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Abstract

In Burkina Faso, where malaria is hyper-endemic and transmission intensity is very high, the majority of malaria-related
morbidity and mortality occurs in children less than 5 years of age. A control measure such as the use of insecticide-treated
curtains (ITC) significantly reduces transmission of malaria infection. Concerns remain whether reduced transmission intensity
may lead to a delay in the development of immunity in younger children and even to a partial loss of already acquired immunity. In
this study, the levels ofP. falciparum-specific IgG subclasses, the number of infecting parasite clones determined by PCR-based
genotyping of themsp2 gene and the parasite density were analysed in 154 asymptomatic children (3–6 years) living in 16 villages
(8 with and 8 without ITC) in the vicinity of Ouagadougou, the capital of Burkina Faso. In addition, the parasite inhibitory effects
of Ig fractions, prepared from selected children, in co-operation with normal human monocytes were studied. Blood samples
from asymptomatic ITC-users showed a significant decrease inP. falciparum prevalence as well as in parasite density. However,
no significant difference was observed inP. falciparum-specific antibodies or in parasite multiplicity of infection between the two
groups. Furthermore, Ig fractions from children of both groups showed similar levels of inhibitory activity against autologous
parasite growth both on their own and in co-operation with monocytes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Malaria is a major public health problem in the
world. According to recent data, there are 1.5–2.7
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million deaths due to malaria each year, the bulk of
which occur in sub-Saharan Africa, where about 360
million people live in areas of stable, endemicPlas-
modium falciparum transmission (Snow et al., 1999).
Malaria-related death rates are rising again in Africa
(WHO, 2000), reflecting the emergence of drug re-
sistant strains of the lethalP. falciparum parasite and
highly efficient Anopheles gambiae sensu lato and
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Anopheles funestus vectors. This worsening situation
emphasises the need for efficient and effective control
measures (Snow and Marsh, 1998).

Protection of individuals from mosquitoes can
be achieved through a number of methods in-
cluding repellents, protective clothing, and using
insecticide-treated bed net and curtains (ITNs). One
of the encouraging developments in malaria control
has been the finding that ITNs can significantly reduce
mortality and morbidity (Alonso et al., 1991). Conse-
quently, several field trials supported by UNDP/World
Bank/WHO, have evaluated their effectiveness as a
malaria prevention strategy. These studies in The
Gambia (D’Alessandro et al., 1995), Kenya (Nevill
et al., 1996), Ghana (Binka et al., 1996) and in Burk-
ina Faso (Habluetzel et al., 1997) demonstrated a
positive impact of ITNs on all-cause child mortality
over the 2 years following implementation of the in-
tervention and suggest that ITNs seem to work as well
in areas of high transmission as in areas of lower en-
demicity. Studies in Burkina Faso (Habluetzel et al.,
1999; Diallo et al., 1999) observed a modest reduc-
tion in the overall prevalence of malaria infection, but
almost halving of parasite densities among children
protected by insecticide-treated curtains (ITCs). The
wide surface area of the protected zone and the almost
total coverage achieved in the intervention villages
appeared to be major determinants of the observed re-
duction of transmission. The direct effect of ITNs on
malaria transmission was demonstrated in Tanzania,
with a reduction of the malaria vector populations and
the sporozoite rates, leading to a 90% reduction in the
entomological inoculation rate (Curtis et al., 1998).

Concerns have been raised that the lower degree of
exposure to malaria parasite in individuals using ITNs
could delay their acquisition of immunity (Snow and
Marsh, 1995). Indeed, lower levels of antibodies to the
P. falciparum circumsporozoite protein (CSP) as well
as various blood stage antigens were seen in children
in areas using ITNs as compared with these in unpro-
tected areas (Snow et al., 1996; Askjaer et al., 2001;
Nebie et al., 2003). However, in some recent studies,
no difference was seen in antibody levels to certain
asexual blood stage antigens between ITNs users and
non-users (Meraldi et al., 2002; Kariuki et al., 2003a).
Thus, there is further need to monitor the long-term
effects of ITNs usage on the acquisition of immunity
against malaria.

