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SUPPLEMENTARY TABLES 
 
Supplementary Table 1. Weight-based dosing of treatments by day*. 

Sulphadoxine-pyrimethamine 

Weight (kg) Number of Fansidar® tablets  
containing 500mg sulphadoxine and 25 mg pyrimethamine 

 Day 1 Day 2 Day 3 
11-20 1 1 1 
21-30 1·5 1·5 1·5 
31-45 2 2 2 
>45 3 3 3 

Amodiaquine 
Weight (kg) Number of 150mg tablets  

 Day 1 Day 2 Day 3 
15-18 1·5 1 1 
19-24 1·5 1·5 1·5 
25-35 2·5 2·5 2 
36-50 3 3 3 
>50 4 4 3 

Dihydroartemisinin-piperaquine 

Weight (kg) Dihydroartemisinin 
(mg) 

Piperaquine 
(mg) Number of tablets per dose 

5 to <7 10 80 ½ x 160mg / 20mg tablet 
7 to <13 20 160 1 x 160mg / 20mg tablet 

13 to <24 40 320 1 x 320mg / 40mg tablet 
24 to <36 80 640 2 x 320mg / 40mg tablet 
36 to <75 120 960 3 x 320mg / 40mg tablet 
75 to 80 160 1,280 4 x 320mg / 40mg tablet 

Methylene blue  

Weight (kg) Targeted daily dose (mg) given 1x/day for 3 days 

6·0–8·9 100 
9·0–12.9 150 

13·0–16·9 200 
17·0-19·9 250 

20·0 – 23·0 300 
23.·1 – 29·0 400 
29·1 – 36·0 500 
36·1 – 43·0 600 
43·1 – 50·0 700 
50·1 – 80·0 800 

* Primaquine was dosed using the following formula: Vol (cc) = 0·25 mg/kg x Weight 
(kg).
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Supplementary Table 2. Results from membrane feeding assay.  
   

Treatment 
group 

Infectious individuals   Infected mosquitoes  Number of oocysts per mosquito*** 

  
%  

(n/N*) p-value1 p-value2   %  
(n/N**) p-value3 p-value4  Median 

(range) p-value5 p-value6 

Day 0 
SP-AQ 60  

(12/20) Ref Ref   11·2 
(170/1517) Ref Ref   0·03 

(0, 0.94) Ref Ref 

  SP-AQ +PQ 95  
(19/20) Ref 0·020  27·1 

(420/1551) Ref <0·0001  0·22 
(0, 91) Ref 0·0053 

  DP 60  
(12/20) Ref Ref   10·0 

(159/1603) Ref Ref   0·02 
(0, 0·68) Ref Ref 

  DP +MB 55  
(11/20) Ref 1·00   10·5 

(159/1514) Ref 0·60  0·02 
(0, 0·59) Ref 0·84 

Day 2 SP-AQ 60  
(12/20) 1·00 Ref   13·7 

(214/1566) 0·043 Ref  0·02  
(0, 0·96) 0.74 Ref 

  SP-AQ +PQ 5  
(1/20) <0·0001 0·0004  4·3 

(65/1512) <0·0001 <0·0001  0 
(0, 0·80) 0·0001 0·0006 

  DP 65  
(13/20) 0·66 Ref   9·3 

(142/1522) 0·59 Ref  0·03  
(0, 0·57) 0·87 Ref 

  DP +MB 0  
(0/20) 0·0001 <0·0001   0 (0/1534) <0·0001 <0·0001  0  

(0, 0) 0·0002 0·0001 

Day 7 SP-AQ 58  
(11/19) 1·00 Ref   12·2 

(168/1370) 0·39 Ref  0·01 
(0, 0·86) 0·91 Ref 

  SP-AQ +PQ 0  
(0/19) <0·0001 0·0001  0 (0/1510) <0·0001 <0·0001  0  

(0, 0) 0·0001 0·0001 

  DP 50  
(9/18) 0·38 Ref   8·6 

(115/1340) 0·23 Ref  0·01  
(0, 0·67) 0·69 Ref 

  DP +MB 0  
(0/20) 0·001 0·0003   0 

(0/1487) <0·0001 <0·0001  0 
(0, 0) 0·0002 0·0004 

DP = dihydroartemisinin-piperaquine, MB = methylene blue, PQ = primaquine, SP-AQ = sulphadoxine-pyrimethamine plus amodiaquine 
* Proportion of individuals who infected at least 1 mosquito. 
** Proportion of infected mosquitoes. N includes mosquitoes from non-infectious individuals. 
*** Calculated by taking the total number of oocysts divided by total number of surviving mosquitoes for each individual. 
1 p-value obtained from McNemar’s Test to test difference in the proportion of infectious individuals from baseline. 
2 Fisher’s exact test to assess whether there is a difference in the proportion of infectious individuals between treatment groups. 
3 Fisher’s exact test to assess whether there is a difference in the proportion of infected mosquitoes between visits. 
4 Fisher’s exact test to assess whether there is a difference in the proportion of infected mosquitoes between treatment groups. 
5 Non-parametric, Wilcoxon signed rank test to assess within-group differences. 
6 Non-parametric Wilcoxon rank-sum test to assess between-group differences. 



 3 

Supplementary Table 3. Female and male (Pfs25 and PfMGET) gametocyte density*, prevalence, and sex ratio** by 
treatment group and visit. Change in area under the curve and gametocyte circulation times assessed by treatment group. 

Visit Gametocyte marker SP-AQ SP-AQ +PQ p-value*** DP DP +MB p-value*** 

Day 0 Pfs25 qRT-PCR Prevalence % (n/N) 100 (20/20) 100 (19/19) 1·00 100 (19/19) 100 (20/20) 1·00 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

31731  
(18240, 8620) 

70307  
(33961, 172584) 0·13 47753  

(21777, 86696) 
24932  

(17106, 78440) 0·45 

 PfMGET qRT-PCR Prevalence % (n/N) 100 (20/20) 100 (19/19) 1·00 100 (19/19) 100 (20/20) 1·00 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

20742  
(10851, 35216) 

30974  
(19907, 88920) 0·14 23550  

(7852, 41400) 
15996  

(8865, 32582) 0·74 

 Pfs25:PfMGET ratio Median (IQR) 2·3 (0·7, 3·7) 1·3 (0·8, 3·6) 0·75 2·2 (1·2, 3·9) 2·1 (1·3, 3·0) 0·61 

Day 1 Pfs25 qRT-PCR Prevalence % (n/N) 95 (19/20) 90 (18/20) 1·00 95 (18/19) 100 (20/20) 0·49 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

32885  
(12022, 105925) 

56143  
(24266, 167494) 0·19 33784  

(14093, 50933) 
19756  

(12907, 54147) 0·86 

 PfMGET qRT-PCR Prevalence % (n/N) 95 (19/20) 95 (19/20) 1·00 100 (19/19) 100 (20/20) 1·00 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

24831 
(7762, 40832) 

33420  
(14355, 94406) 0·11 13709  

(4592, 36813) 
10936  

(7568, 35318) 0·88 

 Pfs25:PfMGET ratio Median (IQR) 2·2 (0·8, 3·0) 1·5 (0·9, 3·1) 0·93 1·9 (1·1, 4·3) 2·0 (1·1, 2·8) 0·84 

Day 2 Pfs25 qRT-PCR Prevalence % (n/N) 100 (19/19) 95 (19/20) 1·00 95 (19/20) 95 (19/20) 1·00 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

31189  
(11561, 147571) 

61235  
(17865, 99083) 0·90 18535  

(11041, 54576) 
13996  

(5521, 25882) 0·18 

 PfMGET qRT-PCR Prevalence % (n/N) 100 (19/19) 100 (20/20) 1·00 100 (20/20) 100 (20/20) 1·00 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

13366  
(8147, 35156) 

23421  
(13921, 52110) 0·23 14878  

(5377, 33777) 
7124  

(4000, 14263) 0·14 

 Pfs25:PfMGET ratio Median (IQR) 1·8 (1·0, 3·5) 1·6 (1·1, 2·7) 0·65 1·9 (0·8, 3·3) 1·7 (1·0, 2·5) 0·74 

Day 7 Pfs25 qRT-PCR Prevalence % (n/N) 100 (19/19) 58 (11/19) 0·0030 94 (17/18) 80 (16/20) 0·34 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

25586  
(8630, 119399) 

209  
(28, 463) 0·0001 10023  

(5794, 40738) 
812  

(123, 2177) 0·0001 

 PfMGET qRT-PCR Prevalence % (n/N) 100 (19/19) 95 (18/19) 1·00 94 (17/18) 40 (8/20) 0·0010 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

12190  
(6871, 27290) 

2506  
(649, 3281) 0·0062 8730  

(2523, 13646) 
124  

(48, 268) 0·0014 

 Pfs25:PfMGET ratio Median (IQR) 2·4 (1·4, 3·8) 0·02 (0·008, 0·1) <0·0001 2·0 (1·1, 3·6) 17·2 (4·0, 34·8) 0·0070 

Day 14 Pfs25 qRT-PCR Prevalence % (n/N) 100 (19/19) 28 (5/18) <0·0001 100 (18/18) 40 (8/20) <0·0001 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

18706  
(6471, 45082) 

86  
(60, 729) 0·014 8539  

(5070, 29242) 
242  

(171, 271) 0·0001 

 PfMGET qRT-PCR Prevalence % (n/N) 100 (19/19) 50 (9/18) <0·0001 100 (18/18) 10 (2/20) <0·0001 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

5105  
(2275, 16181) 

165  
(140, 447) 0·0001 3168  

(1216, 8750) 50, 71**** 0·023 

 Pfs25:PfMGET ratio Median (IQR) 2·2 (1·5, 4·1) 1·0 (0·2, 5·5) 0·29 3·1 (1·6, 5·3) 7·4 (4·0, 10·9) 0·21 
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Visit Gametocyte marker SP-AQ SP-AQ +PQ p-value*** DP DP +MB p-value*** 

