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Supplementary Table 1. Sampling source of P. falciparum positive samples successfully genotyped for at least one molecular marker of resistance, whole genome sequences available, and samples with microhaplotype coverage higher than 50%.
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Supplementary Table 2. Districts and Provinces in Mozambique where P. falciparum isolates successfully genotyped were collected. 
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[bookmark: _heading=h.lnxbz9]Supplementary Table 3. Number of P. falciparum samples from which molecular markers of antimalarial resistance were obtained. 
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Supplementary Table 4. Molecular markers of P. falciparum antimalarial resistance observed at frequencies below 5% in 2015 and 2018 in 7 provinces from Mozambique.
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[bookmark: _heading=h.xe5cmakiogru]
wt, wild-type; mut, mutants; mix; mixed genotypes

Supplementary Table 5. Frequency of P. falciparum isolates carrying mixed genotypes in molecular markers of antimalarial resistance.
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Supplementary Table 6. Frequency of P. falciparum isolates carrying mutations in in pfdhfr, pfdhps and pfmdr1 by province.

Samples with a mixed genotype in codons 51, 59, 108 of pfdhfr and 437 or 540 in pfdhps were excluded. pfdhfr and pfdhps haplotypes were built as a combination of mutations at these codons. pfdhfr double mutants were defined as any combination of two mutations out of the three possible. pfdhps single mutants were defined as the presence of either pfdhps-437 or -540. P values indicate the statistical significance of the difference in frequencies between provinces.
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wt, wild-type; mut, mutant

Supplementary Table 7. Frequency of P. falciparum isolates carrying mutations in pfdhfr, pfdhps and pfmdr1 by year.

Samples with a mixed genotype in codons pfdhfr-51, -59 or -108, and pfdhps-437 or -540 were excluded. pfdhfr and pfdhps haplotypes were built as a combination of mutations at these codons. pfdhfr double mutants were defined as any combination of two mutations out of the three possible. pfdhps single mutants were defined as the presence of either pfdhps-437 or -540. P values indicates the statistical significance of the difference in frequencies between years. 
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wt, wild-type; mut, mutant

Supplementary Table 8. Multivariable logistic regression model, with presence or absence of a mutation as response and temporal and spatial predictors. 
	 
	Region
	 
	Period

	 
	 
	OR
	(95%CI)
	p
	 
	 
	OR
	(95%CI)
	p

	Monoclonal (n=1090)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	0.013
	 
	2015
	1
	 
	0.464

	 
	Central
	1.29
	(0.87; 1.90)
	
	 
	2018
	0.88
	(0.63; 1.23)
	

	 
	South
	1.62
	(1.16; 2.26)
	
	 
	 
	 
	 
	 

	dhfr 51 (n=1638)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	0.033
	 
	2015
	1
	 
	0.009

	 
	Central
	1.37
	(0.63; 2.98)
	
	 
	2018
	2.29
	(1.23; 4.29)
	

	 
	South
	2.67
	(1.25; 5.69)
	
	 
	 
	 
	 
	 

	dhfr 59 (n=1625)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.002

	 
	Central
	3.38
	(1.35; 8.45)
	
	 
	2018
	3.4
	(1.59; 7.29)
	

	 
	South
	7.66
	(2.93;20.04)
	
	 
	 
	 
	 
	 

	dhfr 108 (n=1649)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	0.005
	 
	2015
	1
	 
	0.004

	 
	Central
	3.1
	(0.92;10.48)
	
	 
	2018
	5.06
	(1.67;15.34)
	

	 
	South
	11.38
	(2.39;54.25)
	
	 
	 
	 
	 
	 

	dhfr pure (n=1600)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	0.006
	 
	2015
	1
	 
	0.002

	 
	Central
	1.53
	(0.76; 3.06)
	
	 
	2018
	2.46
	(1.40; 4.33)
	

	 
	South
	2.98
	(1.51; 5.89)
	
	 
	 
	 
	 
	 

	dhps 436 (n=1539)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.683

	 
	Central
	0.09
	(0.04; 0.19)
	
	 
	2018
	0.87
	(0.44; 1.71)
	

	 
	South
	0.01
	(0.00; 0.04)
	
	 
	 
	 
	 
	 

	dhps 437 (n=1439)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.004

	 
	Central
	3.28
	(2.18; 4.95)
	
	 
	2018
	1.78
	(1.20; 2.63)
	

