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Tpyes of PCR primer name Sequence [5'-3'] Master mix Condition of assay Note

Pf F1 GATTACAGCTCCCAAGCAAACAT Present study

Pf R1 ATTTGTTCCGCTCAATACTCAGAA Present study

PvF11 TCATTCTTCTCTAGTGGATTATTTGC Present study

PvR7 TTGTTCTGCTCAATATTCAGAG Present study

POCBF ATATCATTTTTCTCCAGTGGG Putaporntip, et al., 2011

POCB_R1 CGGTCTGTATTGTTCTGYTCA Present study

PMCBF ATATCATTCTTTTCTAGTGGT Putaporntip, et al., 2011

PMCBR CTGTATTGTTCTGCACAG Putaporntip, et al., 2011

PfF_Pla GGATTGGATGTCAATTACCACA Present study

PfR_Pla CATGTCTTGCTAACGGCTTG Present study

PvF_Pla TGGATTGGATGTCAGTTACCA Present study

PvR_Pla CGGTCTGTATTGTTCTGCTCA Present study

PCBF ATGCTTTATTATGGATTGGATGTC Putaporntip, et al., 2011

PCBR ACATAATTATAACCTTACGGTCTG Putaporntip, et al., 2011

K13FF GAAGCCTTGTTGAAAGAAGCA Present study

K13RR CCAAGCTGCCATTCATTTGT Present study

NF11 GTGGCAGCTCCAAAATTCAT Present study

NR22 GCCTTGTTGAAAGAAGCAGAA Present study

PfK13_151_PCR_F TTTTCGTTTGTTCTACTCATATCAT Ménard, et al., 2016

PfK13_151_PCR_R TAATCTCTTCAAATGAATCAAAAA Ménard, et al., 2016

PfK13_151_Nested_F

ACCATAAGGAAATTGGTTCATCA

Ménard, et al., 2016

PfK13_151_Nested_R

TCGAGAGCATAAATGAGCAATC

Ménard, et al., 2016

159 F1

TTGTCATCTTGATCATTTGTTGA

Present study

PfK13_159_PCR_R AACTCTTTGTGAGGAAAAGAAA Ménard, et al., 2016

PfK13_159_Nested_F CATATTTTCATTTTTCAATGTGATGA Ménard, et al., 2016

159 R4 CAAGAACAAGAAAATGTTACACAAA Present study

PCR for identification of P. falciparum 

SsoAdvanced™ Universal SYBR

®

  Green Supermix  

(Bio-Rad Laboratories, Inc., USA), 0.125µM each 

primers

95

o

C 3min, 37 cycles of 95

o

C 5sec, 60

o

C 20 sec + 

dissociation step from 60

o

C to 95

o

C

PCR for identification of P. vivax

95

o

C 3min, 32cycles of 95

o

C 5sec, 62

o

C 20 sec + 

dissociation step from 60

o

C to 95

o

C

PCR for identification of P. ovale

95

o

C 3min, 37 cycles of 95

o

C 5sec, 60

o

C 30 sec + 

dissociation step from 60

o

C to 95

o

C

PCR for identification of P. malariae

95

o

C 3min, 35 cycles of 95

o

C 5sec, 57

o

C 20 sec + 

dissociation step from 60

o

C to 95

o

C

Secondary PCR for K13 analysis

PrimeSTAR

®

 GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

30 cycles of 98

o

C of 10sec, 58

o

C 15sec, 68

o

C 20sec

PCR for constracting plasmid DNA 

containing P. falciparum DNA 

TaKaRa Taq

TM

 HS Perfect Mix (TAKARA BIO, Inc., 

Japan), 0.2µM each primers

35 cycles of 94

o

C 5sec, 55

o

C 1sec, 68

o

C 20sec. 

PCR for constracting plasmid DNA 

containing P. vivax DNA 

PCR for constracting plasmid DNA 

containing P. ovale or P. malariae DNA 

35 cycles of 94

o

C 5sec, 55

o

C 1sec, 68

o

C 30sec. 

Primary PCR for K13 analysis

PrimeSTAR

®

 GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

35 cycles of 98

o

C of 10sec, 60

o

C 15sec, 68

o

C 20sec

Primary PCR for Pf_151 analysis 

(PF3D7_1337500)

Secondary PCR for Pf_151 analysis 

(PF3D7_1337500)

Primary PCR for Pf_159 analysis 

(PF3D7_1339700)

Secondary PCR for Pf_159 analysis 

(PF3D7_1339700)

PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., 

Japan) 200µM each of dNTPs, 0.2µM each primers

95

o

C 15min, 30 cycles of 95

o

C 30sec, 54

o

C 60 sec, 

72

o

C 60sec, and final extension 72

o

C 10min 

95

o

C 15min, 30 cycles of 95

o

C 30sec, 57

o

C 90 sec, 

72

o

C 120sec, and final extension 72

o

C 10min 

95

o

C 15min, 40 cycles of 95

o

C 30sec, 60

o

C 90 sec, 

72

o

C 120sec, and final extension 72

o

C 10min 

95

o

C 15min, 40 cycles of 95

o

C 30sec, 60

o

C 90 sec, 

72

o

C 120sec, and final extension 72

o

C 10min 
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Table 1

		Table 1.  Numbers and types of the K13 mutations in P. falciparum in the 16 districts in the 5 southern provinces, Lao PDR.