Day 28 Pfs25 qRT-PCR Prevalence % (n/N) 95 (18/19) 28 (5/18) <0·0001 89 (16/18) 5 (1/19) <0·0001 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

2817  
(724, 9397) 

165  
(16, 217) 0·011 2168  

(518, 3434) 54702**** 0·10 

 PfMGET qRT-PCR Prevalence % (n/N) 79 (15/19) 22 (4/18) 0·0010 78 (14/18) 0 (0/19) <0·0001 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

1528  
(366, 4581) 

80  
(29, 248) 0·021 279  

(34, 1127) 0 NA 

 Pfs25:PfMGET ratio Median (IQR) 3·6 (2·4, 6·9) 8·2 (4·6, 11·8) 0·34 7·7 (3·7, 9·2) NA NA 

Day 42 Pfs25 qRT-PCR Prevalence % (n/N) 56 (10/18) 17 (3/18) 0·035 50 (9/18) 6 (1/18) 0·0070 

 Pfs25 qRT-PCR Density (per mL); 
median (IQR) 

747  
(472, 1413) 57, 86, 38726 0·61 191  

(93, 759) 26**** 0·12 

 PfMGET qRT-PCR Prevalence % (n/N) 28 (5/18) 0 (0/18) 0·045 22 (4/18) 0 (0/18) 0·10 

 PfMGET qRT-PCR Density (per mL); 
median (IQR) 

72  
(63, 81) 0 NA 131  

(58, 164) 0 NA 

 Pfs25:PfMGET ratio Median (IQR) 22·4  
(10·8, 26·9) NA NA 17·4 (7·8, 40·2) NA NA 

Entire time 
of follow-up 

AUC Pfs25 
density/µL 
versus time 

Median  
(IQR) 

9·4  
(3·8, 44·2) 

4·1  
(2·1, 7·9) 0·052 6·2  

(2·6, 12·2) 
1·6  

(0·9, 5·6) 0·013 

  
Change in AUC 

of Pfs25 
β 

(95% CI)** Ref -0·64  
(-0·98, -0·29) 0·0010 Ref -0·42  

(-0·58, -0·27) <0·0001 

  

AUC PfMGET 
density/µL 
versus time 

Median  
(IQR) 

3·3  
(2·3, 8·2) 

2·4 
(1·5, 6·4) 0·40 2·9  

(1·1, 6·1) 
0·8  

(0·5, 2·2) 0·0094 

  

Change in AUC 
of PfMGET 

β 
 (95% CI)** Ref -0·33  

(-0·51, -0·15) 0·0010 Ref -0·38  
(-0·61, -0·17) 0·0010 

AUC = area under the curve, IQR = interquartile range, CI = confidence interval, DP = dihydroartemisinin-piperaquine, MB 
= methylene blue, PQ = primaquine, qRT-PCR = quantitative reverse-transcriptase polymerase chain reaction, Ref = 
reference, SP-AQ = sulphadoxine-pyrimethamine plus amodiaquine 
* Densities reported only among gametocyte positive individuals. Thresholds for gametocyte positivity was >0.01 
gametocytes/μL. 
** Ratios reported only among those who had a total gametocyte density >0·02 gametocytes/mL (i.e. 20 gametocytes in 
the 100µL blood sample) 
*** p-value represents between-group differences. Differences in gametocyte prevalence was tested using the Fisher’s 
exact test. The Wilcoxon rank-sum test was used to test differences in gametocyte density and sex ratios. 
**** When ≤3 samples were gametocyte positive, individual gametocyte densities are reported. 
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Supplementary Table 4. Female and male gametocyte circulation times per treatment arm 
 Female gametocytes (Pfs25)  Male gametocytes (PfMGET)  

Treatment 
Circulation time 

in days  
(95% CI) 

Difference in days 
(95% CI) p-value*  

Circulation time 
in days  

(95% CI) 

Difference in days 
(95% CI) p-value*  

SP-AQ 8·6 (7·3-9·8) Ref   7·3 (6·5-8·2) Ref   

SP-AQ +PQ 4·4 (3·4-5·5) 4·2 (2·7-5·7) 0·0051  3·2 (2·8-3·5) 4·1 (3·2-5·0) <0·0001  

DP 8·8 (7·7-10·0) Ref   6·9 (6·2-7·6) Ref   

DP +MB 3·7 (2·9-4·5) 5·1 (3·8-6·4) <0·0001  1·7 (1·4-2·0) 5·2 (4·5-5·9) <0·0001  

CI = confidence interval, DP = dihydroartemisinin-piperaquine, MB = methylene blue, PQ = primaquine, Ref = reference, 
SP-AQ = sulphadoxine-pyrimethamine plus amodiaquine 
* p-value represents two sample t-test testing difference in mean circulation time between groups. 
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Supplementary Table 5. Correlations between mosquito infectivity and log10 adjusted gametocyte density for both 
female (Pfs25) and male (PfMGET) markers. 

   Day 0   Day 2   Day 7  

   n r (95% CI) p-value*  n r (95% CI) p-value*  n r (95% CI) p-value*  

Pfs25 Overall 78 0·49 (0·30, 0·64) <0·0001   76 0·35 (0·13, 0·53) 0·0023   63 0·64 (0·46, 0·77) <0·0001  

  SP-AQ and DP 39 0·46 (0·17, 0·68) 0·0030  38 0·51 (0·23, 0·72) 0·0011  36 0·60 (0·34, 0·78) 0·0001  

  SP-AQ +PQ 19 0·41 (-0·05, 0·73) 0·078   19 0·34 (-0·14, 0·85) 0·15   11 NA** NA  

  DP +MB 20 0·50 (0·07, 0·77) 0·025   19 NA** NA   16 NA** NA  

   Day 0   Day 2   Day 7  

   n r (95% CI) p-value*  n r (95% CI) p-value  n r (95% CI) p-value*  

PfMGET Overall 78 0·58 (0·41, 0·71) <0·0001   79 0·4 (0·20, 0·57) 0·0020   62 0·62 (0·44, 0·76) <0·0001  

  SP-AQ and DP 39 0·54 (0·27, 0·73) 0·0004  39 0·63 (0·37, 0·79) <0·0001  36 0·74 (0·54, 0·86) 0·0001  

  SP-AQ +PQ 19 0·57 (0·15, 0·81) 0·011   20 0·34 (-0·19, 0·68) 0·14   18 NA** NA  

  DP +MB 20 0·54 (0·13, 0·79) 0·014   8 NA** NA   20 NA** NA  

CI = confidence interval, DP = dihydroartemisinin-piperaquine, MB = methylene blue, NA = not applicable, PQ = 
primaquine, r = Spearman Correlation coefficient, SP-AQ = sulphadoxine-pyrimethamine plus amodiaquine 
* p-value test whether Spearman correlation coefficient is equal to zero. 
** No correlations were computed for the DP group on days 2 and 7 or for the PQ group on day 7 due to the lack of 
infectious individuals. 
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Supplementary Table 6. Mean within-person percent change in hemoglobin 
from baseline across treatment groups. 

Visit Treatment group % Change (range) p-value* 
Day 1 SP-AQ -9·2 (-18·2, 4·4) Ref 

  SP-AQ +PQ -7·2 (-15·9, 8·3) 0·33 
  DP -8·0 (-15·3, 14) Ref 
  DP +MB -5·5 (-17·8, 3·8) 0·22 

Day 2 SP-AQ -10·3 (-20·4, 2·7) Ref 
  SP-AQ +PQ -6·9 (-17·5, 7·1) 0·15 
  DP -6·6 (-17·6, 14·3) Ref  
  DP +MB -5·2 (-20·7, 6·6) 0·56 

Day 3 SP-AQ -5·5 (-19·1, 8·0) Ref  
  SP-AQ +PQ -4·4 (-17·1, 9·3) 0·62 
  DP -3·2 (-13·4, 25) Ref 
  DP +MB -2·0 (-18·5, 14·7) 0·67 

Day 7 SP-AQ -4·2 (-16·9, 14·2) Ref 
  SP-AQ +PQ -1·8 (-12·6, 17·4) 0·30 
  DP -6·4 (-18·1, 10·0) Ref 
  DP +MB -6·8 (-24·4, 2·9) 0·87 

Day 14 SP-AQ -3·3 (-15·5, 11) Ref 
  SP-AQ +PQ -0·3 (-13·7, 11·0) 0·22 
  DP -4·9 (-15·9, 9·0) Ref 
  DP +MB -6·7 (-22·2, 4·5) 0·42 

Day 28 SP-AQ -4·4 (-40·0, 14·2) Ref 
  SP-AQ +PQ 1·7 (-4·1, 10·1) 0·056 
  DP -2·9 (-16·7, 17·1) Ref 
  DP +MB -1·0 (-19·2, 9·8) 0·52 

Day 42 SP-AQ -0·6 (-12·0, 13·9) Ref 
  SP-AQ +PQ 3·2 (-15·1, 17·4) 0·19 
  DP -2·3 (-12·3, 12) Ref 
  DP +MB -0·8 (-20·7, 15·7) 0·61 

DP = dihydroartemisinin-piperaquine, MB = methylene blue, PQ = primaquine, 
Ref = reference, SP-AQ = sulphadoxine-pyrimethamine plus amodiaquine 
* p-value represents two sample t-test used to test between-group differences. 
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SUPPLEMENTARY FIGURES 
 
