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Abstract 

Objective To determine time and cost differences between one- and two-step injectable 
artesunate formulations for treatment of severe malaria and compare their safety and 
treatment outcomes. 

Methods We conducted an open-label randomized clinical trial at hospitals in 
Kinshasa, Democratic Republic of the Congo and Korogwe, United Republic of Tanzania 
in patients aged 3 months to 16 years with severe malaria. We randomly allocated patients 
to a new one-step injectable artesunate formulation or the conventional two-step 
formulation. After discharge, patients were followed for 4 weeks. The main outcomes 
evaluated were time and cost of administering treatment, and clinical and 
pharmacodynamic effects. 

Findings Between 7 June 2022 and 11 August 2023, 200 patients were 
randomized (1:1) to either the one-step or two-step arm. Mean time to administer 
artesunate was 2 min 22 s (standard deviation, SD: 50 s) in the one-step arm and 3 min 
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41 s (SD: 95 s) in the two-step (P-value: < 0.0001). Mean cost of syringes and needles 
used per patient was 0.53 (SD: 0.13) United States dollars (US$) in the one-step arm 
versus US$ 0.84 (SD:  0.22) in the two-step (P-value: 0.0001). Parasite clearance half-
lives were 2.1 h (SD: 0.9) in the one-step arm and 2.0 h (SD: 0.8) in the two-step (P -
value: 0.173). Severe adverse events occurred in one patient in each arm (P -
value: 1.000), while 242 and 229 ungraded adverse events occurred in the one- and two-
step arms, respectively (P -value: 0.549). 

Conclusion In children with severe malaria, one-step injectable artesunate was 
quicker and cheaper to administer and had equivalent safety and efficacy compared with 
the conventional formulation. 

Introduction 

Severe malaria is a main cause of preventable childhood death in the World Health Organization 

(WHO) African Region.1,2 Outcomes depend on rapid access to health care and initiation of 

antimalarial treatment. Delaying treatment is potentially lethal.3 The African Region accounted 

for about 94% (233/249 million) of global cases of malaria in 2022 with four countries reporting 

half of all malaria deaths: Nigeria, Democratic Republic of the Congo, Niger and United 

Republic of Tanzania, in descending order of total deaths.4 

Parenteral artesunate is the first-line treatment for severe malaria5 based on the results of 

two large trials in the African and South-East Asia regions comparing parenteral artesunate with 

quinine. In both trials, artesunate was associated with a significant reduction in mortality 

compared with quinine, a 35% (107/730 versus 164/731) relative reduction in deaths in mainly 

adult patients in South-East Asia and a 23% (230/2712 versus 297/2713) reduction in paediatric 

patients in Africa.6,7 No increase in severe sequelae was seen after treatment with parenteral 

artesunate. Injectable artesunate was also shown to be cost-effective.8 These findings resulted in 

the WHO recommendation to use parenteral artesunate as first-line antimalarial therapy for 

severe malaria in all endemic settings.9 Since 2011, this treatment change is estimated to have 

saved hundreds of thousands of lives.10 

The current formulation of injectable artesunate requires a two-step process, comprising 

reconstitution of the artesunate hemisuccinate powder in a sodium bicarbonate solution followed 

by further dilution in 5% dextrose or normal saline.11 The preparation of the two-step formulation 

takes time, is prone to error and requires additional consumables, including sterile syringes. The 

current formulation requires gently shaking the reconstituted artesunate solution for 3 minutes to 

5 minutes to ensure that it is completely dissolved. In addition, the final concentrations required 
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for intravenous and intramuscular routes are different, creating another potential source of error.12 

Errors in preparation can cause wastage of drugs, and misdosing can put critically ill patients at 

increased risk of harm. Previous studies have highlighted gaps in health workers’ knowledge of 

artesunate-based treatment of severe malaria, suggesting the need to simplify intravenous 

artesunate regimens.13,14 

In a medical emergency such as severe malaria, delays in starting treatment can have life-

threatening consequences. Severe malaria often develops in rural communities where hospital 

referral may take hours or days. The new reformulation of injectable artesunate requires a single-

step reconstitution and could potentially be given at more peripheral levels of the health system. 

