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Artemisinins: rapid action,                        
broad stage specificity, safe,                       

easy administration. 

White NJ, Science 2009 



Quinine vs Artemether meta-analysis  
(n=1919) 

 
Artemether-Quinine Meta-analysis Study Group, Trans R Soc Trop Med Hyg 2001 
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SEAQUAMAT 
i.v. artesunate vs i.v. quinine in 
(mainly) adult severe malaria 

Study sites 

•Bangladesh: Chittagong 

•India: Rourkela 

•Myanmar: several sites 

•Papua Indonesia: Timika 

 

Coordinating centre: 

•Bangkok, Thailand 

SEAQUAMAT Investigators’ Group 
Lancet 2005; 366: 717-25 

  



• 1,461 Asian adults and children (202) 

• Quinine mortality: 164/731 (22.4%) 

• Artesunate mortality: 107/730 (14.7%) 

• 34.7% relative reduction in mortality; Odds ratio 0.60 (0.45 to 0.79) 

• Highly cost-effective; $148 per death averted 

                                     (Lubell Y et al. Trop Med Int Health. 2009;14:332-7) 

SEAQUAMAT 

p=0.0002 

SEAQUAMAT Investigators’ Group 
Lancet 2005; 366: 717-25 

  



SEAQUAMAT                                
 Main difference > 48 h after admission 



Why might artesunate NOT work in Africa? 

• Disease ‘quicker’ in children - mortality difference 

occurs after two days 

• Possible pathophysiological differences between 

Asian adult and African childhood severe malaria 

• No quinine resistance in Africa 

• Many cases of ‘severe malaria’ are in fact severe 

bacterial sepsis 



The AQUAMAT study group 



Funded by the Wellcome Trust of Great Britain 



AQUAMAT 

•Mozambique: Beira  

•Kenya: Kilifi 

•The Gambia: Banjul  

•Ghana: Kumasi 

•Tanzania: Korogwe
     Muheza  

•Uganda: Mbarara 

•Nigeria: Ilorin 

•Rwanda: Rwamagana 

  Nyanza 

•DRC: Kinshasa 

 

Study sites 



Quality assurance 

• Ethical approvals from country ERBs and ‘OXTREC’ 

• Training:  

– GCP, study protocol, neurological assessments 

• External monitoring by FHI 

• QC of study drugs (MORU-Bangkok) 

• QC of slides (MORU-Bangkok) 

• Data Safety Monitoring Board 



Inclusion criteria 
-Clinically severe febrile disease 
-Age <15 years 
-Positive RDT results (Optimal-it) 
-No full treatment with parenteral drug for ≥24 hours 
-No known allergies to study drugs 
-Written informed consent 

-Parenteral quinine dihydrochloride                                          
(Indus Pharma, Karachi, Pakistan)                                      
Loading dose 20 mg/kg, then 10 mg/kg q 8h  
vs.                                                                               
-Parenteral artesunate                                                     
(Guilin Pharmaceuticals, Guangxi, China)        
2.4 mg/kg STAT, after 12h and then daily 

Antimalarial treatment 



OptiMAL-it Peripheral blood slide 

i-STAT analyser Physical examination 



n=70 n=103 n=104 n=303 n=472 n=28 

Hendriksen et al. Submitted 

PfHRP2-based RDT 

pLDH-based RDT 



Recruitment 

Total 5,425 children enrolled 

Enrollment history
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11,148 assessed 

5425 enrolled 
(Beira 663, Kilifi 442, Kumasi 436, Muheza 
921, Korogwe 540, Banjul 502, Ilorin 450, 
Ruanda 386, Mbarara 663, Kinshasa 422) 

 

2712 artesunate 2713 quinine 

5,723 excluded 
 223 insufficient severity criteria 

 4910 negative/invalid Optimal 
 180 adequate antimalarial R/ 
 316 refused consent 
 23 died before enrollment 
 25 below age or weight criteria 
 46 other reasons  

 

 25 blood smear negative 
 99 missing slide 
 22 died before receiving drug 
 4 missed early dose(s) 
 8 unknown  doses of treatment 
 3 didn’t fulfill entry criteria 

