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 Abstract 
Efficacy and safety of Artemether-Lumefantrine (AL) and Artesunate-Amodiaquine (AS-AQ) used as first line in 
malaria treatment were assessed in northern Côte d’Ivoire. A non-comparative therapeutic efficacy test of AL 
and AS-AQ in the treatment of uncomplicated falciparum malaria in children and adults was conducted from 
February to September 2019, in two sentinel sites. The WHO standard therapeutic efficacy test for monitoring 
antimalarial drug efficacy was used with Adequate Clinical and Parasitological Response (ACPR) corrected by 
PCR at day 28 as primary outcomes. Secondary endpoints were parasite and fever clearance times. A total of 
119 patients were included in the trial with 59 treated with AL and 60 treated with AS-AQ. Per protocol analysis 
on day 28 showed a PCR-corrected cure rate of 100% (95% CI, 93.4-100.0) and 100% (95%CI, 93.2-100.0) for AL 
and AS-AQ, respectively. At day 3, three patients in the AL group presented a fever and all patients treated with 
AS-AQ were apyretic. Delayed parasite clearance was observed in three patients in the AL group and one 
patient in the AS-AQ group. Both ACTs remain efficacious and well-tolerated for uncomplicated falciparum 
malaria treatment in northern Côte d’Ivoire. However, due to delayed parasite clearance observed, close 
monitoring of efficacy is essential. 
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BACKGROUND 
 
Malaria is an endemic disease that affects several 
continents around the world. In sub-Saharan countries, 
malaria remains a major public health problem despite 
the many strategies developed by WHO and his partners 
to control and eliminate the disease. In 2018, around 228 
million cases of malaria have been recorded worldwide  
 
 
Corresponding Author: Email: assisergi@yahoo.fr, Cel : + 
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including 213 million (93%) in the African region (WHO, 
2019). 
Children under five years continue to pay a heavy tribute 
with 67% of the 405,000 cases of death recorded 
worldwide (WHO, 2019). In Côte d’Ivoire, malaria is the 
main reason for hospital consultation, representing 43% 
of all consultations (MSHP, 2010). 
Due to the development and increasing resistance of P. 
falciparum to various antimalarial drugs available, WHO 
recommend the use of artemisinin-based combination  
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therapy (ACTs) for the treatment of uncomplicated 
malaria (WHO, 2001; MSHP, 2007). Artesunate-
amodiaquine (AS-AQ) and Artemether-lumefantrine (AL) 
are first line recommended drugs for the treatment of 
uncomplicated falciparum malaria in Côte d’Ivoire since 
2005 (MSHP, 2007; MSLS, 2014; MSHP, 2018). More 
recently, DiHydroArtemisinin-Piperaquine (DHAP) and 
Pyronaridine-Artesunate have been added to the list of 
ACTs used in first line treatment by the National Malaria 
Control Program (NMCP) (MSHP, 2018). The spread of 
artemisinin resistance to other regions, or its independent 
emergence in other parts of the world, could trigger an 
emergency with major consequences for public health 
(Noedl et al., 2008; Dondorp et al., 2010; Imwong et al., 
2017; Fairhust et al., 2012; Woodrow and White, 2017; 
WHO, 2017). 
Previous studies have shown efficacy of ACTs in Côte 
d'Ivoire (Yavo et al., 2015; Assi et al., 2017a; Toure et al., 
2018, 2014).  
Routine monitoring of antimalarial drug efficacy is 
necessary to ensure effective case management and for 
early detection of resistance. WHO recommends that the 
efficacy of first-and second-line antimalarial treatments 
be tested at least once every 24 months at all sentinel 
sites. 
This study was part of the monitoring of the efficacy of 
the two recommended ACTs in two sentinel sites of the 
NMCP located in the savannah region in northern Côte 
d’Ivoire. 
The objective was to assess the efficacy and safety of 
Artesunate-Amodiaquine and Artemether-Lumefantrine in 
the treatment of uncomplicated falciparum in order to 
update treatment guidelines. 
 
