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Abstract

Background: Intermittent preventive treatment in children (IPTc) is a promising strategy to control malaria
morbidity. A significant concern is whether IPTc increases children’s susceptibility to subsequent malaria infection
by altering their anti-Plasmodium acquired immunity.

Methods: To investigate this concern, IgG antibody (Ab) responses to Plasmodium falciparum schizont extract were
measured in Senegalese children (6 months-5 years old) who had received three rounds of IPTc with artesunate +
sulphadoxine-pyrimethamine (or placebo) at monthly intervals eight months earlier. Potential confounding factors,
such as asexual malaria parasitaemia and nutritional status were also evaluated.

Results: Firstly, a bivariate analysis showed that children who had received IPTc had lower anti-Plasmodium IgG Ab
levels than the non-treated controls. When epidemiological parameters were incorporated into a multivariate
regression, gender, nutritional status and haemoglobin concentration did not have any significant influence. In
contrast, parasitaemia, past malaria morbidity and increasing age were strongly associated with a higher specific
IgG response.

Conclusions: The intensity of the contacts with P. falciparum seems to represent the main factor influencing anti-
schizont IgG responses. Previous IPTc does not seem to interfere with this parasite-dependent acquired humoral
response eight months after the last drug administration.

Background
Malaria elimination is now considered a realistic goal for
an increasing number of countries [1]. It requires con-
trol of the infection in the most at-risk groups, namely
pregnant women [2] and children [3]. The distribution
of anti-malarial drugs at predetermined regular intervals
(Intermittent Preventive Treatment, IPT) to individuals
regardless of their malaria status, already implemented
during pregnancy, is under clinical evaluation in infants
(IPTi, reviewed in [4]), and in preschool (IPTc, [5-9])
and school-aged children (IPTsc, [7,10,11]). Seasonal
IPTc (sIPTc) is defined as the administration of IPT to
children during the transmission season in locations

where malaria transmission is not perennial, mainly in
the African Sahelian belt. IPT strategies raise several
concerns which are under scrutiny, such as optimal
schedule, acceptability, drug resistance, implementation,
cost-efficiency, but one question requires an urgent
answer-does IPT impair the development of specific
immunity? IPT is able to clear a large number of circu-
lating parasites, thus reducing the amount of contacts
which are normally required to develop naturally
acquired immunity to malaria [12].
Additionally, immuno-suppression has been reported

from experimental studies of artemisinin-derivatives
[13]. In the case of IPTi, some individual trials provided
evidence that treated infants were subsequently, more
susceptible to malaria or anaemia, the so-called
“rebound effect” [14,15], but an overall analysis did not
show any evidence of rebound [16]. Attention was given
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mainly to the possible interference between treatment
and the infants’ response to EPI vaccines, which are
delivered at the same time [17-19]. However, only two
studies considered specific anti-Plasmodium immune
responses. In Mozambique, sulphadoxine-pyrimetha-
mine (SP) given at the age of three, four, and nine
months did not significantly modify the development of
naturally acquired antibody (Ab) responses to several
Plasmodium falciparum antigens up to 24 months of
age [20]. On the other hand, in Ghana, anti-schizont Ab
levels were significantly lower in children treated once
with SP than in controls [21]. In the latter study, IgG
levels were related to the frequency of past infections.
Two IPTc trials conducted in children less than five
years of age, have demonstrated a lack of a clinical
rebound-effect one year after IPT delivery, using SP +
artesunate in Senegal [6] and SP in Mali [7]. In Ghana
[9], malaria incidence during the post-intervention per-
iod was increased by 62% in infants who received six
monthly artesunate + amodiaquine, but this rebound
was not seen in children aged one year or more at the
time of drug administration. Immunological status,
known to be closely age-dependent, was not assessed in
any of these IPTc trials. Therefore, the objective of the
present study was to check whether IPTc had any
impact on the anti-Plasmodium IgG response in the
Senegalese study [6], eight months after the last IPT
delivery. To improve our understanding of the mode of
action of IPT [4,22], epidemiological features of the
study children were incorporated as potential confound-
ing factors in a multivariate analysis.

