Hyg. 2016, 94, 132–135. 

https://doi.org/10.4269/ajtmh.15-0477  

Bergmann C, van Loon W, Habarugira F, Tacoli C, 

Jager J C, Savelsberg D, Nshimiyimana F, 

Rwamugema E, Mbarushimana D, Ndoli J, 

Sendegeya A, Bayingana C, Mockenhaupt F 

P. 2021. Increase in Kelch 13 

polymorphisms in Plasmodium falciparum, 

Southern Rwanda. Emerg Infect Dis 27:294-

296. https://doi.org/10.3201/eid2701.203527  

PMID: 33350925 

Birnbaum J, Scharf S, Schmidt S, Jonscher E, 

Hoeijmakers WA M, Flemming S, Toenhake 

C G, Schmitt M, Sabitzki R, Bergmann B, 

Frohlke U, Mesen-Ramirez P, Blancke 

Soares A, Herrmann H, Bartfai R, Spielmann 

T. 2020. A Kelch13-defined endocytosis 

pathway mediates artemisinin resistance in 

malaria parasites. Science 367:51-59. 

https://doi.org/10.1126/science.aax4735  

PMID: 31896710 

Core Team R. 2013. A language and environment 

for statistical computing. R Foundation for 

Statistical Computing, Vienna, Austria. 

ISBN 3-900051-07-0, URL http://www.R-

project.org.  

Group WKG-P S. 2019. Association of mutations in 

the Plasmodium falciparum Kelch13 gene 

(Pf3D7_1343700) with parasite clearance 

rates after artemisinin-based treatments—a 

WWARN individual patient data meta-

analysis. BMC Med 17:1. 

https://doi.org/10.1186/s12916-018-1207-3  

PMID: 30651111 

Haldar K, Bhattacharjee S, Safeukui I. 2018. Drug 

resistance in Plasmodium. Nat Rev 

Microbiol. 2018; 16(3):156-70. 

https://doi.org/10.1038/nrmicro.2017.161  

Kamau E., Campino S., Amenga-Etego L., Drury E., 

Ishengoma D., Johnson K., Mumba D., 

Kekre M., Yavo W., Mead D., Bouyou-

Akotet M., Apinjoh T., Golassa L., 

Randrianarivelojosia M., Andagalu B., 

Maiga-Ascofare O., Amambua-Ngwa A., 

Tindana P., Ghansah A., MacInnis B., 

Kwiatkowski D., Djimde A. A., 2015.- K13-

Propeller Polymorphisms in Plasmodium 

falciparum Parasites From Sub-Saharan 

Africa. J. Infect. Dis., 211:1352–5. 

https://doi.org/10.1093/infdis/jiu608  

Laminou, I. M.; Lamine, M. M.; Mahamadou, B.; 

Ascofare, O. M.; Dieye, A. 2017. 

Polymorphism of pfk13-propeller in Niger: 

Detection of Novel Mutations. J. Adv. Med. 

Med. Res. 2017, 22, 1–5. 

https://doi.org/10.9734/JAMMR/2017/34192  

MalariaGEN Plasmodium falciparum Community 

Project (2016). Genomic epidemiology of 

artemisinin resistant malaria. eLife 2016, 5, 

https://doi.org/10.1056/NEJMoa1314981
https://doi.org/10.4269/ajtmh.15-0477
https://doi.org/10.3201/eid2701.203527
https://doi.org/10.1126/science.aax4735
http://www.r-project.org/
http://www.r-project.org/
https://doi.org/10.1186/s12916-018-1207-3
https://doi.org/10.1038/nrmicro.2017.161
https://doi.org/10.1093/infdis/jiu608
https://doi.org/10.9734/JAMMR/2017/34192


Int.J.Curr.Microbiol.App.Sci (2023) 12(06): 76-89 

87 

 

