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Abstract

Background: Prompt treatment of malaria attacks with artemisinin-based combination therapy (ACT) is an essential tool
for malaria control. Several ACTs are currently being used in Senegal. A surveillance system aimed at monitoring
antimalarial drug efficacy is established. This study was conducted to assess the efficacy of Artemether-Lumefantrine
(AL) and Artesunate-Amodiaquine (ASAQ) under routine conditions. Methods: An open randomized trial was carried out
during three malaria transmission seasons (2014 to 2016) in five malaria sentinel sites. The 2009 WHO protocol for
antimalarial drug efficacy was used. The study end points included (i) PCR corrected adequate clinical and
parasitological response (ACPR) at day 28, (ii) parasites and fever clearance time. Intention to treat (ITT) and per-
protocol (PP) analysis were done. Results: Overall, 1118 patients with uncomplicated Plasmodium falciparum malaria
were randomized to receive either AL (n=553) or ASAQ (n=565). In ITT analysis, PCR corrected ACPR at day 28 was at
96.1% [95%CI (88 — 99.9)] in the AL arm and 95.6% [95% CI (87.7 - 99.9)] in the ASAQ arm (p=0.7). PP analysis at day 28
showed 99.4% efficacy for both groups. Parasite clearance time and fever clearance time remained constant over the
three transmission seasons and were obtained at 72 hours in both arms of the trial. Conclusion: Under operational
conditions in Senegal, AL and ASAQ are still highly effective for the treatment of uncomplicated P. falciparum malaria.
However, it’s crucial to continue monitoring the efficacy of the drugs to further guide malaria treatment policy.
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Background

Malaria remains a major public health problem worldwide
particularly in sub-Saharan Africa. According to the World
Health Organization, an estimated 241 million malaria cases
and 627,000 malaria deaths occurred worldwide in 2020. 92%
of malaria cases and 93% of deaths are observed in Africa.

*Corresponding author Email:khadimesyila@yahoo.fr

Children under five are the most vulnerable group affected by
malaria (WHO, 2021). Adequate management of malaria
cases using rapid diagnostic test and effective drugs play a
key role in reducing malaria burden. WHO recommend
Artemisinin based-Combination Therapies (ACT) as reference
treatment of uncomplicated malaria cases in high burden
countries (WHO, 2015). ACTs are an effective drug that can
reduce the morbidity and mortality related to malaria, prevent
transmission of Plasmodium falciparum by acting on gametocytes
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and limit the spread of resistance (WHO, 2001., WHO, 2006.,
WHO, 2010). However, resistance to artemisinin was recently
observed in western Cambodia (Dordon et al., 2006; NoedI et
al., 2008).

In Senegal, significant decrease of malaria morbidity and
mortality has been noted in recent years. This is due to the
scaling-up of combined malaria control interventions by the
National Malaria Control Programme (NMCP). ACT has been
used as reference treatment for uncomplicated malaria cases
since 2006 (NMCP SN, 2016). The efficacy of ACTs has been
demonstrated in Sénégal previously (Faye et al, 2006., Tine et
al, 2012., Faye et al, 2010., Sylla et al, 2013).

The reduction of malaria burden has guided the National
Malaria Control Program to set the goal of pre-eliminating
malaria in the country. One of the main strategies to achieve
this objective is the management of malaria cases using rapid
diagnostic test (RDTs) and artemisinin combination therapy
(ACT) (NMCP SN, 2016). Thus, the monitoring of ACT
efficacy become essential in order to prevent the spread of
resistance.

It was in this context, we carried out this open randomized
study to monitor the efficacy of artemether-lumefantrine (AL)
and artesunate-Amodiaquine (ASAQ) used in routine
conditions for the treatment of uncomplicated Plasmodium
falciparum malaria in Senegal.

METHODS
Study sites

The study was conducted during three malaria transmission
seasons (2014 to 2016) in five malaria sentinels sites located
in four regions (Dakar, Kaolack, Kolda and Kedougou). In
Dakar, the study was conducted in Deggo health post which is
located at 20 km from the capital city. Malaria incidence in
Dakar is moderate 5%o to 15%0 habitants. Kaolack (Keur Soce
Health post) is located in the central part of Senegal, 200 km
from Dakar.