We have in this study further investigated the im-
pact of long-term use of insecticide-treated curtains
on children’s immune responses for malaria in Burk-
ina Faso, where ITC have contributed to a reduction in
intensity of malaria infection. The antibody response
to asexual blood stages ofP. falciparum was analysed
with regard to IgG subclasses and capacity to inhibit
parasite growth in vitro. Furthermore, the multiplicity
of genotypes in the infecting parasite was analysed.

2. Materials and methods

The study received ethical approval from the Min-
istry of Health of Burkina Faso and the Research Eth-
ical Committee of the Karolinska Institutet (Stock-
holm, Sweden). Informed consent was obtained from
the parents or legal guardians of all children involved
in the study after the aims and the protocols were
clearly explained in their native language.

2.1. Study area

The study area is situated in the vicinity of Oua-
gadougou, the capital of Burkina Faso, a typical zone
of Sudanese savannah. The rainy season lasts from
June to October. Malaria transmission in the region
is high, seasonal and peaking around September, ap-
proximately 300–500 infective bites/person/year with
extremes ranging between 100 and 1000 infective
bites/person/year in some villages due to ecological
heterogeneity (Cuzin-Ouattara et al., 1999). The main
malaria vector isA. gambiae with A. arabiensis and
A. funestus contributing to a lesser extent. In villages
with ITC, netting was installed at all housing openings
(doors, windows, space between wall and roof) during
1994. Thus, the children from these villages had lived
all their life in houses with ITC. The introduction of
ITC resulted in a drastic reduction in entomological
inoculation rate (from 500 to 29 bites/person/year).
The majority of the study population belongs to the
Mossi ethnic group and lives by livelihood farming.

2.2. P. falciparum isolates

Blood samples were collected in 2001 during the
high transmission season (August–October) from 154
randomly selected asymptomatic children (3–6 years)
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living in 16 villages with and without ITC. Body tem-
perature was measured twice with an axillary ther-
mometer. A third measuring was undertaken when
the difference between the two readings is more than
0.5◦C. The febrile children were treated with chloro-
quine as recommended by the national policy. Only
afebrile children who were not receiving anti-malarial
treatment were included in the study.

Five millilitres of venous blood from each child
were added to tubes containing EDTA. Plasma was
collected after centrifugation at 1200 rpm (350 g)
for 10 min. The leukocyte interface was removed
after washing the erythrocytes twice in RPMI 1640
medium (Gibco, Paisley, UK). To prepare isolates for
in vitro inhibition experiments, each isolate was cul-
tured for 18–22 h in RPMI 1640 medium plus 10%
AB human-non immune serum (Wåhlin et al., 1984).

Thick and thin blood films were air dried, thin
films were fixed with methanol, and both stained
with Giemsa. One-hundred high-power fields were
examined on each slide by microscopy, and para-
site density was estimated assuming mean leucocyte
count of 8000 cells per microlitre of blood.

2.3. Immunoglobulin fractions

The plasma samples were inactivated by incuba-
tion at 56◦C for 1 h. The immunoglobulin fractions
were prepared from 2 ml plasma by ammonium sul-
phate precipitation essentially as described byHarboe
and Ingild (1973). The immunoglobulin fraction was
brought into RPMI by buffer exchange in a PD10 col-
umn (Pharmacia, Uppsala, Sweden). The Ig fractions
were kept at−30◦C until use.

2.4. Enzyme-linked immunosorbent assay (ELISA)

Determination of the concentration of IgG class
and subclasses of anti-malaria antibodies was per-
formed using an extract of mature stages of cultured
P. falciparum as antigen (Troye-Blomberg et al.,
1983). Briefly, plates (Costar, Corning, NY) were
coated with 10�g/ml antigens in sodium carbonate
buffer (pH 9.6) with 0.02% (w/v) sodium azide and
were then saturated with 1% bovine serum albumin
in sodium carbonate buffer. Plasma dilutions were
incubated overnight at 4◦C (1:20 for IgG2 and IgG4,
1:100 for IgG1 and 1:400 for IgG3 and 1:1000 for

IgG). Total IgG antibodies were detected using al-
kaline phosphatase conjugated goat anti-human IgG
(Fc fragment specific) (Mabtech AB, Nacka, Swe-
den). Antibodies of IgG1, IgG2, IgG3 and IgG4 sub-
classes were detected using biotin conjugated mouse
anti-human monoclonal antibody (PharMingen, San
Diego, CA) and alkaline phosphatase conjugated
streptavidine (Mabtech AB) for each subclass. The
assay was developed withp-nitrophenyl phosphate
disodium salt (Sigma, St. Louis, MO) as substrate and
the optical densities were read at 405 nm in ELISA
plate reader (VmaxTM Kinetic Microplate Reader,
Menlo Park, CA).

