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Muc tidu: Xac dinh dot bién va tan sb cac haplotype trén cac gen khac nhau lién quan dén khang tai
mdt s6 huyén khong co giao luu bién gi¢i Campuchia cia tinh Dk Lik.

Déi twong va phwong phap: Nghién ciru danh gia cac chi diém phan tir lién quan dén khang thude
dihydroartemisinin - piperaquine, artesunate - mefloquine tir cAc phan lap ctia mau méu kho thu thap cua
bénh nhén st rét do P, Jfalciparum tai da trung tdm trong tho1 gian 2017 - 2020. Tat ca phan lap duoc
phan tich dé tim cac chi diém gen khang thudc Pfkl3, ijplasmepszne2 Pfmdr1, Pfert bang giai trinh tu
Sanger. Ngoai ra, sb ban sao gen Pfplasmepsine2 duge danh gia bang real - time PCR. DNA duoc tinh
khiét véi bo QIAamp DNA Mini kits (QIAGEN, Diisseldorf, Dirc), tat ca kiéu gen phan tich giai trinh
ty chon lgc bo gen ky sinh trung tai Vién Wellcome Sanger (Anh), Vién Pasteur (Campuchia), Vién
First Base DNA sequencingAxil Scientific (Singapore), cac kiéu gen dugc chuyén dich thanh cac kiéu
gen don bo khang thudc.

Két qua: Tong s6 55 va 79 miu phéan 1ap dugc chan doan xac dinh P. falciparumduéi kinh hién vi,
thu thp tai cac co sd y té tinh Dik Lik trong giai doan (2017 - 2018) va (2019 - 2020). Két qua chi ra
co ty 18 cao cac dot bién Pfkl3 - C580Y lién quan khang artemisinin tir 83,6% (46/55) dén 100%
(79/79) va PfPlasmepsine 2 (> 1,5 copy) tir 20% (11/55) dén 77,2% (61/79) cling nhu dot bién
exonuclease E415G lién quan dén khang piperaquine tir 88,5% (44/55) dén 91,1% (72/79) trong thoi
gian (2017 - 2018) va (2019 - 2020). Mat khac, tin suat cic dot bién khang v6i nhom thudc 4 -
aminoquinoline loai Pfert (72 - 76 CVIET) 1a 92,7% (51/55) va 91,1% (72/79), rét it cic dot bién Pfert
(72 - 76 CVIDT), Pfert (72 - 76 CVVET), Pfert (72 - 76 WGIET), Pfert F1451 (< 5%). Piém quan tim
1a ¢ ty 1& chi diém Pfmdrl (> 1,5 copy) cao lién quan dén khang mefloquine, tir 23,6% (13/55) giai
doan (2017 - 2018), nhung chi c6 1,3% (1/79) trong giai doan (2019 - 2020). Pang luu y 1a nhém phan
lap c6 hai chi diém dong thoi PfkI3 - C580Y + PfPlasmepsine2 (khang véi DHA - PPQ) 1a 16,4%
(9/55) va 77,2% (61/79) va Pfkl3 - C580Y + PfmdrICNV (khang véi ASMQ) 1a 21,8% (12/55) va
1,3% (1/79) lan luot trong khoang thdi gian 2017 - 2018 va 2019 - 2020. Chua thiy phan 1ap nao c6 tir 3
hay 4 loai dot bién trong nghién ctru nay.

K&t luan: Két qua nghién ciru cho thiy c6 ty 18 mot hay hai chi diém di truyén PfkI3 - C580Y va
PfPlasmepsine 2/exonuclease E415G dong thoi rat cao, lién quan dén khang artemisinin va piperaquine.
Ty 1¢ dot bién Pfimdrl lién quan dén khang mefloquine cao can phai theo ddi chat ché. Vai trd giam sat
cac chi diém phan tir lién quan khang ACTs 1a rt quan trong dé bo sung dit liéu vao thay ddi chinh sach
thudc quéc gia tai Viét Nam.

T khoéa: Plasmodium falciparum, chi diém phan tir Pfk13, Pfindrl, Pfert, Pfplasmepsine?.
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GIGI THIEU

Chién lwoc phong chdng va loai trir sét rét hién
nay dang dya vao to hop nhiéu bién phép can
thlep, trong d6 vai tro cta thube sét rét ACTs la
rat quan trong va 1a mot trong 4 thanh t6 chién
lwoc nhat. Trong khi chua ¢ thém tng vién thude
méi nao thay thé, tinh trang Plasmodium
falciparum khang thudc sbt rét, ké ca nhom thudce
ACTs hién dung 1a mot trong nhirng thach thirc vé
mat k¥ thuat, da va dang de doa cac thanh qua dat
duoc trong 16 trinh phong chdng va loai trir s6t rét
tai khu vuc Tiéu ving séng Mé Kong.

Tai Viét Nam, hau hét cac tinh Nam b, LAm
DPdng va mién Béc, loai Plasmodium falciparum
van con nhay véi liéu phap thudc phdi hop co
artemisinin (ACTs) ngoai trur tinh Binh Phuorc
nhung ¢ mién Trung - Tay Nguyen d3 xuét hién
chung P. falciparum khang thudc ACTs ké tir nim
2010 va c6 nguy co lan rong cac ving lan can,
nén can phai giam sat theo ddi thuong xuyén vé
mit 1am sang danh gia higu Iyc thudc, giam sat chi
diém phan tir rat hitu ich trong theo doi dién tién
khang. Nghién ctru ndy tién hanh nhim muc tiéu:
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xéac dinh dot bién va tan s cac haplotype trén cac
gen khic nhau lién quan dén khang tai mot sb
huyén khong cé giao Iuu bién giéi Campuchia cua
tinh Pak Lik, noi c6 sé bénh nhan ding thir 3 so
v6i ca nude trong 3 ndm gan day.

b0l TUGNG VA PHUGNG PHAP NGHIEN COU

Péi tugng nghién ciu

~ Tét ca phan 1ap nhiém P. falciparum don
thuan hodc nhlem ph01 hop trén bénh nhan dang
didu tri biang thudc artesunate - mefloquine
(ASMQ) hodc dihydroartemisinin - piperaquine
phosphate (DHA - PPQ) tai cdc co s6 y té hodc
mau nghlen ctru danh gla hi¢u luc thudc tai thuc
dia, 1dy mau mau vao gidy thim Whatman 3MM.

