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Abstract. During 2009 to 2010, a total of 408 blood samples collected from malaria 
patients in Ranong (149) and Yala (259) Provinces, Thailand were investigated 
for Plasmodium spp using microscopic examination. There are no statistical dif-
ferences in the prevalence of P. falciparum and P. vivax in samples collected from 
Ranong and Yala (46% vs 52%, and 54% vs 45%, respectively). Single nucleotide 
polymorphism of codon 86 in pfmdr1 (encoding P. falciparum multidrug resistance 
protein 1) was investigated among 75 samples of P. falciparum and 2 samples of 
P. knowlesi. A pfmdr1 N86Y mutation was detected in 1 out of 29 samples and 45 
out of 46 samples obtained from Ranong and Yala Provinces, respectively. It is 
interesting that pfmdr1 was detected in two P. knowlesi DNA samples obtained 
previously from Ranong Province which was 99% homologous to pfmdr1 obtained 
from falciparum parasites in the same area but the mutation was not observed. 
The difference in multidrug resistance protein in Plasmodium obtained from those 
two border areas of Thailand will be of use in monitoring drug resistance in these 
border regions of the country. 
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An. sundaicus (Ratanatham et al, 1988; 
Rattanarithikul et al, 1996). The habitats 
of these Anopheline mosquitoes are in 
the area covered with natural forests and 
hills of the Thai-border regions. In addi-
tion, the prevalence of these vectors is 
influenced by rainfall, which is high in 
southern Thailand. 

Incidence of malaria is high at the 
border areas of Thailand (WHO SEARO, 
2011). In addition, resistance to antimala- 
rial drugs is a major public health problem 
in the management of malaria (Chareon-
viriyaphap et al, 2000; Mita et al, 2009). 
There are many factors that influence the 

INTRODUCTION

Malaria is still one of the public health 
problems in Thailand. The most prevalent 
species of Plasmodium detected in this 
country are Plasmodium falciparum and 
P. vivax (WHO SEARO, 2011). The main 
malaria vectors are Anopheles dirus, An. 
maculatus, An. minimus, An. aconitus, and 
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antimalarial drug resistance, such as poly-
morphisms and increasing copy number 
of genes which encode parasite transport 
proteins. The most recognized genes are 
P. falciparum multidrug resistance pro-
tein-1 (pfmdr1) encoding a P-glycoprotien 
homologue 1 (Pgh1) and P. falciparum 
chloroquine resistance transporter gene 
(pfcrt) encoding the transmembrane pro-
tein PfCRT involved in transportation or 
efflux of antimalarial drugs. The lysine 
to threonine point mutation at codon 76 
(K76T) in pfcrt have been associated with 
in vitro chloroquine resistance (Babiker 
et al, 2001; Djimde et al, 2001; Dorsey et 
al, 2001; Binder et al, 2002). However, 
the association between resistance of 
P. falciparum to antimalarial drugs and 
pfmdr1 polymorphisms has been debat-
able, depending on geographical areas. 
In addition, the amino acid substitution 
at  codon 86 of pfmdr1, from asparagine 
to tyrosine (N86Y), as well as increase in 
copy number have been associated with 
in vitro drug resistance to artemisinin, 
chloroquine, halofantrine and mefloquine 
(von Seidlein et al, 1997; Price et al, 1999; 
Nagesha et al, 2001; Price et al, 2004; Du-
raisingh and Cowman, 2005). 

Drug resistant malaria has been stud-
ied numerously in Thailand, especially in 
Thai-Myanmar and Thai-Cambodia bor-
der areas. Associations of pfmdr1 codon 86 
mutation and antimalarial drug resistance 
has been demonstrated (Chaiyaroj et al, 
1999; Price et al, 1999; Wongsrichanalai  
et al, 2001; Lopes et al, 2002; Price et al, 
2004; Vijaykadga et al, 2006; Mungthin  
et al, 2010). However, less information re-
garding drug resistant malaria in southern 
Thailand has been reported. Therefore, it 
is of interest to characterize Plasmodium 
spp in the border areas of Thai-Myanmar 
and Thai-Malaysia. In this study, we com-
pared the incidence of malaria infections 

between Ranong Province (south-western 
border between Thai and Myanmar) and 
Yala Province (southern border between 
Thai and Malaysia) (Fig 1). In addition, the 
single nucleotide polymorphism (SNP) of 
pfmdr1was investigated by PCR-restric-
tion fragment polymorphism (RFLP) and 
DNA sequencing.

