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Successful antimalarial drugs treatment might be due to intrinsic susceptibility of P. falciparum and host’s
factors. In this study we assessed relationship between host IgG antibody responses and treatment outcome
with Artesunate+tAmodiaquine (AS+AQ) and Artemether+Lumefantrine (AL) in high transmission setting of Cote
d’lvoire. The study was done as part of a clinical drug-efficacy trial of AS+AQ and AL conducted at Man in
western Cote d’lvoire. Serum samples from the time of malaria diagnosis and 7 days later were analyzed for
total IgG against schizonte extract (07/03) and 5 specific-P. falciparum Ags using a quantitative indirect ELISA.
IgG antibody responses were related to treatment outcome. A total of 56 and 55 serum samples in AL and AS +
AQ group respectively were available for antibody analysis, on day 0 and day 7. The levels IgG to CSP, GLURP
and SALSA increased significantly with age (p<0.05). Antibody responses against all antigens decreased
significantly, except SALSA and sch07/03 in day 7 after treatment, with the greatest decreasing seen in IgG
response to GLURP (p=0.0013). Adequate Clinical and Parasitological Response PCR corrected (ACPR) was of
98.3% (AS +AQ) and 100% (AL). Prevalence and levels of anti-Glutamate-rich Protein (GLURP) and anti-
circumsporozoite (CSP)-specific IgG antibodies were significantly higher (P < 0.001) in Patients with ACPR in
AS+AQ and AL group respectively. GLURP and CSP IgG antibody responses in Man region may contribute to
malaria treatment success and support hypothesis that acquired immunity enhances clinical efficacy of
antimalarial dugs.
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INTRODUCTION

Naturally acquired immunity to malaria has been shown
to protect these individuals against malaria (Crompton et
al., 2010; Gupta et al., 1999; Schofield and Mueller,
2006). Passive transfer of sera from chronically exposed
individuals eliminated blood parasites in P. falciparum-
infected patients (Bouharoun-Tayoun et al., 1995; Cohen
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et al., 1961).

Currently, artemether-lumefantrine (AL) and artesunate-
amodiaquine (AS-AQ) are the only widely available
drugs, which are recommended by most malaria endemic
countries in the treatment of uncomplicated falciparum
malaria (WHO; 2010). In Cbte d’lvoire, AS-AQ and AL
have been recommended respectively in first- and
second line treatment since 2005.

There is a considerable inter-individual variability in
parasite clearance mechanism. Efficacy of antimalarials
is influenced by factors such as parasite life stage, pharm-
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acokinetic profile and patient immune response levels
(Nébié et al., 2008; White, 2011).

This immunity is slowly established after repeated
exposure of the infection (Bouharoun-Tayoun et al.,
1990). In addition, parasite clearance is slower in low
transmission and relatively quick in high-transmission
areas, suggesting that acquired immunity contributes to
parasite elimination (Stepniewska et al., 2010). However,
the association between the levels of immunoglobulins
(IgG) specific to P. falciparum and the reduction of the
risk of infection of malaria is debated (Biswas et al., 2014;
Bejon et al.,, 2011; Wilson et al, 2013). Antibodies
against P. falciparum antigens can target the sporozoite
stage leading to a subsequent reduction in transmission
and infection: the multiplication of parasites is reduced,
as are the clinical signs of malaria (Fowkes et al., 2010;
Chan et al. 2014). Treatment efficacy improves with age
and intensity of transmission, suggesting that acquisition
of immunity may play a role in determining the efficacy of
antimalarial treatment (Staedke et al., 2004; Francis et
al.,, 2006; Greenhouse et al.,, 2009). In this regard,
previous work in Africa, mainly in high-transmission
areas, has noted various associations between immunity
and failure of treatment with sulfadoxine pyrimethamine,
chloroquine and ACTs (Van Geertruyden et al., 2009
Borrmann et al., 2011; Diarra et al., 2012). The aim of
this study was to assess contribution of immunity to
treatment outcomes in patients treated with two ACTs by
comparing total 1IgG responses of patients with failure, or
adequate clinical and parasitological response.