~ Cac mau mau trén bénh nhan khong phén
bi¢t gigi tinh, nam n@t va do tudi, co triéu chung
hay khong triéu ching sdt rét.

Dia diém va thoi gian nghién ciiu
_ Thoi gian: Tir thang 12/2017 dén thang 12/2020.

- Dia diém: Vung sdt rét luu hanh huyén Ea Kar,
Ma Brik, Krong Nang, Cu Mgar, tinh Dak Lak.
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Hinh 1. Dia diém nghién ctru Dak Lak va cac huyén noi thu thap mau phan lap P. falciparum
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Thiét ké nghién ciru va ¢& miu: Nghién ciu
ngang mo ta dac tinh di truyén chi diém phan tir
lién quan khang thudc sdt rét trén tirng phan lap P.
Jalciparum thu thap ¢ bénh nhan. C& mau: tat ca
miu mau cta bénh nhan nhiém don thuan hay
phdi hop ¢6 P. falciparum tai cac diém nghién ciru
tu nam 2017 - 2020.

Noi dung nghién ciru: TAt ca cic phan lap P.
falciparum thu thap trén cac bénh nhan nhiém don
thuan hay phdi hop co P. falciparum dwoc xéac
dinh thong qua soi lam mau nhudém giemsa dudi
kinh hién vi vao gidy thim dudi dang mau méau
kho (Dried Blood Spots - DBS).

Xac dinh nhidm P. falciparum va nhiém phdi
hop bang phan tich ma va dinh loai theo Sanger’s
101 SNPs va dinh loai. Phan tich cac chi diém
phan tr khang thubc artemisinin Kelch 13 (458,
493, 539, 543, 580), khang piperaquine gom
Plasmepsins 2/3 CNV, Exonuclease E415G, Pfcrt
(aa 72 - 72, 93, 97, 145, 218), khang mefloquine
(Pfindrl CNV), hay khang da thuéc Pfimdrl (86,
184, 1034, 1042, 1226 va 1246)>34 Tt ca kiéu
gen dugc danh gia giai trinh ty amplicon trén cac
vung chon lgc cua bo gen ky sinh trung sbt rét
(KSTSR) bang chuong trinh Illumina MiSeq, sau
d6 chuyén dich kiéu gen thanh cic haplotype
khang thudc.

Ky thuit trong nghién ciru: Mot sb k§ thuét
duoc ap dung trong nghién ctru gom:

Ky thuat thu thap mau mau dau ngon tay lam
lam mau nhudm giemsa, xac dinh loai KSTSR.

~ Téach chiét DNA cua P. falciparum: Ba giot
(50ul) mau 14y vao gidy thAm Whatmann 3MM
(Maidstone, Anh), dé kho ty nhién va luu giit vao
tai nhya c6 khoa, bao quan va tach chiét DNA ky
sinh trung P. falciparum tir cic mau méau kho su
dung kit QIAamp® DNA mini kit (QIAGEN, Inc.,
Dirc), sau d6 mau DNA duoc tach chiét xong luu
giit trong ti lanh -20°C dén khi phan tich.

— Phan tich va khuéch dai s ban sao Pfpm2
copy number: Pfpm2CNV dugc thuc hién trén hé
thong Agilent real - time PCR (Stratagene
MX3005P, Agilent Tech, La Jolla, M¥). Tat ca
méu dugc kiém tra ba lan. Hai chimg duong véi 1
ban sao va 3 ban sao dugc st dung trong nghién
ctru nay. S6 copy Pfpm2 duoc xac dinh thong qua
phuong phap 2 - AACT (ACT =CT Pfpm2 -CT P.
falciparum B - tubulin gene; CT, chu ky ngudng)
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sir dung ching 3D7 P. falciparum dugc biét co
mot ban copy don cua gen Pfind2 gen, nhu mot
chuén (calibrator).

- Khuéch dai gen PfkI3 propeller domain,
Pfmdrl va Pfcrt: Khuéch dai gen Pfki3,  Pfmdrlva
Pfert dugce tién hanh trén format 96 giéng cia hé
thong GeneAmp PCR9700 (Applied Biosystems,
M¥). Bbi voi Pfki3, doan gen ma dung dé khuéch
dai chira 6 codon dugc xem 1a hop 1€ ¢6 lién quan
dén khang thudc artemisinin. Cac codon nay gém
458 (N458Y), 493 (Y493H), 539 (R539T), 543
(I543T), 561 (R561H) va 580 (C580Y). Phan ung
PCR va Nested-PCR cho khuéch dai ving gen
canh quat Pfkl3 dung 50-250ng mau DNA trong
mdt phan tng 25uL PCR mix chtra 0,5uM cho
moi méi, 0,2uM dNTPs, 1,0 UHF Phusion DNA
Polymerase va 1 x Phusion HF buffer theo quy
trinh d& cuong. Phan ung PCR va nested PCR
khuéch dai gen PfindrI (codon tir 86-184 va 1034-
1246) dugc thuc hién, st dung 50-250ng mau
DNA trong mét 25uL PCR mix chira 0,5uM moi
mdi va 1 x Promega Master-mix theo dé cuong.
Phan tmg PCR va nested PCR khuéch dai gen
Pfert (codon tur 72-76) dugc thue hién st dung 50-
250ng mau DNA trong mét 25uL PCR mix chia
néng do cudi cuang 0,25 uM mdi moi va
1 x Promega Master Mix theo dé cuong.

- @Giai trinh ty gen Pfkl3 propeller domain,
Pfindriva Pfcrt genes: Giai trinh tu Sanger qua
dién di cho cac vung gen Pfki3 propeller,
Pfindr1va Pfcrt duge tién hanh trén hé théng ABI
3130XL DNA sequencer (Applied Biosystems,
M¥). Phidn mém Geneious R10 (Biomatters, San
Francisco, M¥) dwoc dung dé phan tich xac dinh
cac SNPs dic biét v6i cac trinh ty gen tham chiéu
tor ngan hang gen http://plasmodb.org. Cac SNPs
trén vung gen Pfkl3 propeller, Pfindrl va Pfcrt
dugc xac dinh bang cach so sanh véi cac ching
tham chiéu 3D7 lan luwot PF3D7 1343700,
PF3D7 0523000 va PF3D7_0709000.