	 
	South
	17.55
	(10.73;28.72)
	
	 
	 
	 
	 
	 

	dhps 540 (n=1404)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.003

	 
	Central
	2.94
	(1.96; 4.41)
	
	 
	2018
	1.75
	(1.20; 2.55)
	

	 
	South
	12.92
	(8.22;20.32)
	
	 
	 
	 
	 
	 

	dhps pure (n=1377)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.009

	 
	Central
	3.22
	(2.12; 4.89)
	
	 
	2018
	1.69
	(1.14; 2.50)
	

	 
	South
	15.03
	(9.32;24.24)
	
	 
	 
	 
	 
	 

	quintuple pure (n=1330)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	<0.001
	 
	2015
	1
	 
	0.007

	 
	Central
	2.77
	(1.85; 4.14)
	
	 
	2018
	1.67
	(1.15; 2.42)
	

	 
	South
	11.27
	(7.33;17.33)
	
	 
	 
	 
	 
	 

	mdr1 184 (n=1171)
	 
	 
	 
	 
	 
	 
	 

	 
	North
	1
	 
	0.291
	 
	2015
	1
	 
	0.354

	 
	Central
	0.78
	(0.54; 1.11)
	
	 
	2018
	1.14
	(0.87; 1.50)
	

	 
	South
	0.93
	(0.68; 1.29)
	
	 
	 
	 
	 
	 


Supplementary Table 9. Frequency of P. falciparum isolates carrying mutations in codon 436 of dhps, in combination with other mutations in pfdhfr and pfdhps. 

Samples with a mix genotype in any of the codons 51, 59, 108 of pfdhfr and 437 or 540 in pfdhps were excluded. P values indicates the statistical significance of the difference in frequencies. 
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Supplementary Table 10. Confusion Matrix for Random Forest classification at the regional (North-Central-South) level.

Microhaplotypes at loci with expected heterozygosity in the top 25% percentile  were considered as predictors of the classification model. Random Forest was run with ntree = 2500 and the OOB error rate = 24.89%. 


	   
	North
	Central
	South
	Classification error

	North
	98
	66
	34
	0.5051

	Central
	49
	12
	57
	0.4690

	South
	10
	55
	600
	0.0977




Supplementary Table 11. Estimated genetic complexity of infection by region and year. 
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Supplementary Table 12. Expected heterozygosity (He) values at 16 microhaplotype loci within a 50kb region around pfdhps in P. falciparum isolates from Cabo Delgado.

Haplotypes were constructed after excluding mixed genotypes in pfdhps codons 436/437/540. Sub-populations WT/WT/WT + MUT/WT/WT were merged for the analysis.  The statistical significance of the difference of the He values between the groups was calculated using a permutation test, by randomly shuffling the sub-population labels of the samples 1000 times and obtaining a null distribution for the difference of the He.

	

Microhaplotype

	

Gene
	
WT/WT/WT & MUT/WT/WT
N=51
	

WT/MUT/MUT
N=92
	

p value

	Pf3D7_08_v3-522797-522858
	pfabc1
	0.246
	0.221
	0.737

	Pf3D7_08_v3-527371-527432
	pfppm5
	0.410
	0.412
	0.962

	Pf3D7_08_v3-532468-532604
	pf0810400
	0.355
	0.178
	0.052

	Pf3D7_08_v3-534632-534693
	pfppm7
	0.150
	0.087
	0.344

	Pf3D7_08_v3-536195-536274
	pfppm7
	0.340
	0.288
	0.498

	Pf3D7_08_v3-542446-542571
	pfdbp1
	0.682
	0.533
	0.006

	Pf3D7_08_v3-543445-543506
	pfdbp1
	0.212
	0.084
	0.102

	Pf3D7_08_v3-548133-548222
	pfdhps
	0.482
	0.022
	<0.001

	Pf3D7_08_v3-548770-548831
	pfdhps
	0.511
	0.104
	<0.001

	Pf3D7_08_v3-549650-549715
	pfdhps
	0.703
	0
	<0.001

	Pf3D7_08_v3-549962-550023
	pfdhps
	0.079
	0
	0.304

	Pf3D7_08_v3-556150-556203
	pfcul1
	0.393
	0.166
	0.005

	Pf3D7_08_v3-557281-557382
	pfcul1
	0.292
	0.257
	0.649

	Pf3D7_08_v3-559505-559566
	pfemc1
	0.402
	0.044
	<0.001

	Pf3D7_08_v3-562482-562647
	Intergenic
	0.156
	0.516
	<0.001

	Pf3D7_08_v3-565050-565130
	pfcaf1
	0.289
	0.099
	0.038






	


Supplementary Figure 1. Frequency of P. falciparum isolates carrying mutations in codon 184 of pfmdr1.

