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Estado de los genes dhps y dhfr de Plasmodium falciparum en Colombia 
antes de la recomendación de tratamiento basado en artemisinina
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Abstract
Introduction:"Uwtxgknncpeg"qh"vjg"igpgvke"ejctcevgtkuvkeu"qh"dhps"cpf"dhfr"ecp"dg"wughwn"vq"qwvnkpg"iwkfgnkpgu"hqt"crrnkecvkqp"qh"kpvgtokvvgpv"rtgxgp-

vkxg"vjgtcr{"kp"Pqtvjyguv"Eqnqodkc"cpf"vq"fgÞpg"vjg"hwvwtg"wug"qh"cpvkhqncvgu"kp"ctvgokukpkp/dcugf"eqodkpcvkqp"vjgtcr{"uejgogu0
Objective:"Vq"gxcnwcvg"vjg"htgswgpe{"qh"owvcvkqpu"kp"dhps"cpf"dhfr"cpf"vq"ejctcevgtk¦g"rctcukvg"rqrwncvkqpu"wukpi"msp-1, msp-2"cpf"glurp"kp"jkuvqtke"
ucorngu"dghqtg"ctvgokukpkp/dcugf"vjgtcr{"ycu"korngogpvgf"kp"vjg"eqwpvt{0
Methods:"C"eqpvtqnngf"enkpkecn"uvwf{"ycu"ecttkgf"qwv"qp"tcpfqon{"ugngevgf"Plasmodium falciparum"kphgevgf"xqnwpvggtu"qh"Pqtvjyguv"Eqnqodkc"*Vwtdq"cpf"
¥ctciq¦c+0"C"ucorng"uk¦g"qh"47"uwdlgevu"rgt"tgikqp"ycu"ecnewncvgf0"Vtgcvogpv"ghÞece{"vq"cpvkhqncvgu"ycu"cuuguugf0"Oqngewnct"cpcn{ugu"kpenwfgf"P. falcipa-

rum"igpqv{rgu"d{"msp-1."msp-2"cpf"glurp"cpf"gxcnwcvkqp"qh"vjg"uvcvwu"qh"eqfqpu"38."73."7;."32:"cpf"386"qh"dhfr"cpf"658."659."762."7:3"cpf"835"qh"dhps0"
Results:"Kp"vqvcn"9:"uwdlgevu"ygtg"tgetwkvgf0"C"oczkowo"pwodgt"qh"6"igpqv{rgu"ygtg"fgvgevgf"d{"msp-1."msp-2"cpf"glurp0"Eqfqpu"38."7;"cpf"386"
qh"vjg"dhfr"igpg"gzjkdkvgf"vjg"yknf/v{rg"hqto."yjkng"eqfqpu"73"cpf"32:"ygtg"owvcpv0"Kp"vjg"dhps"igpg."vjg"owvcpv"659"in{ekpg"ycu"fgvgevgf"kp":7'"
qp"fc{"2."yjkng"eqfqpu"658."762."7:3"cpf"835"ygtg"yknf/v{rg0
Conclusions: Plasmodium falciparum"rqrwncvkqpu"ygtg"xgt{"jqoqigpgqwu" kp"vjku"tgikqp"qh"Eqnqodkc."cpf"vjg"vtkrng"owvcpvu"qh"dhfr"cpf"dhps 

Cup32:."Kng73"cpf"In{659"ygtg"rtgfqokpcpv"kp"enkpkecn"kuqncvgu0
Keywords: Plasmodium falciparum."ocnctkc."dhps."dhfr."tgukuvcpeg."uwnrjcfqzkpg."Eqnqodkc

Resumen
Introducción."Nc"xkikncpekc"fg"ncu"ectcevgt‡uvkecu"igpfivkecu"fg"dhps"{"dhfr"rwgfg"wvknk¦ctug"rctc"fgnkpgct"iw‡cu"fg"crnkecek„p"fg"vgtcrkc"rtgxgpvkxc"
kpvgtokvgpvg"gp"gn"pqtfguvg"fg"Eqnqodkc"{"rctc"fgÞpkt"gn"wuq"hwvwtq"fg"nqu"cpvkhqncvqu"gp"guswgocu"vgtcrfiwvkequ"dcucfqu"gp"ctvgokukpkpc0"
Objetivo."Gxcnwct"nc"htgewgpekc"fg"owvcekqpgu"gp"dhps"{"dhfr."{"ectcevgtk¦ct"ncu"rqdncekqpgu"rctcukvctkcu"wucpfq"msp-1, msp-2"{"glurp."gp"owguvtcu"
jkuv„tkecu"qdvgpkfcu"cpvgu"fg"nc"korngogpvcek„p"gp"gn"rc‡u"fg"nc"vgtcrkc"dcucfc"gp"ctvgokukpkpc0
Métodos."Ug"nngx„"c"ecdq"wp"guvwfkq"en‡pkeq"eqpvtqncfq"gp"xqnwpvctkqu"kphgevcfqu"eqp"Plasmodium falciparum"ugngeekqpcfqu"cngcvqtkcogpvg"{"rtq-

xgpkgpvgu"fgn"pqtfguvg"fg"Eqnqodkc"*Vwtdq"{"¥ctciq¦c+0"Ug"ecnewn„"wpc"owguvtc"fg"47"uwlgvqu"rqt"tgik„p0"Ug"gxcnw„"nc"gÞecekc"cn"vtcvcokgpvq"eqp"
cpvkhqncvqu0"Nqu"cpƒnkuku"oqngewnctgu"kpenw{gtqp"nc"qdvgpek„p"fg"igpqvkrqu"fg"msp-1."msp-2"{"glurp"{"gn"guvcfq"fg"nqu"eqfqpgu"38."73."7;."32:"{"386"
fg"dhfr."{"658."659."7762."7:3"{"835"fg"dhps0"
Resultados."Ug"guvwfkctqp"9:"uwlgvqu0"Ug"fgvgev„"wp"p¿ogtq"oƒzkoq"fg"6"igpqvkrqu"eqp"msp-1."msp-2"{"glurp0"Nqu"eqfqpgu"38."7;"{"386"fgn"igp"
dhfr"ug"gpeqpvtctqp"gp"uw"hqtoc"uknxguvtg."okgpvtcu"swg"nqu"eqfqpgu"73"{"32:"guvcdcp"owvcfqu0"Gp"gn"igp"dhps."nc"hqtoc"owvcpvg"*inkekpc+"gp"gn"eqf„p"
659."ug"fgvgev„"gp":7'"gn"f‡c"2."okgpvtcu"swg"nqu"eqfqpgu"658."762."7:3"{"835"ug"gpeqpvtctqp"uknxguvtgu0"
Conclusiones."Ncu"rqdncekqpgu"fg"P. falciparum"uqp"ow{"jqoqifipgcu"gp"guvc"tgik„p"fg"Eqnqodkc"{"ncu"vtkrng"owvcpvgu"fg"dhfr"{"dhps"Cup32:."Kng73"
cpf"In{659."rtgfqokpctqp"gp"nqu"ckuncokgpvqu"en‡pkequ0
Palabras clave: Plasmodium falciparum."ocnctkc."dhps."dhfr."tgukuvgpekc."uwnhcfqzkpc."Eqnqodkc0

