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Abstract: Plasmodium falciparum resistance to artemisinin-based combination therapy (ACT) is caused by polymorphism in the 

genes malaria parasites which convey resistance either to artemisinin or to the partner drugs which make up the ACTs. Mutations 

of pfk13 and pfatpase are responsible for hypersensitivity to artemisinin. With most of the current partner drugs sharing the same 

quinoline moiety with chloroquine, resistance due to P. falciparum resistance to the partner drugs could be caused by mutation of 

pfcrt, pfdhfr and pfdhp. On the other hand, mutation of pfmdr 1 could be responsible for resistance to both artemisinin and the 

partner drugs. High ACT resistance prevalence has been reported in areas where resistance to artemisinin and the partner drugs 

have been common. In order to control antimalarial drug resistance parasites, strategies aim at controlling the rate of malaria 

transmission and reducing the rate of development of antimalarial drug resistance parasites should be embarked upon. 
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Introduction 

Malaria is one of the most dangerous infectious diseases in the world caused by protozoan parasite of the genus Plasmodium 

with Plasomdium falciparum being deadliest out of the five species of which cause malaria.[1,2] This infection has adverse effects on 

the medical, social and economic lives of the world population particularly in areas where it is endemic. Africa is the epicenter of 

this infection where most illnesses and deaths occur with children under five years and pregnant women mostly affected.[3-6] The 

World Health Organization has reported that over 400 000 people die of treatable malaria and most of them are children.[7] 

Approximately 11 million pregnant women in areas of moderate and high malaria transmission to the sub-Saharan Africa were 

infected with malaria.[8]  This results to maternal anaemia, poor perinatal and neonatal growth, miscarriage, stillbirth, premature birth 

and intrauterine growth restriction.[9-11]  

The WHO recommends artemisinin-based combination therapies [ACTs] for the treatment of uncomplicated falciparum 

malaria made up rapid-acting artemisinin component and slow-reacting partner drug. However, resistance to ACTs by Plasmodium 

falciprum has been great challenge to the control of malaria.[12] This ACT resistance is mediated by Plasmodium falciparum kelch 

[PfK13] as well as resistance to the partner drug component of the ACTs resulting to delayed clearance of the parasite after 

treatment.[13,14,15]  

Also, the mutation of Plasmodium falciparum multidrug resistance transporter 1 (pfmdr1) genes which were common in 

Chloroquin resistance have been significantly associated with hypersensitivity to ACTs.[16,17] The changing of pfmdr1 to a drug 

regimen which contains ACT drugs leads to the reselection of pfmdr1 wild-type alleles.[18] ACT resistance arises through the 

amplification of pfmdr1 which contributes significantly to recrudescence.[19,20] This study was aimed at describing based on the 

available data, the emergence, spread and control of ACTs resistance or decrease susceptibility. Plasmodium falciparum endoplasmic 

reticulum calcium-ATPase calcium pump (PfATP6) is another artemisinin resistant marker that is greatly linked with reduced 

susceptibility or resistance to artemisinins.[21] 

Emergence and spread of Plasmodium falciparum resistance or decreased susceptibility to artemisinin combination therapy 

(ACT)  
Over the years, every monotherapy has led to quick resistance to Plasmodium falciparum. With the advent of combination 

therapies between artemisinin and molecules with long lasting action, hope was raised.[22] Artemisinin resistance was first reported 

in 2008 at the Greater Mekong Subregion (GMS) in South-East Asia after artesunate monotherapy.[23] However, a report from a 

retrospective study suggests that partial resistance to artemisinin may have come up in 2001 before the widespread in GMS. In the 

late 2013, there was a discovery of a new molecular marker as a result of mutations in the K13 propeller domain which was 

responsible for partial resistance in artemisinin at the GMS.[24] 

ACT resistance due to K13 mutation has currently spread from South-East Asia to other parts of the world. In study 

conducted between 2012 and 2013 at Dakar in Senegal, K13 mutation Plasmodium was not recorded.[25] In a separate study 

conducted in the same study area between 2013 and 2014, three mutations of K13 (N554H, Q613H and V637I) were observed. [26] 
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Between 2012 and 2013 at a high malaria transmission area in Kenya, there were 4 new types of nonsynonymous and 5 of 

synonymous mutations of K13 from 539 blood samples.[27] In a study of 1212 Plasmodium falciparum positive samples from 12 

countries in Sub-Saharan Africa, 22 distinctive mutation of K13 genes were discovered but none were similar to those earlier reported 

in South-East Asia.[28]  