The concentrations of IgG-subclass of anti-malarial
antibodies were calculated from standard curves ob-
tained in a sandwich ELISA with six dilutions of
myeloma protein of IgG1-4 isotypes (Serotec, Ox-
ford, UK) or with highly purified IgG (Jackson Im-
munoResearch Laboratories, West Grove, PA) for
total anti-malarial antibodies.

2.5. In vitro invasion inhibition assay

All in vitro invasion inhibition experiments were
performed at Laboratoire d’Immuno-Parasitologie,
Center National de Recherche et de Formation sur
le Paludisme (Ouagadougou, Burkina Faso). Briefly,
the ABO blood group of each donor was determined
by hemagglutination using Serafol-D bedside cards
(Biotest AG, Dreieich, Germany). All tests were per-
formed with compatible blood groups. The invasion
inhibition assay was performed as described earlier
(Wåhlin et al., 1984). Briefly, the immunoglobulin
fraction was added in serial dilutions to autologous
cultures of theP. falciparum isolates that had devel-
oped to schizonts after the initial 18–22 h of incu-
bation. All inhibition experiments were performed
in the presence of Swedish human AB serum from
a pretested batch. The cultures were set up in du-
plicate in flat-bottomed, cell culture, 96-well plates
(Costar, Corning, NY) and were incubated at 37◦C
for 18–22 h in a candle jar.

Monolayers of each culture were prepared in
quadruplicate on 8-well multitest slides (ICN
Bio-medicals, Inc., Aurora, OH) and fixed in 1%
glutaraldehyde, followed by air-drying. Parasites
were stained with acridine orange and the percentage
of newly infected erythrocytes was determined by
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counting 25 microscopic fields per well in a fluoresce-
nce microscope. The invasion inhibition was de-
termined by the formula:(% parasitaemia in control
wells − % parasitaemia in test wells) × 100/(% para-
sitaemia in control wells).

2.6. Isolation and preparation of peripheral blood
mononuclear cells (PBMCs)

Peripheral blood was diluted with an equal vol-
ume of Tris Buffered Hanks solution (SBL, Vaccin
AB, Stockholm, Sweden). Blood mononuclear cells
(PBMCs) were separated on Ficoll-PaqueTM PLUS
(Amersham Bioscience AB, Uppsala, Sweden) ac-
cording to the technique described essentially by
Böyum (1976). Briefly, 6 ml diluted blood were lay-
ered on 3 ml Ficoll-PaqueTM PLUS (at room tem-
perature) and centrifuged at 2800 rpm (1100× g)
for 20 min at 20◦C without brake. The upper layer
(autologous serum 50%) was removed and kept until
use. Interface cells (mononuclear cells) were carefully
transferred to a new 10 ml conical centrifuge tubes
and washed twice (10 min each) in Tris Hanks solu-
tion supplemented with 25–50% autologous serum.

PBMCs were then resuspended in 50% autologous
serum (2× 106 cells/ml) and seeded at 10× 106 cells
into OPTILUXTM petri dish (Becton Dickinson Lab-
ware, Becton, Franklin Lakes, NJ, USA). Monocytes
were allowed to adhere at 37◦C in 5% CO2 atmo-
sphere for 1 h. The supernatant and non-adherent cells
were washed off and petri dishes were washed three
times (10 ml each) with Tris Hanks supplemented
with 0.5% human serum albumin (Pharmacia, Stock-
holm, Sweden) at room temperature to remove the
non-adherent cells. A cell lifter removed the adherent
cells and their viability was detected by Trypan blue
exclusion dye (Sigma). The method permitted recov-
ery of 97% of adherent cells with an average viability
of 97%.

