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Abstract 
Introduction: Polymorphonuclear neutrophils (PMN) are involved in pathogen clearance by phagocytosis. However, the role of PMNs in the 
efficacy of artemisinin-based combination therapy (ACT) is poorly understood. 
Methodology: In a prospective longitudinal in vivo study, neutrophil rates were compared with malaria carriage after treatment with different 
ACTs: Artemether - lumefantrine (AL), Artesunate - amodiaquine (ASAQ), Dihydroartemisinin - piperaquine (DP) or Pyronaridine artesunate 
(PA). The study cases were classified as having neutropenia, normal neutrophil levels or neutrophilia depending on the level of neutrophils in 
the blood. This study included 3148 patients and was analyzed using R. 
Results: On day 7, only four patients in the neutropenia group and treated with AL had a malaria positive blood smear based on microscopy. 
On day 28, the rate of recurrent parasitemia in the AL arm was significantly higher in neutropenia patients (50.9%) than in patients with normal 
rates of neutrophils (43.1%) or in those with neutrophilia (6.0%) (p < 0.001). In ASAQ arm, the rate of recurrent Plasmodium falciparum 
parasitemia was 58.8% in the neutropenia group versus 29.4% in patients with normal rates of neutrophils and 11.8% in patients with 
neutrophilia (p < 0.001). No patient treated with DP with normal neutrophil counts or neutrophilia was carrying malaria parasites on day 28. 
Among the 15 patients with parasitemia on day 28 in the PA arm, 11 (73.33%) had neutropenia while 4 (26.67%) had a normal neutrophil 
count (p < 0.001).  
Conclusions: Patients with neutropenia had higher rates of recurrent P. falciparum parasitemia after ACT.  
 
Key words: malaria; neutrophils; artemisinin-based combination therapy; West Africa. 
 
J Infect Dev Ctries 2023; 17(9):1337-1345. doi:10.3855/jidc.17089 
 
(Received 10 July 2022 – Accepted 04 March 2023) 
 
Copyright © 2023 Djimde et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
Introduction 

Polymorphonuclear neutrophils (PMN) are the 
most important component of the white blood cells 
(WBC). In healthy individuals PMN play an important 
role in the host’s immune response against bacterial, 
fungal and malarial parasites (Plasmodium spp.) 
infections because of their capacity to phagocytose 
pathogens [1,2]. In addition, they contribute to the 
recruitment of both nonspecific and specific immune 
effector cells [3]. WBC and neutrophils modulate the 
balance between humoral and cell-mediated immunity 
by producing cytokines [4,5], thereby contributing to 

the promotion of T helper cells (i.e. TH1 or TH2) 
response [6]. Neutrophils are engaged in a complex 
back-and-forth with immune and endothelial cells that 
bridges innate and adaptive immunity. 

In some individuals, neutrophil levels may be lower 
than normal (neutropenia), which can be acute, 
congenital or cyclic. Neutropenia, defined as an 
absolute decrease in the number of neutrophils 
circulating in the blood [7], increases the risk of 
infection, in particular from pyogenic and enteric 
bacteria. In addition, the risk of fungal infections 
increases further when neutropenia is severe and 
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prolonged [8]. Acute neutropenia, the resolvable short-
term drop in absolute neutrophil counts due to an 
infection or lesion, is much more common than 
congenital or cyclic neutropenia [9]. Neutropenia is 
known to be quite common in populations of African 
origin [10,11] and a genetic deletion of the Duffy 
antigen receptor for chemokines (DARC-null 
genotype) is likely to be a major determinant for 
neutropenia [11]. In West Africa, over 90% of the 
population is reported to be Duffy antigen negative 
[12].  

Neutrophils representing ∼60% of circulating 
leukocytes are rapidly solicited at sites of infection or 
tissue injury [13]. Furthermore, neutrophils have a 
longevity of ∼7h, increasing upon activation to 2-4 
days. Therefore, the large pool of neutrophils in the 
peripheral blood and tissues is continuously renewed 
from bone marrow precursors [14–16]. They can 
control mycobacterial infection by phagocytosis of 
pathogens at the site of infection [17]. Neutrophils 
could act with similar activities against malaria 
infection. Neutrophils are known to phagocytose 
infected red blood cell in vivo [18]. It has been shown 
that neutrophils can phagocytose merozoites and 
occasionally trophozoites in bone marrow [19]. 
Neutrophils can also clear pathogens by respiratory 
burst called reactive oxygen species (ROS). Malaria 
parasites growth inhibition by ROS occurs during the 
intra-erythrocytic development stage [20]. 
Furthermore, it has been demonstrated in vitro that 
neutrophils from children infected with Plasmodium are 
more efficient in inhibiting parasite growth than 
neutrophils from uninfected subjects [21]. Besides the 
asexual forms of the malaria parasite, neutrophils can 
phagocytose extracellular gametocytes, while, intra-
erythrocytic gametocytes are not very susceptible to 
neutrophils [22]. 