Bioequivalence studies in healthy volunteers showed matching exposures to artesunate and 

dihydroartemisinin whether administered intravenously or intramuscularly.15 The one-step 

formulation uses the same volume of solvent for intravenous and intramuscular injection, thus 

reducing the potential for confusion.16 In addition, the one-step formulation could reduce costs, 

because its administration may take less time and use fewer consumables (Fig. 1). 

As new treatments for severe malaria could affect millions of vulnerable patients, our 

study aimed to obtain direct evidence of real-life use of the one-step artesunate formulation and 

to assess and mitigate against the risk of any unexpected differences in treatment effects. 

Specifically, we conducted a clinical trial to: (i) quantify the time and cost differences between 

the one- and two-step artesunate formulations; (ii) compare their safety and treatment outcomes; 

and (iii) identify any unanticipated issues. 

Methods 

This open-label, individually randomized, non-inferiority trial compared the two artesunate 

formulations. We compared the speed and convenience of preparation, the costs of drug 

administration, parasite clearance time and adverse events. The intervention in both arms of the 

trial was artesunate given at the same dosage. We captured pharmacodynamic and clinical 

outcomes to exclude the possibility of unexpected differences in drug activity due to varying 

formulations.8 

Study design and participants 

We conducted the study in Korogwe, United Republic of Tanzania and Kinshasa, Democratic 

Republic of the Congo, which are large African countries with a substantial burden of severe 
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Plasmodium falciparum malaria. Patients aged 3 months to 16 years were eligible if they had 

clinically diagnosed severe P. falciparum malaria based on a positive malaria rapid diagnostic 

test or microscopically confirmed P. falciparum with > 350 000 parasites/µL. Clinical criteria for 

severe malaria were: impaired consciousness; prostration; failure to feed and drink without 

assistance; multiple convulsions; respiratory distress; circulatory collapse or shock; systolic blood 

pressure < 70 mmHg; clinical jaundice plus evidence of other vital organ dysfunction; 

haemoglobinuria; suspected pulmonary oedema; renal failure; spontaneous bleeding; repeated 

vomiting in the preceding 24 hours; or severe pallor with respiratory distress. Exclusion criteria 

were current participation in any other medical trial, body weight < 5 kg, known allergy to 

artemisinin derivatives, or parenteral treatment for severe malaria during the present illness. 

Treatment with an oral antimalarial or with a single dose of pre-referral rectal artesunate were not 

exclusion criteria. In both Democratic Republic of the Congo and United Republic of Tanzania, 

the cost of treatment was covered by the study. In routine practice, the cost of treatment for 

children younger than 5 years is covered by the governments of each country; even so, parents 

often need to purchase items such as consumables. 

Study procedures 

We randomized eligible patients at each study site in a 1:1 ratio (in block sizes of 8, 10 and 12, 

blinded to study staff). The trial statistician at Mahidol Oxford Tropical Medicine Research Unit 

in Bangkok computer-generated the sequences and supervised preparation of randomization 

envelopes. Allocation was performed by opening the next sequentially numbered opaque 

envelope, which contained the study number and treatment. Once that envelope was opened, the 

patient was irrevocably enrolled. To minimize potential bias, staff performing laboratory 

investigations after enrolment were blind to treatment allocation. 

Patients were admitted to the study ward and randomly allocated to either one-step or 

two-step injectable artesunate, both administered intravenously every 12 hours for a minimum of 

three doses. A member of the study team, usually a nurse, directly observed the nurses and 

doctors at the treatment centres administer the drug preparation. A senior doctor from each site 

trained and supervised the study staff. Artesunate dosing was according to WHO guidelines. 

