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Background: The emergence of artemisinin resistance has raised concerns that the most potent
antimalarial drug may be under threat. Artesunate + amodiaquine (ASAQ) and artemetherlumefantrine (AL) are respectively the first- and second-line treatments for uncomplicated
falciparum malaria in Côte d’Ivoire. A comparison of the efficacy and safety of these two drug
combinations was necessary to make evidence-based drug treatment policies.
Methods: In an open-label, non inferiority, randomized, controlled clinical trial, children aged
6–59 months were randomized to receive ASAQ or AL. Both drug regimens were given for
3 days, and follow-up was for 28 days. The primary endpoint was the 28-day cure rates and
was defined as proportion of patients with polymerase chain reaction (PCR)-corrected cure rate
after 28 days of follow-up.
Findings: A total of 251 patients who were attending the Ayame and Dabakala hospitals and
presenting with symptomatic acute uncomplicated falciparum malaria were randomized to
receive ASAQ (128) and AL (123). The intention-to-treat analysis showed effectiveness rates
of 94.5% and 93.5% for ASAQ and AL, respectively on day 28. After adjustment for PCR
results, these rates were 96.1% and 96.8%, respectively. On day 28, the per-protocol analysis
showed effectiveness rates of 98.4% and 96.6% for ASAQ and AL, respectively. After adjustment by PCR for reinfection, these rates were 100% for each drug, and both regimens were
well tolerated.
Conclusion: ASAQ and AL remain efficacious treatments of uncomplicated falciparum malaria
in Ivorian children 5 years after adoption. The efficacy of ASAQ and AL in Côte d’Ivoire
requires, therefore, continuous monitoring and evaluation.
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Multidrug resistance of Plasmodium falciparum is a major health problem in many countries, and the number of drugs available that are effective and affordable is very low.1
Currently, artemether-lumefantrine (AL) and artesunate-amodiaquine (ASAQ) are
the only widely available drugs, which are recommended by most malaria endemic
countries in the treatment of uncomplicated falciparum malaria.1 The emergence of
artemisinin-resistant malaria along the Thai–Cambodian border, historically a site
of emerging antimalarial-drug resistance, has provoked global alarm that the most
valuable and effective antimalarial drug is in danger of being lost, triggering a campaign to identify and eradicate resistant parasite strains.2–6 Other suspected foci have
been identified in the Greater Mekong subregion but are not yet confirmed.7 The high
persistence of substandard artemisinin combined therapies (ACTs) and inappropriate
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artemisinin monotherapies in the private sector, especially in
sub-Saharan Africa (where many individuals buy their treatments privately), risks patient safety, and through drug resistance, places the future of malaria treatment at risk globally.8–11
Several of these ACTs are currently available in Côte d’Ivoire,
where ASAQ and AL combinations are common.
AL offers excellent efficacy, but in high-transmission
areas, the relatively short half-life of lumefantrine leads to
a high incidence of new infections soon after therapy.12,13
ASAQ has shown a significantly lower efficacy than has AL
in East Africa,14,15 presumably due to the high prevalence of
amodiaquine-resistant parasites in this region.
As resistance to sulfadoxine-pyrimethamine (SP) increases
and spreads across Africa,16–18 the effectiveness of the intermittent preventive treatment in pregnancy (IPTp) strategy may be
compromised in many malaria-endemic countries.19 Clinical
trials are being conducted to assess alternative drugs that
could be used for IPTp in place of SP. Artemisinin-based IPT
regimens represent a promising potential alternative to SP. The
World Health Organization (WHO) endorses the use of ACT
for patients in the second and third trimesters of pregnancy
with acute uncomplicated falciparum malaria.1 Artemisinin
resistance would be disastrous for global malaria control.
In Côte d’Ivoire, ASAQ and AL have been recommended
respectively in first- and second-line treatment since 2005 following earlier studies.20–22 But continued use of amodiaquine
or artesunate monotherapies, persistence of substandard ACTs
in the private sector,10–11,23 and resistance to artesunate and/or
amodiaquine24 may jeopardize the future use of ASAQ and AL
as an effective artemisinin-based combination therapy. The
emergence of artemisinin resistance may also compromise the
future use of artesmisinin derivatives as potential alternatives
to SP for IPTp.
The main purpose of this study was to update the baseline data from two randomized clinical trial sites assessing
the safety and efficacy of ASAQ fixed-dose combination
tablets in comparison with a fixed-dose combination of AL,
the two drug combinations recommended by the National
Malaria Control Programme (Abidjan, Côte d’Ivoire) before
deployment of these two ACTs in the 19 districts. The Global
Fund (Round 6) has provided funding for ASAQ and AL in
Côte d’Ivoire for the treatment of uncomplicated falciparum
malaria in children less than 5 years old.

