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Abstract 
Background: Malaria is an infectious disease caused by Plasmodium sp., that still prevalence in 

some part of Indonesia. District of Pesawaran is one of malaria endemic area in the Province of 
Lampung. The purpose of this study was to evaluate the efficacy of the ACT treatment in the 
District of Pesawaran Province of Lampung, Indonesia from Dec 2012 to Jul 2013 and the 
genetic variation of the Plasmodium falciparum also studied.  

Methods: This study was observational analytic study of falciparum malaria patients treated 

with ACT and primaquine (DHP-PQ and AAQ-PQ) at Hanura Primary Health Centre (Pusk-
esmas). DNA isolation was done with QIAmp DNA Mini Kit. Amplification of PfMDR1, MSP1, 
and MSP2 genes was done with appropriate forward and reverse primer and procedures opti-
mized first. PCR Product of PfMDR1 gene was prepared for sequencing. Data analysis was done 
with MEGA 6 software.  

Results: The results of this research are DHP-PQ effectiveness was still wellness among falcipa-

rum malaria patients in District of Pesawaran, Province of Lampung, Indonesia. There is Single-
nucleotide mutation of N86Y of PfMDR1 gene. The dominant alleles found are MAD20 and 3D7 
alleles with Multiplicity of Infection (MOI) are low.  

Conclusion: Therapy of DHP-PQ as an antimalarial falciparum in Pesawaran District, Lam-

pung, Indonesia is still good. The genetic variation found was the SNP on the N86Y PfMDR1 
gene, with dominant allele MAD20 and 3D7. 

 

 

Keywords: 
Artemisinin combination 
therapy;  
Efficacy;  
Genetic variation;  
Plasmodium falciparum  

 

*Correspondence Email:  
yadisuwandi04@gmail.com  

 

 

 

 

 

 

Iranian Society of Parasitology 

                                                                                                                                                        http://isp.tums.ac.ir 

 

Iran J Parasitol 
 

Open access Journal at 

http://ijpa.tums.ac.ir 

 

Tehran University of Medical 

Sciences Publication 

http://tums.ac.ir 

 

  

http://ijpa.tums.ac.ir/


Suwandi et al.: Efficacy of Artemisinin Base Combination Therapy and Genetic Diversity … 

Available at: http://ijpa.tums.ac.ir                                                                                                144 

Introduction 
 

alaria infection is one of tropical 
infectious disease in Indonesia. 
Plasmodium falciparum is one of the 

most predominant causes of malaria diseases in 
the district of Pesawaran, the province of 
Lampung, in the south part of Sumatera island 
of Indonesia (1-3). Based on the annual 
incidence of these diseases, the district of 
Pesawaran was classified into medium case 
incidence area, with Annual Parasite Incidence 
ranged between 1%-5% population (1,4). Ef-
forts to control this diseases have been the high 
priority of the district as well as the Provincial 
Government, through early case detection 
thoroughly prompt treatment and vector 
management such as Indoor Residual Spraying 
(IRS), distribution of Long Lasting Insecticide 
Treated Net (LLIN) and mosquito breeding site 
management. Besides the total decreased of the 
parasite prevalence around the recent, however, 
epidemic outbreak is still to occur in same 
villages, and antimalaria drug resistance has been 
reported to be one of important conditions need 
to be detailed. Plasmodium resistance against 
antimalarial drugs is one of the factors that can 
inhibit malaria control. Since 2004, the govern-
ment of Indonesia had been implemented Ar-
temisinin-based Combination Therapy (ACT) as 
a standard treatment of malaria throughout the 
region in Indonesia. In District of Pesawaran, 
there are two types of drugs combination that 
used in malaria patients such as Artesunate-
Amodiaquine Primaquine (AAQ-PQ) and 
Dihydroartemisinin Piperaquine Primaquine 
(DHP-PQ) (1,2,5). 