In Lagos, South-West Nigeria, three mutant genotypes of K13 (A578S, D464N and Q613H) were reported in 92 out of 195 

sequenced Plasmodium falciparum positive samples while the remaining genes were the wild types.[29] There was no K13 mutation 

according to a study in Rwanda in 2010. However in 2014 and 2015, there were reported prevalence of 2.5% and 4.5% K13 mutants 

respectively in the same area with two of the mutants (P574L and A675V) in 2015 similar to the mutated K13 genes in South-East 

Asia.[30] A study in Mali in both ACTs and pre-ACTs malaria infections reported K13 mutation.[31]  

Polymorphism of pfmdr1-N86Y was linked with delayed recrudescence among African children with severe after treatment 

with artesunate monotherapy.[32] A study on children with severe malaria in Central (Garbon), West (Ghana) and East (Kenya) 

African children reveals that rates of mutation on pfmdr1-N86Y were 48%, 10% and 10% respectively.[33] In Uganda (a malaria 

endemic region) after the administration of Artemether-Lumefantrine, three polymorphisms in the pfmdr1 gene were identified. 

These polymorphisms were not due to failure in clinical treatment, but were an indicator of the ability of this drug combination to 

selectively change the parasites to resistant strains.[34] At very low frequency, mutations of H243Y and A623E at pfatp6 locus were 

reported and the rates of mutation of E431K at pfatp6 were 6%, 18% and 17% in Gabon, Ghana and Kenya respectively. [33] 

Failure to treatment with ACTs could have rarely occurred if was largely dependent only on artemisinin resistance. 

However, resistance to ACT partner drug is the most significant contributed ACT treatment failure. Consequently, varieties of ACTs 

drugs have failed in areas where both artemisinin resistance and ACT partner drug resistance have been recorded.[24] This buttresses 

the report of a study among 200 Plasmodium falciparum positive travelers from eighteen African countries to Spain where there was 

mutation of pfdhfr and pfdhps genes in 76% of the travelers.[35] Also, 92.78% (167/180) mutant genes of Pfdhfr and 87.78% (158/180) 

mutant genes of pfdhps genes respectively were observed in a study conducted in Equatorial Guinea on 180 Plasmodium falciparum 

infected samples between 2013 to 2014. The increase in pfdhfr and pfdhps genes negatively affected the therapeutic efficacy of 

Sulfadoxine-pyrimethamine as those mutants convey resistance against sulfadoxine-pyrimethamine.[36] 

 With most of the current ACT partner drugs (amodiaquine, piperaquine, and pyronaridine) sharing the same quinoline 

moiety with chloroquine, a consideration on the potential role of pfcrt in ACT resistance is very important.[37,38] In an in vitro study 

of artemether-lumefantrine (CoArtem), it has been revealed that lumefantrine [an arylaminoalcohol related to mefloquine] is 

selective for wild type pfcrt[39] while amodiaquine, a partner drug in amodiaquine-artesunate (Coarsucam) is selective for mutant 

forms of pfcrt and pfmdr1 in field isolates.[40] In the case of piperaquine, there is a documented evidence that parasites with mutant 

pfcrt Dd2  which conveys resistance for piperaquine were discovered to have a novel pfcrt mutation, C101F, together with a change 

in pfmdr1 copy number and amplification of a novel locus on chromosome 5.[41]  

From the standpoint of usage, effects and modes of action of drugs, there is a rising concern about cross resistance with 

compounds, namely: ozonides and trioxaquines, which have the same chemical structures and modes of action with artemisinin. A 

study has revealed that artemisinin-resistant strains with Cambodian synonymous resistance strains showed cross-resistance with 

trioxaquines (endoperoxide-based hybrid antimalarial molecules). In vitro study of trioxaquine drug pressure identified a novel 

lineage that was resistant to both trioxaquines and artemisinins which was similar to resistance conveyed by pfk13 polymorphism.[42] 

The two promising antimalarial drugs of ozonide derivatives, OZ439 and OZ277 which are also respectively known as artefenomel 

and arterolane have an endoperoxide bridge (a chemical function with similar peroxide pharmacophore to artemisinins). Although 

during clinical trials, artefenomel (OZ439) had shown a good safety profile and rapid parasitemia clearance in species of 

