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Background: Artemisinin-based combination therapies (ACTs) have been shown to be effective for uncomplicated P. 
falciparum malaria in Africa including Senegal. In South East Asia, Pfmdr1 Single Nucleotide Polymorphism (SNPs) are 
frequent and tentatively associated with reduced susceptibility to ACT partner drugs mefloquine and lumefantrine. In 

Africa where amodiaquine is one the most partner drugs of ACT, studies on molecular marker of AQ resistance are urgent. The objective of this 
study is to monitor molecular markers of AQ the partner drug of ACT in Senegal. 

Methods: Blood samples were collected from patients with uncomplicated malaria in Deggo health post in 2010 (N=124) and 2012 (N=160). 
Pfmdr1 and Pfcrt SNPs were determined by PCR-RFLP in Plasmodium falciparum positive samples. 

Results: A total of 284 samples positives were analyzed for various Pfmdr1 and Pfcrt SNPs.. Pfcrt-76T mutant type haplotype was present at 
12.90% and 15.62% in 2010 and in 2012 respectively. Prevalence of 16.94% and 15.62% were found for Pfmdr1-86Y in 2010 and 2012 respectively.  
Low prevalence of Pfmdr1-184F was noted in 2010 (7.26%) and in 2012 (6.88%).. 

Conclusions: Overall a low prevalence of Pfcrt and Pfmdr1 SNPs associated with CQ and AQ resistance were noted in our study area. Similar 
results were found in west West Africa. Results suggested that partner drug of ACT still be effective in Senegal, however a regular monitor of 
antimalarial drug is essential in the context of while use of ACT. 

ABSTRACT

KEYWORDS : 

Introduction
The emergence and spread of drug-resistance parasites oblige many 
African countries to change their heath policy. Since 2001, WHO has 
recommended artemisinin-based combination therapies (ACTs) as 
first-line treatment for uncomplicated P. falciparum malaria1. For in-
stance, these African countries have through their National Malaria 
Control Program (NMCP) implemented the use of ACTs. In Senegal 
this strategy is effective since 20062 and ACTs were widely use in all 
Senegalese health facilities with Artemether-lumefantrine (AL) and 
Artesunate-Amodiaquine (ASAQ) as first line treatment and Dihy-
dro-artemisinin-piperaquine DHAPQ as second line treatment.  The 
two most commonly used ACTs worldwide are artemether-lumefan-
trine (AL) and artesunate amodiaquine (ASAQ)4. Polymerase chain re-
action (PCR)–adjusted efficacy for both combinations remains high in 
most regions.5–7 However, there have been some reports of decreas-
ing AL cure rates in Africa 8–11 and Asia12 and reports of high levels 
of treatment failures of ASAQ 13–14. Resistance to ACT partner drugs 
has historically manifested before that of artemisinins, whose short 
half-lives result in the exposure of residual parasites to sub-therapeu-
tic levels of the partner drug alone. Response to the partner drug is 
therefore a key component of overall ACT efficacy. Mutations in the 
gene encoding the P. falciparum chloroquine resistance transporter 
(pfcrt) are associated with chloroquine resistance 15. In the presence of 
pfcrt 76T, chloroquine resistance is modulated by point mutations in 
the gene that encodes the P. falciparum multidrug resistance trans-
porter 1 (pfmdr1), primarily at codon 86 16 and also by mutations at 
positions 184, 1034, 1042, and 1246 17. Decreased susceptibility to 
lumefantrine has been linked to polymorphisms in these two genes 18-

19. Selection of Pfmdr1 86Y and Pfcrt 76T alleles in recurrent parasites 
after treatment with amodiaquine alone or in combination with arte-
sunate has been observed in a number of studies 20-22. It has also been 
suggested that parasites that carry chloroquine-resistant Pfmdr1 al-
leles may be more susceptible to artesunate in classical in vitro assays 
23, an effect that could counteract the increased risk of amodiaquine 
failure when these drugs are combined in ASAQ.