17. https://doi.org/10.7554/eLife.08714  

Didier Ménard, NimolKhim, Johann Beghain, Ayola 

A Adegnika, Mohammad Shafiul-Alam, 

OlukemiAmodu, Ghulam Rahim-Awab, 

Céline Barnadas, Antoine Berry, Yap Boum, 

Maria D Bustos, Jun Cao, Jun-Hu Chen, 

Louis Collet, Liwang Cui, Garib-Das 

Thakur, AliouneDieye, DjibrineDjallé, 

Monique A Dorkenoo, Carole E Eboumbou-

Moukoko, Fe-Esperanza-Caridad J Espino, 

Thierry Fandeur, Maria-Fatima Ferreira-da-

Cruz, Abebe A Fola, Hans-Peter Fuehrer, 

Abdillahi M Hassan, Socrates Herrera, 

BouasyHongvanthong, Sandrine Houzé, 

Maman L Ibrahim, Mohammad Jahirul-

Karim, Lubin Jiang, Shigeyuki Kano, Wasif 

Ali-Khan, ManiphoneKhanthavong, Peter G 

Kremsner, Marcus Lacerda, RitheaLeang, 

Mindy Leelawong, Mei Li, Khin Lin, Jean-

Baptiste Mazarati, SandieMénard, Isabelle 

Morlais, HypoliteMuhindo-Mavoko, Lise 

Musset, Kesara Na-Bangchang, Michael 

Nambozi, KaramokoNiaré, Harald Noedl, 

Jean-Bosco Ouédraogo, Dylan R Pillai, 

Bruno Pradines, Bui Quang-Phuc, Michael 

Ramharter, MilijaonaRandrianarivelojosia, 

JetsumonSattabongkot, Abdiqani Sheikh-

Omar, Kigbafori D Silué, Sodiomon B 

Sirima, Colin Sutherland, Din Syafruddin, 

RachidaTahar, Lin-Hua Tang, Offianan A 

Touré, Patrick Tshibangu-wa-Tshibangu, 

Inès Vigan-Womas, Marian Warsame, 

LyndesWini, SedighehZakeri, Saorin Kim, 

RothaEam, Laura Berne, ChanraKhean, 

SophyChy, Malen Ken, Kaknika Loch, 

LydieCanier, Valentine Duru, Eric Legrand, 

Jean-Christophe Barale, Barbara Stokes, 

Judith Straimer, Benoit Witkowski, David A 

Fidock, Christophe Rogier, Pascal Ringwald, 

Frederic Ariey, Odile Mercereau-Puijalon; 

KARMA Consortium.2016. A Worldwide 

Map of Plasmodium falciparum K13-

Propeller Polymorphisms. N. Engl. J. Med. 

2016, 374, 2453–2464. 

https://doi.org/10.1056/NEJMoa1513137  

Noedl H, Se Y, Schaecher K, Smith BL, Socheat D, 

Fukuda M M. 2008. Evidence of artemisinin 

resistant malaria in western Cambodia. N 

Engl J Med. 2008; 359(24):2619-20. 

https://doi.org/10.1056/NEJMc0805011  

Offianan A Toure, Serge-Brice Assi, Pulcherie M C 

Kiki-Barro, William Yavo, Thomas Abba, 

Landry N Tiacoh, Abibatou Andre Konate, 

Etienne K Angora, Valerie A Bedia, 

HerveMenan, Adoubryn K Daho, 

Bissagnene Emmanuel. 2020. Efficacy and 

safety of artesuante-amodiaquine and 

artemetherlumefantrine, the first line malaria 

treatment in six sentinel's sites of Côte 

d'Ivoire, West Africa. Ann Parasitol.2020; 

66(4):561-571. 

https://doi.org/10.17420/ap6604.299  

Pembe Issamou Mayengue, Roch Fabien Niama, 

DeziKouhouninaBatsimba, AlidaMalonga-

Massanga, Igor Louzolo, Nadia Claricelle 

Loukabou Bongolo, LucetteMacosso, Reyna 

IbaraOttia, GhyslainKimbassa Ngoma, Louis 

RégisDossou-Yovo, Brice PembetSingana, 

Gabriel Ahombo, GérilSekangueObili, 

Simon Charles Kobawila and Henri Joseph 

Parra. 2018. No polymorphisms in K13-

propeller gene associated with artemisinin 

resistance in Plasmodium falciparum 

isolated from Brazzaville, Republic of 

Congo. BMC Infect. Dis(2018) 18:538 

Phyo AP, Ashley EA, Anderson TJC, Bozdech Z, 

Carrara VI, Sriprawat K, Nair S, White MM, 

Dziekan J, Ling C, Proux S, Konghahong K, 

Jeeyapant A, Woodrow CJ, Imwong M, 

McGready R, Lwin KM, Day NPJ, White 

NJ, Nosten F. 2016. Declining efficacy of 

artemisinin combination therapy against P. 