MATERIALS AND METHODS
Study population and samples

The study was done as part of a clinical drug-efficacy trial
in collaboration with the National Malaria Control
Programme in Cobte d’lvoire. The trial was conducted
from January to May 2016 in Man. Man islocated in
western Cote  d’lvoire.  Plasmodium  falciparum
transmission is intense and perennial, with
recrudescence during the rainy, season. The main
vectors are Anopheles gambiae and Anopheles funestus.
Plasmodium falciparum is the predominant malaria
parasite, accounting for more than 95% of infections in
children under five years of age (Offianan et al., 2014).
The number of bites per person per night (Entomological
Inoculation Rate, EIR) due to An. Gambiae is 4,21 b/p/n.
Malaria control strategies mainly based on insecticide-
treated nets and treatment of clinical cases. The use of
insecticide-treated nets in this area remains low.

The efficacy study was designed to enroll 120 patients
aged at least six months to presenting with
uncomplicated malaria if they met the criteria as defined
in the standard efficacy testing protocol by WHO (WHO;
2003) body weight =5 kg; a history of fever in the

previous 24 hours or measured fever (axillary
temperature 237.5°C or rectal 238°C); mono-infection
with P. falciparum, with parasite density between 2,000—
200,000 asexual parasites per microlitre 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 (WHO; 2000);
able to take study drugs by the oral route; able to attend
clinic on stipulated days for follow-up; and signed
informed consent (by patient or responsible caregiver).
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 anti-malarial treatment;
full course of AS-AQ or AL in the past 7 days; and known
hypersensitivity to any of the study drugs.

Patients were randomly assigned to receive either AS-AQ
or AL. Both treatments were three-days oral regimens
dosed by weight according to the manufacturers
instructions: AS-AQ 5 to <9 Kkg: one tablet/day of
artesunate (AS) 25 mg/amodiaquine (AQ) 67.5 mg; 9 to
<18 kg: one tablet/day of AS 50 mg/AQ 135 mg; 18 to
<36 kg: 1 tablet/ day of AS 100 mg/AQ 270 mg; 236 kg: 2
tablets/day of AS 100 mg/AQ 270 mg.

AL tablet strength was 20 mg artemether/120 mg
lumefantrine: 5 to <15 kg: 1 tablet/dose; 15

to<25 kg: 2 tablets/dose; 25 to <35 kg: 3 tablets/dose;
235 kg 4 tablets/dose. AL was administered twice a day.
Treatment outcomes were classified according to the
WHO guidelines for areas of intense transmission as
adequate clinical and parasitological response (ACPR),
early treatment failure (ETF), late clinical failure (LCF)
and late parasitological failure (LPF) (Who, 2003). Failure
was defined as the sum of ETF, LCF and LPF. For the
purpose of this study, patients with ETF, LCF and LPF
were grouped as treatment failures (TF). In order to
distinguish  recrudescence from reinfection, blood
samples collected on filter paper were assessed with
nested PCR technique as described previously (Offianan
et al., 2014).

Five ml of venous blood was withdrawn on Day 0 and day
7 into an EDTA tube from each participant and the
plasma obtained was aliquoted and stored at -20°C until
further analysis

Antigens and peptides

Peptides derived from liver (CSP, LSA3, SALSA) and
blood stage antigens (GLURP, AMA1) of Plasmodium
falciparum were used to measure antibody responses.
The antigen description is summarized in Table 1.

IgG Antibody Testing by
Immunosorbent Assay (ELISA)

Enzyme-Linked

IgG responses were quantified by ELISA in duplicate
sera samples diluted 1:100 as previously described using



Table 1. Antigens et peptides.

236 Afr. J. Parasitol. Res.

Antigen | Protein or | Sequence and/or Reference Stage of expression Antigenfrom
peptides
CsP Peptide ANPNANPNANPNANPNVDPNVDPC sporozoite/hepatic P. falciparum
stage
LSA3 Peptide VLEESQVNDDIFNSLVKSVQQEQQHNVC hepatic stage P. falciparum
SALSA | Peptide SAEKKDEKEASEQGEESHKKENSQESAC sporozoite/hepaticstage | P. falciparum
GLURP | Peptide EDKNEKGQHEIVEVEEILC merozoite/schizont P.falciparum
AMA1 Peptide YKDEIKKEIERESKRIKLNDNDDEGNKKIIAPRIFISDDKDSLKC | merozoite/schizont P.falciparum