Artemisinin-based combination therapy (ACT) is 
recommended by the World Health Organization 
(WHO) for almost two decades as the first-line 
treatment of uncomplicated falciparum malaria [23]. 
However, the efficacy of ACTs is an ongoing concern 
due to the emergence of parasite resistance to 
artemisinins [24]. Furthermore, the interaction between 
neutrophils and ACTs is largely understudied. In a 
previous analysis, using data from 7 randomized trials 
conducted in 9 countries assessing the efficacy of 
artesunate-amodiaquine, amodiaquine mono-therapy, 
artesunate mono-therapy, artemether-lumefantrine, 
artesunate and sulphadoxine-pyrimethamine, and 
dihydroartemisinin, it was found that neutropenia was 

frequently recorded as an adverse event at a rate of 11% 
[25].  

Although they act as the first line of innate 
immunity, the role of neutrophils in the immune 
response against malaria infections is not sufficiently 
studied. In particular, there are no extensive studies on 
their role in parasite clearance [26]. Moreover, since 
populations of African origin are generally neutropenic 
[27], one of the concerns is to understand the 
involvement of neutrophil levels variation in the 
efficacy of ACTs.  

The aim of the present study was to explore the 
influence of neutrophil levels on the in vivo efficacy of 
four frequently used artemisinin-based combinations: 
artemether lumefantrine (AL), artesunate amodiaquine 
(ASAQ), dihydroartemisinin piperaquine (DP) and 
pyronaridine artesunate (PA).  

 
Methodology 
Study sites and study participants 

This is a secondary data analysis of the 
WANECAM study [28], which was a clinical trial 
involving 5360 volunteers from West-Africa assessing 
efficacy and safety of three ACTs. The original 
WANECAM study (PACTR201105000286876) was a 
randomized, multicenter, open-label, longitudinal 
clinical study carried out across seven study sites in 
three countries: Burkina Faso, Guinea, and Mali [28]. 
Briefly, study cases were enrolled and followed up over 
two years for consecutive malaria episodes between 
October 24, 2011, and February 1, 2016. Patients were 
treated either with AL, ASAQ, DP or PA at 
recommended doses. Patients, irrespective of their 
gender (age ≥ 6 months and body weight ≥ 5 kg), were 
eligible for enrolment in the study if they had acute 
uncomplicated microscopically confirmed Plasmodium 
sp. malaria with a parasite density < 200 000 parasites 
per μL blood, and with fever or a history of fever within 
24 hours and hemoglobin (Hb) concentration > 5 g/dL 
[28]. Before enrolment, all adult study cases provided 
informed consent after being informed on the aims, 
benefits and constraints of the study in their own 
language. For children (< 18 years), informed consent 
was obtained from parents or legal guardians after the 
child's assent. Ethical review and clearance for this 
project was provided by the respective ethical review 
boards.  

 
Neutrophils status during malaria episode 

Blood samples were collected from patients from an 
alcohol-cleaned peripheral vein into sterile venous 
blood collection tubes with ethylene diamine tetra 
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acetic acid (EDTA). Blood counts, including 
neutrophils, lymphocytes, WBC and Hb were measured 
immediately before enrolment using ABX Pentra 60 – 
HORIBA (Montpellier, France) [29]. Blood count 
measurements were also performed on days 3, 7 and 28 
after treatment. Neutrophils status was defined on the 
basis of the following cut-offs [30]: 1) neutropenia: 
patients who had a neutrophil count below 40% of 
WBC; 2) normal: neutrophils level between 40% and 
60%; 3) neutrophilia: neutrophil count above 60%. 