MATERIALS AND METHODS

Sample collection 
Blood samples (149 and 259) were col-

lected between June 2009 and June 2010 
from patients with malaria attending the 
center of vector-borne diseases control in 
Ranong and Yala Provinces, respectively. 
Blood films prepared from finger-prick 
blood samples were stained with Giemsa 
and malarial species was identified by 
microscopic examination. A few drops 
of blood from each Plasmodium infected 
patient was collected on a filter paper 
(Whatman 903 Protein Saver Card; GE 
Healthcare, Franklin Lakes, NJ) and air 
dried for subsequent DNA extraction. All 
microscopically confirmed P. falciparum 
and P. vivax cases were treated with the 
first line drugs according to the treatment 
protocol of the Ministry of Public Health, 
Thailand. P. falciparum-infected patients 
were treated with 12 mg/kg artesunate, 
15 mg/kg mefloquine and 0.5 mg/kg pri-
maquine for three days. P. vivax-infected 
individuals were treated with 25 mg/kg 
cloroquine and 0.5 mg/kg primaquine 
for 14 days. This work was approved 
by the Ethics Committee of the Faculty 
of Science, Prince of Songkla University 
(document number 0521.1.09/241).
PCR-RFLP analysis of pfmdr1

P. falciparum samples (30 and 50) ob-
tained from Ranong and Yala Provinces, 
respectively and two P. knowlesi DNA 
obtained from Ranong Province in a 
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in a 10-µl mixture containing 1x NEB3 
buffer, 100 µg/ml bovine serum albumin 
(New England Biolabs, Beverly, MA), 2 U 
ApoI (New England Biolabs), and 5 µl of 
nested PCR product. The reaction mixture 
was incubated at 50°C for 5 hours and ana-
lyzed on 2% agarose gel-electrophoresis 
as described above. DNA fragments of 
79 and 481 bp indicated a SNP in codon 
86 of pfmdr1.

DNA sequencing 
SNP of pfmdr1 was confirmed by DNA 

sequencing. In brief, nested PCR amplicon 
was extracted using phenol-chloroform-
isoamyl alcohol (Sambrook and Russell, 

Fig 1–Map of Thailand showing Ranong and Yala Provinces.

previous study (Sermwittayawong et al, 
2012) were investigated for PCR-RFLP 
analysis of pfmdr1 as described previously 
(Duraisingh et al, 2000). Briefly, total DNA 
was extracted using a DNA extraction 
kit (QIAGEN, Hilden, Germany) and 
used as DNA template for nested PCR. 
First-round PCR was performed using 
primers, Pfmdr1-n1F (5’-TGTTGAAA-
GATGGGTAAAGAGCAGAAAGAG-3’) 
and Pfmdr-n1R (5’-TACTTTCTTATTA-
CATATGACACCACAAACA-3’). PCR 
was conducted in a 20-µl reaction mixture 
containing 1x Pfu buffer, 2 mM MgSO4, 0.2 
mM dNTPs, 0.25 µM each primer, 0.5 U 
Pfu DNA polymerase (Promega, Madison, 

WI) and 2 µl of DNA template. 
PCR was performed in a ther-
mal cycler (ASTEC PC-818; Fu-
kuka, Tokyo, Japan) with con-
ditions as follows: 94°C for 4 
minutes, followed by 40 cycles 
at 94°C for 1 minute, 50°C for 1 
minute and 72°C for 1 minute, 
with a final step at 72°C for 4 
minutes. The first-round PCR 
amplification product was 
10-fold diluted and used as 
DNA template for the second-
round PCR employing primers 
Pfmdr-n2F (5’-GTCAAAC-
GTGCATTTTTTATTGAC-
CATTTA-3’) and Pfmdr-n2R 
(5’-AAAGATGGTAACCT-
CAGTATCAAAGAAGAG-3’). 
The PCR conditions were as 
described above except the an-
nealing temperature was 55°C. 
An amplicon (560 bp) was 
analyzed on 1% agarose gel-
electrophoresis and ethidium 
bromide staining.

Nested PCR amplicon was 
subjected to ApoI digestion. 
The reaction was conducted 
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Fig 2–Deduced amino acid sequences of P. falciparum MDR1 and P. knowlesi MDR. Box indicates 
amino acid residue 86 of MDR. PF, P. falciparum; PK, P. knowlesi. 