When the patient was able to tolerate oral medication, injectable treatment was replaced with a 

full 3-day course of an artemisinin combination therapy (artemether–lumefantrine) to complete 

antimalarial treatment. The use of concomitant medications and treatment was unrestricted. 
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Patients remained in the study ward until parasite clearance and were advised to remain 

until completion of treatment. To determine asexual parasite clearance half-life, study staff took 

blood samples at hour 4, 8, 12 hours and thereafter at 6-hourly intervals until clearance on two 

consecutive smears examined after Giemsa-staining blood.17 After discharge, study staff assessed 

patients weekly as outpatients at day 7, 14, 21 and 28. In case of important unresolved sequelae at 

day 28, follow-up was extended for up to 12 months.18  

A time and motion study recorded the time to prepare the artesunate solution for injection 

and to administer treatment, the number of actions performed to prepare treatment, and the 

consumables used.19 We estimated the cost of consumables based on local prices provided by the 

hospital pharmacy. 

Outcomes 

The primary outcomes were time required to prepare the artesunate for injection and the cost of 

consumables, including the cost of syringes with needles. Exploratory outcomes were severe 

adverse and other adverse outcomes (graded according to Common Terminology Criteria for 

Adverse Events, version 5.0)20 as indicators of safety and fever clearance times, and time to 

tolerate oral medication as treatment outcomes (all stratified by study site). We assessed parasite 

clearance rates as a measure of the pharmacodynamic effect. We will report secondary outcomes 

of the study that explored feasibility and acceptability of the one-step formulation in a separate 

article. 

Statistical methods 

We followed a pre-specified statistical analysis plan to report this trial. The original power 

calculations for the primary outcome assumed that conventional injectable artesunate requires 

4 min to prepare for administration with a standard deviation (SD) of 2 min. Our non-inferiority 

margin for the new formulation was 1 min. With this non-inferiority margin, detecting non-

inferiority with 90% power and with a one-sided α of 0.025 required inclusion of 170 

participants. Allowing for a 15% loss to follow-up or withdrawal, we aimed to recruit 200 

participants in the two arms combined. The study was not powered to produce statistically 

reliable disaggregated data by sex and/or gender and there was no a priori reason to expect any 

such difference. To compare outcomes between treatment groups, we calculated medians 

(interquartile range, IQR) and difference in means (95% confidence interval, CI). We used 



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.25.293309 

6 of 22 

unpaired t-tests or Wilcoxon rank-sum (Mann–Whitney) test as appropriate to evaluate 

differences in continuous data. We compared proportions with the Fisher exact test. We used the 

WorldWide Antimalarial Resistance Network calculator to determine parasite clearance half-

lives.21 We used Stata, version 18 (StataCorp. LP, College Station, United Staes of America) for 

all analyses. 

Approvals and consent 

The following ethics committees approved the study: National Health Research Ethics Sub-

Committee, United Republic of Tanzania; Research Ethics Committee of the Kinshasa School of 

Public Health and the Ministry of Health of Democratic Republic of the Congo; and the Oxford 

University Tropical Research Ethics Committee, England. Oxford University was the study 

sponsor. The Mahidol-Oxford Tropical Medicine Research Unit monitored the study conduct. A 

parent or guardian gave written informed consent, witnessed when necessary, according to good 

clinical practice. Additionally, Tanzanian patients aged 12 years or older gave their own informed 

assent. We had all study documents translated into local language as appropriate. A data and 

safety monitoring board met before the trial and twice during the recruitment period. We 

registered the trial with ClinicalTrials.gov (NCT05140278).  

Results 

Between 7 June 2022, and 11 August 2023, we assessed 230 patients for eligibility and enrolled 

and randomized 200 of these patients in the study. 

Baseline characteristics 

Fig. 2 summarizes the selection and randomization of study participants. Of the 200 participants, 

95 (48%) were male. The median age was 4.2 years (IQR: 2.3–7.8) and the geometric mean of 

the baseline parasitaemia (at hour 0) was 67 513 parasites/µL (IQR: 12 952‒222 529). The mean 

weight was 17.0 kg (SD: 8.6) and mean haemoglobin was 6.1 mmol/L (SD: 1.5). The baseline 

characteristics of the patients by treatment arm are summarized in Table 1. The characteristics 

were well balanced across the two treatment arms. 