The error bars represent a 95% Confidence Interval (CI) for the population proportion.
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Supplementary Figure 2. Frequency of P. falciparum isolates carrying mutations in pfdhfr (codons 51,59,108) and pfdhps (codons 436, 437, 540) in 2015 and 2018 in 7 provinces from Mozambique.

Frequencies were calculated after excluding mixed genotypes. Data from Sofala was only available for 2015, and from Inhambane and Zambezia for 2018. The error bars represent a 95% Confidence Interval (CI) for the population proportion.
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Supplementary Figure 3. Microhaplotypes in P. falciparum samples included in the study.

[bookmark: _Hlk119512874]A) Percentage of microhaplotype loci (N=8722) present for samples from 2015 and 2018 (N=1438). Samples which had greater than 50% of the microhaplotype loci missing (N=349) were excluded from subsequent analyses. B) Microhaplotypes, sorted by importance, which contribute to the geographic (North-Central-South) classification model. 155 microhaplotypes had a mean decrease in accuracy greater than the inflection point (3.1; red dashed line) of the distribution of mean decrease in accuracy.
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Supplementary Figure 4. Population structure by geography. 
Principal coordinates analysis (PCoA) of the raw data, considering microhaplotypes at loci with expected heterozygosity in the top 25% percentile (left figure in each panel), and considering the top microhaplotypes important for each Random Forest classification (right figure in each panel). Microhaplotypes at loci with expected heterozygosity in the top 25% percentile  were considered as predictors of the classification model. Random Forest was run with ntree = 2500. Sample size (2015 and 2018 together): C. Delgado: 198, Zambezia: 131, Sofala: 6, Tete: 89, Gaza: 166, Inhambane: 230, and Maputo: 269 (total: 1089). For the province level classification, samples from Tete and Sofala were combined together to reduce sample imbalance. Regional assignment of samples: North: C.Delgado; Central: Sofala, Tete and Zambezia; South: Gaza, Inhambane and Maputo. A) Random Forest classification at the province level. OOB error rate = 50.51%. B) Random Forest classification at the regional (North-South) level. OOB error rate = 8%. C) Random Forest classification at the regional (Central-South) level. OOB error rate = 15.26%. D) Random Forest classification at the regional (North-Central) level. OOB error rate = 36.79% 
[image: ]

Supplementary Figure 5.  Genetic diversity around pfdhps locus.
The expected heterozygosity at microhaplotypes within the 50kb region around pfdhps of parasite isolates from Cabo Delgado collected in 2015 and 2018. Wild-type in 436, 437 and 540 (WT/WT/WT; n=20) and mutant in 436, and wild-type in 437 and 540 (MUT/WT/WT; n=31) were combined and compared to wild-type in 436, and mutant in 437 and 540 (WT/MUT/MUT; n=92) population. The error bars indicate ± standard error  (SE).
[bookmark: _heading=h.4d34og8]For loci falling within the gene pfdhps (chr 8: 547896-551057), this difference was particularly pronounced, with three of the four microhaplotype loci having significant differences in He values between the two groups.  These four loci are: Pf3D7_08_v3-548133-548222 (pfdhps codons 1-7, 5 microhaplotypes), Pf3D7_08_v3-548770-548831 (pfdhps codons 133-152, 3 microhaplotypes), Pf3D7_08_v3-549650-549715 (pfdhps codons 426-446, 6 microhaplotypes) and Pf3D7_08_v3-549962-550023 (pfdhps codons 530-549, 3 microhaplotypes). The error bars indicate the standard error. 
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Supplementary Figure 6.  Violin plots of inter-sub-population IBS values in Cabo Delgado (2015 and 2018). 