falciparum malaria on the Thai-Myanmar 

border (2003-2013): The role of parasite 

genetic factors. Clin. Infect. Dis. 63:784–

791. https://doi.org/10.1093/cid/ciw388    

Siddiqui FA, Boonhok R, Cabrera M, Mbenda H G 

N, Wang M, Min H, Liang X, Qin J, Zhu X, 

Miao J, Cao Y, Cui L. 2020. Role of 

Plasmodium falciparum Kelch 13 protein 

mutations in P. falciparum populations from 

northeastern Myanmar in mediating 

https://doi.org/10.7554/eLife.08714
https://pubmed.ncbi.nlm.nih.gov/?term=M%C3%A9nard+D&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Khim+N&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Beghain+J&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Adegnika+AA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Adegnika+AA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Adegnika+AA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Shafiul-Alam+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Amodu+O&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Rahim-Awab+G&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Barnadas+C&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Berry+A&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Boum+Y&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Bustos+MD&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+J&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+JH&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Collet+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Cui+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Thakur+GD&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Thakur+GD&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Dieye+A&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Djall%C3%A9+D&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Dorkenoo+MA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Eboumbou-Moukoko+CE&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Eboumbou-Moukoko+CE&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Espino+FE&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fandeur+T&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira-da-Cruz+MF&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira-da-Cruz+MF&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fola+AA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fuehrer+HP&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Hassan+AM&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Herrera+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Hongvanthong+B&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Houz%C3%A9+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ibrahim+ML&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Jahirul-Karim+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Jahirul-Karim+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Kano+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ali-Khan+W&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ali-Khan+W&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ali-Khan+W&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Khanthavong+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Kremsner+PG&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Kremsner+PG&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Kremsner+PG&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Lacerda+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Leang+R&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Leelawong+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Li+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+K&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Mazarati+JB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Mazarati+JB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=M%C3%A9nard+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Morlais+I&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Morlais+I&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Morlais+I&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Muhindo-Mavoko+H&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Musset+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Musset+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Musset+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Na-Bangchang+K&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Nambozi+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Nambozi+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Nambozi+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Niar%C3%A9+K&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Noedl+H&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ou%C3%A9draogo+JB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Pillai+DR&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Pradines+B&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Quang-Phuc+B&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ramharter+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ramharter+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ramharter+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Randrianarivelojosia+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sattabongkot+J&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sheikh-Omar+A&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sheikh-Omar+A&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Silu%C3%A9+KD&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sirima+SB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sirima+SB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sirima+SB&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Sutherland+C&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Syafruddin+D&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tahar+R&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tang+LH&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tour%C3%A9+OA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tour%C3%A9+OA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tour%C3%A9+OA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Tshibangu-wa-Tshibangu+P&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Vigan-Womas+I&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Warsame+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Wini+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Zakeri+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Eam+R&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Berne+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Khean+C&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Chy+S&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ken+M&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Loch+K&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Canier+L&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Duru+V&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Legrand+E&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Barale+JC&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Stokes+B&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Straimer+J&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Witkowski+B&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fidock+DA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fidock+DA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Fidock+DA&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Rogier+C&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ringwald+P&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Ariey+F&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=Mercereau-Puijalon+O&cauthor_id=27332904
https://pubmed.ncbi.nlm.nih.gov/?term=KARMA+Consortium%5BCorporate+Author%5D
https://doi.org/10.1056/NEJMoa1513137
https://doi.org/10.1056/NEJMc0805011
https://doi.org/10.17420/ap6604.299
https://doi.org/10.1093/cid/ciw388


