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Abstract 

Accurate species identification and sensitive detection of malaria parasites are the foundation of 

treatment and control of malaria, one of the most important infectious diseases of mankind. Microscopy 

detection with giemsa-stained blood films has been widely deployed for malaria diagnosis, enabling effective 

management in general clinical practice. However, a number of malaria-infected individuals may harbor low 

number of parasites in their circulation that could escape conventional microscopy detection threshold; thereby, 

a considerable number of malaria-related morbidity and mortality as well economic loss could ensue. 

Furthermore, morphological detection of malaria parasites in blood smears may not unambiguously and 

accurately identify malaria species besides a considerable variation in competency of microscopists. The 

advent of polymerase chain reaction (PCR)-based detection and speciation of malaria parasites in blood 

samples has circumvented limitation of microscopy detection. Importantly, application of PCR -based method 

has provided a possibility of using saliva and urine samples as alternative DNA sources for malaria diagnosis 

although the sensitivity remains inferior to that of conventional microscopy detection. Herein, we have devised 

PCR -based method for detection and identification of all five human malaria species targeting genes encoding 

cytochrome oxidase subunit I (PCR-COXI), cytochrome oxidase subunit III (PCR-COXIII and PCR-COXIII­

3') and cytochrome b (PCR-Cytb-New) of the mitochondrial genome. Comparative analysis has revealed that 

PCR-Cytb-New confers comparable diagnostic performance with PCR-Cytb previously developed by us. To 

assess and improve diagnostic sensitivity of using saliva and urine samples for malaria diagnsis, 502 febrile 

individuals who attended malaria clinics in Tak, Chiangmai, Chiangrai, Mae Hong Sorn and Chantaburi 

Provinces were recruited in this study. Of these, microscopy could detect 110 Plasmodium falciparum, 128 P. 

vivax and 3 co-infections of both species. By increasing volume of blood, saliva and urine samples to 200 III 

for DNA template preparation, PCR-Cytb from blood samples could clearly identify all five malaria species 

and 11 cases with mixed species infections whereas results from saliva samples yielded slightly more sensitive 

detection of P.falciparum and P. vivax than microscopy. Although PCR results from urine samples were less 

predominate in this study population. Despite the fact that allele typing of these loci using saliva and urine 

samples offered approximately 30% and 65%, respectively, less sensitive than using blood samples, alleleic 

distribution of these loci in the study population was remarkbly concordant regardless of the sources of 
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samples used. Follow-up study of 17 P jalciparum-infected patients and 18 P. vivax-infected patients has 

shown that malarial DNA could not be detected in blood, saliva and urine samples of these patients on day 7, 

14,21 and 28 except two positive PCR results from blood samples on day 7 obtained from patients infected 

with P jalciparum. It is likely that delayed clearance of malarial DNA occurred in these patients because 

subsequent negative peR results were observed without additional antimalarial drug administration. Taken 

together, using a sensitive PCR detection and increasing volume of clinical samples enables saliva and urine 

samples be deployed as alternative DNA sources for diagnosing all five human malaria species as well as for 

determination of allelic distribution of malaria vaccine candidate genes. Further assessment of the methods 

described herein by recruiting larger scale of sample size will be required prior to general clinical 

implementation that will lead to novel non-invasive malaria diagnosis. 
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1111'U-:J'lJtl~ primer 'Yl ~'lf'Yl1 peR m'W~f)f1) ~\91m'W ~m-:Jff)l-:J'lJtl~tI'WlltY~~'Ylf1'Yll~'IJtl-:J primers 

(B5F, B7R, B6F, B6R, S6F !1m; S6R) 

, " 


mwVi 3 l~mJl"ll~tI'lfiJ~ Plasmodiumfalciparum 1l1f)w·h",Vlrl'lJ 1m1\91'lfiJ~'IJ1~ n:fJ~ gametocyte 19 

m'W~ 4 19ftlmml~fJ'lfiJ~ Plasmodium vivax 1l1f)w·I'WVlrl'lJ hi1\91'lfiJ~'IJ1~ )~fJ~ growing trophozoite 20 
, "do ~ ~,Q,J .c:I q I 

m'W'Yl 5 fl1'j\91~I'lftJ)1lJf)'W'lJtl~mml'jtl'lf'U~ Plasmodiumfalciparum !I"~ Plasmodium vivax 1l1f)lIf-I'U 20 

Vl~lJ l"i1\91'lfiJ~11'Wl (A) growing trophozoite 'IJtl-:J Plasmodium vivax (B) 'j::;fJ::; late schizont 

'IJtl~ Plasmodiumfalciparum !I"::; (e) 'j::;fJ::; ring form 

, . " 


'" AI'" '" 0 "" "'1 iii "' "IOJm'W'Yl 6 lu'jfJ'lJI'YlfJ'lJm~U'Ulf1" tl ~'Yll1'Ufl~ mitochondrial cytochrome oxidase subunit III 'IJtl~!'lffl 23 

m"ll~fJ Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), 

Plasmodium knowlesi (Pk) II"::; Plasmodiumfalciparum (Pt) ih~'lJiJlf1~1fl1ml~I1J'U5mj'j 
3J .o::::t 9J G1 3J~ a I ct. d .d ~ 

l'lJlJlI"::;'IJl1!tY'U ~\91f1fl1J'jnW'lJtl~ peR outer primers tYl'U'IJ'J!1W'Yl'j::;'IJ1fJtYfitl peR iIll1er 

primers !f1~fl~11mfJ~flf) ~'W ~fl\.'hllml~~ljiJ11'1 ~ 1tl 1 'Yl~mij fl'Wfl'W 

m'W~ 7 !mfJ'IJ!'VifJU~l~'lJiJlf1~1tl 1 'Yl~'IJfl~ mitochondrial cytochrome oxidase subunit III 'IJfl~l9ftl 24 

lJlml~fJ Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), 

Plasmodium knowlesi (Pk) II"~ Plasmodium falciparum (Pt) ~1~'lJiJ1f1~1fl 1 'Yl~~!1J'U5f)1l'j 
9J d 9J 5) 9J~ a I ~ d .c1 ~ 

!'IJlJU"::;'IJl1!tY'U ~\91f1tl'IJ'jnW'lJfl~ peR outer primers tYl'U'IJ'jnW'Yl'j~U1Vffflfl peR iIll1er 

primers !f1~fl~11m fJl1tlf)~'U ~ fl19l111 11 t1 ~~ljiJ1f1~1fl 1 'Yl~!'H ijfl'Un'U 

'" At-= '" 0 OJ "" "'1 iii "' fll'W'Yl 8 IU'jfJ'lJI'YlfJ'lJml1'IJ'U1f1" fll'Yll1'IJfl~ mitochondrial cytochrome b 'lJfl-:J Plasmodium malariae 24 

(Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), Plasmodium knowlesi (Pk) U,,::; 

o OJ "" '" 1 iii "' '" ~I OJ 'JI '" 'JI 9 'JI "I ""Plasmodiumfalciparum (Pt) m~U'U1f1" tll'Yll1'Yl!u'Utlf)ll'jI'IJlJII"::;'IJl1ltY'U ~\91f1tl'IJ'jnW'lJtl-:J 
, , 

I a.c:l d~ t9 Q,J ~ 0 I 

peR outer primers tYl'U'IJ'jnru'Yl'j::;'IJ1t1tYfitl peR iIll1er primers !f1'jtl-:J11mfJ~tlf)1l'Ufltl\911U11'U-:J 

~ljiJ1f1~1tl1 'Yl~mijtl'U fl'U 

fll'W~ 9 Imtl'lJ!'Vitl'IJ~1~1JiJ1f1~lfllml'IJtl~ mitochondrial cytochrome oxidase subunit III l'U'fh'U 3' 25 
" 'IJtl-:JV'U'lJtl-:Jl~tlmml~tI Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax 

(Pv), Plasmodium knowlesi (Pk) II"::; Plasmodiumfalciparum (Pt) ih~'lJiJlf1~ltl1ml~I1J'U 
QI " d 3J 13J~ .::::. I Q d .o::::t a
tlf)ll'jI'IJlJU"::;'IJl1lff'U \91f1fl'IJ'jnW'lJtl~ peR outer primers tYl'W'IJ'jI1W'Yl'j::;'IJ1t1tYfitl peR iIll1er 

primers 11'1 ~tl.:j11lJlfJ~flf)~'U~tl~llmt1-:J~ljiJlf1~1tl 1 'Yl~mijtl'Ufl'W 

x 



fll'W~ 10 !!{1'~.:Jf11'j"'VI~"Hlllf111lJ~11'W1~'Ufl.:J primer 91~ 3D7F/3D7R ~ chrr'H'1N~~ PCR ll1f)'Ufl..:JV'U 37 
" q , " ,

"I 1 old t?I OJ I 4 od.c:t
PfMsp2 'Ufl..:Jl91fl Plasmodiumfalciparum 'U 2 % agarose gel !!t11'V1 1-5 IlJ'W~1fllJl.:Jl91fl'VI:JJ 

, " , 
'j"1.Jllllm)"~" 3D7 111'UlltnYi 6-1 0 1~'U19i'1mh..:Jl~flYiih1.Jllllll~"~" FC27 M flfl molecular 
~ ~ 

weight marker II"~ N flfl negative control 

fll'W~ 11 1I{1'~..:Jf11'j"'VI~{1'flllf111:JJ~11'W1~'Ufl..:J primer 91~ FC27FIFC27R ~h1N"N~~ PCR ll1f)'Ufl.:JV'U 37 

PfMsp2 'Ufl.:Jl4fl Plasmodium!alciparum 1~ 2 % ~g~rose gelllt11~ 1-5 l~'U19i'1mh..:J14u~ij 
~1.Jllllll~"~" 3D7 111'UutnYi 6-1 0 l~'U19i'1fl~1..:JI~flYiij~1.Jllllll~"~" FC27 M flfl molecular 

"I 

weight marker II"~ N flU negative control 

fll'W~ 12 agarose gel electrophoresis 1I{1'~..:Jf11'J'VI~{1'flllf111:JJ11'UU.:Ju~il1lJl PCR l~vl~'l1~ primer 38 

FMSP2FI FMSP2R !!t11~ 1-911{1'~.:JN"N~1'l PCR ~'~1l1f)f11'J'~~1'U1'U copy 'UU..:JVlJ PfMsp2 

d 8 7 6 5 4 3 2 .• ""' "I .
'VI 10 , 10 , 10 , 10, 10 , 10 , 10 , 10 II"~ 5 copIes 1'l1lJm~11 M flfl molecular weIght marker 

"I . 
m'1~ N flfl negatIve control 

fll'W~ 13 1I{1'~.:Jfl11lJ~11'Wl~'UU..:Ju~il1Vl PCR ~'~1'Ufnni1 haplotyping i'Ull1l1W block 6a II"~ 6b 41 

od '19/d '" dll)9/ '19/
'Ufl..:JV'U PvMspl fll'W agarose gel ~l{1'~..:J tm'l1lJN"111f)'UU.:JN"N"~ PCR 'VI t~'illf)f11'J t91'l1~ 

, , 
d d 

primer B6FIB6R 1It11'V1 1, 3 II"~ 5 'l1~ primer S6FIB6R 1It11'V1 2, 4 lW~ 6 'l1~ primer 

.d .d . 
S6FIB6R 1It11'V1 2, 411"~ 6 'l1~ primer S6F/S6R ~1t11'V1 7, 9 II"~ 11 1I"~'l1~ prImer B6FIB6R 

, , , 
.d 0 QJ ~ d I Q,I do 

lttn'VI 8, 10 II"~ 12 {1'l'l1'Jll DNA template fifl !!tn'VI 1-2 ~'VI1f)11 Belem + Sal-l W;)1'V1 3-4 
, , 

, v .c::1 ) QJ do 

t'YIlf)l1 Belem + Sal-l + T064 IItl1'V1 5-6 1'VI1f)11 Belem + Sal-l + To64 + TF127 IItl1'V1 7-8 
, QJ ~ I QJ ~ 

~'VI1f)11 Belem + Sal-J IItn'VI 11-12 ~'VI1f)11 Belem + Sal-l + TE26 + TI07 M fifl molecular 

"I 

weight marker N fifl negative control 

fll'W~ 14 agarose gel elec,trophoresis 1I{1'~.:Jfi11lJl~'Ufl.:Jf11'J'VI~{1'flll1.J~il1lJl PCR l~vi,*'l1~ pri~er 42 
do ~ 1310 .d .d 8.c::1lrJ$I

PVFIPVR 1It11'V1 1-9 IIM1.:JN"N"1'l PCR 'VIl~1l1f)f11'J 'If'ill'U1lJ copy 'Ufl.:JV'U PvMspl 'VI 10 , 
765432 .• ""' "I •

10 , 10,10,10, 10 , 10 , 10 !!"~ 5 copIes m:JJ"l~l1 M fltl molecular weIght marker 

Xl 
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thymine 
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cytosine 

deoxyribonucleotide triphosphate 

deoxyadeninosine triphosphate 

deoxythymine triphosphate 

deoxycytosine triphosphate 

deoxyguanosine triphosphate 

polymerase chain reaction 

melting temperature 

Thermus aquaticus 

double distilled water 
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micromolar 
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ultraviolet 
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xu 
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• • 

o 

1. tJ'YI'Wl 

1'.ifllllmt1 Vir'lfl'lt~'W 'CYlrlW)'ll el'l f1l'.i I~'lJtJ 1t1Uft~ f1l'.i\9llV~ ·'hflUJ'll el'l11 '.i ~'l11fl'.i 1ft f111 '.i~lJ 1ru 11tnel'lJ 1 

.... I d .c!t " d 

•

ti a 
u 

j.I I .didi 'W 10 'llel'llJ'.i~'l11fl'.ilJl'lfellllmt'.iVtl~ 'Wfl'.i~U'CYlftel~ (Hay et aI, 2004) UlJ1Wlftel~'.i~V~nmYlN1'WlJl~~lJ 

lJWI'.if1l'.i~l'l "l i 'W f1l'.ifl11JfJ lJIICI~llel'ln'W hfllllml1 VVl ftel~ ~'W f11'.i 'IoU'I1J11'.i ~lJlru ~1'W1'W lJlf1 'I 'W n~f1'.i '.i lJ 

~'1f1ri11 mh'l i '.inVl1lJ'CY1n1Vl~hflUJ11'.i~f1l'.illd'l~li1i 11f1l'.ifl11JfllJ 1 '.ifllJ1Clll1 vir'l ~h.j{l'llJ1'.it:l~hihJf11'.i i,.r
• u • 

_~ ~ "d~. " do c), d ~,1jJ .at ~ 

1J'.i'.i'l NftVl1lJtlJllllJlVfI el f1l '.i'VU'l1fllJlml'.i tI'lf'W ~ Plasmodium jalciparum lJf1l'.iflflVl fl£JlVl1'W lJ 1mt'.i Vll ft1tl'lf'Wfi 
Iii, , " 

1~V'CY1V~'W ,jl1~tl~tlV1l'1'l'W lJlml1 viJ f11 '.i U'Vj i fl'.i~ ~1tli 11,yi'11 CI f1 UCI~ tI'In'W11ri'eNl1It1'W'Vjlll~'llel'l hfliJf1l'.i~V 
." . 

~ elV1CJJ1UlJCI'Il1tfl V'loUi~NCI~'l 'W V~Vl 'W Vf1 \) 1f1U ir'liJtJ ~ ~VYl N~l'Wtfl''.iEJ ~ n~~'1f1lJ 1IC1~ f11'.i 1i1VWU'llJlIn tl1.,Jtl'l 

(Phillips, 2001) 
~ ~ " Q'l.c::.1 ~ " d ltJ 9J IQ Q 

f1l'.iVl~I'lffllJlml'.itlVlllJ1'i'.i'.ilJ'l11Vl 'WfI'WlJ'CY11'l1\9.jlJl~lfll'lfVlJlml'.iV 5 'l1'W~ l~llf1 Plasmodium 
ok

jalciparum, Plasmodium vivax, Plasmodium malariae, Plasmodium ovale Uft~ Plasmodium knowlesi C)f'!
." . 

lJlmt1 tI'l1iJ~l1 5 ttJ\'H~fllJ1mt1 tI'llfl'li1'1lJ1Ilflf1l1'Vj1J'Vll'ltm9ftlVld''W el elm~tI'I 'll'1'u,,~ mlJl'.it:l~~~vrifl'Wi~ 
tI tI "" I 

" 
vr'lii11'.i~IYlfl'iYltl'Vj'lJI~ellJlmI1t1vr'l 5 'lfiJ~l1f1el hfl!'WfI'W l~tI Plasmodiumfalciparwn U,,~ Plasmodium 

d I at' .c9 'd d ~Q ~ ~ 
vivax 11I'W!l'ln1\9.j'CY1'W tl1ty'llfl'l hfl C)f'l 'l 'WUVlft~tJlJ~Vlfll'l1el Plasmodium jalciparum Yl11 ftf111'.i~lJlru 300-500 
9J ~ J' l.ct .c! <j/ d .c:1Q Q ~ 9J .& I I cd 
m'WmJ m'Wi'WIIVI,,~1JlJrjl'CYtI'lf1Vl~1f)f1l'.iVlfll'lfel Plasmodiumjalciparum 11'.i~lJlru 1 m'WfI'WC)f\l{l'1'W'Im1,J11I'W 

" " 1~f1'l'WYll11-e1yJ~f1l (Hay et aI, 2004) ri1'W!~tllJlm!~tI'l1iJfI Plasmodium vivax 't1'WiJf1l'.if1'.i~\)ltl'Vll\l!JiJfl'l'CYVI{ 

f111'l'll11'l~b!~ i'WU~CI~1JiJ11'.i~'l11f1'.i hf1~~H~tlif'.i11 80-130 ~l'WfI'W IIft~ri1'W!m1iltl'W11'.i~'lnf1'.i!'WYll11 
" " .

Im9fVtlft~mlJ~f1l 'l1'1' (Price, 2007) 'W tlf1~1f1iil~tllJlmI1 tll1iJl'1''WnlliJfI~lf)i1'1ir'l{l'llJl'.it:lf1el hfl 'l 'WlJ'W'iJ6i~u,,~•
" 'Vj1Jl11~'W tJt1Jl11~lflty i 'WI'll VI 11 '.i 1f){] hfl1J 1'11111 'I ~'Il'lf'W f1l'.i'Vj1Jf1l'.i '.i ~1J1~'llB'IlJlmI1 tI~lf1f1l'.i~~I~fl 

I Q : d.J .dl Q.J' tid 
Plasmodium knowlesi lJlf1f111flH'I1'W\lIf1~~lm'l1tllJlml'.itl'l1'W~'W1J'WIf1l~1JB'.iI'Wtl1 (Singh et aI, 2004) Uft~ 

'j) " I I I 

'Vj1Jf1l'.i~~I~B i~!\.JllmtlVi'Wl1'lltl'l11'.i~IYlfl'i Yltli~"lf1!JiJmfl 'ItJ-e1V1'.ill1~l (Jongwutiwes et aI, 2004, 2011; 

... .. ~}I i _I "" i~~'''''-'::'''' "" "_1" ~-'I • "" Putapomtip et aI, 2009) IIft~tI'IlJ'.i1tl'lltJ'Vj1J~lJ1t1 'WlJ'.i~tYlfl'~tJVltltJ VI Y'iCllJlJ'W'CY 'CY\lfl blJ'.i IIft~rjlJ1t1V11'l'l11~ . " 
flf1llmtl'.i1tll1t~tJ'Vll'llJlitJ'l.h~IYlfl'lJlICllC}fVtlft~i~i'1JI~elf1"1Ji11 (Bronner et ai, 2009; Kantele et aI, 2008; Ng 

" " ad. Q.I I 3J.o::::t. .c!t d 

et aI, 2008; Luchavez et aI, 2008; Zhu et ai, 2006) tJelf1~1f1'WtI'I'Vj1J11N~~I'lftl Plasmodium knowlesi tl1\)lJ
" " tl1f11'.i~'\..J!I'.i'l~tJl~'W{l'1n1\9.j'IJB.:Jf11'.ilfftl9f1V1 i~ (Cox-Singh et aI, 2008) f1l'.i~fll~tllJ1mi1t1'W Vf1~lf)~~ri'lNft~el 

I'"''
9f1~llft~'CY'Um'Vj'IJel'lN~ ~I~el1~tlVI '.i '11l~1U\l ri 'I Nft~ el'Vll'.i f1l1f1" el~ \)1f1'CY~111 ~~I~BlJ1Cl 11~ tI'Uru ~Ili'\lm'.i nli1i 11. ... 

iI 

iJJlll 't1f1Il '.i f1Infl~ lf1111f1rucnlJlmi 1tJ 1I"~I~tJ {l'1n1\9.j lld\l'll el\l f1l'.i Vl1 tI i 'W 'Vll'.i f1m f1In~ tld'l hfllJ 1ml~ tlU'! 

f1el 'I11In~m1lJ{l'UJlfftl'Vll'lIfl''.i'iJ ~ fi~~lf1f11'.i'CYUJIffVt1ft 1li Nl'Wtt!tl'l \'l1f1f11'.i 1~1JtJ1t1Vl ft B~ ~tJ ~l 'IoU~ltl! 'W f11'.i 
cu u cJoII IU u 

ff1'iJl!'JfI (Shulman and Dorman, 2003) 
lSI. " 

I'Uel-:)~lf1tllf11'.i'UB'I !'JfllJlftlI1t1f1~ltlfl1Jf1l'.i~f1l~tlB'W"l 'I1mtl hfl ~\l't1'Wf11'.i1iJ~,rtl !'JfllJlmI1t1~'1 
"" . ~tl'l tllfttlf11'.i ~'.i1~'1111~elU ft ~ ~l!l'W f1'l1iJ ~'U B-:) l~tlYll'l MB'I11BU~f11'.i f1l'.i1U ~,rv1 '.ifllJlm!1 tll1\lf1~fl'l'.i1~!~1 

" . 
ItltJ Vi'W ~ l\.Jl1~lflt1J! 'W f11 '.i ft~'eJVI '.i lf1l'.i 1 fftl9f1V1 f11'.ifl11JfJlJ!I"~f1l'.illB-:) fl'W !'.ifl '~mh.:JiJ11'.i~iYYlll.fll~ f1l'.i 

iiJ~,rtll '.ifllJ1ml~ VYll'll1B'I11Bu~f11'.ill~el i tJ.fllfl'CY\.JllJ i'WI'UVl11'.ilf1{] hfllJlftl!1t1 {l'llJl'.it:lm~lil'~l1mtl11i 
,""'" .. "". 1 " " d _ 1 ...... ::71" ,,"" "" ::71 <I " "" U~1TiYllJlJ'.i~ btl'lf'W '.i1~!'.i1 !I"~lJ'.i~llt1~ flBf11'.iVl'.iJ~~lf1Y'iftlJ bftll~'lftJfI'lJl\l (thin blood film) 1IC1~..,ftlJ !ftll91 

'l1iJ~'I1\.Jl (thick blood film) ~rh'Wf11'.i~fllJff Giemsa ~'1f11'.iVl'.i1~~1f1~~lJlfielfl'l1iJflll\.JliJfl11lJ'1~'1fll1'lliJfI 

http:l1iJ~'I1\.Jl
http:i1~!'.i1
http:fl'l'.i1
http:WfI'WlJ'CY11'l1\9.jlJl~lfll'lfVlJlml'.iV


~ , 

1J1,nJ.i ~lllru 3-5 t'vh !!~';hfll'.i\9l '.i ,)U'I11l~mllf)YJ~lJ1m1\9l'lfU\9I111.nU:;1,r~H'lfll'.i \9l'.i 1U Yiljfl,)llJ11'r;l'~f)';hfll'.i
'" 

\9l'.i1U'l1flYJ~lJ h11\9l'lfU\9IlJl~ !!~fI,)llJ'r;l'llll'.ifllUfll'.iUtJf) species 'tffl~lJ1Cl1l~UiJ~ijflVfJth~~ln\9l1\91um'Yn~ 
, , ~ '" 

fJth~v~mOlYiij fll'.i~ \9Il~tllllCl1l~Ulllf)fl11 1 'lfU\9I ~WIf'U '.i lU~l'U'r;l'm'U f)l'.iru1 'li'lllftll~ UtJ'.i:; ~lil'tftl~fltl~ 

lllftll~ fJ~~ lrJ'U 'li'tllJft~11i'mmm fll'.i\9l'.i,)U'I11l4tlU1flYJ~lJ 1 ft11 \9l'lfU \91'11 'U llYlU~1~ l~U,) l\91VH~H1'Ufll'.iHf)tl1J'.ilJ
'" '" 

Uft:;ijtJ'.i~'r;l'llfllH11' mh~ l'.i nl9lllJl 'Ufll'.i~hu'Ufll'.i~~mh11~lflU\9lnU'Yill Plasmodium ovale lftV\9lfttl\9lU'Ufll'.i 
, ~ ~ 

\9l'.i,)U'Yill~ihuYi~\9Il~tllllCl1l~Ulll flfl11 1 'lfU\9IijlYlU~ I~lO'U ftlUft~ 2 'U tlmllf)i'jiJ~lrJ'U fll'.i U1fl'l1~tl1Uu\l'v 

'~11i'ff1'11fllfll'.i\9l'.i,)U'Yill Plasmodium knowlesi 'il1flYJ~ll 1ft11mf~'lfu\9I'I1'U lllft~llN tlVl~ I '.in\9l1lJ~~\9Il4fl 
~ , '" 

~tl~ijtJ~lllrul~tllllft1l~V1'U m:;u'r;l'1ft11 \9l'r;l' ~ fl11~\9I~ln\91 Yi 'r;l'llll'.i fl\9l '.i1 U'Yill 11i'f)1Vi~mltl~ Uft'Yl'.i '.irl'tf flrl1,)~tl'" . 
~ , 

tJ~lllrul~tl1 'Um~!!mi1tl\9llJfl~fl~ l~ihf)11 50-1 00 ~1~mi1tl\91 1 IlJ 1mil\9l'.i ~~U:;\9l'.i1U'Yill l1i' (Gilles and 
~ ~ ~ ~ 

Warrell, 1993) C1f~1 'U 1i'.i'.i lJ'lf1~'tftl~fll'.i~\9Il~tllllCl1l~ mJ'UtJ~lJlrul~tl1'UHihVlJf)ijfl11lJU\9lf)~1~n'UUft~ij ~ihu 
'" '" 

~1'U 1'Ulllfl~ijl4tllllCl1l~vi 'U m~!!mi1fl\9li 'U tJ~lllru~~1~~tl1Ulll'U Hft U1f)fll'.i i1i'fllV1~1'U lJ1Cl1l~VtlVN i~ 
~ ~ ~ , " 

flf)~fl~vh1,rtJ~lllrul~tl1 'U ~ l~fllVtl1Uft\9lftn~~ll'l1'U ~U~1~'I11VItJ";~'I1lJ\9I '11 ~ fl U1flfll'.iYil~fllJ1ftll~mh'U 
'" 
i 'I1tlh1ftllCJffl'U tltli 'U 'I1fttl\9lli1fl\9l~l'tf'U l\91l~fI i 'U tllV1~mv i 'U (visceral blood) ~~'Yill i'U mOl 'tffl~fll'.i~\9Il40 

u '" 
~, " 

Plasmodiumfalciparum (Miller et aI, 2002) '.i1lJl1~rr~tl1U'V'I1l'1i'i'U~Yiijm1~.fJiJ~lln'UlJl~ff1'U~tlfll'.i~\9Il~tl 

lllCl1l~V (partial immunity) l'lf'U U1flfll'.i~m111\91vi~!!~fll'.i\9l'.i1U 1\91ui~m1f)fll'.i'tfO~tJBo~U1'Jf) 1CJf1'Yi~llltl{ 
, ~ 

l'.i'r;l' (polymerase chain reaction, peR) Yi'r;l'llJl'.ifllWfl'lf11\91'tftl~I~OlllCl1l~v1'Uf)~lltJ'.i~'lf1m~~'I11\91\9l'.i1\91i'UtJ 

'V'I,rl', 2536 'V'I1l11ftlvft~ 25 'tftl~~~ijHftfll'.i\9lnl1111f)~~lJ 1ft11\9llrJ'UftlJU~m111i,rHft1l1flU1f)fll'.i\9l'.i1U 1\91v1~.. 
I iI I )I

,;:ll ~ lit' v"'''' ... "''''.1''' ... 'I
peR llJ'U\9l'U (Snounou et ai, 1993a, 1993b) Hftm~'YlllU1flfll'.i\9l'.i1U !ll'YillH'Yl\9l\9ll'lftl'YllllJ'.illlUl!'lfO t'Um~!!'r;l'.. . 

h11\9li'U '.i~~1l~1'U Of)U1fll1~Vl11,rfll'.itJ'.i~liJ'U'r;l'm'Ufll'.iru'tftl.:Jfll'.ifl1lJfllJ 1 '.ifl~\9I'V'ICl1\91uK1 rr~ff~Hft i,rflrllJ~. . '" 
~ ~ 

~\9Il~tl~~flrl11lj1 tlfllmlI'Ull '11 rl~Il'Yi ~ l~tl~ tll tJ 

~f)El ru ~ tJ '.i ~ f) 1'.i 'I1,j~ 'tf tl~ fll '.i ~\9I14tlll 1ft ll~ fJ~ ljfl11lJ ff11'lty tl V1~t~ fi fl fl1 '.i ~ ~iJ1V~ \9l 14tllllft 11~ fJ~N 

~, IV I 'jJ 'jJ..J> \J] 'jJ '3Ji ~ dd. I 1 Gj ~Q.J Q.I 

'If'U\9I'.i1lJf)'U\9I~f)ft11'tf1~\9l'U C1f~'YilJ !\9IUll 'Ull'.i!1ru'Ylllfll'.i!!'Yi'.im~U1U'tftl~ '.ifl! 'U'.i~\9Ill\9l1 (hypoendemic area) 
~ , ~ 

llCl:;lrJ'Ufll'.i V1fl~flfll'.i1uU,rUfll'.i~\9Il~tl~111 n'U 1 \9IU i ~flKfl~ Uft'Yl'.i '.irl'tf rwtl~ 111f)!~tllllft1l~ V~l~'lfU \9In'Ulj• 
~f)Elru:;flK1Vflii~ n'U1'Ulll.:J '.i:;V~~'Yill l1i' U1flfll'.i \9l '.i,)U Ulf)YJ~lJli1 tl\91 Vl1 i,rfl 1'.i111 11,r vm1:;~~ flrll1tl~i 'U '.i~~ll 
, ~ 

v11fl11ftlVft~ 2 (Snounou and White, 2004) !!~fll'.i\9l'.i1U 1\91vi~ peR Vl11,r'Yl'.i11l1lm1:;fll'.i~\9Il~tl~1lJn'Ulj 

mJ~fll'.i ru~'r;l' ~ fl1l~tJ '.i~liJ 'U 11i' Ulf)fll'.i\9l '.il'iHllflYJ ~llli1tl\91 ~~1'Ulf'U~lll~mf~ tl111'V'l1l'r;l' ~ ~~ftlUft~ 65. " '" 
~ ~ 311 d.Q ~ Q,I QI 'jJ.

(Mayxay et aI, 2004) tl'U~U1f)fll'.i\9l\9l\9l111~iJ1V'Yl\9l\9ll'lftl Plasmodiumfalciparum mV'I1MU1f)fll'.i'.iflEl1~iJ1V 

1\91v,~,1i'fw4tl1 'I1~i'U '.i~V~I1Cl1~~flrll1 'Yi1l11~iJ')VtJ'.i~1l1ru ftlVft~ 30 m111ljtl1fll'.i I 'li'lJ1Cl1l~VUlfl 
'1 v' .1 ~ ~~ilit ~.,

Plasmodium vivax (Looareesuwan et aI, 1987) Ilft~ 1'U'Yl1~\9lH'tJllJ'Yi1l11lJ'.i~lllru'.iflVft~ 10 'tJtl~~'Y1 !\9I'.illfll'.i 
~ ~ 

1UU,rV11~\9II~tl Plasmodium vivax fl~lJljtl1fll'.i'tJO~ hfllllCl1l~ucih i\9lt/\9l'.ilU'YilJ Plasmodiumfalciparum 1'U 
~ ~ 

mv'I1~~ (Mayxay et aI, 2001; Siripoon et aI, 2002) ~~,:r'Uli'lfll'.ifflEl1lJ1Cl1I~uI~I1i'ti1~\9Il~O'lfU\9ICJftl'U!f'Uo~ 
o 'jJ d t J 'jJ": t::I.Q dll) Ill) j,lQ.I Q.J .eli

'Utlf)U1flU~'Yl1111 '.i:;v~!1Cl11 'U fll'.i 111lJiJ 1VV11'U1'U 'tJ'U llm I 'lfOlllCl1l '.i V'lf'U \91 'Yl III !\9I '.i llfll'.i'.i f)El1U~lJ flfll'r;l' 
, ~ ~ 

i 1i'fllV'Yln'Yiftfll'.ifi\9ll~flf)muvr'UTIL \9IVU1YiijHftlJl~ ff1'U i'U fll'.i VI 1ft 1m~tl U'U tl1 Uff ~l 'r;l'~ll1,rlO\9lfll'.i $itlU1~1'U• 
'" ~ .1

lllCl1I'.i m'YilllJ 1fl'tJ'U 
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•• • 

ff1'l1~iJf)1';i \PI 'n'illi1'illlV1J 1"11~V1\PIVf11) i ~'l!\Pl\PI) 1 'ilff1l~ 'il~,j 1~v1~'H ~flf11) immunochomatographic 

test 1'lf'\..J ParaSightTM-F dipstick test, ICT Malaria pfTestTM 1~'\..Jf11'J\PI)1'il'H1 histidine-rich protein 2 'Hjv 
~ 
. ."I ~ .c:ldd 0 

OptiMALTM 11'W\PI)1'il'Hllactate dehydrogenase 'YI1Jfl111J'il11~1::;\PIm<JfV1J1"11)V (Uguen et aI, 1995; Valcha 

et aI, 1998; Ndao et aI, 2004) U~11<Jf\Pl\PI)1'il~,:jflci1'J'ildjfl11lH"::;\Pl1fll'Wf11)i~1\PlVIl.i~V,:jmffv,j'J::;~nJfl1':iru'• 
'Hjm-i'mJ::;'W!ff1:l Im::;ff1lJlHl"\Pl) :;v::;n"li 'Wf11) li1 'illlVVVNlJlfl U~fl111J11i 'W f11)m1'ilO'\I Il.i~l\l 'il1mm~I~ 

. " . 
1\PlVf11)\PI)1'il'il1flYJcl1J h-H\PI<Jfi1\Pl'H'W1VV1\l~tJVff1f1tlJ i 'W fl)ruVi~19fVlJlml~vi 'Wfl)::;Uff l"-H\PI191 1fl11 500 ~1~V 

" ltiV\Pl 1 11J lmi'l\PI) (}-l"'lJV\lfl111JI1!1"~fl111J~11m~'il~"\Pl"\I!'HtivI'Viv\I!mm::; 60-70 I'vhtJ'W (Fryauff et aI, 
" . 

2000) 'Hjvi'Wfl1':iftfl'ln'lJl\lfl~\I~U1111l ICT 1m::; OptiMAL ~fl111JI11'ViV\I!VV"~ 30-40 i'W'lJru::;n~fI'n1J 

~11~1~1J1flfd1!VV"~ 90 lrlV i ~11l PCR 1~'WlJl\P1)j1'W i 'W f11) 1,j~ vutVivu (gold standard) (Ndao et ai, 2004) 

1\PlVfl111J~11~1~'UV\I (}-l"f11) \PI'n'il 0'\1 ~ 1n\PlI'Q ~1~ Plasmodium Jalciparum 1I~11'l!\Pl\PI) 1'il~,mci11i~~flWW~'W1 

ff1'H fu Plasmodium vivax U~,j)~-ff'YItim~O'\lIl.iff1lJl)tl'lf1Vi 'W f11'J1i1'illlfJI~~h-i'\PltViv1Jnu1llf11)\PI)1'il~'W if) 
" . 

(Coleman et ai, 2002) 'W Ofl'il1flU'l!\Pl\PI)1'ilff1t~ 'il~,jO'\I~'J1mU~\I~\lll.i!'HlJl::;ff1Ji 'Wf11) i ,rU7f11'J;11 '1,ji 'Wfl1':i 

\PI'J1'ilf1\PlmO\l U~11 i 'W)::;V::; 1 0 iI~~1'WlJl1~~flww~'Wl1llf11)m1'il1i1 'illlVlJlmt~V 1\PlvmffV<Jf\Pl~)1'il• 
ff1l~'il~,jl~O'U.o\Pl1JtlJ'H1fl111JH\Pl~m\Pl'il1flf11)~1~flinvi~mlO,:j~"'Yl))fn1~~o,:jmffV'l'lfl1:l::;lm::;n-n1i'Wf11) 

<k d ,... ~ • ... ... "I '1.1 d "I Q ill 0' 
\PI)1 'il9f\l1Jml1JII\PIfl\PI1\1fl'W \PIl1JlJ 'ill 'il flUflfI" ff1'l1 )U'H"flf11) 'UV\I<Jf\Pl \PI) 1'ilfl Vf11)'Hl ! lJ) \PI'W'H) VA V'W \9f1JU1\1. . 

"1 I " 
4I::t. ~ q .c:l ~ ~d~ ~ IIi )

<Jf'W\Pl'lJV\I!<JfOlJlml)V'YIO~ 'Wfl)~Uff 1"'H\PI'lJV\I~'YI\PI\Pl!<JfrJ 1<Jf'W histidine-rich protein 2, aldolase 1m::; lactate 

dehydrogenase l~'W\X'W !~V\I 'il1fll,j )~'W 'H j mg'W 19f1f~\lflci1'J\l flffj1\1 'il1fl!~VlJlm!~ V~m51\P1 ~\llf.U f11)~) 1'il 

1\PlfJi~'lf\Pl\PI'n'ilff1!~'il),j~\I i,r(}-l"U1fl i 'W'lJru::;~~iJ1fJ~!~Vtlvi '\..J~l\1f11fJ VVN 1)n\Pl1WnV'H"\I'illfl!~tl '1~tlfl 
q 'U 'U 'U III 

" ih.o\Pl1,jml1f11) \PI) 1'il~1fJ1ll UO'\lfI\I i,rf-.mU1fl~lPl~ vn'Wvfl'Hmv5,jmr1 U~11f11),j) ~!iJ'W,j)::; -ff'YIti fl1~'lJV\I 
. " 

'l[\Pl\PI) 1'il~\lflcil1~U11 i,r(}-l" f11'J\Pl'J d'ilVi~fl111J11;1\PllVi V1J nu111 f11)\Pl'J1'il'H l!~tl Plasmodium Jalciparum 

lIPlV\PIH'illflYJcl1J h-H\PI U~<JfIPl\PI)1'il~m 'W1J'il 'il1J'WO'\lll.i~,j)::;-ff'YItim'Y'H'Viv\ll'W i'Wf11)\Pl)1'il'H1 Plasmodium 
• q 

JI It" 
a .c:l.t:::t. ~ Q.I i 9J 0 I ') i jJ .ct Q.I ..::1~

vivax U"::;!<JfV1J1mt)V'lf'W\PlV'W "l U"~f11)\Pl'Jd'ilfJ\I 'H(}-l"\Pl1fl11f11'J\PI)1'ilIIPlV <Jf PCR 'WVfl'il1fl'WV\l1JlJtlJ'Hl 

1~V1tllJflrum~'lJV\I<JfIPl\Pl)1'il f11'J InU~fl1:l1 II"~mVfll'.i i ~\l1'W ~ ~1 tllPl 
. " . 

fl1':i1i1'illlV llPlV1ll PCR Vi~~WYlJ'W1~'Wff1'H~U1i1'illlV<Jfi1\Pl'UO\l1J1ml~VhWf11'Jl'W1J,j71J1W'Utl\l DNA.. 
" " . 