Patients, materials, and methods
Study design
This study was a randomized, open-label, noninferiority
clinical trial comparing ASAQ (Coarsucam®; Sanofi-Aventis,
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Paris, France) and AL (Artrin®; Lic Pharma, Abidjan, Côte
d’Ivoire). The study was carried out according to current
WHO protocol.25

Study area
This trial was performed from November 2008 through
February 2009 at two health care centers in Ayame (southern)
and Dabakala (northern), Côte d’Ivoire. P. falciparum
transmission is intense and perennial, with recrudescence
during the rainy season. P. falciparum is the predominant
malaria-causing species.

Study population
Children presenting at the site were screened for eligibility and invited to participate in the study if they met the
f ollowing inclusion criteria: aged 6–59 months; body
weight $5 kg; a history of fever in the previous 24 hours or
measured fever (axillary temperature $37.5°C); monoinfection with P. falciparum, with density parasitemia in the
range of 2000–200,000 asexual parasites per microliters of
blood; no other cause of fever than suspected malaria; and
no general danger signs or signs of severe and complicated
falciparum malaria as per WHO guidelines,25 were able to
take study drugs by the oral route, were able to attend clinic
on stipulated days for follow-up, and if a parent or guardian
provided written informed consent for the child to participate
in the study.
Exclusion criteria consisted of: presence of severe and
complicated malaria as defined by WHO; a mixed plasmodial infection, or concomitant disease masking assessment
of the response to antimalarial treatment; intake of antimalarial drugs other than chloroquine within the past 7 days;
and known hypersensitivity to any of the investigative
combinations.

Randomization and treatment
Patients were randomly assigned to one of two treatment
groups, namely ASAQ once daily intake and AL twice daily.
Treatment dosages were determined according to patient’s
body weight. Treatment duration was 3 days. Treatment with
ASAQ (one tablet once daily for 3 days) was provided as
25 mg/67.5 mg tablets for children who weighed 5–9 kg,
50 mg/135 mg tablets for children who weighed . 9–18 kg, and
100 mg/270 mg tablets for children who weighed .18 kg.
Treatment in the AL group was provided as 20 mg/120 mg
tablets, given in a 3-day, 6-dose regimen. Children who
weighed 5–15 kg received one tablet per dose, and children
who weighed .15–20 kg were given two tablets per dose.
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The first dose was taken at enrolment, the second dose 8 hours
later on day 0, and then two doses at 12-hourly intervals for
the subsequent 2 days. All tablets were either swallowed
whole or crushed with water. Yoghurt was then given to the
children. The drug administration was supervised by the
research team.
Randomization was done by an independent statistician
using computer-allocated blocks of ten and was not stratified.
Individual treatment allocations were contained inside consecutively numbered sealed envelopes, which were opened
sequentially by a study investigator or clinical research
coordinator after the decision to enroll a subject had been
made by the study team. In the case where a participant vomited the first dose within 30 minutes of drug administration,
a repeat full dose was re-administered. If vomiting persisted,
the child was withdrawn from the study. A participant who
was withdrawn due to vomiting received rescue medication
according to the Malaria Control Programme guidelines.