Phan tich xi ly sé liéu
Tan s va ty 1¢ phan tram cac allele dot bjén va

haplotype dugc xac dinh bang phan mém thong ké
SPSS (Statistical Package for Social Sciences,
MY, phién ban 20) d€ phan tich so liéu.
Khia canh dao diic trong nghién ciu

- Dé cuong nghién ctru duoc thong qua Hoi
dong Pao dtc y sinh Vién Sot rét - Ky sinh trung -
Con trung Quy Nhon.
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~ Céc thu thut ldy mau trong mirc nguy co thap
va cac két qua chi dung dé nghién ciu, bd sung dit
liéu vao tinh trang khang thudc & Viét Nam va thay
d6i chinh sach thube sot rét & Viét Nam.

KET QUA NGHIEN COU
Chi diém phan t lién quan dén khang thuéc
artemisinine trén P. falciparum

Bang 1. M6t sb chi diém phan t lién quan dén
khang artemisinin va dan suét

oz o 2017 - 2018 2019 - 2020
Chi diem phan to (n = 55) (n=79)
(N=134) P T T
Tan suat| Ty Ié [Tan suat| Ty lé
Pfkelch13 - C580Y 46/55 |[83,6%| 79/79 [100%
Pfkelch13 - R539T 0/55 0% 0/79 0%
Wild - type 9/55 [16,4% 0 0%

Nhdn xét: Loai dot bién Pfkelchl3 - C580Y
chiém wu thé trong s6 chi diém K13 voi 83,6%
(46/55) va 100% (79/79) vao thoi gian lan huot tir
2017 - 2018 va 2019 - 2020; loai do6t bién gen
Pfkelch13 - R539T chua dugc phét hién trén sd phan
lap trong thoi gian nay tai Dk Lak, sé mau co kiéu
alen hoang dai wild - type (WT) 1a 16,4% (9/55).

Chi diém phan tii liéen quan dénh khang thudc
piperaquine phosphate trén P. falciparum

Bang 2. M6t sb chi diém phan t& lién quan dén
khang piperaquine phosphate

2017 - 2018 2019 - 2020
Chi diém phan tir (n = 55) (n=79)

WPV T (e | | e
Plasmepsine 2(>1.5) | 11/55 | 20% | 61/79 | 77,2%
Exo-E415G 47/55 |85,5% | 72/79 | 91,1%
Pfcrt (72-76 CVIET) 51/55 (92,7% | 72/79 | 91,1%
Pfert (72-76 CVIDT) 2/55 [3,64% | 2/79 | 2,53%
Pfcrt (72-76 CVVET) 1/55 11,82% | 2/79 | 2,53%
Pfcrt (72-76 WGIET) 1/55 11,82% | 1/79 | 1,26%
Pfcrt F145I 2/55 |3,64% | 0/79 0
Pfcrt Thro3Ser 0/55 0 0/79 0
Pfcrt His97Tyr 0/55 0 0/79 0
Pfcrtlle218Phe 0/55 0 0/79 0

Nhgn xét: Chi diém lién quan khang

piperaquine va thudc thuoc nhém 4 -
aminoquinoleine tir giai doan 2017 - 2018 sang

2019 - 2020, cic chi diém Plasmepsine 2 CNV (>
1,5) tang tir 20% (11/55) 1én 77,2% (61/79); dot
bién Exo - E415G ting tir 88,5% (44/55) 1én
91,1% (72/79).

Céc chi diém phan tir lién quan dén khang PPQ
va cac thudc 4 -aminoquinoline nhur Pfert (72 - 76
CVIET) tu 92,7% (51/55) 1én 91,1% (72/79);
Pfert (72 - 76 CVIDT) tir 3,64% (2/55) xudng
2,53% (2/79); Pfert (72 - 76 CVVET) tr 1,82%
(1/55) 1én 2,53% (2/79); Pfert (72 - 76 WGIET) tu
1,82% (1/55) xubng 1,26% (1/79); Pfert F1451 tir
3,64% (2/55) xubng 0%. Riéng cac chi diém khac
Pfert Thr93Ser, Pfert His97Tyr, Pfert Ile218Phe
chua phat hién trong nghién ctru nay.

Chi diém phan tif lién quan dén khang thudc
mefloquinetrén P. falciparum

Bang 3. Chi diém phan i lién quan dén khang
thudc mefloquine

2017-2018(n = | 2019-2020(n =

Chi diém phan ti 55) 79)
(N=134) Y BN N
Tan suat| Tylé |Tansuat| Tylé
Pfmdr1 (>1,5copy) | 13/55 | 23,6% | 1/79 1,3%
Pfmdr1 (< 1,5 copy) | 42/55 | 76,4% | 78/79 [98,7%

Nhgn xét: V& chi diém Pfmdrl lién quan dén
khang thudc mefloquine (> 1,5 copy) thay dbi tir
23,6% (13/55) xubng con 1,3% (1/79) tir giai doan
(2017 - 2018) sang (2019 - 2020). Sb con lai thi
cac Pfmdrl & ngudng < 1,5 copy thay doi tir
76,4% (42/55) tang 1én 98,7% (78/79).

Bang 4. Chi diém xuét hién ddng thoi lién quan dén
khang artemisinine véi thudc di kém trong vién
dihydroartemisinine - piperaquine
va vién artesunate - mefloquine

Chi diém phanter | 2017-2018 | 2019 - 2020
(N = 134) (n = 55) (n =79)
Pfkelch13 - C580Y + | 1555 | 21.8% | 1/79 | 1,3%
Pfmdr1
Pfkelch13 - C580Y + | o/55 | 16 49 | 61/79 | 77,2%
Plasmepsine2

* Lién quan P. falciparum khang artesunate-mefloquine;
** Lién quan P. falciparum khang dihydroartemisinine-
piperaquine.

Nhgn xét: Mot s6 phan lap P. falciparum thu
thap tai diém nghién ciu c6 dong thoi hai chi
diém lién quan dén khang ca hai thanh phan thudc
trong vién phdi hgp ACTs hién dang dung tai cac
vung luu hanh P. falciparum. Trong giai doan
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(2017 - 2018) va (2019 - 2020) bd chi diém
C580Y + Pfimdrl (lién quan khang thudc
artesunate - mefloquine) tir 21,8% (12/55) xudng
con 1,3% (1/79) va C580Y + Plasmepsine 2 (li€én
quan khang thudc dihydroartemisinine -
piperaquine) tu 16,4% (9/55) tang lén 77,2%
(61/79).