Convenience, costs and speed 

We compared time to administration of treatment and costs of administration at the health facility 

between the one- and two-step formulations, using time-and-motion methods (Table 2). 
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The mean time from opening the study box to completed preparation of the syringe for all 

recorded times was 2 min 22 s (SD: 50 s) in the one-step arm and 3 min 41 s (SD: 1 min 35 s) in 

the two-step arm. The difference in means was −1 min 19 s (95% CI: −1 min 32 s to −1 min 7 s), 

a 36% (79/221) reduction with the one-step formulation. The mean total number of syringes used 

(syringes 5 mL and 10 mL, to accommodate different sizes of children) per patient, at all recorded 

times was 6 pieces (SD: 2) in the one-step arm versus 9 pieces (SD: 3) in the two-step arm; 

difference in means −3 (95% CI: −4 to −2). The mean total cost of syringes and needles used 

(syringes 5 mL and 10 mL) per patient in United States dollars (US$), at all recorded times, was 

US$ 0.53 (SD: 0.13) in the one-step arm versus US$ 0.84 (SD: 0.22) in the two-step arm. The 

difference in means was −US$ 0.31 (95% CI: US$ −0.35 to US$ −0.26), a 37% (31/84) reduction 

in costs with the one-step formulation. 

Fever and parasite clearance 

The mean time to fever clearance was 13.5 h (SD: 13.8) in the one-step arm, compared with 

11.2 h (SD: 12.5) in the two-step arm (P-value: 0.190). The mean time to be able to tolerate oral 

medication was 32.6 h (SD: 5.0) in the one-step arm compared with 31.6 h (SD: 3.9) in the two-

step arm (P-value: 0.369). Parasite clearance half-lives and proportions of patients with 

parasitaemia persisting to day 3 were similar in the two treatment arms (Table 3 and Fig. 3). With 

the one-step formulation, the mean time to parasite clearance was 2.1 h (SD: 0.9) compared with 

2.0 h (SD: 0.8) for the two-step arm (P-value: 0.173). The proportion of patients with parasites on 

day 3 was 1% (1/100) in the one-step arm compared with 0% (0/100) in the two-step arm (P-

value: 1.000; Table 3). 

Safety and tolerability 

We assessed safety and tolerability in all patients (Table 4). Two patients had a serious adverse 

event: one patient in the one-step arm died on day 7 and one patient in the two-step arm had 

transaminitis. One patient in the one-step arm had neurological sequelae at discharge, but these 

issues resolved fully during follow-up. Overall, 97% (97/100) of patients in each arm had 

ungraded adverse symptoms in the first 28 days of admission with no differences between the 

arms in the number of events: 242 events for the one-step formulation versus 229 events for two-

step formulation, incidence rate ratio 1.06 (95% CI: 0.88 to 1.27). The most common event was 
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prostration: 75% (75/100) of patients in the one-step arm and 76% (76/100) of patients in the 

two-step arm (P-value: 0.869). 

The frequency of abnormal blood tests within the first 28 days of antimalarial treatment is 

summarized in Table 4. Ninety patients had abnormal blood tests in the one-step arm versus 82 in 

the two-step arm. A decrease in haemoglobin of grade 3 or 4 was observed in 6% (6/100) of 

patients in the one-step arm and 7% (7/100) of patients in two-step arm. Post-artesunate delayed 

haemolysis, an uncommon adverse event of malaria treatment, usually presents 7 days or later 

after treatment.22 However, no apparent difference was seen in haemoglobin recovery between 

the study arms up to day 28 (Fig. 4). Other grade 3 or 4 adverse events included transient 

increases in plasma creatinine (increase by ≥ 50%, to ≥ 1.5 × baseline)20 in 2% (2/100) of patients 

in each treatment arm; transient increased transaminases (> 220 IU/L) in 3% (3/100) and 2% 

(2/100) of patients in the one- and two-step arms respectively; and total bilirubin increases in 2% 

(2/100) and 1% (1/100) of patients in the one- and two-step arms respectively. These differences 

between study arms were not significant. 