		Province		District		No. of P. falciparum isolates		C580Y		P574L		R539T		Y493H		C580Y/R539T		C580Y/Y493H		Total No. of the K13 mutation		Percentage of the K13 Mutation

		Savannakhet		Nong		120		3		0		0		0		0		0		3		2.5

				Phin 		37		8		0		0		0		0		0		8		21.6

				Sepon (Xepon)		36		3		0		0		0		0		0		3		8.3

				Thapangthong		58		56		0		0		0		0		0		56		96.6

				Vilabouly		3		1		0		0		0		0		0		1		33.3

				Total		254		71		0		0		0		0		0		71		28.0



		Salavan		Taoy		58		8		1		0		0		0		0		9		15.5

				Toumlan		88		53		0		0		0		0		0		53		60.2

				Vapy		70		64		0		0		0		0		0		64		91.4

				Total		216		125		1		0		0		0		0		126		58.3



		Sekong		Lamarm		28		1		0		0		10		0		0		11		39.3

				Thateng		112		16		0		0		26		0		1		43		38.4

				Total		140		17		0		0		36		0		1		54		38.6



		Attapeu		Phouvong		29		14		0		1		0		0		0		15		51.7

				Sanamxay		91		61		0		6		1		1		0		69		75.8

				Saysetha		3		1		0		0		0		0		0		1		33.3

				Total		123		76		0		7		1		1		0		85		69.1



		Champasak		Khong		66		37		0		8		0		1		0		46		69.7

				Mounlapamok		14		9		0		0		0		0		0		9		64.3

				Pathoumphone		338		215		0		29		0		4		0		248		73.4

				Total		418		261		0		37		0		5		0		303		72.5

		Total				1,151		550		1		44		37		6		1		639		55.5

		Sampling period: October 2015-April 2016





Table 2

		Table 2.  Numbers and types of the K13 mutations in P. falciparum in the provinces, Year, Sex and Occupation.

		Status						Total		C580Y		P574L		R539T		Y493H		Chi-test



		Province		Total				632		550		1		44		37		< 0.001

				Savannaket				71		71		0		0		0

				Salavan				126		125		1		0		0

				Sekong				53		17		0		0		36

				Attapeu				84		76		0		7		1

				Champasak				298		261		0		37		0



		Year		Total				632		550		1		44		37		0.001

				Oct.-Dec. 2015				302		272		0		24		6

				Jan.-Apr. 2016				330		278		1		20		31



		Sex		Total				632		550		1		44		37		0.006

				Male				580		503		0		42		35

				Female				52		47		1		2		2



		Occupation		Total				632		550		1		44		37		0.048

				Other				108		91		1		6		10

				Soldier/Agriculture				524		459		0		38		27



		Data of the P. falciparum isolates possessing single mutation were shown.





































Table 3

		Table 3. Multivariate logistic regression analyses to identify risk factors for contracting the K13 mutated P. falciparum.

		Status				OR		95%CI		p				Model 1								Model 2

														AOR		95%CI		p				AOR		95%CI		p



		Province

				Other		1.00								1.00								1.00

				Attapeu & Champasak		3.63		2.83-4.64		< 0.001				1.57		1.14-2.16		0.006				2.57		1.98-3.32		< 0.001



		Age

				Child		1.00								1.00								1.00

				Adult		7.5		4.39-12.8		< 0.001				2.24		1.18-4.22		0.013				3.49		1.97-6.18		< 0.001



		Sex

				Female		1.00								1.00								1.00

				Male		4.17		2.95-5.88		< 0.001				1.96		1.32-2.90		0.001				2.21		1.51-3.22		< 0.001



		Occupation

				Other		1.00								1.00								-

				Soldier/Agriculture		2.95		2.24-3.88		< 0.001				1.15		0.80-1.65		0.451				-		-		-



		Education

				Less		1.00								1.00								-

				≥  High school		2.16		1.29-3.62		0.004				1.53		0.87-2.70		0.141				-		-		-



		Religion

				Not Buddhism		1.00								1.00								-

				Buddhism		4.70		3.64-6.05		< 0.001				1.29		0.78-2.14		0.330				-		-		-



		Ethnicity

				Lao Theung		1.00								1.00								-

				Lao Loum		4.89		3.80-6.29		< 0.001				2.09		1.25-3.48		0.005				-		-		-



		Start symptom		Other		1.00								1.00								-

				Today		1.65		0.97-2.79		0.063				1.61		0.91-2.84		0.101				-		-		-



		Malaria history

				Less		1.00								1.00								1.00

				≥  3 times		2.53		1.87-3.41		< 0.001				1.59		1.15-2.21		0.006				1.77		1.29-2.44		< 0.001



		Betnet		No		1.00								1.00								-

				Yes		1.28		0.99-1.28		0.061				0.95		0.74-1.33		0.971				-		-		-



		Abbreviations: OR, odds ratio; CI, comdidence interval; AOR, adjusted odds ratio.





																 







Table S1

		Table S1. List of public health care facilities in the 5 southern provinces in Lao PDR in this study.