BAN LUAN

Pic diém chung clia quan thé cac phan lap P.
falciparum tai diém nghién ciu

Nghién ciru cit ngang c6 phan tich dua trén cac
phan 1ap P. falciparum tai cac xd c6 st rét luu
hanh nang cua cac huyén c6 toa dd GPS trén ban

d6, huyén Kréng Ning (13°024°67" N
108°363°21" E), Ea Kar (12°834’89" N
108°458°’58" E), Cu Mgar (12°878’16" N
108°068°88" E) va Ma D’rak (12°754°92" N

108°735°42" E) trong giai doan 2017 - 2018 va
2019 - 2020, dic biét mau tap trung nhiéu mua lan
tmyén sbt rét tai cac huyén, véi dinh bénh cao
nhat tir thing 8 dén thang 1 nim sau hang niam.
Téng sb6 c6 55 (nam 2017 - 2018) va 79 (nim
2019 - 2020) mau mau cac phan lap P. falciparum
liy vao gidy thim dé kho (DBS) nhiét d6 phong tir
cac bénh nhan tham gia nghién ctu TES va bénh
nhan dén kham dibu trj tai cac co so trung tim y té
va tram y té xa va luu giit trong ti nhya c6 khoa.

Cac 6t bién gen mi hoa protein Kelch
(Pfkelch) trén nhiém sic thé sd 13 cia P.
falciparum c6 lién quan dén khang artemisinin,
dan dén thé nhin P. falciparum kém dap ung véi
artemisinin va cham lam sach KSTSR*>. Sy
khuéch dai Pfplasmepsin2 va dot bién khang véi
chloroquine cta P. falciparum (chloroquine
resistance transporter - Pfcrt li€n quan locus
khing v6i nhéom thudc 4 - aminoquinoline
resistance locus (vi tri 72 - 76 v6i Lys76Thr) lién
quan dén khang ca piperaquine. Khuéch dai ban
sao Pfindrl 12 mot chi diém lién quan dén khang
mefloquine va chi diém nay ciing gbp phan vao
lam giam tinh nhay véi thudc lumefantrine tai
DPong Nam A.

Viéc tinh toan cdc miu cé alen dot bién va
hoang dai (wild type - WT) duoc dung dé khai
quat héa ty 1¢ mau c6 biéu hién da hinh don
nucleotide (SNPs). Cac kiéu gen don boi
(haplotype) Pfindrl dugc ciu trac dua trén su
hoan vi cua cac SNPs tai codons 86, 184 va 1246.
Cac haplotype Pfcrt dugc cdu tric dua trén su
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hoan vi cic SNPs tai codons 72 - 76. Déi voi
nhiém phdi hop, tat ca phdi hop haplotype Pfindrl
¢6 thé (dwa trén quan sat SNPs) va WT Pfert (vi
du CVMNK) va hau hét haplotype dot bién
(CVIDT va CVMDT) dugc bao cao dya trén vi tri
d6t bién (codons 74 - 76 va codons 75 - 76).
Chi diém phan tif lién quan dén khang thudc
artemisinine va thudc di kem

Chi diém phén tir lién quan khdng artemisinine
va dén sudt

Tat ca 134 mau phan 1ap P. falciparum duogc
thu thap vao céc gidy thim chuyén dung ¢ bénh
nhian déu du lugng DNA dé phan tich gen phat
hién chi diém phan tir. Két qua vé cac chi diém
phan tr lién quan dén khang thudc artemisinine
hodc cac din suat trén P. Jalciparum, loai dot bién
Pfkelchl3 - C580Y chiém wu thé trong sb cac chi
diém dot bién gen K13 véi ty 1& 83,6% (46/55) va
100% (79/79) vao khoang thoi gian lan luot tir
(2017 - 2018) va (2019 - 2020), loai dot bién gen
Pfkelch13 - R539T chua dugc phat hién trén sb
phan 1ap thu thap duoc trong thoi gian nay tai Dak
Lik va kiéu alen hoang dai wild - type (WT) la
16,4% (9/55). Ty 1¢ dot bién C580Y nay cao hon
so voi cac nghién curu trudc day tai Viét Nam khi
phan tich da qudc gia tai GMS chi c6 66% va
khong chi C580Y ma con ¢6 cac dot bién khac nhu
C469F (1,9%), K503N (0,4%), P553L (4,6%) va
cac alen WT (Didier Menard va cng sy, 2014).

Ngoai ra, gin diy tac gia Huynh Hong Quang
va Marina Chavchich (so lidu sip cong bd) diéu
tra cho thdy thém dot bién loai Pfkelchl3 - R539T
tai huyén la H’drai, tinh Kon Tum 8,7% (2/23) la
mot dot bién méi hiém gip & mién Trung va mién
Nam ctia Viét Nam, c6 thé tinh ndy c6 giao lru
bién gidi v6i Lao va Campuchia nén ¢6 thé xuat
hién dot bién méi? Trong s 127 phan lap P.
falciparumqua diéu tra phin tir cit ngang tai Dik
Noéng (n = 36), Dak Lik (n = 56), Gia Lai (n = 13)
va Kon Tum (n = 23). Tinh da hinh cua Pfkelch 13
cho thiy c6 81% va 84% sb phan lap co dot bién
C580Y lan lugt tai Pik Nong va Dik Lik, tiép
sau do 1a Gia Lai (39%) va Kon Tum (30%).

S& di cac didu tra cua cac tac gia trén da phat
hién da dang vé dot bién gen K13 hon trong diéu
tra nay tai tinh bik Lik, vi ho phan tich tur cac
mau phan 1ap thu thép tir nghién ctru vé hidu luc
thude st rét (Therapeutic Efficacy Study - TES)
hoic thu thdp mau phan 1ap tir cic bénh nhan didu
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tri tai tit ca co s& y té cuia nhiéu tinh thanh c6 sét
rét lvu hanh dé giam sat khang thudc phan tu
(molecular resistance surveillance - MRS) dong
thoi nén dugc sé miu P. falciparum nhiéu va vi
thé tinh da dang vé dot bién gen K13 ciing s& cao
hon ldy mau tai mot tinh. Ngoai ra, cac nghién
ctru khang thudc TES va MRS thu thip miu phan
16n tai cac ving sot rét luu hanh cé va khong co
giao luu voi bién gidi Campuchia (Binh Phudc,
Gia Lai, Kon Tum, Pk Lak) va Lao (Quang Nam
va Kon Tum) nén kiéu dot bién ciing c6 thé giao
thoa giita cac vung khac nhau.