Discussion 

The aim of our study was to compare a new formulation of injectable artesunate with the 

currently used two-step formulation in African children with severe malaria, who are the target 

patient population for this new formulation. A key advantage of the one-step formulation is its 

simpler preparation and dosing, using the same volume for intramuscular or intravenous 

administration. The one-step formulation reduced preparation time by about one third and 

lowered the cost of consumables by an equivalent amount. In real-life conditions, the advantage 

of the new formulation is chiefly its simplicity and not that it is slightly quicker to prepare. While 

the cost savings with the one-step formulation are modest, its use could significantly reduce out-

of-pocket expenditure for impoverished families. Additionally, the one-step formulation could 

result in substantial saving when applied at the population level in sub-Saharan Africa where 

many childhood fevers are caused by malaria. 

The similar treatment outcomes and parasite clearance half-lives between the two study 

arms corroborate earlier pharmacological evidence of bioequivalence.23 No unanticipated issues 

arose in terms of feasibility and differences in adverse events. No other clinical trials have 

compared conventional and one-step injectable artesunate in malaria patients, thus this study’s 
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findings have significant implications: if malaria control programmes consider adopting the one-

step formulation, then they can do so without concerns about differences in treatment efficacy. 

The most important limitation of the study was the open-label method of the trial. The 

assessment of adverse events and their reporting by patients or their parent or guardian could be 

affected by bias. All laboratory assessments were done blind to treatment allocation, thus 

reducing the risk of bias in laboratory findings. Among patients allocated to two-step artesunate, 

six patients were lost to follow-up versus one patient in the one-step arm. However, as all these 

patients already had clinical and parasitological recovery and were without ongoing neurological 

sequelae, these late losses to follow-up are unlikely to have influenced the safety assessments. A 

qualitative study capturing preferences and acceptability related to the new formulation will be 

reported separately. 

Agreed goals for malaria reduction and elimination are not on track to be reached,4 and 

improving access to effective treatment is vital to achieving these objectives. Measures needed to 

help reach the goals include: expanding access to antimalarial treatment at the community level 

through improved health services and community-health-worker networks;24 providing rectal 

artesunate for pre-referral treatment; and instituting early, efficient management of severe 

malaria.25,26 Ensuring reliable supplies of injectable artesunate at health facilities in the areas 

where most deaths occur must have the highest priority.27 The one-step formulation of artesunate 

is expected to be easy to administer and could improve the management of patients with severe 

malaria in health facilities. The price of one-step injectable artesunate is the same as the 

conventional injectable formulation: 60 mg powder for injection is available in 53 countries at an 

average unit cost of US$ 1.35.28 Training and supervision will need to be considered if the one-

step formulation is to be adopted into national treatment guidelines.29,30 The new formulation 

received WHO prequalification in June 2023 and is under review by malaria control programmes 

across Africa.31 

To conclude, in a medical emergency such as severe malaria, multiple steps to prepare a 

drug before starting treatment can be a disadvantage. The new one-step artesunate formulation is 

quicker to administer than the two-step formulation, its preparation avoids potential sources of 

error and it requires fewer consumables. 
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Table 1. Baseline patient characteristics, by formulation used, Democratic 
Republic of the Congo and United Republic of Tanzania, 2022–2023 
Characteristic One step 

formulation 
(n = 100) 

Two step 
formulation 

(n = 100) 

Total (n = 200) 

Age in years, median (IQR) 4.0 (2.1–7.0) 4.7 (2.5–8.0) 4.2 (2.3–7.8) 
Male sex, no. (%) 46 (46) 49 (49) 95 (48) 
Weight in kg, mean (SD) 16.5 (8.3) 17.5 (8.8) 17.0 (8.6) 
Height in cm, mean (SD) 102.9 (23.2) 105.2 (24.9) 104.0 (24.1) 
Temperature in °C, mean (SD) 38.1 (1.1) 37.8 (1.0) 38.0 (1.1) 
Haemoglobin in mmol/L, mean (SD) 6.0 (1.6) 6.2 (1.3) 6.1 (1.5) 
Parasite load per µL, geometric 
mean (IQR) 