Introduction

Fwtkpi"vjg"rcuv"{gctu."ugxgtcn"uvwfkgu"kp"Eqnqo-

dkc"qp"vjg"ghÞece{"qh"fkhhgtgpv"ftwiu"cickpuv"Plas-

modium falciparum"ocnctkc."kpenwfkpi"uwnrjcfq-

zkpg1r{tkogvjcokpg" *UR+" jcxg" dggp" rwdnkujgf"
*3/6+0"C"tgxkgy"kp"4227"qh"37"uvwfkgu"kp"vjg"eqwpvt{"
eqpÞtogf"c"ogcp"htgswgpe{"qh"vtgcvogpv"hcknw-

tg"qh"3608'" *4+0" Kp"vjg"pqtvjyguv"tgikqp." kp"Wtc-

dƒ" cpf" Dclq" Ecwec." vjg" tgrqtvgf" htgswgpe{" qh"
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vtgcvogpv" hcknwtg"ycu" 46'" *7+0"Jqygxgt." uvwfkgu"
qp" vjg"oqngewnct" grkfgokqnqi{" qh" cpvkocnctkcn"
tgukuvcpeg" ctg" uvknn" uecteg" kp" vjg" eqwpvt{" *6." 8/33+0"
Vjgug"uvwfkgu"eqpuvkvwvg"c"wughwn"vqqn"vq"wpfgtu-
vcpf"vjg"gxgpvu"wpfgtn{kpi"vtgcvogpv"hcknwtg"cpf"
tgukuvcpeg" vq" cpvkhqncvgu" *34+0" Vjg" gzrnqtcvkqp" qh"
vjg"igpgvke"dcemitqwpf"qh"enkpkecn"kuqncvgu"ektew-

ncvkpi" kp"c"urgekÞe"tgikqp" ku"qh"itgcv"tgngxcpeg."
ukpeg" vjg" ghÞece{" cpf" gogtigpeg" qh" tgukuvcpv"
rjgpqv{rgu" vq" pgy" ftwi" tgikogpu" okijv" dg"
chhgevgf"d{" vjg"dcugnkpg"igpgvke" ejctcevgtkuvkeu"
qh"vjg"nqecn"rctcukvg"uvtckpu"*35+0

Ewttgpvn{." oquv" kpvgtokvvgpv" rtgxgpvkxg" vjgtc-

rkgu"*KRV+"ctg"dcugf"qp"vjg"cfokpkuvtcvkqp"qh"cp-

vkhqncvgu."ukpeg"vjg{"ctg"tgncvkxgn{"uchg"cpf"gzjkdkv"
iqqf"equv/ghÞece{"*36+0

Tgukuvcpeg" vq" cpvkhqncvgu" jcu" dggp" cvvtkdwvgf" vq"
owvcvkqpu" kp" vjg" igpgu" eqfkpi" vjg" gp¦{ogu" kp-

xqnxgf" kp" vjg" ogvcdqnkuo" qh" uwnrjcfqzkpg" cpf"
r{tkogvjcokpg<" fkj{ftqhqncvg" tgfwevcug" *fjht+"
cpf"fkj{ftqrvgtqcvg"u{pvjcug"*fjru+."tgurgevkxgn{0"
Rqkpv"owvcvkqpu"cv"rqukvkqpu"73."7;."32:"cpf"386"kp"
vjg"dhfr"igpg"*37/39+"cpf"owvcvkqpu"cv"rqukvkqpu"658."
659.762."7:3."cpf"835"kp"vjg"dhps"igpg."jcxg"dggp"
fktgevn{"kornkecvgf"kp"uwej"tgukuvcpeg"*3:."3;+0

Yg"eqpfwevgf"c"uvwf{"kp"vjg"pqtvjyguv"tgikqp"qh"
Eqnqodkc." ckogf" cv" wpfgtuvcpfkpi" vjg" igpgvke"
ejctcevgtkuvkeu"qh"UR"tgukuvcpeg"kp"Þgnf"kuqncvgu"cpf"
vq"eqorngogpv"vjg"htcogyqtm"kp"yjkej"c"pgy"ct-
vgokukpkp/dcugf"eqodkpcvkqp"vjgtcr{"*CEV+"ku"cf-

okpkuvgtgf"kp"vjg"eqwpvt{0"Vjg"uvwf{"gzrnqtgf"vjg"
htgswgpe{"qh"owvcvkqpu"kp"vjg"dhps"cpf"dhfr"igpgu"
cu"ygnn"cu"vjg"igpgtcn"eqpuvkvwvkqp"qh"rctcukvg"rq-

rwncvkqpu"d{"cuuguukpi"vjg"msp-1."msp-2"cpf"glurp 

igpgu0"Uwtxgknncpeg"qh"vjg"igpgvke"ejctcevgtkuvkeu"qh"
vjgug"igpgu"ecp"dg"wughwn"vq"qwvnkpg"KRV"iwkfgnkpgu"
hqt"crrnkecvkqp"kp"vjg"tgikqp"cpf"vq"fgÞpg"vjg"hw-

vwtg"wug"qh"UR"kp"cp"CEV"uejgog0

Materials and methods

Yg"eqpfwevgf"c" eqpvtqnngf" enkpkecn" uvwf{"qp"P. 

falciparum"kphgevgf"uwdlgevu0"Tcpfqon{"ugngevgf"
xqnwpvggtu"ygtg"rctv"qh"c"nctigt"uvwf{"yjkej"ck-

ogf"cv"uvwf{kpi"vjg"ghÞece{"qh"fkhhgtgpv"cpvkoc-

nctkcn"tgikogpu0

Study area

Vjg"uvwf{"ycu"ecttkgf"qwv"dgvyggp"Qevqdgt"4224"
cpf"Lwn{"4226"kp"vyq"ocnctkc"gpfgoke"tgikqpu"kp"
Eqnqodkc<" Vwtdq" *:³7Ô64ÔÔP." 98³66Ô345ÔÔY+" cpf"
¥ctciq¦c"*9³4;Ô5:ÔÔP."96³74Ô37ÔÔY+0"Dqvj"tgikqpu"
jcxg"ocnctkc" vtcpuokuukqp" vjtqwijqwv" vjg"{gct"
ykvj" ogcp" cppwcn" rctcukvg" kpfgzgu" *CRK+" *ec-

ugu13222"kpjcdkvcpvu+"fwtkpi"4224/4226"qh"6705"
kp"Vwtdq."cpf"33308"kp"¥ctciq¦c"*42."43+0 

Malaria patient enrollment and follow-up 

Vjg" uvwf{" kpenwfgf"rcvkgpvu" cvvgpfkpi" vjg" nqecn"
ocnctkc"enkpkeu"ykvj"cewvg"u{orvqocvke"pqp/ugxg-

re P. falciparum ocnctkc0"Wpkswg"kphgevkqp"d{"vjku"
urgekgu"ycu"eqpÞtogf"d{"oketqueqr{"cpf"d{"c"
ugok/pguvgf"RET"*44."45+0"Vjg"uvwf{"rtqvqeqn"ycu"tg-

xkgygf"cpf"crrtqxgf"d{"vjg"Gvjkeu"Eqookvvgg"qh"
vjg"Hcewnvcf"fg"Ogfkekpc."Wpkxgtukfcf"fg"Cpvkq-

swkc"*Ogfgnn‡p."Eqnqodkc+0"Gcej"rctvkekrcpv"icxg"
c" hwnn{" kphqtogf" eqpugpv0" Vjg" kpenwukqp" etkvgtkc"
hqt"vjg"qtkikpcn"uvwf{"ygtg"ß3"{gctu"cig."wpkswg"
P. falciparum rctcukvcgokc" ykvj" ß3222" cugzwcn"
hqtou1©n" cpf"yknnkpipguu" vq"rctvkekrcvg0" Rcvkgpvu"
ygtg"gzenwfgf"kh"eqpugpv"ycu"ykvjftcyp0

C" ucorng" uk¦g" hqt" gcej" owpkekrcnkv{" ycu" ecn-
ewncvgf" dcugf" qp" vjg" pwodgt" qh"P. falciparum 

ocnctkc"ecugu" kp"c"{gct<"3283" *46+."33'"htgswgp-

e{"qh"vtgcvogpv"hcknwtg"*47+."c";7'"eqpÞfgpeg"kp-

vgtxcn"cpf"ucorng"gttqt"qh"34'="vjku"tguwnvgf"kp"
47"uwdlgevu"rgt"tgikqp0"Rcvkgpvu"ygtg"tcpfqon{"
cuukipgf" qpg" qh" xctkqwu" fkhhgtgpv" cpvkocnctkcn"
tgikogpu0"Uwdlgevu"ugngevgf"hqt"vjku"tgrqtv"ygtg"
cfokpkuvgtgf"c"ukping"fqug"qh"uwnhcfqzkpg1r{tk-
ogvjcokpg"47"oi1mi0"Cnn"rcvkgpvu"ygtg"vtgcvgf"
cv"vjg"nqecn"ocnctkc"enkpke"cpf"vjg"hqnnqy"wr"rg-

tkqf" ycu" cv" ngcuv" 43" fc{u0" Vtgcvogpv" tgurqpug"
ycu"oqpkvqtgf"ceeqtfkpi"vq"vjg"3;;:"YJQ"etk-
vgtkc"cpf"encuukÞecvkqp"kpvq"cfgswcvg"vtgcvogpv"
tgurqpug" *CVT+" qt" vtgcvogpv" hcknwtg" *gctn{." GVH="
cpf"ncvg."NVH+"ycu"guvcdnkujgf"*48+0
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Sample collection