So sanh chi diém phan tir voi cac nude khac
trong khu vieec GMS chi ra hai kiéu gen (genotype)
C580Y c6 mit nhidu ¢ ving Déng GMS va loai
chiém ty 1¢ thap hon 1a P4461 & Myanmar chiém
chit yéu va cac dot bién khac giam di. Ngoai ra, tai
viing Dong GMS, loai alen C580Y duoc phat hién
¢ Ranong (Tay Nam cua Thai Lan giap bién voi
Myanmar khoang 28% (21/74), Mae Hong Son
15% (2/13) va Mae Sot 11% (39/369). Tai phia
Tay cua Campuchia, ty 1€ C580Y ting lén tir 33%
(3/9) vao nam 2007 1én dén 90% (18/20) viao nim
2017. Tai Myanmar, loai d6t bién C580Y phan b
rong & tan suit thip ¢ Kayin 5% (177/3140),
Kachin 1% (1/100) va Sagaing 10% (6/58). Loai
alen P446] tim thiy chi c6 & phia Tay ciia GMS.
Ty 1& P446l trong sb cac phan lap P. falciparum
cao nhét ¢ phia Bac Myanmar!'”. Loai P446I ciing
phd bién ¢ bang Kayin nhung ty 1¢ thap hon viing
bién gi6i véi Thai Lan. So sanh véi trinh ty chudi
bén C580Y (n = 113) véi cac phan lap Prkelch
wild - type tam thoi (n = 95) ai vung phia Tay cua
GMS giai doan 2007 - 2017 biéu hién mét sy
giam dang ké cac dot bién trén quan thé P.
falciparum theo thoi gian (He 0,220, standard
error [SE] 0,002) cho thdy rang c6 mot dot bién
trung tinh (selective sweep). Vé tinh da dang cia
cac dot bién gen K13 con lién quan dén kich
thude vung trén bo gen duoc gidi trinh tu va danh
gia dé tim cac dot bién.

Chi diém phan ti¥ lién quan dén khang piperaquine
phosphate trén P. falciparum

Thubc dihydroarternisinine - plperaqulne
phosphate (DHA - PPQ) la thude wu tién diéu tri
s6t rét do P. Jalciparum chua bién chung tai Viét
Nam. Tuy nhién, ké tr nam 2008, lan dau tién
phat hién chung P. falciparum khang véi
artemisinine tai phia Tay bién gioi Campuchia -

Thai Lan, sau d6 dén cubi ndm 2009*7), mot sb
diu hiéu canh bio chim lam sach thé nhin P.
falciparum tai Binh Phuéc, dén nam 2010 - 2014
thi cac ving lan can nhu Dak Nong, Gia Lai cling
¢6 diu hiéu tuong tu (c6 thé lan rong theo dudng
bién gi6i hay trén nhom dan di bién dong mang
chung khang thudc?) thé hién bing chi s KSTSR
thé v tinh ngay D3 sau diéu tri ting dan ‘theo céac
nam nhu mot chi diém 1am sang gian tiép khang
thudc theo dinh nghia cta T chirc Y té thé gioi
(WHO, 2012). Song, diéu dic biét tai cac ving
SRLH cua Dik Lék thi tinh nhay gitta quin thé P.
falciparum véi thube DHA - PPQ con cao méi dén
ndm 2016 méi c6 biéu hién chdm sach KSTSR P.
falciparum sau didu tri DHA - PPQ tai TTYT
huyén Buén Pon va day chinh la y tudng nghién
ctru 1am thé nao danh gia that sy thuc trang khang
ca vé mat in vivo va khia canh phan ta.

Véi sb liéu cta chi diém phan tir 1ién quan dén
khang piperaquine phosphate (PPQ) va cac dong
phan trong nhém 4 - aminoquinoline theo giai
doan (2017 - 2018) va (2019 - 2020), cac chi diém
phan tir nhu ting s6 ban sao Plasmepsine 2 CNV
(> 1,5 copy) tang tu 20% (11/55 ca) 1én 77,2%
(61/79) va dot bién diém Exo - E415G ting tir
88,5% (44/55) 1én 91,1% (72/79). Tan suit va ty
1¢ vé Plasmepsine 2 va Exo - E415G tang nay cho
thdy trén quan thé cic phan lap P. Jalciparum
khong nhirng c6 chi diém khang mot phan v6i din
sudt artemisinine (DHA) ma con khang ca thanh
phan thudc di kém PPQ rét cao hay néi ding hon
1a hiéu lyc thudc da giam di 16 rét. Mot nghién
ctru da trung tim tai ving GMS cho thay tir 2007 -
20185, su khuéch dai Pfplasmepsin2 ting tan
sudt hon tai phia Dong ving GMS véi trung vi sb
ban sao la 1,83 (1,60 - 2,76; n = 4571) tai
Myanmar va chi thdy c6 ¢ Kyain Seikgyi giai
doan (2015 - 2017) véity 1€ 1% (51/4221).

Mot nghién ctu thuc hién tai 3 tinh Tay
Nguyén phén tich P. fPlasmepsins2 tai Gia Lai,
Pik Lik va Dik Nong cho thay ty 1é da ban sao
ctia gen tir 20% - 39%, ty 1& phén lap c6 dot bién
Exo - E415G lién d6i dén khang thuoc PPQ la
62% - 86%. Ty 1& sb phan lap P. falciparum co6
xudt hién 2 loai chi diém dong thoi Pfkelchl3
C580Y va Pfplasmepsins2 1a tir 16% - 28%, riéng
& Kon Tum chi 4,3%. Su khac biét vé ty 1¢ dot
bién khang giita cac diém nghién ctru c6 thé do do
16n ctia ¢& mau ting tinh, khac nhau ving dia 1y,
c6 hay khong giao luu bién giéi va vung khang
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thudc trude d6 (Huynh Hong Quang va cong su,
s6 lidu chua cong bo).