 
MATERIAL AND METHODS 
 
Study design 
 
This study was a prospective, non-comparative, non-
randomized, open label, therapeutic efficacy test of 
Artemether-Lumefantrine (AL) and Artesunate-
Amodiaquine (AS-AQ). The WHO protocol for evaluating 
therapeutic efficacy of antimalarial drugs was used 
(WHO, 2019).  
 
Study sites 
 
The therapeutic efficacy test with the AL was conducted 
at Odienné and the AS-AQ at Korhogosites between 
January-September 2019. The two sites were part of the 
NMCP sentinel sites located in the north of Côte d’Ivoire 
(Figure 1). Plasmodium falciparum transmission was 
intense and perennial, with recrudescence during the 
rainy season at every site. In this region Plasmodium 
falciparum was the predominant malaria parasite Henry 
et al., 2003). 

Sample Size 
 
The sample size was calculated using the WHO 
guidelines on assessment of antimalarial drugs (WHO, 
2009). As per the following criteria, the probability for 
clinical failures with the antimalarial combinations studied 
should not be higher than 10% (Yavo et al., 2015; Toure 
et al., 2014; Faye et al., 2012; Menan et al., 2011), for a 
95% level of confidence (P) and a precision (p) of 10%, 
taking into account patients who were excluded or lost to 
follow-up. Based on these criteria 60 patients were 
recruited at each site. 
 
Study Population 
 
The study population consisted of outpatients aged 6 
months to 65 years who attended health facilities with 
suspicion of uncomplicated malaria based on symptoms. 
Patients were referred to the study team for the 
recruitment. Main inclusion criteria for the study were as 
follows: body weight ≥5 kg; fever with axillary 
temperature ≥ 37.5° C or a history of fever in the previous 
24 hours; no other cause of fever than suspected malaria 
and no sign of complicated falciparum malaria (WHO, 
2009). Other criteria included ability to take study drugs 
by oral route, attend a clinic on required days for follow-
up and a signed informed consent (by patient or 
someone in charge of a child). 
Patients with signs or evidence of severe malaria or 
malnutrition, febrile condition due to illnesses other than 
malaria (e.g. measles, acute lower respiratory infection, 
severe diarrheal illness with dehydration), history of 
serious side effects to Artesunate-Amodiaquine and 
those pregnant or breastfeeding were excluded. 
 
Baseline evaluation and treatment 
 
Screening  
 
Patients symptoms were assessed at enrolment. Axillary 
or rectal temperature, body weight measurement and 
physical examination were performed. A thick and thin 
blood smear for parasitemia and blood sample on filters 
paper (Whatman 3MM) for molecular analysis were 
collected before treatment.  
 
Treatment 
 
Three formulations of AS-AQ produced by Guilin 
Pharmaceutical Co., Ltd. were received: 25mg 
AS/67.5mg AQ, 50mg AS/135mg AQ, 100mg AS/270mg 
AQ. For the AL only one formulation (20mg Artemether 
/120mg Lumefantrine) was received from Novartis Co, 
Ltd.  Patients received AL and AS-AQ at Odienné and 
Korhogosites respectively. Both treatments were three-
day oral regimens dosed by weight according to 
instructions from the manufacturer. 
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Figure 1. A map showing the two sanitary districts where the two studies were performed. Odienné: 
Artemether-Lumefantrine, Korhogo: Artesunate-Amodiaquine.  

 
 