Blinding
Although initial treatment allocation was blinded, administration of subsequent medication was not (ie, open-label).
However, laboratory staff reading the malaria smears had no
idea of the treatment received. All additional sample investigation such as polymerase chain reaction (PCR) genotyping
was performed by individuals who were also blinded to the
treatment allocation.

Efficacy and safety assessment
The patients returned on days 1, 2, 3, 7, 14, 21, and 28 to
complete the drug administration and for clinical assessment, blood smears, and filter paper blood sample collection.
Patients who failed to report at the clinic for the scheduled
visit were followed to their residence by trial field workers.
They were also asked to return to the clinic on any
other day if they had new complaints or any change in their
condition. Clinical efficacy was assessed by grading the
pre-existing clinical signs and combining them with the
temperature values. The following clinical symptoms were
assessed systematically: fever, perspiration, headache, chills,
pain (specifying topography), jaundice, asthenia, dizziness,
anorexia, skin fold, skin rash, hepatomegaly, pruritus.
Splenomegaly was estimated according to the Hackett scale.26
Parasitological efficacy was based on asexual parasitemia
and gametocyte carriage.
The classification of the therapeutic outcome was done
according to the current 28-day WHO protocol.25 The primary endpoint was the 28-day cure rates and was defined
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as the proportion of patients with PCR-corrected adequate
clinical and parasitological response (ACPR) after 28 days
of follow-up. Secondary endpoints were clinical adverse
events (AEs), clearance rate of fever and parasitemia, and
gametocyte carriage.
All AEs were monitored passively and actively. An
AE was defined as any unfavorable and unintended sign,
symptom, or disease temporarily associated with the use of
an investigational product, not present on day 0, but occurring during follow-up, or was present on day 0 but became
worse during follow-up.

Sample size
The sample size was calculated using the WHO guidelines
on assessment of antimalarial drugs.25 The population size
was determined according to the following criteria: the
proportion of probable clinical failures with the antimalarial
combinations studied should not be higher than 10%, for a
level of confidence of 95% and a precision of 10%, taking
into account patients who were excluded or lost to follow-up.
Using these criteria, a minimum of 50 patients was required
in each treatment arm per site.

Laboratory procedures
At enrolment and subsequent days of follow-up, thick and
thin blood films were collected. Blood smears were stained
with Giemsa 10% and were examined at magnification
100× (oil immersion). Density parasitemia was measured by
counting the number of asexual parasites against a number of
leukocytes in the thick blood film, based on a putative count
of 8000 leukocytes per microliter of blood. The number of
asexual parasites was counted against 200 leukocytes using
a hand tally counter. If P. falciparum gametocytes were seen,
a gametocyte count was performed against 1000 leukocytes.
Counts were performed by two independent microscopists;
discrepant readings were resolved by a third reader.
Blood spots on Whatman 3M filter paper were prepared
for PCR genotyping. Multiplicity of infection was assessed
using three polymorphic loci (merozoite surface proteins
1 and 2 and glutamate-rich).27 Briefly, filter paper blood
samples collected on the day of enrolment and on the day
of failure were analyzed for polymorphism of merozoite
surface protein-1 (msp-1) and merozoite surface protein-2
(msp-2) using nested-PCR as previously described.28 Possible
outcomes were new infection or recrudescence. A “new infection” is a subsequent occurring parasitemia in which all the
alleles in parasites from the post-treatment sample are different from those in the admission sample, for one or more loci
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tested. In a “recrudescence,” at least one allele at each locus
should be in common for both paired samples.27

by Student’s t-tests when the data are normally distributed. No
normally distributed data were transformed to normality.