Int.J.Curr.Microbiol.App.Sci (2023) 12(06): 76-89 

88 

 

artemisinin resistance. mBio 11(1):e01134-

01119. https://doi.org/10.1128/mBio.01134-

19  PMID: 32098812 

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 RM, Didier Ménard, and 

David A. Fidock. 2015. Drug resistance 

K13-propeller mutations confer artemisinin 

resistance in Plasmodium falciparum clinical 

isolates. Science. 2015;347:428–31. 

https://doi.org/10.1126/science.1260867  

Talundzic, E.; Ndiaye, Y. D.; Deme, A. B.; Olsen, 

C.; Patel, D. S.; Biliya, S.; Daniels, R.; 

Vannberg, F. O.; Volkman, S. K.; 

Udhayakumar, V.; and Daouda Ndiaye. 

2017. Molecular Epidemiology of 

Plasmodium falciparum kelch13 Mutations 

in Senegal Determined by Using Targeted 

Amplicon Deep Sequencing. Antimicrob. 

Agents Chemother. 2017, 61, e02116-16. 

https://doi.org/10.1128/AAC.02116-16  

Taylor, S. M.; Parobek, C.; DeConti, D. K.; 

Kayentao, K.; Coulibaly, S. O.; Greenwood, 

B. M.; Tagbor, H.; Williams, J.; Bojang, 

K.A.; Njie, F.; Desai, M.; Kariuki, S.; 

Gutman, J.; Mathanga, D. P.; Martensson, 

A.; Ngasala, B.; Conrad, M. D.; Rosenthal, 

P. J.; Tshefu, A. K.; Moormann, A. M.; 

Vulule, J. M.; Doumbo, O. K.; terKuile, F. 

O.; Meshnick, S. R.; Bailey, J. A.; Juliano, J. 

J. 2015. Absence of putative artemisinin 

resistance mutations among Plasmodium 

falciparum in Sub-Saharan Africa: A 

molecular epidemiologic study. J. Infect. 

Dis. 2015, 211(5), 680–688. 

https://doi.org/10.1093/infdis/jiu467     

Toure O A, Assi S B, N’Guessan T L, Adji G E, 

Ako A B, BrouMJ, Ehouman M F, Gnamien 

LA, Coulibaly M A, Coulibaly B, BeourouS, 

Bassinka I, Soumahoro A, Kadjo F, Tano M 

A, 2014. Open-label, randomized, non-

inferiority clinical trial of artesunate-

amodiaquine versus artemether-lumefantrine 

fixed-dose combinations in children and 

adults with uncomplicated falci-parum 

malaria in Cˆote d’Ivoire.Malar J. 13:439. 

Toure Offianan Andre; Landry TiacohN'Guessan; 

Assi Serge Brice; Kone Antoinette Amany; 

Gbessi Eric Adji; AkoBerenger Aristide; 

Coulibaly Baba; KoneBouakary; 

OuattaraOumar; Beourou Sylvain; 

KoffiAlphonsine; Remoue Franck; Rogier 

Christophe. 2018. Malaria parasite clearance 

from patients following artemisinin-based 

combination therapy in Côte d’Ivoire.Infect 

Drug Resist, 2018:11 2031–2038. 

https://doi.org/10.2147/IDR.S167518  

Offianan Andre Toure,  Stephen Rulisa, Anupkumar 

R. Anvikar, Ballamudi S. Rao, Pitabas 

Mishra, Rajinder K. Jalali, Sudershan Arora, 

Arjun Roy, Nilanjan Saha, Sunil S. Iyer, 

Pradeep Sharma and Neena Valecha. 2015. 

Efficacy and safety of fixed dose 

combination of arterolane maleate and 

piperaquine phosphate dispersible tablets in 

paediatric patients with acute uncomplicated 

Plasmodium falciparum malaria: a phase II, 

multicentric, open-label study. Malar J 

(2015) 14:469. 

https://doi.org/10.1186/s12936-015-0982-y  

Umar F. Abubakar, Ruqayya Adam, Muhammad M. 