'il1fltj'Wff1'HfU small subunit ribosomal RNA (SSU rRNA) ;1\1ijtj'W~\lflcil1~ri1'W'UV\lil1~U DNA ViIl\PIfl~N 
" tl'W',jum~~fl111J~11~1::;~tl species 'lJV\llJ1"11~fJ (Waters and McCutchan, 1989) ~\ltJ'Wtj'W SSU rRNA ~\I 

!'H1Jl~ff1J~tlf11)1i1'illlV llPlV11l PCR (Snounou et ai, 1993a; 1993b; Kimura ct ai, 1997; Kawamoto et ai, 2002; 

Kho et ai, 2003; Rubio et aI, 1999) 'il1flf11'Jl,j~VU!ViVU(}-l-nf11)\Pl)1'illi1'illlVlJlml~V~U1111l PCR i,r(}-l"f11) 

\PI'J1'il~Idfl11f11)\PI)1'il'il1flYJcl1JttiV\Pl<Jfi1\Pl'H'W1 1.23 I'vh lm::;~fl111J~11~1~1J1flfl11 1.411'vh (Snounou et ai, 

" 1993a) mil \I i )n\PI11J1JUl'HlU"~O,jff)'.ifl'lJV,:jf11)ioN tj'W SSU rRNA 1~'Wtj'Wlthl11J1v~otj'Wuii~1'W1'W']$\Pl'UO,:jtj'W
u • • 

" ," I

,j)~1J1ru 3-5 copy ~019f"cl ~\ltJ'Ufl111J ~h i 'Wf11'J1U 'illlfJm'ilO'\lll.i~lJ1fl i 'Wfl)ruVi~iJ1V~,j71J1rul9ftli'Un~UI9l1 
" lJlfl "1 U(l~tj'WUV,:j~I~l1(llV~,jUUU~V A-type, S-type u-n~ O-type (Nishimoto et ai, 2008) .yhil1~lm'JmnlPl 

III 1 .... 1~~ ~ d I ~ lI} jI a d cv d 

in vitro recombination 1'U'.i~l111\llJtlmV1 PCR 9f\l1J(}-l"\Plflfll)lfllPl(}-l"U1fl"d\ll\Pll'\..Jtl\l'illfllJfJru"fl1:lru~'Utl\lVlJ 
" . " 

;1\1nmljtl'W tl'UU"::;U\Plfl~ 1\1 tl'W ,j::;,j'U nlJ VV 'W tlfl'illflUfi111J I 11m~fl111J~11~1::;'UV\lfll)\Pl'.i1'il l\PlV PCR 0'\1.. 
.1 . ... • _~... _l!i "" 
'U'U V~flUfl1'.iOVflUUU PCR primers fll'.i fll'H'U\Plfffll1:t:'UV\I PCR \PI" tl\Pl 'il'U fll) lJ tl\lfl'W fll'JlJ'U!lJU'W'Ufl\l H(l\Plym 
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• • I 

peR 'h.J'H)'I.mm iflvmYl1~mh~t~i'Wf)'Hl1'Ufl~ nested peR mh~"Jn~11l~mJ1i~lJH1~mi'WYl'U11i'W~'.lfldl~ 
iI , iI iI " 

U1mv U,,~il~~11~'Ufl~HYi~fll91flmmI1v lJ DNA'Ufl~l91flmmI1V'lJ~'ll'Wflflf)m~lV 'il1f)f11'jwn'il~fl'U iflVH' 
'U 

DNA lil1'Hmv~i,*lrI'WV'W~~~l~ 1'llj~'W'U'W~hlllfl{h9fflvl9i''lflJfl~ 2 'Ufl~ Plasmodiumfalciparum merozoite 

surface protein-2 (PfMSP2) (Mharakurwa et aI, 2006) 11"~'il1f)J'Wflru~~1~Vflf)f)~1l11d~i~jlV~1'Wl~f)l':i.. 
ilJ'il,rm91flm(l111v'll'iJfl Plasmodiumfalciparum lflvi~ nested peR iflVf11jiw'W SSU rRNA IrI'WV'W .. 
lill'l1111m'lf'UO'W 'il1f)~lfldl~U1mv !!,,~il~~ll~ 1'll1v'UlYiv'Uo'Uf11jl,*l~flfl1flv~H iflVhr~"fll11111'Ufl~ 

.. , 
Q.J I 0 3J QI I ~ 3J ~ .r::I 111 QI 6}Y~ 

f11j~jl'il~fl'U'il1f)~lfltn~'W1mVjmm~ 73 !!(l~~lflV1~1J~'ff11~ 'HW"~ 32 Illfll'VlV'Ufll1lJ tdf)'Ufllj t'IH(lflfl 

rilU ~mmlll~1IYl1~'M'fi1 i f)~I~ V~O'Wfifl~flV" ~ 97 ~~ ~,,~~ f)ri l1lJ fl 1111 ~UU 'll j~lll~l'W 1'W14fl~Yl'U 
(Nwakanma et aI, 2009) 

fllj~n'ililJ'il,rvm"111v~lVi1i peR lr1'Wi1i~'M'fll111illm~fll111tlf)~fl~~~f)11fllj~n'il'Vlf)i1i~lJ
'U 'U • 

''Wil'il~nru lflmQYl1~fld1~t~1~ nested peR ~~Ir1'Wfllj'llj~Vf)l9i'l1i peR l~flf11j~jl'il11114fllll"111vl1mv 
Sol , " I 

'lflJfl'illf)f)wvil peR I~V~ 2 fl-r~ 1~'Wi1iYilJfll111il'ff~1llf)'fflmjtl~n'il111191flYilJ~1'Wl'WI~V~ 1 ~1 i'Ul~flfl 1 
'U 

ill lmi!lPlj (Snounou et aI, 1993a) i1iflljiflrl'Wi~~'ff~fllf)~lV!!"~jlfll~1~lmjtlU1i 'll',*i'WmW~lJ~lfldl~ 
~lU1'Wlllf)i~ f)nilm1~M~"Ju iJJ~llrl'W 'il~~fl~ ',*H~lJ'llj~'ff'Uf11jru'ff ~ ''Wf11':i1Pl':i1'il11114fl ~~I'lf'WflljlPljl'il

'U 'U .. , 

'illf)f)~fl~~"'Vl':ijffU i~ peR ~lmjtl'll':i~~f)l9i'l '*rlll1-r'Uf11jilJ 'il,rvmml1 vi~-n~ 5 species Yififl hfl ''WlJl~1I6 
.. , 

jl11-n~ Plasmodium knowlesi u~11i1if)nilJ'il,rv iflV peR fll'il iJJll1m~o'Uf11jl,*~':il'il111111(l >H~ml1flf11':i 

'IJ~fll':i lflv~ll'llvml'W''W i Hl"Itn'l.J1"l1"f)~lrI'W!!l1ri~fll~fl~ 'IJfl~'ll ':i~I'Vlff !!~, 'W ~1'W fll':il1~mmfll':ifll'Uflll• 
1':iflm" 111 v, 'W ':i ~~'U'll ':i~I'Vlfffld1~ &~v'W J'W ~flll" 'l'W19f~':i~'I.J11Pl1'VlVl~lJfll1lJ"~lfl£m tlf)~fl~~~,r'l.JlrI'W ~fl 

'U " 'U 

rl1flru~'ffmh~f11':il1d~ iflmQl"I1~fld1~t~'ll':i~I~'W I~Vl0'U (1) ':i~'I.Jlfl1'VlVl'Ufl ,:u4flmmI1vl'Wf)rillH~lJI4fl''W
u q ~ " 

~ l~f11V'U j ::~'U~1f)11':i ~~'U ~'ff1ll1j tl~ ':il'ill"l'I.J i ~'il1f)fllj~ ':i l'ilYJ rl'll 1m1 IPl ~~ H~flI4fl~~ f)ri1lll'fl'il~ iJJi~-r'I.J 
'U,.. , 

f)l':i-rfl1ll~~lJ i flfll~Yi 'il~ IrI'W IIl1 ri~ IIYl ~ 191fl~fl i 'll'W flflll1i1fl 'illf)flll::f)w{hv'illfl i ':iflYi 'il~lJfllj~lllJ'W ~fl i 'll 
& Q.lill Ie! d Idl I ~ y~': J .:

l!"~fll'il j'W m~'U'W''WfllVl1"~ ~U lml1 m'W fll 'illu'W I I l1"~'Vl'lflV~~!'ffj11'111'll'flfl flVlmfl'U'W 'il1flflW111 9ffltn 
• 'U 

-rfl1ll1Pl'Wl fl~ (2) ':i~'I.Jlfl1'Vl V11~V10'I.Jf11':i~flI4fllllmI1 V~ l~'lflJflO'W' UHU1Vj 1m~V10'W ~~'il1flf11':ifffl1ll1flV 
'U .. 

i1i peR 111flflljl~l~fl~llJ ~(lfll':i -rfl1llHU1VlJ1"111 vll'fll"l'U11ml~f11':i~fll91flmf)f)11 1 'lflJfl'U HlhVlJ 
'U .. .. , ~ 

lllf)f)11~"fll':i~':il'il 'il1f)YJrl'1l i" i1~ifll 'il'W ~~ir'Wl91flmmI1V, 'Wf)~1l~lhV~~f)ril1'll'iJ IPlYi iJJi~-r'I.Jfll':i iiJ 'il,rv 
I SI iI SI 

~~ i~-r'Uil'il ~Vfll':i flfl I~flf)ff1 V~U YiYi fll'il~flV1-rf)1I1111"111 Vll 1f)~'W ''Wfl'W1fl~ u,,~u~lrI'W!!ml~!!l'lil91fl~fl i'll• .. .. , 
11] iJ ~ iJ""'" "" "I .. "" i iJ"'1 "I ..
tfl (3) 'il1f)flljMf)1I1'Ufl~flru~~1'ilVYl'UflljlPlfll'lfflmmljV'lf'Wfl Plasmodium knowlesi 'W~ulV'\1(llVYl'W'YI

'U 'U.... , 

~~ir'W f11jl~l j~ 1~fllj~ fll91fl ~~ f)ri l1~~lJ'll j~ lv'lfUfldl~mf)~flfll':i fll'UfJll 1 ':ifllll" 111 VYi~fl ~fl 'il1f)i!~i U 

'lh~l'Vlffi 'YIV .. . .. 
'1U 11 'il 'illJ'W f11 ':i1lJ 'il,r V191fllJl"111 V'U fl~H'u lV 111fl f) 1':i fff) 111 ':i ~ 'I.J 1fl1'Vl V11 fi V10'Ull1"111 virU ~ 11rI U ~fl~ 

• 'U 

j.I Q.J l.a Yd $I & d Q.I , ~ 0 d j}.c;S a ~ a 
, 'lf~lflV1~I"flfl 'il1f)~'Vl~ fl~f11 ':i 'YIfl ffel'I.J 9f~f)1'j lf1'UmelV1~mflfl 'il111J'W~ el~lJfll':i I'ill~ m elfl 'il1f)'llmV'Wl '\1 j el 'illf)

" 
'\1 "elfll~elfl~1'Uel~H'U1V , U 'I.J1~flf~H'U1Vfll'ilIJJi111iJfl''Wf11mn~l~elfl~~f)ril1 lflmQl'n~mh~t~ '1UI~f)'\11fl

'U " 
I SI 'j} ." " 

,Umw Yi~el~~ jl'ilcii111 CllVfl-r ~ mh~ i 'j n~lllliJ fl iJJ'W1'W mil flru~ H'i~Vi~~\PlJ 'W 111i~ j 1'il111191elmCllI1v 1flvi1i 
" 

peR 'illf)~1eldN DNA 'Ufl~14flmmI1v~~'l'l.Ji~'l'WJlmvuCl~tlffff1l~'Ufl~~U1V lflviW1.J cytochrome b IrI'W 
d _~ .:A ~ d .t Q r! d ~ ~ ~.J 
V'UI1J111lJ1V l'Vmm11l1111'lffllJ1CllI'jVfl'W'Vl~ 5 'If'Wfl ':i111'Vl~ Plasmodium knowlesi 'YI~~I'lffl'il1f)(l~ 9f~~(lf11':i 
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" malariae, Plasmodium ovale U"::: Plasmodium knowlesi 1~~lfl~';Hllh.:nJ1"llJlm:::U '(1",n1::: (Putapomtip et aI, 
'" '" I '" SI t 

2011) ~.:nr'U1~f11~hnhY111i'tJf11~~~1~111!:JfmJl"1!~vYi~:::'W~JJ'1,J1~'UiJ~dhh::: iV'ln.rmhul1mwil~~lf)l~ 

~l!~'U~il~~f11~!~l:::!ii il~~lfl~{hvVfl9l illU111ill1~m~V~f11~!~1::: !iiil~ i 'U m&~~{hv'~i11'fl11lJi1lJ~il 
~ ~ 

" " " mh~1~n~l1lJ1~~~flril1~l!~'U~il~ 1~1Uf11~'W\PJJ'U 1u,,:::u~:::dJw:·m i 'U~1ilV1~~lfl~~~!:Jfil1J1fl~'U n1Jl1~ 
~ 

" ,"
ffmJfl1'W i 'Uf11~ i,*~~mlJ ~~~!:JfmJlml~vi 'U ~:::V:::I.QVU'W~'Uu,,::: i tn:::tJ:::Yi111V~lfllHl ~1lJ'\'l~fl111J!~'U iul~ 

, , " 
f11~'W\PJJ'Ull9iillur~il i 11'LY1lJ1~ tI ~ ~ ~1~1!fI ~1:::Mfl11lJl1"1fll1 "lV'tlil~ all!UUfl" ~ "Vi'WU'1 'Utl 1mVU":::ULYLY11::: 

~ 

, ~" 

1mvu!ViuutiuVi'Wu i 'U m:::umiiil~ N"'fflJt)'Vlll ~lflf11~f1fl'l:JlU 'U flfl ~lfl~:::!~'U U~::: iV,]),,,Ji 'U f11~1-W ~llu1~flU~1 
" ,

V'~LY1lJ1HI '1'*1!ml:::M'W'Ufi m ~1J'tIil~U ~:::,]),lfl ~'tIfl':H:Jfil1J1" 1!~ v~ 1fl~1flVl~Vim flUfI"lJ'VlflflrilJfl1U 
q II q II q 

~ ~ Q IV r : 6:!l, ~~.c::t .d.c::tod...::\.Q &
f11~ U~::: ~ fl~ f11 ~ ~ ~1 ~ 'I11!,]),fllJ 1"1!~V~lfl~1flV1~ 'I.nmv !m:::uLYLYl1::: ~ ~'U1~:::!U'U1fif11~ 'Vl~ flmfil1 'U ~ 

, " 
rlll1 1tJ f11~1-W~llV1J1m!~v ll9l ~lflViij ~1~U'~~lU~l'U 1J1 ~'U~~U ~ ~U'U V''IfI'Iij:ijfl ~ln~ flVl'1lJlfl '1'U'])'ij~'lJfl~!~il

~ . 
I I I " 

ViLYllJ n tl1-W ~llvi~ U":::fl111J 11i 'U f11 ~ 1-W ~ IIVV'~flV'1 'U ~ :::~U~lljjmVi vu tiu f11~ '1 '*liifl~1~ V~H U'U'tIfl'l!:Jfil 
, 

~ 

" 
1J1m!~ uVim1J1~ tI '1 '*1~'U DNA llhl11J1V9lflf11 ~~ ~1~1-W~llm:JffllJ1"1!~ Vij~1Vti'U11 mv'])'-w~'U flfl~lflU'U SSU 

rRNA !~'UU'U i'U mitochondria !~'Uv'U~'Wul~i'U1J1m!~ul'Jfl'])'-w~ij'tl'U1~U~:::1J1ru 6 kb (Vaidya et ai, 1989) 

~'Iu~';h~:::!1J'UU'U ~ijfl111J'I1"1fl'l1 mv~l!rlfl!U~ vU1Vi flU nuV'U SSU rRNA U9lfl V1~1~n~llJflru LYlJU~~rl1f1ru 
" , 

• 

" 
u 

'U fl.:(ihJ '])'tJ ~U ~,j'flVi l1J'UU1::: iv'])'.wilV1"1J1fll9iflf11~ '1,*!1J'U DNA lilll11J1V9l flf11~ 1'l11~1tJ~llm~fl1J1m!~ v¥ifl~ 
" ~1'U1'U'ltfl'Ufl"V'U9hn'U~'I1J1flU~:::lJ1ru 30-100 copy 9lm91'm1 (Vaidya et ai , 1989) ~".yh'1..rfl11lJ'hrll111U 

"'. ii, 

f11~ltJ~Qv'1'Uf111'1.w'UurWlJLY,,~'U!jjfl!Vivutiuf11~i.w'U ssu rRNA U":::~lfl,j'mJ"f1111U~UU!ViVuft1~U!ULY
~ ~ 

~LYlJU~ru'Ufl"u'Ui'U mitochondria 'Ufl"1J1ml~V~~ 5 '])'-Wfl ~flru:::~1~vl~Vi1f111f1mJl1J1rifl'Ul1U1if 
~ 

" 
~ 

" ,
(Jongwutiwes et ai, 2005) 'Wu';h~ft1~utJ1f1~ifll'Vl~'Ufl,,!:Jffl1J1m!~V~'I 5,]),UflViijfl11lJUl'lfl9lNn'Ui'UUN 

.J " ," SI SI 

U1!1W 91'''LYl1J1~mJ1fJru~fl'iJru:::U1J1i,*'1'Uf11~flflflUUU primers !l1flf11~Vi1 peR ~~u'Ui'Uflnf1fl'iJlf11"iJ~"ij 
, "" 

1~1tIu~:::LY"r1Vi~:::~\PJJ'U1l1if11~1-w~Qm~mJ1m!~fl~~ 5 '])'-Wfl iflui.w'U'1'U mitochondria !~'U DNA !illl11J1V •," " 
!~flt11~ l-W \1llm:Jffl1J1" 1!~ v~ 1fl~1flV1'lt11"1flU"::: ULYLY11::: '1 ..riju~::: iY'Vl 1l.fll'W~fI!VifllJnUf111 '1 ,*~1ilVN!iiilfl 
.i fI VI'l ~" 1~f111if~:::~U1::: iV'])'.wflV1"1J1m~il'l~lm1J'U~1flVN~LYl1Jntl!nU 1~LY:::fl1fl~lfl ~{j1u¥iili~ij~'U~fl'U 

'" 0 i 91 91.'1 Ii] 91 <V Q • Ii' Q <V , '1 ' ~ i Q Q "'f '1 '" '" i fI'Vl\1:::'Vll 'I1Nu1U Ifl1Ufl11lJ!~Uu1f1 'U~:::'I111"f1111flU~1ilVl" tflmu'W1:::flVNV'I 'Wl~flmfl 'I1~il 'Umru'Vl 
~ 

~fl'l~fll'lllJ~{j1V111il~~1~1U1f1;'Ui'Ufl'U1fl~
~ ~ 

, " 
fl11lJ'I1 mfll1 "lVi 'U ~ UUUU'Ufl'l fl"~"'Uil'lU il'U ~! \1'UV'U Vi'WU '1 W:JffllJ 1"11~ uijfl11lJ rl1f1ru i'U fl11~~~llJ 

~ u 

U1 ::: '])'1 flHIfl 'I l~fl1J1" 1!~V ~'I~1f11 ~~~ 1~111t1"~" ~lfl~1ilV1"!~fllJlml~V~'WU '1 'UJ1"lV U":::ULYLY11::: 
SI 

LY1lJ1~tlm :::Vi11~fldNijU~::: iY'VlllflWj~~IVi UlJ nUf11 ~1'l11~'I11t1"~" '1 'Uliiil~ \1::: Vi 1'111'f111~'j 1\1111!;fillJlml~V 
1ClJ I dd rI ~ ltJ ~ .&.c:t Q ,J d.d 

'il1fl~1flVl'l1l1 m'WlJfl11lJLY1JU~ rulm:::LYl1J1~ tI 'Vl~l! 'Vl'U f11 ~ ~ ~ 1~ ~1m"fl~ Ifl 91''1 U'U,]),'U fll1 'U'I'VllJfl11lJ 
~ 

, " 
'I1mfl'l1mfl~'Ii'U Plasmodiumfalciparum 1~urilu~~'WViijt1111Ufl ilJl"fJ"U~:::1J1ru 35 ~'I 56 ni"fl1"~'U 
'" , ~ i.1 '" '" "" "''!1 'i ,.j 91 0' '1 <V!~Ufl11 merozoite surface protein 2 (MSP2) lU'U lJ~~'U'VllJLY1'U'Vlf'l'lfl~ 'UWil'l1lJI91''''''Ufl'l merozoite l~umfW 

" 
glycosylphosphatidylinositol (GPI) anchor (Fenton et ai, 1989; 1991; Smythe et ai, 1991) lu~~'U'])'-w~iJ~ 

fI11lJ'I1 "lfl'l1mULY~i 'U ~U!!UU'tIfl'lU'U i 'U ft1~Um flil:::iJl 'U!!"~ i 'Uflru LYlJU~~1'U fl.l1 &tl'UUil'W ~l~'W i m -3 LY!l-l 
~ ~ . 
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• • 

'lJV~ MSP2 lh:::flV'lJ111t1'lJ1!1W N-terminus UC1::: C-terminus ~ljfll1'lJfl~~'lJV~~1~'lJfl':i~v:::iJl'Wff~ u~l'W 
, " 

.. 
ril'WflC1Wlh:::flV'lJ111V 2 ffl'WVVV i11!lfl ff1'WvvvYilj~1~'lJfl':i~v:::iJllJClhn'Wlwlfl£jw:::'IJ~N repeats 1m::: 
, , .J do I QJ tI ~ '\I) d 

ff1'WVVtI'lJV~ non-repeats Clf~'lJfl11'lJU~fl~1~~1'lJff1tlVl'W~'lJV~I'llfl fltlN ImmlJfll1'lJ'I1 mfl'l1 mtl'IJv~ MSP2 

ff1'lJ1'H)~lU'Wfli11IrJ'W 2 fl~'lJlm,1J 1~lIri fl~m)C1~C1 FC27 IIC1:::fl~'lJUC1~C1 307 fl~lJUC1~C1 FC27 J'W'lJ1!1W 
q U II q II

" , 
repeats 'l.h:::flV'lJ111t1~1~'lJfl':i~v:::iJllJG1f1n'WlrJ'W'l!~ 211UU ~V uuuYiljfl':i~v:::iJl'W 32 ~11'W repeats i1t1'1~V 

, " 
n'W 3 'l!~ IIC1:::~1'lJ111t1l1'lJ'lJYiljfl':i~Vdn'W 12 ~11'W repeats cihn'W 1 ~'1 5 'l!~ ff1'l11'lJfl~'lJUC1~C1 3D71rJ'W'lIij~
," , 
Yiljfl':i~v:::iJl 'W ~'W IIlh~ '1l'1'1 ~1'W 1'1--.1 Im::: 'lIij ~ 'lJV'I fl':i~V::: iJl 'W 1'W repeats 1~tlfl':i ~v:::iJl 'WYiVlUff1'W1'11 tY ~fl 

" , 
alanine, glycine IIC1::: serine (Fenton et ai, 1989; 1991; Smythe et ai, 1991) 'Wflfl111flUtJ'IVlUUC1~C1nlj~fl£jW::: 

!rJ'W rlflrlffm:::wj1'lfl~'lJflC1 ~C1 FC27 UC1:::fl~'lJflC1~ C1 307 fl'W! clfl'l111flfll~ II C1 fl!ll~v'W 'Yl1'1~'W1jm ~'lJmtJ1'WU'W 
IV II q II 

, " " 
'lJw:::n!~V'lJ1m(1 tliY'lJ~'W iU'lJ'lJV1fttllVlffi 'W ~'1n'W t1~V'I VV1~ I ~~~l'lJflC1~C1'l1ij~UVl'lJ l11uvtI'lJ1fll'W Tj~~'lJ'lI1~ 

(Marshall et ai, 1991; Felger et ai, 1994) ff1'l11'lJl'W Plasmodium vivax IIV'W~111'WU'W~ljfl11'lJ'I1mfl'l1mtl~'1 
.c!t ~ tlo ~ d. 0 

'lJ1flflV merozoite surface protein 1 (PvMspJ) UC1:::1l1flfll~1Im1:::'I1m~'lJ1Uff'IJV'IV'W PvMspl111'W1'W 40 

~1Vd1'l111fl'l1mtlfliJ.fl1fl'IJV'I hfl Vl'lJ11ff1'lJ1~f1U,j~V'W!~'W 13 block (Tanabe et ai, 1987) 1l~:::flV'lJ111t1.. 
conserved block 7 U,"'11m::: variable block 6 mi~ 1~vu1nw conserved block VlUfll~U'Yl'W~'lJV~ ij1fl~iv 
I'Ylfl~Yh1r1'm~v:::iJl'Wlll~tI'W 'lJ1flfl11fllm'Vl'W~~Yhhi'm~v:::iJl'Wfl'lI~'lJ!~ flUvtJ (11 ~:::'lJ1WrVVC1::: 55) vr'lif 
fllm'Vl'W~fi''1fl~l1ri1'Wl'\1t1JlrJ'W dimorphic substitution !rivVi111~Wl'lJ1nW variable block vf~ 6 mi~~'1 

" lh:::flV'lJ11';W block 2, 4,6,8 !1C1::: 12 tJ'W Vl'lJ';i1ljfl11'lJ'I1mfl'l1mtJ'lJV'I~1~'lJ!'lJff~'1'lJ1fll'l1'W block 2 ff1'lJ1~f1 
'':::1 '" ,ltJ3i' .1 3i <V "'I"0

U'lJ'IllJ'W 3 'lJ~!1WtJVtJ !~Ufl block 2a lJ~:::flV'lJ~1Vm~U1UffVl'W!1'W (basic type) 4 1l'lJ'lJ 1m::: recombinant 
, " " 

type 5 U'lJ'lJ block 2b t1~:::flV'lJ111V~lfi''lJ1UffYi!~V'I9hn'WlrJ'W'l!~ (repeats) Vl'lJl'1'1'11lJ~ 19UU'lJ 1m::: block 2c 

1l~:::m)'lJ111tJ basic type 4 U'lJ'lJ 1m::: recombinant type 6 llUU IrJ'W~l-hi1~!fl~11U1!1W variable block 2 'lJV~ 
PfMSPl IrJ'W'lJ1!1WI~tJ1~lj repeats i'~11l'W (Tanabe et ai, 1987; Jongwutiwes et ai, 1992) II~ffl'l11'lJ PvMspl 

" Vl'lJ repeats i'W block 2,6 llC1::: 10 ~'1tJ'W'lJV'lJI'IJ~fl11'lJ'I1mfl11mV'lJV'I variable block 1'W PvMspl ~'1~'1'lJ1fl 
~ ~ do 0 QI Gt Y.c:to 

(Putapomtip et ai, 1997; 2000; 2002) 'lJ~!1W variable block 'lJV'I PvMspll1'l'lJfl11'lJl'l1'lJ1:::ff'lJffl'l1'J'lJ 1'lI~~~1'lJ 
a iJ I I QJ rI ~d 0 -C.:lo QI 0' ~ 

11 HI1 'lflWflfl11 'lJ U~ fl~l'l~::: 'I111~fflVVl'WTj'IJV'I Plasmodium vivax 'Vl~ fll~ 11111'W flUC1:::~~~1'lJff1tJVl'WTj'IJV'lI'llV 
" )I, SI 

'lJHm~ m'\1~lU 11:::1~'W ,rV1,jC1~'W ~1'Wnff1rlt1Jff1'\1 1'lJfll~1NU'W1'Yl1'lfl1'lJfJ'lJ1~fl 'J1'lJl'1'1m~~~~1'lJtI~:::liJ'Wrm 
'" 'JI I 

fll'Jfl1'lJfJ'lJ h fl i~V11i~l'l ~ 'j1'lJl'1~ NC1'IJV'IlfltM'W Yi~~ljl 'W V'Wlfl~~ vll ~:::'lI1fl':i I~V'lJ1ml~V1'Wll~C1:::~V'I()'W 

OJ _I t1 ""'OJ

2. 1~~uj~~~~~3~nlj1~U
<l 

, "" 
2.1 I~V~WJ'Wlfll'Jm 111114 'i)1lV'lfij~ (species) 'lJV'II~V'lJ1ml~ V111fl~1Vdl,nh,nvlIC1:::ilffff11:::1r1'lj 

fl11'lJ I l'lJ1fl~'W 
I "," 

2.2 l~vll'j:::liJ'Wll~ :::ff'Yln.fl1Vlfll~~'j 111'l11'lfij~'lJV'I I~V'lJ lC111~ tJ i 'W ~thVl'11 i 111~tJ1~~1mJww lmv 

!!C1:::lff'lJ'I1:::ltI~v'lJ!Yitiunum~m1111~vi~~1VV1'lIi1v~ 
~ QJ .c:to.cS QJ rI ~ d 

2.3 IVlVVlWJ'W11Tjfll~~ ~111111fflVVl'W~'lJV'II'lIV'lJ1ml~V Plasmodium Jalciparum UC1::: Plasmodium 
" , 

vivax l~tJ1~~1vv1 ·n.j lmVUC1:::1mm :::I~V1~~1'W~ :::Ul~1'YlV1UC1:::fll'jll'J:::liJ'Wll'j::: ff'Vln mVl'IJV'I'lJl~~ fll'j 

fl1'lJfl'lJ hfl'lJ1C111~tIlm:::lfltM'W1'WV'Wlfl~• 
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.::o...::t 0.::0. .::0. QJ

3. 11i~1!'U'Ufll'';i1'ilU 

3.1 '1.h::i'lflm~'Je)ciN 
>I 

'U'Ul~'Uu..:j~':H)rh:J (sample size) fI1~f11'U1'U'U'U1~~1Ud1..:j l~tJH/~m~..:jij 

N Z2 P (1- P) 

2
d

l~tJ 	 N = sample size, 

Z = Z statistic for a level of confidence (for the level of 95%, Z value is 1,96), 

P = expected prevalence or proportion (in proportion of one) 

d = precision (in proportion of one; if 5%, d = 0.05) 
., 	 ., >I 

'JJ Q,J Q ~ ~ i .. I 1fJ 	 'JJQ ~ ~ cv Q.J , 

'il1f)'UUlJflUI'1~lf11Hl~!'b'Ulllm!~tJ 'Uu'j::::'b'lm !'VltJ 1000 'j1V ~U~I'1~!'b'Ulllm!'jV 0,5 ~..:j'U'U fI1 P = 
., 	 , >I 

OJ OJ 	 "I -::'l ~ _I "" 'I ~I d 	 d

0.05 (Cui et aI, 2011) ~..:j'U'U N = 72.99 UI'1!mN'il1f)fI1'jMf)£j1'UI'1U..:jfl1~u~::::!lJ'Uf)nl'1'j1'il !'I1mUUfHllJlllfl1!'jtJ 
" 	 " I 

l'l..:j 5 'lfU~ l~V'b'iJ~Vi~u.wuv~rr~~!1J'ULt'l!'11I'.l'UU..:j hfllJ1fl1!~tJiM~tJ..:j~UtJfl:::: 0.57 (Putaporntip et ai, 2009) 

~..:jJ'U~l N f11'j!'vilJ~'U1l'j::::lllW 1.75 rvh~..:j'il::::1'1'j1'il'Vru~~91~!4ulJ1m!~v species ~~ul'UtJ1191fl1'jci'~lrr~ 1 
"1 I 	 iJ 

~lV ~..:jiT'U~l N f11~llJ~lfl':h 127 tld1..:jl'j~1'11lJ!Yitli,.rfl1~1!m1:::t1~tllJflt1f)~tl'nJ1f)~'U~..:ji~'U'U1~19l1tldl..:j N.. .. 
= 500 

jI I jI 	 I 

l'llf11~!~U~1tld1..:j!91tllllm!~tJ'il1f)N'~ij1~ (UW '11 f1lJ1~'il1f)i~~'Ulllf)f)11'111tlrYhnu 37.5 °C) ~llli'U
'" . '" 	

>I , 

f)1'j 1'1 ~1'il1U'il.QtJ! lfl::::i'f)'fj 11 ~ 'fllJ1fl1!~ tJ '1 'U '11 t11tJfllU'fllJ 1 ~'fl91~ I'lUil11 ~ tJ! !lJfl..:j '1 'Uvt'U ~~..:j'l11~ 1'11f)U1'U 1'U 198• 
19l1UrJ1..:j ~..:j'l11~~'U'VlU~U1'U1'U 83 ~lUrJ1..:j ~..:j'l11~!~tJ..:j'1'11li 75 ~lUrJ1..:j ~..:j'l11~!~tJ..:j'j1tJU1'Ul'U 79 ~1UrJ1..:j Ufl::::• , ., , 

~..:jll1~ uli itl~Lt'u'U U1'U l'U 67 ~lUrJ1..:j 1~ tJ '1 'U Ul'lfl::::Y1U..:j~l'llf11~ !~mllurJ1..:j !tiu~ 'il1f)llmvu1'il1f) N'~ij1~11'1 tJ.. 
>I, , 

llil~ijU1f11'j1~'I11~'I11UU1f11~ ULt'~..:jU1!'Vn::::'Uu..:j h'fl91~!:;;u~'U "1 ~ lliLt'u~f1~u..:jnuU1f11~ULt'~..:j'UU..:j hfl 

"'1 ~ ddlfl$l I o~Id'~ ~ I I l.d ~ dlqilG)
lllm!~tJ ~mfltl~'Vl!mJ !~'il::::UU..:jlJ1'Vl11"lfllJ!flU~'b''U~'I1'U1Ufl::::1J1..:jUtJ1..:jfl:::: 1 UH'U Lt'l'U'Vll'HflU'il:::!f1U !1!'U 

'I1flU~~ijLt'l~ilu..:jn'Ufl1~U~..:j~l'UU..:j!tiu~ (EDTA) !~U Hff1'11i'Ufl1'j!I'1~VlJ DNA Ufl::::l'l1fl1'j!~U~1tlrJ1..:j 
>I 	 , 

il1mtJ (ll'j::::lllW 2 lJfl~~I'1~) !!f1::::~1UrJ1..:jULt'Lt'11:::: (ll~::::lllW 10 lJfl~~I'1'j) ff1'11i'ui'U~:::'I111..:j'U'Uri..:j'il1f)Y1U..:j~ 
>I 	 , 

!'U1'111 ~ 1f)~ hfllllm!~VlllrJ..:jl1'u..:jllfi1191fl1~ ~lUrJ1..:j!tiU~ il1mtJUfl:::ULt'Lt'11:::: '~i'Ufl1'j !~ui'f)£j 1'1'U Lt'm~~!~'U 
JI , SI I , 

l~tJi~il1U~..:j !liUlll~..:j,.ru..:jlla1191fl1~ l~il1~lUrJ1..:j!11 ~lijlll!~Ui'f)£j1~tJW '11 iJlJ -20D C !Yiui~Lt'n~ DNA l~tJ 
, >I 

~1UrJ1..:jVi!~U'jlU'jllJ'~1'l..:j'l1lJ~U1'Ul'U 502 ~lUrJ1..:j 
'JI ,,, 	 ii, 

ff1'11 i'uYi'U~~..:j'l11~1'11f) iT'U 'fl W:::: N'1~tJ '~!~U~lUrJN!tiu~ U1mtJUfl::::ULt'Lt'11::::rvhH91lJ i'U N'ibtJU1'Ul'U ... 	 ... 
.d J 'jJ 9J rI ,:::::i.cl q d Q.I' <j) I dQ Gt 'jJ d Q.I I 

35 ~lV 'Vl1'1'j1'il~U!'b'U~lVf)flU..:j~fl'Vl~ ~rr'U W lllm!'jVflfl'Uf1!!fl::::d'J'U 1'11UtJ1..:j'Uu..:j~il1V'VltJ'UVUlJ !'I1!f1UI'11UVN 
>I 	 ., , 

GJf-li~l~m~u~1tlrJNl'l..:j 3 'b'U~i'U1'UYi 1,7, 14,21 Ufl::: 28 

3.2 	 fl1'jI'l'jl'i'l'l1l!~t)'JJlt11!j£Jm fU!N'WrJ~'JJlt1-H1'I 


fl1~l'lluH'UfhllJ lm11'1U1..:j (thin blood film) 


- ihlll'1!tiu~fl..:ju'Uuyj'Um::::'ilf)Lt'lfl~~ul1'..:jUfl::::Lt':::U1~ U1'Ul'U 3 III u~nwllmtJ~l'U~91~nu~h'U~ 

!1J'U m::::'ilf)~l'UU..:jm :::'ilf)Lt'1fl~ 
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'l 'JI 1 ".1 '" ~ "', oJ <!I 0 .1 1 - 'If'IHl'lJm:::\lmY Mlu~ltll'HJ'lJLY:JJllLYlJflflflmfU'l1'U-:JUI'l:::'I1{Jfln'HWI'Vl1lJlJu'j:::lmu 45 fl-:Jf1'l ti'Ufl'lJ• 
m::: \lflLY1 ml~'tlllJlJmlflflfl1,j'Yl1-:J,jm{J1fl tII~ 'Jll~::: LY~11LYlJ fl l~flfl \I:::ll~l~ 'Ull~'UYJ~lJ'lJl-:J'lJ'Uu~'U m::: 'ilfl Yi-:J 

• qJ 

'" 'U1'Yl 

3J..c:il ~ 3l: .oJ 'J} 9J ':JJ 01 ~ d' 

- m-:JLYLY1'Ulfl'UflflflW;W'U1,j'j:::,j1 ~N'l'\1l1'l1-:J 11~1'U1 ,j1'l'j1'il'l111'lffl:JJlml'j{Jl'lfl1,j 

fll'j'tl111~'UYJ~lJ lm11'l'l1'U1 (thick blood film) 

:?I. I <!I 'JI'1 "d 0 

'l 

- ulul'lmflfl~-:J'lJ'UI'lHflm-:Jll~'Um:::\lflLY ~fl'Ylll'l1-:Jll~:::LY:::fl1fl \l1'U1'U 5 III 

'JI 1 "'" ,oJ <!I 'JI 'l 'JI <!I ~I' ~I - 'lflJlJ'Ufl-:Jm::: \I fl LY ~flflf1l1~'U 'I1lNlll'l:::'I1 {Jfll~flfl II ~11'U m~flfllu'Ull~m::: \l1{Jflflf1lu'U1-:Jfl~lJ• 
9J I tI 'jJ 'jJ .<::.\e% 131

lLY'U~li:J''U{Jflm-:J,j'j::::JJltu 1 cm 'Yl-:J l'l'l1U'I1-:JLY'U'Yl 

- U1:JJl~fllJ~1{Jffifl{J~LYlJffVlJG)f11~:JJ'\j''U~II'l~{JlJ11 1 ml fl1JLY1'j~:::m{J PBS ~Ufi1 pH 7.41J~lJ11'l'j 

10 ml ~LYlJ 'l'I11~lfl'Ull~1'l1 {Jflff~-:J'lJ'UU~'UYJ~lJ i m11'l'lJ'U m:::\lflLY1~~\I'U'Vl1lJ'lJ~ntu ~\I:::~fllJ.yf-:J11 20 'U1Vi 

.% 'JI 'JI " 
fll'j I'l 'j1\l'l111 'lfflfll {J 'I'lfl~fl-:J ~~'Yl 'j 'jf!''U 

" - fll'jI'l'j1\l'l1119ffl:JJlml~{J'il1flYJ~lJ lm11'l'lfUfl'l.J1-:Jll~:::'lfUfl'l1'U11fl{J'tl1fll'jm1'il'il1fl 200 1-:Jfl~fl-:J 
" 

fll{Jhi' objective lens tl1~-:J'IW1{J 100 1'Vl1 ff1'\1f'lJfll'j1U'illt{J'lfUfl'IJfl':Il9ffl:JJlml~{J\l1flYJ~lJ lm11'l'lfUfl'lJ1-:Jfl1ff{J 

QJ QJ ~ d d d ~ d.c::l ~ I 'lQJ d

'11~ flflULY -:Jlfll'l'j :::{J:::ll~:::~fl'I:J tu:::'IJ fl-:J l'lfm.J1~ 11'j {J fll'j l,j ~ {J'U ll,j~-:J'lJfl-:JllJfll~ flflI Ifl-:J'YllJ l'lffl:JJlml 'j {Jfl{Jfll{J 'U ... 
" " nml-:J~fl'I:Jtu:::'Ufl-:J hemozoin ri1'U fll'j 1tJ\I II{J'lfUfl'IJfl'll9ffllJ1ml~ ml1flYJ~lJ1m1l'l'lftJ fl'l1'U 1 fl1ff{J~fl'I:Jtu:::'lJfl-:J 

" oJ " 
I~fllJ 1ml~ til~'U 'I1~fll fltllVi {J'lJl~{J-:Jfl'lJl~fl!~flfl'IJ ld G)f-:J ifflU-u'fl~lflfl 'l 'U flU ~ 111'U fl'lfU fl'IJfl-:Jl~fl:JJlml~{J:JJlflfl':h 

YJ~lJ1 m11'l'lftJfl'lJl-:J 

3.3 fll'j.yr\?ll'lHlii fll 'j \JI 'j 1'lllm:::'lhu'Ufl'Ifn~'lJB'I'lJ1Qll~U1~ulii peR 

fll'jflflflll'lJ'lJ PCR primers 

'tl1fll'jflflflll'lJ'lJ primers lfl{Jfl1ff{J~l~'lJ DNA 'lJfl-:JV'U'l'U mitochondria 'lJfl-:J Plasmodiumfalciparum 

(accession number AJ276845), Plasmodium vivax (accession number NC 007243), Plasmodium malariae 

(accession number AB354570), Plasmodium ovale (accession number AB354571) 1m::: Plasmodium knowlesi 

(accession number NC_007232) ~iJi'U GenBank databases lfl{J primers ~'Uflflijfl11lJ~11'W1:::~fl genus 

Plasmodium ri1'U primers ~'l 'Uijfl11lJ~ll'Yn:::~fl species 'lJfl-:J:JJlml~ tII'\1 riTulfl{J'tl1fllmJ~ {J'lJlVimJ~l~'lJl'lJLYI 
" 

dQJ' r~ ..:::t ~Q,I .tOt. " " 
'IJ fl-:J {J'U fl-:J fl ~11'j:::'11 11-:J I 'lffl:JJl ml'j {J'lf'U fl 'Yl-:J 5 'If'U fl 

" 
ff1'\1 f'lJflU 11J~ {J'lJlVi{J'lJ~l~'lJfi 1'lJ LY'l 'U ll~~:::~'h II '\1 U-:Jfl1ff{J'I1r;lfl fll'j 3 ~'Ul'lfl'U l~llti ... 
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I 

~I • I'" '" 0'" "0"" ~I iii. Iiii 31'1(1) pairwise alignment IU'Wf11'HU<HJiJl'YltJiJm~iJliJml~~~fJfflY1jiJ'YJf1fJ'lJfl~fl11:IJIU'W LlJ L~ L'Wf11':i 
, ., 

:ijiJ~ U~~Y11f11':iY111'i1fl11:IJri N (distance) Y1~fll'ilfl11:IJll\91f1~1~':i~Y111~1l~~~~'lJfl~i1wliJliJm~fll,*1'W'u'W\91eJ'W 

~eJltl 

... "';131 d3l.,g ... 
dendrogram '11 ':i eJfl11:IJI'lfeJ:IJ tJ~'lJfllJ ~'YlflmtJfl~~f1'U 

., 
(3) Y11f11':iltl~tJiJl'VitJiJi11~iJliJff'V1~Y1:IJ~ l~tJmf1tJ.,j'eJlJ~'illf1f11':iff~l~ dendrogram 'l'W.,j'eJ 2IrJ'W~1'lh 

., ., 
jeJ~ 'V1~u'l'Wf11':i:ij~i1WliJliJff1'Wll~~~ff~:IJi) (colunm) l'i'eJ~fil'U~~~ gap opening penalty, extension penalty, 

., .,., 
I jJ QJ'QJ.:=!Q.I

delay divergence sequences, transition weight ll~~ DNA weight matrix ':i1:IJ~1tJ 'Yl~'W'IJ'W\91eJ'W~~f1~11ffl:IJntl 

li1eJf11,*1'W ltl':i!!f1j:IJ Clustal X (Thomson et ai, 1997) 

1'Wf11':ieJeJf111iJiJ primers -fflY11iJ PCR mf1tJmrf1f11':iI~:lJtl~:IJ1W DNA lw;h'W'lJeJ~ Cytochrome b 

gene l~tJl,* primers 'l'WtlBn~tJ1'l!~u':if1fifl primers ~'Wflf1~iifl11:IJ~1!'W1~tliJ genus Plasmodium l'W'lJW~~f11':i 
, , ., 

1~:lJtl~:IJ1W DNA l'WtlBn~tJl'l!~Y1'~~fieJ primers ~1'W'Viiifl11:IJ~11'W1~-ff1Y11iJll~~~ species 'lJeJ~l91eJ:IJ1~ll~tJ 
., 

o QJ aJ .c;!Q.I.c! 

fflY1jiJY1~f1f11jeJeJfllliJiJ primers :IJ~~'W 

. ., .,


• I 31 0 • I ... ... '" 31 o.,g.,g 0'. I 
(1) primer fl1jlJj~fleJiJ~1tJ'ill'W1'WliJfflJj~:IJ1W 17-28 \911 'Yl~'Wm'il\91eJ~m'W~tl~eJ~fllJj~fleJiJ'lJeJ~liJff 

, , 
31 ... 'l 31 , 'i ' '" ~1m'WeJ '11m melting temperature (Tm) eJ~ 'W'lf1~'Yl!Y1:1J1~ff:IJ 

31~11iI.11iI3I ... "" d", 0'.1 ... ' 'I' 31
(2) tllllJ'W llJ l~fl1jmflf1'lJ':i!1W'Yl:IJeJ'lfllJ':i~fleJ'lJ'lJeJ~liJff G ll~~ C j1:IJfl'UeJtJ !'W'lf1~jeJtJ~~ 50-60 

'" 
(3) iJ~!1wtlmtJ~~'Yll~~l'W 3' fl1jlrJ'WliJff G, C Y1~eJm'illrJ'W GC Y1~eJ CG l~eJY111Mf1n:ijiJtl'W 

., 
j~Y1':h~ template DNA tliJ PCR primer iimGtJjm'l'~:IJ1f1~'Wri~rmiMtlBn~tJl PCR iifl11:IJ11U~~fl11:IJ~11'W1~ 

.1 
:IJ1f1'lJ'W 

(4) l'il Tm 1'Wf11j:ijiJtl'Wj~Y1';h~ template DNA tliJ PCR primer fl1jeJ~1'W'lh~ 55-80°C 

'" d "l3l0... 31.1 d~1 ...
(5) Y1~f1HW~f11j !'lfm~iJliJff~l'WlJmtJ 3' 'lJeJ~ primer 'Yllu'W homopolymer 'lJeJ~ C Y1jeJ G l'Wjl~'il~ 

l*tJ~~eJf11j:ijiJtl'WeJcil~1li~11'Wl~j~Y111~ template DNA ~lrJ'W GC-rich sequence tliJ PCR primer ~~f1ril1 

ri~rmlMtlBmtJ1 PCR 'lJl~fl11:IJ~11'W1~ 

(6) i1WliJliJff'Yll~~l'W 3' 'lJeJ~ primer llifl1j:ijiJtliJi11~iJliJffl'W primer g'Wl~Y1~eJlliii 
...... 0"l3l"" .1 0'131 iii 0

complementary sequence fl'W eJ'Wm'il'Yll !mfl~ffm1~ primer dimer 'IJ'W 'Yll !Y'Ifl11:IJ !111~~fl11:IJ'il11'W1~'lJeJ~ 

tlBn~tJ1 PCR ~~~~ 

0'" "l .J iii' '" 1 ...(7) m~iJliJff !'W primer Y1'W~ "l !:lJfl1':i:IJ self-complementary sequence mtJ 'WY1jeJ palindromic 

sequence ~~f11':iiii11~iJliJff~~flril1'il~Y111Mln~ secondary structure 1'lf'W ln~ hairpin loop ~'W Y11'lMfl11:IJ11 

U~~fl11:IJ~11'W1~'lJeJ~tlBn~tJl PCR ~~~~l~I'lf'Wtl'W 

f11j'Yl~ffeJiJfl11:IJ l1W.'l~f111:IJ~1!'W1~'lJeJ~ primers 
., ., 

fl11:IJ ~l!'Wl~'lJfl~ primers ll~~~~1~tJ 'l'* DNA 'lJfl~l91fl:lJ1ml~ m!~~~'lfiJ~lrJ'W~1'Yl~ffeJiJj1:IJ'V1~f11':i 'l'* 
(l.Id .c:Id~ ~ d d'l 91 I 91 G'J d,J''l 31 ~I