The rapid clearance of parasite from the 
blood circulation at malaria patients treated 
with this ACT standard has been noted from 
all endemic area in Indonesia. However, the 
efficacy of these ACT standard treating used to 
be evaluated. The use of ACT since 10 years 
ago may cause a decrease in the effectiveness of 
ACT against Plasmodium. Incidence of malaria 
at District of Pesawaran remains high from 
year to year (annual parasite incidence (API) 

value > 1) (4) is one of the reasons for review-
ing the effectiveness of these antimalarials. 
Plasmodium falciparum multidrug resistance-1 
(PfMDR1) gene is one of the transporter genes 
that play a role in regulating the pH in the food 
vacuole of Plasmodium. Polymorphisms in 
PfMDR1 gene has been shown to play a role in 
the change of Plasmodium susceptibility 
against amodiaquine, mefloquine, lumefantrine, 
halofantrine and artemisinin with different 
mechanism. Position N86 (wild-type) plays an 
important role in the increased resistance to 
arylaminoalcohol quinolines, such as meflo-
quine, lumefantrine, and halofantrine, while the 
position 86Y (mutant) plays an important role 
in the increased resistance to 4-aminoquinoline 
such as chloroquine and amodiaquine. Codon 
86 of PfMDR1 gene, have an important role of 
fluids efflux, including drugs, from the parasite 
food vacuole into the cytoplasm (6–12).  

In addition, genetic variation of Plasmodium 
sp. also affects its susceptibility to antimalari-
als. To investigate genetic variation, MSP1, 
MSP2 and GLURP genes were examined. 
These genetic variants are also associated with 
the nature of P. falciparum. On examination of 
this genetic variation will show K1, MD20 and 
RO33 alleles based on MSP1 gene and FC27 
and 3D7 alleles based on MSP1 gene. Genetic 
variation data on P. falciparum in Pesawaran 
District has not been reported. Therefore, it is 
important to study genetic variation. 

The purposes of this study were evaluate the 
efficacy of the ACT treatment in the District 
of Pesawaran; evaluate the nucleic acid 
changes of the PfMDR1, and genetic variation 
of P. falciparum will also bee studied.  

 
Materials and Methods 
 
Study site 

This study was conducted at Pesawaran 
District, Lampung Province, Indonesia. Hanu-
ra public health center (PHC) which has the 
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highest API (API 2010 and 2011 are 14,07 and 
45,21 respectively) was selected (4). The 
location of this health center is coastal area in 
the southern part of the district. 
 
Research procedure and design 
 This research is analytical survey research. P. 
falciparum positive patients were recruited in 
Hanura Health Centre from Dec 2012 to Jul 
2013.  

After the informed concern process and 
signature of informed consent by the eligible 
subject, finger prick blood sample was 
collected for blood smear and spotted on 
Whatman chromatographic paper (3MM) for 
parasite DNA analysis. After taking blood 
samples, the research subjects received ACT 
treatment according to the standard of malaria 
treatment issued by the Indonesian Ministry of 
Health (Day 0). A cohort of blood samples 
collection for evaluation of parasitemia was 
done on Day 1, 2, 3, 7, 14, 21 and 28 after 
ACT administration. Evaluation of the 
treatment responses of each case was 
evaluated using standard protocol of the 
WHO guidelines (13,14). 
 
Blood sample and data collection 
 The process of selecting research subjects was 
done by referring to the inclusion criteria ac-
cording to the WHO protocol in 2009 (13). At 
the minimum sample calculation, 50 subjects 
were obtained (15). During the data collection 
process, there were 71 samples, but only 62 
blood samples of malaria patients matched the 
WHO inclusion criteria so that all blood sam-
ples were analyzed. In each subject, micro-
scopic examination was carried out to deter-
mine the parasite density. Blood samples were 
also taken for DNA analysis examination, by 
dripping blood on what man chromatographic 
paper (3MM) filter paper. The thin and thick 
blood slides were Giemsa stained and 
parasitemia was examined by qualified 
microscopic from the district health office and 
checked by microscopic from Department of 
Parasitology, Faculty of Medicine, University 

of Lampung. Dry blood spot was stored in -
20 °C until DNA processes. 

 
Deoxyribose Nucleic Acid (DNA) Extrac-
tion from Blood Spot Sample 
 Dry blood spot on Whatman paper was cut 
and put into 1.5 ml Eppendorf tube and DNA 
was extracted using QIAmp DNA Mini kit 
from Qiagen. The DNA extraction was 
carried out in accordance with the standard 
protocol provided within the kit (16).  

 
Amplification of PfMDR Gene 
 PfMDR gene was amplified using publish 
primer sequences of Humphreys et al. (10). 
This primer flanking segment of 578 bp 
containing codon 86 and 184 of PfMDR1 gene 
(10). To determine the genetic condition of 
PfMDR1 gene fragments, sequencing of PCR 
products was performed. The sequencing re-
sults were analyzed using MEGA 6 software. 