 
Different doses of AS-AQ were administered as follows: 5 
to <9 kg: one tablet per day of artesunate (AS) 25 
mg/amodiaquine(AQ) 67.5 mg; 9 to <18 kg: one tablet 
per day of AS50 mg/AQ 135 mg; 18 to <36 kg: 1 tablet a 
day of AS100 mg/AQ 270 mg and ≥36 kg: 2 tablets a day 
of AS 100 mg/AQ 270 mg. Patients received tablets of 
AS-AQ that they swallowed under direct supervision by 
study team on study day 0, 1 and 2. Administration for 
the Artemether-Lumefantrine was as follows:between 5 to 
<15 kg: 1 tablet per dose; 15 to <25 kg: 2tablets per 
dose; 25 to <35 kg: 3 tablets per dose and ≥35 kg 4 
tablets per dose. Each AL dose was administrated twice 
a day on day 0, 1 and 2. The first dose was swallowed at 
enrollment under direct supervision by the study team. 
The second dose was administered eight hours later on 
day 0, and then one dose at 12hourly intervals on the 
remaining two days from home under family supervision, 
mainly for children. 
To check the intake of the second doses of AL, patients 
had to return the next day with empty blisters. For 
children, mothers were trained by the team on how to 
administer the drug. If a child vomited <30 min after his 
oral intake, a full dose was given. If vomiting persisted, 
the patient was dropped off the study. Any participant 
withdrawn because of vomiting received a rescue 
medication (injectable artesunate or injectable quinine) as 
per the National Malaria Control Program guidelines. 
 

Laboratory evaluations 
 
Parasitological assessments 
 
Plasmodium falciparum parasite was identified by 
examining thick and thin blood smear. Each slide was air-
dried and stained with 10% Giemsa for 30 minutes.  
Thick and thin blood films for parasite counts were 
obtained and screened on day 0 to confirm adherence to 
the inclusion criteria and on days 1, 2, 3, 4, 7, 14, 21 and 
28 or at any unscheduled visit, if needed. 
Parasitemia was determined by counting the number of 
asexual parasites and number of leucocytes in 200 high-
powered fields based on a putative count of 8,000 
leucocytes/µL of blood (Assi et al., 2017a, b). Two 
qualified independent microscopists read all slides. Slides 
were considered negative if no parasite was detected 
after reading 200 fields. Presence of gametocytes was 
also recorded. Readings with discordant results 
(difference in species diagnosis, difference in parasite 
density of >25%, or any difference that affected 
recruitment or study outcome) were re-examined by a 
third microscopist; the parasite density was calculated by 
averaging the two closest densities while the final 
parasite species was determined by the two concordant 
reads. Blood samples were drawn for hematocrit to 
estimate the level of anemia at inclusion on day 0 and 
any other days in case of adverse event.  
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Parasite genotyping 
 
Dried Blood Spots (DBS) on Whatman

®
 3MM filter paper 

(three spots per card) were prepared for polymerase 
chain reaction (PCR) genotyping for all subjects at day 0 
and at the relevant follow-up visit in the case of treatment 
failure.  
Parasite DNA was extracted from DBS using QIAamp 
DNA blood mini kits (QIAgen GmbH, Hilden, Germany) 
according to the manufacturer’s instructions. Paired DNA 
samples (day 0 and day of parasites recurrence) were 
genotyped by analyzing the polymorphic loci of merozoite 
surface proteins 1 and 2 (msp1 and msp2), and 
glutamate rich protein (glurp) genes to discriminate re-
infection from recrudescence as described previously 
(Toure et al., 2014. WHO, 2009, 2007). A “new infection” 
was a subsequent occurring parasitemia in which all the 
alleles in parasites from the post-treatment sample were 
different from those in the admission sample, for one or 
more loci tested. In a “recrudescence,” at least one allele 
at each locus should be in common for both paired 
samples.  
 
Safety assessment 
 
Safety of both ACTs was monitored by passive and 
active methods through interviews with participants and 
clinical assessments (and biological assessments if 
necessary) during the 28 days of follow-up. The 
reported/captured events were recorded in respective 
case report forms for each follow-up visit. Any clinical or 
biological sign not present at inclusion and which 
appeared during follow-up time or any sign present at day 
1 but worsening after was considered as adverse event. 
 
Outcomes 
 
Treatment outcomes were classified according to the 
WHO criteria (WHO, 2009) as adequate clinical and 
parasitological response (ACPR), early or late clinical 
failure and early or late parasitological failure at Day 28 
confirmed by PCR (WHO, 2009, 2007). Safety outcomes 
were the incidence of adverse events. Adequate clinical 
and parasitological response is defined as absence of 
parasitemia on day 28, irrespective of axillary 
temperature, in patients who did not previously meet any 
of the criteria of early treatment failure, late clinical failure 
or late parasitological failure (WHO, 2009). 
The first endpoint was ACPR at day 28 and the 
secondary endpoints were parasite and fever clearance 
times and safety. 
 