		No. 		Province		District (API)		Name of Public Health Facility

		1		Savannakhet		Kaysone Phomvihane (0.45)		Malaria section, Savannakhet Provincial Health Office

		2		Savannakhet		Nong (20.7)		Malaria section, Nong District Health Office

		3		Savannakhet		Nong (20.7)		Nong District Hospital

		4		Savannakhet		Nong (20.7)		Dongnasarn Health Center

		5		Savannakhet		Nong (20.7)		Daenvilay  Health Center

		6		Savannakhet		Nong (20.7)		Asing Health Center

		7		Savannakhet		Nong (20.7)		Nakong Health Center

		8		Savannakhet		Nong (20.7)		Phounmarkmee Health Center

		9		Savannakhet		Nong (20.7)		Tong alai Health Center

		10		Savannakhet		Nong (20.7)		Kaisone Health Center

		11		Savannakhet		Nong (20.7)		Lakai Health Center

		12		Savannakhet		Phin (17.5)		Malaria section, Phin District Health Office

		13		Savannakhet		Phin (17.5)		Phin District Hospital

		14		Savannakhet		Phin (17.5)		Huayhoy Health Center

		15		Savannakhet		Phin (17.5)		Yang Health Center

		16		Savannakhet		Phin (17.5)		Nathom Health Center

		17		Savannakhet		Phin (17.5)		Sethamuak Health Center

		18		Savannakhet		Phin (17.5)		Nathong Health Center

		19		Savannakhet		Phin (17.5)		Hin Sangom Health Center

		20		Savannakhet		Phin (17.5)		Tad Hai Health Center

		21		Savannakhet		Sepon (15.8)		Malaria section, Sepon District Health Office

		22		Savannakhet		Sepon (15.8)		Sepon District Hospital

		23		Savannakhet		Sepon (15.8)		Dongsavan Health Center

		24		Savannakhet		Sepon (15.8)		Lardhor Health Center

		25		Savannakhet		Sepon (15.8)		Lako Health Center

		26		Savannakhet		Sepon (15.8)		Lavern Health Center

		27		Savannakhet		Sepon (15.8)		Kapaiy Health Center

		28		Savannakhet		Sepon (15.8)		Phonhai Health Center

		29		Savannakhet		Sepon (15.8)		Daensavan Health Center

		30		Savannakhet		Sepon (15.8)		Katoub Health Center

		31		Savannakhet		Sepon (15.8)		Manjee Health Center

		32		Savannakhet		Sepon (15.8)		Sobmy Health Center

		33		Savannakhet		Sepon (15.8)		LaArn Health Center

		34		Savannakhet		Sepon (15.8)		Phabang Health Center

		35		Savannakhet		Thapangthong (49.6)		Malaria section, Thapangthong District Health Office

		36		Savannakhet		Thapangthong (49.6)		Thapangthong District Hospital

		37		Savannakhet		Thapangthong (49.6)		Phumaly Health Center

		38		Savannakhet		Thapangthong (49.6)		Seuak Health Center

		39		Savannakhet		Thapangthong (49.6)		Thaphy Health Center

		40		Savannakhet		Thapangthong (49.6)		Sepong Health Center

		41		Savannakhet		Thapangthong (49.6)		Houy Meun Health Center

		42		Savannakhet		Thapangthong (49.6)		Kathongneua Health Center

		43		Savannakhet		Vilabouly (15.4)		Malaria section, Vilabouly District Health Office

		44		Savannakhet		Vilabouly (15.4)		Vilabouly District Hospital

		45		Savannakhet		Vilabouly (15.4)		Nampadan Health Center

		46		Savannakhet		Vilabouly (15.4)		Dongyarng Health Center

		47		Savannakhet		Vilabouly (15.4)		Nayom Health Center

		48		Savannakhet		Vilabouly (15.4)		Nasienglae Health Center

		49		Savannakhet		Vilabouly (15.4)		Angkham Health Center

		50		Savannakhet		Vilabouly (15.4)		Nammahy Health Center

		51		Savannakhet		Vilabouly (15.4)		Meungvang Health Center

		52		Savannakhet		Vilabouly (15.4)		Nakae Health Center

		53		Salavan		Salavan (6.9)		Malaria section, Salavan Provincial Health Office

		54		Salavan		Taoy (51.4)		Malaria section, Taoy District Health Office

		55		Salavan		Taoy (51.4)		Taoy District Hospital

		56		Salavan		Taoy (51.4)		Toomlythong Health Center

		57		Salavan		Taoy (51.4)		Ta Huak Health Center

		58		Salavan		Taoy (51.4)		Kok Bok Health Center

		59		Salavan		Taoy (51.4)		Thong Ka Hai Health Center

		60		Salavan		Taoy (51.4)		Pachoudone Health Center

		61		Salavan		Taoy (51.4)		Phortang Health Center

		62		Salavan		Taoy (51.4)		Bongnam Health Center

		63		Salavan		Taoy (51.4)		Huay Ngua Health Center

		64		Salavan		Toumlan (113.1)		Malaria section, Toumlan District Health Office

		65		Salavan		Toumlan (113.1)		Toumlan District Hospital

		66		Salavan		Toumlan (113.1)		Snow Health Center

		67		Salavan		Toumlan (113.1)		Tambeng Health Center

		68		Salavan		Toumlan (113.1)		Nadou Health Center

		69		Salavan		Toumlan (113.1)		Taeyor Health Center

		70		Salavan		Toumlan (113.1)		Thamuang (Kokmuang) Health Center

		71		Salavan		Toumlan (113.1)		Donkhayoug Health Center

		72		Salavan		Vapy (68.9)		Malaria section, Vapy District Health Office

		73		Salavan		Vapy (68.9)		Vapy District Hospital

		74		Salavan		Vapy (68.9)		Huay Khon Health Center

		75		Salavan		Vapy (68.9)		Khonesaiy Health Center

		76		Salavan		Vapy (68.9)		Nalan Health Center

		77		Salavan		Vapy (68.9)		Nasied Health Center

		78		Salavan		Vapy (68.9)		Sphard Health Center

		79		Sekong		Lamarn (22.9)		Malaria section, Sekong Provincial Health Office