Yjqng" dnqqf" hqt" oqngewnct" cpcn{uku" ycu" vcmgp"
htqo"c"rgtkrjgtcn"xgkp"qp"fc{"2"dghqtg"vtgcvogpv"
cfokpkuvtcvkqp" cpf" yjgp" vtgcvogpv" hcknwtg" ycu"
fkcipqugf0" Ucorngu"ygtg" eqnngevgf" qpvq"Yjcv-
ocp"5OO"Þnvgt"rcrgt"cpf"uvqtgf"cv"/42̇E0"FPC"
ycu" gzvtcevgf" ykvj" EjgngzÆ." ceeqtfkpi" vq" uvcp-

fctf"rtqegfwtgu"*49+"cpf"uvqtgf"cv"'42̇E"wpvkn"wug0

Plasmodium falciparum confirmation and 

allele genotyping 

FPC" vgorncvgu" ygtg" cornkÞgf" vq" eqpÞto" vjg"
wpkswg"kphgevkqp"d{"P. falciparum0"C"ugok/pguvgf"
RET"ycu"rgthqtogf"cv"vjg"Ncdqtcvqtkq"fg"Tghg-

tgpekc"fg"Ocnctkc."Fgrctvcogpvq"fg"Rctcukvqnq-

i‡c."Egpvtq"Pcekqpcn"fg"Oketqdkqnqi‡c."Kpuvkvwvq"
Pcekqpcn"fg"Ucnwf"Ectnqu"KKK"kp"Ocftkf."ceeqtfkpi"
vq"Twdkq."et al."*45+0"

Igpqv{rkpi"qh"msp-1, msp-2"cpf"glurp"igpgu"ycu"
rgthqtogf"kp"qtfgt"vq"guvcdnkuj"vjg"igpqv{rg"cpf"
vjg"rtgugpeg"qh"rqn{enqpcn" kphgevkqpu0"Hqt"vjku."c"
pguvgf"RET"ycu"ecttkgf"qwv"ceeqtfkpi"vq"rwdnku-
jgf"rtqvqeqnu"*4:."4;+0"Rtqfwevu"ygtg"tguqnxgf"kp"4'"
cictqug"cpf"htciogpv"uk¦g"ycu"fgvgtokpgf"wpfgt"
WX"nkijv"chvgt"gvjkfkwo"dtqokfg"uvckpkpi0"

Identification of point mutations in dhps 

and dhfr genes

FPC"vgorncvgu"ygtg"gxcnwcvgf" hqt" vjg"rtgugp-

eg"qh"rqkpv"owvcvkqpu"kp"dhfr"wukpi"c"RET/THNR"
cuuc{"ceeqtfkpi" vq"Fwtckukpij."et al. *52+0"C"Þtuv"
tqwpf" qh" cornkÞecvkqp" ycu" hqnnqygf" d{" vyq"
cffkvkqpcn"ugrctcvg"RET"tgcevkqpu"tguwnvkpi"kp"c"
744dr"ugiogpv"àcpmkpi"eqfqpu"38."73"cpf"386."
cpf"c"548dr" ugiogpv"àcpmkpi" eqfqpu"7;"cpf"
32:0" Hwtvjgt" eqpÞtocvkqp"qh" vjg" uvcvwu" qh"dhfr 

ycu"rgthqtogf"kp"72'"qh"vjg"ucorngu"hqnnqykpi"
vjg" rtqvqeqn" rwdnkujgf." kp" yjkej" owvcvkqp/
urgekÞe"pguvgf"RET"cpf1qt"tguvtkevkqp"fkiguvkqpu"
ygtg" crrnkgf." cu" fguetkdgf" gnugyjgtg" *39." 53." 54+0"
Ogcpyjkng."vjg"dhps"igpg"ycu"cuuguugf"wukpi"c"
pguvgf"RET"crrtqcej0"C"fgvckngf"fguetkrvkqp"qh"

vjgug"ogvjqfu"ku"cxckncdng"cv"jvvr<11ogfuejqqn0
woct{ncpf0gfw1EXF1rnqyg0jvon0

Ncdqtcvqt{"ockpvckpgf"5F9"cpf"Ff4"uvtckpu"qh"P. 

falciparum"ygtg"wugf"cu"eqpvtqnu0"Rtqfwevu"ygtg"
tguqnxgf"kp"4/5'"cictqug."cpf"htciogpv"uk¦g"ycu"
fgvgtokpgf"wpfgt"WX" nkijv"chvgt"gvjkfkwo"dtq-

okfg"uvckpkpi0
 

Statistical analyses

Vjg"fcvc"ygtg"rtqeguugf"wukpi"GrkKphq"80260"Vjg"
htgswgpe{" qh" gcej" cnngng" ycu" ecnewncvgf." dcugf"
on msp-1."msp-2" cpf"glurp"igpgu0" Kp"cffkvkqp."
htgswgpekgu"qh"owvcvkqpu"kp"vjg"fkhhgtgpv"eqfqpu"
of dhps" cpf" dhfr" ygtg" fgvgtokpgf0" Rqn{enqpcn"
ucorngu"ygtg" kpenwfgf" kp" vjg"cpcn{uku." ukpeg" in 

vivo"kpvgtcevkqpu"qh"fkhhgtgpv"enqpgu"okijv"gzjk-
dkv"c"vtgpf"qt"cuuqekcvkqp0"Jqygxgt."hqt"uvcvkuvk-
ecn"rwtrqugu."ecugu"qh"rqn{enqpcn"kphgevkqpu"ygtg"
eqpukfgtgf"gcej"cu"kpfkxkfwcn"ucorngu"ceeqtfkpi"
vq"vjg"pwodgt"qh"cnngngu"fgvgevgf0"

Results

C" vqvcn"9:" uwdlgevu"ygtg" tgetwkvgf."66" kp"Vwtdq"
cpf" 56" kp" ¥ctciq¦c0" Dcugnkpg" ejctcevgtkuvkeu" qh"
vjg" rqrwncvkqp" ygtg" ukoknct" dgvyggp" vjg" vyq"
owpkekrcnkvkgu0" Coqpi" vjg" xctkcdngu" cuuqekcvgf"
vq"ceswkukvkqp"qh"rtgxkqwu"koowpkv{"yjkej"okijv"
affect in vivo"ghÞece{"vq"vtgcvogpv."yg"jkijnkijv"
vjg" hqnnqykpi<" vjg"ogcp"cig"ycu"45=" vjg"ogcp"
pwodgt"qh"ocnctkc"grkuqfgu"ykvjkp"vjg"rtgxkqwu"
{gct"qh"tgetwkvogpv"ycu"407="vjg"ogcp"pwodgt"qh"
fc{u"ykvj"u{orvqou"fwtkpi"vjg"ewttgpv"grkuqfg"
ycu" 607=" cpf" vjg"ogcp" rctcukvcgokc"ycu" 6;86"
rctcukvgu1©n0

In vivo"tgurqpug"vq"cpvkhqncvgu"eqpÞtogf"c"rqp-

fgtgf"ogcp"vtgcvogpv"hcknwtg"htgswgpe{"qh"46'"
kp"vjg"vyq"nqecnkvkgu0"Vjg"htgswgpe{"qh"vtgcvogpv"
hcknwtg" vq" uwnrjcfqzkpg/r{tkogvcokpg"ycu"42'"
*;166+" kp" Vwtdq." cpf" 48'" *;156+" kp" ¥ctciq¦c0"
Coqpi" vjg" ecugu" fkcipqugf" cu" enkpkecn" hcknwtg"
kp"Vwtdq."66'" *61;+"jcf"gctn{" vtgcvogpv" hcknwtg"
*GVH+"cpf"88'"*71;+"ygtg" ncvg"vtgcvogpv"hcknwtg"
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*NVH+0"Kp"¥ctciq¦c."GVH"ecugu"ygtg"99'"*91;+."cpf"
NVH"ygtg"55'"*41;+"qh" vjg"vqvcn" hcknwtg"ecugu" kp"
vjg"nqecnkv{0"