specific Ags (peptides) and whole parasite extract sch
07/03 (Dielmo strain adapted to culture) (Niang et al.,
2017; Diop et al., 2014; Osier et al., 2008; Bonnet et al.,
2006; Aribot et al., 1996). In each plate, pool of sera from
adults living in the village of Dielmo, immune IgG (kind
gift from Prof M Hommel) and pools of European and
African non-immune was used as positive and negative
controls respectively. Results were expressed as OD
ratio = OD sample/OD naive serum pool (Aribot et al.,
1996; Perraut et al., 2003). Sera showing an OD ratio >.2
corresponding to the signal of naive controls + 2 SD were
considered sero-positive for prevalence calculations.

Statistical Analysis

Antibody levels and prevalence of responders in different
groups were compared using respectively the Mann—
Whitney, the Spearman rank correlation test for non
normally distributed paired data and the Fisher exact test.
Statistical analyses were performed using Prism (graph
pad....). For all the tests, p value < 0.05 was considered
significant.

Ethical Statement

Written informed consent for participation in the study
was obtained from adult’s patients or children’s parents
or guardians, in accordance with the Declaration of
Helsinki. Approval was granted by National Research
Ethic Committee of Coéte d’lvoire. As sentiment was
required from young children (10-17 years) in addition to
their parent’s or guardian consent.

RESULTS
Study profile

Over the course of the study, 843 total patients were
screened and 120 (60 in each group) patients were
randomized in the clinical trial. Patients were followed up
to 42 days. Samples from 56 and 55 participants in AL

and AS + AQ group respectively, meeting inclusion
criteria were available for antibody analysis, on day 0 and
day 7 (Figure 1).

Characteristics of Patients

The mean age was 6.8 and 12.14 years in AS +AQ and
AL group respectively (p=0.001).

Body temperature (°C) mean was 38.42 + 0.4710 and
38.31 £ 0.4446 in AS+AQ and AL group respectively. The
mean parasiteamia was high in AS+AQ group (37 935
asexual parasites/pl) than in AL (16031 asexual
parasites/pl) group with a range between 2100 and
177866 asexual parasites/ul. A total of 12 patients with
Sickle cell trait (HbAS) were included in the study (Table
2).

Drug efficacy in the treatment of uncomplicated
Plasmodium falciparum malaria

The overall failure rate for both drugs was 6.8% (4
patients) and 6.9% (4 patients) for AS+AQ and AL group
with an Adequate Clinical and Parasitological Response
PCR corrected (ACPR) of 98.3% (AS +AQ) and 100%
(AL).

Relationship between age, parasiteamia and antibody
levels at DO

In this study, the relationship between antibody levels
and age were assessed. The levels of IgG to CSP,
GLURP and SALSA increased significantly with age
(p<0.05) (Table 3).

Levels of IgG to AMA1 decreased with age

There was no correlation between parasitaemia observed
at recruitment with antibody responses against all
antigens except a significant negative correlation with IgG
responses to AMA1l (p<0.05) rho=-0.194 and GLURP
(p<0.05), rho=-0.265.
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Screening: 843 patients

120 patients randomized

A 4

A 4

Artesunate/amodiaquine
n =60

Artemether/lumefantrine

n= 60

Consent Withdrawn: 01 |«

A 4

\4

Lost follow up : 02

A 4

Complete treatment and
available
for follow-up day 42(n = 59)

Complete treatment and
available
for follow-up day 42(n = 58)

v

A

Available days 0 and 7
serum samples : 56

Available days 0 and 7
serum samples : 55

Figure 1. Trial Profile.

Antibody Responses at the Time of Malaria Diagnosis
and 7 Days Later

Level and prevalence of antibody responses against the
6 peptides are summarized in Table 2. Prevalence levels
were highly variable, ranging from 53.1 % (IgG to
SALSA) to 74.7 % (IgG to AMAL).

Levels of antibody responses at days 0 and 7 are stated
as Mean values and range [minimum—maximum]
ODratio. The level of Ab responses against all antigens
decreased significantly, except SALSA and sch07/03 in
day 7 after treatment, with the greatest decreasing seen
in 1gG response to GLURP (p=0.0013) (Table 4).