Supplementary Figure 1. Female to male (Pfs25:PfMGET) gametocyte sex ratio 
by group and visit. Gametocyte sex-ratios were calculated among samples with a 
total gametocyte density above 0·2 gametocyte/µL or 20 gametocytes in the 
100µL blood sample. Note: DP = dihydroartemisinin-piperaquine, SLD PQ = 
single low-dose primaquine, SP-AQ = sulphadoxine-pyrimethamine amodiaquine 
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Supplementary Figure 2. Female (Pfs25) and male (PfMGET) gametocyte 
circulation times (days) by treatment group (mean [circle/box], 95% CI 
[whiskers]). P-values represent testing for between group differences. Note: DP = 
dihydroartemisinin-piperaquine, SLD PQ = single low-dose primaquine, SP-AQ = 
sulphadoxine-pyrimethamine amodiaquine.  
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Supplementary Figure 3. The association between log10 adjusted female 
(Pfs25) and male (PfMGET) gametocyte densities and mosquito infection rates 
prior to treatment (A, C) and on day 7 post-treatment (B, D). SP-AQ and DP were 
combined to represent the non-gametocytocidal treatment groups. Note: DP = 
dihydroartemisinin-piperaquine, SLD PQ = single low-dose primaquine, SP-AQ = 
sulphadoxine-pyrimethamine amodiaquine.  
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Figure 5. The association between log10 adjusted female and male gametocyte densities and 
mosquito infection rates prior to treatment (A, C) and on day 7 post-treatment (B, D). SP-AQ and 
DP groups were combined to represent the non-gametocytocidal treatment groups. 
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Supplementary Figure 4. Distribution (median [line], IQR [box], and range 
[whisker]) of haemoglobin values (g/dL) (A) and mean within-person percent 
change in haemoglobin (B) by group and visit. Note: DP = dihydroartemisinin-
piperaquine, SLD PQ = single low-dose primaquine, SP-AQ = sulphadoxine-
pyrimethamine amodiaquine.  
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Supplementary Figure 2. Distribution of haemoglobin values (g/dL) (A) and mean within-
person percent change in hemoglobin (B) by group and visit. 
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Summary 
Title: Phase 2, single-blind randomised controlled trial of the efficacy and safety of primaquine and 
methylene blue for preventing Plasmodium falciparum transmission in Mali 
 
Purpose:  The purpose of this study is to determine the most efficacious transmission blocking drug 
regimen for seasonal malaria chemoprophylaxis in Mali. The primary outcome measure will be the 
proportion of mosquitoes infected pre and post-treatment, assessed through membrane feeding and 
measured by oocyst prevalence in mosquitoes dissected on day 7 post feed. Primary endpoint will be 
compared between the mean of the pretreatment infectivity (Day 0) and infectivity at 7 days post first 
dose. 
 
Study design: This is a four arm, phase 2, individual-based randomized controlled trial. Participants will 
be randomized to receive: 

• Sulphadoxine-pyrimethamine-amodiaquine, or; 
• Sulphadoxine-pyrimethamine-amodiaquine + 0.25 mg/kg primaquine, or; 
• Dihydroartemisinin-piperaquine, or; 
• Dihydroartemisinin-piperaquine with methylene blue (15 mg/kg/day x 3 days) 

 
Study Population:  Afebrile G6PD-replete Malian men aged 5-50 years (inclusive), presenting with 
Plasmodium falciparum gametocytes  
 
Study Size: This study will enroll 20 participants per dose group. If all dose groups are tested, this study 
will enroll approximately 80 participants.  
 
Study visit and duration: Each participant will be followed for 42 days. Participants will be evaluated for 
infectivity using a membrane feeding assay at baseline, and on days 2 and 7 post drug administration. 
Participants will also be assessed for gametocytes, hemolysis, and adverse events at baseline, and on days 
1, 2, 3, 7, 14, 28, and 42 after receiving the first dose of the study drug. 
 
Primary objective:  
1. Assess the change of infectivity of gametocytes from malaria infected patients following the 
administration of sulphadoxine-pyrimethamine-amodiaquine (SP-AQ), SP-AQ plus single low dose 
primaquine (SP-AQ-SLD PQ), dihydroartemisinin-piperaquine (DP) and DP plus methylene blue (DP-
MB) in P. falciparum gametocyte carriers. 
 
Secondary objectives 
1. Assess the safety and tolerability of SP-AQ, SP-AQ-SLD PQ, DP and DP-MB through clinical 
assessments on followup, and the measurement of hemoglobin concentration and methemoglobin levels 
2. Assess the effect of SP-AQ, SP-AQ-SLD PQ, DP and DP-MB on the clearance of male and female 
P. falciparum gametocytes 
3. Determine the pharmacokinetics of SP-AQ with or without PQ, PQ and carboxyprimaquine when 
given with SP-AQ, DP with or without MB, and MB  with DP, in malaria infected adults without G6PD 
deficiency 
4. Explore cytochrome p450 polymorphisms in malaria infected adults without G6PD deficiency 
deficiency who received SP-AQ, SP-AQ-SLD PQ, DP  or DP-MB. 
Background 
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The success of malaria control programs in reducing malaria transmission has led to the call for 
elimination in many areas. As malaria transmission reduces with the scale up of traditional tools of 
malaria control such as indoor residual spraying and insecticide treated bed nets, the residual 
transmission often attributed to outdoor or early evening biting vectors becomes apparent. In addition, 
countries that have reached low endemicity have large malaria-free areas susceptible to re-introduction 
of the parasites through the movement of infected people. Thus, new tools that can target an alternative 
part of the parasite lifecycle would add to current malaria control and elimination strategies. Such a 
strategy could involve targeting the parasite in humans [1].   
 
Such tools for targeting the parasite in humans include seasonal malaria chemoprophylaxis (SMC) 
where repeated therapeutic doses of antimalarials are given during the peak malaria transmission season 
to prevent morbidity in children. A meta-analysis of SMC studies in which a therapeutic course of 
sulphadoxine-pyrimethamine plus amodiaquine (SP-AQ) was given once per month to children under 
the age of 5 years during the peak malaria transmission season showed an 83% (95% CI: 72%, 89%) 
reduction in the incidence of clinical attacks of malaria and a similar reduction in the incidence of severe 
malaria [2]. In many African studies, SP-AQ has shown to be efficacious for the treatment of 
uncomplicated falciparum malaria and comparable to sulphadoxine-pyrimethamine plus artesunate (SP-
AS) [3, 4]. SMC with SP-AQ is predicted to be both effective and cost-effective in many parts of Africa 
[5], is recommended by the WHO in highly seasonal transmission areas of the Sahel [6], and is 
implemented as policy over huge areas of the Sahel. 
 
While SP-AQ is the main drug combination used for SMC, its use in eastern parts of Africa is hampered 
by widespread drug resistance against SP [4, 7, 8]. For this reason, the use of the artemisinin-based drug 
combination, dihydroartemisinin-piperaquine (DP), for SMC is gaining interest, and has been trialed in 
the Gambia [9], in Senegal [10], and in Uganda [11]. An additional potential benefit of DP is the long 
half-life of piperaquine, offering longer periods of protection [11, 12]. 
 
Regardless of whether SP-AQ or DP are used for SMC, both drug regimens share a common limitation: 
neither drug has efficacy against mature gametocytes of P. falciparum malaria, the parasite lifecycle 
stage responsible for ongoing transmission. When using SP-AQ, gametocytes persist for more than one 
month after successful treatment of blood stage infections [13]. The use of DP shortens gametocyte 
carriage times [14] and infectivity for at least one week [15, 16], and while a better transmission blocker 
than SP-AQ, it still leaves a window of infectivity that could be removed or shortened by the addition of 
a gametocytocidal drug. This raises the question of whether SMC drug regimens may be further 
improved through the addition of specific gametocytocidal drugs to SP-AQ or DP. 
 
Potential gametocytocidal drugs for SMC  
Primaquine (PQ) and methylene blue (MB) are two potent gametocytocidal compounds that are 
currently available for use in humans, both of which have shown to dramatically reduce gametocyte 
carriage when combined with non-artemisinin therapy or artemisinin-based combination therapy	[17-
19].  
 
Primaquine: efficacy 
Primaquine, an 8-aminoquinoline developed in the 1940s, has been licensed by the FDA as an 
antimalarial drug since 1952 for the radical treatment of P. vivax and P. ovale infections because of its 
unique ability to kill the dormant liver form of these parasites. For this indication primaquine is usually 
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prescribed over 14 days of treatment (7mg/kg total dose) administered once per day [20]. Besides the 
use in the radical cure of vivax or ovale malaria, primaquine also has a unique gametocytocidal action 
that no other registered antimalarial has. For this gametocytocidal indication, a single low dose (SLD) of 
primaquine is sufficient to clear the mature (stage V) gametocytes of P. falciparum parasites [21]. Thus, 
primaquine can prevent onward transmission of malaria when used in combination with an effective 
blood schizonticidal. The World Health Organization (WHO) recommends SLD primaquine (0.25 
mg/kg), in conjunction with an artemisinin-based combination therapy (ACT), to prevent the onward 
transmission of malaria when treating falciparum malaria in areas of artemisinin drug resistance or 
malaria elimination. This recommendation is adopted as policy in 20 countries worldwide [22], and we 
recently showed that this dose is efficacious in preventing malaria infectivity when given with DP	[16].  
 
As SLD PQ + DP has already been studied for transmission blocking in mosquitoes [16], the impact of 
adding SLD PQ to SP-AQ remains to be established. To date, no studies have investigated the 
combination of SP-AQ and SLD PQ in Africa. One study was conducted in Colombia, where the impact 
of adding a single high dose of PQ (0.75 mg/kg) to SP-AQ on gametocytemia as assessed using 
microscopy [23]. In this study, gametocytemia was reduced, but not cleared, on days 4 and 8 of follow-
up. The reasons for this are unclear; it is plausible that drug resistance against SP and AQ in Colombia 
[24] may cause the ongoing production of gametocytes. Regardless, there is a need to assess the impact 
of adding SLD PQ to SP-AQ in western Africa, where SP-AQ is used routinely, and drug resistance to 
SP-AQ is much less common than in many other regions of the world [25]. 
 