2001) and subjected to direct nucleotide 
sequencing using an automated ABI 
PRISM 3730XL DNA Sequencing System 
(Applied BioSystems, Foster City, CA). 
Homology search was conducted using 
BlastN program (National Center for 
Biotechnology Information, Washington, 
D.C.). The nucleotide and deduced amino 
acid sequences were aligned using Clust-
alW program (www.ch.embnet.org/soft-
ware/ClustalW.htm). The deduced amino 
acid sequences of pkmdr were compared to 
those in PlasmoDB, a genome database for 
the genus Plasmodium using BlastP 2.2.28+ 
program (Schaffer et al, 2001). 

RESULTS

Identification of Plasmodium spp
By microscopic examination, 69 

(46.3%), 77 (51.7%) and 3 (2%) blood sam-
ples collected from Ranong Province were 
identified as P. falciparum, P. vivax and 
mixed infection (P. falciparum and P. vivax), 
respectively, and 140 (54%), 118 (45.6%) 
and 1 (0.4%) blood samples collected from 
Yala Province were P. falciparum, P. vivax 
and mixed infection (P. falciparum and P. 
vivax), respectively. 
SNP analysis of pfmdr1

The 560 bp amplicon of pfmdr1 was 
obtained from 29/30 and 46/50 DNA 
samples from Ranong and Yala Prov-
inces, respectively. In addition, this 560 

bp amplicon was also generated from the 
two P. knowlesi DNA samples (M2/20 and 
M2/51) previously obtained from Ranong 
Province (Sermwittayawong et al, 2012) 
(Table 1).

RFLP using ApoI to identify SNP at 
pfmdr1 codon 86 (N86Y) revealed 1 and 45 
samples from Ranong and Yala Provinces, 
respectively were positive (Table 1). DNA 
sequencing of pfmdr1 560 bp amplicons 
confirmed the nucleotide change from 
AAT to TAT (Fig 2). ApoI digestion of 
the two P. knowlesi samples generated 
fragments of approximately 79, 231 and 
250 bp indicating the wild type sequence 
(86N) (Table 1). Confirmation by DNA 
sequencing indicated that the two puta-
tive pkmdr amplicons were 99% homolo-
gous to pfmdr1 deposited in GenBank as 
well as the three DNA sequences of the 
wild type pfmdr1 obtained from Ranong 
Province (Fig 2). Nucleotide sequences of 
five pfmdr1 amplicons (two from Yala and 
three from Ranong) and two P. knowlesi 
samples were deposited in GenBank 
(Accession nos. JN819292-JN819296 and 
JF923563-JF923564, respectively).

DISCUSSION

Malaria is typically diagnosed by the 
microscopic examination of blood films, in 
which P. falciparum and P. vivax are clearly 
differentiated. In this study, there is no 
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Table 1
Single nucleotide polymorphism analysis of pfmdr1 and pkmdr1 by PCR-RFLP.

Province	 Species (No. of samples)	 PCR positive	 PCR-RFLP result 
			  for mdr1			 
				   Wild type 	 Mutant 
				   (86N)*	 (N86Y)**	

Ranong	 P. falciparum (30)	 29 	(97%)	 28 	(97%)	 1 	(3%)	
		 P. knowlesi (2)	 2 	(100%)	 2 	(100%)	 0 	(0%)	
Yala	 P. falciparum (50)	 46 	(92%)	 1 	(2%)	 45 	(98%)	

*PCR-RFLP fragment sizes of 79, 231 and 250 bp generated by ApoI digestion. **PCR-RFLP fragment 
sizes of 79 and 481 bps generated by ApoI digestion.				  
	

significant difference in the prevalence 
of P. falciparum and P. vivax between the 
Thai-Myanmar and Thai-Malaysian bor-
der areas. Investigation of the presence of 
pfmdr1 in 80 P. falciparum DNA samples 
obtained from both areas revealed 5 
samples were negative for PCR amplifica-
tion. This may be due to loss of target se-
quence in these samples as determination 
of pfmdr1 in P. falciparum isolates from the 
western border of Thailand demonstrated 
that their copy numbers ranging from 0.4 
to 4.1 (Price et al, 1999). 

In this work, two DNA samples of 
P. knowlesi were included because they 
were obtained from Ranong Province 
(Sermwittayawong et al, 2012). It has been 
demonstrated that early trophozoites of 
P. knowlesi are indistinguishable from P. 
falciparum (Singh et al, 2004). Thus, prim-
ers specific to pfmdr1 was able to amplify 
pkmdr from those two P. knowlesi DNA 
samples. The 560-bp amplicons obtained 
were 99% identical to wild type pfmdr1 
from P. falciparum samples from the same 
province. In addition, the deduced amino 
acid sequences of pkmdr, when compared 
to P. knowlesi and P. falciparum sequences 
deposited in the PlasmoDB, showed that 
the pkMDR sequences obtained from this 
study were 71% and 94% identical to P. 

knowlesi (strain H) multidrug resistance 
protein (PKH_100920) (accession number 
XM_002259545.1) and P. falciparum (3D7) 
multidrug resistance protein (PfMDR1) 
(accession number XM_001351751.1), 
respectively. Thus, this indicates close 
relationship between both Plasmodium 
species and possible horizontal drug-
resistant gene transfer among P. faciparum 
and P. knowlesi, which poses a public 
health concern. 