Microhaplotypes in a 50 kb region around pfdhps were used to calculate the pairwise IBS between sub-populations: wild-type in codons 436, 437 and 540 (WT/WT/WT; n=20): median IBS=0.68, IQR=(0.62-0.74); mutant in codon 436, and wild-type in codons 437 and 540 (MUT/WT/WT; n=31): median IBS=0.73, IQR=(0.65-0.79); wild-type in codon 436, and mutant in codons 437 and 540 (WT/MUT/MUT; n=92): median IBS=0.88, IQR=[0.81-0.91]). Comparisons between groups were done using Kruskal-Wallis Test (p<0.001).  The  lower, middle and upper hinges of the rectangle correspond to the 25% quantile , median and 75% quantile of the distribution


[bookmark: _GoBack][image: ]
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Region Province District n

North

Cabo Delgado (n=308)

Montepuez 240

Ancuabe 6

Balama 13

Chiure 8

Namuno 2

Ibo 4

Mecufi 5

Meluco 10

Metuge 11

Pemba 1

Quissanga 8

Center

Zambezia (n=223)

Mopeia 173

Derre 4

Gile 7

Gurue 4

Ile 3

Maganja da Costa 2

Milange 6

Morrumbala 12

Nicoadala 3

Pebane 6

Alto-molocue 3

Sofala (n=65)

Dondo 65

Tete (n=152)

Moatize 154

South

Gaza (n=202)

Bilene 18

Chokwe 107

Mandlakazi 28

XaiXai 26

Limpopo 23

Inhambane (n=317)

Homoine 28

Inhassoro 30

Zavala 28

Massinga 205

Maxixe 26

Maputo (n=515)

Magude 313

Manhiça 116

Marracuene 7

Moamba 32

Namaacha 32

Matola 15

TOTAL Total 1784
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2015 2018 Total

kelch13 285

1144

1429

pfdhfr

51 399 1268 1667

59 390 1253 1643

108 396 1261 1657

164 362 1209 1571

pfdhps

436 367 1251 1618

437 364 1252 1616

540 348 1252 1581

581 310 1180 1490

613 312 1178 1490

pfmdr1

86 387 1218 1605

184 363 1173 1536

1246 361 1158 1519

pfcrt

72 390 1265 1655

74 389 1268 1657

75 390 1268 1658

76 389 1267 1656

Artemisinin-resistance genetic background

127 402 1304 1706

128 401 806 1207

193 383 1231 1614

326 395 1242 1637

356 393 1247 1640

484 364 1201 1565

pfexo

415 394 1000 1394

Plasmepsin 2/3 breakpoint

108 416 524
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n % n % n % n % n % n % n % n % n % n % n %

pfcrt

C72S wt 85 100 63 100 62 100 80 100 99 100 217 100 211 100 88 100 122 100 300 100 327 100

wt 85 100 63 100 62 100 72 90 96 97 217 100 212 100 88 100 122 100 301 100 327 100

mut 0 0 0 0 0 0 7 9 2 2 0 0 0 0 0 0 0 0 0 0 1 0

mix 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

wt 85 100 63 100 62 100 72 90 97 97 217 100 212 100 88 100 122 100 301 100 326 99

mut 0 0 0 0 0 0 7 9 2 2 0 0 0 0 0 0 0 0 0 0 1 0

mix 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0

wt 85 100 63 100 62 100 72 90 96 97 217 100 212 100 88 100 122 100 301 100 326 100

mut 0 0 0 0 0 0 7 9 2 2 0 0 0 0 0 0 0 0 0 0 1 0

mix 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Artemisinin-resistance genetic background

V127M wt 85 100 65 100 62 100 80 100 110 100 219 100 220 100 90 100 122 100 314 100 339 100

D128Y/H wt 85 100 65 100 62 100 80 100 109 100 140 100 169 100 90 100 0 0 179 100 228 100

D193Y wt 85 100 63 100 61 100 77 100 97 100 213 100 207 100 84 100 122 100 282 100 323 100

wt 85 100 63 100 62 100 80 100 105 100 207 99 200 100 88 100 121 100 298 100 328 99

mix 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 0 2 1

I356T wt 85 100 63 100 62 100 79 100 104 100 212 100 207 100 87 100 122 100 288 100 331 100

T484I wt 85 100 62 100 61 100 74 100 82 100 212 100 205 100 84 100 122 100 274 100 304 100