Association of antibody levels and efficacy of each
drug in the treatment of uncomplicated Plasmodium
falciparum malaria

To investigate whether the treatment efficacy for each of
the drugs was associated with a background of immunity,
antibody responses against all falciparum antigens (CSP,

AMA-1, LSA 3, GLURP, SALSA, and sch07/03) were
compared according to each drug’s efficacy.

The relationship between immune responses and
treatment efficacy was analyzed by stratifying outcome
as RCPA and Failure. Table 5 and 6 are shown level of
Ab responses according treatment outcome with each
drug.

Prevalence and levels of anti-Glutamate-rich Protein
(GLURP) and anti-cirsumsporozoite (CSP)-specific 1gG
antibodies were significantly higher (P < 0.001) in
Patients with ACPR in AS+AQ and AL group respectively.
Level of Glurp IgG antibodies at day 0 was 4.35 [3.3.-
5.73] and 1.92 [0.48-7.77] in Patients with ACPR and failure
in AS+AQ group (Table 6). In AL group level of CSP IgG
antibodies was also higher in patients with RCPA (2.76;
2.24-3.40) than those with treatment failure (1.17; 1.03-
1.33).

DISCUSSION

The study was designed to assess, using standardized
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ASAQ AL
PARAMETERS (n=60) (n=60) p-value
Meanage (Years) 6,8 12,14 0,001
6 months—<5 years 34 20 0,14
5-<15 yrs 21 22 1
215 yrs 5 18 0,004
Gender (M/F) 32/28 29/31 0,58
Male [n (%0)] 32 (53.33) 29 (48.33) 0.6988
Female [n (%)] 28 (46.67) 31 (51.67) 0.7037
Meanweight 23.76 32.47 0.29
Body temperature [°C, mean (SD)] 38.42+ 0.4710 38.31+ 0.4446 0.60
Range (38.20-38.43) (38.30-38.55)
Parasite density [parasite/uL, mean (SD)] 37 93516271 16031+ 3058 0,0092
Range (2100-177866) (2013-156230)
Sicklecell trait (HbAS)[n (%)] 7 (11.66) 5 (8.33)
Table 3. Relationship between age and antibody.
Antigen Age groups (year) N RtDO (D0) Geo.means (95% IC)
[0-5] 56 3.50 (2.92 - 4.19)
AMAL [6-15] 33 2.96 (2.18 - 4.02)
215 22 2.61 (1.80-3.77)
p 0.1716
[0-5] 56 2.37 (1.94 — 2.90)
CSP
[6 - 15[ 33 2.83 (2.20 - 3.65)
215 22 3.93 (2.77 - 5.58)
p 0.0241
[0-5] 56 3.43 (2.54 - 4.62)
GLURP [6-15] 33 7.11 (4.66 — 10.86)
=15 22 9.64 (15.49 — 16.92)
p 0.0009
[0-5] 56 2.35(1.92 - 2.86)
LSA3 [6- 15[ 33 534 (1.88 — 2.90)
>15 22 2.45 (1.59 - 3.79)
p 0.9115
[0- 5[ 56 1.91 (1.67 —2.18)
SALSA [6 - 15[ 33 2.74 (2.13-3.52)
>15 22 2.92 (2.19-3.91)
p 0.0025
[0-5[ 56 2.20 (1.97 — 2.45)
sch07/03 [6-15] 33 255 (2.26 — 2.89)
215 22 2.40 (1.80 — 3.18)
p 0.3096

Geo.means: geometric means The Kruskal-Wallis test was used.

methods, association of antibody levels to six malaria
antigens (CSP, AMA-1, LSA 3, GLURP, SALSA, and
EXTRAIT) with response to antimalarial drugs therapy.

The impact of immunity on treatment outcome have however
resulted in conflicting findings (Robert et al., 2000; Mayxay
et al., 2001; Mawili-Mboumba et al., 2003; Pinder et al.,
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Table 4. Antibody prevalence and level at day 0 and day 7.