161  
excluded 

149  
excluded 

17 blood smear negative 
112 missing slide 
6 died before receiving drug 
7 missed early dose(s) 
7 unknown  doses of treatment 
2 withdrawn consent 

2563 artesunate 2552 quinine  

Trial profile 

ITT analysis 

PP analysis 



Baseline characteristics (1) 

Variable 
Quinine 

(N=2713) 

Artesunate 

(N=2712) 

Gender; female (n, %) 1295 (48%) 1315 (48%) 

Age (y) 2.9 (1.7 to 4.3) 2.8 (1.6 to 4.2) 

Fever before enrollment (d) 3 (2-4) 3 (2-4) 

Coma before enrollment  (h) 
(median, range) 

5.0 (2.5 to 10) 5.0 (2.5 to 9.5) 

Pre-treatment with antimalarials (n, %) 

         None 1270 (47%) 1281 (47%) 

         Ineffective 371 (14%) 387 (15%) 

         Effective 959 (37%) 938 (36%) 

P. falciparum slide positive (n, %) 2550 (99%) 2552 (99%) 

‘Strict’ severe Malaria (n, %) 2338 (92%) 2280 (92%) 

* severe malaria predefined; values are mean, SD, unless otherwise indicated 



Complications on admission 
Quinine 

(N=2713) 

Artesunate 

(N=2712) 

         Coma 945 (35%) 880 (32%) 

         Convulsions 879 (32%) 811 (30%) 

         Jaundice 59 (2%) 55 (2%) 

         Severe anaemia (<5g/dL) 692 (29%) 737 (30%) 

         Shock 339 (12%) 323 (12%) 

           of which decompensated shock 88 (35%) 90 (39%) 

         Severe acidosis (BE <-8 mmol/L) 975 (43%) 1009 (44%) 

         Hypoglycaemia (<3 mmol/L) 278 (10%) 277 (10%) 

         Respiratory distress 428 (16%) 439 (16%) 

         Severe prostration 1668 (61%) 1683 (62%) 

         Blackwater fever 116 (4%) 121 (4%) 

         Hyperparasitaemia (>10%) 573 (24%) 584 (25%) 

Baseline characteristics (2) 



Biochemistry results 
Quinine 

(N=2713) 
Artesunate 
(N=2712) 

Parasitaemia                            
(/µL, geometric mean, range) 

49,110 
(0 to 1,858,880) 

47,922 
(0 to 1,494,640) 

Sodium (mmol/L) 132 (6.5) 131 (6.5) 

Potassium (mmol/L) 4.1 (0.9) 4.1 (0.9) 

Chloride (mmol/L) 105 (10) 105 (10) 

Blood urea (mmol/L) 6.1 (4.9) 6.1 (4.6) 

Haemoglobin (g/dl) 7.0 (3.1) 6.8 (2.9) 

pH 7.36 (0.14) 7.36 (0.14) 

PaCO2 (mmHg) 28.2 (10.1) 27.9 (9.1) 

HCO3 (mmol/L) 16.6 (5.7) 16.6 (5.6) 

Base excess (mmol/L) -8.6 (7.3) -8.5 (7.3) 

Anion gap (mmol/L) 17.2 (5.0) 17.0 (4.9) 

Baseline characteristics (3) 



• Artesunate   230/2712 (8.5%) 

• Quinine        297/2713 (10.9%) 

    

 

p=0.002 

ITT 
In-hospital Mortality 

Relative difference 22.5%  
(95%CI: 8.1% to 36.9%) 

 



ITT 
In-hospital Mortality 

 

• Stratified Risk Ratio 0.78  

 (95%CI: 0.66 to 0.91; p=0.002) 

 Test of homogeneity p=0.91 

 

• Stratified Odds Ratio 0.75 

 (95%CI: 0.63 to 0.90; p=0.002)  

 Test of homogeneity p=0.89 

 

 



ITT 
In-hospital Mortality 

NNT 
(numbers needed to treat) 

41  

(95% CI: 25 to 112) 

 

 
Highly cost-effective; $123 per death averted        Lubell Y et al. Submitted. 