80 629  
(12 623‒244 568) 

56 973  
(12 952‒181 856) 

67 513  
(12 952‒222 529) 

Impaired consciousness or 
unrousable coma, no. (%) 

1 (1) 1 (1) 2 (1) 

Prostration, no. (%) 75 (75) 76 (76) 151 (76) 
Failure to feed and drink without 
assistance, no. (%) 

44 (44) 38 (38) 82 (41) 

Multiple convulsions, no. (%) 13 (13) 11 (11) 24 (12) 
Deep breathing, respiratory distress, 
no. (%) 

28 (28) 29 (29) 57 (28) 

Circulatory collapse or shock 
(systolic blood pressure 
< 70 mmHg), no. (%) 

2 (2) 1 (1) 3 (2) 

Clinical jaundice plus evidence of 
other vital organ dysfunction, no. 
(%) 

2 (2) 1 (1) 3 (2) 

Haemoglobinuria, no. (%) 0 (0) 1 (1) 1 (0.5) 
Suspected pulmonary oedema, no. 
(%) 

1 (1) 1 (1) 2 (1) 

Renal failure (< 20 mL urine/hour), 
no. (%) 

0 (0) 1 (1) 1 (0.5) 

Spontaneous bleeding and/or 
disseminated intravascular 
coagulation, no. (%) 

0 (0) 1 (1) 1 (0.5) 

Several episodes of vomiting in the 
preceding 24 hours, no. (%) 

63 (63) 59 (59) 122 (61) 

Severe pallor with respiratory 
distress or haematocrit < 15% or 
haemoglobin < 5.0 g/dL, no. (%) 

9 (9) 9 (9) 18 (9) 

IQR: interquartile range; SD: standard deviation. 
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Table 2. Drug preparation time, and number and cost of injection supplies used, 
by formulation used, Democratic Republic of the Congo and United Republic of 
Tanzania, 2022–2023 
Variable Mean (SD) Difference in means (95% 

CI) One-step 
formulation 

(n = 100) 

Two-step 
formulation 

(n = 100) 
Time from opening box to completed syringe preparationa in min:s 
Overall 2:22 (0:50) 3:41 (1:35) −1:19 (−1:32 to −1:07) 
Democratic Republic of the 
Congo 

2:30 (0:36) 4:11 (1:31) −1:31 (−1:47 to −1:16) 

United Republic of Tanzania 2:13 (1:00) 3:22 (1:35) −1:08 (−1:27 to −1:03) 
Syringes and needlesb used per patient, no. 
Overall 6 (2) 9 (3) −3 (−4 to −2) 
Democratic Republic of the 
Congo 

6 (2) 9 (1) −3 (−3 to −2) 

United Republic of Tanzania 6 (2) 9 (4) −3 (−4 to −2) 
Cost of syringes and needlesc per patient in US$ 
Overall 0.53 (0.13) 0.84 (0.22) –0.31 (–0.35 to –0.26) 
Democratic Republic of the 
Congo 

0.50 (0.13) 0.78 (0.19) –0.28 (–0.35 to –0.22) 

United Republic of Tanzania 0.57 (0.12) 0.90 (0.23) –0.33 (–0.40 to –0.26) 

CI: confidence interval; SD: standard deviation; US$: United States dollars. 

a At all recorded times. 

b Syringes 5 mL and 10 mL. 