Methods
Cohort follow-up
The study population came from the community of
Niakhar, situated in Central Senegal, 145 km east from
Dakar, where regular demographic surveillance has
been maintained since 1963 [23]. It is an open savan-
nah area, with less than 500 mm of rainfall per year.
Malaria transmission is markedly seasonal and classi-
fied as mesoendemic, with most infections occurring
between July and October and most clinical cases
occuring in September-October. The average entomo-
logical inoculation rate is 10 infective bites per year
with sharp variations between villages depending on
their distance to the closest Anopheles larval breeding
sites [24]. In 2002, a double-blind, randomized, pla-
cebo-controlled trial demonstrated, on an initial cohort
of 1203 children (6 weeks to 5 years old), that a combi-
nation of artesunate and SP administered preventively
on a monthly basis between September and November
reduced the number of malaria attacks in treated chil-
dren by 86% [6]. The active (weekly domiciliary visits)
and passive (dispensaries) detections of malaria cases

relied on clinical symptoms as previously defined [6]
and used a parasite density of 3,000 P. falciparum
asexual stage parasites/μl as the minimal threshold to
consider a case as one of confirmed malaria. A cross-
sectional survey was done in December 2002, in order
to measure the impact of IPTc on the prevalence of
children with parasitaemia, parasites resistant to sul-
phadoxine-pyrimethamine and anaemia at the end of
the clinical follow-up period, and seven months later,
in July 2003, before the beginning of the next rainy
season. Anthropometric measurements were collected
as previously described [25]. Capillary blood smears
were made from a fingerprick sample, allowing the
assessment of Plasmodium asexual blood stages parasi-
taemia. Haemoglobin concentrations were measured in
a HemoCue Machine® as previously described [6]. Sera
were obtained by centrifugation then stored at -20°C
until tested. From the 929 children who attended the
cross-sectional survey in July 2003, a randomization list
was computer generated and a subsample of 350 chil-
dren was selected for serological screening. 12 blood
samples could not be technically processed, leaving 338
available for assay.

Ethics
Approval of the study was obtained from the ethical
review committees of the Senegalese government, the
French Institute of Research for Development, and the
London School of Hygiene and Tropical Medicine.
Informed consent was obtained from parents or guar-
dians before any child was included in the study.

Evaluation of anti-Plasmodium IgG levels by ELISA
IgG antibodies were screened using a biotin-avidin
amplified indirect ELISA. Plasmodium falciparum schi-
zont extract was obtained from infected erythrocytes
and coated on flat-bottom microtiter plates (Nunc,
Roskilde, Denmark) at a concentration of 2 μg/ml.
After blocking the plates with gelatin 0.5% in PBS, the
plasma samples and a mouse biotinylated mAb to
human IgG (BD Pharmingen, San Diego CA, USA)
were successively diluted in PBS-Tween 0.1% at 1:100
and 1:1000, respectively. After incubation with a perox-
idase-conjugated streptavidin (Amersham Biosciences,
les Ulis, France), ABTS (2.2’-azino-bis (3-ethylbenzthia-
zoline 6-sulfonic acid) diammonium, Sigma, St Louis,
MO, USA) was added and optical density (OD) was
measured at 405 nm. All sera were tested in duplicate
wells coated with antigen together with a third single
uncoated well to take into account non-specific bind-
ings. A pool of positive sera was run in all the plates
allowing adjustments for inter-plate variations. A nega-
tive pool (non-exposed European individuals) was also
included in each plate.
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Statistical methods
Comparisons between medians used the Mann-
Whitney test. Multivariate hierarchical linear regression
was performed to identify variables independently asso-
ciated with antibody measurements. Since these were
not normally distributed, optical densities were log
transformed. Potential covariates entered in the model
were: the treatment group (IPT vs placebo), age (12-24;
24-36; 36-48; 48-60 and ≥ 60 months old at the time of
blood sampling), sex, nutritional status (normal;
wasted; stunted as previously described [26]) assessed
in November 2002 and in July 2003, number of malaria
attacks between September and December 2002
(continuous), presence of blood asexual stages of
P. falciparum in December 2002 and in July 2003,
haemoglobin concentration (g/dL) in July 2003 (contin-
uous). Reference categories were as follows: females
(gender), two years old class (age), normal (nutritional
status), no malaria case (morbidity), no detected tro-
phozoite (parasitaemia) and lowest value (haemoglo-
bin). To account for the hierarchical structure of the
data (groups of children sampled in 11 different vil-
lages), we included a random effect component at the
village level in the regression model. Significance of the
random effect was tested using a likelihood ratio test.
Analyses were performed using the Stata software
(Version 10.0; Stata Corp., College Station, TX). The
significance limit was P < 0.05.