Methylene blue: efficacy 
MB is a water-soluble dye that has been used for more than a century to treat malaria	[26]. MB has high 
potency against P. falciparum gametocytes in vitro and in vivo [19, 27], and was recently identified as 
the most potent drug in clearing mature gametocytes in vitro	[19]. Furthermore, MB preferentially clears 
mature male gametocytes over female ones [28], increasing its potential transmission blocking efficacy, 
as gametocytes are required to mate to propagate the malaria lifecycle	[29].  
 
Although MB is the oldest synthetic drug for the treatment of malaria [26], its widespread use was 
hampered by its colorative properties, turning the urine blue-green and – with very high doses – the 
sclera in the eyes a faint blue color [30]. Recent studies on MB are reported from Burkina Faso, and 
have explored doses of MB ranging from 4 mg/kg/day x 3 days	[31], to 24 mg/kg/day (split into 1, 2, or 
4 doses  per day) x 3 days	[32]. Studies have entailed the use of MB alone, with chloroquine, with 
artesunate, or with artesunate-amodiaquine, detailed in the following paragraph. 
 
A study exploring the use of MB alone (13 mg/kg/day as 2 separate doses x 3, 5, or 7 days) in 60 
participants found that MB acts slowly against asexual falciparum parasites, and appears to be able to 
clear parasites when given for at least 7 days, recommending that MB be administered with a 
schizontocidal partner drug [33]. Several trials have investigated the administration of MB with 
chloroquine, at 4 mg/kg/day x 3 days in young children (including those with G6PD-deficiency) [31], at 
4.3 mg/kg/day x 3 days in 74 G6PD-deficient adult men [34], at 12, 18, or 24 mg/kg/day x 3 days in 435 
children [32]. These studies found that MB in combination with chloroquine was not efficacious at low 
doses of 4 mg/kg/day x 3 day [31], that doses of 4.3 mg/kg/day x 3 days were safe in G6PD-deficient 
men [34], and that higher doses (12, 18, or 24 mg/kg/day x 3 days) showed limited efficacy against 
malaria, presumably due to widespread chloroquine resistance in Burkina Faso [32]. 
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A second set of studies explored the use of MB with artesunate and/or amodiaquine. In one study, MB 
was administered at 20 mg/kg/day (as 2 separate doses) x 3 days with artesunate or amodiaquine to 180 
children [18], showing that MB was effective in clearing gametocytes seen by microscopy by day 14 of 
followup. In another study published within a review of several of the above studies, MB was 
administered at 20 mg/kg/day x 7 days with artesunate, or at 20 mg/kg/day x 3 days with amodiaquine, 
analyzed as pooled safety data without report of efficacy [35]. Most recently, MB was administered at 
15 mg/kg/day x 3 days with artesunate-amodiaquine in 221 children, showing that gametocyte 
prevalence on day 7 by microscopy and QT-NASBA was significantly lower with the addition of MB, 
and that asexual malaria clearance rates was similar in groups with and without MB [36]. 
 
This study showed that MB at 15 mg/kg/day x 3 days when administered with AS- AQ, an artemisinin-
based drug and a partner drug with a long half-life,was efficacious in the clearance of both asexual 
parasitemia and gametocytes by day 7, as assessed by microscopy and QT-NASBA. However, several 
knowledge gaps for MB remain. The use of MB with DP has never been assessed, although DP is a 
promising partner drug regimen considering its similarities to AS-AQ, in containing an artemisinin-
based component with a long-acting partner drug. The transmission-blocking properties of MB have 
never been confirmed through direct or membrane feeding assays, the latter of which is the gold 
standard for infectivity studies. There is a pressing need to assess the efficacy of MB through membrane 
feeding assays, as molecular methods that rely on the quantification of gametocytes are limited by their 
inability to differentiate between sterile or dead gametocytes from those that remain infective after 
treatment	[29]. 
 
Statement of the problem 
 
SMC entailing the use of monthly doses of SP-AQ throughout the rainy season is recommended by the 
WHO [6], and is implemented as policy over huge areas of the Sahel. SMC using DP offers potential 
benefits, including its implementation in east Africa, where drug resistance against SP is widespread. 
The potential impact of SMC using either SP-AQ or potentially DP could be increased through the 
addition of a gametocytocidal, transmission-blocking drug, but there is a lack of evidence on the 
effectiveness of adding a gametocytocidal drug, SLD PQ or MB, to DP or SP-AQ. To potentially 
optimize the drug regimen for SMC by increasing its impact on transmission, we propose to conduct a 
phase 2 randomized clinical trial. We will assess the impact of adding SLD PQ or MB to SP-AQ or DP 
on post-treatment infectivity in Mali, where SMC using SP-AQ is currently administered to all children 
under the age of 5 years in areas at risk of seasonal malaria	[37]. We will investigate transmission-
blocking effects in males age 5 and above for ethical reasons, as venous blood draws unsuitable for 
children under the age of 5 are required for infectivity assessments using the membrane feeding assay. 
 
Drug safety: Primaquine, methylene blue, and glucose-6-phosphate dehydrogenase deficiency 
 
Safety precautions must be taken in this study, as PQ and MB are both known to cause dose-dependent 
hemolysis among individuals who are deficient in glucose-6-phosphate dehydrogenase (G6PD), an 
enzyme involved in glucose metabolism prevalent in malarious geographies [38].  Hemolysis in G6PD-
deficient (G6PDd) individuals is caused by oxidative stress induced by primaquine or methylene blue 
within red blood cells (RBCs), and can range in severity from compensated hemolysis, to mild acute 
hemolytic anemia (AHA), to severe AHA, with or without renal failure [21, 30, 39].  The extent of 
hemolysis depends on several factors including the dose of primaquine or methylene blue, the type of 
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G6PD deficiency, the functional G6PD assessment at the time of dosing, the concurrent use of other 
oxidant drugs, and whether the person is hemizygous (homozygous) or heterozygous for G6PD-
deficiency [38]. 
 
To ensure the safety of all trial participants, we will only enroll G6PD-normal males in this study. There 
are two underlying reasons for this decision. The first is a biological reason; G6PD-deficiency is a sex-
linked genetic trait as the G6PD gene is located on the X chromosome, putting hemizygous men and 
homozygous women at the greatest risk of hemolytic effects from enzyme deficiency. The second is a 
practical reason; hemizygous males and homozygous females tend to have the lowest levels of enzyme 
activity and are therefore the easiest to identify [38]. Identification of heterozygous females is 
complicated by X-chromosome mosaicism (or lyonization), as the use of common tests for G6PD 
activity, including the fluorescent spot test and/or Carestart test, are often unable to detect intermediate 
levels of G6PD activity common in heterozygous females [38]. As hemizygous males and heterozygous 
females are more common than homozygous females, it is practical to exclude all females in this study 
to ensure that heterozygous females do not get exposed to primaquine or methylene blue.  
 
A further review of the safety of primaquine or methylene blue is detailed below. Although we do not 
anticipate any hemolytic adverse events in our patient population of G6PD-normal men, we will conduct 
safety precautions by conducting clinical assessments on follow-up, by offering care free of charge to all 
participants throughout the duration of follow-up, and by monitoring participant hemoglobin levels on 
each day of follow-up.  Should any adverse events arise, hospital facilities will be available 24 hours a 
day, 7 days a week, and will be able to provide access to clean blood for transfusion according to 
standard precautions in Mali, and/or renal dialysis should they, in any circumstance, be needed. 
 

1. Safety of 0.25 mg/kg dose of SLD PQ 
Although we expect that a 0.25 mg/kg dose of SLD PQ is safe in both G6PD-normal and G6PD-
deficient individuals, we will take extra safety precautions by excluding G6PD-deficient individuals in 
this study. Our basis for this expectation is the WHO recommendation to use this dose (0.25 mg/kg), 
without mandatory G6PD testing, in conjunction with an artemisinin-based combination therapy, to 
block P. falciparum transmission in areas threatened by artemisinin resistance or approaching malaria 
elimination	[17]. The safety of SLD PQ is ascertained by its wide use over the past 60 years, where 
millions of individuals have received doses higher than 0.25 mg/kg without reported serious adverse 
events, although pharmacovigilance was noted to be weak [21]. Furthermore, the safety of SLD PQ in 
both G6PDd and G6PD-normal individuals has been confirmed in recent clinical trials. G6PDd 
individuals in Uganda who received up to a 0.4 mg/kg dose of SLD PQ did not experience statistically 
significant or clinically relevant reductions in hemoglobin concentrations [40], an observation consistent 
with those from the recent SAFEPRIM trial in Burkina Faso (unpublished findings,  clinicaltrials.gov 
NCT02174900). Primaquine use is widespread throughout the world, and many countries have adopted 
the 0.25 mg/kg WHO recommendation for SLD PQ use as policy, without G6PD testing [30].  
 

2. Safety of dose of MB: 15 mg/kg/day x 3 days 
Several recent studies of MB, at or above 15 mg/kg/day for 3 days, provide evidence of its safety in 
G6PD-normal individuals over 6 months of age in Africa. 
 
In 2013, a pooled analysis of 4 clinical trials investigated the safety and efficacy of methylene blue, 
where MB was given at 4 mg/kg/day, 12 mg/kg/day, or 24 mg/kg/day for 3 days with chloroquine, or 15 
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mg/kg/day or 20 mg/kg/day for 3 days with artesunate, or artesunate-amodiaquine without MB, in 1,005 
children with uncomplicated falciparum malaria in Burkina Faso [35]. Of these 1,005 children, 20% 
(199) were G6PD-deficient, and the remaining 80% (806) were G6PD-normal. Out of 1005 children, 
there were two episodes of hemolysis leading to severe anemia (Hb ≤5 g/dL); a 21-month-old girl with 
heterogyzous G6PD deficiency received 4 mg/kg/day of MB x 3 days with a high initial parasitaemia of 
falciparum malaria (193,000 parasites/mL)  and a 28-month-old boy with hemizygous G6PD deficiency  
received high doses of 24 mg/kg/day x 3 days of MB and developed severe anemia, which improved on 
iron supplementation [32]. No hemolytic serious adverse events were observed G6PD-normal 
individuals, in doses investigated that are equal to or similar to those we propose to investigate in this 
study. The authors noted that although children with hemi- or homozygous G6PD (A-) deficiency 
treated with 15 mg/kg per day of MB was associated with a statistically significant reduction in Hb 
values, the minimum value reached was of 8.5 g/dL and no clinical consequences were observed.  
 