 
Drug efficacy 

During the first two days after inclusion, finger-
prick blood was taken every 12 hours to make thick and 
thin smears to determine the presence and number of 
malaria parasites. Subsequently, study cases were seen 
on days 3, 7, 14, 21, 28, 35, 42 and on days of recurrent 
illness for clinical examination and finger-prick for 
thick and thin smears, which were stained with 10% 
Giemsa for 15 minutes. Parasites density was 
determined by double reading of the thick blood smear 
using an Olympus CX21 microscope (Tokyo, Japan). 
The discordance threshold was set at 50%. Discordant 
results were subjected to a third independent reading. 
Asexual parasites were counted against 200 leukocytes 
(in accordance with WHO standards [31]). If the 
number of parasites was less than 10 parasites per 200 
leukocytes, the parasite count was extended to 500 

leukocytes. Parasitaemia was estimated by reporting the 
number of parasites per microliter of blood based on the 
count of 8,000 leukocytes. Gametocytes were counted 
against 1000 WBCs. Non-polymerase chain reaction 
(PCR) corrected drug efficacy results were used in this 
study. Pre-treatment and days 3, 7 and 28 neutrophils 
status and parasitaemia carriage were used to evaluate 
drug efficacy.  

 
Statistical analysis 

Frequency of patients with neutropenia, normal 
neutrophil levels and neutrophilia were computed, and 
descriptive statistics were calculated (percentages, 
median and quartiles). Chi square or Fisher tests were 
used to compare proportions where appropriate. The 
threshold of 0.05 was used as statistical significance. 
Bar plots were used to assess the changes in gametocyte 
prevalence during follow-up after the administration of 
antimalarial drugs. Logistic regression analyses were 
performed to predict the effect of neutrophils status, 
treatment arms, lymphocytes levels, Hb levels, patients’ 
gender, and age categories on the efficacy of the 
treatment. Using 'meta' R package (version 4.13-0), a 
forest plot was performed to investigate the association 
among socio-demographic parameters and treatment 
used on gametocytes reappearance on day 3 according 
to neutrophils variation. 

Table 1. Baseline characteristics according to neutrophils status. 

Baseline characteristics Neutropenia 
N = 809; n (%) 

Neutrophilia 
N = 1208; n (%) 

Normal count 
N = 1131; n (%) p value 

Treatment arms     
AL (n = 639) 123 (19.2) 278 (43.5) 238 (37.2) 

0.0006 ASAQ (n = 693) 188 (27.1) 262 (37.8) 243 (35.1) 
DP (n = 904) 249 (27.5) 351 (38.8) 304 (33.6) 
PA (n = 912) 249 (27.3) 317 (34.8) 346 (37.9) 
Age categories     
< 5 years (n = 818) 277 (33.9) 219 (26.8) 322 (39.4) 

< 0.0001 5 to 14 years (n = 1920) 466 (24.3) 769 (40.1) 685 (35.7) 
> 14 years (n = 410) 66 (16.1) 220 (53.7) 124 (30.2) 
Patient gender     
Male (n = 1637) 427 (26.1) 625 (38.2) 585 (35.7) 0.876 Female (n = 1511) 382 (25.3) 583 (38.6) 546 (36.1) 
Countries     
Burkina Faso (n = 1456) 272 (18.7) 628 (43.1) 556 (38.2) 

< 0.0001 Guinea (n = 769) 338 (44.0) 187 (24.3) 244 (31.7) 
Mali (n = 923) 199 (21.6) 393 (42.6) 331 (35.9) 
Gametocytemia 31 (31.0) 23 (23.0) 46 (46.0) 0.0052 
Patients weight (kg): median (Q1, Q3) 20.0 (14.0, 29.0) 24.2 (17.3, 37.2) 21.1 (15.5, 31.0) < 0.0001 
Temperature (°C): median (Q1, Q3) 36.8 (36.5, 37.5) 38.2 (37.5, 38.9) 37.5 (36.8, 38.3) < 0.0001 
P. falciparum (/μL): median (Q1, Q3) 2200 (480, 16640) 30580 (10560, 64075) 15660 (1310, 48520) < 0.0001 
Haemoglobin (g/dL): median (Q1, Q3) 10.2 (9.1, 11.2) 11.1 (10.1, 12.0) 10.6 (9.6, 11.6) < 0.0001 
White blood cell: median (Q1, Q3) 6.6 (5.2, 8.9) 8.1 (6.3, 10.8) 7.0 (5.3, 9.0) < 0.0001 
Lymphocytes: median (Q1, Q3) 48.4 (42.7, 53.8) 15.6 (8.1, 20.4) 32.6 (27.2, 38.3) < 0.0001 