c Calculated from average cost of consumables used and wastage of the drug. 
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Table 3. Clinical recovery, by formulation used, Democratic Republic of the Congo 
and United Republic of Tanzania, 2022–2023  
Variable  One-step 

formulation 
Two-step 

formulation 
Both 

groups 
Pa 

Fever clearance in h, mean (SD)b 
Democratic Republic of the Congo 8.2 (13.0) 6.2 (11.1) 7.2 (12.1) 0.341 
United Republic of Tanzania 18.8 (12.7) 16.2 (11.8) 17.5 (12.3) 0.292 
All study sites 13.5 (13.8) 11.2 (12.5) 12.4 (13.2) 0.190 
Positive day 3 blood smear, no./n(%)c 
Democratic Republic of the Congo 1/50 (2) 0/50 (0) 1/100 (1) 1.000d 
United Republic of Tanzania 0/50 (0) 0/50 (0) 0/100(0) NA 
All study sites 1/100 (1) 0/100 (0) 1/200 (1) 1.000d 
Time to tolerate oral medication in h, mean (SD)e 
Democratic Republic of the Congo 32.7 (5.2) 32.0 (0.6) 32.4 (3.7) 0.979 
United Republic of Tanzania 32.6 (5.0) 31.2 (5.5) 31.9 (5.2) 0.349 
All study sites 32.6 (5.0) 31.6 (3.9) 32.1 (4.5) 0.369 
Parasite clearance  
Democratic Republic of the Congo 

Sample size 43 45 88 NA 
Half-life in h,f mean (SD) 2.2 (0.9) 2.1 (0.9) 2.1 (0.9) 0.251 

United Republic of Tanzania 
Sample size 20  26 46 NA 
Half-life in h,f mean (SD) 1.8 (0.6) 1.8 (0.7) 1.8 (0.6)  0.706 

All study sites 
Sample size 63 71 134 NA 
Half-life in h,f mean (SD) 2.1 (0.9) 2.0 (0.8) 2.0 (0.9) 0.173 

NA: not applicable; SD: standard deviation. 

a Comparison between treatment allocation used Wilcoxon rank-sum (Mann–Whitney) test, two-sided. 

b From baseline to start of first 24 h period with temperature < 37.5 °C. Temperature was recorded every 
4 h until day 2, then 6 hourly. 

c Assuming parasite clearance or discharge had not occurred before day 3. On day 3, 99 patients did not 
have parasitaemia data collected.  

d Fisher exact test. 

e From baseline to start of oral artesunate. All patients received a minimum of three doses of injectable 
artesunate before switching to oral artesunate. 

f Excluding patients with initial parasite count too low to estimate half-life. Additionally, 66 patients with < 3 
parasitaemia measurements from h 0, 6, 12, 18 and 24 were excluded. 
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Table 4. Incidence of adverse events within the first 28 days of treatment, by 
formulation used, Democratic Republic of the Congo and United Republic of 
Tanzania, 2022–2023 
Variable No. (%) Pa 

One-step 
formulation 

(n = 100) 

Two-step 
formulation 

(n = 100) 
Adverse events  
Serious adverse event 1 (1)b 1 (1)b 1.000 
Possible, probable or definite drug-related serious 
adverse event 

0 (0) 1 (1) NA 

Neurological sequelae at discharge 1 (1) 0 (0) NA 
Neurological sequelae at day 28 0 (0) 0 (0) NA 
Neurological sequelae persisting at end of follow-up 0 (0) 0 (0) NA 
Ungraded adverse events 
No. of patients with symptoms 97 97 NA 
No. of events reportedc 266 231 NA 
Impaired consciousness or unrousable coma 2 (2) 1 (1) 0.561 
Prostration 75 (75) 76 (76) 0.869 
Failure to feed and drink without assistance 44 (44) 38 (38) 0.388 
Multiple convulsions 14 (14) 11 (11) 0.521 
Deep breathing, respiratory distress 29 (29) 29 (29) 1.000 
Circulatory collapse or shock, systolic blood pressure 
< 70 mmHg 

2 (2) 1 (1) 0.561 

Clinical jaundice plus evidence of other vital organ 
dysfunction 

2 (2) 1 (1) 0.561 

Haemoglobinuria 0 (0) 1 (1) NA 
Suspected pulmonary oedema 1 (1) 1 (1) 1.000 
Renal failure (< 20 mL urine/h) 0 (0) 1 (1) NA 
Spontaneous bleeding or disseminated intravascular 
coagulation 