Plasmepsin 2/3 breakpoint

wt 29 97 9 100 17 100 26 100 26 100 88 100 108 100 46 100 0 0 83 100 90 100

Copy 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

pfexo

E415G wt 85 100 64 100 62 100 80 100 103 100 156 100 149 100 25 100 122 100 226 100 322 100

pfmdr1

wt 83 99 62 100 61 100 73 92 97 96 207 100 208 100 85 100 121 100 289 100 308 100

mut 1 1 0 0 0 0 6 8 1 1 0 0 0 0 0 0 0 0 0 0 0 0

mix 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0

wt 85 100 62 100 57 100 74 100 83 100 200 100 194 100 83 100 120 99 270 100 290 100

mix 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

pfdhfr

wt 82 100 61 100 59 100 75 100 85 100 212 100 209 99 83 100 122 100 268 100 314 100

mix 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

pfdhps

wt 77 99 45 100 47 98 64 100 75 100 210 100 201 99 83 100 122 100 268 100 295 100

mut 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

mix 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

wt 77 99 45 100 49 100 65 100 75 100 204 97 198 99 83 100 122 100 269 100 296 100

mut 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

mix 1 1 0 0 0 0 0 0 0 0 3 2 2 1 0 0 0 0 0 0 0 0

A581G

A613S/T

D1246Y

I164L



N86Y

K76T

N326S

N75E

Gaza Inhambane Maputo

M74I

2015 2018

C. Del Sofala Tete Gaza Maputo C. Del Zambezia Tete
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Mix All % Mix All % Mix All %

pfdhfr

C51I 10 399 3 19 1268 1 29 1667 2

C59R 4 390 1 14 1253 1 18 1643 1

S108N 3 396 1 5 1261 0 8 1657 0

pfdhps

S436F/C/A/H 21 367 6 58 1251 5 79 1618 5

A437G 39 366 11 140 1252 11 179 1618 11

K540E 34 350 10 143 1231 12 177 1581 11

pfmdr1

Y184F 81 363 22 284 1173 24 365 1536 24

2018 All 2015
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n % n % n % n % n % n % p n % n % n % n % n % n % n %

p 

pfdhfr

C51I

WT 10 13 3 5 0 0 4 5 1 1 18 5 <0.001 3 1 9 4 2 2 0 0 6 2 4 1 24 2 0.078

Mut 69 87 59 95 60 100 75 95 108 99 371 95 210 99 199 96 86 98 121 100 293 98 316 99 1225 98

Total 79 100 62 100 60 100 79 100 109 100 389 100 213 100 208 100 88 100 121 100 299 100 320 100 1249 100

C59R

WT 12 15 2 3 0 0 1 1 0 0 15 4 <0.001 3 1 4 2 1 1 0 0 4 1 1 0 13 1 0.404

Mut 67 85 60 97 61 100 79 99 104 100 371 96 204 99 205 98 84 99 122 100 290 99 321 100 1226 99

Total 79 100 62 100 61 100 80 100 104 100 386 100 207 100 209 100 85 100 122 100 294 100 322 100 1239 100

S108N

WT 7 9 1 2 0 0 1 1 0 0 9 2 <0.001 1 0 2 1 1 1 0 0 1 0 0 0 5 0 0.463

Mut 74 91 63 98 61 100 79 99 107 100 384 98 210 100 211 99 87 99 122 100 297 100 324 100 1251 100

Total 81 100 64 100 61 100 80 100 107 100 393 100 211 100 213 100 88 100 122 100 298 100 324 100 1256 100

pfdhfr (NCS→IRN)

WT 7 9 1 2 0 0 1 1 0 0 9 2 <0.001 1 0 2 1 1 1 0 0 1 0 0 0 5 0 0.396

Double 7 9 3 5 0 0 3 4 1 1 14 4 2 1 9 5 1 1 0 0 7 2 5 2 24 2

triple 62 82 56 93 60 100 75 95 102 99 355 94 202 99 194 95 83 98 121 100 281 97 312 98 1193 98

Total 76 100 60 100 60 100 79 100 103 100 378 100 205 100 205 100 85 100 121 100 289 100 317 100 1222 100

pfdhps

S436F/C/A/H

WT 48 77 56 100 56 100 76 100 96 100 332 96 <0.001 144 85 200 98 80 96 122 100 300 100 313 100 1159 97 <0.001

Mut

14 23 0 0 0 0 0 0 0 0 14 4 26 15 4 2 3 4 0 0 0 0 1 0 34 3

Total 62 100 56 100 56 100 76 100 96 100 346 100 170 100 204 100 83 100 122 100 300 100 314 100 1193 100