Plasmodium falciparum genotyping

C" rtgfqokpcpeg" qh" vjg" 372dr" cnngng" qh" vjg"
OCF42"hcokn{"qh"msp-1"dqvj"kp"Vwtdq"cpf"¥ctc-

iq¦c."ycu"qdugtxgf0"Ukoknct"tguwnvu"ygtg"fgvge-
vgf"kp"ucorngu"qdvckpgf"cv"vtgcvogpv"hcknwtg"*GVH"
cpf"NVH+0"Hqt"msp-2."vjg"oquv"htgswgpv"cnngng"qd-

ugtxgf"kp"vjg"vyq"nqecnkvkgu"ycu"c"722dr"eqttgu-
rqpfkpi"vq"KE/3"*83'"kp"Vwtdq."93'"kp"¥ctciq¦c+"
hqnnqygf"d{"c"772dr"*45'"kp"Vwtdq."37'"kp"¥c-

tciq¦c+0"Vjg"rtqrqtvkqp"qh"rqn{enqpcn"kphgevkqpu"
ceeqtfkpi"vq"vjku"igpg"ycu"7'"kp"Vwtdq0"

Kp" ucorngu" qdvckpgf" cv" vtgcvogpv" hcknwtg" *GVH"
cpf" NVH+." vjg"oquv" eqooqpn{" fgvgevgf" cnngngu"
cnuq"eqttgurqpfgf"vq"vjg"oquv"eqooqp"fgvge-
vgf"qp"fc{"2"*Hkiwtg"3+0"

Rtgfqokpcpeg"qh"vjg"922dr"cnngng"qh"glurp"ycu"
fgvgevgf" kp"dqvj" nqecnkvkgu" *6:'" kp" Vwtdq." 54'"
kp"¥ctciq¦c+"tgictfnguu"qh"vjg"vkog"qh"eqnngevkqp"
qh"vjg"ucorng"*fc{"2"qt"tgetwfguegpeg+0"Jqyg-

xgt."vjg"oclqtkv{"qh"kphgevkqpu"kp"¥ctciq¦c"ygtg"
rqn{enqpcn"*922dr1:22dr+"qp"fc{"2"ceeqtfkpi"vq"
vjku"octmgt" *Hkiwtg"3+0"Fgvcknu"qp" vjg"dcug"rckt"
uk¦g"tcpig"qh"vjg"fkhhgtgpv"igpgu"cpf"vjg"pwo-

dgt"qh"igpqv{rgu"fgvgevgf"kp"vjg"vyq"nqecnkvkgu"
ceeqtfkpi" vq" vjg"cornkÞgf"igpgu"ctg"rtqxkfgf"
kp"Vcdng"30

Pq"tgncvkqpujkr"eqwnf"dg"eqpÞtogf"dgvyggp"vjg"
fgitgg" qh" ocnctkcn" gpfgokekv{" tgrqtvgf" cv" vjg"
vkog"qh"ucorng"eqnngevkqp"kp"vjg"vyq"tgikqpu."cpf"
vjg"pwodgt"qh"cnngngu"hqwpf"*r"ß2027."┪4"vguv+0"

Analysis of dhfr and dhps 

Kp"dqvj"nqecnkvkgu."cornkÞecvkqp"qh"vjg"dhfr"igpg"
eqpÞtogf"vjg"tgrncegogpv"qh"yknf"rqrwncvkqpu"
d{"owvcpv"hqtou"hqt"eqfqpu"73"cpf"32:."cpf"vjg"
rgtukuvgpeg"qh"yknf/v{rg"hqtou"hqt"eqfqpu"38."7;"
cpf"386."kp"cnn"kuqncvgu"*Vcdng"4+0"

Eqfqpu"658."762."7:3."cpf"835"qh"vjg"dhps"igpg"
ygtg"fgvgevgf"kp"vjg"yknf/v{rg"hqto"kp"cnn"uco-

rngu"*Vcdng"4+0"Cu"hqt"eqfqp"659."c"jkij"rtqrqt-
vkqp"*ogcp":704'+"qh"vjg" kuqncvgu"gzjkdkvgf"vjg"
owvcpv"in{ekpg"kpuvgcf"qh"cncpkpg"*yknf/v{rg+"qp"
fc{" 2" cpf" cnn" kuqncvgu" htqo" tgetwfguegpeg" jcf"
vjg"owvcpv"hqto"qh"vjg"igpg0"Ugrctcvg"cpcn{uku"
qh" vjg"fkuvtkdwvkqp" htgswgpe{"qh" vjku"owvcpv"d{"
nqecnkv{"eqpÞtogf"ukoknct"rtqrqtvkqpu."ykvj":3'"
kp"Vwtdq"cpf";2'"kp"¥ctciq¦c0"

Discussion

Coqpi"vjg"hcevqtu"chhgevkpi vjg"in vivo response 

vq"cpvkhqncvgu."vjg"uvcvwu"qh"vjg"igpgu"kpxqnxgf"kp"
vjgkt"ogvcdqnkuo"cpf"vjg"rtgugpeg"qh"cpvkocnc-

tkcn"ceswktgf"koowpkv{"qh"vjg"jquv."ctg"qh"itgcv"
importance *55+0" Vjg" rtgugpv" uvwf{" eqpÞtogf"
vtgcvogpv"hcknwtg"kp"45'"qh"vjg"uwdlgevu."tgictf-

nguu"qh"vjg"rtgugpeg"qh"oqtg"vjcp"qpg"owvcvkqp"
kp"vjg"igpgu"kpxqnxgf"kp"tgukuvcpeg"vq"cpvkhqncvgu0"
Jqygxgt." urgekÞecnn{" fgukipgf" uvwfkgu" ujqwnf"
cfftguu" vjg" tqng" qh" urgekÞe" ceswktgf" koowpkv{"

Figure 1. Rgtegpvcig"qh"vjg"fkhhgtgpv"uk¦g"htciogpvu"qdvckpgf"chvgt"
cornkÞecvkqp"qh"msp-2 *KE"hcokn{+"*rcpgn"C+"cpf"glurp *rcpgn"D+"kp"vjg"
vyq"gpfgoke"nqecnkvkgu"ceeqtfkpi"vq"vkog"qh"eqnngevkqp"qh"vjg"ucorng0"
fc{"2"*kp"cnn"ucorngu+."cpf"fc{"qh"tgetwfguegpeg0"C"rtqfwev"qh"
cornkÞecvkqp"ycu"pqv"qdugtxgf"kp"uqog"ecugu0"Rqn{enqpcn"kphgevkqpu"
ygtg"fgvgevgf"kp"vjg"vyq"nqecnkvkgu0
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kp"engctcpeg"qh"rctcukvgu"jctdqtkpi"ownvkrng"ow-

tations in dhps"cpf"dhfr"kp"Eqnqodkcp"kuqncvgu0

Vjg"rtgugpv" uvwf{" eqpÞtogf" vjg"jqoqigpgkv{"
of P. falciparum"rqrwncvkqpu"ceeqtfkpi"vq"msp-3."
msp-2"cpf"glurp." kp"vjgug"tgikqpu"qh"Eqnqodkc0"
Rtgxkqwu"uvwfkgu"ecttkgf"qwv"uqog"{gctu"dghqtg"
*4222/4223+"kp"vjg"ucog"nqecnkvkgu"tgrqtvgf"ukok-
nct"Þpfkpiu"*56+0"Jqygxgt."uqog"fkhhgtgpegu"ygtg"
qdugtxgf" kp"vjg"pwodgt"qh"cnngngu"fgvgevgf"hqt"
glurp" cpf."oqtg" ukipkÞecpvn{." kp" vjg" htgswgpe{"
qh"rqn{enqpcn"kphgevkqpu."yjkej"ycu"uwduvcpvkcnn{"
jkijgt" kp" Vwtdq" *37'"vs. 204'+" cpf" kp"¥ctciq-