N: frequency; AL: artemether lumefantrine; ASAQ: artesunate amodiaquine; DP: dihydroartemisinin piperaquine; PA: pyronaridine artesunate; Q1: 25th 
percentile; Q3: 75th percentile. 
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The R software version 3.5.1 (with aod, agricolae, 
ggplot2, dplyr, plotly, Hmisc, corrr, GGally, meta, and 
Rmisc libraries) was used for the statistical analysis. 

 
Results 
Baseline general study characteristics 

Data of 3148 patients were used for this secondary 
analysis from the total 5360 enrolled in the 
WANECAM study. Data from 2212 participants were 
not used because neutrophil counts and/or other 
relevant variables needed for this sub-study were not 
recorded. The study cases were distributed amongst the 
treatment arms as follows: 912 were treated with PA, 
904 with DP, 693 with ASAQ and 639 with AL (Table 
1). With respect to gender balance, 1637 (52.0%) 
patients were male and 1511 (48.0%) were female (p = 
0.876). A total of 923 patients were enrolled in Mali, 
1456 in Burkina Faso and 769 in Guinea. Children 
between 5 and 14 years (n = 1920) was the most 
frequently represented age group (60.9%) (Table 1). 

Neutropenic patients were more prevalent in 
Guinea with 44% (338/769). However, in Burkina Faso 
and Mali, 18.7% (272/1456) and 21.6% (199/923) were 
recorded, respectively (p < 0.0001). The median and 
interquartile range (IQR) of patients’ body weight were 
significantly lower in patients with neutropenia (20.0 
kg, IQR, 14.0-29.0) compared to patients with 
neutrophilia 24.2 kg (IQR, 17.3 - 37.2) and normal 
neutrophil levels (21.1 kg, IQR, 15.5-31.0) (p = 
0.0011). In contrast, patient’s median temperature was 
higher in the neutrophilia group with 38.2 °C (IQR, 
37.5-38.9) (Table 1) compared to patients with 
neutropenia (36.8 °C, IQR, 36.5-37.5) and normal 
neutrophil levels (37.5 °C, IQR, 36.8-38.3) (p < 0.0001) 
(Table 1).  

There was also a significant difference in patients 
with neutropenia in the density of trophozoites per μL 
of blood at the baseline level. These patients had a 
significantly lower P. falciparum parasite count 
compared with the other groups (p < 0.0001) (table 1). 
However, compared to patients with neutropenia (31 
out of 100 carrier, 31.0% of the sexual form of the 
parasite), P. falciparum gametocyte carriage was higher 
in the normal neutrophil group (46 out of 100, 46.0%) 
and lower in those with neutrophilia (23 out of 100, 
23.0%) (p < 0.0001). 

The median WBC count was significantly lower in 
patients with neutropenia 6.6 (IQR, 5.2-8.9) compared 
to subjects with neutrophilia 8.1 (IQR, 6.3-10.8) and 
those with normal neutrophil levels 7.0 (IQR, 5.3-9.0) 
(p < 0.0001) (Table 1). 

 
ACTs efficacy according to neutrophil levels 

The dynamics of malaria parasite carriage after 
treatment according to neutrophil status is presented in 
Table 2. Patients with neutropenia had at baseline the 
lowest parasite density compared to the other groups 
(Table 1). However, irrespective of the type of malaria 
drugs used in this study, patients who were considered 
to be neutropenic at enrolment had a significantly 
higher malaria parasite carriage frequency up to day 28 
after treatment compared to cases with normal 
neutrophils level and subjects with neutrophilia at 
enrolment (p < 0.0001). However, microscopy revealed 
that at day 7 only patients in the neutropenia group, and 
treated with AL, had a positive blood smear (Table 2). 
Data from Day 28 showed that the chance of parasite 
recurrence is higher in patients with neutropenia 
regardless of the type of ACT used for treatment in this 
study (Table 2). 

Table 2. Proportion of patients with parasitaemia on days 3, 7 and 28 during the first malaria episode. 