Plasmodium,[43] later studies have further revealed that this is different with artemisinin-resistant strains in an in vitro experiment. It 

is reported that artemisinin-resistant strains can exhibit a reduction in in vitro susceptibility to the ozonide antimalarials depending 

on the time of exposure.[44] Furthermore, arterolane (OZ277) has been discovered to immensely show limited in vitro susceptibility 

against artemisinin-resistant parasites and while artefenomel has been more effective against majority of the mutated pfk13 mediated 

resistant parasites except for those which have mutation in I543T.[45] 

The available research data have raised concerns about the risks of parasite cross-resistance between artemisinins and other 

endoperoxide-based antimalarials, including ozonides. In addition, with the increasing rate and complexity of polymorphisms ACT 

resistance genes and their varying effects on antimalarial chemotherapy, there is a growing concern that further mutations which 

may always contribute to parasite resistance to the recommended therapies as well as possible candidate replacement compounds in 

the near future will always spring up. 

The way forward to antimalarial drug resistance 
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The journey into the future of combating the war against antimalaria drug resistance will always be an uphill task because 

no strategy at the present or in the future is sufficient to completely eradicating malaria transmission. This promotes the development 

of antimalarial drug resistance as long as antimalarial drugs will still be in long used in the future.[46] Also, the development of new 

antimalarial drugs is slower than the rate at which malaria parasites develop resistance against existing drugs. To worsen the situation 

especially in malaria endemic regions, affordability of quality antimalaria drugs has become a keep issue which has helped in the 

development of antimalaria drug resistance in those regions.[46] 

In order to control the development and spread of antimalaria drug resistance parasites, strategies aim at controlling the rate 

of malaria transmission and reducing the rate of development of antimalarial drug resistance parasites should be embarked upon. In 

controlling malaria transmission, comprehensive vector and etiologic control strategies are the keys. These include the use of 

insecticide-treated nets; use of insecticide spraying; environmental control to either eliminate or reduce mosquito breeding sites; 

other personal protection measures like the use of repellent soap/creams and screening windows; the use of chemoprophylaxis in 

defined populations especially in pregnant women; and the administration of effective vaccines.[46] 

Another key approach to malaria control is the availability of quick and effective malaria treatment.  This is achievable 

through easy access to quality health care facilities; training and employment of adequately qualified health care workers who are 

effectively supervised and/or well motivated; and provision of affordable and easily accessed quality antimalaria drugs.[47] Decrease 

in the rates of malaria infection or its rates of transmission have an indirect impact in reducing the development of drug resistance 

through the reduction in the number of malaria cases to be treated consequently reducing the overall drug pressure and finally, 

decreasing the possibility of successfully transmitting resistant parasites new hosts.[48,49] 

Interventions aim at preventing the development and the spread of drug resisttance are targeted towards reducing drug 

pressure; improving drug prescriptions and usage in a way that does not facilitate development or spread of resistant parasites. 

Development of drug resistance is generally attributed to drug pressure. A more restrictive approach aim at controlling drug 

prescribtions and usage will limit the development, spread and intensity of drug resistance.[47] This could be achieved through 

improved diagnosis of malaria using microscopy or a rapid antigen test in areas where miscrocopy is not readily available. There 

may also be a role for prophylaxis programmes and presumptive treatment or even mass drug administration in epidemic cases. 

Close follow-up and retreatment of patients either at a particular community or patients booked on appointment irrespective of 

whether the patient feels ill or not in order to rapidly identify patients who may failed initial treatment identified quickly and re-treat 

them until the parasites are cleared. This will decrease the possibility of spreading drug resistant parasites.[50] 

Artemisinin-based combination therapy (ACT) promotes the use of a drug combination with grossly mismatched half-lives. 