Kaplan-Meier 



191 patients assessed (110A; 81Q) 

170 with neurological sequelae at discharge 
(99A, 71Q) 

61 with neurological sequelae 
at day 28 (34A; 27Q) 

21 excluded (11A; 10Q) 

Neurological sequelae 
Neurological outcome review 

committee 

41 lost to follow-up at day 28 (23A; 18Q) 
68 sequelae resolved by day 28 (42A, 26Q) 
 

 10 Mild 
(8A; 2Q) 

8 Moderate 
(3A; 5Q) 

 43 Severe (23 artesunate/ 20 quinine) 

4  unspecified behavioral problems 
9  no neurological problem confirmed 
4  pre-existing neurological problems 
4  mild motor impairment (children <18 m) 

30 Severe motor impairment 
14 Cortical blindness  
  9 Severe speech/ hearing impairment 



 

 

Quinine 
(n/total, %) 

Artesunate 
(n/total, %) 

OR 
(95% CI) 

p-value 

Mortality, “per 
protocol” analysis 

260/2552 
(10.2%) 

208/2563 
(8.1%) 

0.78 
(0.64 60 0.94) 

0.0099 

Death or Sequelae 
at 28 days 

316/2695  
(11.7%) 

253/2689  
(9.4%) 

0.78 
(0.65 to 0.93) 

0.0056 

Mortality ≤ 24 h    
after admission 

187/2708  
(6.9%) 

158/2709  
(5.8%) 

0.84 
(0.67 to 1.04) 

0.109 

Mortality > 24 h    
after admission 

105/2521  
(4.2%) 

69/2551  
(2.7%) 

0.63 
(0.47 to 0.87) 

0.0040 

Malaria attributable 
mortality 

288/2704  
(10.7%) 

223/2705  
(8.2%) 

0.75  
(0.63 to 0.91) 

0.0025 

Case fatality in HIV 
positive children 

19/61  
(31%) 

16/64  
(25%) 

0.74 
(0.33 to 1.62) 

0.446 

Secondary  Outcomes  



Variable 
Quinine 
(n/total, 

%) 

Artesunate 
(n/total, %) 

OR 
(95% CI) 

p-value 

Development of coma after 
admission* 

91/1768  
(5.1%) 

65/1832  
(3.5%) 

0.69 
(0.49 to 0.95) 

0.0231 

Deterioration of coma score 
208/2713  

(7.7%) 
166/2712  

(6.1%) 
0.78 

(0.64 to 0.97) 
0.0245 

Convulsions developing or 
persisting > 6h after admission 

273/2713 
(10.1%) 

224/2712 
 (8.3%) 

0.80 
(0.66 to 0.97) 

0.0199 

Hypoglycaemia after 
admission 

75/2713  
(2.8%) 

48/2712  
(1.8%) 

0.63 
(0.43 to 0.91) 

0.0134 

Severe anaemia (<5 g/dL) 
after admission* 

98/1734  
(5.7%) 

78/1696  
(4.6%) 

0.81 
(0.59 to 1.11) 

0.18 

Black water fever after 
admission* 

18/2597  
(0.7%) 

30/2591  
(1.2%) 

1.69 
(0.94 to 3.05) 

0.076 

Complications after start of treatment 

*Development of coma, anaemia and blackwater fever was only assessed in 
patients with this condition not present on admission 



Variable 
Quinine 
(n=2713) 

Artesunate 
(n=2712) 

OR 
(95% CI) 

p-value 

Blood transfusion 1495 (55%) 1487 (55%) 
0.98 

(0.88  to 1.10) 
0.781 

Fluid bolus 596 (22%) 589 (22%) 
0.98 

(0.85 to 1.13) 
0.983 

Antibiotics 1653 (61%) 1606 (59%) 
0.93  

(0.84 to 1.0) 
0.20 

≥2 anticonvulsants 196 (7%) 187 (7%) 
0.95 

(0.77 to 1.17) 
0.952 

Additional treatments  



Variable 
Quinine 
(median, 

IQR) 
N 

Artesunate 
(median, 

IQR) 
N 

OR 
(95% CI) 

p-value 

Time to discharge 
(days) 

3.0  
(2.0 to 5.0) 

2412 
3.0  

(2.0 to 5.0) 
2478 

1.04 
(0.99 to 1.10) 

0.056 

Time to eat  
(hours) 

12  
(2 to 24) 

2269 
9  

(0 to 24) 
2358 

0.99 
(0.93 to 1.06) 