A437G

WT 35 54 5 11 4 8 4 5 4 4 52 16 <0.001 42 26 33 18 7 9 0 0 6 2 8 3 96 9 <0.001

Mut

30 46 41 89 46 92 69 95 87 96 273 84 117 74 148 82 71 91 117 100 271 98 292 97 1016 91

Total 65 100 46 100 50 100 73 100 91 100 325 100 159 100 181 100 78 100 117 100 277 100 300 100 1112 100

K540E

WT 34 52 8 18 5 10 5 7 5 6 57 18 <0.001 42 28 34 19 7 9 0 0 10 4 11 4 104 10 <0.001

Mut

31 48 37 82 46 90 64 93 78 94 256 82 110 72 141 81 71 91 117 100 256 96 289 96 984 90

Total 65 100 45 100 51 100 69 100 83 100 313 100 152 100 175 100 78 100 117 100 266 100 300 100 1088 100

pfdhps (AK→GE)

WT 33 52 4 10 4 8 4 6 5 5 50 16 <0.001 40 27 32 19 7 9 0 0 6 2 8 3 93 10 <0.001

Single 0 0 1 2 0 0 1 1 0 0 2 1 1 1 0 0 0 0 0 0 1 0 2 1 4 0

Double 30 48 36 88 46 92 63 93 78 95 253 83 109 73 140 81 69 91 117 100 255 97 285 97 975 91

Total 63 100 41 100 50 100 68 100 83 100 305 100 150 100 172 100 76 100 117 100 262 100 295 100 1072 101

pfdhfr+dhps (NCSAK→IRNGE)

WT 4 7 0 0 0 0 0 0 0 0 4 1 <0.001 1 1 1 1 0 0 0 0 0 0 0 0 2 0 <0.001

<5mut 32 53 6 16 4 8 7 10 6 7 55 19 40 28 39 23 9 12 0 0 12 5 14 5 114 11

quint 24 40 32 84 45 92 60 90 73 93 234 80 103 72 129 76 65 88 116 100 239 95 269 95 921 89

Total 60 100 38 100 49 100 67 100 79 100 293 100 144 100 169 100 74 100 116 100 251 100 283 100 1037 100

pfmdr1

Y184F

WT 35 56 30 60 25 52 35 55 36 63 161 57 0.785 68 50 90 60 38 58 44 51 95 49 141 55 476 54 0.372

Mut 28 44 20 40 23 48 29 45 21 37 121 43 67 50 60 40 28 42 43 49 98 51 117 45 413 46

Total 63 100 50 100 48 100 64 100 57 100 282 100 135 100 150 100 66 100 87 100 193 100 258 100 889 100

2015

2018

C. Delgado Sofala Tete Gaza Maputo Total C. Delgado Zambezia Tete Gaza Inhambane Maputo Total
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n % n % p n % n % p n % n % p n % n % p

pfdhfr

N51I

WT 10 13 3 1 <0.001 0 0 2 2 0.240 4 5 0 0 0.012 1 1 4 1 0.780

Mut 69 87 210 99 60 100 86 98 75 95 121 100 108 99 316 99

Total 79 100 213 100 60 100 88 100 79 100 121 100 109 100 320 100

C59R

WT 12 15 3 1 <0.001 0 0 1 1 0.395 1 1 0 0 0.216 0 0 1 0 0.569

Mut 67 85 204 99 61 100 84 99 79 99 122 100 104 100 321 100

Total 79 100 207 100 61 100 85 100 80 100 122 100 104 100 322 100

S108N

WT 7 9 1 0 <0.001 0 0 1 1 0.404 1 1 0 0 0.216 0 0 0 0 NA

Mut 74 91 210 100 61 100 87 99 79 99 122 100 107 100 324 100

Total 81 100 211 100 61 100 88 100 80 100 122 100 107 100 324 100

haplotype (NCS→IRN)