¦c"*75'"vs."2'+0"Dcugf"qp"vjgug"tguwnvu."yg"ecp"
eqpenwfg"vjcv"vjg"cpcn{uku"qh"glurp"okijv"dg"wug-

hwn" hqt"igpqv{rkpi"rctcukvg"rqrwncvkqpu" kp"pgy"
uvwfkgu" kp"Eqnqodkc"ckogf"cv"gzrnqtkpi"rctcuk-
vg" rqrwncvkqp"f{pcokeu" cpf" in vivo" ghÞece{"qh"
cpvkocnctkcnu0"Cpcn{uku"qh"msp-1"cpf"msp-2 can 

cnuq"dg"qh" xcnwg" vq" eqorctg"ykvj"rcuv" uvwfkgu."
dwv"pqv"yjgp"vjg"qdlgevkxg"ku"vq"eqorctg"rctcuk-
vgu"qdvckpgf"htqo"vjg"ucog"rcvkgpv."hqt"kpuvcpeg."
fwtkpi" vtgcvogpv" ghÞece{" uvwfkgu0" Ugswgpekpi"
cpcn{uku" qh" vjgug" igpgu" kp" Eqnqodkcp" ucorngu"
okijv" rtqxg" wughwn" vq" wpfgtuvcpf" rqrwncvkqp"
f{pcokeu"kp"fkhhgtgpv"tgikqpu"qh"vjg"eqwpvt{"cpf"
vq"eqpÞto"vjg"jqoqigpgkv{"qh"vjg"rqrwncvkqpu0"
Jqygxgt." urgekcn" ectg" ujqwnf" dg" vcmgp" yjgp"
ugngevkpi"rctvkewnct" tgikqpu"qh" vjg"igpgu" vq"dg"
oqpkvqtgf"kp"qtfgt"vq"cxqkf"ncem"qh"cornkÞecvkqp"
*fwg"vq"ukipkÞecpv"rqn{oqtrjkuo+."rctvkewnctn{"kp"
vjg"ecug"qh"glurp0

C"uocnn"pwodgt"qh"uvwfkgu"qp"vjg"ejctcevgtk¦c-

tion of dhps"cpf"dhfr"jcxg"dggp"ecttkgf"qwv" kp"

Eqnqodkc"*Vcdng"4+0"C"eqorctkuqp"qh"tgrqtvu"qp"
owvcvkqpu" kp" dhps" cpf" dhfr." tgictfnguu" qh" vjg"
tgikqp"yjgtg" vjg" uvwfkgu"ygtg" ecttkgf" qwv." tg-

xgcngf"vjg"kpetgcukpi"rtgugpeg"qh"owvcpv"cnngngu"
hqt" eqfqpu" 73" cpf" 32:"qh"dhfr." cpf" hqt" eqfqp"
659" qh" dhps0" Cuuqekcvkqp" qh" vjg" vtkrng"owvcpvu"
ykvj"vtgcvogpv"hcknwtg"jcu"dggp"tgrqtvgf"d{"ug-

xgtcn"cwvjqtu"htqo"fkhhgtgpv"tgikqpu"*47."57/5:+0"Vjku"
okijv"gzrnckp"vjg"htgswgpe{"qh"vtgcvogpv"hcknwtg"
vq" UR" qdugtxgf" kp" vjku" rctvkewnct" itqwr" qh" rc-

vkgpvu<"42'"kp"Vwtdq"cpf"48'"kp"¥ctciq¦c0"Vjg"
eqorctkuqp"qh" ucorngu" htqo"fc{"2"cpf"fc{"qh"
hcknwtg" ycu" pqv" wughwn" vq" eqpÞto" c" fkhhgtgpeg"
kp" vjg"dhps" cpf"dhfr" igpqv{rgu."rtqdcdn{" cu" c"
eqpugswgpeg"qh"vjg"tgfwegf"pwodgt"qh"ucorngu"
qdvckpgf"cv" vtgcvogpv" hcknwtg"cpf"vjg"jkij"htg-

swgpe{"qh"owvcpv"eqfqpu"ykvjkp"vjg"rqrwncvkqp"
qh"rctcukvgu0"Jqygxgt."ugngevkqp"qh"owvcpv"uvtckpu"
ycu"eqpÞtogf"hqt"eqfqp"659"qh"dhps"fwtkpi"tg-

etwfguegpeg0"Ukpeg"vtgcvogpv"hcknwtg"tcvgu"kp"vjg"
tgikqp"jcxg"cnuq"dggp"tgrqtvgf"cu"xgt{"jkij"d{"
qvjgt"cwvjqtu" *4+."enkpkecn"uvwfkgu"qp"vjg"ghÞece{"
qh"UR"ctg"rtqdcdn{"pqv"yqtvjyjkng"kp"vjgug"nqec-

nkvkgu0"Qp"vjg"eqpvtct{."hqnnqykpi"wr"vjg"vtgpf"qh"
owvcvkqpu"kp"vjgug"igpgu"ujqwnf"dg"rgthqtogf"
cpf" owuv" kpenwfg" oqtg" rtgekug" ogvjqfu." i.e0"
swcpvkvcvkxg"RET"qt"ugswgpekpi."cu"vq"fgÞpg"vjg"
htgswgpe{"qh"owvcpvu"ykvjkp"c"okzvwtg"qh"enqpgu"
kp"pcvwtcnn{"kphgevgf"kpfkxkfwcnu0

Vjg" ejcpig" vq" ctvguwpcvg" rnwu" ogàqswkpg" kp"
Pqtvjyguv" Eqnqodkc." qt" ctvjgogvjgt" rnwu" nw-

oghcpvtkpg"kp"qvjgt"tgikqpu"*5;."62+"cu"vjg"Þtuv"nkpg"
ejqkeg"dgvyggp"4228/422;"cpf"vq"ctvjgogvjgt"
rnwu" nwoghcpvtkpg" kp"cnn" vjg"eqwpvt{"chvgt"422;."

Table 1. Fkuvtkdwvkqp"qh"htgswgpekgu"qh"Plasmodium falciparum"igpqv{rgu"ceeqtfkpi"vq"cpcn{uku"of msp-1, msp-2"cpf"glurp"cpf"
vkog"qh"ucorng"eqnngevkqp"*fc{"2"cpf"fc{"qh"tgetwfguegpeg+0 

msp-1 MAD-20† msp-2 IC† glurp

Day 0 Day of 

recrudescence

Day 0 Day of 

recrudescence

Day 0 Day of 

recrudescence

Dcug"rckt"tcpig 372 372 6:2/922 722/772 922/3222 922/3222

Pwodgt"qh"igpqv{rgu," 313 313 416 416 514 514

Vqvcn"pwodgt"qh"igpqv{rgu 3 3 6 4 7 5

Rtqrqtvkqp"*'+"qh"rqn{enqpcn"
kphgevkqp,"

212 212 217 212 42178 33144

Rtqrqtvkqp"*'+"qh"ucorngu"
ncemkpi"cornkÞecvkqp

3.4 8.47 :.; 3:.9 8.6 59.7

,"Vwtdq1¥ctciq¦c
†  Htgswgpekgu"qh"cornkÞecvkqp"hqt"vjg"msp-1"M3"cpf"TQ55"cnngnke"hcoknkgu"cpf"msp-2"HE49"ygtg"pwnn0



64 CUQEKCEKïP"EQNQODKCPC"FG"KPHGEVQNQIëC Kphgevkq0"4234="38*3+<"59/66

Villa A, Carmona-Fonseca J, Benito A, et al

okijv"rtqxkfg"c"fkhhgtgpv"uegpctkq"hqt"vjg"gxq-

nwvkqp"qh"owvcvkqpu" kp"dhps" cpf"dhfr0"Jqy"gxgt."
tgikqpcn" jgcnvj" cwvjqtkvkgu" jcxg" kttgiwnctn{"
uwrrnkgf" CEV" cpf." kp" uqog" nqecnkvkgu." rcvkgpvu"
ctg" dgkpi" cfokpkuvgtgf" coqfkcswkpg" rnwu" UR."
vjg" tgikogp"crrnkgf"dghqtg"4228."qt" vjg{" ugnh/
ogfkecvg"ykvj"qvjgt"cpvkocnctkcnu."uwej"cu"jcnq-

hcpvtkpg."rwtejcugf" kp" vjg"dncem"octmgv0"Hwvwtg"
uvwfkgu" ujqwnf" cfftguu" vjg" ukipkÞecpeg" qh" vjku"
ncem"qh"fgnkxgt{"qh"vjg"tgeqoogpfgf"cpvkocnc-

tkcnu"qp"vjg"rtgugpeg"qh"dhps"cpf"dhfr"owvcvkqpu"
cpf"qp"qvjgt"tgukuvcpeg"cuuqekcvgf"igpgu0