 
Amplification of MSP1 and MSP2 Genes 

 Genotyping of Plasmodium falciparum us-
ing PCR was performed on the MSP1 and 
MSP2 genes. The amplification procedure re-
fers to the procedure published and also by 
performing optimization in the laboratory (17). 
Examination of genetic variation is only done 
on samples from the subject with failed thera-
py and some subjects with adequate therapy. 

 

Ethical approval 
The ethical clearance for this study was ap-

proved by the Medical and Health Research 
Ethics Committee (MHREC) Faculty of Medi-
cine, Gadjah Mada University, Yogyakarta, In-
donesia and the Medical and Health Research 
Ethics Committee (MHREC) Faculty of Medi-
cine, University of Lampung, Lampung, Indo-
nesia (number: KE/FK/804/EC. Date of ap-
proval: Oct 23, 2012). 

 

Results  
 

Artemisinin-Base Combination Therapy 
drugs used in District of Pesawaran for treat 
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of malaria patients were consists of two types 
such as Dihydroartemisinin Piperaquine 
(DHP) and Artesunate-Amodiaquine (AAQ). 
Both of these drugs were combined with 
Primaquine (PQ) 0.75 mg/kgbw single dose. 
Table 1 shows the parasitological monitoring 
of research subjects, which successfully evalu-
ated for 28 d after ACT treatment. Overall, 38 
subjects received DHP-PQ and 24 subjects 
received AAQ-PQ. Table 1 also shows the 
treatment response according to WHO criteria. 
Early Treatment Failure is not found in this 
study. There were found 6 positive P. 

falciparum of D14 on microscopic examination, 
while the D28 has 2 positive P. falciparum. The 
P. falciparum positive at D14 and D28 are cate-
gorized as late treatment failure.  

Statistical analysis showed a significant asso-
ciation between response therapy with the 
type of drug administered (P=0.024). Ade-
quate Clinical and Parasitological Response 
(ACPR) are more common in subjects treated 
with DHP-PQ compared to subjects treated 
with AAQ-PQ. Combination AAQ-PQ has a 
high failure rate (25.00%) compared with 
DHP-PQ (5.26%) (Table 1).

 

Table 1: Parasitological monitoring of research subject after treatment 

 

Total Subject at 
D0 

Number of subjects positive after treatment (%) 

 D3 D7 D14 D21 D28 
DHP-PQ Combination 

38 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (5.26) 
AAQ-PQ Combination 

24 0 (0.00) 0 (0.00) 6 (25.00)* 0 (0.00) 4 (16.67)* 

*found in the same study subjects 
 

Microscopic examination on Day 0 showed 
that asexual stage parasite density varied be-
tween 1.000 to 111.440 parasites/µL blood. 
Microscopic examination on the first day after 
treatment, 73.68% of the study subjects who 
received DHP-PQ treatment and 95.83% of 
the study subjects who received AAQ-PQ 
treatment were not found asexual stadiums. 
The third day observation has not found any 
asexual stage in all study subjects. Parasite 
density tends to decrease from day to day after 
treatment at day 0. In this study has not found 
signs of a shift in parasite clearance time even 
though it has been found late treatment failure 
(possibility recrudescence). 

Molecular analysis of the PfMDR1 gene per-
formed on 50 blood samples from 62 samples 
showed a change in nucleotide base sequence 
in the fifty samples. The nucleotide base of 
Adenine (A) at position 256 turns into Thy-
mine (T). The nucleotide encoding codon 86, 
which causes amino acid changes from Aspar-

agine (N) becomes tyrosine (Y). The nucleo-
tide number 551, which encodes codon 184 
reported to have undergone a change in pre-
vious research, found no changes in this study.  

Genetic analysis was continued by genotyp-
ing on MSP1 and MSP2 genes (17). The re-
sults of genotyping based on MSP1 gene 
showed MD20 (84, 85%), RO33 (12, 12%) 
and K1 (3, 03%) alleles, whereas MSP2 gene 
was found by FC27 (41, 46%) and 3D7 (58, 
54%) alleles. Blood samples from subjects that 
fail therapy, performed genotyping to analysis 
of multiplicity of infection (MOI). Seven 
blood samples of eight blood samples of sub-
jects failed therapy successfully performed 
molecular analysis. Blood samples from failed 
therapy subjects were taken at D0 and when 
the parasites reappeared (D14 and D28). Sub-
jects with adequate therapy were examined for 
genetic variation in 5 blood samples taken at 
D0 for comparison. Alleles found based on 
the MSP1 gene are MD20, RO33, and K1, 
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whereas in the MSP2 gene found 2 alleles that 
are FC27 and 3D7. Multiplicity of infection 
(MOI) based on allele is low (1.57 in MSP1, 
and 1.58 in MSP2). 