DNA 'illf1ff~:IJ'lf1\91fl'W "lIU'W\911fl1iJf.j:IJ'Yl Y1rl~HliJ (negative control) j1:IJ~1tJ !'W'Yl'W 'If DNA 'lJfl~f1'WllJ'W 
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negative control Vilfl1jUi\.J!U~V'Wfffl11~'lJfl~fl1jYhui]n~m PCR !~fliMl~~un11JiJuC\~!Jm~n1lJ1~fflJ 
, , " 

ffl'11 i'Ufl~fi'Uj~f)flUVifflflt1JVil'i'fl~flli1~o~ i'Wui]mvl PCR n~~i1 

(1) fl1jt11'11'W~~Ul'l1fJiJ!!C\~!Jc\1~Vil'M PCR primer ~Uf)U template DNA (annealing temperature 

OJ 0' .J 'I iJ • 1 '" • I"" .t. 1 ' and time) mffVfl1jfll'W1Ulfll Tm 'lJfl~ primer Clf~m'il ~")j'fl1juj~!lJ'W'illf)unJ1Ulfl~fluj~f)flU'lJfl~IUff!!~C\~ 

" ")j'U~ i'W primer 'illf)fl11mYm~'WTI~~i1 

Tm 4 (G + C) + 2 (A + T) 
,., I , , " 

~~'t!'W primer Vitll1'11~flnfl~fi'Uj~f)flU'lJfl~IUff G !!(l~ C ~~cifllJihll Tm Vi~~f)11 primer Vi't'YtJ'I1~fl 

ljfl~fi'Uj~f)flU'lJfl~!Uff G uC\~ C ~1 i~V~1iul1f11fh)f)'~ annealing temperature ~1f)11fh Tm jl1 5°C 
v 'JI I iI I 

ffl'11i'unV~nc\l i mj''W~fl'Wi1 i~V111 i uln~~tJflcin~lJujrufl1vl tJnmtJ'fWf)11 30 1'W lVi vm~'W' 'W mruVi 
" 

<!i i iJ dd , , 31 d OJ OJ d." QJ 31 0 i
!(lflf) ")j' primer 'YllJfIl Tm f)(l!flV~f)U annealing temperature ~'WmUl~~f)m1lJf)~fl~fl1'11tJ~j~v~nm 'W 

~ d .1 
'lJtJ~fl'W 'W'W 1'W 'IJ'W 

(2) fl1jnl'11'W~~Ul'l1fJiJml~!J(lli'Wfl1jc\flf)UUU DNA fflvimJ'illf) template DNA (elongation 
, " " 

temperature and time) i~V111ithJf)nl'11'W~~Ul'l1fJiJffl'11 i'u.;r'W~fl'Wi1i 'W'lh~ 70-72°C ff1'l1i'UIfl'W iClflf Taq 

.J dOJ , 31 , I~ Q.I.c9 ,.c:::t. ct a 
DNA polymerase Clf~lJfl~jlfl1jc\flf)UUU 'Wf)W~jl~ DNA fflV 'I1lJ~1Vfl~jl~~1l~ 100 IUff~fl1tJl'Yl 'I1jfl 

i~V~1i'tJ:iJf)'~nm I 'W1Vi~flfl1jfffl~ DNA ff1Vi'l1~~nfl11lJVT)'tJnlJ1Ul I flimUff'l1~fllJlf)f)'h 

(3) fl~fi''tJj~f)tlU'lJtl~ reaction buffer U1~'tJj:::!.f)'Vl:iJf)~'Wf)U")j'U~'lJfl~Ifl'W lClflf~l~flf)1~ mh~h~~llJ 
" " tl~fi''tJj~ f)tlU!!(l~'tJ~lJ1Ul Vin1lJ1~fflJ'lJtl~ff1j Vi fflflq(l 'W 'tJi]n~Vl PCR n~~i1 

- Tris-HCl, pH 8.3 'tJ~lJ1Ul 10-50 mM 

- KCl 'tJ~lJ1UllJlf) l~o~ 50 mM 

- MgCl
2 
'tJ~lJ1Ul 1.5 mM 'I1~tllJlf)f)';h 

- primer U~(l~fflV'tJ~lJ1Ul 0.2-1 ~M 

- 50-200 ~M dNTP 


<!i • I'" ltJ 31"'1 

- gelatin 'I1jtl bovine serum albumin ujlJ1UllJlf) !~1l~ 100 ~glml 

- ffljg'W'1 hvnf) non-ionic detergents li'W Tween-20, Nonidet P-40 'I1~tl Triton X-IOO 1~'WI'i''W 
,1 ~ i a'd a 9 9JQ.J 

'lJtJf)u")j''W~'\m~w'W ClflJ'YllClflf) ~")j' 

(4) ~1'W1'WjtlU (cycle) 'lJfl~'tJi]n~m PCR i~V~11'tJfl1jl~lJiJ~lJ1Ul DNA 'illf) template DNA ~ltJ1tJ 

50 ilJmf)c\'ilVil'MffllJ1".i()m1'il~ui~'illf)fl1j1Iml~"ri~v agarose gel electrophoresis ,:f'Wl'i'tl~Vilfl1jl~lJ• 
tJ~lJ1Ul DNA hwl~ PCR 'tJj:::lJ1Ul 35-40 'H)U ltJ'lJUl:::~f)1'11~lJ'tJ1lJ1Ul DNA 'Mi~~1'W1'W11~lVitJlJf)'W"1f) 

" " ,
o i ltJ3Ii ,310.1 '"OJd<!itemplate DNA 'ill'W1'W 311ff'W lJI(lfJ(l!~ ~V ")j''ill'W1tJjtlUuj:::lJ1Ul 25-30 jtlU 'Yl~'\.J!'Utl~'illf)fl1jlf)~ plateau 

, " 
effect ''U'lJUl:::Vi'tJi]mtll PCR i~~1Iu'Ui'tJ'I1mVH)UI1~1 mh~ij~mlJi'Wfl1j-W\llJ'Wl1~ PCR l'Wf)1".iffmni1 

" .J " " 
mffV!'YlflUfl nested PCR 'I1~tlfl1jvh PCR 2 ,]'W~tl'WClf~'~~1'U1'Wjflui'WI1~(l~,]'W~fl'Ul1.1lJ1f) ~~'t!w·m'IJtl~ 

plateau effect ~~ 11hhA1:J'W'Ufl~1f)~ ''Wfl1jl~lJ'tJ1lJ1Ul DNA ~~ il.llfl~H(lm:::'VlU~tlfl11lJ 11'IJfl~fl1j'Yl~~H)U 
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" ~111i'tJ'I1''W~tl'Wf11'.im1~HYV'lJ~i\~~HI PCR li'11ifll'HWfl'tl'WW1'tltl..:J DNA I~HJfl'j~mY1vJYhfl1tJl'W 

TBE (Tris-boric acid-EDTA) buffer u~~li' 2 % agarose gel ~..:JI~~tJlll~1l1flf11'.i~..:J agarose gel 2 fli'll ~~~ltJ 
" " 

l'W TBE buffer 100 ml ihltJ~'Wl~~tl'Wll'W agarose ~~mtJl111f!u~llJfl1'.il~l~tl~l'Y~,h'W 1'1..:J.y;..:JHll'W~rul11Jii 

50-60°C 'WlltJl'Vll'WulJYilllr~!~~tJllH'tI'Wlf! 5.5 x 10.5 !C}f'W&1!1l~'.i l1rl..:J1l1m1'W'W1111 (comb) ~tJ~lV~l'Wl1rl..:J 
I I}I 11 I 

l-Wtl'ti1~tl..:J~ll1i''lJ!&1mn'.i~~~ltJ DNA Yi~tl..:Jf11'j1!ml~li' I'1..:JVl..:Jl1'j11 30 'W1Yi l1~tlll'W agarose !t~..:J1'11!~llYi 
v <'l '" "':: lIJ.1 1 ~ '" i 1v1t~1f!..:J111tltlfl1l1fl geI11~..:J1l1fl'W'WtJflmf! ~lJ11..:J 'W electrophoresis chamber C}f..:J1l TBE buffer tl~I f!tJ 11 

tJ~1l1ru buffer v111l gel tJ'j~lllru 0.5-1 !C}f'W&1!1l~'j l'W'tIru~ electrophoresis !~tl..:J'illfl DNA ijl1~vJtlmvJ~~.:Jij 
", ,tI iI 

tJ'j~'il~'lJ ~..:J-U'W DNA djtlmii'Wff'W 11l1vJvh~..:Jlfliltl'W1tJ'Vll.:J'I1'1'lJ1fl~1tJfl~'jllt~fl~1.:Jtl'Wmll'W1l1-Uflillmfl~. ... . 
'tItl..:J DNA 

''W~'W~tl'Wf11'j~'j11lfftl'lJ~il~H~ PCR if!Vf11'j'Wwl1mh.:Jffl'j~~mv DNA Hfflltl'lJ loading dye~.:J 
tJ'j~fltl'lJ~1tJ bromophenol blue U~~ xylene cyanoll'Wfl~nri1'Wffl'.i~~rlltJ DNA 6-7 ff1'W~tlloading dye 1-2 

ff1'W U~111tJ~~.:JltJl'Wmllll'W gel ~!~~tJllH i~tJli' DNA marker 1l1m~1'W~Ll1m~ffll!11'WI'1Tj'~'tI'Wl~ ~.:Ji'W 
'" .J''l v l· 1v I "'VJ <I '"'" .!Il d'Vl'W 'If 50 base pair ladder 'W'tIru~'Vll electrophoresis 'lffl111l~1.:Jf1fltJ IvJ-nl 50 i1~~!1I'Wnm 30-40 'Wl'Vl 

)I Iii, 

l1rl..:J'illfltJ'W'Wl gel Yil~'tJ~tlll~1V ethidium bromide fll11l!.u'1l'Ir'W 1 ~g/mll'Wff1'j~~mtJ TBE buffer Vl.:JHYi 

"''' ~ ",v v." .!t lV.
~rul11Jlll1tl..:J!lJ'Wnm 20 'Wl'Vl ~1..:J gel f!ltJ'Wlff~tl1f! ~'.i1'il~ltfl'lJ DNA 'illflf11'j!'jtl.:JUff.:Jfl1tJ ~ml!ff.:J 

,
jJ QJ 

" 
1 .I:!:I, QJ ~ .:::Ill] 'j)

ultraviolet 'Yfj'tlllmmtJflWH'YW'lJ'W'Vlfl~o'Vl If! 

f11'j'Vl~bH)'lJfl111l11't1tl.:J primers 
I iI I IV 

!Utl.:J 'illflI'11tl~1.:J DNA 'tImt9ftlmm!~ tJ'lfiJf!~l.:J "l 1~1l1flI'11tl~HViijfll11l11'W lltll'Wu~~tJ~mrul9ftl 

" I I j/ II .... I":::' lIJ 0 ~ ~ 'j).::::. do ~ Q.I Q,I 1 ~ d~ ~ 1"e.", 
lJ';i~lll'Wfl1111 t1't1tJ.:J primers 1l1fl'ill'Wl'W!'lftJ'Vl!l'VlllHllfll11lflmf!!fI~m.J ~.:J'W'W 'Wf11HTfl~l'W'il.:Jlrltlfl 'lf11if11'.i 

If!rllfl111l!.u'1l.u''W'tItJ.:jtJ~mru DNA 1l1flH~~il~ PCR ~l~'illfl primers ~tltJml'lJ'lJl~tl~!~tJ'illfl~lltl111.:j 
"'1 "1 'j) cv & ~ .::1l1) 'j)~ \r) cv ,0 0 0

primers'Vl 'If 'Wf11'.i'Vll PCR ';itl'lJU:iflmm'WtJolV 5' u~~ 3' ~11l~1~'lJ C}f.:J~~~~~ PCR 'Vl ~f!'W1l~'WlltJ1~111m 
'j) ~ I .c:"I 'jJ ~ ~ '"0 0

OD ~';itJllmm'U1'W111fl1 MW 'Utl.:jffltJ DNA 'Vl ~f!!'Wtl.:j1l1fl'Vl'jl'lJtl..:JfltJ'j~fltJ'lJ'tItl.:j!'lJffU~~fl111lV11 'Vllll1 

" 'Vl'jl'lJ~1'W1'W copy 'tItl.:jffltJ DNA 1'W1!~~~1'11tl~1.:j~tltJ~1l1~'j 1 ~l 'illfltJ'Wvil serial dilution 'tItJ.:j1'11tl~NPCR 
" ,

Uo~Vil9fl dilution o~ 3 reactions l~tJVil serial dilution YitJi''lJ1r1'iHl'W1'U copy 'tItl.:j DNA 1'Wu~o~1'11tl~N 

!~tlt'vhtl'lJ 10000,1000,100, 10,5, 3, IIt~::: 0 copy ~tl 1 ~11~tl1i'111'W template DNA ~ll1i''lJf11Hil PCR 

" r:Yll1i''lJtJ.:jfi'tJ';i:::fltJ'lJ'tItJ.:jffl';i~l.:j "l1t~~fffl11~'tItJ.:j PCR ij~.:j-U 1'WtJ~1l1ru~'Vln'tl~Nffl'jo~mv PCR 

20 ~l tJ'j~fltl'lJ~1tJ DNA 'tItl.:jmm!~tJ 5 11l1mil~';i forward primer (PCBF) u~::: reverse primer (PCBR) tl~N 

~::: 0.2 ~M ~1l1i''lJ nucleotide substrate (dA TP, dCTP, dCTP u~::: dGTP) tl~l.:j~::: 2.5 mM 1~ 10xPCR 

reaction buffer 2 ~l Jlfl~'W 11.04 ~llm~ij Taq polymerase 0.25 unit 111'W1'111~.:jtJBf)~Vl 'Wl PCR reaction 

mixture l.,rltfl~tl.:J PCR ~..:JtJ'j:::fltl'lJ~ltJ~'Wlhlr1' DNA IWflffltJ (DNA denaturation) nmd~f)~vl PCR ~ 
" ,

~rul11Jii 94°C 111'Wnm 1 'WlYi ~ll1i''lJtJ~f)~tJ1 PCR tJ'.i:::fltl'lJltJ~lv;r'W DNA UtJflffltJYi~rul11Jii 94°C 111'W11 
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I 

~ , 


m 40 1'UlVi ;J'Wl'ltJ'Wvhl,r primer ,JiJniJ DNA template (primer-template annealing) Vi'fJUA'I1lJlJ 50°C !~'Wnm 
" I I iI 

30 1'UlVi ;J'Wl'ltJ'WVi DNA V~fflfJ (primer extension) Vi'fJUA'I1lJlJ noc !~'Wnm 30 1'UlVi l~fJu~fi~fJ1~'l'l1lJ~ 
~ ~ , 

l'llcihn'WlI'Wfl'JiJ 40 'jtJiJ !r"~;J'Wf)1'jff~l'lfflfJ DNAVifflJiJ'jru l'*tJUA'I1J1lJ noc !~'W l'H'1l 5 'UlVi 
~ ~. 

f)1'j'Vl~ fftJiJfI'11lJ ~l !'V'll~'lJtJ'l primers 

111f)1'j!~tJ1l1'lH{lH~1'l PCR 1l1f)U~mfJl'jtJiJ!!'jf)~'1fJffl'j{l~mfJ TE buffer (10 mM Tris-HCl, pH 8.0 

U{l~ EDTA, pH 8.0) !~tJ',*!~'W template DNA ~l'l1i'iJU~mfJl PCR ''W'jtJiJ~ 2 ~'l1,* primers ~ii 
~ ~ 

mllJ~1IVn~niJl95tJlJlm!~fJ''W!!~{l~GlfW~ fJf)I'1'1mh'lf)1'j 'Vl~fftJiJl'lf'W f)1'j 1'* specific primer ~l'l1i'iJ!95tJ 
, ~ 

Plasmodium vivax 1'Wf)1'j111U~fi~fJ1 PCR H{liJ'1f)'UtJ'l PCR ~'lf)ril'1ll~If)~llitJl,* template DNA 'UtJ'l!95tJ 
~ , , 

Plasmodium vivax l'VlTW'W !!~'l,rH{l{liJniJ Plasmodium 9fU~fl'W "ll~fJlhjiiU~f)~fJl.fi'llJf)rilJ 'l'WmruVi'WiJilii 
~ \ ~ , . 

U~f)~ fJl.fi'llJf)~lJ!f)~~'W 1l~~ llU'W f)1'j'Vl~ fftJiJ9h 1 ~fJf)1'j ui'iJ!U~ fJU 'fJUA '11 lJlJ 'I11tJf)UtJ tJm! iJiJ primer '1 'I1Jj 

~l'l1i'iJtJ~fi'u'j~f)tJiJ'UtJ~ffl'j~l~ "l U{l~fffl1'1~'UtJ~ PCR ii~~ij 
~ 

'l'WU~1J1UAff'Vl1j'UtJ~ffl'j{l~{llfJ PCR• 
10 f.lllJ'j~f)tJiJ~'1fJ_I ~ DNA 'Vl!lltJ1l1~ 'Wff1'j{l~mfJ TE buffer 2 f.ll ff'1U, forward primer U{l~ reverse primer C1f~ 

~I' I 

"''''' .J 

!lJ'W species-specific primers tJfJl~{l~ 0.2 f.lM, nucleotide substrate (dATP, dCTP, dCTP U{l~ dGTP) tJfJ1~{l::; 
~ , 

2.5 mM, 10xPCR reaction buffer I f.ll, Ulf)~'W 6.02 f.ll !!{l~ii Taq polymerase 0.25 unit 1~'WI'1'1d~u~mfJl Ul 

j/ ~ .:k j/ ~ d 0 i j/ I.:=::t.~.d
PCR reaction mixture l'Ul!fl'JtJ~ PCR C1f~U'j::;f)tJiJ~'1fJ'U'Wl'ltJ'W'Vl'Vll '11 DNA UfJf){l'lfJf)tJ'WUt)mfJ1 PCR 'Vl 

~ , 

'fJUA'I1lJlJ 94°C !~'Wnm I 'W1Vi ~l'l1i'iJU~f)~fJl PCR u'j~f)tJiJ1U~'1fJ;J'W DNA !Wf)ff1fJVi'fJUA'I1lJlJ 94°C 1~'Wn 
" I 'jI I 

m 40 1'UlVi ;J'Ul'ltJ'U111',r primer ,JiJniJ DNA template Vi'fJUA'I1lJlJ 50°C 1~'U!'1m 30 1'W1Vi ;J'Wl'ltJ'UVi DNA 
I j.I jI )I 

(j~fflfJVi'fJUA'I1lJlJ noc !~'Wnm 30 1'W1Vi 1~fJU~f)~fJ1~~'I1lJ~111GJfln'W1l'Wfl'JiJ 25 'jtJiJ !!{l::;;J'Wf)1'jff~l~ff1fJ 

DNA~mJiJ'jru i'*tJUA'I1J1lJ noc !~'W nm 5 'W1Vi 
~ ~. 

, ~ ~ 

i'Wf)1'j'Vl~fftJiJU'j~iY'Vl1jfl1'W'UtJ~ PCR !!{l~ primers Vivr~Ul~'Wijll~111f)1'jIU~fJiJ!VifJiJniJ PCR U{l~ 
'" ~"''''II]~''' , ~e! ~ .J'l~ _!.i '" primers 'VlflUA~~'1llfJ ~~!f1fJ'V'l~'WllJlf)tJ'W'I1'Ul'U!!{l'1 C1f~ 9f DNA IlJl'l11J1fJfltJ SSU rRNA (Putapomtip et aI, 

2009; Jongwutiwes et aI, 20 II) 1m::; mitochondrial cytochrome b (Putapomtip et aI, 2011) 
.. ifQ.I QQ.q ~ 0 

3.4 m'J'W~'lnJ1im'J!VI'nJlJ DNA 'Ulf)HU)V1 'l-AHIll1 H~~ tnnJ~ 
~I .1~fJ111f)1'jffn~ DNA l~fJ'l,*9f~ffn~ DNA ~1!~1l'jU1l1f)I'1'1mh~liltJ~ l'1'1mh~UlmfJU{l~i1ffff1'1~

~ 

.d ~ d. I .di 0 .o:::!I t=t4 'l j) j/ 3J '1 'l 'j) , d. o.c:t.
l~fJl'l'j'l 'Vl!r1{ltJtJf)ff'1'W'I1'W~ll~'Vllf)nUfJf)m~'W'1f1{ltJf) '\1!'UlJ'U'W !~v 9f magnetic beads f)tJ'W'Vlll~m!'W'Wf)1'j 

II'l~fJlJ DNA 1~fJ'l,*9f~ffn~~1!~1l'jU~tJ1U. ~ 

f)1'jffn~ DNA l~fJ(H'l1~ffn~ 
~ , 

ull'1'1mh~!iltJ~ UlmfJ'I11tJi1ffffl'1~U~1J1\9n 20 U{l~ 200 f.ll Vil~1J1111f)1'jffn~ DNA l~fJi,* 
e:kd.~ nJ.1 


QIAamp DNA mini kit C1f~lJ'U'Wl'ltJ'W~~'U 


(1) lhUI'l proteinase K 20 fll {l~'l'W'I1{ltJ~ microcentrifuge 'U'Ul~ 1.5 ml 
~ 

(2) t1IUI'lI'1'1tJcil~liltJ~ UlmtJ'\11tJi1ffffl'1~U~1J11'l'j 200 fll HfflJiMI.fi'ln'W UllU spin down 

(3) l~lJUvJlvJtJ{ AL {l~1U 200 fll HfflJiMI.fi'ln'W l~fJi,* vortex 1~'Wnm 151'UlVi UliU spin down 
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" 
 , , 
(4) U1ri'Jl,JNfflJl'1~'I1lJ~ ilJlH'Itl~ 11J incubate -ntlW'I1 flil 56°e l~lJ!1m 30 lJ1-n l~tl 1l1\9l1tlV1~tlf1VmJ. " " 

I . ­

mmfflJ'lJ';iW
" 

" 
(5) ml~1l1mrlJU11iJ spin down U~11~lJ ethanol 200 III NfflJ'll1I'li'lfllJ l~tJ'l,* vortex 1~'\,J!1"1 15 

1'Wl-n U~1U11iJ spin down 
'" I I I 

(6) ~~ri1'UNfflJl'1~'I1lJ~'lri,,~1iJ1lJ QIAamp spin column -ntl~1lJ collection tube u~1u1liJi1lJ-n 
d l.c::l ,;:'1 .c:S .d ~ j.I

fl11lJl';i18,000 ';itl'lJ~tllJ1'VIlu'U11"1 1 'U1'VI 'VItlW'I1fllJ'I1tl~. " 
(7) U1 QIAamp spin column 1iJ'lri'l'U collection tube 'l'l1lJ~ff:::m~ 

(8) l~mJyJ!'vJfl{ AWl 500 III U~1U11iJ~'U~fl11lJl~18,000 ';ifl'lJ~tl'Wl-n 1~'U!1"11 'Wl-n ~ 
<=>91 

~W'I11JlJ'I1fl~ 

(9) U1 QIAamp spin column 1iJ'lri'l-u collection tube 'l'l1lj~ff:::m~ 

(10) 1~1I AW2 500 III U~1U1IiJ~'U~fl11lJl~114,000 ';itl'lJ~mJl-n 1~'\,.H1"13 '\,Jl-n ~'QW'I11JiJl1fl~ 

(11) U1 QIAamp spin column liJ'lri'l-u collection tube 1'11lj~ff:::m~ 

(12) u11iJ~'U~fl'J1lJl~114,000 ';ifl'lJ~fl'Wl-n !~'U!1m 1 'U1-n ~flW'I1flill1fl~ !~flfh~~1JyJ!yJfl{ri1'U~. " 
"I 191

!'11 " fl fl fl f1 '11 'I1lJ ~ 

(13) U1 QIAamp spin column 1iJ'lri1'U'I1"fl~'U'Ul~ 1.5 ml ~ff:::m~ 
"" ,

(14) l~lJ1JyJlyJtl{ AE ,,~1iJ 50 III \9l~.y;~H-n'QW'I11Jill1fl~ 1 'Wl-n 

(15) ul1iJ~'U~fl'JllJl~1 8,000 ';ifl'lJ~tl'Wl-n 1~'Ul1m 1 'U111 ~flW'I1flill1m. " 
oj dll]91l1]91d <=> ,.j'l9l?1 'l 0

(16) ~~!f1'lJff1';i":::mtJ DNA 'VI !~ !1'Yl'QW'I11JlJ -20De l'Vlfl "!flu'U DNA template 'Uf1l';i'VI1 PCR 

f1l';ifffl~ DNA l~tJ'l,* magnetic beads 

" tJW11tlV1~ltitl~ UlmtJ'I1~fli1LYffl1:::iJ~m~';i 200 III m111m';ifffl~ DNA l~tl'l,* MagMAX™ DNA 
.J.c::l~ QJJ'

MUlti-Sample kit CJl'~lJ'U'U~tl'U~~'U 
, " , 

(1) 11l~lfl~fl~ incubator U":::\9l~-n'Qw'I11Jil 56D C 

(2) 1I1iJ~ proteinase K 16 III U"::: PK digestion buffer 184 III ,,~'l'U'I1"tl~ microcentrifuge 'U'Wl~ 2 ml 

" " " (3) 1IIiJ~\9l1tlV1~ltitl~ U1mtJ'I1~fli1ffff11:::iJ~lJ1~';i 200 III NfflJ1l1I'1i'lfl'U~1tJf1l';i1lIiJ~~'U,,~ 5-7 flf~ 
" , 

(4) ulri1'UNfflJl'1~'I1lJ~llJ'I1"tl~1iJ incubate -n~W'I11Jil 65°e 1~'Ul1m 20 'Ul-n 

" (5) mr~1l1mr'UU1liJ spin down U~11~lJ lysis buffer 600 III NfflJ'll1I'1i'lfl'U l~tJ'l,* vortex 1~'Ul1m 15 

1'Wl-n U~1tJ I'll "tl~\9l1tlVl~1iJ'l ri'lJ'Ulflffl~ I'll Vl I~'U11m 3 'Wl-n 

(6) l~lJ DNA binding bead 40 III U~1U11iJl'UV1~fl!~'Ul1m 3 'Wl-n 

(7) U1'l1"tl~\9l'JflVNfltlf11l1mflftl~I'UV1U~11~lJ 100 % isopropanol 800 III NfflJ'll1I'1i'lfl'U 1~tJ1,* 

vortex U~1U1liJl'UV1~fl!~'Ul1m 3 'Wl-n 

(8) Ul'11"fl~\9l1tlV1nl~'lJ'U magnetic stand 1~'Ul1m 5 'U1-n 'I1~tl'U1'U1l'Uf1';j:::~~ffl';i":::mtJ1ff!1"~ 
" 

magnetic bead ~f1~:::f1tl'Ul'1~'I1lJ~ 
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" " . 
(9) ~1Iff1'WLYl'Hl::;(11tI'Vl'1i'1-l'l1111l' 'W 'UW::;VhH'W1I1'l';H.Hh:rnuJtJ magnetic stand ~1Vfl11m::;lJ1I'l'::1-l 

(10) ~1-l1'l1mh-l~1t1 wash solution 1 tJ~1l1\91'l' 300 III 

" " 
(11) 111CJ11'1i'U 10 LYU-lfli'-l 111t1'~ wash solution 2 tJ~1J1\Pn 300 III 

(12) tJriUtlI'l1UV1-l1,ru,r-l~~ru'l1tJiJ,rU-l111t111-lm'W1I1'l1UV1-lH1JtJ magnetic stand l~tJ11m 3 1.J1Vi 

(13) I~ll elution buffer 1 tJ~1J1IPl'l' 100 III Ul'l1(1U1IltJH1'WlfI~U-lI'UV1~~W'I1tJiJ 70°C 1~'Wnm 5 
d 

1.Jl'Yl 

(14) Ul'11(1U1I1'l1UV1-lUeJmJ1fl!fI~eJ-lI'UV1!l~1!~1l elution buffer 2 'LI~1J1IPl'l' 100 III 

(15) vortex 'I1(1eJ1I1'l1eJVNI~'W!Ti'l1 20 imVi U~111-l'\1(1eJ1I1'l1eJVNHu'W magnetic stand 1~1.Jnm 5 
. " 

.d "I "" '" 
m'Yl'l1'l'eJmtJ~'Wm::;'Yl-lffl'l'(1::;mtl LYlm::; magnetic bead IPlfll91::;fleJtJ'Yl-l'l1111l 

c:I d IIJ" , gJ IIJ gJd '" .,; 1"?1(16) 1I1IIflULY1'l'(1::;mv DNA 'Yl11l(1-l tJ'I1(1eJ1Iff::;eJ111U(11 l1'YleJW'I1flll -20°C l'V'IeJ 'lHlJtJ DNA 
~ ~. 

template i'Wfl1'l'l1l PCR ~eJi'LI 
~ ~ 

~ .c:t 'l Qq Q.I' 4 0 if
3.5 fl1'g)'1'il'Yil1'lH)~Hm'nJ lYltJ11i peR 'illflg)1£1tJHlll£lYl 'UlllltJ 1m::; ~~n::; 

I tJ '" I 

Ul DNA ViIIPl~tllll~\11fl'll'WlPleJ'W'Ii'1-llPi'tJ'UeJ-l11-l 2 ~1Ifll'l'fffl1l DNA 1J1111 PCR \Pl111Viflri11HitJ 

':h'li'eJfll'l''Yl'flLYeJUfl111111'UeJ-l primer 111fll'l'IPl'l'1\1ffeJUUfJU DNA 111t1 agarose gel electrophoresis 111mlPl~tlll . " . 
.dd 'JI 'JI " 1 1" i . '" '" ... .agarose 'Ylllfl1111I'Ull'UtJ'l'eJV(1:: 2 1ItI 'If agarose 2 g (1::;(11tl tJ TBE buffer 100 ml LYl'11'l'U'U'WIPlVtJeJ'W '1 'Yll 

l'lftJ1~tl1flU11iIIPl~tlll 2 % agarose gel ~~flri11,j'1~1Pi''W l'11fll'l'ftflflllmtiUlVitlUflU PCR ~1~V1.J SSU rRNA 

!~1.J DNA lih'l11J1t1111t11~ primer \11fl~flW::;~i,rtll~l'11fll'l'ftfl'l:l11J1r1m.J'I1U1if l~mtJ~tlU1VitluYm~1~nUfl1'l' 
" 1~'W11.J mitochondria 1~'W DNA !fj1'l11J1t111-l1tJ~1'Wmlll'1lt(1::;fl1111~11'V'l1::; 

3.6 fl1i11i'l11::;-Hl'LI!l'lJ'lJ'lJ£I'i61l~1l'lJ£I-l PjMSP2 

l~lltJ~1J1W'UeJ~ DNA 111t1i1i PCR -ff1'l1i'UVU Plasmodiumfalciparum merozoite surface protein 2 
. . " 

(PjMsp2) l11v1,* primers ViVVfl!lU1Jt'WeJfl1111~11'Vi1::;~V~UUUU'UV~U(1~(l 2 'lfU1I fiv 3D7 1m::; FC27 'UfNl;';V 

• ~ 'l 1". '" gJ diPlasmodiumfalciparum 1'Vl1tJ'W ~1ItI 'lfm1lUlmYlPltJUUU\11fl accession number M73810 U(l::; Y12479 C]$~ 

d IIJ 'JI"I
outer primer 'VleJVflUUU 11lfleJ FMSP2F; 5'-GCTTATAATATGAGTATAAGG-3' 1m::; FMSP2RO; 5'­

di i" '" d. .1.1l.dTGAITATTTCT AGAACCATGC· 3' C]$~\l::; m'l(lr'l(l1Pl PCR 'Yl\lll'Vil::;IPlVtltJ PjMsp2 'UtJ11llJ'l'::1J1WlJ'l'::;1l1ru 

, ct ~ .d 111 'jJ 11) ~ jl4!:.I 0 I ~ ~.c:r. .c:i 

560-530 bp ff1'W inner primer 11 2 ~11 C]$~~1I'Vl 1 11l\jfleJeJfl!lUU 11 l'I111fl1111 \1 11'Vi 1::; IPl VV (l (1(1 'lftJ 11 3D711 

rl(lH~1Pl PCR 'U'Wl11tJ'l'::;1J1W 477 bp l~urI primer 3D7F; 5'-GAAAGTAATCCTCCTACTGGT-3' U(1::; 3D7R; 

5'-TGGTGCAGATTGTAATTCGG-3' ff1tJ primer ~11~ 2 ~fl1111~11'Vil::;~VU(1~(1'1fU1I FC271MH(1H~1Pl PCR 

'U'Wl11U'l'::;1J1W 450 bp i~11fi primer FC27F; 5'-GGCAAATGAAGGTTCTAATAC-3' 11(1::; FC27R; 5'­

CACTGGTGCAGCAGGATTTTC-3' ~lUll'lJ~'UeJ~ primer mY1I~lj'~~m'V'l~ 1 
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• • • • 
Conserved 

3D7 family 

FC27 family 

C(lnsc r\'~d I 
•• 

Dimorphil: ~ !onSCrVCd 

FMSP2F~ FC27Rt FMSP2R 

q 

I 1 v '" .fll'Yft11 m"~.:J flH""11~'tH)~tI'W merozoite surface protein 2 'U'tl~ Plasmodiumfalciparum U~~ 
o I dOl vOl 0 .k 0 ~I 
\9l1Ul1'W.:J'U'tl~ primers 'VI!'lf !'Wf111'Vl1 PCR C)f.:J~lu'Wm1J'W 307 !!~~ FC27 families (Felger et aI, 2003) 

" " ,
~'W\9l'tl'Wf)l1.yh PCR lh~f)tl'U~-;ltI~'W!I'jf) (primary PCR) 'Yllf)1:i1~:lJ1J1lJltlA DNA 'U'tl.:JV'W PjMsp2 

" " 1~tl1~'l!~ primers FMSP2F/FMSP2R l~tlii~'W\9ltl'W~~U 
, " 

'Wl DNA Yil,r~~\9l':irH) r;hlrl'Wl<jftl Plasmodiumfalciparum lJll1J'W DNA ~'Wll'U'U (DNA template) 
, " 

'tl.:Jfi''th~f)'tl1JYi1~1'Wf11':iln~ufin~tI1 PCR r1~l1lJ~1lJU~lJ1\9l':ib!'VIn 20 ~l U':i~f)'tl'U~rJtl 

DNA template 3.0 ~l 

forward primer 0.2 ~M 

reverse pnmer 0.2 ~tM 

lOX ExTaq Buffer 2.0 ~l 

I 

dNTP mixture 'tltll.:J~~ 2.5 mM 


sterile distilled water 13.4 ~l 


TaKaRaRTaq DNA polymerase 0.25 unitJ~1 


o Y ~ 4 1 ..."" .kIV 

'Wl PCR reaction mixture l'Ullm'tl.:Jfll1JfJlJ~tlA'I1fJlJll~~l1m'tl\91 'WlJ\9l (PCR thermal cycler) C)f~ 

" " U':i~f)'tl1J~lt1~'W\9l'tl'W~.:JU 
" ,

1'W~'W\9l'tl'Wll)f)~'tl~l'11f11':illtlf)""lti DNA (DNA denaturation) n'tl'WYi'tltlA'I1fllJ 94°C 11J'W!1~1 I'WlYi. '" 

v ~ .1 """""" .k .1 v


1l~11':ilJ1JDf)nl1 PCR C)f~1J':i~f)'tl1J~1t1 

1. m)ILtlf)""lti DNA ~'tltlAl1fllJ 94°C 11J'W!1m 40 1'W1Yi. '" 
2. ~'W\9l'tl'W~ primer ~1Jn1J template DNA (primer-template annealing) ~~tlAl1iJlJ 55°C 11J'Wl1m 30 

jJ ~ d 4a~1 d 
3. f11':i""':iN""lti DNA ~1f) DNA \9l'W1l1J1J (primer extension) 'VI~tlA'I1fJlJ n C 11JlJl1m 1 'Wl'VI 

"" " l~tlUiln~tI1r1~l1lJ~'YllcMln'W'il'Wm'U 40 ':i'tl'U 1l~~~'W\9l'tl'Wm':i""~l.:J""lti DNA ""lJ\!':iW'l1~.:J':i'tl1Jb!~.yhtl 

H'tltlA'I1fllJ nOc 1~'W11~1 5 'WlYi. '" 
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SI " , I I 

'Il'U~fl'Ufll'llh PCR 'Il'UVifffl~ (nested PCR) 'Vhfll'll'YhJl1~lllf.l.l DNA 'tlfl~fl"~,,Vi~lL'Vi1:::~fl'lnJ~ 3D7 

'l v '" II) V II) V'll 'II 1 "_I _I"'"''''''Iu,,::: FC27 1'fIV L'l1'lt~ primers 2 'lt~ ~~ l'flfH'lll n'lJ1-:)~'U 'fItJfl\lfllJ'l::flflU'lJfl\llJtjfl'HJl PCR U,,::: PCR cycle 

, " " 
Lrdjfl'UtlUVifl~11Hl'U'Il'U~fl'Ufll'l'l'11 primary PCR tJm1'U~1'U1'U'lflU'il::"'fI'I'm~miifl 30 'lflU 'il1fllJ'UtJ1 

~ dlfJ ~11) Gt " d d ~ .q Q,lq Q,f , lfJ 9J jI jI 

~mvm~ PCR 'Vll~ ll1~'l1'ill'f1tJ L'l12% agarose gel electrophoresis 9f\llJ'lJ'U~fl'Uf)1'll1tju~'fI~fl"11 n'lJ1\l~'U 

f)1'l'Vl'flfffl'Ufll1lJ~11'Vi1:::'lJfl\l primer (Primer specificity) 
" , 

Yllfll)rl'fl1iiflfl911flV1\l DNA 'lJfl\l Ltlffl Plasmodium Jalciparum Vi'Vl'l 1UtiWl'UlU ff'il1flf)1'lffmnnfl'U 

r1lhd'(Putapomtip ct aI , 2008) ~l'Ul'U 10 9l1flV1\l ~\lL~'U911fltll\l~ii~l1UUUfl"~"UUU 3D7 ~1'U1'U 5 9l1fJV1\l 

'1~un TSY26, TSY1187, TSY1236, TSY1742 11"::: TSY1748 11,,::al11UUfl"~"11UU FC27 flfl 5 9l1flV1\l.., 
" ,

'1~11n TSY12, TSY304, TSY577, TSY673 11"::: TSY1748 9l1fJV1\lm~lih~'U911fJtl1\lViii'l1111UUfl"~(1'lJfJ\l.., 
" " PjMsp2 l'wtJ\l~l1UUU1~tJd~\llJ'U~\lff1lJ1'lfll~ DNA 'lJfl\l911fJV1\lm ~lU1~'U template ffl'l-d'umlfffJU 

fll1lJ~11'Vil:::'lJfl\l primer ~fJflflUUU '1~ 

f)1'l'Vl~ffflUfll1lJ '11'lJfN primer (Primer sensitivity) 
,. " 

'I'11fll'l'Vl~ fffJUfll1lJ '11'lJfl-:) primer U~ (1::~l~fJ1'11'111 primer Viiifll1lJ '1 1~'fI1VitJlJ tl'U ~\llJ'U ~-:)'I'11fll'l 

1~lJl1~lJ1f.l.l DNA 'lJfJ-:)V'U PjMsp2 ~iifll1lJtJ1l11'l:::lJltu 770 bp l'f1tJl~ primer FMSP2FO (5'­

AAAGAATTGTATTT ATTAATTCTTAAC-3 ') 11"::: FMSP2RO (5 ' - CTCTTCATTTTAAAACATTGAC-3') 
". ,
'" 0 "" d II) '1111) _ I '" _ I"" 'II 'II 'II "I 

'illfl'U'U'U1t-l(1~"m~ PCR 'Vll'flllJ1~lJ'jlJ1tufl11lJ1'lJlJ'lJ'U'lJfJ\l DNA 'fIlmmfJ\l Nanodrop-spectrophotometer u,,:: 

... 'II 'II 'II e!i 0 II) _ I 0 ... '1 '1111) 'II 0 d 
llJfl'Vl'llUfld1lJl'lJlJ'lJ'U'lJfl\l DNA template Um'il\l'U1llJ'Vl1 dilution l'VifJ ml'fl'il1'Ul'U copy 'lJfJ\ltJ'U PjMsp2 

o 8 7 6 5 4 3 2 <V 
" 0 d, 0 11)_10

'il1'U1'U 10,10, 10,10 , 10, 10 , 10 , 101m::: 1 copy 'il1fl'U'U'U1 template 'Vl'Vl'llU'il1'Ul'U copy llJ'Vll PCR 
I I 

utJm1~"::~'lJfl\l primer 

~ t! _I v .c:I.c:t G).Q
3.7 fll".i'J1fl'l1::'I1llJU'U'U'UMtHHl'i\'Uf>-!lrJ'W PvMspl L'W'U".ildW block 6 

'1'11 PCR l'YlfJ1~lJl1~lllf.l.l DNA 'lJfJ\lV'U Plasmodium vivax merozoite surface protein 1 (PvMspJ) l~w 

1~ primers ~fJfJflu'U'l/111'Ylfl~'l1'ilfffJU~l1uu'U'lJfJ~fl'1~(1~'Viu1111'U'U~l1tu variable block 6 'lJfl\lV'U PvMspl 

.,k '" ~I 11)_111) 'II ~ _I "I
9f\llJfl11lJLlJ'U LlJ l'flmr1lJ~ 5 ~lJ11UUflfJ Sal-lISal-l, Belem/Belem, Sal-llBelem subtype a, Sal-llBelem 

" " subtype b 11(1:: BelemlSal-l ~\lUi'U11~'1::11UU'il:::iifll1lJU~fl~1\l'lJfJ-:)~1'Ul'U codon 'I'11,,r~l1UUU'lJfl~ti"~(1ii 
.1 'I 'II ~ ?t d ... 'I 'lid 0 I '" 1

lllfl'lJ'U l'fltJ 1'l1 primer 'Vl\l'l1lJ~ 3 'It'fl 'lt~mm1J'U primer 'VlfJfJflU'UU1'VW L'I1lJfll1lJ'il11'Vi1:::~fJtJ'U PvMspl 'fItJ 
'II _ I "I ,

forward primer fJflflU'UUlJl'il1fl'fll'UlJ'llV conserve block 5 flfl pnmer B5F; 5'­

GGTCCTCAAAAGGGAAATTGACA-3' U'1::: reverse primer ~flfJflUUUlJl'illfl111'U11'lltJ 5' 'lJfl-:) conserve 

block 7 flfl primer B7R; 5'-GCTTGTGACAT GCGTAAGCGGA-3' primary PCR tJnflflU111tJ PCR profile 
" I !I I 

40 'lfJ'U 'lJf)\l (1) 'Il'U~f)'Ufl1'lUtJflff1tJ DNA ViC,ltur1f.]lJ 94 
0 

C l~'Unm 30 l'U1Vi (2) 'Il'U~fJ'UVi primer UUtlU 

template DNA ~C,ltur1f.]lJ 62 
0 

C 1~'U11'll 30 ltJ1Vi (3) fl1'lff~l-:)ffltJ DNA 'illfl DNA 191''WUUU ~~W'l1QlJ 72 0 C 

l~'Ul1m 1 'U1Vi 11'1:::~lmf'U~fl'Ufl1'lff~l\lffltJ DNA ~fflJ\!'lru ~~W'I1QlJ 72 0 C 1~W1m 5 'UlVi l~ltJii 
. " 

fl~fi'tJ'l:::flfJuVii~i'Ufl1'llfi~l1~mV1 PCR ~-:)'I1lJ'fIl'UtJ~lJl~'l"l'Vl~ 20 III tJ'l::flflU111V DNA 'lJfl\l Plasmodium 

vivax ~1'U1'U 3 III 200 11M 'lJf)\l dNTP 1L~'1:::911 2 III 'lJfJ\l lOX Taq buffer 0.25 unit 'lJfl\l Taq DNA 
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I 