Therefore it’s become important to monitor molecular markers of AQ 
resistance in the context of widely use of ASAQ and AL in Senegal. 
The aim of this study was to assess de prevalence of Pfmdr1 and Pfcrt 
SNPs associated with AQ and CQ resistance in the context of large use 
of ACTs for uncomplicated malaria treatment in Senegal. 

Methods
Study area and population enrolment
Samples for this study were collected in Deggo health post located in 
the suburb of Dakar the capital, from patient with uncomplicated ma-
laria in 2010 and 2012. Deggo health post is part of Guediawaye hos-
pital area. It is a sentinel site of NMCP for malaria surveillance.  In this 
area malaria is highly seasonal with pick of transmission during the 
rainy season from August to November.  This area is also character-
ised by the existence of water basins favourable for the development 
of malaria vector. Plasmodium falciparum is the predominant specie 
and malaria transmission is mainly due to Anopheles gambiae s.l. 

Were included in this study any patient visiting Deggo health post 
with symptoms of mild malaria. 

Samples collection
Finger prick blood samples were collected from each study partici-
pant and blotted onto Whatman filter paper 3MM packed in ziplock 
bags with desiccant after they dried.  Thick and thin smears blood 
films were also collected for malaria parasites quantification and iden-
tification. Thick and thin film were stain in Giemsa and read in Health 
center laboratory by qualify microscopists. Whatman filter papers 
were sent to the Parasitology Mycology central laboratory for Pfmdr1 
and Pfcrt SNPs analysis by PCR-RFLP.

P. falciparum DNA extraction
DNA was extracted from filter paper by Chelex-100 method described 
by Wooden et al 24 . Briefly, 1X PBS with 0.5% saponin was added to 
small pieces of blood-impregnated filter paper, shake for 10mn (150 
rpm) and incubated at room temperature overnight. The Supernatant 
was removed and wash twice with PBS buffer. 150µL milli-Q H2O and 
75µl 20% of chelex mix (5g chelex in 25 ml milli-Q H2O) were added 
in the 96 deep plate wells and gently seal. Plates were boiled for 8mn 
(2×4) and cool for 10mn at room temperature. Spin down for 5mn, 
freeze deep well plate with DNA and carefully transpose 50µl of the 
supernatant to new 96 PCR plates by leaving carefully the chelex in 
the original deep well plate.

Pfmdr1 and Pfcrt genotyping
Extracted P. falciparum DNA was amplified by using primers for Pfcrt 
and Pfmdr1 genes and SNPs were analysed by using Restriction En-
zyme spanning codons 76 for Pfcrt and 86-184 for Pfmdr1 genes.

Pfcrt SNPs analysis
A nested PCR as described by Djimde et al (9) was done for Pfcrt DNA 
amplification.

The 25-µL Pfcrt outer PCR mixture consisted of the primers P1/P2 
(1.0 µl /primer), 1.0X TEMPase Hot Start1 Master Mix (3.0 mM MgCl2, 
0.4 mM 2’-deoxynucleoside5’-triphosphate [dNTP], and 0.2 units/ µl 
TEMPase Hot Start DNA Polymerase, Ampliqon III; VWR-Bie, Berntsen, 
Denmark, and 2 µl extracted DNA. The reaction mixture of the nest-
ed Pfcrt PCR was identical to the mixture of the outer PCR, and the 
primer set D1/D2 was used. A genomic DNA preparation of laboratory 
isolates 3D7 and Dd2 were used as controls for Pfcrt-76 wild type and 
mutant type respectively.