Patients with parasitaemia Neutropenia 
n (%) 

Normal count 
n (%) 

Neutrophilia 
n (%) p value 

Artemether lumefantrine 
Day 3 2 (100.00) 0 (0.00) 0 (0.00) - 
Day 7 4 (100.00) 0 (0.00) 0 (0.00) - 
Day 28 85 (50.90) 72 (43.11) 10 (5.99) < 0.0001 
Artesunate amodiaquine 
Day 3 1 (100.00) 0 (0.00) 0 (0.00) - 
Day 7 0 (0.00) 0 (0.00) 0 (0.00) - 
Day 28 20 (58.82) 10 (29.41) 4 (11.77) < 0.0001 
Dihydroartemisinin piperaquine 
Day 3 2 (100.00) 0 (0.00) 0 (0.00) - 
Day 7 0 (0.00) 0 (0.00) 0 (0.00) - 
Day 28 5 (100.00) 0 (0.00) 0 (0.00) - 
Pyronaridine artesunate 
Day 3 1 (100.00) 0 (0.00) 0 (0.00) - 
Day 7 0 (0.00) 0 (0.00) 0 (0.00) - 
Day 28 11 (73.33) 4 (26.67) 0 (0.00) < 0.0001 
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Figure 1 shows that irrespective of the treatment 
arm, the pre-treatment prevalence of gametocytaemia 
was higher in patients with normal neutrophils level 
compared to neutropenia and neutrophilia groups (p < 
0.0001). Three days after antimalarial drug 
administration, and regardless of the type of ACT used, 
the data show an increase in the prevalence of 
gametocytaemia in the neutropenic group while 
gametocyte clearance is observed in patients with 
normal neutrophil counts and those with neutrophilia 
(Figure 1). On day 28, after treatment, only patients 
with neutropenia and treated with ASAQ, DP and PA 
carried gametocytes (Figure 1). A forest plot shows that 
the ACT used (AL: OR = 0.80 [0.26; 2.46], ASAQ: OR 
= 1.73 [0.85; 3.52], DP: OR = 0.99 [0.47; 2.06], PA: 
OR = 0.97 [0.45; 2.06]) was not associated with a risk 
of post treatment day 3 gametocytaemia (Figure 2). 
This figure also shows that neither the country of 
residence (Burkina Faso: OR = 0.88 [0.46; 1.68], 
Guinea: OR = 0.29 [0.07; 1.19], Mali: OR = 1.51 [0.87; 
2.61]), nor age category (< 5 years old: OR = 0.48 [0.09; 
2.53], > 14 years old children: OR = 0.56 [0.24; 1.26]) 
were associated with a risk of gametocytaemia 3 days 
after treatment in patients with neutropenia compared 
to those without neutropenia. 

 
Secondary neutropenia after ACTs administration 

During the first malaria episode (Figure 3A) 
neutrophil levels on follow-up days 3, 7 and 28 were 
significantly lower (p < 0.001) compared to pre-
treatment neutrophil levels irrespective of the 
antimalarial treatment received by the patients. This 
decrease in neutrophils levels was more pronounced on 
day 3 after treatment. All treatment arms taken together, 
the overall mean level of neutrophil was 52.7% before 

treatment and decreased to 33.4% on day 3 after 
treatment (p < 0.0001). Seven days after treatment, the 
level of neutrophils increased significantly (p < 0.001) 
regardless of treatment arm and subsequently decreased 
again significantly regardless of treatment arm from 
day 7 to day 28 (p < 0.001) (Figure 3).  

During consecutive malaria episodes (episode 2: 
Figure 3B, episode 3: Figure 3C and episode 4: Figure 
3D), the dynamics of neutrophil levels followed the 
same trend as in the first episode. Irrespective of the 
malaria episodes, three days after drug administration 
the neutrophil counts were significantly higher in the 
ASAQ treatment arm (p < 0.0001) (Figure 3). 

 
Association between neutrophil count variations and 
reinfection parasitaemia after treatment 

Logistic regression analysis (Table 3) shows that 
having neutrophilia seems to protect against the 

Figure 1. Number of patients with gametocytemia before 
treatment and on days 3, 7 and 28 during the first malaria 
episode. 

AL: artemether lumefantrine; ASAQ: artesunate amodiaquine; DP: 
dihydroartemisinin piperaquine; PA: pyronaridine artesunate. 

Figure 2. Association among socio-demographic parameters 
and treatment used on gametocytes reappearance at Day 3 
according to neutrophil variation.  