I 

I 


~ , 

Polymerase U(l:::: 0.25 jlM '1H)..:jU~(l:::: primer 1.11f1l1\mm.Jij\9l'lH.l..:j primary PCR 1.1::::l-Al'iJ1,*dj'W template !~fl 

f)l'fnl nested PCR 1\9ltl1,* primer 'l1~~ 2 !!(l:::: 3 !~fl!1tJf)t1JU1JiJ'Ufl..:jU(l~mf..:j 4 'lfW~flflf)1.11f)fl'W ~..:jiJ';i::::f)fliJ 
liJ~1t1primer B6F; 5'-CGAAGCAGCGACAGAGGTC-3' !~'W primer ~ijfl11:IJ~1!'Vn::::~flU(l~(l Belem ~1'W 

5' primer S6F; 5'-GCAGATATAGTGGCAAAGGGA-3' !fl'W primer ~ijfl11:IJ~lrvn::::~flU(l~(l Sal-l ~1'W 5' 

primer B6R; 5'-TGCTGGTGTGGCTGATACG-3' !~'W primer ~ijfl11:IJ~1!'Vn::::~flU(l~(l Belem ~1'W 3' U(l:::: 

primer S6R; 5 '-AGGTGTCGATGGTGGG-3' I~'W primer ~ijfl11:IJ~1!'Vn::::~'eH)(l~(l Sal-l ~l'WiJmtl 3' i'W~'W 
I .:V I 

f)l';i'Vll nested PCR !'wfl!ltJm)(l~(lVi..:j 4 tiJUiJiJU'W 1.1::::Vll 1'W PCR Utlflfl'W 4 'l1~ Vi1,* primer !1tJf)tl'W 4 ~~fl 
~ ~ 

B6FIB6R; S6F/S6R; B6F/S6R U(l:::: S6FIB6R 1'fitl1'W'u'W nested PCR -w1,* PCR profile ~1'W1'W 30 'lfliJ U(l::::ij 
~ ~ 

'Il'W\9lfl'WtliJ'eNf1'iJ';i::::f)fliJ'Ufl..:jiJ~fWtll PCR !l1ijfl'WtliJ primary PCR t1m1'W'Il'Wf11';i'ff!1..:j'ffltl DNA 1.11f) DNA 

3J , 3J ~d 0 d ~ c:l ~ 0 ~ dll] 3J1f) Y 
\9l'WUiJiJ 1.1:::: 'lH;jWl'I1J:IJ'VI 72 C 11I'Wl1m 30 1'W1'V1 1.11f)'W'W'W1N(lN(l\9l PCR'VI !'fi !iJ\9l';i11.11'fitl1'lf 2% agarose gel 

.J d~ ... I~GJ"::::'CV' lI]3Jj} 3J 1 iJ dOl

electrophoresis C]f..:j:IJ'U'W\9lfl'Wf11';ilJt]iJ\9l'fi..:jf1m1 !1'Ul..:j\9l'W tflH'ff';il..:j'Ufl..:jtl'W PvMspl !1(I::::\9l1!!l1'W..:j'Ufl..:j primer 

U'ff'fi..:jH1'WmYl~ 2 

1 2 3 4 5 6 7 8 9 10 11 12 13 
a 

6a 6bb 

--+­ .....­
B5F B7R 

--+­ ..-.. ­
B6F B6R 

, S6F S6R 
.et ~ 'jJ d ~ 

.fl1't1f1 2 I!'ff'fi..:j tflH'ff';il..:j'Ufl..:jtl'W Plasmodium vivax merozoite surface protein 1 (PvMspJ) iJ';iI1W 
3J .do I 3J do . 

conserved block U'ffm'fi1t1 block 'ff'U11 'ff1'W variable block U'ff~..:j'fi1t1 block 'ffm (PutapomtIp et ai, 2002) , ~ 

~lU l'IU..:j'U fl..:j block U 'ff'fi..:j 11'V11..:j ~1'W iJ'W 'U fl..:j mYl 1fI'j ..:j'ff!l..:jV'W (b) U 'ff'fi..:jiJ~ I1W 'U fl..:jV'W !fh'H :IJltlVi ';i 1:IJ11..:j 

~ll!l1U..:j'Ufl..:j primer ~1 '*yh PCR fllYlIJf)fl'';i l~fllYllf1H'ff!l..:j'Ufl..:jV'WU 'ff'fi..:jYlfl''Vll..:j'Ufl..:j primers (B5F, B7R, 

B6F, B6R, S6F 11(1:::: S6R) 

f)1';i'VI'fi'fffliJfI11:IJ~1IYll::::'Ufl..:j primer (Primer specificity) 
~ ,~ 

o Q.la ~ 0 c:l r;I OQ.lQ..II 

'VIlf)1';ifl~l(Iflf)\9l1mm DNA 'Ufl..:jl'lffl Plasmodium vivax 1.11'W1'W 42 isolates 'VI'VI';iliJ'Ufll,J(lm'fiiJliJ'ff'VI..:j 
~ ~ ~ 

V'W1.11f1f)1';ifYf1'I:J1nfl'Wl'I.wl-W (Putapomtip et ai, 2002) \9l1flVl..:j DNA Imil-w:lJl1.11f)\9l1flVl..:jl:j1fl Plasmodium 

vivax ~ijtiJ!!iJiJU(l~(l'Ufl..:jV'W PvMsp 1 !'Wtl..:jtiJUiJiJl~t11~..:j'ffl:lJl';ifl' '*11:!'W DNA 'Vl'fi'fffliJfl1111~1IYll::::'Ufl..:j 
d 1IJ3J

primer 'VI eH) f)!! iJ iJ !'fi 
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• • 

tll'j'Vl~{t'VlJfllllJ I-J'UV\I primer (Primer sensitivity) 


111tll'j'Vl~{t'VlJfllllJl1'UV\I primer !!~~~~!~tllMl~ primer ~~fllllJill1~!VitllJn'U !!~~I~tI\l111fl'1i 

y y y 

.ci ~ .::t QI I 4 .qdd ... 1 ... 1 
{t'1lJ1HI!Yn~mtl\l!'l$V Plasmodium vivax !!C'I~tll'j!~'jtllJ DNA 1l1fl~lVtll\1!'l$V1i'j'jlJ'l$1~fllJ DNA 'UV\lfI'U1J~1J'U 

Sol I Sol. I 

tI~ ~\lU'U template DNA Vil1~l,*'Vl~{t'tllJfllllJ'UV\I primer u'U~\ll~tll'j!~lJtHlJ1iU DNA 'UV\lV'U PvMspl Yiij 

fllllJtI111J'j~lJliU 5,500 bp l~tll,* primer PVF (5'-CCTGCATGTGTACATATATACATACACC-3') !!C'I~ 
y , 

PVR (5'-CATATATATGCCACCTGGGGACGTCAC-3') \)lflU'Utllrl~rlii~ PCR Yil~11J1~1J~lJ1iUfllllJ 
'JJ 'JJ 'JJ '" '" 'j) 'JJ 'JJ!'UlJ'UlJ'UV\I DNA ~ltl!mV\I Nanodrop-spectrophotometer !!~~!lJtI'Vl'jl11f111lJ!'UlJ'U'U'UV\I DNA template !!~l 

<!/ 0 111.1 0 • • '" 1 'JJlij 'JJ 0 '" 0 8 7 6 5 4 3 2
l1\l'Ul !1J'Vll dIlutIOn l'VW '11 !~1l1lJ1'U copy 'UV\ltl'\.J PvMspl111'Wl'U 10 , 10 , 10,10, 10,10,10, 10 !!~~ 1 

copy !!~TWl template ~'Vl'jllJ~l'Ul'U copy l1J111 PCR !!Ufl!!~~~~'UV\I primer ~VVfl!!lJlJl1 

4.1 'lh~'tilfl"j~'Jtnh..:.J 
~ v SI I I 

l'U fl1'Jfffnnfl f \ltj 1~111tll'j !filJ 'j llJ 'j llJv11t1til\1!fiv~ tllmm!~~i1{t'{t'l1~1l1fl ~iJ1t1Vii:1I ~YilJ1flJtll'j 
if , " I 

\91 'j l1ltll'j\91 'j 111'111 !~VlJlmi1 uYim,hUfl1lJfllJ hfl~~~tltlli~ tI!!lJ~\ll'U~'U Vi')\I'I11~m fl ')\I'I11~')'U'VllJ~ ')\Ill1~ 
.J y y 

!;tI\IhnJ ')\ll'11~!;tI\I'jlt1 U~~')\I'I"l1~!!1ieiV\I{t'V'U ~l'Ul'U 502 'jlt1 C1f\l1J'j~flVlJ~1t1Yl'iJ1u!Vlft'l$ltl'j1lJl1\1iY'U., 
y " 

346 'jlmm~!l~ft'l1ru\l 156 'jltl ~~ltl'U-5\91'jlbY1'U1Vlft'lfltllJ1flfll1!Vlft'l1ru\l 2.22 nih l1\1tjff~ri1'Wtll'jVllJYl'iJ1tJu u., 
y , 

lVlft'l$1t1lJ1flfll1!Vlft'l1ru\l~fl11lJ{t'tI~fI~V\ln'U l'W!!~~~~'UVi (correlation coefficient = 0.98) Yl'iJ1t1'CY1'U 1mlj~u ., u 

V1~1 'U1tJ111\ll'U l~tJV1~m~m!vtJ~"lmtl'U ~iJ1tJl 'Ul'U\9I ')\I'I11~!!1i eiv\I{t'tI'W~\llJl1l1fl~lhtl~~V1~~\I!!~ 15 U\I 

70 tJ lVlft'lfltl 346 fI'U lVlftl1ru\l 156 fI'U ~V1tJ1ll~U 23.7 tJ !!~~lJlfl~{t'~m~tI 35.6 tJl'U!'U\9I')\Il'l1~!;tI\I'jltJu. . 
I I SI I 

~1JltJVi l~flJ tll'j~lJ l~ tltll'jfffnntjl '\.Jl!~~~ l'U\9I ')\l111~~~ru11 fJiJil\1tllU!ll ~ tllJlflfl1111~V!'¥hnlJ 37.5 °c i~tI 
, ,., I I 

fhm~tlv1\1!!~ 37.5 U\I 37.9 °c 1J'j~'l$1fl'jVifffnnbY1'Ulm1j!tI'U~YilJ1flJtll'j\9l'j111ffnn hfllJ1ml~tll'U!'U\9I 
" 1/ " 

')\I'I11~\9Ilfl~~!tI'Urmm~ 39.44 'UtI\I ~1'U1'Uv11t)fh\ll1\1'11lJ~ ffll1flJ'jlt1~~!fltl~~VlJ~1'\.Jl!~~~~'W.yjYi., 

28.7 37.860 23 

(tl) 

83 

33.4 37.663135 198 

30.1 37.6 48 27 75 

35.6 37.923 7956 

23.7 37.520 6747 

31.18 37.67 502156346 
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.!l AI , ~I" ~ '" 
4.2 fll'lft'l1i)t11IVtltlTI:I11'ltl91fllIf-'Ul1iUJ U:1t1ft 

fll~1U\lijf.J Plasmodiumfalciparum \llm,~'WVlri'lJ iCl'l1~"lSU~l1'W1UCI~'Ul~ ~~l'Ufll~~fllJiY Giemsa 

UCI~nlfllHln\lfl1f.J'9i'flftfl~1C1~nffl1' 1~f.Jff~1fl91~fllIW~'lJfl~~~f.J~1~Ul11'W (ring stage) i~rJ~flljW~1~U'HTU 
d "'....,' "'.... d!'l 1 "'.... d ...m\llJ'IJ'Ul~"'fll1'H) my m\l'Vi'U'lJ~"'fl~U"~'VIlJ~~rJ~1~Ul11'Ul1C11rJ1~ 'U'lJ~UClfl"U"~'~W1fl'U (multiple 

infection of ring stage) ~~rJ~Ul11'U'U1~"lm\l1i 2 imlJ1~'U (double chromatin ring stage) l1~flm\l'Vi'U~~rJ~l~ 
'''' "'.... "i' d' 1 "i' <!l 1 "'... "' ....

Ul11'Ufl~'lf"'lJfl'U'lJ"'Clfl'lU'l~ !"mJ~l'U'lJV~ C)f !91'ViCll~C)flm~ 'UU'U1'~Wlfl'U'lJfl'UllJ~HClfl" (marginal fonn, 

..... 1 ii' Go' ~ QI rlJ
appbque l1~V accole) 'U~tJ1rJ'U1~~1f.Jm\l'Vi'U~~f.J~ gametocyte Clfl~W~f1~lrJ'Vi'i~\l'U'VI~I~f.J1 (crescent fonn) 

d 
(fI1'Vi'VI 3) 

J': Q J Qd t Q 

.fll'W'fI3 !'jffllJ1C111-:if.J'lf'U~ Plasmodiumfalciparum \llflUN'WnCllJ lC1l1~'If'U~'UH -:i~f.J~ gametocyte 

v • 

'lJfl~fll~~'lI.;'1fli1lJn'U~~l1';h~ Plasmodium vivax UCI~ Plasmodiumfalciparum f.Jm~'U1'Um&Vi'Vi'U~~rJ~1~ 
v v 

o QQI Q a d 4!!1 I Go' QI .a 
U'H 1'U \l1'U 1'UlJlflUCl~lJfl91'j1fll'j 91'lI'lffl'IJ fl~llJ""'fl"U~~~~~1lJfl'Ufll'j'Vi'UCIfl~W~'lJfl~l'lffl Plasmodium vivax 

oi"l\lU 
v 

ffll1 1'U"1fl~l~I~V\l1flnri'lJ lct '1191 'lfU"l1 U1'IJ fl~ Plasmodium falciparum 'j~ V~1~Ul11'U m\lfl~1tll~lJ 
<4.d df)l 'j).ell ~pd. Q~1 '" 'H'jmtlClf.J'UutlCl~"'fl'UflV\llflm~'Ul'Ufll'jf.JfllJ~ 'U'U1~flHtl1lJfllHI"I'lfV 'Utl'jlJ1W~~m\l9l'j1\l'Vi'U'j~f.J~ late 

, g/,....l d "pl~ "i '" "" ... '" _I' " ,schizont "~1'UClfl~W~I'lHl Plasmodium vivax 'VI'Vi'U !" !'UVlCllJ Cll191'lf'U"l1'UllJfllJi1J'jl~ lJU'U'Ufl'U 

.4 !)Jd d Q,l • 
!'UV~\llflm~'U1'Ufll'jVV:IJ~ fI1'Vi'VI 5 U~"~fllHI"I'jj"flN~:IJ'j~l111~ Plasmodiumfalciparum UCI~ Plasmodium 
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d ~ 0' i........ , , Q.s .... .I 

vivax ll~'n~'Yn.HI1f11'4{llJ {ll1~'J1U~l1Ul mJ1~ ~f1rl1'l1nH'J1t:1 Plasmodium malariae U{l~Plasmodium ovaJe 

~ ~ 

~nllhj'W'U~lf1vhflJ illi1~fi~'J1ij~l1U1Ull~'J1iJ~'Ul~'Uf11~ffmnU 

d 
Ill'nfl 4 111[J'J1ij~ Plasmodium vivax \l1f111HUVh,lJ11111~'J1iJ~'Ul~ 'J~[J~ growing trophozoite 

,
cI 4:), a, QI .:i.e::.. 

Ill'nfl 5 f11'J~~l')fm'JlJf1U'lJt:I~lJllll!'W')fU~ Plasmodiumfalciparum U{l~ Plasmodium vivax ~1f1 

m,i'U~~lJ illi1~')fij~'\1\J1 (A) growing trophozoite 'lJt:I~ Plasmodium vivax (B) 'J~tI~ late schizont 'lJt:I~ 
Plasmodiumfalciparum UlI~ (C) )"~tI~ ring fonn 

~ .cl j} ~ 0' ill 0 • .: 

f11'J ~ 'J'J ~'\1Wlft:llJl1111 'J tI~ 'Jtlf1l1t:1~ ~ lIll)" 'Jff'W ~1f1 ~tbtJ~lU 'J'U 502 'Jlt1 'Vi'U'Jlt1'llJl'J tl~ '.i 'J~'Vi'Ut'J1t:1 

lJl11111t1i'U 241 ~'Jt:ldNl1~t:lft:ltlll~ 48 Ull~~'Jt:ldl~~hj'Vi'U14t:1 261 ~'Jmh~ l'Uf1~lJ~'Jt:ldN~'W'U!4t:1lJllll11t1 
~'.i'J~'Vnr.hl~'U')fij~ Plasmodiumfalciparum 110 ~'Jmh~'\1~t:lft:ltlll::: 45.63 'J1ij~ Plasmodium vivax ~lU'J'U 

~ 

~ , a", ~ ~'QI I 


128 ~'Jt:ltlNl1'Jt:I'.it:ltJlI~ 53.11 'Vi'Uf11'.i~~U'J1t:1'J'JlJf1U'.i~l1'Jl.:J Plasmodiumfalciparum UlI::: Plasmodium vivax 

~1'U'J'U 3 ~'Jt:ldN'\1~t:lft:ltlll::: 1.25 ff'J'UlJll11!1t1'lfij~ Plasmodium malariae Ull~ Plasmodium ovale ~lIt:1~~'U 
r r JJ " 

Plasmodium knowlesi ~'J'J\) '1i'Vi'U~'Jtl11i~.:Jf1~1'J (~l'Jl~Yi 2) l'Uf1~lJ~'Jt:ldl.:JYi~'.i'J\)'W'Ut;ft:l 241 ~'Jt:I~l.:J,rU 

20 




, y , 

'lh~fHl'U~lrJ~lmh~Vi\9l)ll1'VfU!~fl' 'U ')~'I11Wfl1t1 121 ~lmh~'I1~v~mJ{j~ 50.21 'Ufl~~l'Ul'U~lfl~l~Vi\9lnl1'Y'l'U 
" )I "'" , 

!~vm rJ hi'ml'fl~ 11 {j 'VI) 'j flUl'1~ 'I1lJ~ ~1'11 i''UeJ\9l) 1t11'j \9l) "'HI'V'l'U !~mJ1{j 1i1 rJ1'U!!~ {j ~-w'U Vi 'V'I 'U ';h NVilJ1i' 'U t11) \9l) 111. ~ 

" , " Sol " 

hfllJ1{j1!~rJi'U-w'UVi')~'I11~\9l1t1ij5\9l)1t11)'V'I'U!~V~~~~i1~~mJCl~ 61.11 (50 '.i1rJ'V'I'U!:;SV111t1l'1~l1lJ~ 121 
y 

~1V~1~) )V~MlJl1~un')~111~!!1l ~V~ffV'U l;rJ~)lrJ ,)'U'VJ'l.J~ !1Cl~a;rJ~ "11111~tlijeJ\9l'j1t11'.im111'V'l'U!~V~fltl{j~ 
, JI JI t 

o Q.I ~ ~ Cl .oC::IrI ~ Q I ~.c:S ti
49.25,43.04, 36.14 !!{j~ 30.67 I9lllJm~'U !lJV'V'I111'.iWlmt11'.im~1l1rJ'l1'U1l'Ufl~I'l1fllJl{jll'.irJ 'U!!\9l{j~'Y'I'U'Vl'Y'l'U11 

Plasmodium vivax ItJ'Uffll'HJ'UV~ hlllJl{jl!~m.J1t1f1';h Plasmodiumfalciparum ''U'VJt1')~l11~~ffml1rJm1'U 
.,., .J d'j/ "'~I'j/I 

11~'I11~\9l1t1GJf~\9l'.i111'V'l'U Plasmodiumfalciparum 1J1t1t111 Plasmodium vivax l{jt1'l..lVtlfI~I1J'U)VrJ{j~ 53.72 U{j~ 

iI 0 Q.I .d 
)flrJ{j~ 45.45 \9l1lJm~'U (\9l1'.i1~'VI 2) 

,,, SI I 

~l'n~n 2 H{jt11'.i\9l)11l'l11!~VlJ1{jll~ rJ111t1W·J'UYJ~lJ1m1\9l ~1!!'U t1l9lllJ-W'U Yi 

, y 
o d '" 
111'U l'U'VI'V'I'UI'l1U * Plasmodium Plasmodium P jalciparum 

(%)** (%)** 

., d 

11'U'VI'U) 83 30• 
(16.53) (12.45) 

\9l1fl 198 121 

(39.44) (50.21) 

75 23 

(14.94) (9.54) 

d 

l'l1rJ~)lrJ 79 34 

(15 .74) (14.11) 

67 33 

(13.35) (13.69) 

'.i1lJ 502 241 

(100) (13.69) 

falciparum 

(%)*** 

9 

(30) 

65 

(53 .72) 

9 

(39.13) 

15 

(44.12) 

12 

(36.36) 

110 

(45.64) 

vivax 

(%)*** 

21 

(70) 

55 

(45.45) 

14 

(60.87) 

18 

(52.94) 

20 

(60.61) 

128 

(53.11) 

+ P.vivax 

(%)*** 

o 
(0) 

(0.83) 

o 

(0) 

(2.94) 

(3.03) 

3 

0.24) 

* ~l'Ul'UYi'Y'l'UI~V ilil~Uff~~fl1J~t11'.ici''Ufl~hfl1'U~u~Yil~tI(OlH IUfl~111t1ijt11)~~mV~mt11'.iNthrJl~rJ 
~ ,JJ!If 

fll'.iCJ1mh~1~mfll'j'UU~1,j''I11~'I1~VfI fleJfl Iff'UUflfli U U{j~ijt1l':i ~ln(Olff~~hw Yi'Y'l'U!<i1fl&!{j~ ili'Y'l'U!;1Ui ,ru~i'U 
)~~'U~ ili!!(Olfl~l~n'UlJ1mfi'U 1 U!Ylv i ,rffllJ1'.imU~rJ'U!YiV'UH{jt11'.i(Ol'.i1l1 i~tl11l'l11!~fl1l1t1!!~'UYJ~lJ im1\9l ~ 

y 

** 
*** 

y y 

~lll i''Ufll)U '.i~!ii'U eJ(Ol '.ilt11'.i ~ll!<i1'e)lJ1{j l!~ tI i 'U!~(Ol!i\u~U~~'I1~flfl 11lJ 11 'UlmJ'U'Uv~!<i1u i 'U~lmh~ 
y , 

(parasite density) i'U'I1'IJ1V'UV~~1'Ul'U~1!~UlJTt'l1!~tli'U!i\fl~U~lJ1W 1 llJ lm~\9l'.i illV'Y'I'U';hfi1IQ~m)'Ulflru(Ol 
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v v 

(geometric mean) hJflri:U~~~H.JfU Plasmodiumfialciparum iifi1111f)f)':hl'Uf)ri:U~~~H.JfV Plasmodium vivax l'U 
q q" q IU 

iJ I I jI I ,., I 'JJ 

l'J f)~'U Vi Viffmn 1~tlfi1thtJ~ 111'U f)lPll:U~'U Vi'W'lJ':h geometric mean 1~tJ'.i1:U ~ If)YJf)~'U Vi rll '11 f'lJ~~~I.JfV 
.:1 I I I 'I I Yc. ~ .d 9J 

Plasmodiumfalciparum :um111f)f)11 3 lYll'UU'I geometric mean 1'Uf)":Uf-llPl~I"l1U Plasmodium vivax 9f'lm 
• 'II 

.. I ~,., d a d.Q ~ I ~ ,., d SId I 

lJ'j::l:U'W'jVtI"~'UV'Il:u~mV~I1~'IYllPlfll"l1V Plasmodium vivax ~~:um'j::'1111'1 0.018 tl'l'jVtI"~ 3.73 (m"tI'jvtI"~ 

v " )I", JI I 

rVtI,,~ 0.29) l1'1U'W'lJ'j, f111lJ'I1'U11l,j'U'UV'Il.Jful'U~':mth.:J~~fll.JfV Plasmodiumfalciparuml'U~'U'Yi~'I'I11~ 

~'UYl1J~iifilm ~m'j'UlflrulPl111f)~,!~ (81 ,651 ~11'Uliiv~tl~111ru 1 i:u lf1'j~IPl'.i) i 'U'Uru::~fi1~.:Jf)ril1 'l'Uf)~:U~~~ 
v , , 

I.JfV Plasmodium vivax '1 'W ~'I'I11~II,jiv'HYV'U'jiifi11~~tJlHJ1f1ruIPlViff~ (28,028 ~11'Uliivfltl~111ru 1• , v 

1:u lm~IPl'.i) 11l'UVi,j1ff.:Jlf)lPll1~~fll.JfV111ml~tJh:un'W'.i~"1':l1.:J Plasmodiumfalciparum ll":: Plasmodium vivax 
~ .c:t , 'jJ d ~ .cSq ~ ~ I .& 'jJ .d 

'VI'I 3 '.iltJ:um'.iVtI"::'UV'Il:U~!"V~U~.:J'VIIPl~I"l1VIPl.:JlllPl 1.13 tl'l'.iVtI,,:: 1.60 (lPll'.i1.:J'VI 3) 

,,,, JI I " I 

Vll'lNn 3 fllPl '.i1f)1'.i~~I.JfV'UV'Il~~liiV~ll~-:J'I1~Vfl11:U'l1'U111,j 'U 'UV.:J!.JfV1'U ~1mh-:JViffm:l1 ~11l'Uf)Vl1:U~'W Vi 

, ~ 
fl11lJ'I1 'U111'U lJ 'UU-:Jl"l1V (parasites/ill) 

Vllf) 

Plasmodium falciparum 

(geometric mean) 

2,800 - 186,640 

(81,651) 

840 - 126,000 

(45,439) 

4,400 - 60,400 

(34,325) 

8,440 - 180,840 

(40,912) 

12,440 - 164,800 

(60,740) 

848 - 186,640 

(50,126) 

Plasmodium vivax 

(geometric mean) 

880 - 48,880 

(10,056) 

1,960 - 28,640 

(9,459) 

8,800 - 53,240 

(20,596) 

4,440 - 62,400 

(11,993) 

17,600 - 42,440 

(28,028) 

880 - 62,400 

(14,579) 

P Jalciparum + P. vivax 

(geometric mean) 

o 

62,800 

o 

56,720 

80,320 

56,720 - 80,320 

(65,893) 

4.3 fl1'l.yr~'ln1iifl1'lVl'l1'\)Ut'l~'il1Uufl'lrUVl'lJtl ,:nJUmjulVlU1ii peR 
o v , 

I'U~N1l1f)l.JfV111ml~vii~1'U1'U copy 'UV'I mitochondrial genome 111f)011 smalI subunit ribosomal 
v 

RNA tl'.i~1J1ru 10 ()-:J 30 I'Vh (Vaidya, 2005; Dame et aI, 1983; Langsley et aI, 1983) ~.:Jt1'Uflru~~1~tI~-:J1f1' 

YlroJ'U11n peR 1'~V1iJ~~tI"l1iJ~'UtJ-:Jl:5V1JlmI1tJ lVltli.w'Ui'U mitochondrial genome 1~'WI'th'l1:U1t11l1f)f)1'.i1 
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lm1"'lmtJ'lHntJ1Hh~1IU1fl~1t)'V1~'lJt)~ genome ~~flcirH)1m;fmJ1m&~tJ~flt)hfli'Wfl'W~~ 5 'tfu~ ....1111 ij 

lJ~nw ~t.i1~~,cUt ~'W l tl1l1111tJ' 'W flll ~lU'W fl'tfU~'Ut)~11 1ct1&~ tJ 1~ 4 lJ ~nw'W t)m l1U t)~ 1fllJ~nw~flW~~1~mfltJ 
QI I ~~" QI~i dQl J~ ~ J.Q.Q.Q .Q 

.... \I1J'W1111flt)'Wl1'W1'W Uct1 ~~'W'W 'W fllnh~uJ'W'lh~ffVltim.... 'Ut)~ primers V1 .... 1I1I'W1'U'W 1'Wflllf1flll1'W~lfllJlnW 

~~flci11 i 'W ~1'W fl111111Uct~ fl1111~11""1~~~fI1~tJfl111m tJlJlnUlJO'lJ peR ~flW~ H1~mfltJ~\I1J'W1111flt)'W l1U 1ii' .. ., ., . 
u~Tri~ primers ~lflri1'W'UtHV'Wi'W mitochondrial genome (Putapomtip et al 2011) ffll1SlJ primers ..;~ 4 ,~n 
",.1 i d ..t 

.... \I1J'Wl'U'WUff~~ 'W m.... V1 6 fI.:I 9 

malaria-specific primer-F 
Pm AGCATAGTATATATGAAGGTTT-CTATGGAAACACACTTCCCTTCTCGCCATTTGATAGCGGTTAACCTTTCCTTTTCCTTA 
Po AGCATAGTCTATATGAAGGTTTTCTATGGAAACACACTTCCCTTCTCGCCATTTGATAGCGGTTAACCTTTCCTTTTCCTTA 
Pv AGCATAGTCTATATGAAGGTTT-CTATGGAAACACACTTCCCTTCTCGCCATTTGATAGCGGTTAACCTTTCTTTTTCCTTA 
Pk AGCATAGTCTATATGAAGGTTT-CTATGGAAACACACTTCCCTTCTCGCCATTTGATAGCGGTTAACCTTTCTTTT-CCTTA 
Pf AGCATAGTATATATGAAGGTTT-CTATGGAAACACACTTCCCTTCTCGCCATTTGATAGCGGTTAACCTTTCCTTTTCCTTA 

******** ************* ************************************************* *** ***** 

species-specific primer-F 

G~:~~:~~~~~~~~~~e9Ia~~~~:~=CTACATTAGATAC-TATATTTGAAACAGGACATATATGT---TCAAT
G' CAAATATAAGTAC-TTTAATCGAAACAGGACATATATGT---TACAT 

Pv -CTATACTAGATAC-TATAGTTGAAACAGGACATATACATATATTCAT 
Pk -CTATACTAGATAC-TATGGACGAAACAGGACATATA------TTCAT 
Pf TTATTCATATATATATTTGAAACAGGACATACATGT---TCATT 

************* ** ** *' *' * 

Pm TATTCTGAATAGAATAGGAACTCTATAAATAACCATACTATTTCTATAAAATGCCAATATAATATTGTTATTTGATCAGTAT 
Po TATTCAGAATAGAATAAGAACTCTATAAATAACCATATTATTTCTATAAAATGCCAATATAATATTGTTATTTGATCAGTAT 
Pv TATTCTGAATAGAAAAAGAACTCTATAAATAACCATACAATTTCAACAAAATGCCAGTATAATATTGTAATTTGATCAGTAT 
Pk TATTCTGAATAGAAAAAGAACTCTATAAATAACCATACAATTTCAACAAAATGCCAGTATAATATTGTAATTTGATCAGTAT 
Pf TATTCTGAATAGAATAAGAACTCTATAAATAACCAGATTATTTCAACAAAATGCCAATATAAAATTGTAATTTGATCAGTGT 

***** ******** *' ******************** ***** * ********* ***** ***** *********** * 

R-species-specific primer 
Pm 

Po GAGGTAAAATAACATATGATATACC-ATAT 

Pv GAGGTAATACAATATAAGATATACC-AT 

Pk GAGGTAATAATATATAAGATATACC-ATATAATGAA 

Pf GAGGTATAACAATATATGATATACCGAAAGAATTTATA~~~~~~~~~~ n~i"~~C'~n 


****** *' *** ******** * * * *' 

R-malaria-specific primer 
Pm AGTATATTAATAATAATAATAAACCAATAATAACATGTGAAAAATGTAAACCTGTAACACAATAAAATAATGTTCCTGAAAC 
Po AGTATATCATTAATAAAAATAAACCAACAATAACATGTGAAAAATGTAAACCTGTAACACAATAAAATAATGTACCAGATAT 
Pv AATATATTAATAATAATAATAAACCAACTATAACATGTGAAAAATGTAAACCTGTAACACAATAAAATAATGTACCAGATAT 
Pk AATATATTAATAATAATAATAAACCAACTATAACATGTGAAAAATGTAAACCTGTAACACAATAAAAT~ATGTACCTGATAT 

Pf AGTATATTATTAATAATAATAAACCTATTACTACATGAGAAAAATGTAATCCTGTAACACAATAAAATAATGTAGTATATAC 
* ***** *' ****** ******* * * * ***** *********** *********************** * 

. " 
IlTnii 6 lmtJ1I1nijmh~'lJU1fl~1t)'Y1,,'Ut)~ mitochondrial cytochrome oxidase subunit III "6.:11;'16 

1J1ct11~tJ Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), Plasmodium knowlesi 

(Pk) Uct~ Plasmodiur::falcyarum ?-'toih~lJU1fl~16'V1~~1~'W6fllll1,yl1U~~~~U~'W'~~t)J!~1ru~t).:I PC~ 
outer primers ff1'WlJl!1WVll:::lJ1tlffflt) peR inner primers ~mt).:I""111U~Wfl~'Wfl6~lUl1'W~V11J'W1flct16'V1~ 

... '" tl111 t) 'W fl 'W 
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malaria-specific primer-F species-specific primer-F 
Pm 

Po 

Pv 

Pk 

Pf 


ATAGAGCTCAAATCTTTATAT 

ATAGAGCTCAAATCTTTATATACTATTGGCACCTCCATGTCGTCIL,~n.,bl .R 

ATAGAGCTCTAATCTTTATATACTATTGGCAC'CTICC.ATIGTI:grc'rc~·:~,~~,~~~~~~~~t:==~~C:T 
********* ****************************************** * ** ***** 

Pm TATTGTTGCCTTGTACACACCGCTCGTCACGCAAAATTTATATATTAAAGATAAAGAACTCCAGGCGTTAACCTGTAGAGTTG 
Po TATTGTTGCCTTGTACACACCGCTCGTCACGCAAAATTTATATTTCAAAGATAGAGAACTCCAGGCGTTAACCTGTAGAGTTG 
Pv TATTGTTGCCTTGTACACACCGCTCGTCACGCAAA-TTTATATTACTAAGATAAAGAACTCCAGGCGTTAACCTGTAGAGTTG 
Pk TATTGTTGCCTTGTACACACCGCTCGTCACGCAAA-TTTATATCACTAAGATAAAGAACTCCAGGCGTTAACCTGTAGAGTTG 
Pf TATTGTTGCCTTGTACACACCGCTCGTCACGCAATATCAATATACT--GGGTATAGAACTCCAGGCGTTAACCTGTAGAGTTG 

********************************** * **** * ** ***************************** 

R-species-specific primer 
Pm 

Po 

Pv 

Pk 

Pf 


R-malaria-specific primer 
Pm TTATGTTGTTGGTTTAAGCCCTTTTTACCATACAAGAGATCGCGTACTTTGGATTGAAAAAAGCTGTGAGGAAACTACATTAAAGGA 
Po TTATGTTGTTGGTTTAAGCCCTTTT-ACCATACAAGAGATCGCGTACTTTGGACTGAATAAAGCTGTGAGGAAACTACATTAAAGGA 
Pv TTATGTTGTTGGTTTAAGCCCTTTT-ACCATACAAGAGATCGCGTACTTTGGACTGAAAAAAGCTGTGAGGAAACTACATTAAAGGA 
Pk TTATGTTGTTGGTTTAAGCCCTTTT-ACCATACAAGAGATCGCGTACTTTGGACTGAAAAAAGCTGTGAGGAAACTACATTAAAGGA 
Pf TTATGTTGTTGGTTTAAGCCCTATT-ACCATACAAGAGATCGCGTACTTTGGACCGAATAAAGCTGTGAGGAAACTACATTAAAGGA 

********************** ** *************************** ******************************** 

. " ~ _ ~ '" 0 '"' "" "''I rI <!I1
.fITrt'fl 7 tlJ'WlJ1'VIrJ'tnnfllJ'W1fl" 18 'YIfl'tlfJ~ mitochondrial cytochrome oxidase subunit III 'tIfJ~t91fJ 

lJ1m!~tJ Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), Plasmodium knowlesi 

(Pk) u,,~ Plasmodiumjalc{parum (Pt) iiwi1J'ibfl~lfJi'YI~~!~'Wun'l:J';j!.u'llu"~~fl!ff'Wl~VifJ~~nw'tlfJ~ peR 
, ~ do..c::lCl ~ Q,I ~ 0 , d..c::t.c:t. ..c::t,. lfJ tI 

outer primers "'1'WlJ';jnW'YI';j~1JlfJ"'flfJ peR inner primers !mfJ~'I1lJ1fJflfJn~'WflfJ\PllU'l1'W~'YI1l'W1fl"!fJ !'YIfl 

"" '"' mllfJ'Wn'W 

malaria-specific primer-F species-specific primer-F 
Pm GTTCCAATTATATGGTTTATGTGTTCATTCTATGCTTTATTATGGATTGGATGTCAATTACCACAAGAAATTTTCATTTTATATGGTCG 

Po GTTCCAATTATATGGTTTATGTGTTCATTCTATGCTTTATTATGGATTGGATGTCAATTACCACAAGATATTTTCATTTTATATGGTCG 

P'v GTACCAATGATATGGTTTATGTGTTCATTCTATGCTTTATTATGGATTGGATGTC A.TTTTATA.TGGTCG 

Pk GTACCAATGATATGGTTTATGTGTTCATTCTATGCTTTATTATGGATTGGATGTCAATTACCACAAGATATTTTCATTTTATATGGTCG 

Pf GTTCCTATTATATGGTTTATGTGTGCATTCTATGCTTTATTATGGATTGGATGTCAATTACCACAAGATATATTCATTTTATATGGTCG 


** ** ** *************** ******************************* *********** ** ** ************** 


species-specific primer-F 
Pm TATCA~ TATTTGCACTTGTTCATTATAAAAGAACATATTATGATTACAGCTCCCAAGCAAACA 

Po TATCATMrTCTCC TATTTGTACTTGTTCATTATAAAAGAACACATTATGATTACAGCTCCCAAGCAAACA 

Pv TTTATTTATAATATCATTCTTCTCTAGTGGATTATTTGCACTTGTTCATTATAAAAGAACACATTATGATTACAGCTCCCAAGCAAACA 

Pk TTATGATTACAGCTCCCAAGCAAACA 

Pf AGTGGTTTATTTGTACTTGTTCATTATAGACGAACACATTATGATTACAGCTCCCAAGCAAACA 


***** ****** ************** * ***** *************************** 


R-species-specific primer R-malaria-specific primer 
Pm 
Po 
Pv 
Pk 
Pf TT'TC'TG,~~~~~~~~~~+~+~+~+~++++++++++++++++++++ 

.fIl'rt~ 9 !mfJ1J!.yjfJlJiil~lJ~1fl~i~'mf'tlfJ~ mitochondrial cytochrome b 'tIfJ~ Plasmodium malariae 

(Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), Plasmodium knowlesi (Pk) !!"~ Plasmodium 

jalciparum (Pt) iil~lJiJ1fl~lfJ ''YI~~!il'Wun'l:J';j!.u'll!!''~~fl!ff'W i~VifJlJ~!1w'tIU-:j peR outer primers ff1'WlJ~!1W 
~';j~1J1fJffVifJ peR inner primers !fl~U~'I1lJ1fJflfJn~'WVi8I?ilU'l1tl~~ijiJ1fl~1 fJ ''YI~!'I1ijfJ'Wf)'W 
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malaria-specific primer-F 
Pm ACTTGATATTTCAAAACTCATACCTTTTTCTAAAAGAAATTGTAAACATGCAGTCATACATGATGCACTTGCTAAAGTAAAT 
Po ACTTGATATTTCTAAACTCATTCCTTTTTCTATAAGAAATTGTAAACATGCTGTCATACATGATGCACTTGCTAATATAAAT 
Pv ACTAGAAATTTCTAAACTCATTCCTTTTTCTATTAGAAATTGTAAACATGCTGTCATACATGATGCACTTGCTAAAATAAAT 
Pk ACTAGAAP.TTTCTAAACTCATTCCTTTTTCTATTAGAAATTGTAAACATGCTGTCATACATGATGCACTTGCTAAAATAAAT 
Pf ACTAGAGATTTCAAAACTCATTCCTTTTTCTATAAATACTTGTAAACATGCAGTCATACATGATGCACTAGCTAATATAAAT 

*** ** ***** ******** ********** "* "* ************ ***************** ***** ***** 

species-specific primer-F 
Pm GTAATAGTTAAAATTAACATTCTTGATGAAGTTAATATAATTCCTTCATCATATAAAGGACATGGAGATAAACTAAAATGTA 
Po GTAATAGTTAAAATTAACATTC ~TTAAAATTAT CCTTCATTATATAAAGGAGATGGAGATAAACTAAAATGTA 
Pv GTAATAGTTAGAATTAACATTCTTGATGATGTTAAAATAATTCCTTCATTA'I '~CTAAAATGTA 

Pk GTAATAGTTAAAATTAACATTCTTGATGAT ATATAATGGATATGGAGATAAACTAAAATGTA 
Pf GTAATTGTTAAGATTAACATTCTTGATGAAG TGATAAT TTAC AATGGATATGGTGATAAACTAAAATGTA 

***** **** ***************** ** * ** ** **** ** * *** *** **** **************** 

Pm ATATACCCCAAAAATATGTAATAAATAATAATGCTTCAGATATAATAATTGATAACATACCAGATACTAATGAAGAAAATGT 
Po ATATACCCCAAAAATATGTAATAAATAATAAAGCTTCAGATATAATTATAGATAACATACCAGATATTAATGATGAAAATGT 
Pv AAATACCCCAAAAATATGTAATAAATAATATTGCTTCAGATATAATTATAGATAACATTCCTGATACTAATGATGAAAATAT 
Pk AAATACCCCAGAAGTATGTAATAAATAATAATGCTTCAGATATAATTATAGATAACATTCCTGATACTAATGATGAAAATAC 
Pf ATATACCCCAAAAATATGTAAAGAATAATAAAGCTTCTGATATTATGATAGATAACATACCAGAAGTTAAAGATGAAAATAC 

* ******** ** ******* ******* ***** ***** ** ** ******** ** ** *** ** ****** 

R-species-specific primer 
Pm GGAATAAAAACTTTcTCTAATAGAATATACAAAAATT'~IT~aa!I!Ifi~~~~'TAAATAAAATACCAACAGAAAAG 
Po AGAATATAAACTTTCTCTAATTGAATATACAAATATAATTAAAATAATAGGATTAAAAGTAAATAAAATACCAAC 
Pv AGAATAAAAACTTTCTCTAATAGAATATACAAATATTATAAAAATAA 

Pk AGAATAAAAACTTTCTCTAATAGAATATACAAATAT~,TTA~AAAAAtAA ~\TC;TiVV\'.~T~ii~T~~i~~~~~'
pf AGAATAAAAACTTTCTCGAATAGAATATACAAATA, 

***** ********* * *** *********** ** * "* ** ** ** ** ** ******** ** ** ** ***** 

R-species-specific primer 
Pm TATTTTAAAGATGTTCCATATAATGATGTTAATGAAGGATAAGATATTAAATGTGCTTTTATATTAT TAATTATTAAAT 
Po TATTTTAAAGATGTTCCATATAATGAT TATGGAAGGATAAGATA AAATGTGCTTTTACATTATTATAGTTATTAAATA 
Pv II[TTTAAAGATGTTCCATATAATGATGTTAATGAAGGATAAGATACTAAATGTGCTTTAATATTATTATAGTTACTAAATA 
Pk illTTTAAAGATGTTCCATATAAAGATGTTAATGAAGGATAAGATACTAAATGTGCTTTTATATTATTATAGTTACTAAATA 
Pf TATTTTAAAGATGTACCATATAATGATGTTAATGCAGGATATGAAACTAGATGTGCTTTTATATTTGATAAATTACTAAATA 

************** ******** *"*** ** * ****** ** "* ** ********* * *** "* *** ****** 

R-malaria-specific primer 
Pm TATATTTATAAGAACGGTTATTTTGTGTACCGTTAACATATAACGGTAAGAAGGTTCGCCGGGGATAACAGGTTA 
Po TAAAAAATATATTTATAAGAACGGTGATTTTGTGTGCCGTTAACATATAACGGTAAGAAGGTTCGCCGGGGATAACAGGTTA 
Pv TAAAAAATATATTTATAAGAACGGTGATTTTGTGTGCCGTTAACATATAACGGTAAGAAGGTTCGCCGGGGATAACAGGTTA 
Pk TAAAAAATATATTTATAAGAACGGTAATTTTGTGTGCCGTTAACATATAACGGTAAGAAGGTTCGCCGGGGATAACAGGTTA 
Pf ----AAATAAATTTATAAGAACGGTGAGATAATGTGCCGTAAACATATAACGGTAAGAAGGTTCGCCGGGGATAACAGGTTA 

***** *************** * *** **** ********************* 

.fll'Yt~ 8 !llitl'UAYi£J'Uihfi1J'U1f1~ltl1'Vl~'\Jtl~ mitochondrial cytochrome oxidase subunit III h.r,hw 3' 
~. 