Pfmdr1 SNPs polymorphism
For Pfmdr1 a nested PCR was done for DNA amplification (10). For the 
first amplification the 19-µL PCR mixtures consisted of the primers 
Mdr2/1 New rev1 4.0 µl (0.2 µM /primer), 10.0 µl TEMPase/AH Mas-
ter Mix (3.0 mM MgCl2, 0.4 mM 2’-deoxynucleoside5’-triphosphate 
[dNTP], and 0.2 units/ µlTEMPase Hot Start DNA Polymerase, Am-
pliqon III; VWR-Bie, Berntsen, Denmark), and 1 µl extracted DNA. 

The reaction mixture of the nested Pfmdr1 PCR was identical to the 
mixture of the first PCR, and the primer set FN1/1 Rev/C1was used. 

DD2 (86F-184Y-1246D) and 7G8 (N86-184F-1246Y) were used as posi-
tive controls. Blood donors from Denmark who were never exposed to 
malaria were used as P. falciparum negative controls. 

Restriction enzymes generating RFLPs
Restriction enzymes were used for SNPs determination. Endonucle-
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ases ApoI, DraI and AflIII had been obtained from New England Bio-
Labs™, Roche Molecular Biochemicals™ and Stratagene™ respectively. 
Incubations of P. falciparum DNA samples with restriction enzymes 
were setup following the manufacturer’s instructions.

Following amplification of the fragments concerned, ApoI enzyme 
was used for Pfcrt SNPs determination. Pfcrt DNA was incubated with 
ApoI enzyme overnight at 53°C. The mixture products was visual-
ised on 2% agarose gel with ethidium bromide and visualised under 
UV (ultraviolet) light. Samples are classified as wild type haplotypes 
when DNA fragment length was found at 96pb and 46 bp while mu-
tant type was found at 261bp. Sample was classified as mixt if frag-
ment length for wild and mutant types were found.

For Pfmdr1 polymorphism analysis, enzymes AflIII and DraI were 
used for Pfmdr1-86 and Pfmdr1-184 respectively. For Pfmdr1-86Y, 
mutant type haplotypes were found at 200 bp while wild types were 
found at 521bp. For Pfmdr1-184F, mutant type haplotypes were 
found at 242 and 204 bp and wild type was found at 220 bp.

Ethical considerations
This study received the approval of the National Ethical Committee 
and the administrative approval of the Ministry of Health and Preven-
tion of Senegal. All parents or legal representatives of children prior to 
any blood sampling exercise signed an informed consent.

Results
Characteristics of the population:
A total of 284 dried blood spots samples were selected for the study. 
Among them, 124 wer were collected in 2010 and 160 samples in 
2012. All samples selected for this study were from P. falciparum 
positives patients confirmed by microscopy at the time of collection 
(Table 1).

Pfcrt polymorphisms
All samples (284) were successfully amplified by nested PCR. Geno-
type results showed a low prevalence of Pfcrt76T mutant type haplo-
type in 2010 (12.90%) and in 2012 (15.62%) with no significant differ-
ence over year (p = 0.517) (Table 2).

Considering the age (children, adolescent and adult) there is no sig-
nificant difference in the prevalence of mutation (p=0.191). However, 
the highest prevalence of mutant type Pfcrt-76T was found in chil-
dren 0-10 years old (23.53%) (Figure1).

Pfmdr1 polymorphisms
Among 284 positives samples analysed, 16.20% (46/284) carried out 
Pfmdr1-86Y mutation associated with AQ resistance. Results shown 
a low prevalence of Pfmdr1-86Y mutant type in the study area over 
2 years (p=0.766) (Table 2). However a slight decrease of Pfmdr-86Y 
was noted from 2010 (16.94%) to 2012 (15.62%). Similar results were 
found for Pfmdr1-184. Low prevalence of Pfmdr1-184F mutant type 
haplotype was noted in 2010 (7.26%) and 2012 (6.88%) with no sig-
nificant difference over year (p=0.900). By comparing prevalence 
of Pfmdr1 mutant’s types (Pfmdr1-86Y and 184F) by age and para-
sitémie, no significant difference was noted over year in our study 
area (Figure 1 and 2). A slight increase of the prevalence of Pfmdr1 
mutant types was noted in age group 11-18 years compare to others 
groups (Figure 1).