Kolda (Koukane health post) and Kedougou (Bandafassi and
Tomboronkoto health posts) are located in the south-east of
Senegal, 500 km and 740 km from Dakar respectively. Malaria
incidence is high (>15%. habitants) in Kaolack, Kolda and
Kedougou. The stratification of region was done according to
the National Malaria Control Program.

In these areas, malaria is highly seasonal during the rainy
season (July to October) with a peak of transmission from
September to December. Plasmodium falciparum is the
predominant species and transmission is mainly due to
Anopheles gambiae s.I. The enroliment of patients started in
September 2014 and was completed in January 2017.

Study design

The study was designed as prospective open randomized trial
assessing the efficacy of Artesunate-Amodiaquine (ASAQ)
and Artemether-Lumefantrine (AL). The 2009 WHO protocol
for antimalarial drug efficacy was used (WHO, 2009).The
primary endpoint was the PCR adjusted adequate clinical and
parasitological response (ACPR) at day 28. Secondary end
points included: (i) parasite clearance time, (ii) gametocyte

clearance time and (iii) the fever clearance time [13]. The
study was conducted as part of a national surveillance
program aiming at monitoring ACTs efficacy under routine
conditions.

Patients

Only outpatients of different health posts were included in this
study. Were eligible to be enrolled after informed consent,
patients with age above 6 months who attended the health
post with a history of fever in the preceding 24 hours or
confirmed fever (axillary temperature = 37.5°C), with
uncomplicated Plasmodium falciparum malaria, parasitaemia
between 1000 to 100000 trophozoites/ul, and patients able to
take oral medication. Patients with severe and complicated
malaria, according to the WHO definition (WHO, 2000), or
mono-infection by another species or mixed infestation,
severe vomiting, severe malnutrition, a woman with positive
pregnancy test and patients who had a history of allergy to
study drugs or did not give informed consent were excluded
from the study.

Treatment

After inclusion, all patients were randomized to receive
Artemether-Lumefantrine (AL) or Artesunate-Amodiaquine
(ASAQ) for three days. The drugs were administered under
the direct supervision of the medical staff. In case of vomiting
within the 30 minutes following the first administration, the
same dose was administrated again. Participants who vomited
a second time were excluded to the study and received
intravenous quinine treatment in accordance with the National
Malaria Control Program guidelines (25 mg/kg/day for seven
days). The dosages of the study drugs were as follows:
Artesunate-Amodiaquine  (ASAQ): the tablet contains
4mg/kg/day AS plus 10 mg/kg/day AQ. The drug was given
once a day. The dosage was adjusted according to the weight:
one tablet per day containing 25 mg/67.5 mg (4.5 - 9 kg), one
tablet per day containing 50 mg/135 mg

(9 - 18kg), one tablet per day containing 100 mg/270 mg (18 -
36kg) and two tablets per day containing 100 mg/270 mg if
weight was more than 36 kg.

Artemether-Lumefantrine (AL): the tablet contains 120 mg of
Artemether plus 20 mg of Lumefantrine. The drug was given 2
times a day. The dosage was adjusted according the to
weight: two tablets per day (5 — 14 kg); four tablets per day
(15 — 24 kq); six tablets per day (25 — 45 kg) and eight tablets
per day if weight was more than 45 kg.

Clinical follow up

After inclusion and first dose administration, all patients were
followed at days 1, 2, 3, 7, 14, 21 and 28. At each follow up
visit, a clinical examination and interview to evaluate the
patient’s clinical status as well as the occurrence of adverse
events were done. Patients were seen by the medical team at
any time if they did not feel well.