		80		Sekong		Lamarn (22.9)		Sekong Provincial Hospital

		81		Sekong		Lamarn (22.9)		Ban Navay Health Center

		82		Sekong		Lamarn (22.9)		Tok Ong Keo Health Center

		83		Sekong		Lamarn (22.9)		Kasang Kang Health Center

		84		Sekong		Lamarn (22.9)		Torksaming Health Center

		85		Sekong		Lamarn (22.9)		Donchan Health Center

		86		Sekong		Lamarn (22.9)		Ban Phon Health Center

		87		Sekong		Lamarn (22.9)		Ta neum Health Center

		88		Sekong		Thateng (8.7)		Malaria section, Thateng District Health Office

		89		Sekong		Thateng (8.7)		Thateng District Hospital

		90		Sekong		Thateng (8.7)		Huaydam Health Center

		91		Sekong		Thateng (8.7)		Kokphoung Health Center

		92		Sekong		Thateng (8.7)		Chounla Health Center

		93		Sekong		Thateng (8.7)		Nong Nok Health Center

		94		Sekong		Thateng (8.7)		Thon Noy Health Center

		95		Sekong		Thateng (8.7)		Thongwai Health Center

		96		Sekong		Thateng (8.7)		Yeub Health Center

		97		Attapeu		Samakkhixay (16.8)		Malaria section, Attapeu Provincial Health Office

		98		Attapeu		Phouvong (103.4)		Malaria section, Phouvong District Health Office

		99		Attapeu		Phouvong (103.4)		Phouvong District Hospital

		100		Attapeu		Phouvong (103.4)		Naseuk (Xeuak) Health Center

		101		Attapeu		Phouvong (103.4)		Lamong Health Center

		102		Attapeu		Phouvong (103.4)		Phoukeau Health Center

		103		Attapeu		Phouvong (103.4)		Phouhome Health Center

		104		Attapeu		Phouvong (103.4)		Somboun Health Center

		105		Attapeu		Phouvong (103.4)		Viengxay Health Center

		106		Attapeu		Sanamxay (59.9)		Malaria section, Sanamxay District Health Office

		107		Attapeu		Sanamxay (59.9)		Sanamxay District Hospital

		108		Attapeu		Sanamxay (59.9)		Ban Mai Health Center

		109		Attapeu		Sanamxay (59.9)		Banthae Health Center

		110		Attapeu		Sanamxay (59.9)		Bengvilay Health Center

		111		Attapeu		Sanamxay (59.9)		Park Bo Health Center

		112		Attapeu		Sanamxay (59.9)		Sompoi Health Center

		113		Attapeu		Sanamxay (59.9)		Khang Health Center

		114		Attapeu		Sanamxay (59.9)		Oudomsouk Health Center

		115		Attapeu		Sanamxay (59.9)		Xaidonekhong Health Center

		116		Attapeu		Saysetha (31.2)		Malaria section, Saysetha District Health Office

		117		Attapeu		Saysetha (31.2)		Saysetha District Hospital

		118		Attapeu		Saysetha (31.2)		Keng Yai Health Center

		119		Attapeu		Saysetha (31.2)		Sakae Health Center

		120		Attapeu		Saysetha (31.2)		Sapuan Health Center

		121		Attapeu		Saysetha (31.2)		Wat Neua Health Center

		122		Attapeu		Saysetha (31.2)		Yai Oudom (Ban Markeau) Health Center

		123		Champasak		Pakse (0.02)		Malaria section, Champasak Provincial Health Office

		124		Champasak		Khong (35.0)		Malaria section, Khong District Health Office

		125		Champasak		Khong (35.0)		Khong District Hospital

		126		Champasak		Khong (35.0)		Ban Sod Health Center

		127		Champasak		Khong (35.0)		Nafang Health Center

		128		Champasak		Khong (35.0)		Phonsa Ard Health Center

		129		Champasak		Khong (35.0)		Nakasang Health Center

		130		Champasak		Khong (35.0)		Donetharn Health Center

		131		Champasak		Khong (35.0)		Khone Health Center

		132		Champasak		Khong (35.0)		Lobparkdy Health Center

		133		Champasak		Khong (35.0)		Donesoam Health Center

		134		Champasak		Khong (35.0)		Kynark Health Center

		135		Champasak		Khong (35.0)		Ban Boung Health Center

		136		Champasak		Khong (35.0)		Huakhong Health Center

		137		Champasak		Khong (35.0)		Hythard Health Center

		138		Champasak		Mounlapamok (36.9)		Malaria section, Mounlapamok District Health Office

		139		Champasak		Mounlapamok (36.9)		Mounlapamok District Hospital

		140		Champasak		Mounlapamok (36.9)		Nady Health Center

		141		Champasak		Mounlapamok (36.9)		Thahae Health Center

		142		Champasak		Mounlapamok (36.9)		Vernyarng Health Center

		143		Champasak		Mounlapamok (36.9)		Nong Nga Health Center

		144		Champasak		Mounlapamok (36.9)		Kadan Health Center

		145		Champasak		Mounlapamok (36.9)		Nonghoy Health Center

		146		Champasak		Pathoumphone (53.8)		Malaria section, Pathoumphone District Health Office

		147		Champasak		Pathoumphone (53.8)		Pathoumphone District Hospital

		148		Champasak		Pathoumphone (53.8)		Kaelae Health Center

		149		Champasak		Pathoumphone (53.8)		Pathoumphone Health Center

		150		Champasak		Pathoumphone (53.8)		Phapho Health Center

		151		Champasak		Pathoumphone (53.8)		Sanod (Ban Non) Health Center

		152		Champasak		Pathoumphone (53.8)		Nongpakhed Health Center

		153		Champasak		Pathoumphone (53.8)		Ban Boum Health Center

		154		Champasak		Pathoumphone (53.8)		Donedeng Health Center

		155		Champasak		Pathoumphone (53.8)		Km 24 Health Center

		API: Annual Parasite Incidence (Number of malaria cases/1,000 population/year) in 2013.

