Dé didu tra xem co thé do “du nhap” tir ving
bong cuia GMS hay khong, cac tac gia da phan
tich chi tiét trinh ty va so sanh. San phdm DNA
khuéch dai chira gen Pfplasmepsin2 nhiéu ban sao
tai Pailin, Campuchia ddc trung trudc day dai
khoang 18kb Va phan tich 3 gen Pfplasmepsinl, 2
va 3. Tong s6 9/36 phan lap tir Myanmar co tang
ban sao pfplasmepsin2 c¢6 cing diém phan gi6i
(breakpoint) nhu cac phan 1ap tai Campuchia va
san pham DNA khuéch dai (amplicon) thay ddi vé
d6 dai tw 81kb dén hon 190kb. Cac két qua nay
chi ra ngudn gbc doc lap dbi véi cac chi diém
Pfplasmepsin2 tai Myanmar va khong c6 cung cap
bang chimg chon loc hay chirng minh nhap khau
tr phia Dong ctia GMS. Trinh tu gen
pfplasmepsin2 trén 51 phan 1ap nhidu ban sao
(multiple - copy isolate) va 54 phan 1ap don ban
sao (single - copy isolate) tai phia Pong cia GMS.
Tai Myanmar, khong c6 bang chimg vé& quét chon
loc, trinh tu bén quanh cac phan ldp da ban sao
pfplasmepsin2 tai Kayin (n = 10) chi ra kleu gen
don boi khac nhau va cac phan lap co6 ngudn gdc
khac nhau (He 0,643, SE: 0,057).

Bén canh do, phan tich cac chi diém phan t&
trén P. Falciparum lién quan dén khang cac thude
4 - aminoquinoline nhu Pfert (72 - 76 CVIET) tir
92,7% (51/55) 1én 91,1% (72/79). Mot s6 chi diém
khac thi dao dong tang hodc giam trong khoang (+
3%) nhu chi diém Pfert (72 - 76CVIDT) tir 3,64%
(2/55) xubng 2,53% (2/79); Pfert (72 - 76
CVVET) tr 1,82% (1/55) 1én 2,53% (2/79); Pfert
(72 - 76 WGIET) tir 1,82% (1/55) xubng 1,26%
(1/79); Pfert F1451 tir 3,64% (2/55) xudng 0%.
Riéng cac chi diém khac Pfert Thr93Ser, Pfert
His97Tyr, Pfert 11e218Phe chua phat hién &
nghién cuu nay.

So sanh véi nghién cou tai ving GMS, ty 1€
phan 1ap P. falciparumcé chi diém Pfplasmepsin2
thép hodc 0% sau diéu tri DHA - PPQ tai cac ving
& Myanmar va Campuchia. Khong c6 bang chirng
vé dot bién chon loc Pfert lién quan khang PPQ.
Khong c6 phan l4p ndo tim thiy tai Kayin,
Myanmar va pfert Gly353Val tim thdy trong 7
phan 1ap trude va sau diéu tri tai Campuchia (v6i
1 kiéu gen don bdi CVIET & vi tri 72 - 76.

NGHIEN CUU KHOA HOC

Chi diém phan tii liéen quan dén khang thudc
mefloquine trén P. falciparum

Artesunate-mefloquine (ASMQ) hién duoc
xem 1a thuéc ACTs tiém ning vé hiéu Iyc didu tri
cao nhat dé diéu tri sét rét do P. falciparum khang
thube tai cac nudc GMS, ké ca Viét Nam thé hién
qua nhiéu nghién ctru. Tuy nhién, vé lich str khang
thudc thi thudc mefloquine (MQ) va artesunate
(AS) don thuin ciing ting bi khang boi P.
falciparum tai Viét Nam vao nhirng nam 1990 va
2000, nén viéc phéi hop hai thanh phan c6 thoi
gian ban huy thudc ngén va dai s€ vira gitp vira
diét nhanh dung khdi ky sinh tring (parasite
biomass) vira tri hodn tién trién khang.

Diém dic biét trong didu tra phan tich v& chi
diém Pfmdrl lién quan dén khang MQ (> 1,5
copy) thay ddi tir 23,6% (13/55) & giai doan lay
mau (2017 - 2018) xudng con xubng con 1,3%
(1/79) & giai doan (2019 - 2020). Diéu nay c6 thé
giai thich rang, 55 phan lap P. falciparum thu thap
tor nam 2017 - 2018 chu yéu trén bénh nhan thudc
nhém déan di bién dong, thuong di vao cac ving
rung giap blen gidi va di lai gifra cac tinh voi nhau
nén c6 thé mic cac phan lap c6 dot bién Pfmdrl
nhiéu hon, dén ndm 2019 - 2020 thi thuc trang bao
vé rirng nghiém ngit hon va nhét 1a tinh trang gidn
cach x3 hoi va han ché di lai cua nguoi di ring va
nhoém nguy co cao khi dai dich COVID-19 xay ra
ma Pik Lak ciing ghi nhin ca duong tinh SARS-
Cov2, nén phin 16n sé bénh nhdn nhidu hon
nhung da s6 ho mic tai rung va bia rung dia
phuong chir khong giao Iuu bién gidi, nén ty 1€ ¢
chi diém Pfmdrl ciing thdp hon. Mot 1y do thi
hai, phin 16n sb ca P. falciparum nam 2019 - 2020
la tap trung tai hai huyén Krong Nang va Ea Kar,
khong c6 tir huyén khac; trong khi d6 sb ca tir
2017 - 2018 thi tir hau hét cac huyén Cu Mgar,
Ma Drach, Krong Ning va Ea Kar nén c6 thé co
nhiéu quan thé P. falciparum khéc nhau s& co da
dang di truyén dot bién cua Pfmdrl hon so véi
giai doan 2019 - 2020. S6 phan 1ap con lai thi cac
Pfmdrl ¢ ngudng < 1,5 copy V(Ti ty 1€ 76,4%
(42/55) va 98,7% (78/79) chua xép loai vao nhom
chi diém khang.

So sanh dit liéu nghién ctru da quéc gia trong
vung GMS tr 2007 - 2018 véi tong so 6.984 phan
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lap P. falciparum dugc phan tich khuéch dai chi
diém Pfindr1®'"). Loai chi diém Pfindrl nay duoc
phat hién khip ving GMS. Tai Mandalay,
Myanmar c6 13% (8/59) giai doan 2013 - 2014 va
tai Kayin 1a 3% (79/2139) vao nam 2017 va vung
bién gioi Tay bac v6i Thai Lan 1a Mae Sot 30%
(19/62) nam 2015. Sé liéu nay & Mae Sot c6 ty 1&
hoi thip hon giai doan (1993 - 1994) va cac phin
1ap nay thu thap trén cung mdt ving 48% (30/62)
khi mefloquine don tri li€u dugc st dung dé diéu
tri nhu thube dau tay. Chi diém Pfindrl ciing duoc
tim thay & phia Nam ciia Lao véi ty 18 4% (7/173)
nam 2018 va ¢ Stung Treng, phia Bic Campuchia
8% (7/89) nam 2018 va & Pong Bic Thai Lan
(Ubon Ratchathani va Srisaket) giap Campuchia
7% (1/13) vao nam 2016.