Figure 3. Comparison of post treatment neutrophil levels means 
between treatment arms. DHA: dihydroartemisinin. 
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reappearance of malaria parasites on day 28 after 
treatment compared to patients with neutropenia, 
however the association is not statistically significant 
(OR = 0.87, 95% CI 0.48-1.58, p = 0.6577).  

Other factors, i.e., treatment and age, were found to 
be associated with malaria parasite reappearance during 
post treatment follow-up (Table 3). Compared to AL 
treatment arm, ASAQ (OR = 0.64, 95% CI 0.43-0.93, p 
= 0.0223), DP (OR = 0.10, 95% CI 0.05-0.18, p < 
0.0001) and PA (OR = 0.23, 95% CI 0.14-0.37, p < 
0.0001) showed a protective effect against malaria 
parasite reappearance. Compared to under 5 years old 
children, those older than 14 years of age (OR = 0.22, 
95% CI 0.10-0.44, p < 0.0001) were protected against 
malaria parasite reappearance on day 28 of follow-up. 

Neither the change in lymphocyte count nor the 
change in hemoglobin count was associated with post 
treatment day 28 parasitaemia.  

 
Discussion 

This study showed that there was an association 
between neutrophil levels and parasitaemia in patients. 
Patients who were neutropenic before treatment had 
lower baseline parasitaemia, a higher rate of recurrent 
parasitaemia and higher rate of gametocyte carriage by 
day 28 post-ACT compared to patients with normal or 
high neutrophil levels. These differences were found to 
be independent of the type of ACT used in this study. 
The baseline P. falciparum parasite density was lower 
in patients with neutropenia. This is in line with 
previous finding showing that during an acute 
uncomplicated malaria episode the increase of 
neutrophils is positively associated with parasitaemia 
[32]. It has also been reported that in semi-immune 
travelers neutrophil counts increase with the severity of 
malaria infection compared to those with 
uncomplicated malaria [33]. An important finding from 
this study with regard to transmission potential of 
malaria is the fact that the prevalence of post treatment 

gametocytemia was higher in patients with neutropenia 
regardless of treatment arm. Neutrophils constituting 
the most important component of the leukocyte 
population [2] play an important role in malaria 
infection due to their phagocytic activity [1]. The role 
of neutrophils in the phagocytosis of extracellular 
gametes has been previously described [22], and this 
could explain the almost total absence of gametocytes 
in post treatment follow-up in subjects with 
neutrophilia. Another possible explanation is the faster 
clearance of asexual parasites in patients with 
neutropenia, which would leave very little time for 
differentiation into sexual stages [34]. 

Although they were already infected with P. 
falciparum before neutrophil levels assessment, 
approximately one third of the patients had neutropenia 
and these results support previous studies [10,11] 
indicating that neutropenia is quite common among 
African populations, where more than 90.0% of the 
African population are Duffy antigen negative [12] and 
that the genetic deletion of the Duffy antigen receptor 
is a major determinant for neutropenia [11].  

Our analysis revealed secondary neutropenia three 
days after the administration of antimalarials, 
regardless of the treatment arm. It has been previously 
described that 70–90.0% of acute and severe 
neutropenia has been shown to be attributable to 
nonchemotherapy drugs [35]. Several medications 
including antimalarial drugs are described to be 
associated with the decrease of neutrophils levels 
[35,36]. A larger analysis including data from 7 clinical 
trials carried out in 9 countries comparing the changes 
in hematologic parameters of ASAQ to AQ mono-
therapy, AS mono-therapy, AL, artesunate + 
sulfadoxine pyrimethamine (ASSP) and 
dihydroartemisinin (DHA), revealed 11.0% of post 
treatment neutropenia [25]. A study conducted in 
Ghana to compare the efficacy of ASAQ versus AL in 
children showed that 3, 7, 14 and 28 days post treatment 

Table 3. Logistic regression model showing the effect of socio-demographic, baseline biological parameters and malaria treatment used on 
Plasmodium ssp reappearance on day 28 