Theoretically, in areas with low malaria transmission rates, this is of minimal concern because the likelihood of being infected by 

mosquito during the period when drug levels are suboptimal is very low. However in areas with high transmission rates are very 

high especially in Africa where inoculation rates can be as high as five infective bites per night, there is a high probability that 

malaria infection can still occur even when the drug levels are suboptimal. Therefore, the development of resistance parasites from 

the initial malaria treatment compared with new parasites being exposed to suboptimal drug levels is unknown.[46] In the future, triple 

artemisinin combination therapy may be developed to incorporate vaccines or other drugs solely designed to inhibit transmission of 

gametoacytes carrying antimalarial drug resistance genes or interfere with sexual reproduction and infection of the parasite within 

the mosquitos when blood meal is been taken up by the mosquitoes.[46] 

Conclusion 
 There is an emergence of Plasmodium falciparum strains which are resistant to both artemisinins and partner drugs. Also, 

there is currently no short term effective antimalarial replacement for artemisinin due to cross-resistance with novel synthetic 

antimalarial drug which have similar endoperoxide bridge with artemisinin. 

Recommendation 

 It is recommended that: 

(i) Triple arteminin-based combination therapy being developed should be fast tract. 

(ii) The robustness of strategy against self-medication aim at checking for the effectiveness of combination therapy should 

be imvestigated. 

(iii) Investigate on the mechanisms of financing combination therapy strategies. 

(iv) Strategies to improve acceptance and compliance to combination therapy regimen should be developed. 

(v) Effectiveness of drug regulations should be improved. 

(vi) Access to definitve diagnosis-based treatment should be improved. 

(vii) Vector control with treatment should be supported. 



International Journal of Academic Health and Medical Research (IJAHMR) 

ISSN: 2643-9824 

Vol. 6 Issue 2, February - 2022, Pages:54-59 

www.ijeais.org/ijahmr 

57 

Statement of competing interests and funding support: 
Authors have declared that no competing interests exist. 

 

References 

1) UNICEF/UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases.Making  .

Tropical /seventeenth programme report :2004-2003 progress :health research work for poor people

A .]14 July 2021 cited[ 2005 WHO :Geneva .Disease Researchvailable from: 

https://apps.who.int/iris/handle/10665/69139 

2) World Health Organization. Status report on artemisinin resistance. Geneva, Switzerland: WHO 2014 Jan. 12 [cited 2021 

July 14]. Available from: 

https://www.who.int/malaria/publications/atoz/status_rep_artemisinin_resistance_jan2014.pdf?ua=1 

3) Achidi E A, Apinjoh TO, Anchang-Kimbi JK et al. Severe and uncomplicated falciparum malaria in children from three 

regions and three ethnic groups in Cameroon: prospective study. Malar J. 2012 June 24; 11: 215. Available from: 

https://doi.org/10.1186/1475-2875-11-215 

4) Alao MJ, Gbadoé AD, Meremikwu M. et al. Plasmodium falciparum malaria in infants under 5 kg: retrospective surveillance 

of hospital records in five subsaharan African countries. J Trop Pediatr. 2013 April; 59 (2): 154-159. Available from: 

https://doi.org/10.1093/tropej/fms069 

5) Aguilar R, Moraleda C, Achtman AH et al. Severity of anaemia is associated with bone marrow haemozoin in children exposed 

to Plasmodium falciparum. Br J Haematol. 2014 Mar; 164(6): 877-887. Doi: 10.1111/bjh.12716 

6) Sowunmi A,  Adewoye EO, Gbotsho GO et al. Factors contributing to delay in parasite clearance in uncomplicated falciparum 

malaria in children. Malar J. 2010 Feb 15; 9(53): 15 [cited 2021 July 14]. Available from: https://doi.org/10.1186/1475-2875-

9-53 

7) World Health Organization. Malaria. Geneva: WHO; 2020 Nov 30 [cited 2021 July 14]. Available from: 

https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2020 

8) World Health Organization. More pregnant women and children protected from malaria, but accelerated efforts and funding 

needed to reinvigorate global response, WHO report shows. Geneva: WHO; 2019 Dec 9 [cited 2021 July 2021]. Available 

from: https://www.who.int/news/item/04-12-2019-more-pregnant-women-and-children-protected-from-malaria-but-

accelerated-efforts-and-funding-needed-to-reinvigorate-global-response-who-report-shows  

9) Shulman CE, Dorman EK, Curtis F et al. Intermittent sulphadoxine-pyrimethamine to prevent severe anaemia secondary 

to malaria in pregnancy: a randomized placebo-controlled trial. Lancet. 1999 Feb 20; 353: 632-636. Doi: 10.1016/s0140-

6736(98)07318-8 

10) Steketee RW, Nahlen BL, Parise ME et al.  The burden of malaria in pregnancy in malaria-endemic areas. Am J Tro Med Hyg. 