Point mutation of asparagine to 
tyrosine at codon 86 of pfmdr1 has been 
reported to modulate the sensitivity to 
chloroquine, mefloquine and quinine 
(Reed et al, 2000), and is associated with 
antimalarial resistance in many countries 
of Africa, South America and Asia, includ-
ing Thailand (Price et al, 1999; Babiker 
et al, 2001; Djimde et al, 2001), although 
contradictory findings have been re-
ported (Povoa et al, 1998; Chaiyaroj et al, 
1999; Dorsey et al, 2001; Pillai et al, 2001). 
In Thailand, 86N and increase in copy 
number of pfmdr1 have been reported as 
associated with multidrug-resistant phe-
notype (Chaiyaroj et al, 1999; Price et al, 
1999; Mungthin et al, 2010). In this study, 
N86Y in PFMDR1 was detected in 98% of 
samples collected from Yala Province but 
only 3% of samples were observed from 
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Ranong Province, suggesting a higher, 
prevalence of multidrug resistant malaria 
in the Thai-Myanmar border than in the 
Thai-Malaysian border area. However, the 
same protocol of antimalarial treatment 
for falciparum malaria is used in these two 
regions. Further studies will be needed to 
clarify this observation. In addition the 
close relationship between pfmdr1 and 
pkmdr demonstrated in this study will 
provide useful information for treatment 
guidance and assessment of antimalarial 
drug efficacy in both Thai border areas. 

ACKNOWLEDGEMENTS

The authors are grateful to the staff of 
the Centers of Vector-Borne Diseases Con-
trol, Ranong and Yala Provinces, Thailand 
for their cooperation in collecting and 
screening the blood samples. The study 
was supported by the Faculty of Science 
Research Fund (2553), Prince of Songkla 
University. 

REFERENCES

Babiker HA, Pringle SJ, Abdel-Muhsin A, Mack-
innon M, Hunt P, Walliker D. 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 2001; 
183: 1535-8.

Binder RK, Borrmann S, Adegnika AA, Missi-
nou MA, Kremsner PG, Kun JF. Polymor-
phisms in the parasite genes for pfcrt and 
pfmdr-1 as molecular markers for chloro-
quine resistance in Plasmodium falciparum 
in Lambarene, Gabon. Parasitol Res 2002; 
88: 475-6.

Chaiyaroj SC, Buranakiti A, Angkasekwinai P, 
Looressuwan S, Cowman AF. Analysis of 
mefloquine resistance and amplification of 
pfmdr1 in multidrug-resistant Plasmodium 
falciparum isolates from Thailand. Am J 

Trop Med Hyg 1999; 61: 780-3.
Chareonviriyaphap T, Bangs MJ, Ratanatham 

S. Status of malaria in Thailand. Southeast 
Asian J Trop Med Public Health 2000; 31: 
225-37.

Djimde A, Doumbo OK, Cortese JF, et al. A mo-
lecular marker for chloroquine-resistant 
falciparum malaria. N Engl J Med 2001; 
344: 257-63.

Dorsey G, Kamya MR, Singh A, Rosenthal PJ. 
Polymorphisms in the Plasmodium falci-
parum pfcrt and pfmdr-1 genes and clini-
cal response to chloroquine in Kampala, 
Uganda. J Infect Dis 2001; 183: 1417-20.

Duraisingh MT, Cowman AF. Contribution 
of the pfmdr1 gene to antimalarial drug-
resistance. Acta Trop 2005; 94: 181-90.

Duraisingh MT, Jones P, Sambou I, von Seidlein 
L, Pinder M, Warhurst DC. 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 
2000; 108: 13-23.

Lopes D, Rungsihirunrat K, Nogueira F, et al. 
Molecular characterisation of drug-resis-
tant Plasmodium falciparum from Thailand. 
Malar J 2002; 1: 12.

Mita T, Tanabe K, Kita K. Spread and evolution 
of Plasmodium falciparum drug resistance. 
Parasitol Int 2009; 58: 201-9.