A blood sample was collected for thick and thin smears for all
study patients from day 1 to day 28 and on a Whatman 3MM
filter paper on day 0 and the day parasite reappearance for



DNA analysis.
Laboratory methods
Microscopy

Finger prick blood sample were collected to prepare thick and
thin smears which were stained with May-Grinwald-Giemsa.
Thick smear was used to determine parasite density. Thin
smear was used to identify the parasite species. The parasite
density was evaluated by counting the number of asexual
parasites per 200 white blood cells and calculated per ul:
number of parasites X 8000/200 assuming a white blood cell
count of 8000 cells per ul. Thick and thin smears were
negative after reading 100 fields microscopic.

PCR analysis

PCR analysis was performed to distinguish recrudescence
from new infection in case of treatment failure. DNA was
extracted from blood collected on filter paper by Chelex
method (Wooden et al., 1993). Nested PCR was conducted to
compare the genetic polymorphism of P. falciparum merozoite
surface protein genes msp? and msp2 and glutamate-rich
protein (WHO, 2008).

Recrudescence was defined as at least one identical allele for
each of the two markers in the pre-treatment and post-
treatment samples. New infections were diagnosed when all
alleles for at least one of the markers differed between the two
samples.

Statistical methods
Sample size calculation

The sample size for each study arm was evaluated at 155
participants each year, based on an expected therapeutic
effect of AL at 98% (Faye et al., 2006), assuming a non-
inferiority margin of 7% (two side) and power at 80%, using a
95% confidence level and accounting for 10% of lost to follow
up.

Data analysis

After data collection, data were entered in Excel software and
the analysis was performed using Stata MP 14. Data were
analyzed by estimation of difference in proportion according to
a 95% confidence interval. Groups were compared using Chi
Square test or Fisher exact test for categorical variables and
Student’s t-test for continuous variables when these tests
were applicable. Otherwise, non- parametric tests (Mann-
Whitney, Kruskall-Wallis) were used.

Intention to treat (ITT) and per protocol (PP) analysis were
performed. Intention to treat analysis include all randomized
subjects who took at least one full dose. Per protocol analysis
comprised all subjects who received the three dose and
attended follow up to the time of treatment failure or the end of
the study (day 28). The cumulative incidence of failure rate
was calculated in each group and compared using Kaplan

Meier method. Statistical significance for all tests was set at
0.05 two side.

Ethical considerations

This study was conducted according to the Declaration of
Helsinki and existing national legal and regulatory
requirements. The protocol was reviewed and approved by the
Senegalese Ethics Committee (Conseil National d’Ethique et
de Recherche en Santé: CNERS). Approval number:
319MSAS/DPRS/CNERS (2014). Informed consent of parent
or legal representative was required prior the participation to
the study. To respect the confidentiality, an identification code
was given to each participant.

RESULTS
General characteristics of study population at inclusion

Overall, 1118 patients with uncomplicated P. falciparum
malaria infection were randomized to receive either AL
(n=553) or ASAQ (n=565). Among participants, 1074 (96%)
completed the study (534 in AL group and 540 in ASAQ
group). During follow up a total 44 patients (4%) were lost to
follow up or withdraw from the per protocol analysis. The trial
profile is presented in Figure 1.

Mean age of study participant was 15.4+9 years in AL group
and 22.2+11years in ASAQ group. Study population was
mainly represented age group 10 to 20 years in both treatment
arms. The sex ratio was 1.7 and 1.5 respectively in AL and
ASAQ group. Mean temperature was 38.1°C in AL group and
38°C in ASAQ group. The proportion of subject with fever was
75.6% in AL group and 70% in ASAQ group. The parasitaemia
was 32832.46 trophozoite/ul and 30620.11 trophozoite/pl
respectively in AL and ASAQ arm. The proportion of patients
with gametocytes was 1.8% in AL group and 0.7% in ASAQ
group.

Overall, there was no significance difference (p>0.05) in terms
of sex ratio, mean temperature, parasitaemia and proportion
of patients with gametocyte in two different groups. However,
mean age and weight were significantly higher in ASAQ group
(p<0.05) (Table 1).