2.7. Antibody dependent cell mediated invasion
inhibition assay

The effector cell preparations (human monocytes)
and Igs were assayed for their capacity to inhibitP.
falciparum growth in vitro as described essentially by
Wåhlin et al. (1984). Prior to the antibody dependent
cell mediated inhibition (ADCI) assay we assessed

the capacity of the Ig alone to inhibit parasite inva-
sion/growth. In order to detect the ADCI activity, the
assay was performed with an antibody concentration
giving no or a low inhibition (sub-optimal inhibitory
concentration).

Briefly, 100�l of infected red blood cells at 1% par-
asitaemia at 4% hematocrit consisting mainly of late
stages (trophozoites and schizonts) were distributed in
flat bottomed, cell culture 96-well plates (Costar). Ad-
herent cell suspensions in tissue culture medium sup-
plemented with 10% human AB serum were added to
the wells at the rate of 1× 105 to 2× 105 monocytes.
Control wells consisted of (a) parasite culture alone,
(b) parasite culture and negative control Ig (Swedish
non-immune donor), (c) parasite culture and mono-
cytes. Test wells consisted of (a) parasite culture and
test Ig at sub-optimal inhibitory concentrations and
(b) parasite culture, test Ig at sub-optimal inhibitory
concentrations and monocytes. Wells were carefully
mixed and plates incubated at 37◦C in 5% CO2 atmo-
sphere for 22 h. Microscopic assessment of the degree
of parasite growth was then performed in the same
way as for the invasion inhibition assay above.

2.8. Parasite DNA preparation and PCR

For assessment of the genotypic composition ofP.
falciparum isolates, parasite DNA was extracted and
purified from blood samples as described bySnounou
et al. (1993). Briefly, the blood was lysed with saponin,
and after centrifugation, the parasite pellet was resus-
pended in lysis buffer (40 mM Tris, pH 8.0, 80 mM
EDTA, 2% SDS) and incubated with proteinase K. The
samples were extracted with phenol, followed with
phenol–chloroform and lastly chloroform. The DNA
was then precipitated in sodium acetate and absolute
ethanol and stored frozen for 2–4 h. After centrifuga-
tion, washing with 70% ethanol and drying, the DNA
was resuspended in TE buffer (10 mM Tris, pH 8.0;
0.1 mM EDTA, pH 8.0).

The polymorphic regions of block 3 ofmsp2 were
amplified by nested PCR (Snounou et al., 1999).
Two classes ofmsp2 block 3, denoted Indochina
(IC) and FC27, were examined. In the first reaction
(PFG-Nest1), Block 3 of themsp2 was amplified using
the oligonucleotide primer pair M2-OF and M2-OR,
followed by two separate second amplifications to
detect the IC allelic family (M2-ICF and M2-ICR)
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or the FC27 allelic family (M2-FCF and M2-FCR),
respectively. PCR products were electrophoresed on
1.8% agarose gels, and DNA visualised by ultraviolet
trans-illumination after ethidium bromide staining.
Bands obtained were compared by size.

2.9. Statistical analysis

Statistical evaluation was done using the unpaired,
two-tailed, Student’st-test andP < 0.05 were con-
sidered significant. Parasite densities, number of in-
fecting genotypes and antibody concentrations were
log-transformed before the analysis and converted to
normal after calculation. We estimated the impact of
ITC-use on parasite densities and the multiplicity of
infection by villages, age and sex using regression
analysis of the StatView software (Cary, NC, USA).

3. Results

This study was designed to investigate the immuno-
logical status in children protected by insecticide-
treated curtains as compared to that in children freely
accessible to mosquito bites. Out of the 154 children
aged 3–6 years who were randomly selected for inclu-
sion in the study, 81 were living in villages with ITC
whereas, the remaining 73 in villages without ITC.

3.1. Impact of ITC on parasite prevalence
and multiplicity

Thick blood film readings were performed on blood
samples collected from all children of the two groups.
The use of ITC reduced the prevalence of microscopi-
cally determinedP. falciparum markedly, 65.4% of the
children being parasite positive as compared to 82% of
the children living without ITC. There was also a sig-
nificant (P = 0.01) reduction of the parasite density
in ITC-users as compared to non-users, the geomet-
ric mean of parasite density± S.E., being 83± 7 and
624± 162, respectively (Fig. 1). The parasite density
tends to increase with age in ITC-users and non-users
(Table 1A).