 

Discussion 
 

Artemisinin-based Combination Therapy in 
PHC Hanura has been used since 2004 after 
the Ministry of Health decided ACT as the 
standard treatment of malaria. Within 10 years 
after the first use of ACT, it is possible there 
has been a decrease in effectiveness. Accord-
ing to WHO criteria, antimalarial drugs are not 
used anymore, if the treatment failure rate > 
10% (WHO 2010). Based on this, the effec-
tiveness of the AAQ-PQ has been reduced 
compared with the DHP-PQ. 

Subjects with therapeutic response late 
parasite failure (LPF) mostly parasites ap-
peared at day 14 (75%) and day 28 (25%). The 
parasite was not found on examination D 2, 3 
and 7 and reappeared on D 14 or 28. These 
conditions indicate recrudescence has arisen. 
Recrudescence is a re-invention of the parasite 
due to persistence of the parasite in the blood, 
but there is a decrease so it is not detected in 
microscopic examination. P. falciparum takes 
24-72 h to develop from the ring stage to 
mature schizont stage (18). Levels of artemis-
inin (dihydroartemisinin or artesunate) in the 
blood will rapidly decline after the third day of 
treatment (half-time about 1 hour). Treatment 
with single artemisinin needs less than 7 d or 3 
d when combined with other long-acting 
drugs (19-21). A decrease in the concentration 
of artemisinin after the third day of treatment 
will have sufficient time for the parasite 
remnant to do schizogony, so within 10 d of 
the parasite can be found back in the periph-
eral blood. 

The decreased of AAQ-PQ effectiveness is 
probably related to polymorphism at codon 
N86Y PfMDR1 genes. Polymorphism at co-
don N86Y cause amodiaquine is not effective 
in eliminating parasites. This condition makes 
the high treatment failure in patients who re-

ceived AAQ-PQ (AAQ-PQ treatment failure 
is 24.00%). This is due to an increase in pH 
and reflux of food vacuole so amodiaquine 
concentration in the food vacuole will de-
crease. High pH of the food vacuole will in-
fluence the amodiaquine to inhibit polymeri-
zation hem. The results of this study are con-
sistent with another research which states that 
a single mutation of codon N86Y can cause 
changes in the function of the transport of 
fluids and drugs (amodiaquine) significantly 
(8). In this study, amodiaquine has failed to 
perform the role as a combination of long-
acting drug in the treatment of malaria so that 
it causes a high failure on AAQ-PQ (> 10%).  

The PfMDR1 gene polymorphism has been 
shown to play a role in the change of Plasmo-
dium susceptibility to antimalarial amodia-
quine, mefloquine, lumefantrine, halofantrine 
and artemisinin with different mechanisms. 
Position N86 (wild-type) plays an important 
role in the increased resistance to 
arilaminoalkohol quinolines, such as meflo-
quine, lumefantrine, and halofantrine, while 
the position 86Y (mutant) plays an important 
role in the increased resistance to 4-
aminoquinoline such as chloroquine and 
amodiaquine (6-12). The use of ACT in 10 
years is not easily changing the nucleotides in 
the gene PfMDR1, especially at codon 86 and 
184. In Hanura, Codon 86 of PfMDR1 gene 
has been mutated since before the ACT use, 
whereas codon 184 still wild type (22). The 
results are consistent with research conducted 
and found a decrease in the effectiveness of 
amodiaquine in subjects with falciparum ma-
laria in West Sumba, East Nusa Tenggara, alt-
hough the treatment failure rate still small 
(<10.00%) (23). 