A low prevalence of haplotype double mutant Pfmdr1-86Y+Pfm-
dr1-184F was found in our study area in 2010 (3.23% (4/6)) and 2012 
(1.25% (2/6)) with no significant difference (p=0.477)(Table 3). 

Combination of Pfcrt and Pfmdr1 mutations
Analysis of the combination of Pfcrt/Pfmdr1 mutation shows that, 
the triple mutation Pfmdr86Y+Pfcrt76T+Pfmdr184F was not found 
in our study site. While we noted the presence of Pfmdr86Y+Pfcrt76T 
haplotype: 1.61% (2/5) and 1.88% (3/5) in 2010 and 2012 respectively 
with no significant difference (p=0.970) (Table 3).

Discussion
Due to widespread parasite resistance to chloroquine (CQ) and, sub-
sequently, sulphadoxine pyrimethamine (SP), all malaria-endemic 
countries in sub-Saharan Africa including Senegal have adopted ar-
temisinin-based combination therapy (ACT) as first-line policy for 

treatment of uncomplicated Plasmodium falciparum infection11. In 
Senegal, Artemether-lumefantrine (AL) and Artesunate-Amodiaquine 
(ASAQ) are used as first line treatment and Dihydro-artemisinin-pip-
eraquine DHAPQ as second line treatment 3 depending on availability. 

However, the emergence of reduced sensitivity to artemisinin in focal 
areas of Southeast Asia became a global concern. Therefore moni-
toring of parasite resistance to ACT partner drugs is vital for malaria 
control in the context of pre elimination. Indeed, apart ACT, there are 
little or no new drug or effective combinations for uncomplicated P. 
falciparum malaria treatment.

The P. falciparum multi drug resistance gene-1 (Pfmdr-1) is impli-
cated in resistance/tolerance to all antimalarial drugs including chlo-
roquine (CQ), amodiaquine (AQ) and the artemisinin derivates. It has 
been shown that certain combinations of SNPs in the Pfmdr-1 gene, 
at codons 86, 184, and 1246, are emerging in areas where the ACT 
drug combination artemether-lumefantrine (AL) is being widely used 
25-26 and suggested that these Pfmdr-1 haplotypes may be markers for 
the emergence of the decreased of ACTs efficacy 27. 

As part of an annual monitoring of clinical efficacy of anti malaria in 
Senegalese sentinel sites, the objective of this study was to assess the 
effect of change in drug treatment policy on the molecular markers of 
AQ resistance. 

Our results shown that a low prevalence of Pfmdr-1 mutant type at 
the target acid residue 86 was found in 2010 (16.94%) and in 2012 
(15.62%) (p=0.766). The prevalence of Pfmdr1-184F was 7.26% 
in 2010 and 6.88% in 2012 (p=0.900). In Burkina Faso Barake et al 
found between 2005 and 2006 similar results of Pfmdr1-86Y (18.7%) 
28. A low prevalence of Pfmdr1 mutant types was also found by Fall et 
al in Dakar in 2010. These Authors show a prevalence of Pfmdr1-86Y 
of 14.9% while the prevalence of Pfmdr1-184F was noted at 49.4% 
29. This increase of Pfmdr1-184F could be done by AL drug pressure. 
However our results showed a low prevalence of Pfmdr1-184F over 
the 2 years. This low prevalence of Pfmdr1-184F found in our study 
area could be due by the use of three ACTs with different modes of 
action of their components there by reducing the prevalence of par-
asites mutated. 

Regarding Pfcrt-76 SNPs, our results show a low prevalence of mutant 
type. Pfcrt-76T was found in our study area respectively at 12.90% in 
2010 and 2012 at 15.62% (p=0.517). Similar results were found in the 
southern part of Senegal 30. Jovel et al in Guinea Bissau (border coun-
try of Senegal) showed that there is a decrease of the mutant type 
Pfcrt-76T.  Authors found a prevalence of Pfcrt-76T at approximately 
24% between 2003 and 2007 31. Similar results were noted in the cap-
ital city of Guinea with a decrease of Pfcrt-76T over year: 85% in 1992 
and 13% in 2000 32 .