'\Jtl~ti'W'\Jtl~!~m.J1m!~£J Plasmodium malariae (Pm), Plasmodium ovale (Po), Plasmodium vivax (Pv), 
o '" "" "'''i "I ..... ~ '" 'JI '" 'JI 'I 'JI

Plasmodium knowlesi (Pk) Ur:1::: Plasmodiumja,lciparum (PO m~1I'W1f1r:1 ttl &'Vl~,¥!!lI'Wtlf)'hl'H'\JlJUr:1:::'\J~Aff'W &~ 
~ .e:t. I ~.c:s.c:s.r:9 a Q,I a 0 I 

fltl'U'H1ru'\Jtl~ peR outer primers ff1'W'U'.inru'Vl'.i:::'Ultlfffltl peR inner primers AfI'.itl~'H1Jltl~tlf)'O'Wfltl~l!m'W~ 

~ijiJ1f1~ltl1'Vlflmjjtl'Wfl'W 

, I" I I 

"i .1'" .1""- "''I 'JIi I '" "" 'I 'JI"I 'JI "'" "'''' peR &~£Jf11'.ilJ'.i'UtlJr:1t1'W annealing temperature Ur:1:::'.i~£J:::nr:11'Vl &G)f 'WU~r:1~'\J'W~tl'W!'Vltl m !m·m~~m peR'VllJ 
" , . 

fnllJ 1 1Ur:1:::~lt'Vll~ffl'Hi''U!~tl1Jlr:11!~ mA~r:1:::G)fiJ~ Hr:1f11'.i1Ji''Ufffl11:::rWtli ..rtf1~f11'.iff!l~ffl£J DNA Yi 
I 'j,I" , 

m1Jl:::fflJffl'Hi''UU~r:1:::''I!~'\J~~ primers uff~~i'W ~ l '.i l ~Yi 4 'Vi~u1~!llitlll!Yitl'Uil'U peR Yiflru:::f1~tli~-w~'W1 
" !m:::'.ilt1~l'W111 ritl'W'Hl!lU (Putapomtip et ai , 2009; 2011 ; Jongwutiwes et aI, 20 II) 
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DNA target (PCR ID) Primer set PCR condition No. of 

cycle 

Product 

(bp) 

Cytochrome oxidase III Primary PCR 94°C 40 s, 50°C 30 sand noc 30 s 40 362-371 

(PCR-COXIII) Nested PCR 94°C 40 s, 50°C 30 s and noc 30 s 25 Pf = 211 

(same for all species-specific primers) Pv = 221 

Pm = 221 

Po = 219 

Pk = 215 

Cytochrome oxidase I Primary PCR 94°C 40 s, 50°C 30 sand noc 30 s 40 301-306 

(PCR-COXI) Nested PCR 94°C 40 s, 50°C 30 sand noc 30 s 25 Pf = 163 

(same for all species-specific primers) Pv = 167 

Pm=164 

Po = 168 

Pk = 165 

Cytochrome b Primary PCR 94°C 40 s, 50°C 30 s and noc 30 s 40 448-452 

(PCR -Cytb-New) Nested PCR 94°C 40 s, 50°C 30 s and noc 30 s 25 Pf = 148 

(same for all species-specific primers) Pv = 181 

Pm = 138 

Po = 137 

Pk = 131 

Cytochrome oxidase Primary PCR 94°C 40 s, 50°C 30 sand noc 30 s 40 445-449 

III-3' (PCR-COXIII-3') Nested PCR 94°C 40 s, 50°C 30 sand noc 30 s 25 Pf = 187 

(same for all species-specific primers) Pv = 194 

Pm = 131 

Po = 269 

Pk = 297 

Cytochrome b Primary PCR 94°C 40 s, 50°C 30 sand noc 30 s 40 226-227 

(PCR-Cytb)* Nested PCR 94°C 40 s, 50°C 30 sand noc 30 s 25 Pf = 148 

(same for all species-specific primers) Pv = 181 

Pm = 138 

Po = 137 

Pk = 131 

* Outer primers: PCBF (5'-ATGCTTTATTATGGATTGGATGTC-3') and PCBR (5'-ACATAATTATAAC 

CTTACGGTCTG-3'); Plasmodiumfalciparum: PFCBF (5'-ATTATTTATTGTATTATTTTTCTG-3') and 

PFCBR (5 '-GATTTGTTCCGCTCAAT AC-3 '); Plasmodium viva.x: PVCBF (5' -AGTTACCACAAGATATT 

TTT-3') and PVCBR (5'-CTGTATTGTTCTGCTCAA-3'); Plasmodium malariae: PMCBF (5'-ATATCAT 

TCTTTTCT AGTGGT -3') and PMCBR (5' -CTGTATTGTTCTGCACGACAG-3 '); Plasmodium ovale: 

POCBF (5'-ATATCATTTTTCTCCAGTGGG-3') and POCBR (5'-CTGTATTGTTCTGCTCAT-3'); 

Plasmodiumknowlesi: PKCBF (5'-TATTCTTCTTTAGTGGATTATTTA-3 ' ) and PKCBR (5' ­

GTATTGTTCTAATCAGTA-3')(Putapomtip et ai, 2011) 
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I ", I ", v 

&fJ~ 1J1flt~~lJ1"1!1 tJ'vhyun~ m~v~ i u,r~~,jBu~fl1~ hw,j~ 1fHl1f1f)1~,jU !il~U DNA 'IJ~~fluihViv~ 
" .

'If,J~!~V1;;~ PlasmodiumJalciparum ~~'t!U!~~i,rfl1~1,j1VlJIVivlJnlJ1\Pl~~1u!~U1nu ~~';{'~~il\Pl PCR 'IJ~~ 
~ .: ~ I d ..J.Q iI 

mitochondrial genome 'V1~'I1lJ\Pl'IJ~\II'11~lJ1ml~VU\Pl"~'I1U\PlI1JU DNA \Pl'WUlJlJC)j'\lfl"~lJfl'.!lJfl11lW11 6 kb 'VI1 

Q,I "i1 " .... 'Q,lli1a QI.cS. Q,I "4~ , QI , aI 

fl1~1~m1lJl'lJlJ'IJ'W'IJ~\I DNA U"1lJ~lJ m1J~1J1\1'V1~I'VIVlJf)U U"11J\lI1J~1J1\1 'W~~~lJ 10 Imlm~ 51m 'I1'W 2 

!'Vhrl1'11 i'lJm1lJ!~lJ'I~U~'!~V~~~~V\lft1lJ1HI\Pl~11J'Y{lJ~m'lil\Pl PCR ,~ fl1~,j~ ~liJ'W ,j~~ff'VI!lfl1'Y{ PCR 
jI" • I I 

rl1'11i'lJuvi"~<J1\Pl primers 'Vh'1f1~~l\1'!~v 3 fli'\I ~~ ffW.j"lJlf)~~.yl1V1J1f)fl11lJl~'W~U Vi'!~vVi ~~Vi,,r~"lJ1f) 
,'jJ '1 i dllJ !J/ _ r= '" 1 d & ,

PCR mn.:Jhltw 2 tU 3 fl1~'VI\PlLH)lJ t\PlV~"'VII~ULY~\lllJ~tJlJ!'VIVlJ U\Pl11N'VI 5 C)j'\I'Y{lJ11 PCR-COXIII, PCR­
. " "'lIJ 'jJ '" lIJ!J/' !J/ '" 'jJ '" lIJ '" '" ... 1 '1 'jJCytb-New 11"~ PCR-Cytb 'VI1~'Y{I'lJU111f)~'W'I1'W1U (Putapomtip et ai, 2011) "1'WlJfll1lJ 11'V1\PlI'VIVlJf)'U \PlV!'I1 

lu'lJru~~ PCR-COXIII-3' '1,rfll1lJ~hlufl11\Pln1JmlJ1"11~V'I1,J~ PlasmodiumJalciparum, Plasmodium 

vivax:, Plasmodium ovale 1m::; Plasmodium knowlesi ';{l1~IVivlJnlJ PCR-COXIII, PCR-Cytb-New Im~ PCR­

Cytb llvif)"lJ'Y{lJ';hl,r~·mlJlf)rl1'11i'lJ Plasmodium malariae ~fll1lJl~~1J1\1 1 vi~ 1250 'Um\l\Pl1\1oU'llJ PCR­

'1 'jJ lIJ '1 '" .... !J/ 'jJ 'jJ d d "!

COXI Il1fll11111 !Ufl11\Pl'jl1J'I11lJ1mI1V'I1'W~ PlasmodiumJalciparum fl11lJl'lJlJ'IJ'W'W~V'VI~\Pl'VIfl11lH1J~1J1\1 I 


~~ 2500 l1vifl'n:IJ'1~~f)ri11f)"lJ"~"\llufl11\Pln1J Plasmodium vivax:, Plasmodium ovale u,,~ Plasmodium 
d 

knowlesi «(9) 111\1 'VI 5) 

. " 
~l~l'.:J'n 5 !mVlJ!ViVlJfll1:IJ'1'IJ~\I PCR !1~"~lIlJ'LI'l'Wfl11\Pl111J~lU'Wf)'lfiJ\Pl'IJ~\lI~~lJ1mt'1V 

PCR set 
Minimum positive dilution 

P. Jalciparum P. vivax P. malariae P.ovale P. knowlesi 

PCR-COXIII 1:2500 1:2500 1:2500 1:2500 1:2500 

PCR-COXI 1:2500 1:1250 1:1250 1:1250 1:1250 

PCR-COXIII-3' 1:2500 1:2500 1:1250 1 :2500 1:2500 

PCR-Cytb-New 1:2500 1:2500 1:2500 1:2500 1:2500 

PCR-Cytb 1:2500 1:2500 1:2500 1:2500 1:2500 

Irl~Vi1fl11'V1~LYeJlJ,jBn~fJ1~1:IJf)~:IJ'IJ~\I primers U~"~'l!~'Y{lJ';h PCR-COX!, PCR-Cytb-New u,,~ 

PCR -Cytb '1,r~" fl11\Pl111J~nfll1:IJ ~11'Y{1~ rlm i'lJlJ1m!~ vl1vi,,~ species 1~v'lJ'Y{lJ~" lJ1f)"l\1mV 1'W'lJru~~ 
" ." 

PCR -COXIII II"::; PCR-COXIII -3' 't!'WiJfl11In~r:·mlJlf)"1.:Jrl1'11 i'lJ primers Vi1i'1'Wfl11\Pln1Jl~~lJ1"11~V'I1iJ~ 
I <jI .c:i..r::::t iJ <jI " 

Plasmodium knowlesi 1~V'WlJl1m DNA 'IJ~~ Plasmodium vivax: 'VI:IJfl11lJ1'IJ:IJ'IJ'W~.:J:lJ1f)f)11 1 \Pl~ I00 1J~'WlJ 
I • I " 

r:·mlJ1f)m~'~1'W'lJru~Vi DNA Vi!~~1J1\1"\l1J::;llJ'WlJilty'l11~.:Jf)ril1 (\Pl1'J1.:JVi 6) ~\I't!'Wul!';h PCR-COXIII 1J~1,r 

fll1:IJ111'Wf)1~\Pl~11J11\Pl!VitJ:lJnlJ PCR-Cytb-New !m~ PCR-Cytb l1vifl11'WlJfl11In\Pl,jBmV1~1:IJf)~1J'IJ~\I 

primers rll'l1i'lJ Plasmodium knowles; vh',r PCR ~.:Jf)ri11ilJl'I1lJ1~LY:lJl'Wf)wWI'lJ'W1vieJl,j ~\lfl1'J,ji'lJl,j~V'W 
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" , " 
primer "uri1'UUii~fl~ltl~lJ1f)f)'h primer Vil~1l1f)ri1'U'Ufl.:j cytochrome b ~.:j'l1lJ PCR-Cytb-New lYitJ.:j'llij~ 

, I I 'j) 'j) 

l~vlVil,rfl'.l1lJ l"mrl~fll1lJ~1!'Vn~lJ1flfl11 PCR 'lt~iJlJ 1 ViTI\PJJlJ1~lJ llJ fl1'lffflEnU mh.:j 1'l~911lJ 
, " " 

u'j~iY'YliiflTt'l'Ufl.:j PCR ~.:jfl~11V.:j1,rr4rl'Yi'~1Vi tJlJ!!~I1i~f)11 PCR -Cytb Vi 1~\1 flTI\PJJlJ l~lJrifllJ '11 Ulij 

, " 
Vll"lHn 6 1mtJ'UlVitJ'Ufll1lJ ~ll'V'll~'Ufl.:j PCR !!~rl~U'U'U ilJ fl1'j91 'j 111 ~lUlJf)'lI'ij~'Ufl.:j1~fllJ1rlll~V 

PCR set 
Cross-reactivity with other malaria species 

P. Jalciparum P. vivax P. malariae P.ovale P. knowlesi 

PCR-COXIII no no no no P. vivax 

PCR-COX! no no no no no 

PCR-COXIII-3' no no no no P. vivax 

PCR-Cytb-New no no no no no 

PCR-Cytb no no no no no 

o d .1"1 & iv.I'" "" '" .1
'I!~(9l'jlllb1'll'jll~uflfl Qiagen DNA Mini Kit (Hilden, Germany) 9f.:j 'lIu'jlJ1ru(9l1flVl.:jI'VW.:ju'j~lJ1W 20 III 

" " ,
~.:j'l1lJ llJfl1'jffflEnu~.:j I~Yilfl1'j !'vhJU~lJ1ru ~leJ cil.:jl~lJ 200 III l~w1'lI'I!~(9l nll!~tJltllJ!!rl~IU~ tJ'UI VitJ'Utl'U'I!~ 

, " 
b1'tl~ DNA VimfftJmrflfl1'j'UeJ.:j'I'Tlu1i!'H~f)llJfl1'j~'U DNA 1~tJi~'lt~!(9l1VlJ~eJ MagMAX DNA multi sample 

kit (Foster City, USA) ~.:ji~U~lJ1W~leJcil.:j 200 III 1'lilJ!~VltllJ ~.:jJlJrieJl.jfl1'lmlllb1'fl'UU'j~iY'Yliifl1'V'l'UeJ.:j 
" " 

1TIfl1'j!(9l1 VlJ DNA 1l1m~eJ~ lJlrllV Url~ilb1'b1'11~ ~.:j i~y'hf)n!mtJ'U!'VitJ'Uu'j~iY'Yliifl1'V'l'UeJ.:j'l!~(9lnll!'H~lij
" , , 

ffl'11f'Ufl1'jmlll'l111~fllJlrl111tJ!!~rl~'lIij~ 1~tJfl1'jl~lJ DNA 'Ufl.:j mitochondrial genome Vil~1l1f)fl1'jlYilJ 

U~lJ1W 1~tJ1TI PCR ~.:jb1'llJ1'lt)'J~U~lJ1ru DNA !!rl~flllJlrufll1lJl'lilJ~lJl~ ~.:j,rlJ~.:j'Yl'jl'U~llJllJ copy 'UeJ~ 
, ., 

mitochondrial genome Yi!~lJrl.:j1lJlPi'lflci1.:jI~fl~ lJ 1rl1tJUrl~1lb1'b1'11~'~ 1l1f)fll1lJftlJTIlJ ti'j ~'I111.:j~llJ llJ~I'Ub1' 
" ." 

lJl'11'11f) 1lJlrlfJrl!!rl~~llJllJ'lt~'Ufl.:j mitochondrial genome ff1'11f'U!~eJlJ1rl1!1ml~rl~'lI'ij~ ~.:j!!b1'~.:jilJ(9l1'jl.:jYi 7 

, ., 
VIl"lHn 7 !U~tJ'UlYitJ'Ufll1lJftlJTIlJlh~'I111.:j~llJllJ~I'Ub1' lJ I'll 'I1fl IlJlrlfJrl Url~~llJllJ'lt~'Ufl.:j 

., 
o Q.I ~ .c::1 I ~ 

mitochondrial genome b1'1'11 'j 'UI'lIfllJlrl11 'Wl!91rl~'lI'lJ~ 

MitochondriaI 

genome 

Sequence length (bp) Molecular weightlds 

DNA (Da) 

Number of copy/pg of 

dsDNA 

Plasmodium Jalciparum 5949 3674852.43 155,975 

Plasmodium vivax 5990 3700110.38 154,908 

Plasmodium malariae 5970 3687719.06 155,426 

Plasmodium ovale 5972 3689002.88 155,374 

Plasmodium knowlesi 5957 3679726.05 155,766 
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l~V~ \)lfl peR ~i,*91~ 'Hl ~lU 'W fl'lfiJfl'lJV~lJlml~ v~ijfll1lJ "'m~::fll1lJ ~m'n::lJlfl~"lfl;iv PCR-Cytb­

New U~:: PCR-Cytb U~!~V~lJlfl PCR-Cytb '~i'UflWW~'W1U~::'l.h::lih.J'lh::i1'Vlijfl1'YllJlnv'Uvcil'liflllJ'U 
" (Putaporntip et aI, 2011) ~~,r'U1'Uflln.h::dJ'U'l.h::i1'Vliifl1'Yl'lJV'lfll~191~VlJ DNA ~'li,*fll~lm·mlJlfl PCR-Cytb 

'" ",.J i .ct .c::rll)" ~ .::td 0d 4::1 
t'VW'l~::UUlfltn 9f\l 'Ufll~fffl1:l1'U Ifll'il~VlJ DNA 'lJV\lt'lfVlJl~11~V'VllJIJ1'U1'U'l1fl'lJV'l mitochondrial genome 

U'ilfl~1'lfl'W~'l1~VU1'VhflU~1'Wl'U 10
4

, 10
3

, 1 0
2 U~:: 10 copieSfl\lUfffl\l i 'U911~1'l~ 8 u~::t~lJ~'l i 'U~lvcil'll~Vfl 

I ", I 

.yjijffnfl'Ul~VflU~\I~l (EDT A) lhmvu~::tlffffl1::~I~'Illflmfflffl1m 4 ~lv~I~I~ijmfll~ l,rmlVflll'U91~lll 
"" " 1~'YlU DNA 'lJV'll~VlJlml~Vl1'l 5 'lfijfll'U~lVcil'll~Vfl Ul~lVU~::tlffffll~ 1~wl~tJ~lJl91~~lVcil'l~~ 1 ml 

rlli1i'U~lvdl~Jlmvu~::t1ffffll::1~111fll~1~lJ buffy coat 20 III ~'lijl9f~~1~fl1m191'lJlltJ~~lJltu 160,000 

" 19f~t1111fll~ffflfl DNA 1l1fl~lVci1'l1'l1~lij1flVi~ 20 III (fffl~,rllJ;i'U) u~~ 200 III rlli1i'U'l!~fffl9l Qiagen 

DNA Mini Kit u~~i~ 200 III ffli1i'U MagMAX DNA multi sample kit 

Genome Blood Urine Saliva 
Species 

copies Q20 Q200 M200 Q20 Q200 M200 Q20 Q200 M200 

Plasmodium 10,000 + + + + + + + + + 

Jalciparum 1,000 + + + + + + + + + 

100 - + + - + ± - + ± 

10 - - - - - - - - -
Plasmodium 10,000 + + + + + + + + + 

vivax 1,000 + + + + + + + + + 

100 - + + - + ± - + ± 

10 - - - - - - - - -
Plasmodium 10,000 + + + + + + + + + 

malariae 1,000 ± + + ± + + ± + + 

100 - + ± - ± ± - ± ± 

10 - - - - - - - - -
Plasmodium 10,000 + + + + + + + + + 

ovale 1,000 + + + + + + + + + 

100 - + ± - + ± - + ± 

10 - - - - - - - - -
Plasmodium 10,000 + + + + + + + + + 

knowlesi 1,000 + + + ± + + + + + 

100 - ± + - ± ± - + ± 

10 - - - - - - - - -
* Q20 U~~ Q200 fiv Qiagen DNA mini kit .yji~;1Vdl'l 20 f!l U~:: 200 III mlJ~lflU M200 ;iv MagMAX 

'I v", • 
DNA multi sample kit 1'lf911VV1\l 200 III 
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~lflfll'H-U~V'UlViV1J-u'j:d1'V1ifll'VHll'H~~VlJ DNA hJ\9l'H)dl\1~H '11flv'l~'It~HHi'fl DNA ~~l\1nlJ 
Yl1J11fll'j'l~ Qiagen DNA Mini Kit ~\I'l~-U~lJlru\9l1~dHrVlv\I 20 I-ll 'l'l1'rHH~/~Vfl';hfll'jI~'1VlJ DNA i~vlllgtJ 
di "'''' di 'l"- I'" "" 'l " '" ~!II"" 'l " C})'\I11i Qiagen DNA Mini Kit C})'\I 'b'u'jlJlW~1~tI1\1 200 I-li 'I1~Hlfll'.i\91'j1~'I11 DNA 'U~\llJlcnl'jV Lflflfl11fll'j 'b' 

MagMAX DNA multi sample kit fl~11ti~'llJ-U~lJlW DNA 100 copies 'W1J11 Qiagen DNA Mini Kit ~\I'l~ .. .. 
-U~lJlW\9l'H)dl\1 200 I-li 'lM'HCl1J1fl't1\14 fli'\I'llJfll'jm1~ff~1JVm1'lJ\9l1~dl\1I~~flilJfl1'j~'j1~'I11 Plasmodium 

knowlesi UCl::\9l1~dl\1t1ffffl1:: 'l tJ fll'jm1~'111 Plasmodium malariae !lCl:: Plasmodium knowlesi i lJ'UW::~ .. .. 
MagMAX DNA multi sample kit 1'11'HCl1J1fll1\1 4 fli'\I~l'l1i'1J DNA 100 copies ltJfll'jm1~'I11 Plasmodium 

.. 0 

"i 'l QI I 0 ct
Jalciparum 1m:: Plasmodium knowlesi '1 tJ!Cl~fl!lCl:: Plasmodium knowlesi 'W~1~tI1\1'WlcnV (m'jl\1'V1 8) 

, I" I 

PCR-Cytb Vi~lIYll::fl1J Plasmodium !I~Cl::'b'lJfl IfltJ'yhfll'j'VIflff~1JI~~'I111'l$mJ1Clll~V'b'lJflViYl'lJhmlJ 5 'b'lJfI 
iI ~ I JJ 

'illflHClfll'j~'.i1~ hWlll PCR ~\lfl~11W1J11ffllJl'j()~'.i1~'I11I'l$~lJlCll1~v1~'t1\1 5 'b'lJflViW1J'1lJfllJ 'j1lJl1\1Yl1J 
.. .. di 

fll'j ~fll'l$~-U::-UlJ 'j ::'I111\l1'l$~lJlClll'1 tJ~ l\1'b'lJfl fllJ i~lJlflfl11fll'jm1~ ~lfl!l~'WVl ~lJ I Cl'I1~C})'\I~'j 1'illlJ~'ittJ 1~ 
.... 0 

mm:: PlasmodiumJalciparumllCl:: Plasmodium vivax, 'j1lJl1\1Yl1Jfll'j~fll'l$~i1lJfllJI-WtJ\I 3 \9l1~d1\l 1lJ'Uw::Yi 
.. 0 

PCR ff1lJl'.ifl~'j1~i'mfll'j~fll~~i1lJfltJlJlfli1\1 11 \9l1~dl\l~lflfll'j'1i' DNA Y1'~~lm~~fl IICl::ffllJl'jfl~'.i1~ 

Yl1JI~mJlml~ tJ 'llJ \9l1~d1\l~~'j 1~hiYl1J'~~lJlm,~ tJ.flltJ '1l'1'm\'~\1 ~Cl'VI'j'jf1'"ri1-3 7 'j 1tJ '1 'W 'Uw::~ri'''htJ'VIm1tJ~q .., q .. .. .. 
~'j1~Yl1JI'l$~1l1flYJ~lJ 1 Cl~~ '1 '11' HClfll'jm1~ IfltJlll PCR l~tJ1J1fl'VImltJ ~\lirlJ ~ltJ1'W ri'~fll'l$~ IflU'j1lJ~lflfll'j

q .. 

\91'j1~ IflU PCR ~lfl\9l1~d1\llil~fl~'l~lil~fl-U~lJl\91'j 20 I-lllfltJ'.i1lJ~\liihW1'W 248 'j1tJ ~1'I1i'1JHClfll'j~'j1~ I~U 
SI " 'J,I I 

'1 i'\9l1~d1\ltJ1mUYl1J 11'l '11'HCl1J1fl't1\1 iYlJ 223 \9l1~~l\l 'l lJ 'UW::Vi\9l1~~l\ltl ffff11:: i '11' HCl1J1fl.w~tJfl11ti~ 199 
, JoI " I 

\9l1~ dl-3 IrJ lJ ViU1a\I!fl~11\9l1 ~d1\ltJ1mtJff1lJl'j ()\91 'j 1~Yl1J fll'j ~ fl I'l$~lJ1Cl1 I~ tJ~1lJ fltJ ~\lVi~ 'j1 ~Yl1J1 ~fIlUi 1'1' 

gJ rI "191 I jI QI ~ ~ I IQ.I Q.I 

fl Cl~\lll Cl'VI 'j 'jf1'tJ 3 'j 1 tJ Lfl ~tJl\1 ff~ fI fI Cl ~\I fllJ !I Cl:: tJ\I \91 'j 1 ~'W 1J fll'j ~ fl I'b'~ 'j 1lJ fllJ 'j ::'1111-3 Plasmodium vivax 
q 

I OJ I QI ~ QI I 


'j1lJfl1J Plasmodium malariae 1 'j1V IICl:: Plasmodium vivax '.i1lJfl1J Plasmodium knowlesi I 'j1U C})'\I\911~tI1'1 
.. .. 
l1\1ff~\l1'1'j1'ilYl1J!QYl1::\9l1~d1\l Plasmodium vivax ~lflYJ~lJ ICl~~ m.i1\li 'j~mlJfll'jYl1Jfll'j~fll'l$~~1lJfllJ~lfl 

fll'j 1'1'.i11l ~lfl DNA ~ lfi'~lfl\9l1~ d1\ltlffff11::Yl1Jl1 '1 '11' HCl1J1m-WV\I 'j 1m~tJ1cJ1\1lrJlJ \9l1~ dl-3~Yl1Jfll'j~fll~~ 
.. 0 0 

~1lJfllJ 'il1flVl~lJ1 Cl~\91 1I~11fll'j\91'j 1~ Iflvlll PCR 'il1fl\9l1~d1\l!il~fl'il::Yl1Jfl1'j~fl!'l$~lJ1ml~v'1 lJ-U~lJ1ruVi~1 
I d 111 9J q!V 9J rI 1~c1 ~ Ii" 

fl11'V1ff1lJl'jfl\91'.i1~Yl1J Lfl.flltJ !\91flCl~\I~Cl'Vl'j'jf1'lJ 11 '.i1V U\9111i PCR ff1lJl'.i()\91'.i1~Yl1J.fll1::fl\lflCll1~lflfll'j 'b' 
q 

" " I "

\9l1~~l\1tJ1mmYlU\I 1 'j1tJIICl::\91'.i1'0 l1i'W1JIClmllfl\9l1~~l\1t1ffffl1:: 'W~fl'il1flU~thvVi~fll~~ Plasmodium 
G jll ,d,q ~ 0 rI i "" 

Jalciparum~llJ1lJ 9 'j1tJ !!Cl~&jiJ1tJ'Yl~WIl'b'~ Plasmodium vivax ~llJ1lJ 10 'j1U~lflfll'j~'j1~'Il1n~mJ Cl'l11'1 
j.I c:l ~.d.::k QI ~ ~.a QI I ~I I 

i'l1 HCl fll'.i \91 'j1~ ,t] tJ Cl1J IfltJ11i PCR C})'\lHCl Cl1JCl1\1fl\lflm1~::IYllJlJlfl'UtJ!lJ~\91 'j1~ ~ln~1~UHtJt'Hn1::flcn1f1~ 
, i.I • " 91... '1 .c::::I.~ ~ a Y....'I 4.Q ~ 0 CiI " 

&jU1U'Yl\91fll'b'~ PlasmodiumJalciparum~ltJ1'W 21 'j1tJ UCl::~u1tJ'Yl\91f1!'b'~ Plasmodium vivax ~ltJ1tJ 19 &'I1HCl 

?t di<; y",,: i" ... '_'1 'l"
fll'j\91'j1'1lllJtJCl1J C})'\I LflV'.i1lJIICl1\911~tJl\l'W1cnv 'I1HCl1J1fl 223 '.i1mICl::~1~Vl\llJffff11:: 'I1HCl1J1n 199 'jlV 

d 
(\911'j1\l'Yl 9) 
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~ v 
~l'nnl 9 !mrJU!.y;rJu,j';i~iY'VllhnYl"1ufll';i\PI·n~lij~ltVLt]1mJ1m!~rJ l~wl~ PCR-Cytb ~lnlPllVth:j!{1tl~ (B) 

" . 
thmrJ (S) !!rl~U~HY11~ (U) l~rJii''l!~ffn~ Qiagen DNA minikit ~i"*!{1tllPl 20 III nUfll';i\PI'n~lij~ltml1nYhllJ 

1rl11\P1fllfJ "1~nllu.:J ~r1'Vl';i';ifnr• 

Microscopy 

PCR 

F V FV Negative Total 

B S U B S U B S U B S U B S U 

F 107 100 89 2 2 - - - - 4 1 - 113 103 89 

V 1 1 - 121 114 109 - - - 2 - - 124 115 109 

FV 2 - - 1 - - 3 3 1 1 - - 7 3 1 

VM - - - 2 1 - - - - - - - 2 1 0 

VK - - - 1 1 - - - - - - - 1 1 0 

VO - - - 1 - - - - - - - - 1 0 0 

Negative - 9 21 - 10 19 - - 2 254 260 261 254 279 303 
Total peR 
positives 110 101 89 128 118 109 3 3 1 7 1 0 248 223 199 
Total slide 
results 110 110 110 128 128 128 3 3 3 261 261 261 502 502 502 

'I1lJlVL'I1\?j F = Plasmodiumfalciparum; V = Plas modium vivax; FV = Plasmodiumfalciparum+Plas modium 

vivax; VM = Plas modium vivax + Plasmodium malariae; VK = Plasmodium vivax + Plas modium knowlesi 

W:I:: VO = Plas modium vivax + Plasmodium ovale 

• v 

~l'l1i'ufll';iml~ l~rJli' DNA ~!\PI1fJlJ~lnIP11tlVH!~tllPl tJlmfJur1d]ffff11~,j~lJl\PI';i 200 Ill1~rJ1TI 
• • v 

peR YlU-)lfll';i "1 "*1P11mh.:J!~ tllPl "1,r~rlfll';i \PI';i1~~~~'l\PI H).:Jrl.:JlJl~m·mfll';im1~ ~lf)tJ lrllV ri1U Hrlfll';im1~ 

~lnIP11mh.:JiJffff11::: i,rHrlfll';i \PI';i 1~Yl1JlJlm!~ fJ 1~,rtlrJn-)llTI gu "1 nci11~ tl Hrlfll';i \PI ';i 1~ ~lnIP11tldl.:J!~tl~ 
• v 

i,rHrlfll';i\PI';i1~~fftl\PIfllltl.:JnUfll';i\PI';i1~'I11!t]1tl~1f1l!~uYlrl'lJ lr111\P1~l'W1U 4731P11tlVN (\PI';il~YlU Plasmodium 

falciparum~lU1U 104 ';ilV Plasmodium vivax ~lU1U 121 ';ilfJ Plasmodiumfalciparum~llJnU Plasmodium 

vivax ~lU1U 3 ';ilV!!rl:::\PI';i1~hj'WU!4tl245 ';ilV) ~.:J1P11tldl'l~ln~iJ1fJ 69 ';ilfJ~i,rHr11~r1'tl\PIfllltl'lnuJu !~U 
1P11tldl.:J~\PI';i1~YlU!4tl Plasmodiumfalciparum ~l1nYlrl'lJ lrl11\P1~lU1U 6 ';ilfJ1U'\JtlJ~~ peR m1'ilYlUfll';i~~L4u 

, ~ 0 I d ~ ~I Q ~ ~cv 

Plasmodium vivax ';illJ~1fJ~lU1U 5 ';ilfJ r1'1U 1 ';ilfJ'Vl!'l1rltl!lJUfll';i\PI~L'l1tl Plasmodium vivax Utln~lnUfJ.:J 


• " v 
I ~.."I ct.", jJcv .c:. ~ Q.I I ~ ~ a .a 6J 'j) 'jJ

YlU11HlJ1fJ 7 ';ilfJ'Vl t\PI';iUfll';im1~1UmW11lJfll';i\P1~!'l1tl Plasmodium vivax ~lnfll';i\PI';i1~'I11!'l1tlmv t\PInr1tl.:J.. 
rI QJ " Q.I I ~d QJ I a t::i .at...:!tv I ", 0 

~rl'Vl';i';iii'UUUnrlUYlU1111i PCR ~ln\PI1tlfJ1.:J!r1tl\PIlJfll';i\PI\PII'l1tl Plasmodiumfalciparum ';i1lJ\PI1V~lU1U 2 ';ilrJ 
• v v

d Qa '3.10 do.c::t..c!I 191 
lJfll';i\PI\PI!'l1tl Plasmodium malariae ';i1lJ\PI'lfJ~lU1U 2 ';ilrJlJfll';i\PI\PIL'l1U Plasmodium ovale ';illJ~1fJ 1 ';ilfJ !!rl~ 

• v 
,jJ t .c1~~..:::t.4 .cS Ad 

Plasmodium knowlesi ';i1lJ1PI1fJ 1 ';ilfJ r1'1U 1 ';ilrJYl!'l1rltlllJUfll';i\PI\PII'l1tl Plasmodiumfalciparum IYlrJ.:J'l1U\PI!\PIfJl 
v • 

l\P1tJi~YlUfll';i~\PII~tl Plasmodium vivax !rltJ "1UYl1.:J\PIH.,j'llJIP11tldl.:J'illn~iJ1tJ 16 ';ilfJ~\PI';i1~i~Yl'lJfll';i~\PII~tl.. 
v 


lJlmI1tJmi'u\PIn~Ylu!~tll\P1fJ1TI peR l~uri Plasmodiumfalciparum~lU1U 8 ';iltJ Plasmodium vivax ~lU1U 


7 ';ilfJ 1m::: Plasmodiumfalciparum~1lJnU Plasmodium vivax ~lU1U 1 ';iltJ 

" Hrlfll';i\PI';il~1\PIfJl~ PCR ~ lnIP11tlVl.:JtJlmfJYlU-)1i,rHrlfftl\PIflll tl.:JnUfll';i \PI ';i l'il ~lf1lI~'WYlrl'lJ1rl111P1 

~1'W1'W 480 1P11tlVl.:J (m1~'W'lJ Plasmodiumfalciparum~l'Wl'W 103 ';iltJ Plasmodium vivax ~1'W1'W 121 ';ilfJ 
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v • 

PlasmodiumJalciparum11lJfl'U Plasmodium vivax ~1'U'1'U 3 ':ilVt!"::~':i'1~ 1:U'V'l'Ul~V 253 ':ilV) v11V01-:Jni,rr-m 
• v 

l:UfftJ~fl~tJ-:JflmH'l~lf1~lf1VJ~lJ lm1~li~1'U'1'U 22 ':ilV ItI'Uv11tJOT:Jn~':i'1~'V'l'UI~V PlasmodiumJalciparum 
• v 

'I1~tJ Plasmodium vivax I'VlV-:J'lfW~1~V1Udl-:J":: 7 ':ilV i'U'\IUI::n PCR ~':i1~'V'l'Uf11':i~~I~t111lJfl'U1J1f1f111 1 
v 

~1'U'1'U 6 ':ilV ~mf11':im1~'lfU~'\IU-:JlJ1ml~vi:UffV~fl~~Nfl'U 2 ':ilV t!"~~'n~':U'V'llJl~t1 6 ':ilV "hWr'Uv11Udl-:J 

PlasmodiumJalciparum~l'Ul'U 3 ':ilV Plasmodium vivax ~l'Ul'U 3 'J1V II":: PlasmodiumJalciparum"illJfl'U 
v 

Plasmodium vivax ~l'UTW 2 'Jltl i'U'Yll-:J~H.ij'llJf11'J~'jJ~ l~vi~ PCR ~1f11911tJOlnh"ltl'V'l'U11i,r~m"'U"1-:J 6 

v11mh-:J ffl'l1i''Ur-mf11'Jm1~ ~1f1v11tJdl-:Jilffffll::1~vi~ PCR 'V'l'U11 i,r~'mfftJ~fl~tJ-:Jfl'Uf11'J~':il~~lmlH'UYMlJ 
• v v 

h-H~~1\.J1'U 4831911tJ01-:J ~mf11'J~'J1~n':UfftJ~fl~tJ-:Jfl'U 191911tJOHW'Ul1l'Uf11'J~'Jl~'V'l'Uf11':i~~I~mJ1f1f111 1 
v v 

'lfU~ 31911tJ01-:J ~mf11':iml~'V'l'Ul~tJ\l:U~H'lfU~ 2 v11mh-:J HMl1'J~'Jl~~lf1VJ~lJ l"-H~'V'l'Ul~tJt!l9ii~ PCR ~1f1 
v 

1911tJ01-:Jilffffll::f1"'Uttl'UH""'U 6 v11tJ01-:J lm::H"f11'J~'Jl~~lf1VJ~lJ 1"-H~ 1:U'V'l'Ul~t1t!l9ii~ PCR i ,rH"'Ulf1 

~l'Ul'U 51911tJ01-:J (~l'JNn 10) 

• v 

~l'n~li 10 111~v'UlVitl'Ulh::ff'Ylnm'V'li'Uf11':i~'Jl~ium1t1l~tJlJlml~V l~tli~ PCR-Cytb ~1f1I91'ltJ01-:Jlfttl~ (B) 
v • 

Ulmv (S) 1I,,::ilffff1J:: (U) l~tli~'I1~fffl~ Qiagen DNA minikit ni~lfttJ~ 200 III fl'Uf11'J~'Jl~iU~QV~lf1 

YJ ~lJ h -H ~m tI i ~f1 ~tJ -:J ~"'Yl 'J 'j fl'tJ 
q 

Microscopy 

PCR 

F V FV Negative Total 

B S U B S U B S U B S U B S U 

F 104 103 102 1 1 1 - - - 8 3 2 113 107 105 

V 1 1 1 121 121 122 - - - 7 3 2 129 125 125 

FV 5 2 1 2 - - 3 3 3 1 2 1 11 7 5 

VM - - - 2 2 1 - - - - - - 2 2 1 

VK - - - 1 I 1 - - - - - - 1 1 1 

VO - - - 1 1 - - - - - . ­ - 1 1 0 

Negative - 4 6 - 2 3 - - - 245 253 256 245 259 265 
Total peR 
positives 110 106 104 128 126 125 3 3 3 16 8 5 257 243 237 

Total slide 
results 110 110 110 128 128 128 3 3 3 261 261 261 502 502 502 

'I1lJ1t1l111PJ F = PlasmodiumJalciparum; V = Plas modium vivax; FV = PlasmodiumJalciparum+Plas modium 

vivax; VM = Plas modium vivax + Plasmodium malariae; VK = Plasmodium vivax + Plas modium knowlesi 

mIg: VO = Plas modium vivax + Plasmodium ovale 

lrlUll1f11'J11 'J::I)j'U i ~tIll1~V'Ut Viv'Ul1'J:: ff'Ylnm'V'l'\ltJ\I f11 'j ~'jJ~ul9i,,::i1j ~lf1v1..;ltJONl9il-:J 1 fl'U i ~v 

lfttJf1 i ~i~ f11'j~'j 1~'I11I:5vmvi~f1~tJ\I ~"'Yl'j':ifl'tJltI'Uv11Iliv'Ulfiv-:J'V'l'U11f11'J ~'J 1~1~vi~ PCR ~1f1f11'J i ~ • 
v • V 

QJ , .a .<:::to .a ~ ~ Ij)

mUV1\llmlf! 20 III ffllJ1'J()~'Jl~'V'l'Uf1n~Vll'lftl PlasmodiumJalciparum l'V'llJ'\I'U'Jmm:: 6.2 1I"::~':i"'.H)'V'l'Uf11'J 
~ .: ~ ~ iJ JQJ ~ ~ Q ~ ~I 

~~I')ftJ Plasmodium vivax l'V'llJ'\I'\.J'JtJtI":: 3.1 '\.JtJf1~1f1'\.JV 'HY11J1'J()~'J1~'V'l'Uf11'J~~I'lfVlJ1f1f111 1 'If'U~I'V'llJ'\I'U 
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· . " 
~\I 3.667 l'Vh hJ'lJru~-nfl1'll,*u~lJ1ruvl'H)dl\1!ilfJ~!YllJ~lJI1JlJ 200 III YlU';hU'l~i1'Y1lifl1VHll'lmJ~ l~tJl1i PCR 

'191 "".1 ... <!i "" ~ . "':.191I 

n1rHl~'IJ'U'lI~I'il'U flmJflfJff1lJ1Hl~n'ilYlUfl1'l~~!'lIfJ Plasmodiumfalciparum !YllJ'lJlJ'lfJtJ~~ 9.7 u~~~n'il 

~l ~Jj} ~.: ~~J.dI 

WlJfl1HI~!'lIfJ Plas modium vivax' !YllJ'lJlJ'lfJtJ~~ 9.9 U~~'ffllJ1Hl~'lJ'ilYlUfl1Hl~l'lffJlJlflmll 'lIlJ~!YllJ'lJlJtl'l 

" II " 

5 !'yh l1\1UU'l~i1'Y1lifl1Yl1'Ufl1'l~'l1'il'l1119ffJlJl~1(1ml1flfl1'l1"lilfJ~ 200 III ~fl11fl1'l'l~lilv~ 20 Illl~tJ 
~.1" ~C\ 

'ffllJlm~n'il'\1l Plasmodiumfalciparum !YllJ'lJlJ'lfJtJ~~ 3.3 u~~mJ'ilYlUfl1'l~~!'lIfJ Plas modium vivax' 
I " iJ, iI I 
C\~9J C\~ 'ct.A~&'" ,C:tc\,.. 

!'Y'IlJ'IJ'U'lfJtJ~~ 6.7 U~~'ffllJntl~n'ilYlUfl1'l~~!'lIfJlJlflml 1 'lI'U~lYllJ'lJlJtl\l'lfJtJ~~ 36.4 IlJVYl'ill'lrull~tJnlJ 

I '" I ct. CIt. ~ ct.~ Q.I' ~ G) j} d ~ I ~ 
'il~YlUJllJ'l::;'ff'YI1ifl1Ylfl1'l~'lJ'ilI~tJJ1i PCR 'illfl~JfJtJl\1!~fJ~ 20 III u~::; 200 fll I'I1N~~'IJ'Umlfl1'l~n'il'\1l!'lIfJ 

::71"''1''''91 91 0'" '.1 "''''' 'I iV<!i 191 "" 
'illfl~~lJ !~'I1~'lfJtJ~::; 2.9 U~::;'lfJtJ~::; 6.6 ~llJm~U 'ffJlJlJ'l::;'ff'YI1ifl1YlI~mJlJ'lJfJ\lfl1'l 'lIl~V~ 200 III mHl~ 
.1 'l9i<!i ""?19i .dI 

'IJ'Umlfl1'lI'llI~fJ~ 20 III f1~!lJlJ'lfJtJ~::; 3.6 (m'll\l'YI 11) 

I " • 

(fJ1'n:ln 11 lmtJul-ntJuU'l::;i1'Y1lifl1YlilJfl1'l~n'illiJ'ilQm9ffJlJ1m!~tJ l~tJl1j PCR-Cytb 'illfl~1fJdl\11ilfJ~Vi 

1~~tJlJl~tJ1,*u~lJl~'l~l\1n'U 

Category 
Microscopy 
No. positive 

Qiagen kit (20 fll sample) Qiagen kit (200 III sample) 

No. positive Efficacy ratio# Efficacy ratio'No. positive Efficacy ratio* 

P. falciparum 113 120 1.062 124 1.097 1.033 

P. vivax' 131 135 1.031 144 1.099 1.067 

P. malariae 0 2 ** 2 ** 1.000 

P. ovale 0 1 ** 1 ** 1.000 

P. knowlesi 0 1 ** 1 ** 1.000 

Co-infections 3 11 3.667 15 5.000 1.364 

Total malaria cases 241 248 1.029 257 1.066 1.036 

* Ratio of positives by Qiagen kit (20 III sample) to microscopy. 