Different conditions found in subjects who 
received therapy DHP-PQ, which has a small 
failure rate (4.55%). Piperaquine as artemisinin 
combination still gives a good effect as a long-
acting drug. In short, a half-time of artemis-
inin causes the concentration of drug in the 
body rapidly declined after the third day of 
treatment. The role of parasite elimination will 
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be taken over by piperaquine. This can be 
seen in subjects who received treatment with 
DHP-PQ, still give good therapeutic results 
with failure rate 4.55%, although it has been 
found polymorphisms in codon N86Y, 
PfMDR genes from all blood samples subject. 
Possible mechanisms of resistance to pipera-
quine are not related to polymorphism at co-
don N86Y PfMDR1 gene (24), so the effec-
tiveness of DHP-PQ still optimal, when com-
pared with the AAQ-PQ. 

Based on the genotyping results on the 
PfMDR1, MSP1 and MSP2 genes, the genetic 
conditions of P. falciparum isolate Pesawaran 
classified as low genetic diversity with domi-
nant alleles were MAD20 based on MSP1 
gene and 3D7 allele based on MSP2 gene. 
This study is in line with the research in South 
Sumatra, with the dominant allele result being 
MAD20 (25). Alele K1 is found but not dom-
inant, while RO33 is not found. The three al-
leles of the MSP1 gene were also found in 
previous studies. In Iran, Laos, Myanmar and 
several places in Africa, strains of MAD 20, 
K1 and RO33 were always found, but with 
different percentages (26–31). In Pakistan 
(32); Myanmar (27) and Cameroon (33), the 
dominant MAD20 allele found in South Su-
matra and Pesawaran Lampung. This study 
differs from studies in Laos, Iran, and Congo 
showing the dominant K1 allele found (26,30). 
Similarly, studies in Malaysia and Sudan 
showed that the dominant RO33 allele was 
found (34,35). The genetic isolates of the of-
ferings may have similar properties with iso-
lates in South Sumatra Indonesia, Pakistan, 
Myanmar, and Kameron 

The low MOI of this Pesawaran isolate 
shows little genetic diversity. The MOI values 
of this study were in line with the MOI ob-
tained in the Malaysian study (1.37), Pakistan 
(1.25) and India (1.38) (28, 32, 34), but in 
South Sumatra (3.60) (25) different from the 
results in Pesawaran. This condition can be 
caused by very little new genetic influx from 
elsewhere or at least the genetic mutation pro-
cess in Plasmodium isolate Pesawaran. The geo-

graphical location of the isolated work area of 
Hanura Puskesmas and the mobility of the 
population from the minimal outer area is also 
one of the causes of the least genetic variation 
of Plasmodium in the region. This level of di-
versity is influenced by transmission rates, 
population migration, vector population, envi-
ronmental conditions, human as host, and 
parasite susceptibility patterns within a region 
play a role in determining the genetic structure 
of the parasitic population (25). 

 

Conclusion 
 

Therapy of DHP-PQ as an antimalarial 
falciparum in Pesawaran District, Lampung, 
Indonesia is still good. The genetic variation 
found was the SNP on the N86Y PfMDR1 
gene, with dominant allele MAD20 and 3D7.  

 

Acknowledgements 
 

We would like to say thank you to 
Government of Pesawaran District, Health 
Office of Pesawaran, entire staff of Hanura 
PHC, entire staff of Labaroatorium of 
Parasitology, Faculty of Medicine, Gadjah 
Mada University helped in the data collection 
and laboratory process. We also want to thank 
the research subjects and the volunteers who 
have actively participated in this research. 

Research funding for this manuscript to be 
published is derived from independent fund 
author and research grand from Faculty of 
Medicine, University of Lampung. 

  

Conflict of interest 
 

The authors declare that there is no conflict 
of interests. 

 

References  
 
1. Ministry of Health of the Republic of Indone-

sia. Indonesia Health Profile Year 2010. Jakar-

http://ijpa.tums.ac.ir/


Iran J Parasitol: Vol. 14, No. 1, Jan-Mar 2019, pp.143-150 

149                                                                                                Available at: http://ijpa.tums.ac.ir 

ta: Ministry of Health Republic of Indonesia; 
2011.  

2. Ministry of Health of the Republic of Indone-
sia. Guidelines for Managing Malaria Cases in 
Indonesia. Jakarta: Directorate General of Dis-
ease Control and Environmental Health; 2011.  

3. Ministry of Health of the Republic of Indone-
sia. Handbook of Malaria Case Management. 
Jakarta: Ministry of Health Republic of Indo-
nesia; 2012.  