In Senegal the drastic decrease of frequency of Pfcrt-76T haplotype 
in 2010 and 2012 can be due to the withdrawal of chloroquine for un-
complicated malaria treatment since 2003. Since there, NMCP, follow-
ing the WHO guidelines for malaria prevention and treatment, adopt-
ed the SP/AQ for an interim malaria treatment and since 2006, the 
ACTs were used for malaria treatment. Following our funding, similar 
results found in the South part of Senegal and in many countries, it 
appeared that chloroquine could probably be used by combination 
with antimalarial for malaria prevention 33 .

In our study, we found low prevalence of haplotypes combination Pf-
crt-76T/Pfmdr-86Y both in 2010 than in 2012. Our results suggested 
that the use of alternative ACT for uncomplicated malaria treatment 
can be effective on CQR and AQR parasites. Previous studies in Kilifi 
(Kenya) between 1995 and 2013 show a decrease of this association, 
21.3% to 0% 34. The low prevalence of this combination noted in our 
study show that ACTs still be effective in Senegal. However in Eastern 
and Southern Africa, authors have showed a significant increase in 
infections carrying the Pfcrt-Pfmdr-1 combination CVMNK-NFD from 
24.3% in 2009 to 45.3% in 2010 35 and 70% in 2008. This increase of 
Pfcrt/Pfmdr-1 mutant types in East Africa must be due to AL and CQ 
failure treatment.  

The role of drug pressure on the emergence of parasite resistance to 
anti-malarials has been well described25. To avoid this, RDTs were in-
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troduced in Senegal since 2008 to improve malaria diagnosis and we 
have noted an important reduction in ACTs consumption in Senegal 
after the deployment of this strategy 36.

The low prevalence of Pfcrt-76T, Pfmdr1-86Y and Pfmdr1-184F not-
ed in the study area is associated with low ACT drug pressure.  Fur-
thermore in the context of malaria pre elimination, monitoring of ACT 
resistance by looking at the K13 mutation is essential.

TABLES AND FIGURES 
Table I: Characteristics of the population

Age (years) sex DP (parasites /µl)

minima maxima mean female man ratio minima maxima mean

2010 15 55 23.26 76 48 1.58 1001 96100 18239.82

2012 05 65 17.91 59 101 0.58 1115 96261 22079.79

Table II: Prevalence of Pfcrt-76T, Pfmdr1-86Y and Pfm-
dr1-184F

2010 2012 p-value
Pfcrt-76T 12.90 15.62 0.517
Pfmdr1-86Y 16.94 15.62 0.766
Pfmdr1-184F 7.26 6.88 0.900

FIGURE 1: Prevalence of mutation by age

FIGURE 2: Prevalence of mutation by parasitemia

TABLE III : Prevalence of mutations combinations  

Mutations combinations 2010 2012 p-value
Pfcrt-76T/Pfmdr1-86Y/Pfmdr1-
184F 0% 0% -

Pfcrt-76T/Pfmdr1-86Y 1.61% 1.88% 0.970
Pfcrt-76T/ Pfmdr1-184F 0% 0% -
Pfmdr1-86Y/Pfmdr1-184F 3.23% 1.25% 0.477



GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS  X 227 

Volume-5, Issue-1, January -2016 • ISSN No 2277 - 8160

REFERENCES 1. WHO: World Malaria Report 2013. NLM Classification WC 765; 2013. Global Malaria Programme. ISBN 978 92 4 156469 4. 2. Thiam S, Thior M, 
Faye B, Ndiop M, Diouf ML, Diouf MB, Diallo I, Ba F, Ndiaye JL, Albertini A, Lee E, Jorgensen P, Gaye O, Bell D. Major reduction in anti-
malarialdrugconsumption in senegalafter nation-wide introduction of malaria rapid diagnostic tests. PLoS One 2011, 6:4. 3. National malaria 

control program Senegal: Strategic plan against malaria, Ministry of HealthSenegal; 2006–2010. 4. World Health Organization, 2013. World Malaria Report 2013. Available at: 
http://www.who.int/malaria/publications/world_malaria_report_2013/report/en/. Accessed December 30, 2013 5. Makanga M, Krudsood S, 2009. The clinical efficacy of 
artemether/lumefantrine (Coartem). Malar J 8 (Suppl 1): S5. 6. Sinclair D, Zani B, Donegan S, Olliaro P, Garner P, 2009. Artemisinin-based combination therapy for treating 
uncomplicated malaria. Cochrane Database Syst Rev CD007483. 7. Stover KR, King ST, Robinson J, 2012. Artemether-lumefantrine: an option for malaria. Ann Pharmacother 46: 
567–577 8. Mukhtar EA, Gadalla NB, El-Zaki SE, Mukhtar I, Mansour FA, Babiker A, El-Sayed BB, 2007. A comparative study on the efficacy of artesunate plus sulphadoxine/
pyrimethamine versus artemether-lumefantrine in eastern Sudan. Malar J 6: 92. 9. Siribie M, Diarra A, Tiono AB, Soulama I, Sirima SB, 2012. Efficacy of artemether-lumefantrine 
in the treatment of uncomplicated malaria in children living in a rural area of Burkina Faso in 2009. Bull Soc Pathol Exot 105: 202–207. 10. Abuaku B, Duah N, Quaye L, Quashie 
N, Koram K, 2012. Therapeutic efficacy of artemether-lumefantrine combination in the treatment of uncomplicated malaria among children under five years of age in three 
ecological zones in Ghana. Malar J 11: 388. 11. Ngasala BE, Malmberg M, Carlsson AM, Ferreira PE, Petzold MG, Blessborn D, Bergqvist Y, Gil JP, Premji Z, Martensson A, 2011. 
Effectiveness of artemether-lumefantrine provided by community health workers in under-five children with uncomplicated malaria in rural Tanzania: an open label prospective 
study. Malar J 10: 64.. 12. Song J, Socheat D, Tan B, Seila S, Xu Y, Ou F, Sokunthea S, Sophorn L, Zhou C, Deng C, Wang Q, Li G, 2011. Randomized trials of artemisinin-piperaquine, 
dihydroartemisinin-piperaquine phosphate and artemether-lumefantrine for the treatment of multi-drug resistant falciparum malaria in Cambodia-Thailand border area. Malar 
J 10: 231 13. Mutabingwa TK, Anthony D, Heller A, Hallett R, Ahmed J, Drakeley C, Greenwood BM, Whitty CJ, 2005. Amodiaquine alone, amodiaquine+sulfadoxine-
pyrimethamine, amodiaquine+ artesunate, and artemether-lumefantrine for outpatient treatment of malaria in Tanzanian children: a four-arm randomised effectiveness trial. 
Lancet 365: 1474–1480 14. Thwing JI, Odero CO, Odhiambo FO, Otieno KO, Kariuki S, Ord R, Roper C, McMorrow M, Vulule J, Slutsker L, Newman RD, HamelMJ,Desai M, 2009. In-