# Ratio of positives by Qiagen kit (200 III sample) to microscopy. 

~ Ratio of positives by Qiagen kit (200 f!1 sample) to Qiagen kit (20 fll sample). 


** Denominator is zero. 

(' iI " 

ff1l'TfUU'l::;i1'Y1lifl1Yl'IJfJ'Ifl1'l~'lJ'ill~tJl1i PCR 'illfl~JfJt.il'lUl~ltJ 20 fll YlU11i,rN~fl1'l~'lJ'ilYlU!~V 
I '"91 ~ '" 91 ~ 

Plasmodiumfalciparum W)tJflJlfl1'l~'lJ'il'l11!'lIV'illflYJ~lJ l~'I1~'lfJtJ~::; 6.2 U~::;~'lJ'il'l111'l1fJ Plasmodium vivax' 

lfI'j/j) I .: Qr/ CIt. j} I A': I CIt. ~ J"
!~lJfJtJmlfl1'lmJ'il'l111'l1fJ'illflYJ~lJ1~'11~ 'l fJtJ~::; 8.4 U~'ffllJl'l tl~ 'lJ'ilYlUfl1'l~~!'lIfJlJlflflJl I 'lIlJ~IYllJ'IJ'U 'lvtJ 

I \t) d I oC\ ct. j} 4.d d Q.I ~ 191 
~::; 66.7 fJtJl\ll'lfl~llJYlUJ1U'l::;'ff'YI1ifl1Yll~tJ'jJlJ~~~'1'lVtJ~::; 7.5 IlJmU'jtJU1'Y1tJUflUN~fl1'j~n'il'l111'lfVfl1tJ ~ 

II • 

fl~fJ'I~~ 'mm,.r fJdl\l1'j~~llJfl~UYlU11fl1'l1~U~lJlru~JfJdl'lUlmtl1lJfl1'jl~~tllJ DNA lYllJliJlJ 200 III fl~U 
" " 

YlU1111i PCR 1,rN~fl1'l~n'il'l111~fJlJ1ml~ tJ~fl11 N~fl1 'j ~'jJ 'il'l11!9ffJ 'illflYJ "lJ1~-H~ 1~tJ'ffllJlHl \9l'j 1'ilYlU 

~~'jJ ~~ ~~". 
Plasmodiumfalciparum lYllJ'lJlJ'lfJtJ~~ 0.9 11~::;~'lJ'ilYlUfl1'l~~!'lffJ Plasmodium vivax' lYllJ'lJlJ'lVtJ~::; 3.8 U~::; 

.Q~ ct.~J I ') ~Jj} ~J'I Q

'ffllJl'jtlmJ'ilYlUfl1'l~~l'lffJlJ1flflJl I 'lflJ~lYllJ'lJlJ 3.667 1m U~::;U'l::;'ff'YI1ifl1YlI~tJ'lJlJ1YllJ'lJlJ'lfJtJ~::; 7.5 m'U 

fl1'ji,*~Jvdl'lJlmm~lJ~'U'illfl 20 fli1iJlJ 200 III YlU11'ffllJnm~lJU'l::;i1'Y1lifl1'Y'1ilJfl1'l~'lJ'il'\1l Plasmodium 
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, " 'jI , " .q61l9J .c::t.~ .q~iJ 

Jalciparum t'V'llJ'U'U'HltJCl~ 7.5 ~'j"Hl'V'l'Uf11'j~'fI!"lj"fJ Plasmodium vivax t'V'llJ'U'U'jtltJCl~ 3.3 UCl~ffllJ1Hlmd~'V'l'U 
)I , " I " , 

f11'j~~t~tllJlflfl';h 1 "lfiJ~tVllJ~'U 2.2 t'vh UCl~'lh~ff'Vlll.fll'V'll~v'jdlJt-WlJ~'UrtlVCl~ 16.1 (mnrVi 12) 

, " " ,
m'n~n 12 tmv'U!l1v'Ulh~ff'Vl1l.fll'V'li'Uf11'j~'j1~liJ~,rvt~tllJ1Cllt~V hW1~ PCR-Cytb ~lfl~1mhnllCllVl1 

t~~VlJl~Vi~~~lJl~'j~l~n'U 

Qiagen kit (20 III sample) Qiagen kit (200 III sample)Microscopy
Category No. positive 

No. positive Efficacy ratio* No. positive Efficacy ratio# Efficacy ratio'1 

0.938 1.009 1.075P. Jalciparum 113 106 114 

0.916 1.038 1.133P. vivax 120131 136 

** ** 2.000 P. malariae 0 1 2 

** ** **0P.ovale 0 1 

** ** 1.000P. knowlesi 10 1 

1.667 3.667 2.200Co-infections 53 11 

0.925 1.075 1.161223Total malaria cases 241 259 
. . * Ratio of posItives by Qlagen kit (20 III sample) to mIcroscopy. 

# Ratio of positives by Qiagen kit (200 fll sample) to microscopy. 
~ Ratio of positives by Qiagen kit (200 )J.I sample) to Qiagen kit (20 III sample). 

** Denominator is zero. 

" 'l'Uf11'j~1'flVWUffffld~"h'\1i''U~'j''H) 1~V1TI PCR 'V'l'U';h~'j~ff'Vlll.fll'V'l'U'fl~f11'j'l,*~dtlVl~ 20)J.l U'U 

91': lI)iJiJ I .: .. ",,""IY
'l'l1HClf11'j~'j1~'V'l'Ut"lf'fl PlasmodiumJalciparum ~~'U'flVmlf11'j~'j1~'\11t"lf'fl~lflWCllJ lCl'l1~m'j'flVCl~ 20.4 ItCl:: 

I _I "" "" "i "'l Y "I. _t':! d ... "I " 'I iJ Y
UCl::'V'l'U11lJ'j ::ff'VIli.fll'V'l !~V'j dlJCl~Cl~tl~'jtlVCl~ 17.4 llJtltlJ'jVU'VltJ'Ufl'UHClfl1'j~ n~'I111"lftl.flltJ ~~flCl'fl~ 

~Cl'VI'j'jf1,r 'flVl~l'jn~llJ!rltli~~~lJlru~dmh~t1ffffl1::i'Uf11'jt~~tJlJ DNA t~lJ!1J'U 200 fll fl"'U'V'l'U';hlTI PCR 

iJ ,: 4:::i 3J Void Q.I ~,J ~i 'l1 HClf11'j~'j d~'\11!"lf'fllJ1Cllt 'j tJ l'flHCli flmfltJ~fl'Uf11'j~'j d~ '!1l!"lf'fl ~lfl~CllJ1Cl'\1~ 1~tJffllJntl~'j 11l'V'l'U 

d Y "".: ,;".1Y
PlasmodiumJalciparum Cl'flCl~l'YW~'j'fltJCl:: 2.7 !m::~'j1~'V'l'Uf11'j~'fl!"lf'fl Plasmodium vivax !'V'llJ'U'U'j'fltJCl:: 0.8 

~~ I .:::."::::'~ I ~~., .c:i3J
UCl::ffllJ1'jtl~'j11l'V'l'Uf11'j'fl~!"lf'fllJ1flfldl 1 ''If'U'fll'V'llJ'U'U 2.333 !'VI1 ItCl::~'j::ff'Vlli.fll'V'l !'fltJ'j1lJCl'flCl~t'V'ltJ~'j'fltJCl:: 

:: -1 '1y", I ,;" .1 ?I 0'1 Y ,;" _I "" '" 'l
1.7 'VI~'Uf11'j ~"lf~1'fJtJl~t1ffffl1::!'V'llJ'U'U1l1fl 20 fll !lJ'U 200 )J.l 'Vl1 !'l1ffllJ1'jtl!'V'llJlJ'j::ff'Vlli.fll'V'l 'Uf11'j~'j1~'!1l 

..::::.J" ~ ~ ~~j)
PlasmodiumJalciparum !'V'llJ'U'U'j'fltJCl:: 22.2 ~'jdll'V'l'Ufln~'flt"lf'fl Plasmodium vivax t'V'llJ'U'U'jtltJCl:: 20 tm:: 

"".: I ",,;,,.1 I '" "i ,;".1Y
ffllJ1'jtl~'jdll'V'l'Uf11'j~'fl!'ll'tllJ1flfl11 1 'll''U'fl!'V'llJ'U'U 7 !'Vl1 UCl::'lh::ff'Vlli.fll'V'l !'fltJ'j1lJ!'V'llJ'U'U'jtltJCl:: 19.1 (~l'jl~ 
.d 
'VI 13) 

trlml1f11'jtmtJ'Utl1tJ'Ufl11lJl1 (sensitivity) fl11lJ~lt'V'l1:: (specificity) fldllJUll'Uih (accuracy) ff'flrid'U 

mllJtll~:: i..rHCltlfl~'fl~lrltl f11'j 'Vl'flff'fl'Ut1J'U'U1fl (likelihood ratio of positive test) !m::ff'flrid'Ufl11lJtll~:: 
" 

I'191 91"; ~ "i 191 '" .d
!'l1HCltlfl~'fl-:jllJtlfln'Vl'flfftl'Ut1J'UCl'U (likelihood ratio of negative test) ~'fltJ "lfHClf11'j~nll~lfl~dtltJl~ DNA'Vl 

" 
do .<!:I ?t" ~ 0 Q,I .t!t.c:t ~ " 

t~'j VlJ ~1fl1Cltl'fl200 )J.l t1J'W HCl 'fJl~'fl~ffl'\1'j 'Uf11'j 'fl'jd~ '!1lt"lftllJ1Cllt 'j tJ"lf'U 'fl Plasmodium Jalciparum ItCl~ 
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I " 

Vll'lHn 13 tmtJ'Utl1tJ'U'lh::;~'VIllm~luf)1'JI'l'J'J1l1Ull~m:jfmJ1'nt~tJhWl~ PCR-Cytb 1l1f)~JfJth-3 

1JfffflJ::;~tl'l~mJ hwl,*tJ1lJll'l'J~1-3tlU 

Category 
Microscopy 
No. positive 

Qiagen kit (20 III sample) Qiagen kit (200 III sample) 

No. positive Efficacy ratio* No. positive Efficacy ratio# Efficacy ratio~ 

P. Jalciparum 113 90 0.796 110 0.973 1.222 

P. vivax 131 110 0.840 132 1.008 1.200 

P. malariae 0 0 ** 1 ** ** 

P.ovale 0 0 ** 0 ** ** 

P. knowlesi 0 0 ** 1 ** ** 

Co-infections 3 1 0.333 7 2.333 7.000 

Total malaria cases 241 199 0.826 237 0.983 1.191 
. . 

'I1lJlm'l1l'l 
q 

* RatIO of posItIves by Qlagen kit (20 III sample) to mIcroscopy . 
# Ratio of positives by Qiagen kit (200 III sample) to microscopy. 
~ Ratio of positives by Qiagen kit (200 III sample) to Qiagen kit (20 III sample). 

** Denominator is zero. 

Category Species 
% 

Sensitivity 
% 

Specificity Accuracy 
Likelihood Ratio 

Positive test Negative test 

Microscopy 

P. jalciparum 90.32 99.74 97.41 341.41 0.097 

P. vivax 90.91 99.72 97.21 326.36 0.091 

Qiagen kit (20 Ill) 

Blood P. jalciparum 96.77 100 99.20 infmity* 0.032 

P. vivax 97.78 96.73 97.01 29.90 0.023 

Saliva P. jalciparum 85.48 100 96.41 infinity 0.145 

P. vivax 83.33 100 95.22 infinity 0.167 

Urine P. jalciparum 71.77 100 93.03 infinity 0.282 

P. vivax 76.39 100 93.23 infinity 0.236 

Qiagen kit (200 III ) 

Saliva P. ja/ciparum 91.94 100 98.01 infinity 0.081 

P. vivax 93.75 99.72 98.01 335.62 0.063 

Urine P. jalciparum 88.71 100 97.21 infinity 0.113 

P. vivax 91.67 100 97.61 infinity 0.083 

1'*N{\f)1'JI'l'J'J1l1l1fUiiDI'll1fftlfl DNA IfltJ'l'* Qiagen kit (200 III sample) t~U reference standard 

* Infmity (Denominator is zero). 
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I '" i d ~ i!JJ1 iI 0Plasmodium vivax ~-31l11'~~ 'W~TlH'Yl 14 C)1-3~::;'V'I'U1l'Ylf)m~'Yl~11'V'IJ 'I1fl1fl1llJ~11'Yn::; 'Wm~~nmJlf)ml• 
~tltHl::; 99 tlm~'W m~~)ij~~tI Plasmodium vivax ~1f)1Pl1mh-3!~v~~!~~tllJ'illf)tJ1lJl~~ 20 III iM'fl1llJ~11'Yn::; 

" ~VtlCl::; 96.73 rlnd'mh accuracy tr'U 't'I'IJ 1TV,! f)m~'Yl~11'V1.1 '1 M'~lfl1llJll~'U ~l itJ m~'Yl~11'V'IJ"l~ln'W ~tlCl::; 95 

tlm~'Uf)n'Yl~11'V'IJ~i,*1Pl1VUl-3iJ11'11'11::; 20 III i'Umnh peR ~~iM'~1~~mh1~-w'VtI"Cl::; 93.03 'UVf)\11f)ifi'U 

m~1ml::;,.1~1 likelihood ratio 'lJU-3 m~~ ~1~~I~'U'lJ1f)'V'l'IJ11ii~111'~'Ylf)m~'Yl~11'U'IJ i 'U'lJW::;~~l likelihood 
. ~ . 

ratio 'lJU-3m~~ ~ 1~~1~'U "Cl'IJii~ l~l rlTI1 i''IJ'Ylf)m~'Yl~11'U'IJ UU1~1~ nmlJm~'Yl~11'U'IJ~~1~n'Umchifii~lfl1llJ11•
" " " U~f)~l.:Jn'U ~-3ijfl1llJ11i 'U m~~~ 1~ hwi'*1Pl1UUl-3tJlmm m::; iJ11'11'1l::;IVl tI-3 20 III iM'fl1llJ11i'Um~'Yl~11'U'IJ 

~1f)11m~~~1~'I1114u~1f)YJ~lJ lCl~~ 1~tI~lfl1llJl1tltJi'U'lh~~VtlCl::; 71.77 G~~UtI"Cl::; 85.48 ilJ'UW~~~lmllJ 
~ 

" I

11~-3f)ril1l~tlm~~~1~'\1lI.JfU~1f)YJ~lJ lCl~~ii~lfl1llJl1~VtlCl::; 90.32 G~~UtlCl~ 90.91 l~lJ.yhll~~If)~11HCl 
" " m~~~1'ill~tl11i peR ~1f)1Pl1UUl-3 DNA ~1f)tJlmtl200 III 'M'HClm~~~1~~f)11 m~~~1~'\1lI.JfUmtli~f)~u.:J 

.tel !JJ i d '1 i!JJ'" ~ '1!JJ1 iii II

~Cl'Ylnft'lJ!Clf)lJUtI lJ'lJw::;'Ylm~~n~ !~tI 'l1~lUtll-3 DNA ~lf)u"H"ll::; 200 III 'I1fl1fl1llJ nlJlf)mlm~ 
" .

~~1'il'l11!.JfU~1f)YJ~lJ h~~rll'l1i''IJ Plasmodium vivax i'U'UW::;.y;~lfl1llJl1rll'l1i''IJ Plasmodiumfalciparum ii 
I ~ f ~ iY C)I tid. 'jI d 
fl1~1f)11mHln'il'l111'l1Umtl ~f)Cltl~~Cl'Ylnft'lJI'V'ltl.:J~UtlCl::; 1.61 (~l~H'Yl 14) 

o d 

4.6.1 HClm~'Yl~CYU'lJfl1llJ~11'V'l1::;'UU~ primer 'Utl.:JtI'U PfMsp2 
iJ " I 

lm.:J11'~1~'IW-!lVlJ PjMsp2 tr'UtJ~::;f)u'IJ~lmh'U 5' U"Cl::; 3' .y;ii~l~'lJI'lJCYfl~.y;"l~i~ltJ~mJt1tJ"Cl.:J~llJ 
a.J r:I ,J d I do ",' i" t I ICYltl'W'U~'lJtl~!'lftl Plasmodiumfalciparum i'U'lJW::;'YlCY1'Uf)m.:J'lJV~tI'UtJ~::;f)V'IJ~ltl 2 CY1lJtlUtI ~1lf) 11'1'UtlUtI'Yl

d 

ii~l~'lJm~u~:iJl 'UJln'U '1 'U ~f)1:lW::;'lJU-3 repeats t!Cl::;,h'UuutI'Uv.:J non-repeats ~.:Jiifl1llJll\P1f)~H~llJCYltl~'U~ 
" 'UU.:JI.JfV tlUl-!lI ~n~llJfl1llJ'I1mf)l1mtl'Uu~VlJ PjMsp2 CYllJl~fI~lU'Uf)i~trJ'U 2 f)~lJ i my 1~!Iri f)~mrCl~Cl 

v , ~ v 

FC27 !t"Cl~f)~mlCl~"Cl 3D7 ~-!ltr'W~-!ll~VVf)!I'IJ'IJ primer .y;iifl1llJ~11'V'l1~~VmmtJf)~"Cl~"Cl~~ 2 'lfiJ~ij~1t111i 

peR haplotyping !!Cl::;trlVtJl'l1~ primer 3D7F/3D7R lJl'Yl~11'V'lJn'IJ1Pl1UU1~~'Yl~lUih~'lJt'IJCY111~'U~Cl~Cl'lfiJ~ 
" 

3D7 ~1'U1'U 51Pl1VU1..:J;jtl TSY26, TSY1187, TSY1236, TSY1742 tm::; TSY1748 tJ~1f)Q11 primer 'l1~ijiM' 
"" I I

Hf:1'IJ1f)n1J1Pl1UU1~m rilii ~-!ll1lJ~ !!~iM'Nf:1 Cl'IJtljUi ,*1Pl1UUN'Viii~tJ!! 'IJ'IJ ~Cl~ f:1!! 'IJ'IJ FC27 ~1'U1'U 5 1Pl1VU1.:Jfiu 
~ 

TSY12, TSY304, TSY577, TSY673 !ICl::; TSY1748 i'UYil'UV.:JI~tl1n'Utrluvh PCR l~tli,*'l1~ primer 
." . 

FC27FIFC27R niM'Nf:1'IJ1f)n'IJ template DNA .y;iittJ!t'IJ'IJ~"Cl~Cl Fe27 ~.:J'I1lJ~ !tCl::; i M'N"ClCl'IJ PCR n'IJ1Pl1VU1.:J.y; 
iI I " J/ " 

ii~f:1~m!'IJ'IJ 3D7 ~.:Jtr'U primer .y;UUf)U'IJ'IJ'1'Wm~~f)1:l1fli'.:Jii~~iifl11lJ~lt'W1::;"l~~V~Cl~"Cl~.:J 2 'lIiJ~ ~-!lUCY~~ 

i'Um'V'l~ 10 !!Cl::;m'W~ 11 
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M 1 2 3 4 5 6 7 8 9 10 N 


470 up 

m~~ 10 l1{l'~~fl1~Y1~H'I'fl1Jfl'JllJ~lI'Vn~'Ufl~ primer 91~ 3~7F/3D7R ~,\l1'~H't~i1.~ PCR 1J'Jfl'Ufl~~'W 
PfMsp2 'U~~It)ffl Plasmodium.f,al~iparum '\'W 2 % agarose gel mn-n 1-5 lil'Wvi'Jfldl~lt)ffl-n1j~tJl11J1Jti",~", 3D7 

I do ~t Q.I r ~.c:::i,q .... 1 QI .c::I. 4 a 
{l''J'WlIfiTYl 6-10 Iu'W~'Jfltll~I'll'flYllJ~U!l1J1Jfl"''''''' FC27 M flfl molecular weight marker 11"'~ N flfl negative 

control 

~l 1 2 3 4 5 6 7 8 9 ION 

450 bp 

m~~ 11 ll{l'~~fl1~Y1~{l'fl1Jfl'JllJ~lI'Vn~'Ufl~ primer 'It~ F~27FIFC27R ~1l1'~"'~i1~ PCR 1J'Jfl'Utl~~'W 
~ , .:l ~ Q.I I .a d,&;:I, ... 1 QI .c1 

PfMsp2 'Ufl~I'll'tl Plasmodiumialciparum 'W 2 % agarose gel UfiTYl 1-5 l1J'W~'Jfltll~l'll'tlYlmuU1J1Jtl"''''''' 3D7 
I " , cu 


, do ?I Q.I I .ct.ct.c1 ... 1 QI .c:I.a ..!l 

{l''J'WlIfiTYl 6-10 Iu'W~'Jtltll~l'll'tlYllJ~U!l1J1Jtl"''''''' FC27 M fltl molecular weight marker U"'~ N fltl negative 

control 

4.6.2 fl1~Y1~{l'fl1Jfl'JllJi'J'Ufl~ primer 'Ufl,:j~'W PfMsp2 

l~tlu1Y-m~i1~ PCR 'Ufl~~'W PfMsp2 ~i~"l1flfl1~1,*'l.!~ primer FMSP2FOIFMSP2RO lJ111J'U~'J 

~~1'il{l'tl1Jfl11lJl1'Utl~ primer 'l.!~ 3D7F/3D7R U"'~ FC27FIFC27R ~flflflU1J1Jl11~tltJl~",~i1~ PCR ~l~ltJ 
. " ,

1~~1 OD 1~'fJl11fl'JllJl.,j'mj''W 'illfllJ'WUllJl'vil dilution l~fl'l1'i~~1'W1'W copy 'Ufl~~'W PfMsp2 ~lU'J'W 10
8

, 10
7

, 

," ,
6 5 4 3 2 a Q.I Q.I GJ d, Q.I 0 d. 0 

10 ,10 ,10,10,10,10, 5 11"'~ 1 copy ~llJ"'l~1J ~~U{l'~~ t'WfI1~Y1 12 'illfl'WU'Wl template 'Yl'Yl~l1J'ill'W'J'U 

"1~ ..... .J "14 .: 
copy ItJIU'W template {l'll1~UYI1 PCR 'Ufl~ primer 'l.!~ 3D7F/3D7R II"'~ FC27FIFC27R 9f~fl'JllJ I'JYlYI~{l'fl1J'W 
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y y , 

lJ1\)lflm'jYl~nHWih 3 Tli'~ !",::hfHm"tlTlTl"'tl~n'W m'j1~Vi 15 !'tJ'Wfll'jff1tJTl11lJi1'IJtl~lnfllni1 haplotyping 

'lJtl~~'W PjMsp2 ~i~\)lflfll'ji~'I!Tl primer ~vvfluuuil~l~ '1 n'W \)lflH~fll'jfffl141\)::n1'Wik,h~1'W1'W copy 

d~ d 'i3l.c:..q ~"'i "'I iYdI I

'lJV~ template DNA Y1(911"lTlYlff1lJ1Hlfltl 'YI!flTlH~H~(91 PCR tTl 'WU(91~~'I1Tl primer TlV 5 copies UffTl~ 'YI111'W11 

it5fll'j haplotyping ~~~'W1~'WifiiTl11lJ i 1''l~lJ1fl \)lmr'W i~111fll'jYlTlffVUTl11lJ i 1'IJV~ primer !~lJ!91lJhJ 
, . II JI , 

fl 'j WVi ~1 mh~Vi\)::UllJ1m1 \) ffVUU'W iifln ~TlltilvViiiV~~~ ~l~'l$ijTln'W tJ~ tJ \.l VQ1TllJfll'j HfflJ template DNA 

~NV~~~n\.l1,j'1~1lJn'W lTllJi-M~1V~1~ DNA ~ii~tJuuuv~~~uuu 3D7 u~~ FC27 i~Ufl911tl~1~ TSY26 u~:: 

~I 1 2 3 4 5 6 7 8 9 N 

770 bp 

ill'W~ 12 agaros~ gel electrophoresis UffTl,~fll'jYlTlffVUTl11lJi1·llV~tJBmt.l1 PCR lTlU!-M"l1Tl primer 
'" "" "'i Y i Y. '" '" 7 6FMSP2FI FMSP2R umYl 1-9 UffTl~H~H~(91 PCR YI Tl\)lflfll'j 'l$\)1\.l1\.l copy 'lJV~U\.l PjMsp2 YI 10,8 10 , 10 , 

543 2 . • '" <OJ • <OJ.
10, 10 , 10 , 10 , 10 U~:: 5 copies 1PI1lJmTlU M TlV molecular weight marker u~~ N TlV negative control 

~ i .eli Yi A.,. dYllnnl 15 Tl 1 1lJ 1'IJV~'I!Tl primer YI 'If 'Wfll'jI'VnJH~H~(91 PCR 'IIV~tJ\.l PjMsp2 

Primers 
Allelic 

type 
PCR 
(bp) 

Exp 
No. 

Copy number of template 

10
8 

10
7 

10
6 

10
5 

10
4 

10
3 

10
2 

10 5 1 

3D7F/3D7R 3D7 477 1 + + + + + + + + + -

2 + + + + + + + + - -

3 + + + + + + + + + + 

FC27FIFC27R FC27 450 1 + + + + + + + + + -

2 + + + + + + + + + + 

3 + + + + + + + + + -
" 
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... 1 QJ.ct .ct dlll91 QJ 131,..'1
4.6.3 HIlf)1'j~'jl'iHYVU'jlJUUmH'lcH'l (hapiotyping) '\JV~tJ'W PfMsp2 'VI ~~Hl1fWllVtJ1~HlJ1V 

~ v . .. 
Yi1fll'jfi'~!~VfH911V~1~ DNA Yi\91'jl'ilYlU!9fV Plasmodiumfalciparum i~tJ1~ PCR 'il1flii'TtJ~1~!~V~ .. .. 

o Q,I' ~ ~ ..c:l Cl..c:l QJ' ..::::. .c!I 
200 fll 'il1'Wl'W 124 \911VV1~ (YlUf)1'j\91~!'lfV Plasmodiumfalciparum !YlV~'lf'W~!~Vl 113 \911VV1~UIl~fll'j\91~!'lfV . 

1 Q,.I 0 Q,I I Y 0 0 y ~dd 

Plasmodiumfalciparum 'jllJflU Plasmodium vivax 'il1'WllJ 11 \911VtJ1~) UIll'W1lJl'Vll haplotyping ~ltJl1i'Vl ... .. 
-W~lJ l~ml~ HIl!LcY~~ i 'W \911 'J l~Yi 16 HIlfll'J 1tfl 'J 1~l1'YlU';hii'lV~1~'il1flt~V~t 'I1ch'Wi-HHIlUlmh'l1 luli'W 

PjMsp2 ~llJl'W 111 ii'lV~l~ ($f)tJIl::: 89.50)i~tJYlUltlUUUijIl~Il 307 lJ1fl~~~fl~t1:llJ$f)tJIl::: 61.26 dllJijIl 
.. .. 

~Il FC27 YlU$VtJIl::: 27.93 UIl:::YlUijIl~IlIPi1~tl'Wi'Wii'lV~1~t~VltllJ 12 ii'lV~1~fl~t1:llJ$VVIl::: 30.65 'I1~U'il1fl 

fln1tm1:::11''\JlJ1~H~\91HIl PCR Ylu'hmtJ'lJijIl~Il 3D7 iJ~tl'J:::flf)m)"'WijIl~Il~ij'\JlJ1~1Pi1~tllJ~~ 7 UUu . . .. 
(haplotype) lm:::mtl'lJijIl~Il FC27 iJ~tl'J:::flVm)JltJijIl~IlYiij'\J'W1~1Pi1~tllJ~~ 4 I1UU (\9l1'j1~Yi 16) lJf)fl'il1flUiJ~ 

YlUijIl~Il 307 ~ij haplotype 1Pi1~tl'Wi'Wii'lV~1~t~Vltl'WlJVfl'il1flfll'JYlUijIl~Il FC2711lJtlU 307 . .. 
f)~Nh~\911lJl;jV',*ii'1f)~1~tJ1mtJ 200 fll 't'Wfll'jl\9l1VlJ DNA YlU';h't-HHIlUlm11'11i'ulilJ PjMsp2 

.. . . 
ITItJ~ 77 ii'lV~1~'I11V 't -HHIlUlfltTItJ~$VtJIl::: 62.10 '\Jf)~ii'lV~l'l'I1~'I1lJ~ UIl:::t;jVYi1fll'Jt-WlJtl~lJlW DNA '\Jv~li'W 

PjMsp2 i~V't,*ii'lV~1~iJcYcY11::: 200 fll 'lJfll'Jt\9l1VlJ DNA YlU';h'-HHIlUlf)Il~Il~rH~mTItJ~ 38 ii'lV~1~'I11V 
.. 

$VV{l~ 1 0.81 ii'~UlJ ~llJl'W haplotype ~l'11i'uli'U PjMsp2 ~~\9l'j l'ilYlU i~'trVtJfl ';hfll'j\91'jl'il'il1flii'1f)~1~t~V~ 
I l1 d.ci, , , QI .c!I : c:tI ~ v .d

VtJ1~ ~'jfl\9l1lJfll1lJ\l 'Wfll'j\9l'jl'ilYlUU\9lIl::: haplotype lJ\9l1f)tJ1~t{lV~ 'W1Il1mm:::iJcYcY11~lJU'Ul !lJlJ'VI 

!jJQI I ~ IV Q,I '~c:t.?IV 
cYV~fl{lV~fl'U 1'lf'W haplotype I f:l~ VI f)\9l'j1fll'JYlU'il1flmf)tJNmV~fl~tlJ'U'Jf)tJIl::: 51.5, 10.3,7.4, 13.2,5.9 . .. 
UIl::: 10.3 't'U'\Jw:::Yiii'lmilnJ1mtJYlu$mm::: 54.9,9.8,7.8, 13.7,2.0 (r = 0.996) !tIl::: 11.8 dltJii'lV~l~ 
~ Y 0 Q.I , 0 .ct QJ Q.I .c:::1 

lJcYcY11:::YlU'Jf)tm::: 52.2, 8.7, 8.7,13.0,4.3 UIl:::13.0 \9l1lJm~U (r= 0.995) 'W'VI1lJf)~t~tJlfl'Wfll'Jm:::'il1tJf)IlIlIl 
.. 

I QJ lad jlev 0 

FC27 'j:::'I11Nfll'J\91'Jl'il'il1fl\9l1UtJ1~IIlf)~lJfll1lJcYf)~flIlf)~flUfll'J\9l'Jl'il'il1fl'U1m{l (r = 0.981) Im:::'il1flfll'J 

\9l'Jl 'il i ~ tJ'ti'ii'lf)~l~iJcYcYll~ (r = 0.961) 1lJ'Vll~\9lH.u1lJfll'J\9l'Jl'ilYlUUIl:::fll1lJ~'\Jf)~ fll'J\9l'j l'ilYlUijIl~Il~ ... .. 
1Pi1~tl'U' 'Wii'lf)~NI~{lltl'W 'ill flt~f)~U'U' -HHIlfll'j\9l 'J1'ilYi i:JcYf)~fl~f)~i~t 'il'WtlUfll'J\9l'J l'ill~tJ',*ii'lf)~l~tJ1mtJ 

(r = 0.629) lm:::ii'lf)~l~iJcYcYll::: (r = 0.721) i'Wf)1'Jt\9l1VlJ DNA 

. . 
.q QI , .c:t. 

Vll'lHYlI6 fll'Jm:::'illtJ haplotype '\Jf)~ PfMsp2 'il1fl\9l1f)tJl~'Vl\9l'J1'ilYlU Plasmodiumfalciparum 

Category Allele Haplotype bp Blood (0) Saliva (0) Urime (0) 

Single allele 3D7 I 470 35 28 12 

II 500 7 5 2 

III 520 5 4 2 

IV 525 9 7 3 

V 550 4 1 I 

VI 585 7 6 3 

VII 615 1 - -

Total 68 51 23 
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Category Allele Haplotype bp Blood (0) Saliva (0) Urime (0) 

Single allele Fe27 VIII 430 18 13 8 

IX 460 4 2 2 

-X 470 1 -

XI 550 8 7 2 

Total 31 22 12 

Mixed alleles 3D7 + 3D7 I + IV 470 + 525 4 2 1 

I + VI 470 + 585 1 1 -

III+V · 520 + 550 2 - 1 

3D7 + Fe27 I + VIII 470 + 430 3 1 1 

III + VIII 520 + 430 2 - -

Total 12 4 3 

Total 111 77 38 

.c:::\, J _I OJ .c:t 4 1 "" 
4.7 f)l'l1Iml~'t'i~lJU'UmHHHl'Ufi,;jfJtI PvMspJ tI'U'l11tl.! block 6 

o 0 IV ~ 

4.7.1 f.Hlfl1)'Vlflfffl1Jfl11lJ~11'Wl~'Ufl,:j primer ffl'l1'HJ variable block 6 'Ufl,:jtJ'U PvMspJ 

i'Uv'U PvMspl ihh'U'Ufl,:j variable block 6 ~ffllJl'H)!!U,:jflflfl'~l1J'UiJ~nru~Jjfl11lJ'I1mfl'l1];11tJ'Ufl,:j 
.. .k .. 

ih~iJ!iJff~,:j 2 iJ~n\U;juJj~'!JUiJm)];1~];1VJ'U!l'U!tl'UI1UiJ Sal-J 'I1~U Belem 9f,:jti'];1~];1VJ'Ujl'UffllJl'HHf)~ 

recombination iuri1uflm,:j'UU,:j variable block 6 .yhi,r~l'U'!JmtJ 5' 'I1~fl 3' m~Jjti'];1~m!iJiJ!~tJ1ti'U'I1~U 

~l,:jtiul~ lfltJ~fl1)i,* peR ~1tJ'I!~ primer B6FIB6R ~~i,r~];1~ii~ peR i'U911UV1,:j~Jj~'!JUiJU'UU,:jti'];1~];1ltlu 
.. 

UiJiJ Belem l'i',:j~l'U'!JmtJ 5' U];1~ 3' 'UU,:j block 6 !'liU'WiJiU911UVN n07, TE26, TG46, BD6, BR07 U];1~ 
, .. 

Belem ri1'U'I!~ primer S6F/S6R i,r~];1~ii~ peR i'U911UV1,:jViJj~'!JuUiJ'UU,:jti'];1~];1!tluUiJiJ Sal-l l'i',:j~lU'!JmtJ 

5' !!];1~ 3' lm~ i ,r~];1 peR ltlU];1UlrlU i,*'1!~ primer ~'li~HtiiJti'];1~];1'UU,:j.J,:j 2 'l1f1 primer iU'U\U~~'I1f1 primer 

B6F/S6R ~~i,r~];1iJ1fl peR iU911UV1,:j~Jj~'!J!!UiJti'];1~];1'Jfl'Jfl~fflJ)~'I1il,:jti'];1~];1 Belem ~1'U 5' !!];1~ti'];1~];1,.. .. 
Sal-I ~lU 3' ~llJ~l~iJ UV1,:j1)n~llJ~lfl911UVNViJjfl1)ffmmJll'i',:j'l11Jfl5,:j 'lilfltJ'WiJ)tJuuuti'];1~m!iJUmU 

, 
OJ .. 

linlJ'lfl~~1'U1UlJlfl (Putapomtip et ai, 2008) ~,:j'liJj911UV1,:jVi~~i,r~];1iJ1fl peR ffl'I-d'iJ primer 'I!~ii'~ 

ffl'11i'U'l1~ primer S6FIB6R i,r~];1iJ1fl peR ViJj'UU1~ 216-250 'I1~U 292 bp Ufffl,:jl,r!~UilJjti'];1~];1VUtJ 2 

I """)'!J!!'lJiJ;jU!!iJiJViJj~l~iJm~ u~iJl 'U'lflJfI glutamine CJflti'U!tl'U'lf~ U];1~UiJUVilliJj glutamine CJflti'U!tlU'lf~ 
OJ ••.., , 

i'Uti'];1~];1];1fl~ff1J'lflJflii (\9l1)1-:JVi 17) !m~''UmruViJjfll'j~fflJti'];1~];1'Ufl\l block 6a U];1~ block 6b ~VI'lflJfltiUI~l 
'" 

~1tJti'U 'I1f1 primers ~UUflIlUiJ'1n5\lffllJlH)riui,r!f)fI~];1U1fl'UU\l peR ~H\9l11Jti'];1~];1~~1!'Wl~~U primer 
.. , 

UU "l ,~ ~-:JUfffl,:ji'UfI1'WVi 13 
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Haplotype 
Variable block 6 

Isolates Agreement with sequences 
5' allele (6a) 3' allele (6b) 

I Belem (B) Belem (B) Be1em, TI07, TE26, TG46, 

BD6, BR07 

Perfect agreement 

II Belem (B) Sal-l (S) NONE Perfect agreement 

III Sal-l (S) Sal-l (S) Sal-I, T064, T077, TC22, 

TC28, TCI03, TF14, TFl27, 

TFFI8, TG44, TG48,TG55, 

TG57, TV400, BOI, B02, 

B04, B09, BPI, BP13, BP29, 

BP30, BP63, VM55, INl 

Perfect agreement 

IV Sal-l (S) Belem (Ba) T029, BP39, BR44, SKI, SK2, 

SK3, SK4, VM27 

Perfect agreement 

V Sal-I (S) Belem (Bb) T124, TI31, TG40 Perfect agreement 

1 2 3 4 5 6 :\1 7 8 9 10 11 12 ~ 

319 bp268 

fIl'W~ 13 U~~'lfl11:IJ~m'l1:;'II~NtlamlJ1 PCR ~1,*1'Ufl1';i'\!h haplotyping i'U'U~ntu block 6a In'!:; 6b 
"" 1 'JI d q dll) 'JI 1'JI

'lJtl'lfJ,'W PvMspJ fllYi agarose gelll~~'l m~'W~m'U1f)'lJtl'l~"'lj:.j(l19l PCR 'VI 1~~lf)fl1,'j 'l1'11~ primer B6FIB6R 
"" d d

llflTVl 1,3 U(I:;, 5 'l1~ primer S6FIB6R UtlTVl 2, 4 !l(l~ 6 'l1~ primer S6FIB6R lltl1'V1 2,4 Lm:; 6 '11~ primer , 
d .::::t OQ,l ~.d 

S6F/S6R UtlTY! 7,9 1m:; 11 ~m~'l1~ primer B6FIB6R llf1d'VI 8, 10 !l(l~12 ~111'j'U DNA template 1Hl Utldi'l 1­
, Q,I .c:t, QI .c:t, I Q,I 

2 li'llf)'U Belem + Sal-I lltl1i'l 3-4 LYl1f)'U Belem + Sal-I + T064 ILtl1i'l 5-6 lYl1f)'U Belem + Sal-l + To64 + , , 
.c:S • Q,I do I Q,I ~ 

TF 127 lltl1i'l 7-8 lYl1f)'U Belem + Sal-l ILtl1i'l 11-12 li'llf)'U Belem + Sal-l + TE26 + TI 07 M fltl molecular 

weight marker N ~tl negative control 

4.7.2 ~mfl1'ji'l~~tl'Ufl11:IJ11'IJtl'l primer ffll1i''U variable block 6 'lJtl'lV'W PvMspl 

o q dll] 'JI ,'J1 ::'1 ., II] d 
'Ulj:.j(lj:.j(l19l PCR i'l 1~'i)1f)f11'j 'l1'l1~ primer PVFIPVR :IJ11lJ'W19l119l'j1'i)~tl'Ufl11:IJ 11'IJtl'l primer i'l 

"1" ~ _I ~ 0 d d\li Y , "l "" " 'j) 0 d
tltlf111'U'U nl'Utl'l~l:1J1'jtllJ';j~l:IJ'W'i)l'WTW copy 'IJ~NrJ'U PvMspl i'l !~f)(ll1 11'IJ1'l19l'W1l(11 ~1'W1'W copy'IJtl'lrJ'U 
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I 

d ~ d 9 31 ~I 9 0 '1 31 "" "" '9.J 1 d 
PvMspJ'VI\Pl1"l~'VI""llJl':if:l !'IJlu'W template !'Wfll':i'VI1 !mfl~YH'lYH1\Pl PCR 'UV~ primer tl!'W C}f~fl11lJ 1'V1'V1~""VlJ 

jJ I,,'j/ I 

UlJl1l1flfll':i'VI~",v~cif1 3 fli'-:J !m::;i,rYlmYV~flaV~tl'W ~-:J!!ff~~i'Wfll'VfYi 14 !!"'::;1911':i1-:J.yj 18 !~'Wfll':i""nJm1lJ• 
"'J'UV~1~fllHl1 haplotyping 'UV-:JV'W PvMspJ ~1~1I1flfll':ii,*'Il~ primer ~VVfl!!lJlJ1i'~1~ "l tl'W 1I1flYm 

fll':ifffl1:l11l:::!lf'Wl~':h~1'W1'W copy 'UV~ template DNA ~~1"l~~""llJ1':imlvi,r!n~r.mYlil\Pl PCR 1~1'Wu~",:::'Il~ 

primer flV 5 copies tffl!i''Wi'Wmru~!1:l'Wfl'''~'''lIlJlJ BelemlSal-l ~~fl"'~"'·ln1~d'fJ~I1J'Vl'l.Ji'W1i':i':ilJ'lf1~ ~-:JII""~~ 
'1 31 d ''''''' d '" ,x,J'", 1 ~ '" 11] 31 0 1
!'I1!'11'W1111ifll':i haplotyping 'VI'VlWl'W1'U'W'WlJfl11lJ T~~lJlfl 1I1fl'W'Wtf~ !~'VI1fll':i'VI~LYVlJfl11lJ 1'UtI~ primer 

, I I ,.,,, I 

!VllJ !~lJ ~111 i'lJ '1 '\.J mru.yj 1Pi1t1~1~.yj 11::: 'W 1lJl\Pl ':i 111 LYtlm!'W iifll':i~~!~tI.yjii fl"'~"'~l~'lfU~tl'W lJ:::<U'W tl'W tI~ 1~Vfll':i 
<u 

:\1 I 2 3 4 5 6 7 8 9 

5.3 kb 

d .1""""'" '1' 131 
iIl'Vl't1 ~4 agarose gel electropho~esis !!LY~~fl11lJ 1'UtI~fll':i'VI~""tllJlJnmVl ~CR !~tf ')j''Il~ primer 

"'- "" "'-11] 31 '1310 '" '" 8 7 6 5 4PVFIPVR !!f:l1'V1 1-9 ULY~~Ylmm\Pl PCR 'VI !~1l1flfll':i ')j'1I1'W1'W copy 'UtI~tf'\.J PvMspl 'VI 10,10,10,10,10, 
3 2 . 0 cv a . 