WT 7 9 1 0 <0.001 0 0 1 1 0.489 1 1 0 0 0.044 0 0 0 0 0.652

Double 7 9 2 1 0 0 1 1 3 4 0 0 1 1 5 2

triple 62 82 202 99 60 100 83 98 75 95 121 100 102 99 312 98

Total 76 100 205 100 60 100 85 100 79 100 121 100 103 100 317 100

pfdhps

S436F/C/A/H

WT 48 77 144 85 0.194 56 100 80 96 0.150 76 100 122 100 NA 96 100 313 100 0.580

Mut 14 23 26 15 0 0 3 4 0 0 0 0 0 0 1 0

Total 62 100 170 100 56 100 83 100 76 100 122 100 96 100 314 100

A437G

WT 35 54 42 26 <0.001 4 8 7 9 0.848 4 5 0 0 0.010 4 4 8 3 0.297

Mut 30 46 117 74 46 92 71 91 69 95 117 100 87 96 292 97

Total 65 100 159 100 50 100 78 100 73 100 117 100 91 100 300 100

K540E

WT 34 52 42 28 <0.001 5 10 7 9 0.874 5 7 0 0 0.003 5 6 11 4 0.342

Mut 31 48 110 72 46 90 71 91 64 93 117 100 78 94 289 96

Total 65 100 152 100 51 100 78 100 69 100 117 100 83 100 300 100

haplotype (AK→GE)

WT 33 52 40 37 0.001 4 8 7 10 0.814 4 6 0 0 0.012 5 5 8 3 0.262

Single 0 0 1 1 0 0 0 0 1 1 0 0 0 0 2 1

Double 30 48 109 73 46 92 69 91 63 93 117 100 78 95 285 97

Total 63 100 150 110 50 100 76 101 68 100 117 100 83 100 295 100

pfdhfr+dhps (NCSAK→IRNGE)

WT 4 7 1 1 <0.001 0 0 0 0 0.480 0 0 0 0 <0.001 0 0 0 0 0.362

<5mut 32 53 40 39 4 8 9 14 7 10 0 0 6 7 14 5

quint 24 40 103 72 45 92 65 88 60 90 116 100 73 93 269 95

Total 60 100 144 111 49 100 74 102 67 100 116 100 79 100 283 100

pfmdr1

Y184F 0.560

WT 35 56 68 50 0.496 25 52 38 58 0.848 35 55 44 51 0.617 36 63 141 55 0.241

Mut 28 44 67 50 23 48 28 42 29 45 43 49 21 37 117 45

Total 63 100 135 100 48 100 66 100 64 100 87 100 57 100 258 100

2018 2015 2018

C. Delgafo Tete Gaza Maputo

2015 2015 2018 2015 2018


image8.emf
n % n % p n % n % p n % n % p n % n % p n % n % p n % n % p

pfdhfr

 C51I

wt 7 3% 6 3%

0.004

5 8% 5 8%

0.019

2 1% 1 1% 0.379 28 2% 1 0% 0.053 8 3% 0 . 20 2% 1 0%

0.041

mut 178 80% 32 14% 41 69% 8 14% 137 84% 24 15% 1226 97% 7 1% 264 97% 0 962 97% 7 1%

pfdhfr

 C59R

wt 8 4% 6 3%

0.008

6 10% 5 8%

0.031

2 1% 1 1% 0.386 12 1% 0 0% 0.781 2 1% 0 . 10 1% 0 0% 0.774

mut 177 79% 32 14% 42 69% 8 13% 135 83% 24 15% 1244 98% 8 1% 272 99% 0 972 98% 8 1%

pfdhfr

 S108N

wt 3 1% 5 2%

<0.001

3 5% 4 7%

0.014

0 0% 1 1%

0.019

6 0% 0 0% 0.845 2 1% 0 . 4 0% 0 0% 0.857

mut 182 82% 33 15% 45 74% 9 15% 137 85% 24 15% 1261 99% 8 1% 274 99% 0 987 99% 8 1%

pfdhps

 A437G

wt 27 13% 40 19%

<0.001

12 21% 14 25%

<0.001

15 9% 26 16%

<0.001

64 5% 7 1%

<0.001

19 7% 0 . 45 5% 7 1%

<0.001

mut 147 69% 0 0% 30 54% 0 0% 117 74% 0 0% 1140 94% 1 0% 243 93% 0 897 94% 1 0%

pfdhps

 K540E

wt 28 14% 37 18%

<0.001

13 23% 12 21%

<0.001

15 10% 25 17%

<0.001

74 6% 8 1%

<0.001

23 9% 0 . 51 6% 8 1%

<0.001

mut 140 68% 0 0% 31 55% 0 0% 109 73% 0 0% 1092 93% 0 0% 224 91% 0 868 94% 0 0%

pfdhfr

 haplotype (NCS→IRN)