Statistical analysis

Ethical issues

Data generated were recorded in a log book and individual
participants case record files. Data were entered and analyzed
with EPI-Info™ software (v 6.4; Centers for Disease Control
and Prevention, Atlanta, GA). Analysis of treatment outcome
was intention-to-treat (ITT) and per protocol.
Per-protocol analysis included all patients who matched
all inclusion criteria, were properly randomized, had
received the study drugs according to the protocol, and for
whom data were available on the study endpoint without
protocol violation during the follow-up time. ITT analysis
comprised all randomized patients fulfilling the inclusion
criteria without repeated vomiting after the first study drug
administration.
Frequencies were compared by either chi-squared or
Fisher’s exact tests, as appropriate, and continuous variables

The study was conducted according to the Declaration of
Helsinki and national legal and regulatory requirements. The
protocol was submitted and approved by the national ethics
committee. Written informed consent was obtained from the
parent or guardian. If parents or guardian were unable to sign,
a fingerprint was applied on the consent form. If the parents or
guardian were unable to read, the informed consent form was
read and explained in the appropriate language. In such cases, the
presence of a witness who also signed the consent form to confirm that the patient had freely given consent was required.

Results
Participant characteristics
Between November 2008 and February 2009, out of 624
children under 5 years of age who were screened for

624 children assessed for
eligibility
344 no malaria
4 low parasitemia
25 non falciparum
malaria
251 children randomized

Artesunate-amodiaquine
n = 128

3 lost to follow-up
2 protocol violations

Complete treatment and
available for follow-up
day 28 (n = 123)

Artemether-lumefantrine
n = 123

2 lost to follow-up
2 protocol violations

Complete treatment and
available for follow-up
day 28 (n = 119)

Figure 1 Trial profile.
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malaria symptoms, 251 were enrolled. Figure 1 shows
detailed enrolment and follow-up information. Of the 251
enrolled participants, 128 were assigned to ASAQ and
123 to AL.
A total of 123 and 119 patients of the ASAQ and AL,
respectively, completed the trial and had adequate data for
the analysis of the endpoints. Table 1 shows the baseline
characteristics of the eligible participants. The two treatment
groups were comparable in all characteristics.

Clinical and parasitological responses
to treatment
As shown in Table 2, the 28-day cure rates were 94.5% (121
of 128) and 93.5% (115 of 123) for participants receiving
ASAQ and AL, respectively (P = 0.73). After adjusting for
cases of reinfection, the 28-day cure rates were 96.1% (123
of 128) and 96.8% (119 of 123) for those receiving ASAQ
and AL, respectively.
The per-protocol analysis showed effectiveness rates on
day 28 of 98.4% and 96.6% for ASAQ and AL, respectively
(P = 0.44). After adjustment by PCR for reinfection, these
rates were 100% for each drug.

Fever and parasite clearance
and gametocyte carriage
As shown in Figure 2, the proportion of participants without
fever was similar on days 2 and 3. On day 2, the fever clearance rates were 77.2% (95 of 123) and 73.9% (88 of 119) in
the ASAQ and AL groups, respectively (P = 0.55), while on
day 3, these rates were 82.1% (101 of 123) and 81.5% (97
of 119).
Both treatments resulted in rapid clearance of parasites
(Figure 3) as parasite clearance rates on day 2 were 100%
(123 of 123) and 99.2% (118 of 119) in the ASAQ and AL
groups, respectively.
At enrolment, gametocytes were detected in the peripheral blood of eight patients: three in the ASAQ group and
five in the AL group. On day 3, three patients of each group

had gametocytes. All patients were free of gametocytes from
day 7 to day 28 (Figure 4).

PCR findings
All six patients (two in the ASAQ group and four in the AL
group) who were parasitemic during follow-up had their
samples analyzed at enrolment and post-treatment. Parasite
genotypes in the pre- and post-treatment samples were
nonidentical in all patients and were considered as newly
acquired infections.

AEs
Assessment of AEs was made difficult by the predominance
of background signs and symptoms of malaria and the age
of the participants. Common AEs recorded (ITT population)
were vomiting, nausea, diarrhea, asthenia, and abdominal
pains. All of these events were described as mild or moderate.
Table 3 shows details of the distribution of AEs recorded
during the study.