10 , 10 , 10 II"'::: 5 COPieS \Pl1lJm~lJ M fltl molecular weight marker 

. " 
1Pi1t1~1~ DNA .yj\Pl'i111'VllJ!~tI Plasmodium vivax 1~V1~ PCR 1I1flIPi1t1~1~!~tI~ 200 III ii~1'W1'W 144 

" " cv I .at. a .o::::t .c::::t. d. Cl.I I Q a 
\Pl1t1V1-:J ('VllJfll':i\Pl~!')j'tI Plasmodium vivax !'VlV~')j''W~!~V1129 \Pl1t1tfN!!"'::;fll':i\Pl~!')j'tI Plasmodium vivax 

" . 
:i1lJtllJ!~tllJlm!~V')j'iJ~fl'W ~1'W1'\.J 151Pi1t1~1-:J) Yl"'fllHl1 haplotyping ''\.Jri1'\.J'UtI~ 5' II"'::: 3' 'UtI-:JV'W PvMspl 
," I " 

~1V1~Yi~Wl'\.J l~'WULY~~ ym 1'\.J \Pl1'i 1-:J.yj 19 ymfll'i1!fl'j 1::;11''VllJ':hIPi1V~1~ 1I1fl!~tI~nHhu'1,.rr-mlJ1fl~111 i'lJV'W 

PvMspl ~1'\.J1'W 140 1Pi1t1~1-:J (~tlV"'::: 97.22)1~tf'VllJ~UIIlJlJfl",~", Sal-1lBelem type b lJlfl~"l~fl~H1:l'W~tlV"'::: 
I evd. iI cv.c:l jJ cvd 

65.3 LY1'WtI"''''''' BelemlBelem 'VllJ':itlV"'::: 25.0 tI"''''''' Sal-1lBelem type a 'VllJ':itltf"'::; 5.6 U"':::'VllJtI"''''''' Sal­

" 
lISal-l ~VV"'::: 4.0 'Wtlfl1l1flUfJ~'VllJfl"'~"'~1~tl'W1'W1Pi1t1~1~!~tf1tl'W1I1fl~lhtf 16 ':i1tf111t1~tlV"'::; 11.4 

. " 
<u 

!~V1,*1Pi1t1~1~'W1mv 200 III '1'Wfll':i!\Pl~VlJ DNA 'VllJ':hi,r~..mlJ1flffll1i'lJV'W PvMspl ~l'W1'W 94 
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" ~,nr'W~l'WTW haplotype (hI11lJ~'W PvMspl ~~~l'1'ilYllJ'~uvtJflilml~l"Hl'illfWl'1mh~liivfll'lh,Jl~t1'1nm"rl 
"' ..'" 1 Q..I , I 11) c:$.d1 I

ml'11ml~"W'W PjMsp2 'W~'1Vtll~ Plasmodiumfalciparum VtJl~ Im~llJfI'11lJ() 'Wmlm'1'ilYllJU~rl~ 
" . 

haplotype 1'W~'1mh~liivfI lllrllm1rldlffffl'1~1iU'W '11UlJ~ffVflfI~v~n'\.J lf1tJ~lff'HiYlJl~''W,rl~'H'':h~~rlml 

. ". 
I'n 1'ilYllJflrl~rl~~1~n'W i 'W ~'1V~l~ ~~t1'1n'W 'illfl ~iivfI,r'W i,r~rlfl1l m'1'il~ 'llffvflfI~v~ifl ~ 'il'W nlJ fl1l~l1'ill fI tJ 

" ii'~1vdNlllmtJ (r = 0.365) ~1rl~~'1Vdl~iJffff1'1~ (r = -0.365) 

Primers 
Allelic 

type 
PCR 
(bp) 

Exp 
No. 

Copy number of template 

10
8 

10
7 

10
6 

10
5 

10
4 

10
3 

10
2 

10 5 1 

B6FIB6R Belem 268­

280 

1 + + + + + + + + + -

2 + + + + + + + + - -

3 + + + + + + + + + + 

B6F/S6R Not 

found 

- 1 NO NO NO NO NO NO NO NO NO NO 

2 NO NO NO ND NO NO NO NO NO NO 

3 NO NO NO NO NO NO NO NO NO NO 

S6F/S6R Sal-l 319 1 + + + + + + + + + + 

2 + + + + + + + + - -

3 + + + + + + + + + -

S6FIB6R Thai­

131 

292 1 + + + + + + + + + -

2 + + + + + + + + + -

3 + + + + + + + + + + 

S6FIB6R Thai­

029 

216­

250 

1 + + + + + + + + - -

2 + + + + + + + + + + 

3 + + + + + + + + + -

Exp. No = ~lflWVlflffVlJ 3 fl1~ Ifltl1i' ONA template l~fnn'W 


NO = 'lll~~l'1'il 

o I Y Q

*~lU'H'W~ block Vl'lV'I'illfl Putap?mtip .et ai, 2002 

** ~1'W1'W copy 'lJfN~'W PvMspl~\PlT'lfl~ffllJ1l()ii'l~'W template ffl'H11J'UUmV1 PCR 'lJV~1L~rl~'ljfl primer 

43 




. . 
.c::& Q,I , .:::s 

~l')H'YI 19 fll'jm~~ltl haplotype 'Utl.:J PvMspl~lf)\911tltll.:J'Yl\9l'j1~'WlJ Plasmodium vivax 

Category Allele (5'-3') Haplotype Blood (n) Saliva (n) Urime (n) 

Single allele BelemlBelem I 31 19 10 

BelemlSal-l II 0 0 0 

Sal-1ISal-l III 5 4 1 

Sal-1lBelem type a IV 7 3 2 

Sal-1lBelem type b V 81 68 36 

Total 124 94 49 

Mixed alleles I + III 5 1 0 

I + IV 2 1 0 

I+V 3 0 0 

IV+V 6 1 0 

Total 16 3 0 

Total 140 97 49 

~ J cv' iI_'I~'::' "~ 
4.8 m,)1Afl,)1~'Yi~1tlf.JN'j)lfl~U1f.J'YI~V1~nJtlf.J1~~6A'\.HH 

.. " Q j.J~ ~ 0 3J~ ~ 0 

~lf)fll'j\9l~\9ll:IJ~\9l~A'll'tl Plasmodiumfalciparum~l'WTW 17 'jlmnl~~\9l~I'll'tl Plasmodium vivax ~l'tnw 
. " 

18 'jltll~tl91~m:IJ1'W1'W'Vi 7, 14, 21 U(l~ 28 'WlJllffl:lJl'jf;)91~\9l1:IJ~91~I.Jftl Plasmodiumfalciparum l'Wl'W 

Q.I I ll] 'JJ 0 Q,I 9 d . .c:::t. j.J.c:::. ~ " ~ " 
fl.:Jf)(l11 A~ 17,15, 10 U(I~ 7 'jltlm:IJ(Il~lJ !'W'lJW~'Ylffl:lJl'jf;)\9l~\9l1lJ~\9l~I'll'tl Plasmodium vivax t~ 16,11,8 

!l(l~ 8 'jltl\9ll:IJih~lJ lrttl'l'ilfll'j\9l'j1~'I1l:lJl(lll~tI'WlJllfll'j\9ln~~1f)YJrl':IJ l(1-H\9lU(l~fll'j\9l'j1~ irwin PCR ~lf)
" .. . 

fll'j 1~~1tldl.:J 200 III 'illf1l~tl~ tJl(lltlU(I~iJffffl1~1'W f)nl\9l~tI:IJ DNA 'WlJ1TYJf)~1tldl.:J111'~(I(llJ~.:Ju~l'W'Vi 7 

~I " II) • I " I '" I ,,"" "I " '" 'I" 1 ""'" !u'W\9l'W AU tlf1l1'W'WlJ11\9l1tltll.:J~1f)fj\9lfl!'ll'tl Plasmodiumfalciparum 2 'jltltl.:Jfl.:J !'\1~(lfll'j\9l'j1'il fltl11i peR .. " 
'illf)~1tldl.:J!~tlfll 'Wl'W'Vi 7 (\9l1'jl.:j'Vi 20) !llY':h~ihtll'\1~hil~~ ililimfll'j'IJtl.:JhfllJl(ll!~ tJ!l~1!L(I~ 11l1~i'lJtll 

" ~l'W:IJl(lll~vl~ "1 '\1 ".:J~lf)f)niiJ~,rtJl'Wfli'.:Jll'jf)!l~1 

. . 
q Q,I , ~ 

m1H'YI 20 fl1'jm~~ltl haplotype 'lJtl.:J PvMspl~1f)\9l1tltll.:J'Yl\9l'j1~'WlJ Plasmodium vi vax 

Result (Positivesrrotal examined*) 
SampleCategory 

Day 1 Day 14 Day 28Day 7 Day 21 

Plasmodiumfalciparum (Total = 17) 

Microscopy 17/17 0117 0/15 OlIO 0/7 

Blood 17/17 2117 0/15 0110 0/7 

Saliva 17/17 0117 0/15 OlIO 0/7 

Urine 15/17 0117 0/15 OlIO 0/7 
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• • 

Category Sample 
Result (Positives/Total examined*) 

Day 1 Day7 Day 14 Day 21 Day 28 

Plasmodium vivax (Total = 18) 

Microscopy 18/18 0/16 0/11 0/8 0/8 

Blood 18/18 0/16 0/11 0/8 0/8 

Saliva 18/18 0/16 0/11 0/8 0/8 

Urine 17118 0/16 0111 0/8 0/8 

"'" r! ""'OJ5. 1'\l1'jru~H'1f)l'j'"H)tJ 

u~';hfll'j1iJ'il~tI1 'jflU'j~91 i91t1fll'j91'j'"H)l1114fl~nfll 'jfl~ii~fl1:ltl!:::~mn:::~':)ff1111'jtHY':)Hl91 i~flltl1~ 
flti'fl.:J~Cll'l'j'jffuti\J iifl11mhri'tytnl:::,)911rJU1J191 'j~llm a.:J1ufll'j1iJ 'il~tI 1 'jfl mh.:) i 'j ~9111l1n~':)flft11fll'ilii 

, SI , 

.,rfl~lnfl1u mruvh~fliiU~1J1t1!Ufltlfl';h;ifl ~lnfl1u fll'j 91'j1'il'WUU 'j ~91 i~1 fl tJlll'Wl::: mh.:JV.:JU'j~91 ~1'W1fl1u'j 191 

'" oJ '" '" '" 'i d '" U ~ 'l!V !V I 0 .J 'l!V!V
9f1 9f.:J fll'nU 'illltl ! 'jfl1J1ml'j tltI.:) 'j:::ffUutyl11!Ufl1U fl111l\j fl91fl.:JU1IUtll'illflfll'j 91'j 1 'il'I1Wlfflflltl !91 flClfl.:J 


0'", d I '1 'i od oJ !V ",!v

'il Cll'l 'j 'j ft'U flU fll'il1l ~mm::: l'lU91fl fll'j 11':)1J1m fll 'j Ufll 'j fl1Ufl1l ! 'j fl1J1 CllmJ9f':) 91 fl'l fllft'tI'U fl1l Cll'11'1 'j:::1Jlfl 
• • OJ 


, SI 


1l'ltll'Vitlfl~fl':) fll'j I'll 'il~tI h fl1l1Clll~ tlmjl'ltlfl~fl'liTUUflfl'illfl'il:::l1JU flUl'l 'jlUfffll1::: fll'jW'Ufl'l hfluti'1 V'I 
OJ OJ 

liJU~U~lU -ffll1 i'u fll 'ju 'j :::llJU U 'j :::~l'l Iifll'W'Ufl'l HCl ~'W £~i~'illflfll 'nl '111191 'jfll'j ~1.:J "l , Ufll'jfl1UfJlI hfl ~'1 
SI 

iUU'j:::ll'lft'i l'ltl mllfl1Uflll hfl m:::l'l'j1'1ffllil'jtl! ff'U i~ii'j:::UUfll'jl~U:::1'1 hfl1l1mi1t1 lfltl,)fl~'11J1Clll~tI 

fl~iJfll1!fl-ffliTfl'llU fl1UfJlI hfl ~fl~m.J11fltlUlICl'l ~'Ifl Cl flUfl'lll~U ~1U I'U91U 'jlfl~ hfl1l1ml~ tI~1U'j:::ll'lft' 
, SI 

fll'jU~fll'j91'j 1 'il Iiiflfll~flfll'jI'll'il,rtl'lfiJ91'Ufl'll~fl1J1Clll~ tI 'W~fl1lnufll'j1..1'mi'mn 91 Clflfl'ilU flul~1~91m1l 

H'ihtlmh'll1Ju'j:::UU i~ri'lHCl1..1'fll'jfl1Uflll 1 'jfl1J1Clll~tliuU'j:::ll'lft'i l'ltlU'j:::fflIHCl~fl':hu'j:::Il'lft"fl~l~tI.:) ~\lii 
OJ • 


SI 


1JU~U~ lU 'Ufl':)fl111l -ffll ~ 'il~'1 fl ft111fl91 'ill flfll 'j ff~1'1 'j:::UU91 'j 1 'il1iJ 'il ~tll'll'l..1' fl'lU iiu~fll'j'W ~flll n U fll 'j ff~l'l 

'j:::uufhnu1I191'j ~ lU'Ufl'lfll'jm1'il~'Iflftl1 mh'l i 'j~m1J1i1fl'l 'illfl.,rfl~lnfll~fl'l11CllUCl:::rlu "l 't11'..1' fll'j91'j 1'il 

I'll 'il~tll'll'l..1' fl'l U iiu~fll 'j -ffll1 i'1J 11 lml~ tI~'I iifll 'j Iii flfl 1 ,*m 'Wl:::1n m 1'il 'il lflYl"'11 1 Cl 1191 'lfiJflllU 11-W tI.:) fl Vl'l 

l~tl1 1l~';h1n91'j1'il 'illflVMlI 1 Cl1191'lfiJmlu liifl111l11'~ 'I fl';h1n91'j 1'il 'illflYl"'1I 1 Cll191'lfiJ911J1'1 U~'ul'lHuiiu~~ 

ii.,rfl~lnfll~fl'lI1Cll'v'h' ..1'fl111l 1 l'Ufll'j 91 'j1'il 'il lflYl "'11 1 Cl 1191 'lfiJ91 '11 U 1 fll'il ff'lflil'lfiJfl1Jl'l 10 ()'I 30 l'vh 
OJ 

r! ~ \Ii!lld. t f/
(Moody & Chiodini 2000; Trape 1985) 'j111l'l'lff11l1'jtlClfll1m1ufl11m1'ill111'lffllflflfl11fll'j91'j1'il~nflYlCl1l 

SI 

1Cl1191'lfiJfl1Jl'l lI~fl111l ~11'W1:::'lJ fll'j91'j 1'ilffflU'lfiJ fl'Ufl'll~fl1J1m I~ tI:!Jfl~ln911-Wtl'l 2 'lfiJflfifl Plasmodium 
d':::s 0 ~ d. el Q,I .:Q.J IV Q 

Jalciparum BCl::: Plasmodium vivax lJ flfl'illflU 'U91 'illflfl'Ufl'lfll'j91 'j 1 'il'W1J1'lffl1J1m! 'j tltI'I'UU flUU'j1l1t1!l'lffl 
.. 

111 m!~ tI1u~'Jflth'llii fl91 91Cl flfl 'ilU fl1111 Cl::: IfltlflI 1Cl:::l1fl1:l::: 'Ufl':) ~Cll1ft'U 1 m -ffll1 i'Ufl 11 91 'j 1 'il1111~fl1l1Clll~ tI 'illfl 
" 1 JI 

:yM1I iCll191:!Jfl '..1'fl111l 11Vi~11jjflU~1J1t1!l~fl lum:::uff1iiflflUeWflil 50 ~1~fl111 lm~91'j (Payne 1988; WHO 

1990; Bruce-Chwatt 1993) 
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I 

U~ fWh~ti'U 1~1J1f) ~-!lyh 'I.-Hlf1~m'JVi\PlJ'Ulf)l JltJ1I11tllJWI1!1 tlllJ ~f)EJ Ol~'Ufl-!l'lf~\9I'J'J 11 ~h~ 11 nil 'U l :Jf-!lf)1'Jl'i'll ~w. ~ 

, v 

fllfftl'l1~flf)1';j immunochromatography rWmllf)1';j~';j'J~'I1l hh~'U'Ufl-!lA~fllJlmi1t1'1.'Um~u'fflm1fl'Um~9)~ 

lifl l'lflJ histidine-rich protein-2 (HRP-2), lactae dehydrogenase UCl~ aldolase d~I'U9i''U ~-!llnt.! hJl~lJ'UtNlifl 
, , "" II 

lJlCllA~ tlYi'VlU ''Um~U'C1'A~flfl 'Ufl-!l~Yi9)~Atjffl l1-!1U'l1~f)f)1';j 'Ufl-!l'lt~~ ';j'J~f1-!1f)~l'J~fll '* monoclonal antibody Yi 

o , 1",,1.c:t ,J' 1jI~ I~ Q.I d r d ~ "A 0 ~ ,J0

~ll'Vll~flfl u ';j~'U m "1'U 'Vl1 '11~~ fl~ !'U "f)EJOl~lll'UUtlUU'UU~'U m~~lEJmfl-!l'VH'I1lJ1~fflJ C)f-!lAlJfl'Ull"fl~'Y1 

9i'fl-!lf)1j'Yl~ffflU~~l'U ~'U\9Ifl'U f)1nll1-HA~ ~A~fl~ Ufl-!lU~f)U~'J l11f)1j ~lJ'I1 ~fl'l1 tI~A~flfl~-!lf)~l'J~11"llJ~llJ'I1 ~-!I• 
'U~NU~lJm~~lEJmfl-!l l11j~'Ul'UA~flfl~~lflgfl'U i11'111UtlU monoclonal antibody ~~lA'Vll~~fll11'J~'U~9i'fl-!lf)1j 

\9I';idll lfltlfllfftl'l1~f)f)lj chromatography 111 j~'U \jf)~U i ~~umJ i-!lf)~l'JlI~~ j ::;UU9) fl~llJ~ffllJlJtllJfl-!lrH'U 

~"'Ufl-!l11am til i~~lf)f)ljAf1flUtlU iY~'U l~f)ljrl''I.-H~"f)1j ~j'JlI~ j 'J~l~ 'J ~~l1lf)1':i'VIfl ffflUfl'llJ1':imh'U~"i~ 
'i i ,y '" '" .... y.. L'i .d '1 y, 1 , y .d.d".~ 
!~tJ~H u,,:: lJ\9Ifl-!lfl1fftJ'YIflEJ~'I1 'j flfl'JllJt'VllffEJ ,N mlJl~'Yl~~ !'If lJ.fl1fl ff'U llJ fltlAll'Vll::; 'U'YIfl-!l'Yl'YIlJuqJ'I11 

ltfl-!l iyj.yblCl::;~11mw~~lAtJ'U~lJ "1 fl~l-!l i JnmlJ'lt~~';idllrl'v-!l~'nfl1u'Vl-!l~-!lAtJ'U~11ff'J'Jfl~flf)1'ji,*~'J111 II":: 
" I JI,

1J} c:I 4C!:t d ~ 'I. .d. ~.d ~ t:!t 
'l. 'I1~"~H'il'Vll::;A'lffllJlml'JtI'lf'U~ PlasmodiumJalciparum 'U'U0l~'Yl Plasmodium vivax 1I"~A'lffllJl"1A'W'lf'U~fl'U 

, I'" 
"1 V-!I~fl-!l~f)1'jVi\PlJ'Ul~fl i 11 A.wfl-!l ~ lflV-!I'I.-Hf-IClfl'JllJ~lA'Vl1::;Yillll lJ flmJ1flUm~U'Jfl~lfl f)1j~ j 'JlI~'JtJl~i-!lflrll'J 

. v 

~::;fl-!lfldt.!l'UUfl11'J~lJlOl 2 ~-!I 3 ~11\911tl 'I1~fl 1 A~fl'U .fl1t1'11~-!llIlfl~thtli~fUfll'JfflEJli-H'I1ltlAA"'1 i-!llJ'Ufll'J 
~ ~ 

v 

rll'I1 fUl~ peR U~il~::; illffllJljtl'l.<N'Yl\9lU'Yl'Uf)1j~j 'J1I'I11A~fltnlJ'9i'fl~fl-!l~"'Yljjrttf' 'U.fl1fl'fft.!llJ u~• 
" , I I 

fl1llJ i 'JAAfl::fl'JllJ~lA'Vll::;'Ufl-!ll~i-!lflrlldyhl-HffllJljtl~j 'Ju'l111tjffllJl"11~ tJ i~l t.! 'J~iuVi~lflil'J::; i1JYi lI::;~j'Ju 
tl}1J} iI rI.ck ~ J I Q;' I d 111' ~ .c:S 0 IV I 4C!:t jI

!flulflfl"fl-!lu"'Yl j 'jrt'U C)f-!lulflf)1jMflEJ1'U'VlU11~1flLll-!l'Yl~ j'J 11 !lJ'VlUA'lffllJlml'J tlul'U 'J'U 16 ~'JfltJN'I1j fljfltJ• , v v 

,,~ 6.13 'Ufl~IP1'Jfl~l-!lYi~ j'Ju ill'Vl U91fl 11 1fl:W rl'lJ 1"-H~ fl~U l-H ~"U'Jfl~flf)1j'VI \91 ff flU 1~tJl~ peR lJ fJflUlflljl~ 

v. V 
I Q;' 9 .c:S~.o::S .., j) QI 

Plasmodium vivax l'Yllt.!t.! !'U'U0l::;'Yl'J1i peR ffllJljtl~j111l'1U !~'Yl-!l Plasmodium malariae, Plasmodium ovale 

" " 0 ~ d Y 1Qlcs$l 4C!:t'" at .c:t 'I. 
191 "fl\91 ~'U Plasmodium knowlesi 'Yl-!llJ'Ufllq! "f)1j ulUlJ fl'lf'U ~'Ufl~A'lffllJ1"ll j tJ'Yl\j fl~fl~'U flflu1fl 'iI~lJ~" ~tJ~ H 'U 

, • v 

f)1'J fflEJl hflU"''J V-!l~fl'J1lJrllflqJ i 'U f)1j 1NlJl~ j f)1'J fl1UfJlJ hflYi~l-!lti'U 1\9ItlAlll'll::; fl~l-!lr;~fl1':i9)\9IAtjffl 
v v 

y,.... ..". ill ,,,. .1 'I. '" .... L'i II) , .. 1y '" 
Plasmodium knowlesi UlJ11l'lffl'lf'U~'U~~ !lJlJj::;tJ::;UH~ 'U~U'I1':ifl hypnozoite u-!l !lJ'VlU.fl1'J:: f)1':ilflfl 'UflClU 

II" ,,, I 

'lftJ\9I relapse 'I. 'U f)1j ~\9I A91fl'lfU\9I{i u~'I.'UU1~.fl1'J~Vi]Jmj 9)\9IA~fl11~lJ10llJlfll'luil~U1tJfll'il lJ.fl11::U'VI j fl~fl'UYi 
I ~ " " 

~'W11HU"::fll'illiYtI;il9l i~~~ 1'lf'U Yi'VlU 'I. 'U f)1'J ~\9II91fl Plasmodium Jalciparum 11~{i ~11 ff'nfl 'I. 'U f)1':i ~111'U fl'lftJ~ 
.c:I I~ $lOQl'l.

'Ufl-!llJlmAjtll\91t1A~'Vll~flLll~tJ-!I Plasmodium malariae 11":: Plasmodium ovale 'Uflflulfl'Ufl'illfl\91 'Uf)1j'VlU 
" I , , 

11~ lJ lOlA~flYif1fl'U ~Hl!fl tJAl"::; ~fl-!l 'VlU'J ~ tJ:: Vi ~ 1ll'll~Vi'lf1 tJ 'I. 'U fll':iitJ '0 IItI i ~ ~h'U flnitJ'0 ~tJ Plasmodium 
v v , 

knowlesi 'OlflYlrl'lJ h-H~ illffllJ1jm:h l~flVNUll'Uihl'Vljl::;l~fllJ1ml~tJ'lfU~i1]Jj~tJ~ growing trophozoite Yin 
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~n'loJm~l~tJUfl'U (band shape) ~'hjLY1111'JfI~1I1tJnl~~ln Plasmodium malariae lI"dh~fJ~1~1Il11tJ·n.hl'U'U ... 
I II ,SI " 

~1~ '1 ~~Vl'Vi'U'1tJ Plasmodiumfalciparum ~~11tJ1n PCR ~~lfltJ1nl~fJ1Viff1111'Jfl1iJQm~V<JfiJl1ul¢iV~1~ 
v v • 

lI1.1tJih '1 tJu~~,rtJ tJ'On~lnU Plasmodium knowlesi Ifl'Ul~mJ1ml~fJ<JfiJ~'1'UfI'UVliH~ hfli'l1l~'U l~td'H'~IILYlJ 
q 

v 

(Macacafascicularis) 1I"~~'lfi~ (Macaca nemestrina) IfltJr~ hfl'}HlnlllY'h~t:I~~mh1LY1lJl'JfI~~~'OhhJ1 

'J~l1'h~fI'U'¢ilmJ~l'Uq~n'Utlrlt:l~'Vil'H~ (Putapomtip et aI, 2013) 1I~f11~~~~V~ln~~~fltJ l~tl~luq~nutlrlv~ 
• v • 

'Vi 111 ~ ~~11'U I fl'U it:lnll~~~~VVl rl1~fI.I ~~ \JtJ lJlmf11'J fl1'UfllJ1'J fllJl"ll~ tJVl~l1~ t:I ~1 n ff~'l'5~VlJijfl11lJlI~n~ 1~ u q 

v. v 

~1f1l~Vlll"11~fJVltl'J1fl'~lnr~ hfll~fJfftJl~~ 

tl 'J ~ I~ 'U ~ijfl11lJrl1~tlJlJ1ntl'J ~ f11'J l1 d~ ~Vf11 'J ~~ liVlJ1"11~ tJ~ l~<JfiJ~ i llJ n'U 1~ fJ~11tlf11'J ~~ 1iv 
v v , 

lllml~tJlJ1nn':h 1 <JfiJ~l1f11']'j1~'Vi'Ullilfl'Urt:lfJ"~ 1 ~lnf11'J~'n~yhllJ lm1Cfll1~UV1~!'WV~~lnfl11lJ 
• • v 
~ cv ~ ~ltJ I 0 .a 

flmmfl ftVtJ ~lnf11'J~ 'J1~'UV~ ~ft'Ylfl''U1ml1 'J V 'il1nf11 'J'Vi'U'J ~fJ~1~1IWJ'U 'Yl !lJLY1111'jfl'il1I1tJ n species 'UV~I<Jf'O 
jI , " I I 

lJ1ft11~ tJ i ¢it:I~l~ ~11 'Vi 1~ Cfl"'O~ ~'Um'J ~11 I~V i llJnu VlijtJ~ lJ1ml~t:I~hn11 ~~~'UVl LY1lJ 1'J fI~ 'J 1 'il'Vi 'U i ¢i~1nnaV~ 
v v v 

~ft'Yl'j m.w 'J llJl1~f11'Jij'J~tJ~ hypnozoite II'O'UII~~ 'O~ 'il1nf11'JffmnU'Vi'U11f11'J~~l~m.J1ft11~ tJ~l~<JfiJ~i1lJnU 

l"l'U i¢i'1u'tJ fUJlJfllfl'UV~tJ ~~I 'Ylfl' 1I~'Vi'UlJ 1n'1'U 'U~nm fllfl!l1 11Vllft~~d'UCflnlllnn11'Yl1~fllfl~d''U 'Ovnllft~ 
".J Q.I .e. ~ ~ Q.I ~ ~ ~ i lrJ yd ~ ~d I 

fllfl '1 ~C)f~lJt:I~'J1f11'J~111<Jf'O'U'O~tJ~~<Jf1mCfl1n11 (Putapomtip et aI, 2009) l1~U'U'il~V1'illlJ'U tJ !~'Ylf11'J~~I<Jf'O 
tI , I So' 

IIIml~ tJ~l~<JfiJ~i llJntJ 11'U iJU'il ~fJ~ 1~ '1 Vi 'il~If1t11.ij'V~ti'Ufl11lJLY1111'J fll 'Umm'Vii I~'O 1'lf'U <JfiJ~'UV~tJ~'Vi111~ 
q 

d 91 ,.a olfJ3J~ '1 .d
11ItJ~tJ nm1f1V Anopheles dirus LY1111'JfltJ1 !~'Yl~ Plasmodiumfalciparum II"~ Plasmodium vivax tJ'Um~'Yl 

Anopheles maculatus LY1111'Jm.J1 Plasmodiumfalciparum, Plasmodium vivax !!"~ Plasmodium malariae ri1'U 

..J d Q.I.c::i ~ 0 ~ 4=:5 iJ~ 
Anopheles gambiae C)f'lllltJq'l'Vi111~11"n'1tJ'YlltJlIvyhf11 LY1111'JfI'U11<JfVlJ1ft11'JtJl11'Yl'l 4 species '1U'J1tJ~ltJ 

v • V 
I ".c:s I jI... '1 "" I d"1 QJ ~.a Q.I'j) jI Q.I 

nVUl1U1Ul"l'U11~u1tJu'J::::lllm'j'OfJft:::: 30 'Yl !~'jUf11'J'jf1'loJ1f11'j~~I<JfV Plasmodiumfalciparum flltJl1"'lf11'j 
v v 

fnmncl'Ul"l'Uf11'j~l1l~'O Plasmodium vivax l11tJiliijf11'jf'Ul~v'1l11.1 (Looareesuwan et al 1987) 1!ft~ltJ'Yl1'l~H 
, v v 

~ 31... '1 .::t Q ~ ... I 'j) .ct..c::::t. ~ , " 
'UTlJ~u1fJ'Yl~111<JfV Plasmodium vivax u'J::::lllru 'JVf.lft~ 8 lJf11~~~l<Jf'O Plasmodium falciparum 'J1lJ111tJ 

v v 
(Mayxay et aI200 1; Siripoon et al 2002) rl111f'Uf11'jffnmflr'lU'ViU11f11'J~'J1~YJ~lJ 1"11CflLY1111'Jfl1iJ~QtJfn'J 
o<::lto ~ 1 QI V' .::6 I iI' I J'.cs ..::::tt.

~~I<JfV Plasmodiumfalciparum 1I"~Plasmodium vivax 'J1lJntJ'1wj'ihtJ 3 'j1f.1C)f~'ViU'J1~ihml1ft1tJlJtJ'Jlllru 
,., I jI I 

I~V '1 Um~!!miiVl1~~ !!"~~'j1~ ili'ViUfll1::::~~nrl11IfttJ'1 tJ n~lJ~ihf.lViijtJ~lJlru!~'09h 'O~1~ ''J~~llJf11H'1~1'il 

l~tJ1n PCR nclU'Vi'Ufll1~f11'j~~liVlJ1ft11~fJ~1~<JfiJl1i1lJti'Ui'UN'ihtJ 11 'j1tJl11v!~lJ~tJlllnn113 l'l'h 
OJ 

, v v 

l~tl111itJf11'J1iJQtlm~~111~'OlJ1ml~ tJ~1'l<JfiJl1titJl11Vf11'J~m~'OHLYlJV1 ~ 1~rUf11'J1iJ 'ilQfJ'il1nf11'J 
v • v 

~ 'J 1 'il ~1tJna V~~" 'Yl 'J 'j fl'.wfl1 fJl1 ~~ ~1nf11~ tJ 'J ~ IlJ'U tJ 'j~ ff'Ylll fl1'Vi 'U V'l f11'J r n'loJ 11~t:lVi~ 'J 1 ~'Vi 'U '1'U fI f ~II~ n (Mason• 
et al 200 1) ~~ 5~ 'j 1~~ 'j1 'ill"lul1nijfi1f11'JtJ'j~llJU ~~ln11~~~IaV~ ~lf1li'O~!!~'lt:l~V1~\lnr'h~~ ~lntl1~'1 oM 

"1 1 JItI,., " 

f n'loJ1l~V<JfiJ~Vi1iJ 'ilQfJ i¢i ~'l\J'U!~VlJ1ft 1!~ tlVlU~~V~\J'U~~11.11¢ifuf11'J1iJ~,rtJ u,,~ '1 'U mru f11'J ~'j1'il'ViUI~V
OJ 

JI 1)1 I JI , JI " I 

i Uflltll1 ~~l1f1l~U !~t:lVi~V\9lVtI1l91'lUlJ1ft 11~ tlVii~ tJ f11'j f n'loJ 11~vVi1iJ~QfJ1¢iiuflf~u~ n 111'OI~UI~vViij'J::::fJ:::: 
t/v I .d ~ ~ Q.I a 1tJ I

I!H~1UIC)f"ft~1JI<Jf'U Plasmodium vivax IIft~ Plasmodium ovale Hftm::::'YlU'Ylln~'UtJV'U!'UV~'il1nf11'J~'j1~ !lJl"lU 

~ ~ I Q.I 0 ~Q Q.I 4 Q,I fI ~ Ad Q.I ~ 'VIti J
f11'j~~I'IH)'J1lJf1'U ~~'Yl1'1l1ln~ m~1J1tJ f11'Jfll1mVn"'lfJ'Vi'U~'UV~!<JfVlllft 11'j tllJ 1t:lf11LY'Vi1lJ'U1f11'j~t:ltJ1 !flllln'\J'U 

v , v 

l~tI!~t:lVi~~mfl11lJ11~t:ltJ11¢i\lnYhmtJ1tJ !'If'U f11'J~111~vi1lJti'U'j::::l111~ Plasmodiumfalciparum II"~ 
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v v-'I II) v'" '" 0 1v "" Plasmodium vivax m~lJ1V 1~'JlJf11'J'Hl1:Jlm'V'll~ Plasmodiumfalciparum 'il~'Vll '11 Plasmodium vivax lJ 

lUf11~~lJr:r"'O'lJV1'U'W l'Wl'll\l "11~Vili ~111j'W mflfy,hfll'J iJ{i'lJVlfHW hfll'Wl~v\I'U'W l'Wl~tn i 'W fll'Jl'l1{llV 

" . .. IIJ '" "'1 v 0'J~V~ asexual blood stages 'Wvml1f)'W'U'Wl~'IJV\lV11'V'l'Jmfl1'W'Yl 'If'Vll{llV'J~V~ gametocyte 'UV\I Plasmodium 

. " " "I_~ '" '''I "'IIJ' iVi0Jalciparum I'V'lVlJV\lfl'Wf11'.iU'V'l'JI'lfV'W'W IlJ~llJ1H)'Yll{llV'J~V~ hypnozoite 'IJV\I Plasmodium vivax ~ 'W'Yl1\l 

v i d4::l. 'WJ jlQ,I ~.::::. Q.I Q,I 1"'...'1 d .Q, ~ " 
\PlH'lJllJ 'Wmw'Yl Plasmodium vivax 1~'JlJf11'J1'W'illWU{l~'Hl1:J1 U\Pl~lJ1VlJf11'J\Pl~I'lfV PlasmodiumJalciparum 

" v , iI 

U~\lU~U'W fIlV'I1cl\lf11'Ji'f)1:J1~tJ1vtiVlJlfl~Vlf11'J'lJV\I hfllJ{Uf)'il1f)!tMU'lfU~'I1cl\ll1jV\I'illf)f11'J~VVlfl{lV h 

fll'W'lJU\I Plasmodiumfalciparum ~'V'llJiJ{~1itJl'Wlh~I'Ylffi'YlV fIl1~~\lflril1VUmY\l~{lI'lVf11n;!tyl-ffV'Vll\l 
" I jI ", • 

Iff'J1J ifl'il'UU\I'lfl~ 'illflr11 i ,*~lVGJf1~U'W1'W f11'J U~1\1'\11f11'J i'f)1:J 1Vi~~Nlfl~~'WUf) 'J1lJV1\1v\lliI'W f11'J1WlJ'j~V~n{l1 
" " 

'IJV\lf11'J\1tyl-ffml'J \I\Il'W (Amexo et al 2004) 'W Ufl'illflU u~';h~{lm~'YllJ 1~V\Pl'J\lI'lVltMvm{llI~V~\lf)ri11Vl'ilhi 
" Ifl~~'WV1'W Vi UI'l 'il1f)f11 'Jftf)1:Jl i 'W tJ'J~I'YlfflJl{llii 'WUV.w1 f11'V'llJ';hfllV'I1cl\l 'illf)f11'J l~fl i '*Vlfl{lV 1'Jfll'W i 'W fll'J 

" " " ,
i'fl1:Jlfll1~'IJV\lf11'J~~ltMV Plasmodiumfalciparum fIlvl'W'J~tJ~n{ll l1hfllJ 5 iJ'I1cl\l'il1f)U'W 'V'llJ'htMvm{lll~vVi 

" " ,., ,
IfltJ~UVW1\lflri11f)cllJiif11'J\PlVlJ"'lJU\lI'lUVl iJ{~I'li'WI~lJ (Mita ct al 2003) V1\1~l1jV\I'illf)ilJ 'Ii'j'jlJ'lfl~iif11'J 

Q,I c(d..J' QI d'.::tl!] I~ Q.I.,J Q.I d' I.J
f)'j~ 'illtJ'UV\I Plasmodium Jalciparum ~lV'V'l'W li'Yl~UVlII{l~~ltJ'V'l'WlrYl IlJ~VVltJ~tJ'W f)'W 9f\l~ltJ'V'l'W ~ l'I1{ll'WVl'il 

'JI SI I " , 

ii5\Pl'Jlfll'Jl'il1WU\Plfll'll\lO''W ~\lu'Wf11nw~ i'*tJ1fl{lV 1 'JflltJ-yh 1'I1'ltMvViili~VVl~\lf)ril1iilVf11fflWlJtJ1mUJ . 
u • 

II (l ~ Iflfl fll 'J I 'il1 ty II oU\I'Il'W tllJl~v~i mil i J{lJlfl~'W ~ \I f11'J fi''W 'V'llJ~\I f) ri l1iifl1llJ{l'Vflfl ti'V\I O'lJ f11 'J ftfl1:Jl fll'J 

" 
'Vlfl{l'UlJfl1llJi l'IJV\lI~V'Vll\l'l1'V\ltJ B'!J~ f11'J 1'W tJ 'J~I'Ylffi 'Yl tJ flri l1fiv.fl1v'I1 r:l\l'l1 ~fl '1 '*tJlfl{lV 1 'J fll'W 11jtJ 'J ~tJ~ 

" I " I 

11{ll'Wl'W 19fVm{l11~ tJVil~lJ'J1lJ'J 1lJ itJ 'J~tJ~'I1 r:l\l{lfl'J~~lJ f11'J~VtJl~\I flril1VV1\li'fll 'il'W III'lV\I iliuvi'W 'J~~lJVi 
" 

liljlQ.l Q,I.4 Q,I d'dJ' I dijJQ,I ~ ~ ~ 
Plasmodiumfalciparum Ifl'JlJf11'Jflfll{lVfl"'lV'V'l'Wli'YlflU\PlUV1'Yl 'If'Hl1:Jlf11'J\Pl~I'lfV Plasmodium vivax IlJtJ 

. " 
n{ll'WllJ Vl'ilI1j'W f11'.i'CY \II ~1lJ i 'I1'lflfl ~ltJ~'W1f'IJU\I Plasmodium Jalciparum -Yh i 'I1'lflfl ~lVvrlJ iVi~v9imm1{llV 

-1 v 'v '" Ii '''I " '" " , i v .1'" "'''' 'IJ'Wl'Wmf)'IJtJ UlJ11V1\PlTUlJl{l11'JtJ IlJ 1'lf{l'l'JIHf11'Jfl{llV'V'l'Wli (mutagen) U\Pl'il1flf11'J'Ylfl{lV\I 'W'I1V\llJ~lJ\Plf11'J 

. " " 
'V'llJll f11'J Vi 19fVm {lll~vv ~lllV'1 ~U 'J \I flfl ~tJ 'IJ V \I Vl 'il ~ Iflfl f11'J tJi'lJ~1'IJV\lltMVlI{l~ Iflfl f11'J ~hl'l1 ri 1'IJ V\I~'W 1'l1\1 "1 

" )I iI SI , 

iJ{ (Waller et al 2004) tJ Vf) 'il1f)Ui 'W il 'il'il'!JtJ V\liif11'JIPi'\I,j'u~\I lfl\Plll f11'J ~flltMV~{l'lJUW)l'illfl~f11'Jl'\1 utJ1thi'l1'• 
Q.I 'jJ C\ " .,. . I 0Clio 'jJ.£:Ito" ~.c:::t ~ 

Ifl~fll'j~'Jl\11JlJfJlJf)tJ'UllJ'lf'W~'IJV\lI'lfUlJ1{llI'JtJ (cross-species Immunity) l~m'lfV11 Plasmodium vivax Vl'il'Yll 

9 v "" "I" "I i v '" I'l1 fIl1~fl1llJ~'WUH'IJ V\lf11'J91~I'lfV Plasmodium Jalciparum (lfl{l\l 'I1'JV 'W 'Yll\l91H'tIllJ~{lf11'J If)~ 

dyserythropoiesis 'illf) PlasmodiumJalciparum Vl'il{l~tJ1lJ1W reticulocyte M~\lliI'Wf11'J{l~ lVf11iY~'J~V~ 
V oJ "I , IIJ d ':.l! "" 

merozoite 'IJV\I Plasmodium vivax 'il~{lfl{lllJI'lJ1IlJm{lV~U~\I UV1\l1'Hl\Pl1lJf11'JI1f)1:J1"'.fl11~~\lf){l11'illflf11'J• 
, JI tIt 

~\Pl\PlllJH{hvVi~~I'i1V i 'W 'Ii '.i 'j lJ'lfl~VUlJ i '11' ~{lf11'Jftfl1:J lVifl{ll\Pllfl~U'W 'illf)fl11lJ 'il1\l5'W1 i'1 fN 'il1f),j' U~ltl\Pl'IJU\I 
" 

fiUlJ {l 'Yll\1 'J ~ 1J1~ l'YlVl ~Vl~tJ~{l f11 'J \Pl '.i 1 'il 'ill f)!l~'WYJ"lJ1(l 'i1 \PlIYi tJ\lVV1\11~V1 
" 

lflv~1 itJf11'Jlum1tJ 1 'Jflm{llI~V l\Plvl1i9iN "1 ~\lf)ri11fiN~'Wti'1'Wiifl11lJ~111j'W i'Wf11'jI'ill~l~V~ 
~ I ~ cr c( d"i.q jI II) jI 'j) I ~ 

IIlJ11f11'J I'il1~I{lU~ I~VlJflfl{llf)'J 'Yll\lf11'HI'V'l'YltJ'il~lJ ! Uf11fflf)\Pl.fl11::;U'Yl'.i fl9fV'W 1\Pl'W UV 1191f11'J I'il1~I{lV~• 
I ~ cS9J ~ ,.., "~ , ... 1 ~ _I ~.c:. 9J .ct. 