Ugxgtcn"cwvjqtu"jcxg"tgrqtvgf"qp"vjg"u{pgti{"qh"
@3"owvcvkqpu"kp"dhps"cpf"dhfr"ykvj"vjg"in vitro"ghÞ-

ece{"qh"cpvkhqncvgu."yjgtgd{"vjg"pwodgt"qh"owvc-

vkqpu"ku"fktgevn{"rtqrqtvkqpcn"vq"in vitro resistance 

qt"gctn{"vtgcvogpv"hcknwtg"*63/65+0"Jqygxgt."uwej"Þp-

fkpiu"jcxg"dggp"eqpvtqxgtukcn."ykvj"uqog"cwvjqtu"
tgrqtvkpi"ncem"qh"cuuqekcvkqp"*66."67+0"Kp"cp{"ecug."vjg"

vtgpf" qh" ceewowncvkqp" qh" owvcvkqpu" kp" ucorngu"
htqo"Eqnqodkc" cuuqekcvgf" vq" vjg" ncem" qh" in vivo 

tgurqpug"tgrqtvgf"d{"qvjgt"cwvjqtu"ecp"dg"wughwn"
vq"guvcdnkuj"cp"cuuqekcvkqp"dgvyggp"vjgug"rjgpq-

ogpc."cv"ngcuv"hqt"vjku"rctv"qh"vjg"eqwpvt{0

Kp" eqpenwukqp." vjg" tguwnvu" uwiiguvgf" jqoqig-

pgkv{" qh" P. falciparum" rqrwncvkqpu" ceeqtfkpi"
to msp-3."msp-2"cpf"glurp." kp" vjgug"tgikqpu"qh"
Pqtvj"yguv"Eqnqodkc"cpf" vjg" vtkrng"owvcpvu"qh"
dhfr cpf" dhps" Cup32:." Kng73" cpf" In{659." ctg"
jkijn{" htgswgpv" kp" vjg" enkpkecn" kuqncvgu" qh" vjgug"
gpfgoke"nqecnkvkgu0
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Table 2. Uvcvwu"qh"vjg dhps"cpf"dhfr"igpgu"kp"Eqnqodkc"cpf"eqorctkuqp"dgvyggp"vjg"fkhhgtgpv"tgrqtvu0"

Gene Codon
Aminoacid 

(wild/mutant)

Southwest[7] West[8] Northwest[10]
Northwest/ 

East[11]
Southwest[1]

Northwest/ 

East[44]
Northwest

(n=51) (n=48) (n=13-19) (n=123) (n=153) (n=40) (n=78)

D
h

fr

38 Cncpkpg"*y+ 322 322

73
Curctcikpg"*y+ 9; 63 2 2

Kuqngwekpg"*o+ 43 7; 322 322

7;
E{uvgkpg"*y+ :6 322 322 322

Ctikpkpg"*o+ 38 2 2 2

32:

Ugtkpg"*y+ 5; 45 59 56 36 2 2

Curctcikpg"
*o+ 83 97 85 322 :8 322 322

Vjtgqpkpg"*o+ 4 5 2 2

386 Kuqngwekpg"*y+ 322 322 322 322

D
h

p
s

658 Ugtkpg"*y+ 322 322 322

659
Cncpkpg"*y+ 99 ;2 9 37

In{ekpg"*o+ 45 32 ;4 :7

762
N{ukpg"*y+ 322 322 ;7 322

Inwvcoke"cekf"
*o+ 2 7 2

7:3 Cncpkpg"*y+ 322 322 322

835 Cncpkpg"*y+ 322 322

Tgikqpu"htqo"yjkej"vjg"ucorngu"ygtg"uvwfkgf"ctg"fgvckngf"cpf"vjg"pwodgt"*p+"kpenwfgf0"
Tguwnvu"tgrtgugpv"rgtegpvcig"a0
Tguwnvu"hqt"vjg"ewttgpv"uvwf{"chvgt"cpcn{uku"qp"fc{"qh"tgetwkvogpv"ctg"rtgugpvgf"kp"vjg"ncuv"eqnwop0
a Owvcpv"eqfqpu"ctg"rtgugpvgf"kp"dqnf0"
Dncpm"egnn"ogcpu"pq"kphqtocvkqp"ku"cxckncdng."y"ogcpu"yknf"v{rg."o"ogcpu"owvcpv0
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et al. Vjgtcrgwvke"ghÞece{"vguv"kp"ocnctkc"falciparum" kp"Cpvkqswkc."
Eqnqodkc0"Ocnct"L0"4228=7<360

80" Icnkpfq"LC."Etkuvkcpq"HC."Mpwfuqp"C."Pkejqnnu"TU."Iwgttc"CR0"Ow-

vcekqpgu"rwpvwcngu"gp"nqu"igpgu"fjht"{"fjru"fg"Plasmodium fal-

ciparum" fg" vtgu" tgikqpgu" gpffiokecu" rctc"ocnctkc" gp" Eqnqodkc0"
Dkqogfkec0"4232=52<78/860"

90" Iktcnfq"NG."Cequvc"OE."Ncdtcfc"NC."Rtcdc"C."Oqpvgpgitq/Lcogu"U."
Uctcxkc"PI."gv"cn0"Htgswgpe{"qh"vjg"Cup/32:"cpf"Vjt/32:"rqkpv"ow-

vcvkqpu"kp"vjg"fkj{ftqhqncvg"tgfwevcug"igpg"kp"Plasmodium falcipa-

rum"htqo"uqwvjyguv"Eqnqodkc0"Co"L"Vtqr"Ogf"J{i0"3;;:=7;<346/:0"
:0" I„og¦"F."Ejcrcttq"L."Twdkcpq"E."Tqlcu"OQ."Ycuugtocp"O0"Igpgvke"

fkxgtukv{"qh"Plasmodium falciparum"Þgnf"ucorngu"htqo"cp"kuqncvgf"
Eqnqodkcp"xknncig0"Co"L"Vtqr"Ogf"J{i0"4224=89<833/80"

;0" Iwgttc"CR."Mpwfuqp"C."Pkejqnnu"TU."Icnkpfq"LC."Tcxkf"¥."Tcjktcpv"
U."et al."IgpqvkrkÞecek„p"fg"nqu"igpgu"our3"*dnqswg"4+"{"fjht"*eq-
f„p32:+"fg"Plasmodium falciparum"gp"owguvtcu"fg"ecorq"tgeq-
ngevcfcu"gp"ewcvtq"nqecnkfcfgu"gpffiokecu"fg"Eqnqodkc0"Dkqogfkec0"
4228=48<323/340"

320" Tcnnqp"PK."Quqtkq" NG."Iktcnfq"NG0" Ncem"qh" cp"cuuqekcvkqp"dgvyggp"
vjg"CUP/32:"owvcvkqp"kp"vjg"fkj{ftqhqncvg"tgfwevcug"igpg"cpf"in 

vivo"tgukuvcpeg"vq"uwnhcfqzkpg1r{tkogvjcokpg"kp"Plasmodium falci-

parum0"Co"L"Vtqr"Ogf"J{i0"3;;;=83<467/:0"
330" Uejokfgt"P."Rg{gtn/Jqhhocpp"I."Tguvtgrq"O."Lgnkpgm"V0"Ujqtv"eqo-

owpkecvkqp<" rqkpv"owvcvkqpu" kp" vjg" fkj{ftqhqncvg" tgfwevcug" cpf"
fkj{ftqrvgtqcvg"u{pvjcug"igpgu"qh"Plasmodium falciparum"kuqncvgu"
htqo"Eqnqodkc0"Vtqr"Ogf"Kpv"Jgcnvj0"4225=:<34;/540"