Discussion
Artemisinins are established antimalarial agents with an
excellent safety profile,29 and ACTs are the recommended
first-line treatments of falciparum malaria in all countries
with endemic disease. 1 There are recent concerns that
the efficacy of such therapies has declined on the Thai–
Cambodian border.7,30,31 In Côte d’Ivoire, more than 100
combinations are registered and marketed and widely
available on street markets as poor-quality byproducts.
Parasite resistance to amodiaquine alone was also well
established in most African countries.24,32,33 Overall, there
are concerns about the efficacy of registered treatments,
especially ASAQ.
In the present study, the efficacy and safety of ASAQ
and AL in the treatment of acute uncomplicated malaria in
Ivorian children aged 6–59 months were thus compared.
ASAQ administered once daily for 3 days was as effective
as the six-dose regimen of AL given twice daily for 3 days.

Table 1 Baseline characteristics in the intention-to-treat cohort
Characteristic
Mean age (range)
Female sex, n (%)
Mean weight, kg (range)
Mean temperature, °C (range)
GM parasite count, μL (range)

ASAQ
31.24 (6–59)
60 (68)
12.06 (5.4–19.0)
38.61 (36–41)
30,487 (2000–171,152)

AL
34.41 (7–59)
58 (65)
12.49 (6.5–20.0)
38.12 (36.4–40.7)
24,901 (2000–127,040)

P value
0.18
1a
0.43b
0.0005b
0.22b

Notes: achi-squared test; bStudent’s t-test.
Abbreviations: ASAQ, artesunate + amodiaquine; AL, artemether-lumefantrine; GM, geometric mean.
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Outcome
Intention to treat analysis
Enrolled patients
Patients seen at day 28
Missing
Crude failure rate at day 28
Crude cure rate at day 28
PCR adjusted failure rate at day 28
PCR adjusted cure rate at day 28
Per protocol analysis
Patients seen at day 28
Crude failure rate at day 28
Crude cure rate at day 28
PCR adjusted failure rate at day 28
PCR adjusted cure rate at day 28

ASAQ

AL

P value

128
123/128 (96.1%)
5/128 (3.9)
7/128 (5.5%)
121/128 (94.5)
5/128 (3.9%)
123/128 (96.1%)

123
119/123 (96.8%)
4/123 (3.2%)
8/123 (6.5%)
115/123 (93.5)
4/123 (3.2% )
119/123 (96.8%)

1
1
0.73
0.73
1
1

123
2/123 (1.6%)
121/123 (98.4%)
0/123 (0%)
123/123 (100%)

119
4/119 (3.4%)
115/119 (96.6%)
0/119 (0%)
119/119 (100%)

0.44
0.44
1
1

Note: P values were obtained by Fisher’s exact test.
Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate + amodiaquine; PCR, polymerase chain reaction.

The results showed a high cure rate for both regimens after a
standard 28-day follow-up. These results are consistent with
efficacy results reported from several sub-Saharan African
countries,34–36 indicating a high overall cure rate with these
regimens in the short term (28-day). Therefore, the data are
in line with studies conducted in Ghanaian children showing lower parasitological and clinical failure rates in the
ASAQ compared with the AL arm.37–39 In contrast, results
from Central and East Africa show higher efficacy of AL

than ASAQ, especially a higher potency in preventing
reinfections.14,40 In the present study, both treatments were
equivalent regarding parasite and fever clearance rates and
gametocyte carriage. As already described,29 ACTs triggered
a rapid asexual parasite clearance in the present cohort. Delay
in parasite clearance (.2 days) only occurred in one child
of the AL group which could suggest decreased sensitivity.41
The results of this present study suggest full sensitivity
of P. falciparum in vivo to ACTs in the area of study.

100

Proportion of patients with fever (%)
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Table 2 Treatment outcome of ASAQ and AL at day 28

90
80
70
60
50
ASAQ
40

AL

30
20
10
0
Day 0

Day 1

Day 2

Day 3

Day 7

Day 14

Day 21

Day 28

Follow-up day
Figure 2 Fever clearance in the two groups.
Note: No significant differences were found for the proportions of subjects with fever between the two treatment regimens from baseline to day 28 (P . 0.05 Fisher’s exact
test or chi-squared test as appropriate).
Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate + amodiaquine.
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Proportion of patients with parasites (%)

100

80

60
ASAQ
AL

40

20

0
Day 0

Day 1

Day 2

Day 3

Day 7

Day 14

Day 21

Day 28

Follow-up day
Figure 3 Parasite clearance in the two groups.
Note: The proportion of participants who were aparasitemic was similar between the two treatment arms: 100% and 99% (P = 0.49) for those receiving ASAQ or AL,
respectively, on day 2. On day 3 these rates were also 100% (123 of 123) and 99% (118 of 119) in the ASAQ and AL groups respectively (P = 0.49).
Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate + amodiaquine.