1~ tim 'V'l1~ U Vl\l tJ\I 'Yl91 U\I fll'J \Pl \Pl91llJ ~':htlv tJl\191 UI'W V\I 1'lf'W fll 'J lJ 'J ~llJ 'W lJ '.i:::: ~'Yl 'Ii.fl1'V'l 'tIV\I tll911'W mml'.i tJ 
'" 

I'l ~ U~ 'il 'W fll'J tJ 'J ~ In'W tJ 'J:::: i1'Yl ilm'V'l 'IJ U\l1fl Cli'W ~ \191'~Nfll'J IPi'1udl\11~V~ '11 mtJfl f\l m 'il i tii J{i'lJfl11lJ i 1lJliu 'il1fl 
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~tJ'.wmh.:jl~lJ~ 1~VI~'Vil:;vdl.:jt.:jf)~lJ~tJ1V1~mm~'Vll';if) I'HH)~l1hltlll1iJ'IlV~lfi~I:}i.:j111fJ1inlJffmi'Uf)~lJ 
" I I I 

~\9l~ijm ';i Ii' ~.:jUhi f1l';i i.ffff.:j ri ~\9l';i 111 vhlVi ifi'lJll~fJ'lhlfHllf)f1l';i ~~1~fl1llJl~ulh~~Wlfhl f1l';i tl1l~t~vmlvlJ 

~~1~mllJ11lJjjVUC\~'IJ;1~~,j~nflt9f.:j 111fJ1i';i';ilJlfi' Ul!1lf1l';i\9l';i 1111U ~,rfJ hfllJlc\lt~fJ1~u1~ peR l1lf)f)ni.ff 

", " "," 
19i'1vdNtJ1c\lfJUC\~tl~~11~'lJV~~~~t9fv~~ifi'i'Uf)1';iVf~hllfli'~U';if)ffll1i'Uf1l';i\9l';i111 l1lttMV Plasmodium 

Jalciparum uiJ,j';i~ff'Vliifll'Vi~~~1f)1lf1l';i\9l';i111l1lt~Vflltl1v1'ml/V~~'Vlnfftf (Mharakurwa et ai, 2006) Vdl~h~ 
., ., 

v~ Q,I I tv I 0 ~ v~ 4 q 3J .Q c::t. Q,I II] )I 

\9lllJflW~fj111tl'ViU1l\9l1VfJl~ hllC\lVlm~u~~11~'lJtl~fj\9l~I'lSV~11Jl';jf1 1<J1\9l';i1~1h111~tI Plasmodium vivax I~ 

I Q.I I 9/at,<v"1jJQ,I ~ q ..::::t..ct. .J ~_'-t 
l'b'hlf)'W (Buppan et ai, 2010) \9lVlJlflW:;fj1~tI 1~'Vi~hllf1l';i\9l';i1\1l1l1'b'VlJlc\lt';itl 1~W11i peR C)f~htlhllUll1lJ1fJ 

~V mitochondrial cytochrome b ~.:jij~lhl1h1'l1I'l'IJtl~~hllhlt~VlI~C\:;tC)fC\"lJlf)f)1l~hltilll1lJ1Vl~lJ~tl small . ., 
subunit ribosomal RNA .yhh1'~11Jl';jfuVilJ,j';i:;ff'Vliifll'Vif1l';i\9l';i1'ill1lt9fVlJlC\lt~tI1~tl1~ peR l1lf)1'i'1vdl~ 

., J ., v ., 

tJ 1 C\ lfJItC\:; 1] ~~11:; i fi'~ 'IJ hi 11~U 'Vi U11 y.jC\ ';i 1lJ 'il If) f1l ';i \9l ';i 1 'il 'ill f)19i'1 vdl~1mhuij,j ';i:; ff'Vl ii fll'Vil1l'ltll fJlJ fiu nn 

.: 1"" "''I' 1,,~'" 'I' '" '" 0'" ~ :, .!\9l';i1'ill11t'lftlfllfJ \9lf)C\tl~~c\'Vl';i';iffhl!l'lfJ 'lfnC\lJ !C\l1\9l'lShll'll1h1l (Putapomtip et a120ll) ~ll1';iUf1l';jf1n~lflHhI 

,,"'.., IIJ"", ""rN 'I' "t 1 " _~ 1 0 ...,j I II d 
flW:;fj1'ilfJ 1~'Vi~hl111i peR I~Vlc\Vf) 'b' DNA lUll1lJ1fJ hI\9llUl1h1~ VhI'lJV~ mitochondrial genome Vtll~ !';if) . ., 
\9lllJ$i'1t1oU'tl~lfil'lllfl1llJU\9l f)~l~ i hi ~1~UU1fl~1vimllhi mitochondrial genome 'lJV~I9fVlJ1C\lt~ tll"il~'b'u~fihliJ 

., ., . 

ilJlJlf)Uc\:;~lfil'lm'Vil:;Ul~ri1h1'IJ'eN genome IvhUhll11Uhlf1l';iVVf)UUU peR primers ilJ~llJl';it1Vf~hll'1l1'iJ 

fl1llJl1C\lf)l1C\lfJlJlf) ifi' !lC\~tll'il !~:}it1,!fiU1]t1,!l1lf1l';i tn~,jfin1fJl'llllJ f)~lJtlh1 ri~ ~C\ '1 ,rtn~ ~c\U1f)c\1~ ifi' 
v ., 

mh~h~\9lllJ'illf)f1l';ifff)~lfli'~U 'WU1l~hlihlri1h1 mitochondrial cytochrome b l,r,j';i~ff'Vliifll'Vi'l'Wf1l';ilU'il 
., 

o Q ~ ..:::::I. ltJ. "'.do I Q 

\11Uhlf)'b'hI~'lJtl.:j!'l1VlJ1C\lt';itl II'l~n11U';inW mitochondrial cytochrome oxidase subunit I Uc\:; subunit III 

"" " " 
'W Vf) 'il If)U'lhi n1';ifff)~1 fl Vhl'I1.w lU fl W:; ~1;1tI i fi''1.ff19i'1Vdl.:j I9i'1Vdl.:j I ~ tll'l tJ lc\1fJ UC\ ~ 11 ~~11:;'IJ V.:j ~~I'lI9fV!Yl tI~ 

20 IlI'lhlf1l'jt\9l~tllJ DNA ~~'Ihlf1l';ifff)~ltfifi'l~lJ,j11J1WI9i'1VdNtl1ciltft~hI 10 lvh l1l1,r~c\f)n1tml:;M 
., ., 

'ViU1l,j ';i:; ff'Vl iifll'Vi '1hi f1l';i \9l ';i 1 \11U,rfJ! tC\:; ~lUhi f)'lSU ~ 'IJ V~ t<JfVlJlC\ lt~ V'ill f)f1l ';i '1.ff19i'1V d 1~ tJ 1 C\l fJ 111'~C\~ f)11~c\ 
.,. ., 

\1lf)m'j\9l ';i1'ill11 !9fV 'illf)vMlJ1Cll1 \9l '1 hI'\Jw:;ViI9i'1Vdl~1I~ffl1:; '111'~C\1 ml/ljijfJ~ fiUf1l';i\9l';i1'ill11t9fV \11nYl"lJ 1Cll1 \9l 

.., :, """".d" ... 'I ='!.! "".1 'I' "'0 ... "''1'''1 "" l'l~hI hl11if1l'j'Vlflhl'WUttC\:;'Vi~hll lJf1l';itHl~lhlhl tlf)'illf)'il:;lJu';i~ W'l1'W ~ll1';i U f1l 'j,j';i:; ~f)\9l 'l1 hlf11'j,j';i :;tlJhI 

""'" " ..,,, .: "" " " ...ok" ""\9l~ \911lJ fjtJ 1V'I hi ';i:; fJ~ tl11UC\ 1 fJ.:j ~11JlH) '1 'l1'Vl ~U'Vlhl f1l ';i \9l ';i 1'ill1ll'l1VlJlC\l1 'j fJfllfJ 'I \9l f)C\ tl~ ~C\ 'Vl ';i ';iffhl C)f~ \9l tl.:jlJf1l ';i 

., ., 
Q SlQ 4 JlQ 41'Wm';i\9ln'il\9l~\9lllJfj\9ll'lt'lfV PlasmodiumJalciparumtm:;YJ\9l~I'l1V Plasmodium vivax ';i:;tI:;fJ11'ViU 

~tJ1fJlJ1C\1t~ml1f) PlasmodiumJalciparum 2 ';i1fJV~fl~1,r~c\f1l';i\9l';i1\11~fJl~ peR 'il1f)1'i'1Vdl~I~V~I~hlU1f)'hI 

1'W~ 7 ~~uiJ11~c\U1f)~~f)ril1tll'iHn~ 'illf)~tJ1fJi~i'Ut~V'Il1ln~VI~v~~mh1n1~~1'iJ1 \lJ 'I'Wl'i'lJi hI'lJtU~~~tJ1fJ 
'" '" II I " 

iJtllf1l'j'illf)m';i~~ ttMVf)rilJVhllJlflVhll1 UlU 1~fJfJ1111.ffi'f)~11';i fllJ1c\ 11~ fJ'l1ij~ij ilJn~C\9im:; tI:;~M1tl1'il1 illhoi
• u 

" v, I 

I'i'Ul11 i ,r1<Jftl~.:j nri11~11Jl'j t1VfWJhll9i VlJ1'ilhl'ViUf1l 1~~t9fV '1 hIt~~I~vmtl'l~ '1 hi ';i~~mllf)1l'Vi~llJl';i t1\9l';i 1'iJ'ViU 

i$i'fllfJ'1l'i'mi/v~'iJC\'Vl';i 1fftfu9i~11J1';it1\9l';i1'il'ViU i~il'lfJl~ peR Vdl~ i 1~\9lllJfll1~~~f)ril1 ilJtll'il~viiUltlf1l';i
• , .,~ 

\9l11 'iJlll~'W C\Ui hlfllfJ'I1 ~~i~i~tH~tJ1fJ1lfJ~.:jf)ri11 ilJi~i'utIlfi'lhllJlml~ fJ 1 hlfllfJl1 ~~tC\fJl1~Uu~H'tJ1fJ'il~ ifi'i'lJ 
~ ~ 

til primaquine t~tll1ic\lfJ1:;fJ:; gametocyte 'lJV~ PlasmodiumJalciparum tt~tIlttC\~,j1lJ1tU~~tJ1fJifi'i'u1lJ 
, ., ., 

~llJl';it1nl~m~fJ~lll<JftllJlC\ ll~ fJ~~ f)ri 111 'iJ 1t1,!ttuu ilJmfYfJt'Viff'1hlt~l'lt~V~U~~ i~ ~.:jUhlfl1llJtll 'il:;LrllJ',j 111' 
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v , 

~flnl'Hfi~m1:;m'J'IH'\lI~m)~'tlfl\l DNA ~lfH~fl Plasmodiumfalciparum Yimtlllft11~t1-:il\lm[JiJ\lfh~~ DNA 

I ~1q I .ck .aa d g) QI j.I I 

llHIl'U UJ'I1lJ~ (delayed malarial DNA clearance) 91\lffllJ1'Jtlfl1i1JlVm'Jm1~'Yli'Hy.jClClUi'Wfl1t1'11Cl\l'tlfl\l~lbtl 

~\l 2 'Jlt1i\ln~111~ ~\lfffl~flftfl\ltlUmn'4Ullhh~'W'tlfl\ll~fllJlCll1~mJN'lfiJfl~i~i'Wm'J~'J1~1iJ~lttlhfl 
v v 

lfltl1n immunochromatic graphic test U'Wi'W~9i~I;tfl1Jl\l'JltlffllJ1'Jtli,ry.jClU1n~fl'"tJl~vm112 ii\l4 ff"tJ~l"j' 
... V_'I t v 

'HM~lny.ju1t1'Hltl~ln !'JflUCl1 (Shiffet a11993; Van den Ende et al1998).. 

v , 

l~fl Plasmodiumfalciparum 1~t1mfttlmrnm'JflflfH1UU PCR primer Yiijfl1llJ~1IYn:;~fll"tJllUU'tlfl\lflCl~Cl 
, v v 

.q .c!I, 0 QI,::f, Q.I o<::l ~ Q.I ~ t/v, 
'If'W~ 307 llCl:; FC27 lYHl'Yll PCR haplotyping UtlnflClClCl'Yl'l 2 'If'W~'Uflfln~lnn'U lm:;~lnm'J11ml:;'I1~1fl[Jl'l 

v , 

l~fl Plasmodiumfalciparum Yi'~~lniJiJfl1fl~l'l '1 'tlfl\l"tJ'J:;I'Ylf1'VlU'-.hflCl~Cl 307 ij~'jj9im'JrulJ1nnllflCl~Cl 
... 1 CJJ IV ~ I j.I J' ~ dI 

FC27 u'J~lJ1tlJ 2 l'Yllfffl~flClfl'lm'JnUm'Jf1mllnm,Jl1'Ul'W (Putapomtip et ai, 2008) UCl~I'Wfl\l~ln primer lJ 
v , 

fl1llJ~11'Vll:;t1\l ~\l'thi'H"1lIfi~y.jClU1n"tJClfllJi'W'Ii'W~fl'Wm'Jl'1l nested PCR Yiijffl!'l1~lJl~lnm'jlfi~ in vitro 
, " lSI" 

recombination 'J:;'Hll'lflCl~Cl~l\l'lfiJ~n'WYi"tJ~"tJ'Wtl'Ui~ (Tanabe et ai, 2002) i'lU'Wlnm'jYi.yrWl'Wl~'WU~\lI~'W 

"tJ'J~ lt1'lfu~flm'J9i~mlJ"m':ltlJ~ lm\lff~l\l"tJ'J~'lflm Plasmodiumfalciparum i'W~1mh\l1i'J'JlJ'lf19i l~t1mftv 

mllJ'I1mn'l1mtl'tlfl\l~'W PfMsp2 11'J'W~19i~~llJ 

lafl\l ~ln1"tJ'J~'WU'W N1'tlfl'l'J:;t1:; merozoite ~ijftntlfl1'Vl i'Wm'J I'lJ'W fl'lf1',j'J~nflU'tlfl'llfl~'U'~fl'ln'W 
d ~ 91 Q.I I .c:tQ.l d 0'

lJ1Cll1'JtI'W'W'Ufln~ln merozoite surface protein lllCl1fJ'l'VlU1l PfMsp2 lJfl'nfJfl1'Vll'Wm'JI1J'Wfl'lfl"tJ'J:;nflU'tlfl'l 

<LId ~ 4.rd.' QI.t g),da 4.c:t 

1fl91'W lmN~lfH!fl'W~Ufl~~~ Msp2 ffllJ1'JtlfJUfJ'lm'J~nmlJ'tlfl'l merozoite l'Ul\lllJ~IClfl~llfl\l lICl:;Ufl'W~Ufl~ 
, v 

l'U~Yi9i~I~fl Plasmodiumfalciparum Lil'Wi'HqJl'11,jfifi~fJltluLil'W repeats 'tlfl'l Msp2 (Epping et ai, 1988; 

.d .q,::il.q QI.qJ Q.I~'"
Ocampo et ai, 2000) i 'W'tltlJ:;'Ylll~'W~Uflfl~flU'j!1tlJ N-terminus UCl:; C-terminus lm!ofl'tl'Wfl1fJ'I1Cl'l'Yl~U1t1 

tI " I iI I 

l~ful;tmjfltlfl f 'l Utl~ijfl1llJ1l,j'J N'W ~llJmtl'tlfl'lNYi l~fW;tfl ~\lI'lf'W i 'W m'Jf1mn'J ~~Ull~'W9iUfl~'tlfl'l N'Yi. .., .. 
mfttli'U"tJ'J:;I'Ylfl'lfl'WtJ1~ln'l1Clltln~lJm~~fl recombinant peptides 'tlfl'l FC27 1m:; 307 families 'VlUll~~ij 

, , " I 

'J~~U'tlfl'lHfl'W9i'Jfl~~ fll"tJ 'J ~'W~'l n~11i 'W 'J :;imilll:;ijfll1lJl~fJ'l~flm'J9i~I~fllJlml~ t1lJ1nnllNYiij'J~iu.., 

!lfl'W9iUfl~~~'l mh'lh~mlJ~lf1m'Jf1mnii'lfllllJ~ll'Vll:;i'Um'J~~UffmN'tlfl'lllfl'W9iUfl~~~ PfMsp2 'VlUll 

Ufl'W~Ufl~~flU~!1tlJ repeats ijfllllJ~ll'Vll:;ril'l1fU!I~Cl:; family 1m:; repeats i'W family 1~t11tl'Wm~ijm'J 
v <!I i ,.1 ... , .:II .... '<!I i 

~flUff'Wfl'l'tlllJ variant 'I1'Jfl lJ'tl'Wf1UfllllJU~n~l'l'tlfl'l repeats lu'Ufflflty ml11flfl variant 'tlfl'l repeats 'W 

oJ.... v <'ii tv.... .. .... v lIJ V ' 
FC27 family 91\llJWJllJflClltlflCl'l 'W !flHff'JN~'lll:;lJm'J~tlUff'Wfl'l'tlfl'llltl'W~Ufl~'tlllJ variant 1~lJlf1f111m'J 

...... ~ i oJ , id tV' 
~fl1Jff'Ufl'l'tlfl'l!!fl'U~Ufl~'tlllJ variant 'W 307 family 91'llJfl11lJ!!~n~1'l 'W !flHff'Jl'l'tlfl'l repeats lJ1nml 

v v 

i'lU'Wm'Jl,j'11~ lm'lff~l'l,j'J:;'lflm Plasmodiumfalciparum ~lnTI'U~1'Wfl11lJ'Hmf1'11mfJ'tlfl'l~'W PfMsp2 
" ~" , 

'J 1lJl1'lnl'Jm:; ~1t1'tl fl'l 'J,juUU flCl~ml'l 2 'lfiJ~l'W1'U,j'J~ 'lflm ~1'W1'WlJlnUCl~1 'W'lfl'll lmViu~n~l'ltl'W~'lij
" v 

mllJril~tyfl~1'llJ1n~flm'J1NlJ1~'Jm'Ji'Wm'J~Wl'Wl1f1~'W l~fJmfftl l"tJ'J~'W'lfiJ~{j (Franks et ai, 2003; Polley 

et ai, 2006; Tonon et al , 2004) 
, v , 

i'Wnl'JtI'J~fJn~,j'fllJmfivltlUfll1lJ'HClln'l1CllfJ i 'W PfMsp2 tl'lJm'J~Wl'U l1f1~'WU'W I'Ufl'l~ln. .. 
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.,J 0 '" I Cl~ iJ I Q,I .c::i ~, 4 ... 1~~4 Y I I GJ 
family 'H'lN'VI11J!lfl·HJ1~llJmllJf)'l.H)f) family 'H'W-!l u~'W'l.Jm'J!f)~1J!lfl'HJ1~llJfl'llJ':i~'H'J1\I variant t'W family 

.% iI "iI

l~tI'Jfl'W!I1!~~lliln~~'W!fflJflltl (Franks et aI, 2003) f1~u'W''Wm'J~~'Wl1t)~'W'l.J'W-W'Wjl'W~fl~ PjMsp2 U'W 

JJ 0 ~ 9 d", 9J QJ J .dQ,J

'Wflf)~1f)~~~fl~'W1 repeats ~fl~'VI~ 2 families t'Wm'Jltl'Wfl~t)tl'J~f)fl'l.JUCl'JtI-!l'IJ'Wf)'l.J variant 'Yltl'J1flt)i'W 

1i'J'JlJ'lf1~~llJ.fJi1mt)~1~ "1 ~fl~hm (Ferreira and Hartl, 2006) mil \I h~~llJm'J ilifl\l~~v~ variant ~1~ "1 
o 'I ~ ~ 0 d/ d/ • I'" .lId 'I" '" '" I '"~llJmClnCl1'V11 t'l1m~~V\lfI1'W\lfI-!lm'J11J{\tI'W'J1JU'l.J'l.J~ fl~ tl'J~'W t'WV~fltl'J~f)fl'l.J~V~'Jt)C)f'W~llJ'I1'J-!lnCl1'V1.. 

l'\1lJl~fflJ ~\I~111J'W~v~~~mlJmh~ff~1IfflJV~V itl 

flru~ ~loijtl hiYr~'W 11~m'J~~1t1UCl~ ff~~'Jf) i 'W m'J~'J'J,mtlflff1t1Yr'W i'lh ~'lf1m~fl~14fl Plasmodium 
, "'" .1 d '1 '" des "I '" .1 "Ivivax 1~tlmfWfl1'J~'HC\1t1~1JU'lJ'lJ~fl~~fl~tI'W PvMspl 'W'lJ'JIJW variable block 6 'VIlJ'W'Wj1'WtI'W 2 ~1JU'lJ'lJt)V 

, iI " 

Sal·l UCI~ Belem l~tI primer .yjflvml'lJ'lJH'1'Wm'Jfffl'lnflf~ijff1lJl'Jflm'J'ijIWf)ff1t1Yr'Wi Sal-I, Belem UCI~ 
evo', 01"Cl.cl,JQ.I J~ Q.I.c::t"19J

fflt1'W'W~~f)HfflJ':i~'I1'J1\1 Salol UCl~ Belem 'VIl 'H'J1im'J'VI'W~'W1~'W'Wff1lJl'Jflm'J~Utlf)~tluuUVCICICI L~ 
iI 

'" .1 "I 

'VJ\I'HlJ~ 5 ~1JUU'lJt)V Sal-l/Sal-l, Sal-llBelem subtype a, Sal-IlBelem subtype b, BelemlBelem UCI~ 

, iI " 

BelerniSal-1 U~I'Wfl\l~lm)CI~CI~f)HfflJUU'lJ BelerniSal-l tW\lililfitliim'J~'J'J11'Wui'W1i'J'JlJ'lf1~ f1\1U'W ru 
iI 

1J1111U'W'JtlU'lJ'lJeJCI~CI~fl~ variable block 6 ~\lii'JtlU'lJU'Hclm1-!l'HlJ~ 4 'Jtll1'lJ'lJfffl~fI~fl~fl'lJm'Jffml1i'\..Jfl~~ 
q '\J 'U IU 

" " 
(Putapomtip et ai, 2002; Jongwutiwes et ai, 2010) ''W'U'W~fl'Wm'J~ll'w'Wtl~n~tI1 peR U'Wflru~~loijtli~ 

iI 

VVml'lJU~ru'l1.fJiJ1'W'U'W~fl'Wm'Joiju~fl\l primer flU template DNA (annealing temperature) 'M'ij~ru'HiJn 
, "'" "" "I1~ 1 .... lqG.t~ d~ 3A=t l!::Io 

l~tI'Jfl'W 'WYJf)'Il~ primers l'Wfl 'I1ff~~'Jfl 'Wm'J1J{Ju~ 'Wflfl111fl'WfI\lUlJtI'W PvMspl 11~lJ111'W'J'W'l1~U'W 


lf1'J IlJ lC)flJlwtl\l'll~I~tI'J (single copy gene) 1I~1~m'J~Yr~'W1~'Wff1lJl'JflYi1'M'ln~HCI nested peR liJ'WU'Jfli~ 

" jI ""lI1!ii~lU'J'W copy ~V\l~'W1Wtl\l 5 copy ll'hu'W 'H~m.yjtlul~Il'hflU~1'W'J'Wlt);VlJ1C111~tI 51'i'J f1\1U'Wl~fll'Jij~\lij 

" 
f1J1lJ i 1 UCI~fI'J1lJ ~ll'Wl~~ \I'J 'JlJl1\1ijfl'JllJff~~'Jfl~V fll'J tl~u~ 

.& j} q ... 1, Q,I 
" 0 Q,I ~, q 

fI\lUlJfll'J!f)~HCI'l.J'Jf)1JClfllJ 'W~'W~fl'Wm'J'VI1 nested peR V'WI'WV\llJ1111flfll'Jlf)~ in vitro 

recombination 'Il1f)fl1'J~iifll'Jtl~tl'W~fl\leJCI~CI~l\1'lfii~l~tI'Jfl'W''W template DNA ~\lclmjru~m'Jln~HClU'Jfl 
"" ,

tlClVlJ~tlIlUuij'~iifll'J'J1t1\11'WV'WtJ'WlJ1rlV'W'I1U1ij (Tanabe et ai, 2002) mh\lh~~llJl~f)1'J haplotyping.yj 

t) ru ~ ~loijtI i ~~~'W1~'W tf'Il ~ i liYi11M'ln~HClU'Jf) tlCl VlJ 'Illf) tl'J1f)t) fll'J Wf1\I mh'JeJ'W I afl\llJ 1 11 1 flt) ru~ ~loijtI i ~ 
" " 

flVflUU'lJ primer , M'iifl'JllJ~11'W1~ ~fl'lfii~~ V\leJCI~ClUCI~HCI Hil~ peR lil1'HlJlt1U'Wfl~' 'W 'li1\1a'Wij~1'W'J'W lUff 
" SI I' 

ililnu 320 bp f1\1U'W lnm'J ij~\I iliYi1 '1 M'ln~ HClU'JfltlClfllJI'l1lJ.yjflrl11lJ11'W'Jl~fll'J.yj'll~ln~ in vitro 

~ y Q.I 
" V a 1y .c::t, 11) I.c:t. 0 ~ _'i.:::s ,

recombination t~'W'W'il~l'Ifl-!llJfll'J '11 primer 'VI tlJlJfI'J1lJ'Il11'W1~UCI~HClHClI'I peR IlJ1'11lJltllJfI'JllJtl11lJlflf1J1 
iI 

500 bp 'WVf)\llf)U 'il1f)fll'J 1 <Mf)~lJl'i'Jfldl\1'Yl~ffflUU'J ~i1'V11ifl1'W~fl\llnfll'Jf1\1f)rll'J1~tl1 <M template DNA 
, " 

~1'W1'W 421'i1Vd1\lUCl~ff1t1Yr'Wi .yj'VI'Jlui!h~UI'lJff~V\I~'W PvMspl ~~I'il'W'Il1flfll'JffmJlrlfl'W'HUlij ~1M'HCI 

LYV~fI~fl~flU;]V1M'HCI haplotyping ~Hfl'W flU"'lf1UIUffYJ fltl'J~ fll'J ri'J'Wi 'Wm'J fl1'Jffml1l~lJI~lJ~'Jtlfll'J HfflJ 

or=1 d Q.I c:S I Q:V" Q,I jI rJJ 'JJ f Q.J,q,,d .::S Q.I .1 d 
template DNA 'VIlJ~tlU'lJU~ fl\lflCl CI ClI'I1\I'lf'W~1~l~'Jtlfl'W ~'JtlfI'JllJl~lJ~'W 1'11\1 "1 f)'W 'J1ifll'J'VI'W~'Wl~'Wf)LYllJ1'J fI 

I'I'J 1'1lUVfl'l1ii~~fl\leJCI~CI '~I'I 'J \I flU ~HfflJ i ~ ~\l1 'W fll'Jffmn~V\lf)ru~~loijtli 'WV~I'I'WU'"htl'J~'I11m ,4fl 

dlV ~ ~ I Q.I 010.1 QI .o:::t, 

Plasmodium vivax 1'Wtl 'J~ I'VIffi'VI tlUCl ~ fl ~ IlJC)ffl'W lJ CI flfj ru ~ fll'J I'I~ I'I1fll'll\1 LY1 tI'W 'W ~ fl 'W tl~ tl 'W f)'W ~ \11 'W 1i 'J'J lJ '111 1'1 
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\Jlflf)1'ji~'U PvMspl II"::: PvTRAP (Plasmodium vivax thrombospondin-related adhesive protein) L~'U1Pi'1 
QI ~ ,,-,=,d .d Q.I & J'~ d fI r

'Vl~HH)1J (Putapomtip et aI, 2001; 2002) ~~'U'U11ifll'j'Vl'YlWJ'Ul'U'U'U\J~LlhJ1h::: lt1<]),'U~Vfll'j~'jl\JLwm.h:::'lnm 

Plasmodium vivax i'UlPi'lmh~1inlJ<]),l~ 

" fll1lJlWlfll1"ltl'Uv~~tJU1Jm)"~"'Uv~v'U PjMspl ij~'Ujl'UlJl\Jlflfll'jLn~ meiotic recombination 

'j:::l1';h~5"~"11~fli'U~~'Ylll1::: (Kerr et aI, 1994) mh~~b~~llJ~tJlI1J1JH""lJ'Uv-!l5"~,,i'Uv'U PjMspJ '!'U\J:::'Yl1J 

" . 
i'U variable blocks 6, 8, 10, 14um: 161'U\'JfllPi'lmh~L~vYiijfllnlt1~1'Ui1~ til t1\J~U'U (Sakihama et ai, 1999; 

"" t " 

Tanabe et ai, 2000) 11~oU5'ULi1V~lJl\Jlfl~fll:ltll::: im~""rl~u":::mrlYi'UV~V'U~~mh1Yi~v~ijfll1lJ~1L'Yn:::~Vfll'j 

q do.c9 'j).d .c::t. i • QI.d iA 
'UV~'j:::tI::: merozoite tl~lIlJ\J:::lJfl1'j!fl~ intrageic recombination 'UtI'U PvMspl L<]),'UL~tllfl1J'Vl'V'l1J 'UtI'U PjMspl 

1I~~tJU1J1Jfll1lJl1mfll1"1t1'Ut1~V'U PvMspl ij"l~fl11V'U PjMsplll1fl !at1~\Jlfl'l.i'Yl1J~fll:lW:::fll'jln~ allele 
. " 

association i'Uv'U PvMspJ \JlfllPi'lmh~Yiijfll'jfffll:llll1l1~l1lJ~ (Putapomtip, 2002) 

"I d 'j) ~~ ,r::L:::l~'j) i IV ~ ~ .::1.;:'1
1J'j:::l~'U'Vll~~l'UfI"'Ufl'UV~ Plasmodium vivax 'VllJ~ mfll1lJ""'U \Jfl'Ull1flflVfll'j1fl~ hypnozoite 'Vll1J'U 

"" i 'j) '" i "...'1 .d ~ ~ q.c::t. ~.oJ -4 QJ ~ ""11l1~'UV~fll'j!fl~ 'Ufl"1J 'UH1Jlt1'Vl~~!<]),VlJlmrw<])''U~'U C}f~fllHml:ll"fll:lW:::tJ'j:::<]),lm'UV~I<]),V Plasmodium. 
" 

~ 

" 
vivax i'Umru'Uv~ relapse lJ'Umlll'itli'*fJtIl~fll:lW:::l1mtJ~tJlI1J1J'UV~V'U PvMspJ !i1'U1Pi'1,j~;'~ (Craig et ai, 

1996) Url:::liI'U~'Vl'i11Jf1'U11~fll:lW::: im~""rl~tJ'i:::<]),lm'UV~ hypnozoite 'l.ilil'UlI1J1J clonal \Jlflfll'ii!ml:::M 

!mtl'lJ1Yitl1J1Pi'1mh~nv'U!!rl:::11~~fll'iln~ relapse (Kirchgatter et ai, 1998) mh~'hn~llJflrl'fl'UV~fll'i!n~ 
, " I 'jI JI SI 

relapse iJ~fI~~V~ mr1t1fll'ifffll:ll!'WlJ!~lJ~V , tJ ~~lJ'Uinfll'j haplotyping .yjYrWl'U 1~'U i'U fll'ifffll:llfli'-!IoU \J:::!i1'U 

0' , I cv a' Q.I I ~ It! 'j) ~Q.I .q 

tJ 'i::: itl<])''U t1tJl~lllfl~Vfll'j ~ 'il\J""V1J clone U rl:::""ltl'Yl'U ~'UV~~lVtll~I<]),V I~ 'U Vfl \Jlfl'UtI~lJ'jltl~l'Ufll'i 'j:::1Jl~ 

fll'iiVtll<]),U~ chloroquine 'Ut1~14v Plasmodium vivax i'Ul1mtl~'U~ ~~ijfll1lJ~lLiI'Ut1dl~lJlfl~~V~ijfll'j 
'" .1 "" "" i 'j) 'j) ... i '.1 a " , A " 
~~mlJ1J'i:::'fY'Vl1im'Yl'UV~fll'j <])'tll~1'Ulllrll1'iti 'Ufl~lJ1J'i:::<]),lml<]),V Plasmodium vivax !l1rll'U (Rieckmann et 

" " I I II , 

ai, 1989; Schuurkamp et aI, 1992) 11~iJUty111~~fl"11\J:::ijfll1lJ~1fi'tyli1'Uvdl~v~Yiijfllm'Yl~m:::\Jlt1'UV~I'J1vYi 
" . . 
~VtI1~~fl"11'tJiJ~1I11"~ hfllllrll!~tlU'U 'l1111rlfl 

'" i' '" '" i ~ ,J a " .q ~ 0 Q.Ifll'iflrl1Jlll';i:::1Jl~ l1lJ'Ut1~lllrlll';i tI<])''U~ Plasmodium vivax 'U l1mtl'Yl'U'Vl'Vll '1111fl~ ~H\m :::'Vl1J'Vl'fYlf1UJ 
u 

" ~Vfll'j'fYl1il'iW:::"l'UUrl:::fll';ifll1JfJlJhfl (Sleigh et ai, 1998; Lim et ai, 2000; Hay, 2002) ~~lJ'U~~mllJ~ll~'U 
I I " ", 

Vdl~V~Yi~v~ijfll';i~n\J""Vmlfll:ltll:::tJ'i:::<]),lm'UV-!lI~VlJlrlll~ tllJ'U '1 !~Vi l11,j'1 i \Jflrl 'flfll'iIl'Yl~m:::\Jltl'UV~ 
" . " 

!'J1v~-!I fl"l1 ~~ i~ijfll';ifffll:ll'UV1JI'U~'Ut1~fll1lJ 11 Cllfll1 Clltl'IJt1~'itJU1J1J5Cl~ClUCl:::fl11lJ~i'Ufll'i '~~~I~Vl~u... 
" 

fll'ifffll:llfll1lJ-fflJYr'U n';i:::l1';h~lIl1 "~';i:::1Jl~'lJt)~ hflfll1lJ'ltfl'IJf.)~fll';i ri ~r-ll'U 1:)ff.) '1 'U ~~'Ynl1::: (Kaneko et ai, 
. " ."''1 ''''''' ') Ai ......1997; Sakihama et al, 1999; Tanabe et al, 2000) l1'iV 'U';i:::1111~'Vl1fl~ outbreak 'UV~ !';ifllllml'itl 'U'UN'Yl'U'Vl 

., 'j) d "" J' ~ 'i ' , ?iII) dll) 'j)
Clfll:lW::: lm~""'iNtJ'i:::<]),lm'Vl1fl~'IJ'U'U'Um"'!lJ <])' parunictc 1!~11J'UU1J1J clonal fl !~ (Lim et ai, 2000; Tanabe 
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" 
trlJ'Yl1.J11ff1lJl'Hl\Pl'jl~ I~h.j I91lfJV1-:J ~llJ llJ UmJfy;hfll'j i <N191';H:Hh!llftfJlPltJ'j~1J1W ~mm~ 30 1LCl~~fJUCl~ 65 

\Pl1lJ,h~'I..I ~-:Jrl'l~fJ-:J~1f1tJ'j~ff'VIiim'Yl'UfJ-:J1~ PCR ~oW\PlJlJ1~lJiifil1lJIlilJ'j~~'I..I~ff11J1'jf1\Pl'jl~'YlU DNA ~1f1 
"I " .... '.....1 II) ,", 0' i .., ,., ".... 
l'lffJlJ1Cl1l'ju!'I'lUUl'l'l111'jfJlJ'j~lJ1W !lJlJfJUf1l1 5 lCJiClCl lJ'UW~'VIfll'j\Pl'jl~ !IPlU 'l1l1i PCR-Cytb ff1lJ1'j()\Pln~111 

t " '" SI

VlJ!il111lJ1uViiifJ~!'wU-:J'lt~H~Ul (Putapomtip et ai, 2011) l1-:JUVlJilJ mitochondrial genome ~-:Jf1ri1l'YlUllJl;'1fJ 

lJ1Cl1l~U!I~Cl~lCJiCl~lJ1f1i1-:J 30-100 'J!1Pl (Vaidya et ai, 1989) 'lJ'UW~~UlJ PjMsp2 UCl~ PvMspl ii!'WU-:JfJVNCl~ 1 

" " 'l1lPlllJU~Cl~l9l'Cl~ ~-:JtrlJfil1lJ!!\Plf1~1-:J i lJtJ'j~ff'VIiim'Yl'UfJ-:Jfll'j\Pl'jl~UCl~fil1lJ Il~hH ~U1~ PCR mrllU~-:J . ,"
Ii -:Jy-!Cli''fIl~'U ilJl91lfJV1-:JViiitJ~lJ1W DNA UfJU 1'f1u!1l'Yl1~fJV1-:JV-:J llJl91lfJV1-:J~1f1U1mV!!Cldlffff11~ fJV1-:J h~ 

I I 'JJ " 

\Pl1lJItJlJ Vi '111 ff-:J 1f1~11fll'j f1 'j ~ ~ 1Ui lJfi lllJ~'U fJ-:JtlCl ~ Cl'U fJ -:J UlJ l11 rl1U ~1f1 fll'j 11fi 'j 1~MI91lfJ V1-:J 1 ft fJlPl U1Cl1 u!lCl~ 
" 11ffffll~tl'llJ i 11y-!ClfffJlPlfitl'fJ-:JtllJlJ1f1 ~-:JtrlJ!!~';htJ'j ~ff'l'liim'l"l'UfJ-:Jfll'jml~fffJUtlCl~Cl'UfJ-:J PjMsp2 UCl~ 

", , 
PvMsp1 ~1f1~lfJVNU1Cl1UUCl~ 11 ffff11~ ~~~1 f1i1 fll'j \Pl 'j 1 ~ ~1f1!ftfJlPl fJV1-:J ~IPlI~lJ U~.,j'fJlJCl Vi'~tr'l..l':hii.. 

, I SI v 

tJ 'j ~ lu'lfuilJ 1~~ 'j ~Ul'fl1'V1 mVi lfiul.,j'fJ~ tlUoWt.! ~m 'j lJtJ 'j ~'lf1m'U fJ~ It}$fJlJ1Cll11 U 'fI ClfJlPl ~lJ fll'j l1l lJ WlJ j1lJ 

rl111 ~'lJfll'j~\9JJt.!lUCl~tJ'j ~ l:Ut.! tJ'j~il'VIiim'Yl'UfJ-:J1fi~'UilfJ-:Jtl'U1'jfilJ1ml~U1t.! fJ'U lfl\Pll IPlU Il1~fJ~Yilfll'j1~1~ 
"I ".'1 ~, 0 ~ '''I i ~ . I ."1 II) " .. .%

ICl fJ'fI ~lf1~lJlV CJi-:Jt.!1~~t.!llJ1CJi-:JfllllJ'j llJlJfJ t.! fll'jl1f1fl1~1f1lJ'j~'lf1f1'HlJ1'I11J1V !1Pl1Pl'U'U 

6.1 l'Ufll'joW\PlJ'U11~fll'j'fl'jl~~1!!'Uf1'lfiJlPl'UfJ-:JlJ1mi~VhW1~ PCR 'Ylu':hf1l'i loN~wl'tJ'wlfi~lfJ I 'I'lfi'~1f1 

'lJ~nw~l-:J '1 i'U mitochondrial genome 111fil1lJllUCl~filllJ~ll'l"l1~~1-:Jtl'U hwIil'U'UfJ~vt.!i'U cytochrome b 

(Cytb) 111mllJIlUCl~filllJ~ll'Yl1~1J1f1f111Iil'U'UfJ~u'Ul'U cytochrome oxidase subunit I (COXi) 1LCl~ 
" ,. '" i 1 i"i "'.. '''I ..cytochrome oxidase subunit III (COXIIJ) !'fIU'j~'fIUfil1lJ 1 'Ufll'j'VIlPlfffJU 'fI 'U'j~'fI'I..II'I'lU'lJl'l'lll'lffJlJ1Clll'jU 1 

iii 1 .. '" '" '" ,. .,: .% "" " '"0!l 'Ufll'jl'UmWlJ1Clll'W !'fIU'jllJl'l"llJ'U'U'jfJUCl~ 3.6 'jfJUCl~ 16.1 UCl~'jfJUCl~ 19.1 IPlllJClllPl'U 

6.3 U~11f11filllJ~11'l"l1~ f111lJull'U ihUCl~f11 likelihood ratio 'UfJ~ HCl fll'j'VIlPlfffJ'lJ~ 1tJ'U 'I..Ilf1!!Cl~ltJlJ ClU 

i'Ufll'j1iJ~,rUlJ1Clll~U'lfiJ'fI Plasmodiumfalciparum UCl~ Plasmodium vivax lIPlVfll'j\Pln~~lf1YJ~lJ lm1\Pl ~1f1 
" , , 

1~ PCR llPlU i <Nl91lfJV1~lftfJlPl U1mU111fJ11ffff1l~Vil\Pl~UlJ ~lf1tJ~lJ1\Pl'jVi~l~tl'U ~~ i 11HCl i f1tl'Lfiu~n'U LL~f11f1l1lJ 
" .ok " l1'UfJ-:Jfll'j\Pln~L'I1rlluiifllllJU'fIf1~1~n'U 9l'\lfll'jioNtJ~1J1\Pl'jUlmU111fJ11ffffll~ 200 ~I i'Ufll'jl\Pl~UlJ DNA 

"., , 
rll11~'lJfll'j\Pl'jl~ 1'f1u1~ PCR Yili11f111lJIll'Uf11'j\Pl'jl~1111:;;fJlJ1ml~Ul1~ 2 'lfiJlPli'U'j~~'lJVil1lPllViulJn'lJfll'j 

J rI.::.
\Pln~1111'lffJ~1f1YJCllJ lCl11\Pl 

6.4 fll'j1lfl'n~Mfll1lJl1mf111mui'U~tJuuu'UfJ~U'U PjMsp2 ~1f1l91lfJV1~ Plasmodiumfalciparum~'~ 

~lf1.fJ:Ufl1f1~l-:J '1 'UfJ~tJ'j~l'VIfY'I"lU11tlCl~Cl 3D7 iif;!'I1~f1l'iurlJ1f1f1115Cl~Cl FC27 tJ'j~lJ1W 2 I'YhUCl~'I"l'l..lfll'j~1Pl 
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" 'I I " JI 

!~tliiUt1C1nC1'lltl~ PjMsp2 ii~1~nlJ1tlVC1~ 10.8 'lltl~~';ltldl~iiffmn "'~il'WUlllh~iY'Yl1im'WilJfll'jm1'il 
" . . 


tliUUUVC1nC1'lltl-3 PjMsp2 'illfl~1tlOWW lmV!!C1~il~Hn1~i,r~C1\9l1fllliim1'ili~'illflfll'j,,*~1tldl~!~tl~ 

6.5 i lJ l11lJ tl~!~tnnlJ 'illflfll'jl!m 1~l1'fl11lJ'VI C11fl'VI mv i lJtliUUU'lltl-3VlJ PvMspl ilJffTU variable 

block 6 'illfl~'"ltldl~ Plasmodium vivax 'Olfl.fJiJmfl~N '1 'llU~li'j~t'V1ff'WUVC1nC1tlfl~'CYm~'VI';h~ Sal-l 'V11~~llJ 
Q.I,:::f, gJ ,:::f,QJ.t:::lo d' IQ.ld a I Clio~ 

5' UC1~tlC1C1U Belem type b 'V11~~llJ 3' lJrJU~flnrulJ1flmltlC1C1C1UUUtllJ '1 'CY1lJfll'j~~I9ftl Plasmodium vivax 
I I " JI 

iiUt1C1nC1'lltl-3 PvMspl ~1~tllJ'WU1tlVm; 11.4 'lltl~~1tldl~iiffmn "'~il'WUllli'j~iY'V11im'WilJfll'j~'j'"HJ 
" . . 

tlil!UUVC1nC1'lltl~ PvMsp 1 'illfl~'"ltldWW lC11Vl!C1~il 'CY'CY11~',r~C1\9l1fl';hii~'j1'0i~ 'Olflfll'j,'*~1tldl-3t~tl~' 'W 

ff~ff1lJimi/I~V~tlmmflnltml~l1'tlil!UU'lltl~fjlJ PjMsp2 'Olfl~1tldl~ Plasmodiumfalciparum l!C1~'WUl!lJ1 
. " ,t!lJ f)l'j m ~ '01 V'llU~ t1C1 n C1 'illflfll 'j i ,*~1tldl~ii~l~ tl'W I'VI ,hilUfl11lJ 'CYU~fl~U~ tl'W 'CY Wl1'W tllJ 

'II 

Clio iJ...'1 I:S.Clio ~ " ,:::f, Clio gJ..c:::t. .c!(" 
6.6 'Olflf)l'j~~mlJ~1J1V'V1~~I9ftllJ1mt'jV9flJ~ Plasmodiumfalciparum l!C1~~~~I'l1"tl Plasmodium 

" vivax ilJI'll~~~'VI1~mfl'WUllfllHI'j1'O'VI11~tllJlml~V'illfl:rl,hJh-H~ fll'jm1'01~vl~ PCR 'Olfl~1tldl~l~tl~ 

. " " 
tfl~ 'Olflfll'jii ~l~fllfJfh~~ DNA 'lltl~t'i1tJlJlml~Vi~,*l' 'W ~&l~!'i1tJU1~'j lfJ 

y 
'U6!tylH)U'W~ 

JI , , II 
~ "''I 'JI ..... IIJ 'JI'JI "" d.... '" ~ "" ' ''I <!/

1. fll'jI'1fl'lHU ~ 'l1"!1m 'Olfl~I!C1~fll'j ~~'lltllJC1'V11~'j~U1~ 1'V1 Vl'V19f~1 'O'U fl1'jlJ fll'jl'1flfJ1!!C1~~~mlJ~tJ!lJtl~lJ1fl'lllJ
'II 

'j1lJ~~fll'j i '*~1tldN~lJ1fl~lJ 'illfl'VIC11Vi4'lJ~~I~'W1'll~li'jlfl~1'jfllJ1C11!~V 
I I tI " 

2. ti1tl'J 'OlfltJ'I1~f)l 'jut'lltl'J1'jfllJlm!~V''Wli )"::;I'Ylffi 'V1V~tJlJ .u'1~\9l1 ~~,r'W fll'j ~ )"1'0 'CYtJU9fU~'lltl~t~fJlJ1mt~V• 

I " " , 

3. fl1'jufllnhl~ PCR iiYrWJlJ l~lJ l~vfll'j ~'j 1'0 'Olfl~1tldN'WlmV!tC1~il'CY'CY11~tVJtlfllH"\'j 1'O!!C1~li'j~tiJlJ 
, " " 

'CYfll'Ufl1'jut'lltl~1'jf\ i 'Uul-3V1tl~Vi1~fJfll'j ~lJ~1fJdl~ 'OlflTI'U iiiiuilty'VIlfll'jfl1UfJlJ1'jfl 
JI I I SJ I 

4. fl1'jUfll'j t~1'j~1~fln&l~t~fJlJ1mt~ V'lltl~il~ i 'W fllJ ~tl' lilTItJ' ,r'~.u'tl'CY'jtll'VilJ~'W 1~V!~'Wl~tJdl~(j~U~nru• 
I " • I 

ii~ihtJi~i'Ut~U uC1~u~nruiiuil-3iiuffmHn'Wi'Wfll'H~lJ1~bfl 
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