Table S2

		Table S2. PCR primers, master mix, and condition of assay.

		Tpyes of PCR		primer name		Sequence [5'-3']		Master mix		Condition of assay		Note

		PCR for identification of P. falciparum 		Pf F1		GATTACAGCTCCCAAGCAAACAT		SsoAdvanced™ Universal SYBR®  Green Supermix  (Bio-Rad Laboratories, Inc., USA), 0.125µM each primers		95oC 3min, 37 cycles of 95oC 5sec, 60oC 20 sec + dissociation step from 60oC to 95oC		Present study

				Pf R1		ATTTGTTCCGCTCAATACTCAGAA						Present study

		PCR for identification of P. vivax		PvF11		TCATTCTTCTCTAGTGGATTATTTGC				95oC 3min, 32cycles of 95oC 5sec, 62oC 20 sec + dissociation step from 60oC to 95oC		Present study

				PvR7		TTGTTCTGCTCAATATTCAGAG						Present study

		PCR for identification of P. ovale		POCBF		ATATCATTTTTCTCCAGTGGG				95oC 3min, 37 cycles of 95oC 5sec, 60oC 30 sec + dissociation step from 60oC to 95oC		Putaporntip, et al., 2011

				POCB_R1		CGGTCTGTATTGTTCTGYTCA						Present study

		PCR for identification of P. malariae		PMCBF		ATATCATTCTTTTCTAGTGGT				95oC 3min, 35 cycles of 95oC 5sec, 57oC 20 sec + dissociation step from 60oC to 95oC		Putaporntip, et al., 2011

				PMCBR		CTGTATTGTTCTGCACAG						Putaporntip, et al., 2011

		PCR for constracting plasmid DNA containing P. falciparum DNA 		PfF_Pla		GGATTGGATGTCAATTACCACA		TaKaRa TaqTM HS Perfect Mix (TAKARA BIO, Inc., Japan), 0.2µM each primers		35 cycles of 94oC 5sec, 55oC 1sec, 68oC 20sec. 		Present study

				PfR_Pla		CATGTCTTGCTAACGGCTTG						Present study

		PCR for constracting plasmid DNA containing P. vivax DNA 		PvF_Pla		TGGATTGGATGTCAGTTACCA						Present study

				PvR_Pla		CGGTCTGTATTGTTCTGCTCA						Present study

		PCR for constracting plasmid DNA containing P. ovale or P. malariae DNA 		PCBF		ATGCTTTATTATGGATTGGATGTC				35 cycles of 94oC 5sec, 55oC 1sec, 68oC 30sec. 		Putaporntip, et al., 2011

				PCBR		ACATAATTATAACCTTACGGTCTG						Putaporntip, et al., 2011

		Primary PCR for K13 analysis		K13FF		GAAGCCTTGTTGAAAGAAGCA		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		35 cycles of 98oC of 10sec, 60oC 15sec, 68oC 20sec		Present study

				K13RR		CCAAGCTGCCATTCATTTGT						Present study

		Secondary PCR for K13 analysis		NF11		GTGGCAGCTCCAAAATTCAT		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		30 cycles of 98oC of 10sec, 58oC 15sec, 68oC 20sec		Present study

				NR22		GCCTTGTTGAAAGAAGCAGAA						Present study

		Primary PCR for Pf_151 analysis (PF3D7_1337500)		PfK13_151_PCR_F		TTTTCGTTTGTTCTACTCATATCAT		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		95oC 15min, 30 cycles of 95oC 30sec, 54oC 60 sec, 72oC 60sec, and final extension 72oC 10min 		Ménard, et al., 2016

				PfK13_151_PCR_R		TAATCTCTTCAAATGAATCAAAAA						Ménard, et al., 2016

		Secondary PCR for Pf_151 analysis (PF3D7_1337500)		PfK13_151_Nested_F		ACCATAAGGAAATTGGTTCATCA		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		95oC 15min, 40 cycles of 95oC 30sec, 60oC 90 sec, 72oC 120sec, and final extension 72oC 10min 		Ménard, et al., 2016

				PfK13_151_Nested_R		TCGAGAGCATAAATGAGCAATC						Ménard, et al., 2016

		Primary PCR for Pf_159 analysis (PF3D7_1339700)		159 F1		TTGTCATCTTGATCATTTGTTGA		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		95oC 15min, 30 cycles of 95oC 30sec, 57oC 90 sec, 72oC 120sec, and final extension 72oC 10min 		Present study

				PfK13_159_PCR_R		AACTCTTTGTGAGGAAAAGAAA						Ménard, et al., 2016

		Secondary PCR for Pf_159 analysis (PF3D7_1339700)		PfK13_159_Nested_F		CATATTTTCATTTTTCAATGTGATGA		PrimeSTAR® GXL Polymerase (TAKARA BIO, Inc., Japan) 200µM each of dNTPs, 0.2µM each primers		95oC 15min, 40 cycles of 95oC 30sec, 60oC 90 sec, 72oC 120sec, and final extension 72oC 10min 		Ménard, et al., 2016

				159 R4		CAAGAACAAGAAAATGTTACACAAA						Present study

		Ref. 11: Ménard D, Khim N, Beghain J, et al. A Worldwide Map of Plasmodium falciparum K13-Propeller Polymorphisms. N Engl J Med 2016;374:2453-64. 
Ref. 16: Putaporntip C, Buppan P, Jongwutiwes S. Improved performance with saliva and urine as alternative DNA sources for malaria diagnosis by mitochondrial DNA-based PCR assays. Clin Microbiol Infect.2011;17:1484-91.