A limitation of the study is the restriction of the follow-up
period to 28 days bearing the risk of underestimation of
treatment failures. Although logistically difficult, only
longitudinal clinical trials with follow-up time over several
months are appropriate for comparing the benefits and risks

of different antimalarial drugs, especially in highly endemic
areas.42 It has been estimated43 that 28-day assessments
underestimate the true failure by about 20% for drugs with
intermediate elimination half-life, such as lumefantrine and
SP (3–6 days half-life),44 and as much as 40% for drugs with

4.5

Proportion of patients with gametocytes
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120

4
3.5
3
2.5
ASAQ

2

AL

1.5
1
0.5
0
Day 0

Day 1

Day 2

Day 3

Day 7

Day 14

Day 21

Day 28

Follow-up day
Figure 4 Proportion of patients with gametocytes during follow-up.
Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate + amodiaquine.

Open Access Journal of Clinical Trials 2011:3

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

73

Dovepress

Offianan et al

Table 3 Clinical adverse events in the intention-to-treat
population
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Adverse event
Asthenia
Anorexia
Spitting
Vomiting
Diarrhea
Abdominal pain
Nausea

%
14.06
3.91
9.38
6.25
4.69
7.81
11.72

AL
N = 123
6
2
7
4
3
4
10

P value
%
4.88
3.25
5.69
3.25
2.44
3.25
8.13

0.01
0.45
0.27
0.38
0.50
0.17
0.34

Notes: The most commonly reported and possibly drug-related adverse events to
both combination therapies were gastrointestinal effects (abdominal pain, anorexia,
diarrhea, and late vomiting); P values were obtained by Fisher’s exact test.
Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate + amodiaquine.

a longer elimination half-life, such as desethylamodiaquine,
the active metabolite that amodiaquine quickly metabolizes
into (1–3 weeks half-life).45 In this case, the true failure rates
may have been higher. A trial comparing ASAQ and AL was
performed in Ghana with a follow-up time of 1 year showing high day-28 ACPRs of 95.3% and 94.2%, respectively,
with no difference in the occurrence of reinfections or
AEs.46 However, the differentiation between reinfection and
resistance is even more difficult with increasing follow-up
periods.
In the present study, the most common AEs were
vomiting, nausea, diarrhea, asthenia, and abdominal pains.
These are common clinical symptoms among patients with
malaria. It is thus difficult to confidently classify them as
drug-related AEs.
Both ACTs were not only efficacious but well tolerated.
No study participant was withdrawn as a result of recurrent
vomiting. In addition, there was no incidence of any serious
AE in the two treatment groups. The incidence of gastrointestinal AEs was higher in the ASAQ group compared with
the AL group. These findings are in agreement with previous
drug safety monitoring.32–34 This may suggest a lower intrinsic
tolerance of ASAQ.
Another limitation of this study is its limited statistical
power to detect rare side effects, as well as the difficulties
associated with evaluating neurological function in children
below 5 years of age.
The two ACTs showed a good safety profile and were
well tolerated. ASAQ and AL remain efficacious treatments
of uncomplicated falciparum malaria in Ivorian children, and
significant drug resistance does not seem to have emerged
after 5 years of adoption as first- and second-line treatments.
The Global Fund has provided funding for ASAQ and AL
in Côte d’Ivoire to treat uncomplicated falciparum malaria
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N = 128
18
5
12
8
6
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in children. Correct deployment of ACTs remains now a
major challenge.
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