Antibody Prevalence % (95% CI) Antibody level Geometric mean (range)
Antigen DO D7 P DO D7 p
CSP 60.3 (50,3 - 69.5) 56.7 (47.0 - 66.1) 0.2926 27((24-3.2) 25(2.2-2.9) 0.1235
AMA1 74.7 (65.6 -82.5) 65.7 (56.1 -74.5) 0.0921 3.1(2.7-3.6) 2.7(2.3-3.0 0.0002
LSA3 54.9 (45.2- 64.4) 44.1 (34.7 -53.8) | 0.0699 2.3(2.0-2.7) 18(1.6-2.1) |<0.0001
GLURP 72.0 (62.7 - 80.1) 55.8 (46.1-65.2) |0.004 5.2 (4.1-6.6) 2.8(2.2-3.6) [0.0013
SALSA 53.1 (43.4-62.6) 61.2 (51.5-70.3) [0.111 2.3(2.0-2.6) 25(2.2-29) |0.0152
sch07/03 66.6 (57.0 -75.3) 76.5 (67.5-84.0) |0.0692 2.3(2.1-2.6) 2.7(25-3.00 |[<0.0001
Table 5. Association between antibody response and treatment outcome in AL group.
AL group
Treatmentfailure ACPR p

Antigen ’C\laezcil. means (95% IC) ﬁ:g.zmeans (95% IC)

Ac-AMA1 DO 3.81 (1.15-12.60) 2.82 (2.21-3.60) 0.2571

Ac-AMA1 D7 2.80 (0.93-8,41) 2.79 (2.25-3.45) 0.4494

Ac-CSP DO 1.17 (1.03-1.33) 2.76 (2.24-3.40) 0.0097

Ac-CSP D7 1.75 (0.74-4.07) 3.10 (2.46-3.86) 0.0807

Ac-LSA3 DO 2.42 (0.54-10.69) 2.11 (1.72-2.60) 0.4431

Ac-LSA3 D7 2.08 (0.47-9.15) 1.74 (1.37-2.21) 0.3572

Ac-GLURP DO 3.93 (0.30-52.18) 6.92(4.68-10.22) 0.1865

Ac-GLURP D7 1.39 (0.70-2.74) 2.09 (1.40-3.13) 0.2728

Ac-sch07/03D0 2.33(1.37-3.96) 2.58 (2.24-2.96) 0.3995

Ac-sch07/03D7 3.17 (1.21-8.26) 3.00 (2.62-3.44) 0.3632

Ac-SALSA DO 2.42 (1.17-5.01) 2.48 (2.08-2.96) 0.4620

Ac-SALSA D7 2.08 (1.20-3.63) 2.40 (1.97-2.94) 0.3513

Age (years) 3.40+1.40 13.76+1.86 0.1250

Parasite density DO ( asexual | 22296+10367 15677+3423 0.4375

parasites/ul)

2006; Aubouy et al., 2007).We examined in an area of
intense transmission of P. falciparum in Céte d’lvoire during
a drug trial with Artesunate + amodiaquine (AS+AQ) or
Artemether + lumefantrine (AL) the hypothesis that there is a

synergy between drug treatment and acquired malaria
immunity.

The study showed that antibody levels to 1gG to CSP,
GLURP and SALSA increased with age as demonstrated by
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Table6. Association between antibody response and treatment outcome in AS + AQ group.

ASAQ group
. Treatment failure ACPR p

Antigen Geo. means (95%IC) Geo. means (95%)

N=4 N=51
Ac-AMAL DO 3.46 (1.23-9.74) 3.44 (2.9-4.13) 0.4871
Ac-AMA1 D7 2.21(1.014.81) 2.62 (2.15-3.18) 0.3020
Ac-CSP DO 2.40 (0.7-8.28) 3.00 (2.40-4.82) 0.5595
Ac-CSP D7 2.82 (0.55-14.57) 2.1(1.67-2.63) 0.5380
Ac-LSA3 DO 5.6 (4.67-6.71) 2.49 (2.01-3.07) 0.0079
Ac-LSA3 D7 2.13 (0.80-0.71) 1.90 (1.58-2.29) 0.3075
Ac-GLURP DO 1.92(0.48-7.77) 4.35 (3.30-5.73) 0.0659
Ac-GLURP D7 1.25 (0.85-1.84) 4.33 (314-5.97) 0.0259
Ac-sch07/03 DO 2.67(2.06-3.47) 2.11 (1.88-2.356) 0.0561
Ac-sch07/03 D7 2.82(2.12-3.74) 2.51 (2.49-2.80) 0.1424
Ac-SALSA DO 1.73 (1.13-2.65) 2.21 (1.85-2.64) 0.2743
Ac-SALSA D7 1.88 (0.46-7.43) 2.78 (2.22-3.47) 0.1574
Age (years) 4+0.091 6.40 £ 0.98 0.3125
Parasite  density DO (asexual | 20791 + 12893 37958 + 6849 0.1250
parasites/ul )

others results (Tongren et al., 2006; Dodoo et al., 2008;
Segeia et al., 2010).