Mukhtar, Abdullahi Muhammad, Adamu A. 

Yahuza 5 and Sulaiman S. Ibrahim. 2020. 

Identification of Mutations in Antimalarial 

Resistance Gene Kelch13 from Plasmodium 

falciparum Isolates in Kano, Nigeria. Trop. 

Med. Infect. Dis. 2020, 5, 85; 

https://doi.org/10.3390/tropicalmed5020085  

Uwimana A, Legrand E, Stokes B H, Ndikumana J-

LM, 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, Menard D. 2020. 

Emergence and clonal expansion of in vitro 

artemisinin-resistant Plasmodium falciparum 

kelch13 R561H mutant parasites in Rwanda. 

Nat Med [Internet]. 2020 Aug 3   Available 

from:http://www.nature.com/articles/s41591-

020-1005-2.  

https://doi.org/10.1128/mBio.01134-19
https://doi.org/10.1128/mBio.01134-19
https://doi.org/10.1126/science.1260867
https://doi.org/10.1128/AAC.02116-16
https://doi.org/10.1093/infdis/jiu467
https://doi.org/10.2147/IDR.S167518
https://doi.org/10.1186/s12936-015-0982-y
https://doi.org/10.3390/tropicalmed5020085
http://www.nature.com/articles/s41591-020-1005-2
http://www.nature.com/articles/s41591-020-1005-2


Int.J.Curr.Microbiol.App.Sci (2023) 12(06): 76-89 

89 

 

Uwimana A, Umulisa N, Venkatesan M, Svigel S S, 

Zhou Z, Munyaneza T, Habimana RM, 

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-LN, Kabera M, 

Munguti K, Murindahabi M, Brieger W, 

Musanabaganwa C, Mutesa L, Udhayakumar 

V, Mbituyumuremyi A, Halsey E S, 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  

WHO, Global Malaria Program. 2018. Artemisinin 

resistance and artemisinin based combination 

therapy efficacy: Status report. 2018. 

Https://apps.who.int/iris/bitstream/handle/10

665/274362/WHO-CDS-GMP-2018.18- 

eng.pdf?ua=1   

WHO. 2022. World Malaria report 2022:World 

malaria report 2022. Geneva: World Health 

Organisation; 2022. Licence CC BY-NC-SA 

3.0 IGO. ISBN 978-92-4-006489-8 

(electronic version) 

file:///C:/Users/samsung/Downloads/978924

0064898-eng.pdf 

WHO. 2019. World Health Organization. WHO 

status report on artemisinin resistance and 

ACT efficacy. 

https://www.who.int/docs/defaultsource/doc

uments/publications/gmp/who-cds-gmp-

2019-17-eng.pdf?ua=1. 

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, Menard D. 2013. 

Novel phenotypic assays for the detection of 

artemisinin-resistant Plasmodium falciparum 

malaria in Cam-bodia: in-vitro and ex-vivo 

drug-response studies.Lancet Infect Dis. 

13(12):1043–1049 

https://doi.org/10.1016/S1473-

3099(13)70252-4  

Yang T, Yeoh L M, Tutor M V, Dixon M W, 

McMillan P J, Xie S C, Bridgford J L, Gillett 

DL, Duffy M F, Ralph S A, McConville M J, 

Tilley L, Cobbold S A. 2019. Decreased K13 

abundance reduces hemoglobin catabolism 

and proteotoxic stress, underpinning 

artemisinin resistance. Cell Rep. 29:2917-

2928 e2915. 

https://doi.org/10.1016/j.celrep.2019.10.095  

PMID: 31775055 

Yavo William; KonatéAbibatou; KassiFulgence 

Kondo; Djohan Vincent; Angora Etienne 

Kpongbo; Kiki-BarroPulcherie Christiane; 

Vanga-Bosson Henriette; Menan, Eby Ignace 

Hervé. 2015. Efficacy and Safety of 

Artesunate-Amodiaquine versus Artemether-

Lumefantrine in the Treatment of 

Uncomplicated Plasmodium falciparum 

Malaria in Sentinel Sites across Côte 

d’Ivoire.Malar Res Treat. 2015, 1–8. 