A subsequent study published in 2015 entailed the administration of MB (15 mg/kg/day for 3 days), 
with artesunate-amodiaquine (AS-AQ), to 221 children with uncomplicated falciparum malaria in 
Burkina Faso	[36]. The MB used in this study was an improved pediatric formulation. There were no 
serious adverse events related to the study medication, and six cases of hemolysis, with the same number 
of hematological events in each group (three cases in the AS-AQ group, and three cases in the AS-AQ-
MB group). Five individuals had a drop in Hb ≥ 2.5g/dL within 24 hours between day 0 and 1 (two in 
the AS-AQ group and three in the AS-AQ-MB group), and one individual had a Hb ≥ 2.5g/dL within 24 
hours between days 2 and 3 (in the AS-AQ group). The G6PD status of individuals in this study was not 
reported. Hemoglobin concentrations were significantly lower in the AS-AQ-MB group than in the AS-
AQ group on day 2 (P = 0.04) and day 7 (P = 0.005), and in both groups, hemoglobin values rapidly 
increased thereafter without therapeutic intervention, with hematological recovery being more rapid in 
the AS-AQ group than the AS-AQ-MB group. As G6PD status was not reported, it is unclear whether 
drops in Hb in this study were related to G6PD-deficiency. Regardless, no clinical consequences were 
observed, and hemoglobin values recovered without further intervention. In this study, vomiting was 
reported to be a side effect of MB; 25 children were excluded from the study because they vomited after 
drug administration, and 22/25 of these children received AS-AQ-MB [36]. 
 
It should be noted that an additional study was conducted in 2009, where methylene blue (20 mg/kg/day 
x 3 days) was given in conjunction with artesunate (4 mg/kg/day x 3 days) or amodiaquine (10 
mg/kg/day x 3 days) in 180 children with uncomplicated falciparum malaria in Burkina Faso	[18]. 
G6PD testing was not conducted for this study, nor were adverse events reported. 
 
Taken together, the evidence presented above, from six clinical trials including approximately 1,400 
individuals, suggests that a 15 mg/kg/day dose of MB for 3 consecutive days in African individuals may 
lead to mild hemolysis that is similar to the use of SLD-PQ. The resulting hemolysis and mild anemia 
resulting in no clinical symptoms self corrects rapidly, without intervention, as was previously reported 
for SLD-PQ [41]. As stated above, although we do not expect severe hemolytic adverse events from this 
dose of MB, precautions will be taken to ensure that if clinically significant hemolysis does occur, that 
patient(s) will have immediate access to care in both a local health center and regional hospital. As the 
nadir in hemoglobin concentrations after MB and SLD PQ occur within the first week after drug 
administration, the study participants will be  intensively monitored during this period in the current 
study.  
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Objectives 
Primary specific objective 

1. Assess the change of infectivity of gametocytes from malaria infected patients following the 
administration of sulphadoxine-pyrimethamine-amodiaquine (SP-AQ), SP-AQ plus single low 
dose primaquine (SP-AQ-SLD PQ), dihydroartemisinin-piperaquine (DP) and DP plus 
methylene blue (DP-MB) in P. falciparum gametocyte carriers. 
 

Secondary specific objectives 
1. Assess the safety and tolerability of SP-AQ, SP-AQ-SLD PQ, DP and DP-MB through clinical 

assessments on followup, and the measurement of hemoglobin concentration and methemoglobin 
levels 

2. Assess the effect of SP-AQ, SP-AQ-SLD PQ, DP and DP-MB on the clearance of male and 
female P. falciparum gametocytes 

3. Determine the pharmacokinetics of SP-AQ with or without PQ, PQ and carboxyprimaquine 
when given with SP-AQ, DP with or without MB, and MB  with DP, in malaria infected adults 
without G6PD deficiency 

4. Explore cytochrome p450 polymorphisms in malaria infected individuals without G6PD 
deficiency deficiency who received SP-AQ, SP-AQ-SLD PQ, DP  or DP-MB. 

 
Study site 
The Malaria Research and Training Centre (MRTC) in Bamako, Mali will use the field site of 
Ouelessebougou for recruitment. The MRTC has the unique position of being one of very few sites in 
Africa that can study malaria transmission endpoints.  Between 2013 and 2014, the MRTC successfully 
carried out a very similar trial at this site with great success, in collaboration with the University 
Nijmegen, the Netherlands, the Mahidol Oxford Research Unit, Thailand, and the University of 
California San Francisco. In the 2013-2014 study, the MRTC demonstrated the efficacy of SLD PQ of 
doses of 0.125mg/kg or greater in combination with dihydroartemisinin-piperaquine for blocking P 
falciparum  transmission safely in G6PD normal Malian males from the age of 5-50 years [16]. MRTC 
has already established all the assays required for the study described in this protocol. This collaboration 
is now carrying out a study to test the safety of doses not to exceed 0.75 mg/kg of primaquine in G6PDd 
Malian adult males. The results should be available later this year.  
 
The MRTC is experienced in conducting Good Clinical Practice (GCP) compliant clinical trials 
including phase 2 malaria vaccine and drug studies. The site is in preparation for future evaluation of 
transmission blocking vaccines. Long term collaborations with the National Institutes of Health, USA, 
the University of Nijmegen, The Netherlands and other American and European institutions, have built 
capacity in molecular gametocyte measurement and mosquito infectivity. Ouelessebougou village has 
been conducting ongoing clinical research since 2006 and is endemic for malaria with marked 
seasonalityand a high burden of malaria in both children and adults populations. In recent years the 
prevalence of P. falciparum malaria in children under 5 years of age has ranged between 14% and 26% 
during the transmission season.  The frequency of G6PD deficiency is in the range of 10 to 15%. 
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Study design 
This is a four arm, individual-based randomized clinical trial. The study will be conducted according to 
the following steps for each individual: 
 

1. Individuals aged ≥ 5 years with microscopically detectable P. falciparum gametocytes will be 
recruited from the community. After written informed consent, individuals will be enrolled and 
treated with AQ-SP, AQ-SP-SLD PQ, DP or DP-MB.  

2. Study participants are followed up for 42 days. The safety of study participants, specifically 
signs of hemolysis will be closely followed. 

3. Blood samples will be collected to measure infectivity, specifically: 
a. Three venous blood samples from study participants will be used in membrane feeding 

experiments 
b. Frozen blood samples will be analyzed using molecular methods off site, to determine the 

effect of study drugs on male and female gametocytes.  
 
Study population 
The study population will be derived from individuals aged ≥5 years with asymptomatic P. falciparum 
malaria who agree to be screened for malaria infection at the clinic. Those who are harboring 
microscopically detectable concentrations of P. falciparum gametocytes at densities >30 
gametocytes/µL will be eligible. This lower threshold density for P. falciparum gametocytaemia is 
chosen to maximize pre-treatment transmission potential [42] and therefore the efficiency of pre- and 
post-treatment comparisons of infectivity. Each study arm will have a minimum of 20 study participants. 
The maximum weight of individuals is 80kg, to allow adequate dosing of DP (for which no dose 
recommendations are available for individuals >100kg) and for MB (where dosing has not previously 
exceeded 800mg/day) 
 
Study drugs 
The study drugs to be tested will be: 

1. Amodiaquine-sulphadoxine-pyrimethamine (SP-AQ) 
Participants in this arm will receive sulphadoxine pyrimethamine (Fansidar; Roche) as a single dose per 
manufacturer’s dosing instructions as described below. Each Fansidar tablet is scored, containing 500 
mg sulfadoxine and 25 mg pyrimethamine. Doses are administered by weight: 11-20 kg, 1 tablet; 21-30 
kg, 1 ½ tablets; 31-45 kg, 2 tablets; >45 kg, 3 tablets. Fansidar will be given in combination with 
amodiaquine (Guilin Pharmaceutical) once daily for 3 days, per the following dosing instructions for 
150 mg tablets:   
 

Weight (kg)  
Amodiaquine Number of Tablets 
Tablets, 150-153 mg of base   Tablets, 200 mg of base  
Day 1  Day 2  Day 3   Day 1  Day 2  Day 3  

15-18 1.5 1 1  1 1 1 
19-24 1.5 1.5 1.5  1.5 1 1 
25-35 2.5 2.5 2  2 2 1.5 
36-50 3 3 3  3 2 2 
50+ 4 4 3  3 3 3 
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2. AQ-SP plus single dose primaquine (SP-AQ-SLD PQ) 
Participants in this arm will receive SP-AQ as above in combination with PQ (Sanofi) at a single low 
dose of 0.25mg/kg as is currently recommended by the World Health Organization. The single dose of 
PQ will be given on d0 together with SP-AQ, administered in an aqueous solution, according to a 
standard operating procedure (SOP) provided by the manufacturer [43]. Primaquine is absorbed rapidly 
and peak concentrations are reached in approximately 2 hours. It has a half-life of 6 hours and is 
metabolized in the liver with a large volume of distribution	[44].  The metabolically inert principle 
metabolite (carboxy-PQ) reaches peak concentrations within 6 hours of administration	[44]. The active 
metabolite has not yet been identified. The kinetics of PQ are affected by malaria (acute infection 
reduces oral clearance of PQ)	[45], by food (increased PQ bio-availability)	[46], or by other 
antimalarials (quinine induces a higher area under the curve (AUC) of the carboxy metabolite	[47]).  
 