0.74 

Time to sit 
unsupported  
(hours) 

22  
(6 to 44) 

2312 
18  

(6 to 42) 
2373 

1.02 
(0.95 to 1.08) 

0.60 

Time to localize 
pain (hours)* 

12  
(6 to 24) 

726 
12  

(6 to 24) 
698 

0.87 
(0.78 to 0.98) 

0.0093 

Time to speak  
(hours)* 

18  
(11 to 36) 

695 
20             

 (8 to 42) 
664 

0.88 
(0.79 to 0.99) 

0.016 

Time to recovery in surviving patients 

*Time to localize pain and time to speak was assessed only for surviving 
patients with coma on admission (BCS<3 or GCS<11) 



Subgroup analyses (1) 

I2 denotes the percentage of total variation across subgroups 
resulting from heterogeneity rather than chance 



Subgroup analyses (2) 

I2 denotes the percentage of total variation across subgroups 
resulting from heterogeneity rather than chance 

P=0.38) 



Subgroup analyses (3) 

I2 denotes the percentage of total variation across subgroups 
resulting from heterogeneity rather than chance 



Meta analysis post-AQUAMAT  

Overall OR 0.69 (0.57 to 0.84), p<0.00001 





Parenteral  artesunate should replace quinine 

everywhere in the world as the first line 

treatment of severe falciparum malaria 



With optimal antimalarial treatment: 
what next? 

-treatment of concomitant diseases: 
 early and adequate antibiotic treatment  
-adjuvant therapies: 
 improvement of microcirculatory flow 
  -anti-adhesive therapy 
  -NO donors (L-arginine) 
-supportive treatment 
  



Identifying cost effective evidence based strategies 
Developing locally adapted guidelines        
Research on outstanding questions                     
 (e.g. optimal fluid management, feeding)      

Developing implementation strategies    
Developing tools for evaluation 

Capacity building in Intensive Care Medicine  



Now the not so good news:                  

Partial Artemisinin Resistance 

A disaster 

for 

malaria 

control if  

we loose 

them… 



Parasite Clearance: W-Cambodia vs NW-Thailand       

2007-2008  (p=0.0001 for  slopes between sites) 

Dondorp et al. NEJM 2009 



Why worry about slow clearance rates? 

• Compromised treatment of severe malaria 

• Increased recrudescence and gametocyte 
carriage rates -> increased transmission?? 

– Conflicting results from clinical trials 

• Renders a much higher parasite biomass 
exposed to the unacompanied partner drug -> 
promotes resistance in partner drug 

• Can be the first step to full resistance 



Delayed clearance rate is a heritable trait 

…. 

Anderson et al. 
JID 2010 

N= 62 - 11 with mixed infection - 23 one patient per ‘clone’ =28 patients 
1-way ANOVA genotype-clearance rate: F=5.475; d.o.f.= 7; P=.002 



Model suggests that rings are more resistant.. 
(but dormancy not supported by the model; would give a biphasic clearance curve) 
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Ring Trophozoite Schizont 

Pailin(2007) AS7 

Sompob Saralamba, Lisa White 
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In vitro sensitivity and parasite clearance times 

Schizont maturation inhibition 
(WHO) 

Trophozoite maturation inhibition 
(MORU) 



Preliminary: Increasing dosing frequency of artesunate dosing  increases 
parasite clearance rates in partly artemisinin resistant falciparum malaria  

How to treat? 



Dose-effect relationship in partly artemisinin resistant 
falciparum malaria (Pailin 2007-2010) 



OZ439 

Arterolane 
(OZ277) 

Will other endoperoxides still work? 

Trioxolanes (synthetic ozonides) 



Binh Phuoc 

Kawthaung  
(Tanintharyi) 

Has it spread? 



Planned TRAC study sites 



Conclusions 
• Parenteral artesunate is the best drug to treat 

severe falciparum malaria in both adults and 
children and should replace quinine 

• The emergence of artemisinin resistance is a 
major threat to this and to malaria control 

– Containment in crucial! 

 



Artemisinin 

Quinine 

48 hours 

Stage dependent artemisinin resistance? 



Model suggest that 2-daily dosing increases parasite 
clearance rate 

Sompob Saralamba 