 OR 95% CI p value Lower Upper 
Neutrophils normal 1.11 0.71 1.75 0.6546 
Neutrophilia 0.87 0.48 1.58 0.6577 
ASAQ 0.64 0.43 0.93 0.0223 
DP 0.10 0.05 0.18 < 0.0001 
PA 0.23 0.14 0.37 < 0.0001 
Lymphocytes 1.00 0.99 1.00 0.9630 
Haemoglobin 0.99 0.99 1.00 0.3719 
Gender Male 1.04 0.76 1.42 0.8164 
Age: 5 to 14 years 0.73 0.51 1.07 0.1022 
Older children 0.22 0.10 0.44 < 0.0001 
ASAQ: artesunate amodiaquine; DP: dihydroartemisinin piperaquine; PA: pyronaridine artesunate; OR: odds ratio; CI: confidence interval. 
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neutrophil counts were significantly lower (p < 0.01) 
compared to day 0 counts in both treatment arms [37]. 
On the other hand, it is known that populations of 
African descent have a benign neutropenia [27]. This 
secondary neutropenia, apparently very important, 
could be a return to the known low neutrophil count in 
populations of African origin. Nevertheless, the 
neutrophil count 3 days after the start of treatment was 
lower than on day 7. Apart from the effect of drugs, 
neutrophils are known to be short-lived [16] although 
how they are eliminated remains debatable. It has been 
described that senescent neutrophils in the peripheral 
circulation upregulate CXCR4 expression, allowing 
them to return to the bone marrow for final disposal 
[38]. A study in an animal model found that the number 
of aged neutrophils oscillated over time. Their numbers 
increased during the day (when the mice were at rest) 
and disappeared in the evening, when the mice started 
their active phase [39]. We did not take into account the 
possibility of this time-dependent oscillation in the 
sampling of our patients. 

The present study revealed that of all four drug 
combinations used in this analysis, AL is the least 
protective against parasites carriage during 28 days’ 
post treatment follow-up in patients with normal 
neutrophil levels. Artemether with a half-life of two to 
three hours is rapidly eliminated from plasma whereas 
lumefantrine is eliminated more slowly [40]. The 
combination allows a rapid clearance of parasitaemia 
but does not prevent new infections. In DP 
combination, piperaquine is characterized by a slow 
absorption and long half-life, which might prevent new 
Plasmodium infections [41]. While the half-life of 
amodiaquine is about 5 hours [42,43], the combination 
ASAQ presented a protective effect in the multivariate 
model. Pyronaridine is described to have a mean half-
life of 194.8 ± 47.8 hours [44].  

Furthermore, the present research showed that 
compared to AL treatment arm, patients treated with 
ASAQ, DP or PA were less likely to carry gametocytes 
post treatment which is in line with previous studies. A 
meta-analysis of individual patient data demonstrated 
that the appearance of gametocytes in patients’ blood 
was lowest after AL treatment and significantly higher 
after DP (adjusted hazard ratio (AHR), 2.03; 95 % CI, 
1.24–3.32; p = 0.005 compared to AL) and ASAQ 
(AHR, 4.01; 95 % CI, 2.40–6.72; p < 0.001 compared 
to AL) [45]. A previous study conducted in Mali 
revealed that the day 3 gametocytes prevalence was 
lower in AL arm compared to ASAQ and ASSP arms 
[34]. This could be because, unlike AL, which is rapidly 
eliminated from the patient's blood, the other 

combinations used in this study would remain at sub-
therapeutic levels for a longer period of time, promoting 
the production of gametocytes. 

A limitation of the present study is the absence of 
parasitaemia data every six to eight hours after 
treatment. Such frequent measurements would have 
allowed accurate measurement of the parasite clearance 
time and the slope of the parasite clearance half-life 
using the worldwide antimalarial resistance network 
(WWARN) parasite clearance estimator [46] and to 
relate these to changes in patient neutrophil counts. In 
addition, the lack of data on Duffy antigen is a 
limitation in determining the proportion of benign 
ethnic neutropenia. [11]. However, the limitations did 
not prevent us from determining the impact of lower 
neutrophil counts on the efficacy of ACTs in West 
African children. 

A major strength of this study is the participation of 
several countries that represent West Africa, which 
makes this study relevant for a large population in 
Africa. In addition, the large sample size allowed this 
study to have sufficient power to detect even small 
differences or effects. This study effectively compared 
the four major anti-malarial drugs in relation to 
neutropenia and parasite recurrence.  

In conclusion, this study suggests that neutropenia 
could decrease the efficacy of ACTs in West Africa. 
The immunological mechanisms involved warrant 
further investigations. 
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