3. Dihydroartemisinin-Piperaquine (DP) 
Participants in this arm will be treated with standard doses of DP. Tablets containing 40 mg 
dihydroartemisinin/320 mg piperaquine tablets (Eurartesim, Sigma Tau) will be administered per 
manufacturer guidelines shown below	[48]: 
 
 

Body weight (kg) Daily dose (mg)  
(to be given 1x/day for 3 days) 

Tablet strength 
and number of 
tablets per dose 

 Piperaquine DHA  
5 to <7 80 10 ½ x 160mg / 

20mg tablet 
7 to <13 160 20 1 x 160mg / 20mg 

tablet 
13 to <24 320 40 1 x 320mg / 40mg 

tablet 
24 to <36 640 80 2 x 320mg / 40mg 

tablet 
36 to <75 960 120 3 x 320mg / 40mg 

tablet 
75 to 80 1,280 160 4 x 320mg / 40mg 

tablet 
>80 Not eligible 

 
4. DP plus methylene blue (DP-MB) 

Study participants in this arm will receive DP as described above combined with once-daily MB for 3 
days, at 15 mg/kg/day (45 mg/kg total over 3 days). MB will be given as minitablets in prepackaged 
sachets according to weight groups (6.0–8.9 kg, 100 mg MB; 9.0–12.9 kg, 150 mg MB; 13.0–16.9 kg, 
200 mg MB [36]; 17.0-19.9 kg, 250 mg MB; 20.0 – 23.0 kg, 300 mg MB; 23.1 – 29.0 kg, 400 mg MB; 
29.1 – 36.0 kg, 500 mg MB; 36.1 – 43.0 kg, 600 mg MB; 43.1 – 50.0 kg, 700 mg MB; 50.1 – 80.0 kg, 
800 mg MB. The	MB minitablets were developed at the Düsseldorf University in Germany, and were 
produced by the Pharbil Waltrop company in Germany under good manufacturing practice conditions	
[36].  
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Intervention  

The intervention will be a four arm randomized control trial. Eligible participants will be randomized to 
one of the following treatments:  
 AQ-SP, AQ-SP-SLD PQ, DP or DP-MB. 
 
Outcome measure 
The primary outcome measure will be the absolute change in the proportion of mosquitoes infected pre 
and post-treatment, assessed through membrane feeding and measured by oocyst prevalence in 
mosquitoes dissected on day 7 post feed. The primary endpoint will be a comparison between the mean 
of the pretreatment infectivity (Day 0) and infectivity at 7 days post first dose. Our study is not designed 
to compare the transmission-blocking effects between treatment arms. 
 
Secondary outcome measures include: presence of oocysts in mosquitoes at other time points, 
gametocyte prevalence, density, and sex ratio, determined microscopically and by molecular methods, 
asexual parasite prevalence and density, safety assessment including hemoglobin measurement, 
methemoglobin measurement, and clinical review (including additional signs of hemolysis) on active 
and passive follow-up, PQ, MB, SP, AQ, and DP pharmacokinetics, and the identification of 
cytochrome P450 (CYP) single nucleotide polymorphisms through genotyping. 
 
Table 2. Outcome measures 
Outcome measure Day 0 Day 1 Day 

2 
Day 

3 
Day 

7 
Day 
14 

Day 
28 

Day 
42 

Mosquito infectivity: 
Prevalence of oocyst infected 
mosquitoes *  *  *    

Gametocyte density * * * * * * * * 
Gametocyte sex-ratio * * * * * * * * 
Parasite stage composition * * * * * * * * 
Hemoglobin * * * * * * * * 
Safety assessment: signs of 
hemolysis * * * * * * * * 
Pharmacokinetics of study 
drugs† * *       
CYP 2D6 sampling *        

†only in adult participants ≥ 18 years of age 
 
Sample size calculation 
Sample size estimation was based on efficacy for single dose primaquine to provide a 95% or greater 
reduction in infectivity at 7 days post initiation of treatment compared to pretreatment [16]. SLD PQ 
was used to derive sample sizes because measures of infectivity using membrane feeding, as will be 
done in this study, have only been conducted using SLD PQ and not MB. For all MB studies reported to 
date, only gametocyte density has been used as surrogate indicator for infectivity. Gametocyte density 
measurements are less accurate than membrane feeding assays, the gold standard, because gametocytes 
may become non-infective or may die, but may still be captured in gametocyte density measurements	
[16, 49], causing gametocyte measurements to underestimate drug effects on infectivity. Our previous 
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study confirmed this by showing high levels of persisting gametocytes after SLD PQ that contrasted 
with a complete cessation of infectivity beyond day 2 [16].  
 
In this study, a membrane feeding assay will be used, and infectivity will be assessed by oocyst 
prevalence in mosquitoes dissected at day 7 after feeding. In a previous study using a membrane feeding 
assay at this study site, 79% of individuals infected at least one mosquito pretreatment, and among those 
who infected at least one mosquito, an average of 21% of mosquitoes had oocysts. In that study all 
intervention arms with primaquine had reached zero infectivity by day 7 and control had declined by 
only 66%. 20 participants per group, we will have 80% power to detect a 95% or greater reduction in the 
number of mosquitoes with oocysts after treatment as significant at the 0.05 level. Our sample size is 
insufficient to compare the transmission reducing effects of treatment arms and analyses will focus on 
the change in infectivity within treatment arms. 
 
Inclusion Criteria:  

 
• Age ≥ 5 years and ≤ 50 years 
• Male gender 
• G6PD-normal defined by Carestart rapid diagnostic test or the OSMMR2000 G6PD 

qualitative test 
• Absence of symptomatic falciparum malaria, defined by fever on enrolment 
• Presence of P. falciparum gametocytes on thick blood film at a density >30 

gametocytes/µL (i.e. ≥2 gametocytes recorded in the thick film against 500 white blood 
cells) 

• Absence of other non-P. falciparum species on blood film 
• No allergies to study drugs 
• No use of antimalarial drugs over the past 7 days (as reported by the participant) 
• Hemoglobin ≥ 10 g/dL 
• Individuals weighing < 80 kg 
• No evidence of severe or chronic disease  
• Written, informed consent 

 
Exclusion criteria 
 

• Age < 5 years or > 50 years 
• Female gender 
• Blood thick film negative for sexual stages of malaria 
• Detection of a non-P. falciparum species by microscopy 
• Previous reaction to study drugs / known allergy to study drugs 
• Signs of severe malaria, including hyperparasitemia (defined as asexual parasitemia > 

100,000 parasites / µL) 
• Signs of acute or chronic illness, including hepatitis 
• The use of other medication (with the exception of paracetamol and/or aspirin)  
• Consent not given 

 
Consent procedure 
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Consenting procedures will vary based on age of the potential participant. Participants aged 18 years and 
above will provide informed consent. For participants under 18 years of age we will seek parental 
consent. In addition to parental consent, assent will be sought for children aged 12-17 years.  The Ethics 
committee in Mali does not require that participants under the age of 12 provide assent. The written, 
informed consent procedure will be conducted in French or in a local language understood by subject as 
described in the information and consent form. If the participant is unable to read or write, a fingerprint 
will be used as an official signature.  
 
Study procedures 
Participants who agree to participate and provide written, informed consent will be assessed for the 
presence of sexual blood stage parasite with a thick blood film and rapid diagnostic test and G6PD 
activity (Patients who are willing to be screened will undergo a G6PD test (Carestart™ 3 G6PD, Access 
Bio, USA or OSMMR-2000 G6PD test, R&D Diagnostics Ltd ®, Greece) from a finger prick sample. 
Those with sexual stages seen on the thick film and normal G6PD activity will be eligible for enrolment 
into the study. Individuals with a positive malaria slide with asexual stages only will not be enrolled in 
the study, but will be treated with artemether + lumefantrine, the standard treatment for uncomplicated 
malaria as per the Ministry of Health policy in Mali. 
 
Eligible patients will then be randomized (see below under randomization procedure) to one of the 
treatment groups, and drugs will be administered. In case of vomiting within 30 minutes after drug 
intake, the drugs will be re-administered once	[36]. 
 
Adult participants (age  ≥ 18 years) will be requested to stay at the research facility for up to 8 hours so 
as to enable frequent sampling for infectivity and for pharmacokinetics. Adult participants will be given 
the reasons for frequent sampling and explained the risks associated with the procedure. 
Pharmacokinetic samples will not be taken on participants under the age of 18 years. The participants 
will be compensated for any travel costs and for work loss income.  Participants will be informed that in 
addition to the testing for malaria (and for adults only, drug levels), they will be tested for their ability to 
metabolize drugs (cytochrome testing) and they will be tested for genotypic risk factors for hemolysis, 
such as G6PD deficiency. Participants will be followed for 42 days as described in Table 3 (below). In 
adult participants, blood samples will be taken on 13 occasions in up to 8 visits (total blood volume 
approximately 30ml) and are shown in the sampling framework below. Among participants under the 
age of 18 years, blood samples will be taken on 8 occasions in 8 visits (total blood volume of 
approximately 27 ml).  
 
The sampling framework is below. Single venous draws or finger pricks will be used. Pharmacokinetic 
samples will only be collected in participants aged 18 years and older. 
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Table 3. Sampling frame for human participants 
Time of sampling 
(h = hour, d = day) 0 h 1 h 2 h 4 h 6 h 8 h 

24 
h/ d 

1 
D 2 D 3 D 7 D 

14 
D 
28 

D 
42 

Blood sampling 
Type of sampling+ V C C C C C V V C V V V V 
Mosquito infectivity 
(3 mL) *       *  *    

Gametocyte density, 
sex ratio and parasite 
stage composition (2 
ml*) 

*      * *  * * * * 

Blood smear for 
asexual parasite and 
gametocyte density 
(0.1ml) 

*      * * * * * * * 

Hemoglobin   (0.1 
mL) *      * * * * * * * 

G6PD activity 
(0.5ml) *             

Pharmacokinetics 
(0.5ml)†  * * * * * *       

CYP and G6PD 
genotyping (1.0 mL) *             

Total Volume of 
blood sampled 
adults† (mL) 

7.2 0.5 0.5 0.5 0.5 0.5 2.5 5.2 0.2 5.2 2.2 2.2 2.2 

Total Volume of 
blood sampled age < 
18 years (mL) 

7.2 0 0 0 0 0 2.2 5.2 0.2 5.2 2.2 2.2 2.2 

Non-invasive sampling 
Noninvasive 
methemoglobin 
measurement 

*      * * * * * * * 

+ V denotes venous blood sampling and C denotes capillary sampling from a finger prick.  
† only in adult participants ≥18 years of age 
* Except on day 1, when 1.7 mL will be drawn 
 
Blood volume justification 
In the table below (table 4), the justification of the blood volumes is presented. 
	