vivo efficacy of amodiaquine-artesunate in children with uncomplicated Plasmodium falciparum malaria in western Kenya. Trop Med Int Health 14: 294–300. 15. Fidock DA, 
Nomura T, Talley AK, Cooper RA, Dzekunov SM, Ferdig MT, Ursos LM, Sidhu AB, Naude B, Deitsch KW, Su XZ, Wootton JC, Roepe PD, Wellems TE, 2000. Mutations in the P. 
falciparum digestive vacuole transmembrane protein Pfcrt and evidence for their role in chloroquine resistance. Mol Cell 6: 861–871. 16. Babiker HA, Pringle SJ, Abdel-Muhsin A, 
Mackinnon M, Hunt P, Walliker D, 2001. High-level chloroquine resistance in Sudanese isolates of Plasmodium falciparum is associated with mutations in the chloroquine 
resistance transporter gene pfcrt and the multidrug resistance Gene pfmdr1. J Infect Dis 183: 1535–1538. 17. Reed MB, Saliba KJ, Caruana SR, Kirk K, Cowman AF, 2000. Pgh1 
modulates sensitivity and resistance to multiple antimalarials in Plasmodium falciparum. Nature 403: 906–909. 18. Sisowath C, Stromberg J, Martensson A, Msellem M, Obondo 
C, Bjorkman A, Gil JP, 2005. In vivo selection of Plasmodium falciparum pfmdr1 86N coding alleles by artemether-lumefantrine (Coartem). J Infect Dis 191: 1014–1017. 19. Some 
AF, Sere YY, Dokomajilar C, Zongo I, Rouamba N, Greenhouse B, Ouedraogo JB, Rosenthal PJ, 2010. Selection of known Plasmodium falciparum resistance-mediating 
polymorphisms by artemether-lumefantrine and amodiaquinesulfadoxine-pyrimethamine but not dihydroartemisininpiperaquine in Burkina Faso. Antimicrob Agents 
Chemother 54: 1949–1954. 20. Humphreys GS,Merinopoulos I,Ahmed J,Whitty CJ,Mutabingwa TK, Sutherland CJ, Hallett RL, 2007. Amodiaquine and artemether-lumefantrine 
select distinct alleles of the Plasmodium PARASITE GENES AND RESISTANCE TO AL AND ASAQ 841 falciparum mdr1 gene in Tanzanian children treated for uncomplicated 
malaria. Antimicrob Agents Chemother 51: 991–997. 21. Djimde AA, Fofana B, Sagara I, Sidibe B, Toure S, Dembele D, Dama S, Ouologuem D, Dicko A, Doumbo OK, 2008. 
Efficacy, safety, and selection of molecular markers of drug resistance by two ACTs in Mali. Am J Trop Med Hyg 78: 455– 461. 22. Danquah I, Coulibaly B, Meissner P, Petruschke I, 
Muller O, Mockenhaupt FP, 2010. Selection of pfmdr1 and pfcrt alleles in amodiaquine treatment failure in north-western Burkina Faso. Acta Trop 114: 63–66 23. Duraisingh MT, 
Jones P, Sambou I, von Seidlein L, Pinder M, Warhurst DC, 2000. The tyrosine-86 allele of the pfmdr1 gene of Plasmodium falciparum is associated with increased sensitivity to 
the anti-malarials mefloquine and artemisinin. Mol Biochem Parasitol 108: 13–23 24. Wooden J, Kyes S, Sibley CH. PCR and strain identification inPlasmodium falciparum. 
Parasitol Today, 1993. 9: 303–305 25. Lekana-Douki JB, Dinzouna Boutamba SD, Zatra R, Zang Edou SE, Ekomy H, Bisvigou U, Toure-Ndouo FS. Increased prevalence of the 
Plasmodium falciparum Pfmdr1 86N genotype among field isolates from Franceville, Gabon after replacement of chloroquine by artemether-lumefantrine and artesunate-
mefloquine. Infect Genet, 2011. Evol 11: 512–517. 26. Baraka V, Tinto H, Valea I, Fitzhenry R, Delgado-Ratto C, Mbonye MK, Van Overmeir C, Rosanas-Urgell A, Van Geertruyden JP, 