Nhiéu chi diém dong thoi lién quan dén khang
artemisinine véi thuéc di kem

Thube st rét ACTs loai DHA - PPQ va ASMQ
1a hai thudc dau tay trong diéu tri sét rét do P.
falciparum khang thudc, nén viéc phan tich cac
chi diém lién quan dén khing timg loai thudc va
xuét hién dong thoi hai hay nhiéu chi diém la rat
quan trong. Phan tich dd cho thiy mét vai phan
lap P. falciparum c6 ddng thoi hai chi diém lién
quan dén khing ca hai thanh phan thudc trong
vién phdi hop ACTs. Trong giai doan (2017 -
2018) va (2019 - 2020) cip chi diém [C580Y +
Pfindrl] (lién quan khang thudc artesunate -
mefloquine) chiém tir 21,8% (12/55) xudng con
1,3% (1/79) va cap chi diém [C580Y +
Plasmepsine2] (hay KEL1/PLA1 co - lineage;lién
quan khing thubc  dihydroartemisinine -
piperaquine) tur 16,4% (9/55) tang 1én 77,2%
(61/79). S6 liéu nay chi ra rang tinh trang khang
thubc mirc d6 phan tir d c6 va nguy co xudt hién
khang thudc trén 14m sang chi con 14 van dé thoi
gian va phuong thirc sir dung thudc sao cho hop 1y.

Hai trong 5 thuéc ACTs dugc T chic Y té thé
giéi khuyén cdo diéu tri sot rét do P. falciparum
chua bién chimg 13 loai dihydroartemisinin -
piperaquine (DHA - PPQ) va artesunate -
mefloquine (ASMQ). Tuy nhién, song song voi
tinh trang thuéc DHA - PPQ biéu hién thét bai tai
vang sdt rét rong 16n tir Campuchia dén Dong Béc
Thai Lan, phia Nam Viét Nam rdi dén Lao, thi
thudc ASMQ ciing d c6 dau hiéu that bai diéu tri
¢ vung SRLH ¢ phia Pong cua Myanmar.

Su xuat hién va kho kiém soat quan thé
Plasmodium falciparum khang artemisinin va dan
sudt dang lan rong tai cac nudc Tiéu vung song
Mé Kong (GMS) trén 12 nam qua di cho thiy mbi
de doa tlém tang voi cac thanh qua trong 1§ trinh
loai trir st rét va nguy hiém hon khi ching “tiép
can” dén An Do, Bangladesh va chau Phi. Khang
artemisinin don thudn nghia 1a lam ting khang va
giam hiéu lyc cta thudc phdi hop c6 thanh phin
artemisinins (ACTs). Do do, trong khi cho doi cac
(g vién thudc méi thay thé chng khang thi viéc
lwa chon cac thube di kém (partner drugs) trong
vién phéi hop thich tng 1a rat quan trong.

Khang artemisinin dugc nhan ra lan dau nam
2007 tai phia Tay Campuchia c6 lién quan dén dot
bién gen ving canh quat Pfkelch (NST s6 13) ¢6
thé khang chon loc tir cac chang P. falciparum,
tang ap lyc thudc va ting khang artemisinin mot
ph?m roi dén ca ACTs, cudi cung thét bai diéu tri
do hiéu luc giam. Vé khia canh dich té, ving
GMS c¢6 thé chia thanh hai ving lan truyén riéng
biét: ving phia Dong gdom Campuchia va ving
giap voi phia Nam Viét Nam, phia Nam Lao,
Pong Bic Thai Lan va vung phia Tay g6m
Myanmar va vang lién k& T4y Thai Lan, v6i bién
gi6i tinh Van Nam (Trung Qudc), Pong Bic An
Do va Bangladesh. Ving giira hai viing nay gom
Bic Lao va phin con lai caa Thai Lan hau nhu
khong c6 st rét.

Tai vung Dong, ngoai trir Lao, thuéc DHA -
PPQ da dugc ding phd bién trong nhiéu niam, dot
bién kiéu gen don bdi PfkelchC580Y (PfPailin)
gio da lan rong vung Pong khu vuc GMS va ca
dot bién ludn ca thanh phan thube di kém PPQ
(Pfplasmepsin2 va Pfert). DHA - PPQ la thudce
di€u tri uu tién cod hi¢u qué cao tai Viét Nam,
Campuchia va Thai Lan, nhung dong (lincage)
PfPailin da khang thudc tr¢ thanh ndi troi trong
ving Doéng ciia GMS, din dén ty 16 thit bai didu
tri cao xay ra. Ty 1€ thét bai cao quy két co vai tro
cia dot bién trong gen Pfert va ting ban sao
Pfplasmepsin2 nén lam giam tinh nhay voi PPQ.
Cac dot bién méi Pfert nay tuong tng v6i locus
khang nhom thubc 4 - aminoquinoline (vi tri 72 - 76)
biéu hién 14 kiéu gen don bo CVIET haplotype trén
hau hét cac phan 1ap P. fulciparumtrong ving niy.

Phan 16n s6 ca P. falciparum & Thai Lan tap
trung & vung gén bién gi¢i cia Myanmar va s
cao nhit & tinh Tak va gidp voi bang Kayin &
déng Myanmar va khi cdc ving ndy trién khai can
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thiép diéu tri hang loat thi kiéu dot bién C580Y
giam di. Ngoai viing bién gidi thi cac dot bién trén
con phat hién tai cac ving khong phai “giao thoa”
bién gi¢i hai nudc. Sy phat trién va lan rong
khang PPQ tai vuing Pong cua GMS lam gia tang
khang nhiéu noi hon. Cac ban sao Pfplasmepsin
dugc xac dinh trén mot sb phan lap P. falciparum
tir Myanmar nhung co ché khuéch dai khac véi
viing Dong GMS va giai trinh tu gen khong thiy
c6 lién quan!®). Hodc 1a cac chiing nay khang PPQ
trén in vivo chua dugc biét, nhung tinh da dang cua
cac kiéu gen don bdi cho théy khong chon loc va
PPQ chua tirng dung tai cac ving nhur thé.