Statistical analysis  
 
Generated data were recorded in a log book and an 
individual participant’s case recording files. Data were 
entered and analyzed with SPSS Version 17 (SPSS Inc., 

Chicago, IL, USA). Intention to treat (ITT) and per 
protocol (PP) analysis were done. 
 
Ethical issues 
 
The protocol of this study was reviewed and approved 
(Approval Number 056/MSHP/CNER-kp) by the national 
ethic committee “Comité National d’Ethique et de la 
Recherche of Côte d’Ivoire (CNER)”. The study was 
carried out in accordance with the International 
Conference on Harmonization Guidelines for Good 
Clinical Practice.  
 
RESULTS  
 
Baseline characteristics 
 
Of 350 patients screened, 119 met the inclusion criteria 
and were enrolled. 60 received AL and 59 received AS-
AQ. Of these, 05 lost to follow up in the AL group and 01 
in the AS-AQ group (Figure 2). Baseline characteristics of 
the study participants are summarized in Table 1. More 
than half of the participants were between 5 and 25 years 
old (53.8%). Patients under 5 years of age represented 
24.4% of participants. The mean age of the study 
population was 11.0 (range 0.5-50 years) and the mean 
temperature at inclusion was 38.2°C. The geometric 
mean parasitemia at baseline was 21014 (range 2040-
198981) parasite/μL among all study participants. 
 
Efficacy Outcomes 
 
The results of treatment efficacy are presented by 
treatment group, unadjusted and adjusted by genotyping 
(Table 2). Of the 55 patients completing the entire follow 
up period in the AS-AQ groups, 54 achieved adequate 
Clinical and Parasitological Response (ACPR) and one 
was a Late Clinical Failure (LCF). 
The uncorrected-PCR cure rates at day 28 was 89.7% 
(95%CI, 78.8-96.1) in the AL group and 98.2 % (95%CI, 
90.3-100) in the AS-AQ group. The PCR-corrected ACPR 
on day 28 in the per-protocol analysis was 100% 
(95%CI,93.2-100) in the AL group and 100% (95%CI, 
93.4-100) in AS-AQ group (Table 2). 
 
Fever clearance 
 
The proportion of participants with fever at the screening 
was 83% and 95% in AL and AS-AQ groups respectively. 
Three patients in the AL group presented fever and all 
patients treated with AS-AQ were apyretic at day 3 
(Figure 3). 
 
Parasite clearance 
 
At day 3, parasite clearance rate was 91.5% in the AL 
group and 98.3% in the AS-AQ group. Three patients
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                                  Figure 2. Trial profile  
 
 
presented delayed parasite clearance at day 3 in the AL 
group and 1 patient in AS-AQ group. The geometric 
mean of parasites at day 3 was 106 parasites/µL in the 
AL group and 28 parasites/µL in the AS-AQ group.  
 
Safety 
 
Table 4 showed the distribution of clinical adverse events 
(AEs) recorded during the study. No severe adverse 
events that necessitated withdrawal from the study or 
referral to hospital was observed in both groups. Most of 
the recorded adverse events were minor. However, we 

noted many AEs in the AS-AQ group compared to the AL 
groups. With AS-AQ treatment we scored 10 AEs, with 
the most frequent being drowsiness (22), vomiting (06), 
abdominal pain (4) and cough (4). In the AL group we 
noticed three AEs, ranging from abdominal pain (2), 
coughing (2) to headache (1). 
 
DISCUSSION 
 
As part of a monitoring plan for the efficacy of 
antimalarials, WHO recommends that national malaria 
control programmes (NMCP) regularly assess the efficacy 

350 Patients 
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eligibility 
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186 (AL) 

KORHOGO 

164 (AS-AQ) 

45 No malaria 

57 Low parasitemia 

16 Severe malaria  

03 Declined to provide 

consent  

04 Impossibility to 

follow up 

20 No malaria 

31 Low parasitemia 

28 Severe malaria 

16 Impossibility to 

follow up  

09 Declined to 

provide consent 

59 Enrolled 60 Enrolled 

01 Loss to follow up 05 Loss to follow up 

58 Patients completed 

therapeutic efficacy 

study at day 28 

55 Patients completed 

therapeutic efficacy 

study at day 28 
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Figure 3. Proportion of patients with parasites during follow-up.  