Isolates from each child were genotyped by a
nested PCR method using primers specific for two
allelic families of the gene for the merozoite surface
protein-2 (MSP-2). Between 1 and 7msp2 PCR prod-
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Fig. 1. (A) Parasite densities of blood samples from an asymp-
tomatic children living in villages with and without ITC. The
geometric mean parasite density is shown as a horizontal line.
(B) Number of infecting genotypes ofmsp2 in children living in
villages with and without ITC. The geometric mean number of
infecting genotypes is shown as a horizontal line.

Table 1
Parasite densities (A) and concentration ofP. falciparum-specific
IgG antibodies (B) in asymptomatic children of different age
groups living in villages with and without ITC

Age
(years)

No. Non-user No. Users P-value

(A) Geometric mean of parasite densities
3 19 590± 179 14 18± 1 0.02
4 14 711± 326 22 75± 7 0.13
5 12 135± 45 18 116± 26 0.54
6 28 1116± 676 26 164± 45 0.64

(B) Geometric mean of antibody concentration
3 17 50.5± 12.5 12 52.7± 10.5 0.86
4 12 50.5± 9.5 17 48.2± 8.1 0.96
5 10 48.6± 9.3 16 62.7± 8.1 0.36
6 20 59.9± 7.5 23 59.1± 6.5 0.92
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Table 2
Regression analysis of parasite density (A) and multiplicity of infection (B) in relation to age in males and females living in villages with
or without ITC

Gender No. Mean age
(years)

Geometric mean of
parasite density± S.E.

Correlation
coefficient

R2 P-value

(A) Parasite density
Male

ITC-users 36 4.7 27± 10 0.109 0.012 0.52
Non-users 44 4.7 465± 25 0.272 0.074 0.07

Female
ITC-users 45 4.8 246± 22 0.060 0.004 0.69
Non-users 29 4.6 974± 224 0.006 0.00004 0.97

(B) Multiplicity of infection
Male

ITC-users 32 4.8 3.1± 1.1 0.032 0.001 0.86
Non-users 36 4.7 3.5± 1.0 0.170 0.029 0.20

Female
ITC-users 36 4.8 2.9± 1.0 0.077 0.006 0.65
Non-users 22 4.6 4.2± 1.0 0.021 0.0004 0.92

ucts were detected in 70 of ITC-users and 65 in the
ITC non-users (Fig. 1B). The geometric mean ofP.
falciparum multiplicity was 3.0 ± 1.1 and 3.5 ± 1.1
in ITC-users and non-users, respectively, and the
difference was not statistically significant (P = 0.14).

The parasite density and multiplicity of infection
were also analysed in relation to age, use of ITC, and
child gender (Table 2). Neither parasite density nor
multiplicity of infection showed any correlation with
age among females or males in any of the groups.
Although females tended to show higher parasite den-
sity than males among both ITC-users and non-users,
the differences were not statistically significant (P =
0.05 and 0.46, respectively) (Table 2A). Similarly, no
statistically significant differences were seen between
males and females regarding the multiplicity of infec-
tion (P = 0.10 in ITC-users and 0.60 in non-users)
(Table 2B). Furthermore, a weak positive correlation
was found between parasite density and the number
of infecting parasite genotypes in both ITC-users and
non-users (r2 = 0.01, P = 0.48 andr2 = 0.005,
P = 0.58, respectively).

3.2. Impact of ITC on levels of IgG antibodies to P.
falciparum antigens

In order to analyse the influence of the use of ITC on
anti-malarial humoral immune response, the levels of
antibodies reactive withP. falciparum asexual blood

stage antigens were determined with regard to IgG and
IgG subclasses. All individuals among ITC-users and
non-users showed IgG antibodies and there was no dif-
ference in the antibody levels between the two groups
(geometric mean concentration±S.E., 56.0±3.9 and
53.2 ± 3.8�g/ml, respectively,P = 0.62) (Fig. 2A).
In neither of the groups age did not have any marked
influence on the levels of IgG antibodies (Table 1B).