Results
Cohort description
The 338 sampled children (49.1% males) lived in 11 vil-
lages (8-66 per village) and 158 (46.7%) received IPT in
2002. In this sub-sample, the overall malaria incidence
in 2002 was 0.406 (placebo) and 0.089 (IPT) cases/child
over the 3.5 months follow-up. Villages differed signifi-
cantly in terms of parasite rates, ranging from 0 to
43.2% in December 2002 and from 4.8 to 42.9% in July
2003 (P = 0.007 and 0.006, respectively).

Influence of 2002 treatment on anti-Plasmodium IgG
responses
Bivariate analysis
Levels of IgG Ab against P. falciparum schizont in sera
collected in July 2003 from children who had received
either IPT or a placebo the previous year are shown in
Figure 1. The median antibody level in the IPTc group
was significantly lower by one-third compared to the
non-treated controls (Mann-Whitney, P < 0.05). Consid-
ering the heterogeneity of the O.D. distributions within
each group, potential confounding factors were incorpo-
rated into a multivariate model.

Multivariate analysis of potential confounding
epidemiological factors
Data were available from the 338 children except for
information on parasitaemia for 48 children in Decem-
ber 2002 and 33 in July 2003 (Table 1). When covariates
were introduced into the multivariate model, the 2002
treatment group, gender, nutritional status and haemo-
globin concentration did not appear to have a significant
influence on the IgG titres although stunting in July
2003 tended to be associated with a lower response
without reaching statistical significance (P = 0.144). In
contrast, age was positively and strongly associated with
increasing anti-Plasmodium Ab levels (Figure 2), espe-
cially in the older children. Similarly, carriage of Plasmo-
dium asexual stages, both at the end of the first
transmission season (December 2002) and at the begin-
ning of the following transmission season (July 2003),
was associated with a high Ab response, irrespective of
the treatment received in 2002. Median IgG Ab levels
were 5.2 (CI95%: 3.7-7.1) and 6.8 (CI95%: 5.4-8.0) times
higher in parasitaemic children compared to blood film
negative children at both cross-sectional surveys
(Figure 3). In addition, the number of malaria attacks
experienced in 2002 was positively linked to anti-
Plasmodium IgG levels (data not shown). Village of resi-
dence had a significant (P = 0.007) impact on antibody
levels. The highest median specific IgG levels were
observed in the villages closest to potential mosquito
larval breeding sites (data not shown). No interaction
was found between the covariates.
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Figure 1 IgG antibodies against Plasmodium falciparum
schizont extract measured in July 2003. Children received, in
September-October-November 2002, either intermittent preventive
treatment (IPTc) with artesunate + sulphadoxine-pyrimethamine or
placebo (controls). Bars indicate the median value for each group.
The two groups were compared using a bivariate Mann-Whitney
test.
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Discussion
Despite some debate on its efficacy, evidence is growing
that IPT is a potentially valuable tool to control malaria
in young children [27]. It may be particularly useful in
areas with seasonal malaria transmission where drug
delivery can be focused on a limited period of time
when transmission and malaria risk are maximal. How-
ever, the potential negative effect of IPT on the develop-
ment of natural acquired immunity against the parasite
remains an important point to be investigated [28]. The-
oretically, IPT could interfere with the anti-Plasmodium
immune response via two main distinct mechanisms,
either by a direct immunosuppressor effect of the drugs
or, indirectly, by reducing contacts between the treated
child and Plasmodium thus impairing immunity devel-
opment. There is already evidence to support the latter
mechanism in the case of weekly chemoprophylaxis [29]
and this has led to concerns over its widespread use.
Unlike some other classes of anti-malarial molecules,
including the 4-aminoquinolones [30,31], neither SP or
artesunate is thought to be immunosuppressive. More-
over, several IPTi trials (reviewed by [32]) have shown
that SP and artesunate did not have an effect, positive
or negative, on the infant response to various childhood
vaccines (diphtheria, tetanus, pertussis, polio, hepatitis
B, Hib, measles). The most likely mechanism by which
IPTc reduces malaria morbidity combines therapeutic
(clearing of existing infections) and preventive (allowing
immunity development) effects, the prophylactic effect