340" Dcdkmgt"JC."Jcuvkpiu" KO."Uygfdgti"I0" Korcktgf"Þvpguu"qh"ftwi/
tgukuvcpv"ocnctkc"rctcukvgu<"gxkfgpeg"cpf"kornkecvkqp"qp"ftwi/fg-

rnq{ogpv"rqnkekgu0"Gzrgtv"Tgx"Cpvk"Kphgev"Vjgt0"422;=9<7:3/;50"
350" Ejcxejkej"O."Igtgpc"N."Rgvgtu"L."Ejgp"P."Ejgpi"S."M{ng"FG0"Tqng"

qh"rhoft3"cornkÞecvkqp"cpf"gzrtguukqp"kp"kpfwevkqp"qh"tgukuvcpeg"
vq" ctvgokukpkp" fgtkxcvkxgu" kp" Plasmodium falciparum0" Cpvkoketqd"
Cigpvu"Ejgoqvjgt0"4232=76<4677/860"

360" Jwvvqp"I."Uejgnngpdgti"F."Vgfkquk"H."Ocegvg"G."Mcjkiyc"G."Ukicw-

swg"D."gv"cn0"Equv/ghhgevkxgpguu"qh"ocnctkc" kpvgtokvvgpv"rtgxgpvkxg"
vtgcvogpv"kp"kphcpvu"*KRVk+"kp"Oq¦codkswg"cpf"vjg"Wpkvgf"Tgrwdnke"
qh"Vcp¦cpkc0"Dwnn"Yqtnf"Jgcnvj"Qticp0"422;=:9<345/;0"

370" Nq¦qxum{"GT."Ejqqmclqtp"V."Dtqyp"MO." Koyqpi"O."Ujcy"RL."Mc-
oejqpyqpirckucp" U. et al. Uvgrykug" ceswkukvkqp" qh" r{tkogvjc-

okpg"tgukuvcpeg"kp"vjg"ocnctkc"rctcukvg0"Rtqe"Pcvn"Cecf"Uek"W"U"C0"
422;=328<34247/520"

380" Rgvgtuqp"FU."Ycnnkmgt"F."Ygnngou"VG0"Gxkfgpeg"vjcv"c"rqkpv"owvcvkqp"
kp"fkj{ftqhqncvg"tgfwevcug/vj{okf{ncvg"u{pvjcug"eqphgtu"tgukuvcpeg"

vq"r{tkogvjcokpg"kp"falciparum"ocnctkc0"Rtqe"Pcvn"Cecf"Uek"W"U"C0"
3;::=:7<;336/:0"

390" Rnqyg" EX." Eqtvgug" LH." Flkofg" C." Pycp{cpyw"QE."Ycvmkpu"YO."
Ykpuvcpng{"RC."et al. Owvcvkqpu"kp"Plasmodium falciparum"fkj{ftq-

hqncvg"tgfwevcug"cpf"fkj{ftqrvgtqcvg"u{pvjcug"cpf"grkfgokqnqike"
rcvvgtpu"qh"r{tkogvjcokpg/uwnhcfqzkpg"wug"cpf"tgukuvcpeg0"L"Kphgev"
Fku0"3;;9=398<37;2/80"

3:0" Vtkinkc" V."Ogpvkpi" LI."Yknuqp"E." Eqyocp"CH0"Owvcvkqpu" kp" fkj{-
ftqrvgtqcvg" u{pvjcug"ctg" tgurqpukdng" hqt" uwnhqpg"cpf" uwnhqpcok-
fg"tgukuvcpeg"kp"Plasmodium falciparum0"Rtqe"Pcvn"Cecf"Uek"W"U"C0"
3;;9=;6<35;66/;0"

3;0" Ycpi"R."Dtqqmu"FT."Ukou"RH."J{fg"LG0"C"owvcvkqp/urgekÞe"RET"u{u-
vgo"vq"fgvgev"ugswgpeg"xctkcvkqp" kp" vjg"fkj{ftqrvgtqcvg"u{pvjg-

vcug" igpg" qh" Plasmodium falciparum0" Oqn" Dkqejgo" Rctcukvqn0"
3;;7=93<337/470"

420" Ectoqpc/Hqpugec"L0"Nc"ocnctkc"gp"Eqnqodkc."Cpvkqswkc"{"ncu"¦qpcu"
fg"Wtcdƒ"{"Dclq"Ecwec<"rcpqtcoc"rctc"kpvgtrtgvct"nc"hcnnc"vgtcrfiw-

vkec"cpvkocnƒtkec"Rctvg"30"Kcvtgkc0"4225=38<4;;/53:0
430" Ectoqpc/Hqpugec"L0"Nc"ocnctkc"gp"Eqnqodkc."Cpvkqswkc"{"ncu"¦qpcu"

fg"Wtcdƒ"{"Dclq"Ecwec<"rcpqtcoc"rctc"kpvgtrtgvct"nc"hcnnc"vgtcrfiw-

vkec"cpvkocnƒtkec"Rctvg"40"Kcvtgkc"4226=39<56/750
440" Upqwpqw"I."Ukpij"D0"Pguvgf"RET"cpcn{uku"qh"Plasmodium"rctcukvgu0"

Ogvjqfu"Oqn"Ogf0"4224=94<3:;/4250
450" Twdkq"LO."Dgpkvq"C."Dgt¦quc"RL."Tqejg"L."Rwgpvg"U."Uwdktcvu"O."et al. 

Wughwnpguu"qh"ugokpguvgf"ownvkrngz"RET"kp"uwtxgknncpeg"qh"korqtvgf"
ocnctkc"kp"Urckp0"L"Enkp"Oketqdkqn0"3;;;=59<5482/60"

460" Ukgttc"ON."Xfing¦."NO."Ecuvc‚gfc"CO."Icngcpq"NC."Oqnkpc"CN."Vcdc-

tgu."¥"0"Fkcip„uvkeq"fg"nc"ukvwcek„p"fg"Ucnwf"gp"Cpvkqswkc0"Tgxkuvc"
Grkfgokqn„ikec"fg"Cpvkqswkc0"4222=47<34;/540

470" Dcueq"NM."Vcjct"T."Tkpiycnf"R0"Oqngewnct"dcuku"qh"in vivo resistan-

eg"vq"uwnhcfqzkpg/r{tkogvjcokpg"kp"Chtkecp"cfwnv"rcvkgpvu"kphgevgf"
ykvj"Plasmodium falciparum"ocnctkc"rctcukvgu0"Cpvkoketqd"Cigpvu"
Ejgoqvjgt0"3;;:=64<3:33/60"

480" QOU/QRU0"Gxcnwcek„p"fg"nc"gÞecekc"vgtcrfiwvkec"fg"nqu"ogfkecogp-

vqu"rctc"gn"vtcvcokgpvq"fgn"rcnwfkuoq"rqt"Plasmodium falciparum 

ukp"eqornkecekqpgu"gp"ncu"Cofitkecu0"Igpgxg<"YJQ="3;;:0
490" Mckp"ME."Ncpct"FG0"Fgvgtokpcvkqp"qh"igpgvke"xctkcvkqp"ykvjkp"Plas-

modium falciparum" d{" wukpi" gp¦{ocvkecnn{" cornkÞgf" FPC" htqo"
Þnvgt"rcrgt"fkumu"kortgipcvgf"ykvj"yjqng"dnqqf0"L"Enkp"Oketqdkqn0"
3;;3=4;<3393/60"

4:0" Upqwpqw"I."Xktk{cmquqn"U."¥jw"ZR."Lcttc"Y."Rkpjgktq"N."fq"Tquctkq"XG."
et al. Jkij"ugpukvkxkv{"qh"fgvgevkqp"qh"jwocp"ocnctkc"rctcukvgu"d{"vjg"
wug"qh"pguvgf"rqn{ogtcug"ejckp" tgcevkqp0"Oqn"Dkqejgo"Rctcukvqn0"
3;;5=83<537/420"