Therapeutic efficacy
Primary endpoint

The cure rate at day 28 before PCR corrected (ITT analysis)
was 93.1% (95% CI: 85.5 — 99.9) and 94.7% (95% CI: 86.8 -
99.9) respectively in AL and ASAQ arms (p=0.16). The
uncorrected PCR per protocol analysis at day 28 showed
good efficacy: 97% in AL group and 99.1% in ASAQ group.
The difference was not significative (p=0.06) (Table 2).

PCR corrected analysis showed 99.4% cure rate for both
groups during per protocol. There was no early treatment
failure. One case of late clinical failure was noted in AL group
at day 21. Five cases of late parasitological failure were noted
(2 in AL group and 3 in ASAQ group) (Table 3).

The Kaplan Meier survival analysis resulted in a very similar
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Figure 1: Trial profile.

cumulative incidence failure rate at day 28 two groups (log
rank test, p = 0.33) (Figure 2).

Secondary endpoints

Parasite and fever clearance time remained constant over the
three transmission seasons. At inclusion parasitaemia was
33141.15 trophozoites/ul in AL group, versus 31424.6
trophozoites/ul in ASAQ group. The parasitemia decreased to
2444 6 trophozoites/pl in AL group, and 1901.7 trophozoites/pl
in ASAQ group, 24 hours after first treatment. The proportion
of patients with parasites at day 1 was 34% in AL group and
39.5% in ASAQ group. At day 2, this proportion was 2% and
1.8% respectively in both groups. Parasite clearance was
obtained at 72 hours in both groups (Figure 3).

At inclusion, the proportion of febrile patients was 75.6% in AL
and 70% in ASAQ group. After first dose administration, this
proportion was 12.5% in AL group and 4.6% ASAQ group.
Fever clearance was obtained at 72 hours in both arms
(Figure 4). Regarding gametocyte carriage, the number of
patients with gametocyte at inclusion was 10 in AL group and
4 in ASAQ group.

The gametocyte clearance was obtained at day 28 in ASAQ.
However, in AL group one patient remained gametocyte
carrier at the end of follow up (Figure 5).

DISCUSSION

Malaria is still public health concern in Sub-Saharan Africa.
Prompt treatment of uncomplicated malaria cases using
Artemisinin  Combination Therapy (ACT) is essential
component of malaria control strategies. In Senegal, scaling
up of ACTs was effective since 2006 with implementation of
efficacy monitoring system. This study was carried out in this
context.

The therapeutic efficacy obtained was 96.1% in the AL group
versus 95.6% in the ASAQ group in ITT and 99.4 in both
groups in per protocol. Previous studies have described
similar results. In Senegal, a study conducted by Sylla et al
when assessing the efficacy of artemisinin-based combination
therapies between 2011 and 2012 showed 99.41% efficacy in
ASAQ group and 100% in AL group (Sylla et al., 2013). Faye
et al during a multicenter study (Cameroon, Coéte d'lvoire and
Senegal) in children under five years of age, noted a



Table 1: Baseline characteristics of study participant at the inclusion.

Parameters AL (n=553) ASAQ (n=565) P value
Mean age (+ SD, 95%), years 15.4+9 (14.6 — 16/2) 22.2411 (19.3 - 21.3) <0.05
Age group (%, 95 ClI)

Under 10 years 24.4% (20.4 — 28.9) 12.1% (9.3 — 15.3) <0.05
10 — 20 years 54.6% (48.6 —61.1) 51.5% (45.7 - 57.7)

> 20 years 21% (17.3 - 21.2) 36.5% (31.6 —41.8)

Sex ratio (M/F) 1.7 (354/208) 1.5 (344/221) 0.6
Mean weight (+ SD, 95% ClI), kg 43412 (42 - 44) 46.8+14 (45.7 — 48.1) <0.05
Mean temperature (+ SD, 95% CI), °C  38.1+1.1 (38 — 38.2) 38+1.2 (37.8 — 38.1) 0.27
Patients with fever (%, 95% ClI) 75.6% (68.5 — 83.2) 70% (63.3—77.4) 0.04
Median parasitaemia (trophozoite/ul) 32832.46 30620.11 0.75
Patients with gametocytes (%, 95% 1.8% 0.7% 0.16

Cl)

Table 2: Efficacy of ASAQ and AL and at day 28 before PCR correction, ITT and PP analysis.