wt 3 1% 5 2%

0.002

3 5% 4 7%

0.043

0 0% 1 1% 0.055 6 0% 0 0% 0.144 2 1% 0 . 4 0% 0 0% 0.144

<3mut 7 3% 2 1% 5 8% 2 3% 2 1% 0 0% 27 2% 1 0% 6 2% 0 21 2% 1 0%

triple 171 78% 31 14% 38 64% 7 12% 133 83% 24 15% 1204 97% 7 1% 261 97% 0 943 97% 7 1%

pfdhps

 haplotype (AK→GE)

wt 26 13% 37 18%

<0.001

12 22% 12 22%

<0.001

14 9% 25 17%

<0.001

61 5% 7 1%

<0.001

17 7% 0 . 44 5% 7 1%

<0.001

Single 1 0% 0 0% 0 0% 0 0% 1 1% 0 0% 4 0% 1 0% 2 1% 0 2 0% 1 0%

Double 139 68% 0 0% 30 56% 0 0% 109 73% 0 0% 1089 94% 0 0% 223 92% 0 866 94% 0 0%

pfdhfr+dhps

 (NCSAK→IRNGE)

wt 1 1% 4 2%

<0.001

1 2% 3 6%

<0.001

0 0% 1 1%

<0.001

1 0% 0 0%

<0.001 0

0% 0 1 0% 0 0%

<0.001

1-4mut 31 16% 32 16% 16 31% 8 15% 15 10% 24 17% 87 8% 8 1% 23 10% 0 . 64 7% 8 1%

quint 127 65% 0 0% 24 46% 0 0% 103 72% 0 0% 1028 91% 0 0% 210 90% 0 818 92% 0 0%

dhps

 S436F/C/A/H

WT Mut WT Mut WT Mut WT Mut WT

 Cabo Delgado 2015+2018  Cabo Delgado 2015  Cabo Delgado 2018 Other 2015+2018 Other 2015 Other 2018

Mut WT Mut


image9.emf
North Center South North Center South

n=64 n=40 n=72 p n=134 n=186 n=594

p

COI, median (IQR)

2 (1, 2) 2 (1, 2) 1 (1, 2) 0.801 2 (1, 3) 2 (1, 2) 1 (1, 2)

<0.001

Monoclonal, n (%)

31 (48) 16 (40) 37 (51) 0.507 47 (35) 86 (46) 300 (51)

0.005

COI, complexity of infections

2018 2015
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image1.emf
≥1 SNP  WGS MH

MDA TES Cross ANC REACT HFS Total n (%) n (%) n (%)

2015

C. Delgado (North)

0 87 0 0 0 0 87 85 (98) 85 (98) 64 (74)

Sofala (Center)

0 71 0 0 0 0 71 65 (92) 65 (92) 6 (8)

Tete (Center)

0 67 0 0 0 0 67 62 (93) 62 (93) 34 (51)

Gaza (South)

0 86 0 0 0 0 86 80 (93) 80 (93) 44 (51)

Maputo (South)

224 0 189 0 0 0 413 163 (39) 73 (18) 29 (7)

Sub-Total

224 311 189 0 0 0 724 455 (63) 365 (50) 177 (24)

2018

C. Delgado (North)

0 141 0 0 0 83 224 223 (100) 169 (75) 142 (63)

Zambézia (Center)

0 178 0 0 0 53 231 223 (97) 146 (63) 131 (57)

Tete (Center)

0 94 0 0 0 0 94 92 (98) 64 (68) 55 (59)

Gaza (South)

0 0 0 0 0 122 122 122 (100) 122 (100) 122 (100)

Inhambane (South)

0 182 0 0 0 137 319 317 (99) 254 (80) 230 (72)

Maputo (South)

0 0 75 113 237 112 537 352 (66) 332 (62) 247 (46)

Sub-Total

0 595 75 113 237 507 1527 1329 (87) 1087 (71) 927 (61)

224 906 264 113 237 507 2251 1784 (79) 1452 (65) 1089 (48)

Samples collected

MDA, Mass Drug Administration; TES, Therapeutic Efficacy study; Cross, cros-sectional surveys; ANC, First Antenatal 

Care visit

,

 REACT, Reactive surveillance; HFS, Health facility Survey; ≥1 SNP, At least one single nucleotide 

polymorphism; WGS, Whole genome sequencing; MH, Microphaplotypes with  ≥50% coverage.

Province (Region)

Total