4;0" Upqwpqw"I."¥jw"Z."Uktkrqqp"P."Lcttc"Y."Vjckvjqpi"U."Dtqyp"MP."et 

al. Dkcugf"fkuvtkdwvkqp"qh"our3"cpf"our4"cnngnke" xctkcpvu" kp"Plas-

modium falciparum"rqrwncvkqpu"kp"Vjckncpf0"Vtcpu"T"Uqe"Vtqr"Ogf"
J{i0"3;;;=;5<58;/960"

520" Fwtckukpij"OV."Ewtvku"L."Yctjwtuv"FE0"Plasmodium falciparum<"fg-

vgevkqp"qh"rqn{oqtrjkuou"kp"vjg"fkj{ftqhqncvg"tgfwevcug"cpf"fkj{-
ftqrvgtqcvg"u{pvjgvcug"igpgu"d{"RET"cpf"tguvtkevkqp"fkiguvkqp0"Gzr"
Rctcukvqn0"3;;:=:;<3/:0

530" Rnqyg" EX." Flkofg" C." Dqwctg" O." Fqwodq" Q." Ygnngou" VG0" R{tk-
ogvjcokpg" cpf" rtqiwcpkn" tgukuvcpeg/eqphgttkpi" owvcvkqpu" kp"
Plasmodium falciparum"fkj{ftqhqncvg"tgfwevcug<"rqn{ogtcug"ejckp"
tgcevkqp"ogvjqfu" hqt"uwtxgknncpeg" kp"Chtkec0"Co"L"Vtqr"Ogf"J{i0"
3;;7=74<787/:0

540" Fqwodq"QM."Mc{gpvcq"M."Flkofg"C."Eqtvgug"LH."Fkqwtvg"[."Mqpctfi"
C."et al."Tcrkf" ugngevkqp"qh"Plasmodium falciparum"fkj{ftqhqncvg"
tgfwevcug" owvcpvu" d{" r{tkogvjcokpg" rtqrj{nczku0" L" Kphgev" Fku0"
4222=3:4<;;5/80

550" Flkofg"CC."Fqwodq"QM."Vtcqtg"Q."Iwkpfq"CD."Mc{gpvcq"M."Fkqwtvg"
[."et al. Engctcpeg"qh"ftwi/tgukuvcpv"rctcukvgu"cu"c"oqfgn"hqt"rtqvge-
vkxg"koowpkv{"kp"Plasmodium falciparum"ocnctkc0"Co"L"Vtqr"Ogf"
J{i0"4225=8;<77:/850"

560" Oqpvq{c" N."Ocguvtg" C." Ectoqpc" L." Nqrgu"F." Fq" Tquctkq" X." Dnckt"
U0" Plasmodium falciparum<" fkxgtukv{" uvwfkgu" qh" kuqncvgu" htqo"
vyq" Eqnqodkcp" tgikqpu" ykvj" fkhhgtgpv" gpfgokekv{0" Gzr" Rctcukvqn0"
4225=326<36/;0"

570" Gumcpfctkcp"CC."Mgujcxct¦"J."Dcueq"NM."Ocjdqwfk"H0"Fq"owvcvkqpu"
in Plasmodium falciparum"fkj{ftqrvgtqcvg"u{pvjcug"cpf"fkj{ftq-

hqncvg"tgfwevcug"eqphgt"tgukuvcpeg"vq"uwnhcfqzkpg/r{tkogvjcokpg"kp"
KtcpA"Vtcpu"T"Uqe"Vtqr"Ogf"J{i0"4224=;8<;8/:0"

580" Icvvqp"ON."Octvkp"ND."Ejgpi"S0"Gxqnwvkqp"qh"tgukuvcpeg"vq"uwnhcfq-
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zkpg/r{tkogvjcokpg"kp"Plasmodium falciparum0"Cpvkoketqd"Cigpvu"
Ejgoqvjgt0"4226=6:<4338/450"

590" Lgnkpgm"V."Mknkcp"CJ."Mcdcicodg"I."xqp"Uqppgpdwti"H0"Plasmodium 

falciparum" tgukuvcpeg" vq" uwnhcfqzkpg1r{tkogvjcokpg" kp" Wicpfc<"
eqttgncvkqp" ykvj" rqn{oqtrjkuou" kp" vjg" fkj{ftqhqncvg" tgfwevc-

ug" cpf" fkj{ftqrvgtqcvg" u{pvjgvcug" igpgu0" Co" L" Vtqr"Ogf"J{i0"
3;;;=83<685/80"

5:0" Pcigujc"JU."Fkp"U."Ecug{"IL."Uwucpvk"CK."Ht{cwhh"FL."Tggfgt"LE."gv"cn0"
Owvcvkqpu"kp"vjg"rhoft3."fjht"cpf"fjru"igpgu"qh"Plasmodium fal-

ciparum"ctg"cuuqekcvgf"ykvj"kp/xkxq"ftwi"tgukuvcpeg"kp"Yguv"Rcrwc."
Kpfqpgukc0"Vtcpu"T"Uqe"Vtqr"Ogf"J{i0"4223=;7<65/;0"

5;0" Ectoqpc/Hqpugec"L0"Pwgxqu"vtcvcokgpvqu"rctc"gn"rcnwfkuoq"gp"Eq-

nqodkc."42280"Cevc"Ogfkec"Eqnqodkcpc0"4229=54<379/850
620" Ectoqpc/Hqpugec" L0" ½Pwgxqu" vtcvcokgpvqu"rctc" gn"rcnwfkuoq"gp"

Eqnqodkc."4229A"Cevc"Ogfkec"Eqnqodkcpc"4229=54<468/:0
630" Dkuycu"U0"Cuuqekcvkqpu"qh"cpvkhqncvg"tgukuvcpeg"in vitro"cpf"rqkpv"ow-

vcvkqpu"kp"fkj{ftqhqncvg"tgfwevcug"cpf"fkj{ftqrvgtqcvg"u{pvjgvcug"
igpgu"qh"Plasmodium falciparum0"L"Rquvitcf"Ogf0"4226=72<39/420"

640" P¦knc"CO."Odgtw"GM."Uwnq"L."Fc{q"J."Ykpuvcpng{"RC."Ukdng{"EJ."et 

al. Vqyctfu"cp"wpfgtuvcpfkpi"qh"vjg"ogejcpkuo"qh"r{tkogvjcokpg/
uwnhcfqzkpg" tgukuvcpeg" kp" Plasmodium falciparum<" igpqv{rkpi" qh"
fkj{ftqhqncvg" tgfwevcug"cpf"fkj{ftqrvgtqcvg"u{pvjcug"qh"Mgp{cp"
rctcukvgu0"Cpvkoketqd"Cigpvu"Ejgoqvjgt0"4222=66<;;3/80"

650" Ukdng{"EJ."J{fg"LG."Ukou"RH."Rnqyg"EX."Mwdnkp"LI."Odgtw"GM."et al. 

R{tkogvjcokpg/uwnhcfqzkpg" tgukuvcpeg" kp"Plasmodium falciparum<"
yjcv"pgzvA"Vtgpfu"Rctcukvqn0"4223=39<7:4/:0"

660" Dcueq"NM." Vcjct"T."Mgwpflkcp"C."Tkpiycnf"R0" Ugswgpeg"xctkcvkqpu"
kp"vjg"igpgu"gpeqfkpi"fkj{ftqrvgtqcvg"u{pvjcug"cpf"fkj{ftqhqncvg"
tgfwevcug" cpf" enkpkecn" tgurqpug" vq" uwnhcfqzkpg/r{tkogvjcokpg" kp"
rcvkgpvu"ykvj"cewvg"wpeqornkecvgf"falciparum"ocnctkc0"L"Kphgev"Fku0"
4222=3:4<846/:0"

670" Qoct"UC."Cfciw"KU."Yctjwtuv"FE0"Ecp"rtgvtgcvogpv"uetggpkpi"hqt"
fjru"cpf"fjht"rqkpv"owvcvkqpu"kp"Plasmodium falciparum infections 

dg"wugf" vq"rtgfkev" uwnhcfqzkpg/r{tkogvjcokpg" vtgcvogpv" hcknwtgA"
Vtcpu"T"Uqe"Vtqr"Ogf"J{i0"4223=;7<537/;0"