2001 Jan; 64(Supple 1-2): 28-35. Available from: https://www.ncbi.nlm.nih.gov/books/NBK2623/ 

11) Menendez C, Ordi J, Ismali MR et al. The Impact of Placental Malaria on Gestational Age and Birth Weight.  J Infect Dis. 

2000 May 15; 181(5): 1740-1745. Doi: 10.1086/315449. 

12) World Health Organization. Malaria. Geneva: WHO; 2019 Dec 4 [cited 2021 July 14]. Available from: 

https://www.who.int/publications/i/item/9789241565721 

13) Ariey F, Witkowski B, Amaratunga C et al. A molecular marker of artemisinin-resistant Plasmodium falciparum malaria. 

Nature. 2014 Jan 2; 505: 50-55. Doi: 10.1038/nature12876 

14) Ménard D, Khim N, Beghain J. et al. A Worldwide Map of Plasmodium falciparum K13-Propeller Polymorphisms. N Engl J 

Med. 2016 June 23; 374: 2453-2464. Doi: 10.1056/NEJMoa1513137. 

15) Krishna S, Kremsner PG. Antidogmatic approaches to artemisinin resistance: reappraisal as treatment failure with artemisinin 

combination therapy. Trends Parasitol. 2013 July; 29(7): 313-317. Doi: 10.1016/j.pt.2013.04.001. 

16) Petersen I, Gabryszewski SJ, Johnston GL et al. Balancing drug resistance and growth rates via compensatory mutations in 

the Plasmodium falciparum chloroquine resistance transporter. Mol Microbiol. 2015 July; 97: 381-395. Doi: 

10.1111/mmi.13035. 

17) Veiga MI, Dhingra SK, Henrich PP et al. Globally prevalent PfMDR1 mutations modulate Plasmodium 

falciparum susceptibility to artemisinin-based combination therapies. Nat Commun. 2016 May 18; 7: 11553.  Doi: 

10.1038/ncomms11553. 

18) Venkatesan M, Gadalla NB, Stepniewska K et al. Polymorphisms in Plasmodium falciparum chloroquine resistance transporter 

and multidrug resistance 1 genes: parasite risk factors that affect treatment outcomes for P. falciparum malaria after artemether–

lumefantrine and artesunate–amodiaquine. Am J Trop Med Hyg. 2014 Oct 1; 91: 833-843. Doi: 10.4269/ajtmh.14-0031 

19) Price RN, Uhlemann AC, Brockman A et al. Mefloquine resistance in Plasmodium falciparum and increased pfmdr1 gene copy 

number. Lancet. 2004 July 31; 364:438-447. Available from: https://doi.org/10.1016/S0140-6736(04)16767-6  

https://apps.who.int/iris/handle/10665/69139
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Moraleda%2C+Cinta
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Achtman%2C+Ariel+H
https://doi.org/10.1111/bjh.12716
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-9-53#auth-2
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-9-53#auth-3
https://doi.org/10.1016/s0140-6736(98)07318-8
https://doi.org/10.1016/s0140-6736(98)07318-8


International Journal of Academic Health and Medical Research (IJAHMR) 

ISSN: 2643-9824 

Vol. 6 Issue 2, February - 2022, Pages:54-59 

www.ijeais.org/ijahmr 

58 

20) Sidhu AB, Uhlemann AC, Valderramos SG et al. Decreasing pfmdr1 copy number in Plasmodium falciparum malaria heightens 

susceptibility to mefloquine, lumefantrine, halofantrine, quinine, and artemisinin. J Infect Dis. 2006; 194: 528-535. 

21) Eckstein-Ludwig U, Webb RJ, van Goethem ID et al. Artemisinins target the SERCA of Plasmodium falciparum. Nature. 2003 

Aug 21; 424: 957-961. Doi: 10.1038/nature01813. 

22) Telgt DS, van der Ven AJ, Schimmer B et al. Serious psychiatric symptoms after chloroquine treatment following 

experimental malaria infection. Ann Pharmacother. 2005 March; 39: 551-554. Doi: 10.1345/aph.1E409.  