Mungthin M, Khositnithikul R, Sitthichot N,  
et al. Association between the pfmdr1 gene 
and in vitro artemether and lumefantrine 
sensitivity in Thai isolates of Plasmodium 
falciparum. Am J Trop Med Hyg 2010; 83: 
1005-9.

Nagesha HS, Din S, Casey GJ, et al. Mutations in 
the pfmdr1, dhfr and dhps genes of Plasmo-
dium falciparum are associated with in-vivo 
drug resistance in West Papua, Indonesia. 
Trans R Soc Trop Med Hyg 2001; 95: 43-9.

Pillai DR, Labbe AC, Vanisaveth V, et al. Plas-
modium falciparum malaria in Laos: chloro-
quine treatment outcome and predictive 
value of molecular markers. J Infect Dis 
2001; 183: 789-95.

Povoa MM, Adagu IS, Oliveira SG, Machado 



Prevalence and Drug Resistant Malaria at Thai Border Areas

Vol  46  No. 4  July  2015 557

RL, Miles MA, Warhurst DC. Pfmdr1 
Asn1042Asp and Asp1246Tyr polymor-
phisms, thought to be associated with 
chloroquine resistance, are present in 
chloroquine-resistant and -sensitive Brazil-
ian field isolates of Plasmodium falciparum. 
Exp Parasitol 1998; 88: 64-8.

Price RN, Cassar C, Brockman A, et al. The 
pfmdr1 gene is associated with a multi-
drug-resistant phenotype in Plasmodium 
falciparum from the western border of 
Thailand. Antimicrob Agents Chemother 
1999; 43: 2943-9.

Price RN, Uhlemann AC, Brockman A, et al. 
Mefloquine resistance in Plasmodium fal-
ciparum and increased pfmdr1 gene copy 
number. Lancet 2004; 364: 438-47.

Ratanatham S, Upatham ES, Prasittisuk C, et al.  
Bionomics of Anopheles minimus and its 
role in malaria transmission in Thailand. 
Southeast Asian J Trop Med Public Health 
1988; 19: 283-9.

Rattanarithikul R, Konishi E, Linthicum KJ. 
Detection of Plasmodium vivax and Plasmo-
dium falciparum circumsporozoite antigen 
in anopheline mosquitoes collected in 
southern Thailand. Am J Trop Med Hyg 
1996; 54: 114-21.

Reed MB, Saliba KJ, Caruana SR, Kirk K, Cow-
man AF. Pgh1 modulates sensitivity and 
resistance to multiple antimalarials in Plas-
modium falciparum. Nature 2000; 403: 906-9.

Sambrook J, Russell D W. Molecular cloning: a 
laboratory manual. 3rd ed. New York: Cold 
Spring Harbor Laboratory Press, 2001.

Schaffer AA, Aravind L, Madden TL, et al. Im-

proving the accuracy of PSI-BLAST protein 
database searches with composition-based 
statistics and other refinements. Nucleic 
Acids Res 2001; 29: 2994-3005. 

Sermwittayawong N, Singh B, Nishibuchi M, 
Sawangjaroen N, Vuddhakul V. Human 
Plasmodium knowlesi infection in Ranong 
province, southwestern border of Thai-
land. Malar J 2012; 11: 36.

Singh B, Kim Sung L, Matusop A, et al. A large 
focus of naturally acquired Plasmodium 
knowlesi infections in human beings. Lancet 
2004; 363: 1017-24.

Vijaykadga S, Rojanawatsirivej C, Cholpol 
S, Phoungmanee D, Nakavej A, Wong-
srichanalai C. In vivo sensitivity moni-
toring of mefloquine monotherapy and 
artesunate-mefloquine combinations for 
the treatment of uncomplicated falciparum 
malaria in Thailand in 2003. Trop Med Int 
Health 2006; 11: 211-9.

von Seidlein L, Duraisingh MT, Drakeley CJ, 
Bailey R, Greenwood BM, Pinder M. Poly-
morphism of the Pfmdr1 gene and chloro-
quine resistance in Plasmodium falciparum 
in The Gambia. Trans R Soc Trop Med Hyg 
1997; 91: 450-3.

Wongsrichanalai C, Sirichaisinthop J, Karwacki 
JJ, et al. Drug resistant malaria on the Thai-
Myanmar and Thai-Cambodian borders. 
Southeast Asian J Trop Med Public Health 
2001; 32: 41-9.

World Health Organization-Regional Office for 
Southeast Asia (WHO-SEARO). Malaria 
situation in SEAR countries: Thailand. 
New Delhi: WHO, SEARO, 2011.