D'Alessandro U. In vivo selection of Plasmodium falciparum Pfcrt and Pfmdr1 variants by artemether-lumefantrine and dihydroartemisinin-piperaquine in Burkina Faso. 
Antimicrob Agents Chemother, 2015 Jan. doi: 10.1128/AAC.03647-14. 27. Fall B, Pascual A, Sarr FD, Wurtz N, Richard V, Baret E,   Diémé Y, Briolant S, Bercion R, Wade B, Talland A, 
Pradines B. Plasmodium falciparum susceptibility to anti- malarial drugs in Dakar, Senegal, in 2010:  an ex vivo and drug resistance molecular markers study. Malaria Journal 
2013, 12:107 28. Ndiaye M, Faye B, Tine R, Ndiaye JL, Lo A, Abiola A, Dieng Y, Ndiaye D, Hallett R, Alifrangis M, and Gaye O. Assessment of the Molecular Marker of Plasmodium 
falciparum Chloroquine Resistance (Pfcrt) in Senegal after Several Years of Chloroquine Withdrawal. Am. J. Trop. Med. Hyg., pp. 640–645. 23. 29. Jovel IT, Kofoed PE, Rombo L, 
Rodrigues A, and Ursinga J. Temporal and Seasonal Changes of Genetic Polymorphisms Associated with Altered Drug Susceptibility to Chloroquine, Lumefantrine, and Quinine 
in Guinea-Bissau between 2003 and 2012. Antimicrob Agents Chemother. 2015 Feb; 59[2]: 872–879 30. Kublin JG, Cortese JF, Njunju EM, Mukadam RA, Wirima JJ, Kazembe PN, 
Djimde ́ AA, Kouriba B, Taylor TE, Plowe CV. Reemergence of chloroquine-sensitive Plasmodium falciparum malaria after cessation of chloroquine use in Malawi. J Infect, 2003. 
Dis 187: 1870–1875. 31. Phompradit P, Muhamad P, Wisedpanichkij R, Chaijaroenkul W and Na-Bangchang K. Four years’ monitoring of in vitro sensitivity and candidate 
molecular markers of resistance of falciparum to artesunate mefloquine combination in the Thai-Myanmar border. Malaria Journal 2014, 13:23 32. Humphreys GS, Merinopoulos 
I, Ahmed J, Whitty CJ, Mutabingwa TK, Sutherland CJ, Hallett RL. Amodiaquine and artemether-lumefantrine select distinct alleles of the Plasmodium falciparum mdr1 gene in 
Tanzanian children treated for uncomplicated malaria. Antimicrob Agents Chemother. 2007; 51:991–997. 33. Okombo J, Kamau AW, Marsh K, Sutherland CJ, Ochola-Oyier LI. 
Temporal trends in prevalence of Plasmodium falciparum drug resistance alleles over two decades of changing antimalarial policy in coastal Kenya. Int J Parasitol Drugs Resist, 
2014 December; 4[3]: 152–163. 34. Thomsen TT, Madsen LB, Hansson HH, Tomas EVE, Charlwood D, Bygbjerg IC, and Alifrangis M. Rapid Selection of Plasmodium falciparum 
Chloroquine Resistance Transporter Gene and Multidrug Resistance Gene-1 Haplotypes Associated with Past Chloroquine and Present Artemether-Lumefantrine Use in 
Inhambane District, Southern Mozambique. Am. J. Trop. Med. Hyg., 2013, 88[3], pp. 536–541 35. Hayton K, Su XZ. Genetic and biochemical aspects of drug resistance in malaria 
parasites. Curr Drug Targets Infect Disord, 2004. 4 : 1-10. 36. Thiam S, Thior M, Faye B, Ndiop M, Diouf ML, Diouf MB, Diallo I, Fall F B, Ndiaye JL, Albertini A, Lee E, Jorgensen P, 
Gaye O, Bell D. Major reduction in anti-malarial drug consumption in Senegal after nation-wide introduction of malaria rapid diagnostic tests. PLoS One. 2011 Apr 6; 6[4]: 
e18419