23) Noedl H, Se Y, Schaecher K et al. Evidence of artemisinin-resistant malaria in Western Cambodia. N Engl J Med. 2008 

Dec 8; 359, 2619-2620. Doi: 10.1056/NEJMc0805011 

24) World Health Organization. Status report on artemisinin and ACT resistance. Geneva: WHO; 2015 Sep [cited 2021 July 

5]. Available from: from https://www.who.int/malaria/publications/atoz/status-rep-artemisinin-act-resistance-

sept2015.pdf?ua=1 

25) Lo AC, Faye B, Ba el-H et al. Prevalence of molecular markers of drug resistance in an area of seasonal malaria 

chemoprevention in children in Senegal. Malar J. 2013 April 23; 12: 137. Available from: https://doi.org/10.1186/1475-

2875-12-137 

26) Boussaroque A, Fall B, Madamet M et al. Emergence of Mutations in the K13 Propeller Gene of Plasmodium falciparum 

Isolates from Dakar, Senegal, in 2013-2014. AAC. 2016 Oct 26; 60(1): 624-627. Doi: 10.1128/AAC.01346-15. 

27) Isozumi R, Uemura H, Kimata I et al. Novel mutations in K13 propeller gene of artemisinin-resistant Plasmodium falciparum. 

Emerg Infect Dis. 2015; 21(3): 490-492. Available from: https://doi.org/10.3201/eid2103.140898 

28) Kamau E, Campino S, Amenga-Etego L et al. K13-Propeller Polymorphisms in Plasmodium falciparum Parasites from Sub-

Saharan Africa. J  Infect Dis. 2016 Jan 15; 213(2): 327. Doi: 10.1093/infdis/jiu608.  

29) Igbasi U, Oyibo W, Omilabu S et al. Kelch 13 propeller gene polymorphism among Plasmodium falciparum isolates in Lagos, 

Nigeria: Molecular Epidemiologic Study. Trop. Med Int Health. 2019 May 27; 24(8), 1011-1017. Available from: 

https://doi.org/10.1111/tmi.13273 

30) Tacoli C, Gai PP, Bayingana C et al. Artemisinin Resistance-Associated K13 Polymorphisms of Plasmodium falciparum in 

Southern Rwanda, 2010-2015. Am J Trop Med Hyg. 2016 Nov 2; 95(5): 1090-1093. Doi: 10.4269/ajtmh.16-0483 

31) Ouattara A, Kone A, Adams M et al. Polymorphisms in the K13-propeller gene in artemisinin-susceptible Plasmodium 

falciparum parasites from Bougoula-Hameau and Bandiagara, Mali. Am J Trop Med Hyg. 2015 June; 92(6): 1202-1206. Doi: 

10.4269/ajtmh. 

32) Kremsner PG, Adegnika AA, Hounkpatin AB et al. Intramuscular artesunate for severe malaria in African children: a 

multicenter randomized controlled trial. PLoS Med. 2016 Jan 12; 13: e1001938. Available from: 

https://doi.org/10.1371/journal.pmed.1001938 

33) Nguetse CN, Adegnika AA, Agbenyega T et al. Molecular markers of anti-malarial drug resistance in Central, West and East 

African children with severe malaria. Malar J. 2017 Feb 2; 16, 217. Available from:  https://doi.org/10.1186/s12936-017-1868-

y 

34) Dokomajilar C, Nsobya SL, Greenhouse B, Rosenthal PJ, Dorsey G. Selection of Plasmodium falciparum pfmdr1 alleles 

following therapy with artemether-lumefantrine in an area of Uganda where malaria is highly endemic. Antimicrob Agents 

Chemother. 2006 May; 50 (5):1893-1895. doi: 10.1128/AAC.50.5.1893-1895.2006. 

35) Amor A, Toro C, Fernández-Martínez A et al. Molecular markers in Plasmodium falciparum linked to resistance to anti-

malarial drugs in samples imported from Africa over an eight-year period (2002-2010): impact of the introduction of 

artemisinin combination therapy. Malar J. 2012 Mar 30; 11: 100. Available from: https://doi.org/10.1186/1475-2875-11-

100 

36) Jiang T, Chen J, Fu Het al. High prevalence of pfdhfr-pfdhps quadruple mutations associated with sulfadoxine-pyrimethamine 

resistance in Plasmodium falciparum isolates from Bioko Island, Equatorial Guinea. Malar J. 2019 Mar 26; 18: 101. Available 

from: https://doi.org/10.1186/s12936-019-2734-x 

37) Eastman RT, Fidock DA. (2009). Artemisinin-based combination therapies: a vital tool in efforts to eliminate malaria.  Nat 

Rev Microbiol. 2009 Dec; 7(12): 864-74. Doi: 10.1038/nrmicro2239. 