https://doi.org/10.1155/2015/878132  

  

  

How to cite this article:  

 

Dagnogo Oléfongo, Kipré Gueyraud Rolland, Ako Aristide Bérenger, Bla Kouakou Brice, Touré Offianan 

André and Djaman Allico Joseph. 2023. Predominance of Wild K13 Propeller Haplotypes in three 

localities of Côte D'ivoire one decade after the adoption of Therapeutic combinations Based on Artemisinin 

Derivatives. Int.J.Curr.Microbiol.App.Sci. 12(06): 76-89.  

doi: https://doi.org/10.20546/ijcmas.2023.1206.010   
 

 

https://scholar.google.com/scholar?q=%22author:Uwimana+A%22
https://scholar.google.com/scholar?q=%22author:Venkatesan+M%22
https://scholar.google.com/scholar?q=%22author:Svigel+SS%22
https://scholar.google.com/scholar?q=%22author:Zhou+Z%22
https://scholar.google.com/scholar?q=%22author:Munyaneza+T%22
https://scholar.google.com/scholar?q=%22author:Habimana+RM%22
https://scholar.google.com/scholar?q=%22author:Rucogoza+A%22
https://scholar.google.com/scholar?q=%22author:Moriarty+LF%22
https://scholar.google.com/scholar?q=%22author:Sandford+R%22
https://scholar.google.com/scholar?q=%22author:Piercefield+E%22
https://scholar.google.com/scholar?q=%22author:Goldman+I%22
https://scholar.google.com/scholar?q=%22author:Ezema+B%22
https://scholar.google.com/scholar?q=%22author:Talundzic+E%22
https://scholar.google.com/scholar?q=%22author:Pacheco+MA%22
https://scholar.google.com/scholar?q=%22author:Escalante+AA%22
https://scholar.google.com/scholar?q=%22author:Ngamije+D%22
https://scholar.google.com/scholar?q=%22author:Mangala+J-LN%22
https://scholar.google.com/scholar?q=%22author:Kabera+M%22
https://scholar.google.com/scholar?q=%22author:Munguti+K%22
https://scholar.google.com/scholar?q=%22author:Murindahabi+M%22
https://scholar.google.com/scholar?q=%22author:Brieger+W%22
https://scholar.google.com/scholar?q=%22author:Musanabaganwa+C%22
https://scholar.google.com/scholar?q=%22author:Mutesa+L%22
https://scholar.google.com/scholar?q=%22author:Udhayakumar+V%22
https://scholar.google.com/scholar?q=%22author:Udhayakumar+V%22
https://scholar.google.com/scholar?q=%22author:Udhayakumar+V%22
https://scholar.google.com/scholar?q=%22author:Mbituyumuremyi+A%22
https://scholar.google.com/scholar?q=%22author:Halsey+ES%22
https://scholar.google.com/scholar?q=%22author:Lucchi+NW%22
https://scholar.google.com/scholar?q=%22author:Lucchi+NW%22
https://scholar.google.com/scholar?q=%22author:Lucchi+NW%22
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/j.ijpddr.2021.06.001
https://doi.org/10.1016/S1473-3099(21)00142-0
https://doi.org/10.1016/S1473-3099(21)00142-0
https://www.who.int/docs/defaultsource/documents/publications/gmp/who-cds-gmp-2019-17-eng.pdf?ua=1
https://www.who.int/docs/defaultsource/documents/publications/gmp/who-cds-gmp-2019-17-eng.pdf?ua=1
https://www.who.int/docs/defaultsource/documents/publications/gmp/who-cds-gmp-2019-17-eng.pdf?ua=1
https://doi.org/10.1016/S1473-3099(13)70252-4
https://doi.org/10.1016/S1473-3099(13)70252-4
https://doi.org/10.1016/j.celrep.2019.10.095
https://doi.org/10.1155/2015/878132
https://doi.org/10.20546/ijcmas.2023.1206.010