0 (0) 1 (1) NA 

Several episodes of vomiting in the preceding 24 h 63 (63) 59 (59) 0.562 
Severe pallor with respiratory distress or haematocrit 
< 15% or haemoglobin < 5.0 g/dL 

10 (10) 9 (9) 0.809 

Total 242 229 0.549 
Graded abnormal blood test events 
No of patients reporting abnormal blood test events 90 82  
No. of events reportedc 271 224  
Creatinine increase 1.000 
Grade 1 or 2 56 (56) 48 (48)  
Grade 3 or 4 2 (2) 2 (2)  

Total bilirubin increase 1.000 
Grade 1 or 2 12 (12) 12 (12)  
Grade 3 or 4 2 (2) 1 (1)  

Alanine aminotransferase increase 1.000 
Grade 1 or 2 12 (12) 7 (7)  
Grade 3 or 4 1 (1) 1 (1)  

Aspartate aminotransferase increase 1.000 
Grade 1 or 2 37 (37) 32 (32)  
Grade 3 or 4 2 (2) 1 (1)  

Alkaline phosphatase increase NA 



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.25.293309 

18 of 22 

Grade 1 or 2 35 (35) 22 (22)  
Grade 3 or 4 0 (0) 0 (0)  

Neutrophil count decrease NA 
Grade 1 or 2 13 (13) 13 (13)  
Grade 3 or 4 0 (0) 0 (0)  

Lymphocyte count decrease NA 
Grade 1 or 2 5 (5) 7 (7)  
Grade 3 or 4 0 (0) 0 (0)  

White blood cell count decrease NA 
Grade 1 or 2 25 (25)  28 (28)  
Grade 3 or 4 0 (0) 0 (0)  

Platelet count decrease NA 
Grade 1 or 2 5 (5) 3 (3)  
Grade 3 or 4 0 (0) 0 (0)  

Haemoglobin decrease 1.000 
Grade 1 or 2 17 (17) 5 (5)  
Grade 3 or 4 6 (6) 7 (7)  

Total 230 189 NA 

NA: not applicable. 

a Comparing grade 3 and 4 adverse events by study arm using the Fisher exact test. 

b Death in the one-step arm and permanent neurological sequelae in the two-step arm. 

c The number of events refers to one or more events that occurred together in patients. 
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Fig. 1. One- and two-step formulations of injectable artesunate 
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Fig. 2. Flowchart of selection of study participants for the comparison between 
one- and two-step injectable artesunate formulations, Democratic Republic of the 
Congo and United Republic of Tanzania, 2022–2023 

 

 

230 patients assessed for eligibility 

30 patients excluded 

 None had a clinical diagnosis of severe 
Plasmodium falciparum malaria or 
confirmed P. falciparum hyperparasitaemia 
> 350 000/µL 

200 patients enrolled and randomized 

100 patients assigned one-step formulation 

 50 patients in the Democratic Republic 
of the Congo 

 50 patients in the Republic of Tanzania 

100 patients assigned two-step formulation 

 50 patients in the Democratic Republic of 
the Congo 

 50 patients in the Republic of Tanzania 

 1 patient lost to 
follow up 

 1 patient 
withdrew consent 

 6 patients lost to 
follow up 

 1 patient 
withdrew consent 

98 patients included in per 
protocol analysis 

100 patients included in safety 
and intention to treat analysis 

93 patients included in per 
protocol analysis 

100 patients included in safety 
and intention to treat analysis 
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Fig. 3. Parasite clearance half-life distribution for the two formulations and 
countries, Democratic Republic of the Congo and United Republic of Tanzania, 
2022–2023 
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Fig. 4. Mean haemoglobin levels, by treatment day, for the two formulations, 
Democratic Republic of the Congo and United Republic of Tanzania, 2022–2023 

 

 
CI: confidence interval.  

 