38) Yuan J, Cheng KC, Johnson R L et al. Chemical genomic profiling for antimalarial therapies, response signatures, and 

molecular targets. Science, 2011 Aug 5; 333(6043): 724-729. Doi: 10.1126/science.1205216. . 

39) Sisowath C, Petersen I, Veiga MI et al. In vivo selection of Plasmodium falciparum parasites carrying the chloroquine-

susceptible pfcrt K76 allele after treatment with artemether-lumefantrine in Africa. J Infect Dis. 2009 Mar 1; 199(5): 750-

757. Doi: 10.1086/596738 

40) Folarin OA, Bustamante C, Gbotosho GO et al. In vitro amodiaquine resistance and its association with mutations in pfcrt 

and pfmdr1 genes of Plasmodium falciparum isolates from Nigeria. Acta Tropica. 2011 Sep 6; 120(3): 224-230. 

Doi: 10.1016/j.actatropica.2011.08.013 

41) Eastman RT, Dharia NV, Winzeler EA et al. Piperaquine resistance is associated with a copy number variation on 

chromosome 5 in drug-pressured Plasmodium falciparum parasites. Antimicrob Agents Chemother. 2011 Aug; 55(8): 3908-

3916. Doi: 10.1128/AAC.01793-10. 

https://doi.org/10.1056/nejmc0805011


International Journal of Academic Health and Medical Research (IJAHMR) 

ISSN: 2643-9824 

Vol. 6 Issue 2, February - 2022, Pages:54-59 

www.ijeais.org/ijahmr 

59 

42) Paloque L, Witkowski B, Lelièvre J et al. Endoperoxide-based compounds: cross-resistance with artemisinins and selection 

of a Plasmodium falciparum lineage with a K13 non-synonymous polymorphism. J Antimicrob Chemother. 2008 Feb; 73: 

395-403. 

43) Phyo AP, Jittamala P, Nosten FH et al. Antimalarial activity of artefenomel (OZ439), a novel synthetic antimalarial 

endoperoxide, in patients with Plasmodium falciparum and Plasmodium vivax malaria: an open-label phase 2 trial. Lancet 

Infect Dis. 2016 Jan; 16: 61-69. 

44) Yang T, Xie SC, Cao P et al. Comparison of the exposure time dependence of the activities of synthetic ozonide 

antimalarials and dihydroartemisinin against K13 Wild-Type and mutant Plasmodium falciparum strains. Antimicrob 

Agents Chemother. 2016 May 9; 60: 4501-4510. doi:10.1128/AAC.00574-16. 

45) Straimer J, Gnädig NF, Stokes BH et al. Plasmodium falciparum K13 mutations differentially impact ozonide susceptibility 

and parasite fitness in vitro. mBio. 2017; 8(2): e00172-17. Available from: https://doi.org/10.1128/mBio.00172-17 

46) Bloland PB. Detection of resistance. Drug resistance in malaria; 2011: 21-23. Available from: 

https://www.who.int/csr/resources/publications/drugresist/malaria.pdf 

47) Salako LA. An African perspective. World Health, 1998 May-June; 3: 24-25. Available 

from:  https://apps.who.int/iris/handle/10665/331298  

48) Seppälä H, Klaukka T, Vuopio-Varkila J et al. The effect of changes in the consumption of macrolide antibiotics on 

erythromycin resistance in Group A streptococci in Finland. N Engl J Med. 1997 Aug 14; 337: 441-446. Available from: 

Doi: 10.1056/NEJM199708143370701 

49) Bauchner H, Pelton SI, Klein JO. Parents, physicians, and antibiotic use. Pediatrics. 1999 Feb; 103(2): 395-401. Doi: 

10.1542/peds.103.2.395. 

50) Wernsdorfer W H, Chongsuphajaisiddhi T, Salazar NP. A symposium on containment of mefloquine resistant falciparum 

malaria in Southeast Asia with special reference to border malaria. Southeast Asian J Trop Med Public Health. 1994 Mar 

1; 25: 11-18. PMID: 7825000. 

 

 