4. Health Office of Pesawaran District. Annual 
Parasite Incidence Year 2010 and 2011. 
Gedong Tataan: Health Office of Pesawaran 
District; 2012  

5. Ministry of Health of the Republic of Indone-
sia. Guidelines for Managing Malaria Cases in 
Indonesia. Jakarta: Ministry of Health Republic 
of Indonesia; 2008.  

6. Reed MB, Saliba KJ, Caruana SR, Kirk K, 
Cowman AF. Pgh1 modulates sensitivity and 
resistance to multiple antimalarials in Plasmodi-
um falciparum. Nature. 2000; 403(6772):906–9.  

7. Djimdé A, Doumbo OK, Cortese JF et al. A 
Molecular Marker For Chloquinine Resistant 
Falciparum Malaria. N Engl J Med. 2001; 344(4): 
257-63.  

8. Dokomajilar C, Lankoande ZM, Dorsey G, 
Zongo I, Ouedraogo J-B, Rosenthal PJ. Roles 
of specific Plasmodium falciparum mutations in 
resistance to amodiaquine and sulfadoxine-
pyrimethamine in Burkina Faso. Am J Trop 
Med Hyg. 2006; 75(1):162–5. 

9. Dokomajilar C, Nsobya SL, Greenhouse B, 
Rosenthal PJ, Dorsey G. Selection of Plasmodi-
um falciparum pfmdr1 alleles following therapy 
with artemether-lumefantrine in an area of 
Uganda where malaria is highly endemic. An-
timicrob Agents Chemother. 2006; 50(5):1893–
5.  

10. Humphreys GS, Merinopoulos I, Ahmed J et 
al. Amodiaquine and Artemether-Lumefantrine 
Select Distinct Alleles of the Plasmodium falcipa-
rum mdr1 Gene in Tanzanian Children Treated 
for Uncomplicated Malaria. Antimicrob Agents 
Chemother. 2007; 51(3):991–7.  

11. Dahlström S. Role of PfATP6 and pf MRP1 in 
Plasmodium falciparum resistance to antimalarial 
drugs. Stockholm: Karolinska Institutet; 2009.  

12. Ferreira PE, Holmgren G, Veiga MI, Uhlén P, 
Kaneko A, Gil JP. PfMDR1: mechanisms of 

transport modulation by functional polymor-
phisms. PLoS One. 2011; 6(9):e23875.  

13. WHO. Methods For Surveillance of Antima-
larial Drug Efficacy. Geneva: WHO; 2009.  

14. WHO. Global Report on Antimalarial Drug 

Efficacy and Drug Resistance : 2000-2010. Ge-
neva: WHO; 2010.  

15. Lemeshow S, Jr DWH, Klar J, Lwanga SK. 
Adequacy of Sample Size in Health Studies. 
England: WHO; 1990.  

16. Qiagen. QIAamp® DNA Mini and Blood 
Mini Handbook. 3rd ed. Hilden: Qiagen; 2012.  

17. Moll K, Ljungström I, Perlmann H, Scherf A, 
Wahlgren M. Methods in Malaria Research. 5th 
ed. Manassas: Malaria Research and Reference 
Reagent Resource Center University 
Boulervard; 2008.  

18. Centers for Disease Control and Prevention. 
Malaria. Centers for Disease Control and Pre-
vention; 2012. 
https://www.cdc.gov/dpdx/malaria/index.ht
ml 

19. Katzung BG. Katzung’s Basic and Clinical 
Pharmacology. San Fransisco: Mc Graw Hill 
Medical; 2006.  

20. Brunton L, Parker K, Blumenthal D, Buxton I. 
Goodman and Gilman’s Manual of Pharma-
cology and Therapeutics. New York: Mc Graw 
Hill Medical; 2008.  

21. Waldman SA, Terzic A. Pharmacology and 
Therapeutics Principles to Practice. Philadelph-
ia: Saunders Elsevier; 2009.  

22. Syafruddin D, Asih PBS, Casey GJ et al. Mo-
lecular epidemiology of Plasmodium falciparum 
resistance to antimalarial drugs in Indonesia. 
Am J Trop Med Hyg. 2005; 72(2):174–81.  

23. Asih PBS, Dewi RM, Tuti S  et al. Efficacy of 
artemisinin-based combination therapy for 
treatment of persons with uncomplicated Plas-
modium falciparum malaria in West Sumba Dis-
trict, East Nusa Tenggara Province, Indonesia, 
and genotypic profiles of the parasite. Am J 
Trop Med Hyg. 2009; 80(6):914–8.  