Table 4. Sampling volumes and justification for human participants 

Day Assay (volume) Pricking method Total volume 

0 (0 h) Mosquito feeding assays: single heparin tube 3mL  

G6PD enzyme activity test (0.5mL required); 

magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

1 venous blood 

sample, two tubes 

used 

7.2mL (3mL 

heparin tube; 3mL 

EDTA tube) 
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required), slide (0.1mL required): G6PD and 

CYP2D6 genotyping (1mL) single EDTA tube 

3mL 

0 (1h) only 

in adults 

PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL EDTA) 

1 finger prick, 1 

microtainer tube 

0.5 mL  (0.5mL 

EDTA 

microtainer) 

0 (2h) only 

in adults 

PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL required) 

1 finger prick, 1 

microtainer tube 

0.5 mL  (0.5mL 

EDTA 

microtainer) 

0 (4h) only 

in adults 

PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL required) 

1 finger prick, 1 

microtainer tube 

0.5 mL  (0.5mL 

EDTA 

microtainer) 

0 (6h) only 

in adults 

PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL required) 

1 finger prick, 1 

microtainer tube 

0.5 mL  (0.5mL 

EDTA 

microtainer) 

0 (8h) only 

in adults 

PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL required) 

1 finger prick, 1 

microtainer tube 

0.5 mL  (0.5mL 

EDTA 

microtainer) 

1 (24h)  PQ, MB, SP, AQ, and DP pharmacokinetics 

(0.5mL required) 

Magnetic enrichment and depletion of 

gametocytes (1.7mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

 

1  venous blood 

sample, 1 tube 

2.5 mL  (2mL 

EDTA tube) in 

adults 

2.2mL (2mL 

EDTA tube) in 

children 

2 Mosquito feeding assays: single heparin tube 3mL 

Magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

1 venous pricking 

event, two tubes 

used 

5.2mL (3mL 

heparin tube; 2mL 

EDTA tube) 

3 Hb (0.1mL required), slide (0.1mL required):  

 

1 finger prick, 1 

microtainer tube 

0.2 mL  (0.5mL 

EDTA 

microtainer) 
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7 Mosquito feeding assays: single heparin tube 3mL 

Magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

1 venous pricking 

event, two tubes 

used 

5.2mL (3mL 

heparin tube; 2mL 

EDTA tube) 

14 Magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

1 venous pricking 

event, one tube 

used 

2.2mL (2mL 

EDTA tube) 

28 Magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

1 venous pricking 

event, one tube 

used 

2.2mL (2mL 

EDTA tube) 

42 Magnetic enrichment and depletion of 

gametocytes (2mL required); Hb (0.1mL 

required), slide (0.1mL required): single EDTA 

tube 2mL 

1 venous pricking 

event, one tube 

used 

2.2mL (2mL 

EDTA tube) 

 
Risks of the trial will be clearly stated including the risk of hemolysis, which is thought to be low in 
G6PD normal people. All participants will have 24 hour access to a research clinician. The study site has 
a research clinic with an inpatient unit. Study physicians are available 24 hours a day seven days a week. 
The health facility has provision for giving safe blood transfusions. The tertiary care unit is in Bamako, 
approximately 80 km from Ouelessebougou, which will act as a backup facility should serious adverse 
events such as acute renal failure occur, as dialysis facilities are available there. There is a secondary 
hospital in Ouelessebougou with an ambulance available. 
 
Randomization procedure 
Eligible participants will be assigned the next sequentially-numbered study ID number based on a pre-
printed Study ID List created by a study investigator based at UCSF by individual computer generated 
randomization to arms 1-4 in a ratio 1:1:1:1. The study pharmacist in Mali will open the corresponding 
sealed, opaque envelope and provide the intervention to study participants.  
 
Blinding 
The study is unblinded for patient, study pharmacist, and treating physician but is blind for the staff 
involved with assessing all laboratory outcomes of the study conducted off-site and the analysis.  
 
Safety evaluation 
The major safety endpoint is hemolysis. For this reason, hemoglobin will be measured before treatment, 
at days 1, 2, 3, 7, 14, 28, and 42. Previous studies have shown that highest hemoglobin fall related to 
drug induced hemolysis can be detected within 7 days after treatment. In addition at 24 hours, and 
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subsequent days of follow up, a questionnaire assessing adverse events (AE) will be carried out. All 
participants will have access to contact study medical staff 24 hours a day and all medical facilities can 
give safe blood transfusions. 
 
All adverse events will be recorded on individual CRF with the following information: 

• the severity grade (mild, moderate, severe) 
• its relationship to the study drug(s) (related/not related) 
• its duration (start and end dates or if continuing at final exam) 
• actions taken 
• outcome 
• whether it constitutes a serious adverse event (SAE). 

 
An adverse event will be defined as the appearance or worsening of any undesirable sign, symptom, or 
medical condition occurring after starting the study drug even if the event is not considered to be related 
to study drug.  
 
A Data and Safety Monitoring Committee (DSMC) will be established and convened before the onset of 
the trial to agree stopping points for each study arm with regards to safety and efficacy. The DSMC will 
be informed of any serious adverse event within 48 hours of the event being notified to study personnel. 
An interim analysis will be carried out after the first 40 subjects have been enrolled to examine safety 
endpoints. Additional interim analysis may be requested and done by the DSMC if they feel useful in 
advising the study.  Throughout the study, DSMC will have access to unblinded data. 
 
Treatment failure criteria 
In case a patient develops recurrence of symptomatic malaria (denoted as fever and the presence of 
asexual parasitemia denoted by microscopy) at any time during followup, he will be treated with a full 
course of artemether-lumefantrine (Coartem, Novartis), the first-line antimalarial in Mali [50] . Each 
tablet of Coartem consists of 20 mg artemether and 120 mg lumefantrine, where a total of 6 doses are to 
be given over 3 days according to bodyweight per manufacturer’s dosing instructions	[51]:  
 
5 to <15 kg 1 tablet 
15 to <25 kg 2 tablets 
25 to <35 kg 3 tablets 
35 kg and over 4 tablets 
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Laboratory procedures 
 

A. Efficacy and Infectivity measurements  
 

Blood film 
 Thick and/or thin blood films for parasite counts will be obtained and examined at screening to 
confirm P. falciparum monoinfection. Giemsa-stained thick and/or thin blood films will be examined at a 
magnification of 100´. Smear will be considered negative if no parasites are seen after examining 100 
high powered fields. 
 
Mosquito infectivity assay 
For each assessment of infectivity 3 ml of heparinized blood will be drawn from the study participant 
and stored at 37oC and transported to the insectary. At the insectary, using standard procedures, ~90 A. 
gambiae will be fed on the subjects’ blood for 15-20 minutes (this figure is based on a previous study 
where  61 fed mosquitoes allowed for an average of 50 mosquitoes surviving until day 7 after the 
feeding experiment and being available for dissection and examination for oocysts).  All of these 
mosquitoes will be dissected on the 7th day after the feeding assay for prevalence of mosquitoes with 
oocysts and quantification of oocysts. Infected guts will be stored for later PCR confirmation of oocysts. 
 
Gametocyte and asexual stage density measurement 
Blood slides stained with Giemsa will be double read over 500 fields for quantification of gametocytes 
and asexual stages. EDTA samples of blood (1 mL) will be tested for molecular quantification of 
gametocytes and asexual parasites. Parasite DNA and RNA will be extracted from whole blood samples 
in EDTA tubes and tested using quantitative real-time polymerase chain reaction (qPCR) with a 
detection limit of 0.02-0.1 parasites/µL of blood and highly precise parasite quantification [52]. 
Quantification of gametocytes will be based on Pfs25 mRNA detection and quantification by reverse 
transcriptase-PCR and quantitative nucleic acid sequence based amplification (QT-NASBA) [53].  
 
Detailed analysis of Plasmodium stage composition will be done by quantitative RT-PCR where mRNA 
up-regulated in mature and immature gametocytes is quantified in a multiplex assay [54]. In addition, 
multiplicity of infection will be determined by merozoite surface protein (MSP) genotyping [55] and 
barcoding approaches	[56] in 500µL whole blood samples and 1mL blood samples after gametocyte 
enrichment using magnetic columns [57, 58]. We have adapted this technique to prevent gametocyte 
activation and generate three populations of infected cells for each sample: one containing the actual 
distribution of lifecycle stages in host blood (usually >95% asexual ring stage parasites) and two 
populations after magnetic fractionation, one enriched in gametocytes and the other depleted in 
gametocytes).  
 
All samples will be analyzed by qRT-PCR stage composition assay, molecular gametocyte sex 
determination and assessment of complexity of infection. A novel multiplex qRT-PCR stage 
composition assay with 5 markers will quantify asexual rings (R; PFE0065w), trophozoites/schizonts (T; 
PF10_0020), immature gametocyte (IG; PF14_0748), mature gametocytes (MG; PF14_0367) and the 
constitutive parasite marker (U; PF11_0209). Complexity of infections in the different fractions is 
determined by genotyping the polymorphic parasite gene MSP-2 with fragment sizing by capillary 
electrophoresis [59]. A newly developed gametocyte sex-specific qRT-PCR that is based on recent sex-
partitioning of the P. falciparum proteome [60] and indicated Pfs25 mRNA as a suitable female marker 
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(at least 2.5 fold more abundantly expressed in female gametocytes) and P230p as a suitable male 
marker (PF3D7_0208900, at least 8-fold more abundantly expressed in male gametocytes). The ratio of 
Pfs25/P230p copy numbers is used as indicator of sex-ratio and extrapolated to densities/µL using pure 
in vitro cultured male and female gametocytes. 
 