Outcome Before corrected PCR
AL (N=553) ASAQ (N=565) p-value
% [95% Cl] % [95% ClI]

IPP analysis

NA 22/553 (3.9%) 25/565 (4.4%)

Late clinical failure 3/553 (0.5%) 1/565 (0.2%)

Late parasitological failure 13/553 (2.4%) 4/565 (0.7%)

ACPR 515/553 (93.1%) 535/565 (94.7%) 0.16
[85.5—99.9] [86.8 - 99.9]

Per protocol analysis AL (N=534) ASAQ (N=540)
% [95% CIl] % [95% CI]

Late clinical failure 3/534 (0.6%) 1/540 (0.2%)

Late parasitological failure 13/534 (2.4%) 4/540 (0.7%)

ACPR 518/534 (97%) 535/540 (99.1%) 0.06

[88.8 - 99.9]

[90.8 - 99.9]

NA: Not Applicable, ACPR: Adequate Clinical and Parasitological Response.

therapeutic efficacy after PCR correction at day 28 of 98.7%
for ASAQ and 96.9% for AL (Faye et al., 2012). 98.9% and
96.7% efficacy were noted by Ndiaye et al, in a study
conducted from 2007 to 2009 respectively in ASAQ and AL
group after PCR correction at day 28 (Ndiaye et al., 2011).

Same trends noted in other studies conducted in Africa. Touré
et al in Cote d'lvoire in 2014, have noted an adjusted efficacy
rates of 96.8% and 99% for ASAQ and AL respectively. In the
per protocol analysis, the efficacy after PCR correction was
100% for each combination (Touré et al., 2014). In a systematic



Table 3: Efficacy of ASAQ and AL and at day 28 after PCR correction, ITT and PP analysis.

Outcome After corrected PCR
AL (N=553) ASAQ (N=565) P value
% [95% CIl] % [95% CIl]

ITT analysis

NA 19/553 (3.4%) 22/565 (3.9%)

Late Clinical failure 1/553 (0.2%) 00

Late parasitological failure 2/553 (0.4%) 3/565 (0.5%)

ACPR 531/553 (96.1%) 540/565 (95.6%) 0.7
[88 —99.9] [87.7 - 99.9]

Per protocol analysis AL (N=534) ASAQ (N=540)
% [95% CI] % [95% CI]

Late clinical failure 1/534 (0.2%) 00

Late parasitological failure 2/534 (0.4%) 3/540 (0.5%)

ACPR 531/534 (99.4%) 537/540 (99.4%) 1
[91.2 - 99.9] [91.2 - 99.9]

NA: Not Applicable, ACPR: Adequate Clinical and Parasitological Response.

PCR adjusted Kaplan-Meier survival curve - ITT analysis
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Figure 2: Kaplan-Meier Survival analysis.

review performed by Marwa et al, the cure rates noted after
PCR correction were 98% for AL and 99% for ASAQ (Marwa
et al., 2022). Another review conducted by Derbie et al and
concerning the efficacy of AL, have noted after 28 days of
follow-up, the pooled PCR uncorrected and corrected APCR

was at 87% and 97% respectively (Derbie et al., 2020). In
Bénin, when evaluating the efficacy of arthemether-
lumefantrine for the treatment of uncomplicated P. falciparum
malaria, Ogouyémi-Hounto et al have showed 87% efficacy
rates before PCR correction and 100% after PCR correction
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(Ogouyémi-Hounto et al., 2016). Similar results were found in evaluating the effectiveness of ASAQ versus AL for home-
Ethiopia with 94.7% (95% CI: 87.1-98.5) and 96% (95% CI: based treatment of uncomplicated Plasmodium falciparum
88.8-99.2) efficacy for AL during PCR-uncorrected malaria among children 6—120 months in Cameroon, Niba et
and-corrected analysis (Abamecha et al., 2020). When al have noted that the PP PCR adjusted day 28 cure rates were
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96.9% for ASAQ treatment versus AL 95.5% for AL treatment
(Niba et al., 2022).