Antibodies of IgG1 and IgG3 were detected in
most of the individuals of both groups (IgG1: 86.4%
of ITC-users and 82% of non-users; IgG3: 86.4%
of ITC-users and 78% of non-users), while IgG2
and IgG4 antibodies were detected in a few plasma
samples (IgG2: 7 ITC-users and 2 non-users; IgG4:
3 ITC-users and 2 non-users). No significant differ-
ences in geometric mean concentrations of neither
IgG1 antibodies nor IgG3 antibodies from ITC-users
as compared with non-users were detected (IgG1:
11.5 ± 1.8�g/ml in ITC-users and 7.8 ± 1.2�g/ml
in non-users,P = 0.13; IgG3: 0.45 ± 0.10�g/ml
in ITC-users and 0.30 ± 0.11�g/ml in non-users,
P = 0.22) (Fig. 2B and C).

3.3. Antibody dependent parasite growth
inhibition in vitro

In order to study the possible impact of usage of ITC
on the development of potential parasite neutralising
activities, the capacity of Ig fractions from ITC-users
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Fig. 2. Levels of parasite-specific IgG antibodies detected in plasma
samples from ITC-users (n = 66) and non-users (n = 59) (A),
which were further assessed for antibodies of IgG1 (B) and IgG3
(C) subclass using ELISA method. The geometric mean of antibody
levels is shown as a horizontal line.

and ITC non-users to inhibit parasite growth in vitro
was analysed. The parasite inhibitory effects mediated
by antibodies alone or in co-operation with monocytes
were analysed in randomly selected children from both
groups.

The Ig fraction from plasma of children living in
villages with ITC (n = 41) or without ITC (n = 40)

were tested for their inhibitory effect on the autolo-
gous P. falciparum isolates. All children in both groups
showed high parasite growth inhibitory activity and no
significant difference was observed between ITC-users
and ITC non-users (mean inhibition±S.E. = 68±20%
and 71 ± 21%, respectively, P = 0.63).

Using sub-optimal inhibitory concentrations of
the Ig and monocytes from parasite-free donors, the
antibody dependent cell mediated inhibition on the
autologous P. falciparum isolates was assayed for
selected individuals among ITC-users (n = 19) and
ITC non-users (n = 16). Although monocytes alone
gave considerable growth inhibition of some para-
site isolates in both groups (mean inhibition ± S.E.

in ITC-users = 18 ± 4% and in ITC non-users
14 ± 3%), a marked synergistic inhibitory effect of
the co-operation of Ig with monocytes was seen in a
majority of cases (Fig. 3). There was no statistically
significant difference in inhibitory activity between
ITC-users and ITC non-users regarding Ig in com-
bination with monocytes (P = 0.58) or monocytes
alone (P = 0.68).

4. Discussion

The immediate benefits of the use of insecticide-
treated bed nets (ITNs) and curtains (ITCs) in reducing
morbidity and mortality in children have been well es-
tablished (D’Alessandro et al., 1995; Habluetzel et al.,
1997; Procacci et al., 1991; Pietra et al., 1991; Binka
et al., 1996) with 3.8 to 6.9 lives saved per 1000 chil-
dren protected per year (Lengeler et al., 1998). This
emphasises the contribution of malaria to childhood
mortality in Africa and the potential benefits from ef-
fective control programs. However, concern remains
whether reduced transmission intensity may lead to a
delay in the development of immunity in younger chil-
dren and even to loss of already acquired immunity.

This study confirms and extends the results of some
previous studies on the impact of the use of ITC on hu-
moral immune responses in children living in a malaria
high transmission area (Meraldi et al., 2002; Nebie
et al., 2003; Kariuki et al., 2003a). Although children
living with ITC protection showed a significantly
lower parasite density as compared to children liv-
ing unprotected, the levels of antibodies to P. fal-
ciparum asexual blood stage antigens did not differ
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Fig. 3. The percent growth inhibitory activity of Igs from ITC-users (19) (A) and non-users (16) (B) on wild isolates of P. falciparum in
vitro cultures in the absence or presence of monocytes. Mean parasitemia at time zero was (0.2%) and control well mean parasitemia at
22 h was (1.5%).

significantly between the two groups of children.
Neither were there any significant differences be-
tween ITC-users and non-users in the levels of in
vitro parasite neutralising antibodies, as assayed by
the capacity of antibodies, alone or in co-operation
with monocytes, to inhibit parasite growth in cul-
tures of P. falciparum isolates. This suggests that the
reduced exposure to malaria parasites in ITC-users
had not compromised the development of potentially
protective humoral immune responses.