		DNA extraction: DNA was extracted from the dried blood spots on the filter papers with a Maxwell® RSC Instrument (Promega, Madison WI, USA) in accordance with the manufacturer’s instructions with minor modification. Briefly, 3 punched-out circles (3.175 mm diameter [1/8 inch]) from the dried blood spot on the filter paper were used for DNA extraction, which was equivalent to 15–20 µL of whole blood. The punched-out filter paper circles were incubated in 30 µL of proteinase-K and 180 µL of incubation buffer from the kit at 70o C for 90 minutes and then followed with the extraction instructions. The extracted DNA was eluted with 50 µL of elution buffer and preserved until use at -30°C. 
Plasmodium species identification by PCR: To identify Plasmodium species, a real-time PCR was conducted using primer sets that were designed in the present study (Table S2 in the Supplementary Appendix) and in a previous study. 16 For the real-time PCR, specific primer sets for amplifying the partial cytochrome b gene on the mitochondrial genome of P. falciparum and P. vivax were used. When P. falciparum or P. vivax DNA was not detected by those primer sets, P. malariae and P. ovale specific primer sets were also used for the PCR. The real-time PCR was performed using SsoAdvanced™ Universal SYBR® Green Supermix (Bio-Rad Laboratories, Inc., USA) using 2 µL of the extracted DNA as a template, which was equivalent to 0.6–0.8 µL of whole blood. Serial diluted recombinant plasmid DNAs containing the cyt b region of each species were used as the positive controls for each assay. To monitor cross-contamination, PCR-grade water was used as the negative control for each assay. A sample was considered negative if there was no increase in the SYBR® Green (fluorescent) signal after 35 cycles. 
K13 mutations analysis: Mutations in the K13 gene were examined by the K13 toolbox previously described. 11 When the K13 gene region was not amplified by the primer sets in the K13 toolbox, additional primer sets (K13FF, K13RR, NF11 and NR22) were designed and used. The PCR products were purified with Performa DTR Gel Filtration Cartridge (Edge Bio, Gaithersburg, MD, USA) and sequenced by an ABI Genetic Analyzer model 3130XL (Life Technologies, Tokyo, Japan). When the mutation was observed in the K13 gene in the sample, we performed the PCR amplification and DNA sequencing once again as an internal quality assessment. DNA of the FCR-3 strain of P. falciparum was used as a positive control and PCR-grade water was used as the negative control of the K13 PCR. The sequencing results were analyzed by ClustalW using the 3D7 kelch13 sequence as a reference (Accession: XM_001359122.1). The samples with mixed alleles (wild type and mutated type) were considered to be mutated isolates to estimate the frequency of the K13 mutations.







Table S3 Haplotypes 151&159

		Table S4. Haplotypes based on 2 flanking loci of the K13 gene in each provinces.