Concerning Artesunate-Amodiaquine combination, PCR-
adjusted efficacy of 97.1% was noted at day 28 by Diarra et al
during ACT efficacy trial performed in Mali (Diarra et al.,
2021). In Ghana, Abuaku et al have demonstrated an efficacy
of ASAQ between 96.7% et 97.7% in children with
uncomplicated P. falciparum malaria (Abuaku et al., 2017).
The ASAQ efficacy observed in Mauritania was more than
98% in two different sites (Ouldabdallahi et al. 2014). In Niger,
95.8% and 96% efficacy were noted respectively for AL and
ASAQ at day 28 after PCR correction (Ibrahima et al., 2020).
In Burkina Faso Tinto et al, during an efficacy trial of ASAQ
versus AL for malaria treatment have noted adjusted clinical
and parasitological adequate response of 89.7% for ASAQ
and 89.8% for AL (Tinto et al., 2014). A study conducted in
Republic of Congo, have demonstrated good efficacy of ASAQ
(94.2%) and AL (98.2%) combinations in different studies
conducted in children (Pembet Singana et al., 2022). Other
studies conducted in Burkina Faso and Cameroon have
shown similar results on the efficacy of ASAQ and AL
combinations for the treatment of uncomplicated P. falciparum
malaria (Lingani et al., 2020; Nji et al., 2015).

A rapid decrease in parasitemia was noted in our study.
Parasite clearance was obtained at day 3 in both AL and
ASAQ treatment groups. Studies by other authors have shown
similar results in Senegal where Faye et al in 2008 (Faye et
al., 2010), Ndiaye et al (Ndiaye et al. 2011) in 2007-2009 and
Sylla et al al in 2011-2012 have obtained parasite clearance at
day 3 for AL and ASAQ combinations (Sylla et al., 2013).
When assessing the efficacy of AL and ASAQ in Guinea,
Beavogui et al have noted that all slides were negative in both

arms at day 3 of follow-up (Beavogui et al., 2020). A
disappearance of parasitaemia at day 3 after treatment with
ASAQ and AL was noted in a study evaluating the efficacy of
two combinations in patients with uncomplicated malaria in
Angola (Davlantes et al., 2018). In Uganda Yeka et al had
effective parasite clearance at D3 for ASAQ and AL (Yeka et
al., 2014).

The results of our study, showed fever clearance was
obtained at day 3 two treatment groups. This has been
previously demonstrated by Sylla et al and Ndiaye et al (Sylla
et al., 2013; Ndiaye et al., 2011). A study carried out by Faye
et al on the efficacy of AL and ASAQ in Cameroon, Senegal
and Ivory Coast reported a clearance of fever at day 2 for both
treatments (Faye et al., 2012). In Tanzania, a disappearance
of fever 36 hours after treatment with AL was reported
(Mhamilawa et al., 2020).

The gametocyte clearance was obtained at day 28 in ASAQ.
However, in AL group one patient remained gametocyte
carrier at the end of follow up. This is in line with was
previously described in Senegal (Faye et al, 2010). In
Madagascar, gametocytes were undetectable from day 14 for
AL arm while for ASAQ arm, gametocyte carriage was
gradually decreased but persisted until day 21 (Rakotoarisoa
et al, 2022).

The results of our study showed that both combination
therapies used remain effective and lead to a rapid
disappearance of fever after their administration.

CONCLUSION

The results from this study showed that Artemether-
Lumefantrine and Artesunate-Amodiaquine combinations are



still highly effective for the treatment of uncomplicated
Plasmodium falciparum malaria in Senegal since the scaling
up of Artemisinin based Combinations Therapies. The APCR
of two combinations are above the 90% WHO acceptable cut-
off. It is however crucial to continue to monitor the efficacy of
these first line drugs in order to further guide malaria treatment
policy in Senegal.
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