 
 
 
 

Table 1. Baseline characteristics in the ITT cohort. 

Patients characteristics at day 0 
 

AL (59) 
 

AS-AQ (60)  Total (119) 

Sex 
    

  

M, n (%)  35 (59.3)  43 (72.7)  78 (65.5) 

F, n (%)  24 (40.7)  17 (28.3)  41 (34.5) 

Mean Age (SD) years 
 

10.5 (±11.5) 
 

11.5 (±6.5)  11.0 (±6,6) 

Min - Max  0.5-50  2-30  0.5-50 

[0-5[, n (%)  23 (39.0)  6 (10.0)  29 (24.4) 

[5-15[, n (%)  25 (42.4)  39 (65.0)  64 (53.8) 

[>=15[, n (%)  11 (18.6)  15 (25.0)  26 (21.8) 

Meanweight, kg (SD) 
 

27.7 (±20.5) 
 

33.7 (±19.6)  30.7 (±16.5) 

Min - max  7-86  8-87  7-87 

Meantemperature, °C (SD) 
 

38.1 (±0.8) 
 

38.4 (±0.7)  38,2 (±0.6) 

GM parasite count, µL 
 

19462 
 

22661  21014 

Min-Max  2109-197791  2040-198981  2040-198981 
 

Abbreviations: AL, Artemether-LumefantrineAS-AQ, Artesunate-Amodiaquine; GM, geometric mean; ITT, intention to treat; SD, 
standard deviation; M, Male; F, Female. 
 
 

 

of ACTs deployed as their first line treatment of malaria 
(WHO, 2009). In Côte d'Ivoire, Artesunate-amodiaquine 
(AS-AQ) and Artemether-lumefantrine (AL) are used for 
treatment of uncomplicated malaria since 2005. The 
therapeutic efficacy tests (TET) enabled evaluation of 

efficacy and tolerability of these two ACTs at two sentinel 
sites of NMCP in northern Côte d’Ivoire. 
The current study based on in vivo efficacy of the ACTs 
using 28-follow up day’s protocol was conducted in  
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Table 2. Treatment outcomes for AL and AS-AQ before and after PCR adjusted in PP analysis. 

 
Outcomes  

 Odienné(AL) 
n=59 

 Korhogo (AS-AQ) 
N=60 

 n % (95%CI)  n % (95%CI) 
PP patients seen at day 28  58 -  55 - 
PP crude failure rate at day 28  06 10.3 (4.8-20.8)  01 1.8 (0.0-9.7) 
PP crude cure rate at day 28  52 89.7 (78.8-96.1)  54 98.2 (90.3-100) 
PCR adjusted failure rate at day 28  0 0  0 0 
PCR adjusted cure rate at day 28  52 100 (93.2-100)  54 100 (93.4-100) 

Abbreviations: AL, Artemether-Lumefantrine;AS-AQ, Artesunate -Amodiaquine; PP, Per protocol. 
 
 
 
 

Table 3. Clinical adverse events in the ITT population. 

 
Adverse events 

Odienné (AL) 
N=59 

 Korhogo (AS-AQ) 
N= 60 

n % 95%CI  n % 95%CI 

Drowsiness 0 - -  22 36.7 25.7-49.4 
Vomiting 2 3.4 10.9-11.6  6 10.1 4.7-20.1 
Abdominal pain 2 3.4 0.9-11.6  4 6.7 2.6-16.0 
Cough 0 - -  4 6.7 2.6-16.0 
Diarrhea 0 - -  2 3.3 0.9-11.3 
Itching  0 - -  2 3.3 0.9-11.3 
Headache 1 1.7 0.3-9.0  1 1.7 0.3-8.9 
Insomnia 0 - -  1 1.7 0.3-8.9 
Dizziness 0 - -  1 1.7 0.3-8.9 
Asthenia 0 - -  1 1.7 0.3-8.9 

                  Abbreviations: AL, Artemether-Lumefantrine; AS-AQ, Artesunate-Amodiaquine. 
 