		Provine		Combination of 2 alleles		Haplotype ID		Genotype K13		Frequency

		Savannakhet		151_G3/159_H25		H01		C580Y		63

		Savannakhet		151_G1/159_H34		H06		WT		4

		Savannakhet		151_G4/159_H34		H07		WT		4

		Savannakhet		151_G1/159_H25		H08		C580Y		4

		Savannakhet		151_G3/159_H34		H13		WT		4

		Savannakhet		151_G1/159_H61		H18		WT		3

		Savannakhet		151_G2/159_H34		H22		WT		1

		Savannakhet		151_G3/159_H23		H26		WT		2

		Savannakhet		151_G6/159_H34		H28		WT		2

		Savannakhet		151_G7/159_H60		H29		WT		2

		Savannakhet		151_G1/159_H31		H31		WT		1

		Salavan		151_G3/159_H25		H01		C580Y		54

		Salavan		151_G3/159_H25		H01		WT		1

		Salavan		151_G1/159_H56		H02		WT		5

		Salavan		151_G1/159_H56		H02		C580Y		1

		Salavan		151_G1/159_H34		H06		WT		8

		Salavan		151_G1/159_H25		H08		WT		1

		Salavan		151_G2/159_H23		H14		WT		5

		Salavan		151_G1/159_H61		H18		WT		1

		Salavan		151_G4/159_H25		H20		WT		1

		Salavan		151_G4/159_H23		H23		WT		2

		Salavan		151_G4/159_H31		H24		WT		2

		Salavan		151_G4/159_H31		H24		C580Y		1

		Salavan		151_G1/159_H35		H25		WT		1

		Salavan		151_G4/159_H58		H27		WT		1

		Salavan		151_G4/159_H35		H36		WT		1

		Salavan		151_G6/159_H56		H40		WT		1

		Sekong		151_G3/159_H25		H01		C580Y		17

		Sekong		151_G3/159_H25		H01		Y493H		2

		Sekong		151_G3/159_H25		H01		WT		1

		Sekong		151_G2/159_H52		H03		Y493H		32

		Sekong		151_G2/159_H52		H03		WT		1

		Sekong		151_G7/159_H64		H05		WT		19

		Sekong		151_G7/159_H64		H05		Y493H		1

		Sekong		151_G1/159_H34		H06		WT		4

		Sekong		151_G1/159_H06		H10		WT		3

		Sekong		151_G1/159_H23		H16		WT		4

		Sekong		151_G1/159_H58		H17		WT		3

		Sekong		151_G4/159_H23		H23		WT		1

		Attapeu		151_G3/159_H25		H01		C580Y		17

		Attapeu		151_G1/159_H56		H02		C580Y		26

		Attapeu		151_G2/159_H52		H03		Y493H		1

		Attapeu		151_G2/159_H06		H04		C580Y		8

		Attapeu		151_G2/159_H06		H04		R539T		2

		Attapeu		151_G2/159_H06		H04		WT		4

		Attapeu		151_G4/159_H34		H07		C580Y		1

		Attapeu		151_G1/159_H25		H08		C580Y		7

		Attapeu		151_G1/159_H09		H09		C580Y		2

		Attapeu		151_G1/159_H06		H10		C580Y		2

		Attapeu		151_G4/159_H54		H11		R539T		4

		Attapeu		151_G4/159_H54		H11		C580Y		1

		Attapeu		151_G4/159_H06		H15		WT		1

		Attapeu		151_G1/159_H58		H17		WT		1

		Attapeu		151_G2/159_H25		H19		C580Y		2

		Attapeu		151_G4/159_H25		H20		C580Y/R539T		1

		Attapeu		151_G4/159_H25		H20		R539T		1

		Attapeu		151_G1/159_H54		H21		C580Y		1

		Attapeu		151_G1/159_H35		H25		WT		1

		Attapeu		151_G1/159_H55		H30		C580Y		1

		Attapeu		151_G4/159_H56		H38		WT		1

		Attapeu		151_G5/159_H15		H39		WT		1

		Champasak		151_G3/159_H25		H01		C580Y		24

		Champasak		151_G1/159_H56		H02		C580Y		5

		Champasak		151_G2/159_H06		H04		C580Y		5

		Champasak		151_G2/159_H06		H04		R539T		6

		Champasak		151_G2/159_H06		H04		C580Y/R539T		1

		Champasak		151_G4/159_H34		H07		R539T		6

		Champasak		151_G4/159_H34		H07		WT		4

		Champasak		151_G1/159_H25		H08		C580Y		2

		Champasak		151_G1/159_H09		H09		C580Y		6

		Champasak		151_G1/159_H06		H10		C580Y		1

		Champasak		151_G1/159_H06		H10		WT		1

		Champasak		151_G4/159_H54		H11		C580Y		1

		Champasak		151_G4/159_H66		H12		C580Y/R539T		1

		Champasak		151_G4/159_H66		H12		R539T		6

		Champasak		151_G4/159_H66		H12		WT		1

		Champasak		151_G3/159_H34		H13		C580Y		1

		Champasak		151_G3/159_H34		H13		WT		1

		Champasak		151_G4/159_H06		H15		C580Y		3

		Champasak		151_G4/159_H06		H15		R539T		1

		Champasak		151_G2/159_H25		H19		C580Y		2

		Champasak		151_G4/159_H25		H20		C580Y		1

		Champasak		151_G1/159_H54		H21		C580Y		2

		Champasak		151_G2/159_H34		H22		WT		2

		Champasak		151_G4/159_H58		H27		WT		1

		Champasak		151_G1/159_H59		H32		C580Y		1

		Champasak		151_G1/159_H69		H33		C580Y		1

		Champasak		151_G2/159_H66		H34		C580Y		1

		Champasak		151_G3/159_H70		H35		C580Y/R539T		1

		Phongsaly 		151_G3/159_H25		H01		C580Y		1

		Total								439





Table S4

				Table S4. Bivariate analyses to identify an association between variables and Plasmodium falciparum infections with the K13 mutations.

				Status						Total 		No. of the K13 mutation		Percentage of the K13 mutation		Chi-test		Note 