Our results confirmed the hypothesis that malaria
immunity is largely effected through antibody-mediated
mechanisms and that protective antibody levels to
relevant antigens increase with age related exposure to
the parasites.

During this study, eight (8) patients failed treatment with
four (4) per treatment arm. To investigate whether the
level of antibody induced by each antigen tested in our
study was associated with treatment failure (ASAQ orAL),
we compared the antibody levels produced by each
antigen on day 0 and day 7 of patients whose treatment
failed to those whose treatment succeeded. The results
showed that with AL, only the level of antibody produced
by the CSP antigen on day 0 was high in the patients with
ACPR compared to that induced by those with treatment
failure. In the ASAQ arm, it was on D7 that there was a
remarkable difference. Same observation has been made
with anti-GLURP antibodies in AS+AQ group.

These results suggested that anti-CSP and GLURP
antibodies would have a synergistic effect and would be
associated with a low recrudescence (re-infestation)
during the treatment of malaria with these two ACTs.

Several studies in malaria endemic areas in Africa have
reached the same conclusion. The work of the Enevold
and Diarra teams respectively in 2007 and 2012 showed
that the anti-GLURP antibody would be associated with a
low recrudescence (re-infestation) during the treatment of
malaria, from which it would play a protective role
(Enevold et al., 2007; Diarra et al., 2012). Adu and
collaborators have shown during their study that anti-
GLURP-R2 antibody is associated with protection against
malaria (Adu et al., 2016). However, our results differ
from those of Keh et al.(2012) who have shown that only
the anti-AMAL1 antibody would protect against treatment
failures among eight antigens tested during malaria
treatment with either Amodiaquine or Sulfadoxine-
pyrimethamine. Other studies are demonstrated the role
of anti-MSP1-19 antibody in treatment outcome with
chloroquine (Aubouy et al., 2006; Pinder et al., 2006).
Differences in result between studies could be due to
varying efficacy and pharmacokinetics; differences in the
epidemiological setting and patient characteristics,
different means of assessing treatment outcome and the
use of different methods.

Genetic factors such as sickle cell trait (HbAS), haemoglobin
E (Hutagalung et al., 2000, Adjei et al., 2014) and athalass-
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aemia (Terlouw et al., 2002; Mockenhaupt et al., 2001)
could also affect antimalarial treatment outcome. In this
study only sickle cell trait test has been done in all the
patients. The twelve patients in our study with sickle cell
trait had ACPR. Sickle cell genotype did not influence the
treatment efficacy of artemisinin-based combination
Therapy as demonstrate by studies conducted in Ghana
and DRC (Adjei et al., 2014; N’'Dounga et al., 2015) In a
study conducted in Kenya, efficacy of sulfadoxine—
pyrimethamine in children with HbAS was increased
compared with children with normal haemoglobin
(Terlouw et al.,, 2002). Moreover for intermittent
preventive treatment of malaria in children, studies have
shown that sulfadoxine-pyrimethamine (SP) is more
effective than CQ in paediatric carriers of HbAS
(Nakibuuka et al., 2009).

Our study have some limitations. Firstly HIV test was not
done. Studies on effect of infection with HIV on the
outcome of treatment with antimalarial drugs showed
sometimes that HIV infection decreased response to
treatment with antimalarial drugs (Brentlinger et al.,
2007).

Secondly Measuring IgG1l-subclass or IgG3-subclass
responses to recombinant antigens might provide more
information than total IgG responses (Rogerson et al.,
2010).

CONCLUSION

Ac-anti GLURP and CSP may be associated with AL and
ASAQ treatment outcome respectively in Man region of
Céte d’lvoire.
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