Pfindrl xuat hién tir tir trong cac ving SRLH
lién quan dén giam tinh nhay véi thude
mefloquine tai khu vuc bién gidi phia Dong va
Tay cia Thai Lan vao dau nhirng nim 1990 trudc
khi ACTs dugc dung. Du thudc mefloquine (MQ)
giam tinh nhay, song thudc artesunate -
mefloquine (ASMQ) van chirng minh hiéu Iuc cao
va bén virng trén ving d6 hon 15 nim trude khi
tang that bai didu tri tré lai vao nam 20117 Hidu
lrc ASMQ giam tir khang cé artemisinin (dot bién
Pfkelch) va tii xuét hién khang mefloquine
(Pfmdr1 amplification). Nén nghién ctru nay goiy
c6 thé c6 quan thé P. Jalciparum ¢6 chi diém
khang MQ don thuan hoac phéi hop véi khéang ca
thanh phan va hién tai cac vung nay da biéu hién
khang artemisinine gan nhu 100% va hiéu lyc MQ
s& gitt dugc bao lau van chua biét. Do vay, dinh
hudng nghién ciru va phat trién thuéc méi hay
dang triple ACTs dé bao vé hiéu luc ting thanh
phan cua thude 13 quan trong.

TAI LIEU THAM KHAO

NGHIEN CUU KHOA HOC

BIEM HAN CHE CUA NGHIEN CUU

Han ché chinh ctia nghién ciru ndy 1a mau phan
l1ap thu tir ca nghién ciu TES va tai h¢ diéu tri
thudng quy nén khong phai tit ca ca bénh gin lién
v6i két qua in vivo nén viée phén tich 1am sang
chura thé hoan héo va c6 thé sai sb.

KET LUAN VA KIEN NGH|

Két qua nghién ctru cho thiy c6 ty 1¢ mot hay
hai chi diém di truyén PfkI3 - C580Y va
PfPlasmepsine 2/exonuclease E415G dong thoi rat
cao, lién quan dén khang artemisinin va
piperaquine. Ty 1¢ d6t bién Pfmdrl lién quan dén
khang mefloquine.

Tuy nhién, cac dir liéu dich t& hoc phan tir
khang thudc s& 1a ddu canh bao sém vé quan thé
P. falciparum giam nhay va khang thudc trude khi
biéu hién that bai trén 1dm sang va lan rong.

Viée trién khai thuong quy va co6 hé thong
thong qua nhan vién y té iy mau ding sau khi ho
chin doan xac dinh st rét P. falciparum bang
kinh hién vi hodc/va test chin doan nhanh nhat 1a
trong 10 trinh loai trir s6t rét va s ca dang giam
thap dang ké s& gitp giam kinh phi thyc hién chir
khong 16n nhu cac TES trude day va s6 lidu phan
tich ciing bd sung cung cip tin suét va ty 18 chi
diém khang sau khi can thiép, nham bd sung dit
liéu giup thay doi Chinh sich thudc va gop phin
vao thanh cong loai trir st rét.
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ANTIMALARIAL DRUG RESISTANCE MOLECULAR MAKERS ON PLASMODIUM
FALCIPARUM ISOLATES: AN OBSERVATIONAL STUDY DURING 2017 - 2020

Summary

Backgrounds: Emerging artemisinin - based combination (ACTs) resistance in Vietnam poses a
significant risk to malaria elimination roadmap by 2030. Since 2009, P. falciparum strains have shown
decreased susceptibility to artemisinin and delayed asexual parasite clearance after ACTs treatment in
Highland zone, except Dak Lak province. Understanding the genetic phenotype of ACTs resistance is
crucial for early warning sign surveillance.

Methods: This study assessed molecular markers associated with resistance to dihydroartemisinin -
piperaquine, artesunate - mefloquine via dried - blood spots (DBS) isolate samples collected from
falciparum malaria patients enrolled in a multicenter observational study during 2017 - 2020. All
isolateswere analysed for the drug resistance markers in the Pfki3 propeller domain, Pfplasmepsine?2,
Pfindrl, and Pfcrt genes by Sanger sequencing. Additionally, the Pfpm2 gene copy number was
assessed by real - time polymerase chain reaction. DNA was purifed with QIAamp DNA Mini kits
(QIAGEN; Diisseldorf, Germany), all genotypes were generated by selective regions amplicon
sequencing of the parasite genome at Wellcome Sanger Institute (UK), Pasteur Institute (Cambodia),
First Base DNA sequencingAxil Scientific Pte.,(Singapore), then genotypes were translated into drug
resistance haplotypes.

Findings: A total of 55 and 79 isolate samples of microscopically diagnosed P. falciparum isolates
were collected from Daklak province in 2017 - 2018 and 2019 - 2020, respectively. The results indicate
presence of both high proportion of Pfki3 - C580Y mutations associated with artemisinin
resistancefrom 83.6% (46/55) to 100% (79/79) and the PfPlasmepsine? amplication (> 1.5 copy) from
20% (11/55) to 77.2% (61/79) and exonuclease E415G mutation which is linked with piperaquine
resistancefrom 88.5% (44/55) to 91.1% (72/79) as well in period 2017 - 2018 and 2019 - 2020,
respectively. On the other hand, frequency of other 4 - aminoquinoline resistance mutations in Pfert (72
- 76 CVIET) of 92.7% (51/55) and 91.1% (72/79), very few mutations were found in Pfcrt (72 -
76CVIDT), Pfert (72 - 76 CVVET), Pfert (72 - 76 WGIET), Pfert F1451 markers (< 5%). There was a
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noteworthy point of high proportion of mutations in Pfimdrl (> 1.5 copy) conferring mefloquine
resistancefrom 23.6% (13/55) in years 2017 - 2018, but only 1.3% (1/79) in years 2019 - 2020.
Noteworthy, high proportion of double Pfki3-C580Y mutations plus PfPlasmepsine? amplication
(resistance to DHA - PPQ) were 16.4% (9/55) and 77.2% (61/79), and Pfki3-C580Y mutations plus
Pfmdr1CNV (resistance to ASMQ) were 21.8% (12/55) and 1.3% (1/79) in 2017 - 2018 and 2019 -
2020, respectively. There is no isolate with triple or quadruple mutations in this study.

Conclusions: The results showed presence high proportion of alone and double Pfk/3-C580Y
mutations and PfPlasmepsine2 amplication/exonuclease E415G mutationassociated with artemisinin
and piperaquine resistance. High proportion of mutations in Pfmdrl which is linked with mefloquine
resistance need to be more strictly surveillance. Role of monitoring for molecular markers of ACT
resistance is needed to complement clinical data to inform National treatment policy in Vietnam.

Key words: Plasmodium falciparum, molecular Pfkl3, Pfmdrl, Pfcrt, Pfplasmepsine2markers.
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