24. Eastman RT, Dharia NV, Winzeler EA, 
Fidock DA. Piperaquine resistance is associat-
ed with a copy number variation on chromo-
some 5 in drug-pressured Plasmodium falciparum 
parasites. Antimicrob Agents Chemother. 
2011; 55(8):3908–16.  

25. Handayani D, Nindela R, Saleh I. Genetic di-
versity of Merozoite Surface Protein 1 (MSP-1) 

http://ijpa.tums.ac.ir/
https://www.cdc.gov/dpdx/malaria/index.html
https://www.cdc.gov/dpdx/malaria/index.html


Suwandi et al.: Efficacy of Artemisinin Base Combination Therapy and Genetic Diversity … 

Available at: http://ijpa.tums.ac.ir                                                                                                150 

in Plasmodium falciparum field isolates from 
South Sumatera. In: Mardliyah E, Faridah L, 
editors. Bandung International Scientific Meet-
ing on Parasitology and Tropical Diseases. 
Bandung: Faculty of Medicine University of 
Padjadjaran; 2015. p. 43–50.  

26. Heidari A, Keshavarz H, Rokni MB, Jelinek T. 
Genetic diversity in merozoite surface protein ( 
MSP ) -1 and MSP-2 genes of Plasmodium falci-
parum in a major endemic region of Iran. Kore-
an J Parasitol. 2007; 45(1):59–63.  

27. Kang J, Moon S, Kim J et al. Genetic poly-
morphism of merozoite surface protein-1 and 
merozoite surface protein-2 in Plasmodium falci-
parum field isolates from Myanmar. Malar J. 
2010; 1(131):1–8.  

28. Hussain MM, Sohail M, Kumar R, Branch 
OH, Adak T, Raziuddin M. Genetic diversity 
in merozoite surface protein-1 and 2 among 
Plasmodium falciparum isolates from malarious 
districts of tribal dominant state of Jharkhand, 
India. Ann Trop Med Parasitol. 2011; 
105(8):579–92.  

29. Agnandji ST, Kurth F, Fernandes JF et al. The 
use of paediatric artemisinin combinations in 
sub-Saharan Africa: a snapshot questionnaire 
survey of health care personnel. Malar J. 2011; 
10:365. 

30. Khaminsou N, Kritpetcharat O, Daduang J, 
Charerntanyarak L, Kritpetcharat P. Genetic 
analysis of the merozoite surface protein-1 

block 2 allelic types in Plasmodium falciparum clin-
ical isolates from Lao PDR. Malar J. 2011; 
10:371.  

31. Kuesap J, Chaijaroenkul W, Ketprathum K, 
Tattiyapong P, Na-Bangchang K. Evolution of 
Genetic Polymorphisms of Plasmodium falcipa-
rum Merozoite Surface Protein (PfMSP) in 
Thailand. Korean J Parasitol. 2014; 52(1):105–
9.  

32. Ghanchi NK, Mårtensson A, Ursing J et al. 
Genetic diversity among Plasmodium falciparum 
field isolates in Pakistan measured with PCR 
genotyping of the merozoite surface protein 1 
and 2. Malar J. 2010; 9(1):1–6.  

33. Wanji S, Kengne-ouafo AJ, Eyong EEJ et al. 
Genetic Diversity of Plasmodium falciparum Mer-
ozoite Surface Protein-1 Block 2 in Sites of 
Contrasting Altitudes and Malaria Endemicities 
in the Mount Cameroon Region. Am J Trop 
Med Hyg. 2012; 86(5):764–74.  

34. Atroosh WM, Al-mekhlafi HM, Mahdy MAK, 
Saif-ali R, Al-mekhlafi AM, Surin J. Genetic di-
versity of Plasmodium falciparum isolates from 
Pahang, Malaysia based on MSP-1 and MSP-2 
genes. Parasit Vectors. 2011; 4:233.  

35. Hamid MMA, Mohammed SB, Hassan IM El. 
Genetic Diversity of Plasmodium falciparum Field 
Isolates in Central Sudan Inferred by PCR 
Genotyping of Merozoite Surface Protein 1 
and 2. N Am J Med Sci. 2013; 5(2):95–101.  

 
 
 
 

 
 

  
 

http://ijpa.tums.ac.ir/