 
 

 
patients older than 6 months with uncomplicated P. 
falciparum malaria. 
The results showed that, AS-AQ appeared to be a better 
treatment option on the basis of uncorrected-PCR 
responses, based on the lower percentage of recurrent 
parasitemia with uncorrected Adequate Clinical and 
Parasitological Response (ACPR) observed for 90.3-
100% patients with AS-AQ and 78.8-96.1 % with AL. 
After correction for PCR, both AL and AS-AQ were still 
efficacious against uncomplicated falciparum malaria. 
Previous studies conducted in Côte d’Ivoire have 
demonstrated similar PCR-corrected cure rate with AL 
and AS-AQ for uncomplicated P.falciparum malaria 
treatment (Yavo et al., 2015; Toure et al., 2018, 2014). 
These results are also consistent with the high cure rates 
reported for ACTs elsewhere in several sub-Saharan 
African countries (Mandara et al., 2018; Roth et al., 2018; 
Dama et al., 2018; Raobela et al., 2018; Davlantes et al. 
2018; Abuaka et al., 2017). 
In addition, molecular studies in Côte d’Ivoire and other 
countries in Africa have shown the absence of mutation 
points in the kelcher 13 (k-13) gene associated with 
artemisinin resistance (Menard et al., 2016, Taylor et al., 
2015; Kamau et al., 2015; Ogouyèmi-Hounto et al., 
2016), further suggesting that artemisinin is still effective. 
Fever clearance was fast in the two groups, confirming 
previous data (Van Den Broek et al., 2006; Bharti et al., 
2016). At day 2, all patients treated with AS-AQ were 

nonfebrile while 3.4 % were febrile in the AL group at day 
3.  
Prompt parasite clearance times with both AL and AS-AQ 
groups were in agreement with findings from southern 
Nigeria (Gbotosho et al., 2011). Overall, three patients 
(8.5%) had parasitemia at day 3 in the AL group. 
Treatment with AL was given in two doses per day. After 
the first daily dose administered in the day by the study 
team, patients have had to take the other doses in the 
evening at home without supervision. A non-compliance 
with treatment at home could explain this high rate of 
parasitemia at day 3, which could be a major limitation of 
the study. 
But, this finding is far below the WHO threshold of 10% 
(WHO, 2010), and therefore suggests that artemisinin 
(partial) resistance following ACT treatment against 
uncomplicated P. falciparum malaria is not a concern in 
Côte d’Ivoire. 
This study also reports that both drugs were well 
tolerated with minor Adverse Events (AEs) and no any 
severe cases were found.  The good safety profile of AL 
was demonstrated, compared to previous studies and 
was well tolerated with minimal AEs compared to AS-AQ 
(Yavo et al., 2015; Toure et al., 2018, 2014). In most 
health facilities in Côte d’Ivoire, AL is prescribed more 
often than AS-AQ because of patients’ complaints 
following the use of AS-AQ (NMCP, unpublished data). 
Most of the AEs were minor and mainly reported in all
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study sites. This good tolerance of both ACTs has also 
been observed in other studies in Côte d'Ivoire and 
elsewhere in Africa (Yavo et al., 2015; Toure et al., 2018, 
2014; Mandara et al., 2018; Roth et al., 2018; Dama et 
al., 2018; Raobela et al., 2018; Davlantes et al., 2018; 
Abuaka et al., 2017). 
 
CONCLUSION 
 
This study showed that both AL and AS-AQ are safe, with 
high efficacy for the treatment of uncomplicated 
falciparum malaria supporting recommendation of the two 
ACTs as first line malaria treatment in the country. 
Nevertheless, delayed parasite clearance time and high 
rates of treatment failures before PCR correction 
observed support the need for regular monitoring of 
efficacy and gene mutation for resistance during NMCP 
treatment programme. 
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