Several studies on the effect of the use of ITN or
ITC on the development of antibody responses to P.
falciparum antigens have been performed showing
considerable inconsistencies, probably depending on

differences in endemic settings of the study areas,
in the age range of the study populations and in the
choice of antibody specificities assayed. The levels
of antibodies to the circumsporozoite protein were
reduced in children of ITC-users in Burkina Faso
(Nebie et al., 2003), while these levels increased in
pregnant women using ITN in Kenya (Kariuki et al.,
2003b). In contrast, in the latter study, the ITN users
showed decreased levels of antibodies to the liver
stage antigen LSA-1 and the merozoite surface pro-
tein MSP-1 (Kariuki et al., 2003b). In studies among
children in Kenya (Snow et al., 1996) and Tanzania
(Askjaer et al., 2001), the use of ITN resulted in signif-
icantly lower seropositivity of schizont reactive IgM
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antibodies or levels of antibodies to variant surface
antigens, respectively. Reduced levels of antibodies to
the asexual blood stage antigen PfExp-1 were seen in
children of ITC-users in Burkina Faso (Nebie et al.,
2003), while the levels of these antibodies in adults
from the same area did not differ significantly be-
tween ITC-users and non-users (Meraldi et al., 2002).

In the present study, we used an extract of late
stage P. falciparum infected erythrocytes for antibody
detection, in an assay assumed to measure antibody
reactivities with most of the asexual blood stage anti-
gens. Although many of the target antigens for para-
site neutralising antibodies are polymorphic or variant
(Bolad and Berzins, 2000), the levels of antibodies
detected in this assay have been demonstrated to cor-
related with protection against malaria (Ahlborg et al.,
2002). Antibody dependent cell mediated killing of
parasites with monocytes or other leukocytes as ef-
fector cells is thought to be a major mechanism for
parasite neutralisation in vivo, where cytophilic anti-
bodies of IgG1 and IgG3 subclasses are instrumental
(Bouharoun-Tayoun et al., 1990; Groux and Gysin,
1990). In this study, the use of ITC had no significant
effect on the levels of IgG1 or IgG3 antibodies to
P. falciparum antigens, which is also reflected in the
similar capacity of IgG from ITC-users and non-users
to inhibit parasite growth in vitro in the ADCI assay.

There is some evidence that the presence of mul-
tiple concurrent infections with P. falciparum of
different genotypes is associated with a reduced risk
of clinical malaria (al-Yaman et al., 1997; Farnert
et al., 1999; Beck et al., 1997), as this might confer
cross-protection against newly inoculated parasites
(Smith et al., 1999). A positive correlation between
complexity of infection and transmission intensity
was demonstrated in a study in Tanzania (Bendixen
et al., 2001), and a limited genotypic diversity in
P. falciparum is seen in areas of low transmission
(Haddad et al., 1999). ITC-users in Burkina Faso have
a reduced exposure to infective mosquito bites, as
indicated by their reduced levels of sporozoite reac-
tive antibodies (Nebie et al., 2003) and, in this study,
by their lower parasite density as compared to ITC
non-users. However, the genotypic multiplicity of the
infecting parasites was not significantly different be-
tween the two groups of children, which corroborates
the results obtained in a trial of insecticide-treated
bed nets in Tanzania (Fraser-Hurt et al., 1999). These

results indicate that multiple genotypes of the parasite
already occur in the mosquito (Taylor, 1999) and thus,
that a reduction in transmission has a limited effect
on the multiplicity of the infection in the human.

In conclusion, the data reported here indicate that
the development of potentially protective humoral im-
mune responses is not compromised in children living
in villages equipped with ITC for vector control in a
area of high malaria transmission. Although the use
of ITC decreases the number of infective mosquito
bites, the children appear to receive enough parasite
exposure to develop and maintain a state of premu-
nition. However, the presence of conflicting results in
this context in different studies, indicates the need for
further investigations using larger study populations
in areas of different malaria transmission.
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