				Total						1,151		639		55.5		-



				Province		Savannakhet				254		71		28.0		0.000

						Salavan				216		126		58.3

						Sekong				140		54		38.6

						Attapeu				123		85		69.1

						Champasak				418		303		72.5



				District												0.000		All districts

						Savannakhet		Total		254		71		28.0		0.000		Savannakhet

								Nong		120		3		2.5

								Phin 		37		8		21.6

								Sepon		36		3		8.3

								Thapangthong		58		56		96.6

								Vilabouly		3		1		33.3



						Salavan		Total		216		126		58.3		0.000		Salavan

								Taoy		58		9		15.5

								Toumlan		88		53		60.2

								Vapy		70		64		91.4



						Sekong		Total		140		54		38.6		0.931		Sekong

								Lamam		28		11		39.3

								Thateng		112		43		38.4



						Attapeu		Total		123		85		69.1		0.020		Attapeu

								Phouvong		29		15		51.7

								Sanamxay		91		69		75.8

								Saysetha		3		1		33.3



						Champasak		Total		418		303		72.5		0.650		Champasak

								Khong		66		46		69.7

								Mounlapamok		14		9		64.3

								Pathoumphone		338		248		73.4



				Date		Total				1,151		639		55.5		0.592

						Year 2015				559		307		54.9

						Year 2016				592		332		56.1



				Age		Median = 25.4, SD = 12.8, r = 0.187, p = 0.000



				Sex		Total				1,151		639		55.5		0.000

						Male				961		587		61.1

						Female				190		52		27.4





				Occupation		Total				1,151		639		55.5		0.000

						Child				104		17		16.3

						Adult				1,047		622		59.4



						Total				1,151		639		55.5		0.000

						Agriculture				847		527		62.2

						Child				104		17		16.3

						Civil servant				15		8		53.3

						Employee				1		0		0.0

						Housewife				11		3		27.3

						Military				6		3		50.0

						Soldier				4		4		100.0

						Student				130		57		43.8

						Teacher				7		3		42.9

						Vender				5		2		40.0

						Village Health Volunteer				1		0		0.0

						Village Leader				1		1		100.0

						Worker				19		14		73.7



						Total				1,047		622		59.4		0.001		Excluded Children

						Agriculture				847		527		62.2

						Civil servant				15		8		53.3

						Employee				1		0		0.0

						Housewife				11		3		27.3

						Military				6		3		50.0

						Soldier				4		4		100.0

						Student				130		57		43.8

						Teacher				7		3		42.9

						Vender				5		2		40.0

						Village Health Volunteer				1		0		0.0

						Village Leader				1		1		100.0

						Worker				19		14		73.7



				Education		Total				1,151		639		55.5		0.000

						No grade completed				488		203		41.6

						Primary Grade				418		274		65.6

						Secondary Grade				170		108		63.5

						High school				58		46		79.3

						College				16		8		50.0

						Higher				1		0		0.0



				Marital status		Total				1,151		639		55.5		0.002

						Not married/single				512		253		49.4

						Married				625		377		60.3

						Divorced				9		5		55.6

						Widowed				5		4		80.0



				Religion		Total				1,150		639		55.6		0.000

						Buddhism				703		491		69.8

						Christianity				7		4		57.1

						Animist				425		142		33.4

						Other				15		2		13.3



				Ethnicity		Total				1,151		639		55.5		0.000

						Lao Loum				644		464		72.0

						Lao Theung				482		166		34.4

						Lao Soung				20		5		25.0

						Other				5		4		80.0



				Body Temprature		Average = 38.1, SD =0 .95 r = -0.05, p = 0.128



				Symptoms		Total				1,151		639		55.5		0.264

						No sign & symptoms				1		0		0.0

						Sign & symptoms				1,150		639		55.6



						Total				1,151		639		55.5		0.439

						No arthralgia				1,148		638		55.6

						Arthralgia				3		1		33.3



						Total				1,151		639		55.5		0.432

						No fatigue				1,147		636		55.4

						Fatigue				4		3		75.0



						Total				1,151		639		55.5		0.899

						No headache				913		506		55.4

						Headache				238		133		55.9



						Total				1,151		639		55.5		0.264

						No Lethargy				1,150		639		55.6

						Lethargy				1		0		0.0



						Total				1,151		639		55.5		0.371

						No lumbar pain				1,150		638		55.5

						Lumbar pain				1		1		100.0



						Total				1,151		639		55.5		0.027

						No myalgia				1,031		561		54.4

						Myalgia				120		78		65.0



						Total				1,151		639		55.5		0.371

						No sorethroat				1,150		638		55.5

						Sorethroat				1		1		100.0



						Total				1,151		639		55.5		0.875

						No vertigo				1,149		638		55.5

						Vertigo				2		1		50.0



						Total				1,151		639		55.5		0.875

						No headache & fatigue				1,149		638		55.5

						Headache & fatigue				2		1		50.0



						Total				1,150		638		55.5		0.167

						No headache & myalgia				1,079		593		55.0

						Headache & myalgia				71		45		63.4



						Total				1,151		639		55.5		0.371

						No headache & vertigo				1,150		638		55.5

						Headache & vertigo				1		1		100.0



						Total				1,151		639		55.5		0.170

						No fever				26		11		42.3

						Fever				1,125		628		55.8



						Total				1,151		639		55.5		0.073

						No thrill				281		169		60.1

						Thrill				870		470		54.0



						Total				1,151		639		55.5		0.000

						No nausesa				876		523		59.7

						Nausea				275		116		42.2



						Total				1,151		639		55.5		0.069

						No stomachache				1,098		616		56.1

						Stomachache				53		23		43.4



						Total				1,151		639		55.5		0.844

						No diarrhea				1,139		632		55.5

						Diarrhea				12		7		58.3



						Total				1,151		639		55.5		0.012

						No seizure				1,146		639		55.8

						Seizure				5		0		0.0



						Total				1,151		636		55.3		0.000

						No pallor				960		576		60.0

						Pallor				191		60		31.4



				Start symptom		Total				1151		639		55.5		0.000

						No signs & symptoms				22		6		27.3

						Today				66		44		66.7

						Yesterday				216		110		50.9

						2 days before 				306		183		59.8

						3 days before				371		220		59.3

						More than 3 days				170		76		44.7



				Malaria history		Total				1,151		639		55.5		0.000

						First time				496		216		43.5

						1 time				177		96		54.2

						2 times				216		138		63.9

						3 times				171		120		70.2

						4 times				57		44		77.2

						5 times				23		17		73.9

						More than 6 times				11		8		72.7



				Betnet		Total				1,151		639		55.5		0.108

						No 				308		157		51.0

						Yes				552		309		56.0

						Depend				291		173		59.5



				a Chi-square test, b Fisher’s exact test, c Mantel-Haenszel odds, d Independent t-test)

				Abbreviations: OR, odds ratio; CI, comdidence interval; AOR, adjusted odds ratio.