B. Safety  
  
Hemoglobin concentrations 
Haemoglobin concentrations will be also measured regularly throughout the study using the HemoCue 
system (Hemocue AB, Angelholm, Sweden). 
 
Measurement of methemoglobin 
Methemoglobin will be measured with a Masimo Rad-57 Pulse Oximeter, a noninvasive device that 
monitors for methemoglobin levels according to its light absorptive properties through a fingertip probe. 
Multiple primaquine safety studies are using this device to measure methemoglobin, the goal of which is 
to determine if methemoglobin can be used as a biomarker for hemolysis. 
 

C. Additional measurements 
 

G6PD testing 
On screening, a 0.5 mL blood sample will be collected from each subject, to conduct G6PD testing as 
described below. 
 

i. Qualitative G6PD testing 
All subjects will have a qualitative assessment of G6PD activity measured from a drop of blood 

(approx. 0.05 mL), using a Carestart 3 point of care diagnostic test or a the OSMMR2000 G6PD test. The 
Carestart 3 test is a colormetric test that uses a tetrazolium compound to produce a purple readout for 
G6PD normal individuals or a colorless readout for G6PDd individuals. The test has shown to have a high 
sensitivity for levels of G6PDd that are below 2 units / g hemoglobin (<19% enzyme activity: severe to 
mild deficiency), and to detect the majority of tested samples with G6PDd at between 2 to 4 units / g 
hemoglobin (exact numbers tested not specified, corresponds to 19-38% enzyme activity, mild deficiency) 
[61]. Qualitative G6PD testing may also be carried out using the OSMMR2000-DG-6-PD, which also 
uses a tetrazolium salt to produce a colored readout for G6PD-normal individuals, or a colorless readout 
for G6PDd individuals.  
 

ii. (Semi-)Quantitative G6PD testing 
 Following qualitative assessment of G6PD activity, the remainder of the blood sample for G6PD 
testing (approx. 0.4 mL) will be used for either a) a quantitative assessment of G6PD activity measured 
using a spectrophotometric validated assay or b) semi-quantitative G6PD testing using the OSMMR2000 
G6PD test.  Fresh whole blood is needed for quantitative spectrophotometry which can be conducted on 
frozen samples in Bamako, while either fresh whole blood or filter paper samples are appropriate for 
analysis using the OSMMR-2000-AN/50 enzymatic colormetric assay.  
 
Pharmacokinetic measurement 
In adult participants, 0.5 ml whole blood will be collected in appropriate collection tubes containing 
ETDA as the anticoagulant. The tube should be at room temperature (18°-25° C) prior to use. The 
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sample may be stored at ambient temperature for up to 2 hours before processing, after which the blood 
sample will be transferred to a screw cap cryovial (Nalgene No.: 5000 0012). The whole blood samples 
will be frozen at -80°C or below. Drug concentrations will be determined using LCMS (liquid 
chromatography and mass spectrometry) measured by the pharmacology department of the Mahidol 
Oxford University Research Unit in Bangkok. The selection of drug measurements for parent 
compounds (and carboxyprimaquine, the major metabolite of primaquine) are contingent on the 
availability of funding, with the analysis of methylene blue and primaquine/carboxyprimaquine levels 
being a priority above the analysis of other drugs in this study. 
 
Cytochrome P450 (CYP) 2D6 and G6PD genotyping 
 Venous blood samples will be collected in EDTA and cryopreserved at – 80C for later analysis 
of P450 cytochrome polymorphisms by Thermo Fisher Scientific OpenArray Technology and Copy 
Number Variation (CNV) assays on the QuantStudio™ 12K Flex Real-Time PCR System, as well as 
genotyping for the known common polymorphisms for G6PD deficiency in western Africa. There 
samples will be tested at Radboud University or the University of Helsinki. 
 
Data management and analysis 
All data will be stored on secure password protected databases. Data that are collected on paper forms 
will be double entered. Data collected through hand held devices or directly produced by laboratory 
equipment will be examined for quality assurance and fed into the database using double data entry. A 
full analysis plan will be developed before the trial starts and be reviewed by the DSMC. 
 
Ethical issues 
This research will be conducted in compliance with the protocol, Good Clinical Practice (GCP) 
guidelines, and all applicable regulatory requirements. A copy of the protocol, informed consent forms, 
and any other documents given to study participants will be submitted to the ethics committees (EC) of 
all the institutions involved. Written approval will be obtained for all subsequent amendments to the 
protocol, informed consent documents, and other study documentation referenced above. The 
investigator will notify the ECs and DSMC of violations of the protocol and serious adverse events. 
 
Subject information and consent 
Consenting procedures will vary based on age of the potential participant. Participants aged 18 years and 
above will provide informed consent. For participants under 18 years of age we will seek parental 
consent. In addition to parental consent, assent will be sought for children aged 12-17 years.   
The informed consent document will be used to explain the risks and benefits of study participation to 
the participant and in the case of participants < 18 years, the participant’s parent in simple terms before 
the subject is enrolled in the study. The informed consent document contains a statement that the 
consent is freely given, that the subject is aware of the risks and benefits of entering the study, and that 
the subject is free to withdraw from the study at any time. Written consent must be given by the 
participant or the participant’s parent, after the receipt of detailed information on the study. Written 
informed consent must be obtained from each participant or participant’s parent prior to enrolment in the 
study. The informed consent form will be signed and personally dated by the participant or the 
participant’s parent and the person who conducts the informed consent discussion. The original signed 
informed consent form will be retained in the participant’s chart and another copy will be provided to 
him. A participant who is unable to read or write will place an imprint of his finger in place of a 
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signature; in addition, an independent witness will sign the consent form to attest that the information in 
the consent form was orally conveyed to the participant. 
 
Confidentiality 
The investigator will ensure that the subject’s anonymity is maintained. Participants will not be 
identified in any publicly released reports of this study. All records will be kept confidential to the extent 
provided by laws and regulations. The study monitors and other authorized representatives of the 
regulatory authorities may inspect all documents and records required to be maintained by the 
Investigator.  
 
All laboratory specimens, evaluation forms, reports, and other records that leave the site will be 
identified only by a coded number in order to maintain subject confidentiality.  
 
Risks 
There are minimal risks of hemolysis associated with the administration of single dose of 0.25 mg/kg of 
primaquine [49] or 15 mg/kg/day x 3 days of methylene blue in G6PDn males	[36]. Several previous 
clinical trials with higher doses of primaquine and methylene blue have been conducted in younger age 
groups without any clinically significant side effects. Each participant will nevertheless be warned of the 
risks associated with primaquine and methylene blue use and will be monitored for 42 days. Participants 
will be asked to return to the clinic for reassessment should they feel unwell, feel out of breath, look 
pale, or notice their urine is a dark color. For methylene blue, urine will become bright blue or green for 
several days that can possibly dye clothing, and the sclera a faint blue color. This side effect of the 
treatment, which has no clinical consequences, will be explained in detail. Other side effects of 
primaquine and methylene blue include nausea, vomiting, loss of appetite, and stomach cramps, 
occasionally headaches and visual disturbance and pruritus. 
 
While a recent study showed that SP-AQ is efficacious in clearing asymptomatic infections in Mali 
(study conducted in pregnant women [62]), given widespread drug resistance against SP and AQ in 
several other regions in Africa, there is a slight risk of treatment failure and parasitological relapse of 
falciparum malaria for participants receiving SP-AQ or SP-AQ-SLD PQ. Participants will be informed 
of this risk, and that if parasitological relapse occurs, they will be promptly treated with artemether-
lumefantrine per Mali ministry of health guidelines. 
 
In adults, the most common temporary side effects with DP are anemia, headache, QTc prolongation, 
tachycardia, asthenia and fever. Finger pricks and venipuncture are associated with pain and bruising at 
the site of the prick, and rarely infection. 
 
Risks will be minimized by the study sites by ensuring adequate training of staff in all procedures and 
supply of consumables. The study site adheres to the standards of GCP and will be monitored.  
 
Benefits 
The benefits of the participation include free treatment of malaria and other diseases that may occur 
during the follow-up period. Participants who are in the groups that get the study medicine, primaquine 
or methylene blue, may be less infectious to mosquitoes and reduce the chance of having mosquitoes in 
their environment becoming infectious. Findings will help in the treatment of future patients and 
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communities with malaria and further optimize the design of community intervention programmes such 
as SMC. 
 
Compensation 
Participants will receive compensation for the time and travel for protocol specified visits. This 
compensation will be carefully evaluated and provided upon agreement of the local ethics committee.  In 
Mali, the estimated cost of time and travel expense per visit in Ouelessebougou for residents of 
Ouelessebougou was estimated to 1000 F cfa (~2.4 US $). The compensation for enrolment visit and 
other visits during the first 8 hours including the hospitalization was estimated to 10000 F CFA (~24.0 
US $) for participants ≥ 18 years of age and 5000 (~12.0 US $) for participants < 18 years of age that 
stay up to 12 hours.   
 
Use and storage of study samples 
Samples collected will be stored at MRTC in Bamako, Mali or the University of California San 
Francisco, USA, or both, and may also be shipped to collaborating research centers such as Radboud 
University medical center, the Mahidol Oxford Research Unit, and/or the London School of Hygiene & 
Tropical Medicine to perform specific tests as described above. Samples may be kept for a maximum of 
10 years. 
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