being predominant [33]. IPTi studies have shown that in
areas where P. falciparum is still susceptible to SP, a
single dose of SP provides infants with a protection last-
ing from 4-6 weeks [34] to 30-60 days [35] according to
the setting, as might be anticipated from the half lives of
the component drugs.
The present study showed that children less than five

years who had received preventively the combination of
SP + artesunate during the rainy season had a slightly
lower level of anti-Plasmodium schizont Abs compared
to non-treated control children at the beginning of the
next transmission season, eight months later. These
findings are in agreement with the reduced anti-schizont
IgG response measured in Ghanaian infants six months
after a single dose of SP given alone [21] although this
study differed in several aspects, noticeably in the age of
the participants (malaria-naïve infants in Ghana versus
1-6 years old children with some immunity in Senegal)
and on the endemicity levels (perennial transmission in
rural Ghana with 400 infective bites per person-year
[36] versus seasonal transmission in Senegal with 10
infective bites per year [24]).
In a multivariate model, four co-variables significantly

influenced anti-Plasmodium IgG levels: age, village, past
malaria morbidity and Plasmodium carriage. Age was a
major determinant of specific IgG titres, especially
among children older than four years. This is in agree-
ment with findings in Northern Senegal where anti-schi-
zont IgG responses increased progressively in one to

Table 1 Multivariate mixed-effect regression model of anti-schizont IgG by treatment group

Variables Period Estimates P-value 95% Confidence interval

Treatment group 2002 0.112 0.379 -0.137 0.360

Gender - -0.031 0.787 -0.255 0.193

Age class

3 years (y) 2003 0.410 0.036 0.027 0.793

4 y 2003 0.733 <0.0001 0.375 1.091

5 y 2003 0.919 <0.0001 0.530 1.308

6 y 2003 1.035 <0.0001 0.631 1.439

Stunting November 2002 0.043 0.814 -0.315 0.401

July 2003 -0.253 0.144 -0.592 0.086

Wasting November 2002 0.017 0.933 -0.393 0.428

July 2003 -0.011 0.963 -0.492 0.469

Malaria morbidity 2002 0.243 0.034 0.018 0.468

Parasitaemia December 2002 0.573 <0.0001 0.308 0.839

July 2003 0.931 <0.0001 0.653 1.210

Haemoglobin July 2003 0.003 0.936 -0.082 0.089

Constant term - -1.330 0.005 -2.257 -0.404

Random-effects parameters

Village - 0.244 - 0.114 0.520

Residual - 0.884 - 0.807 0.969

Gender, age, nutritionnal status and malaria indicators were evaluated as potentially confounding factors, village as a random factor. P values were considered as
significant when <0.05.
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five-year old children and then remained stable up to
nine years of age [37]. Age-associated maturation of the
immune system, cumulative impact of mosquito infect-
ing bites and production by the oldest children of long-
lived plasma cells [38] may explain the natural influence
of age. In accordance with what was observed in
Mozambique [20] and in Ghana [21], children who
experienced clinical attacks of malaria had higher anti-
Plasmodium IgG responses in July 2003 than those who
did not become sick. These observations suggest that
release into the bloodstream of large numbers of schi-
zont-derived Plasmodium stages during a malaria attack
provides substantial antigenic stimulation to the
immune effector cells. As reported in the two IPTi anti-
body surveys previously quoted [20,21], Plasmodium
carriage at the time of blood sampling (July 2003) was
associated with a strikingly higher anti-schizont IgG
response. Increased humoral responses to various

antigens in parasitized children compared to controls is
a consistent observation [37,39], reflecting an increased
exposure of the immune system to blood-stage parasites.
Similarly, differences in the frequency of infectious ano-
phelines bites [24] may account for the observed signifi-
cant heterogeneity of specific IgG titres between villages.
Surprisingly, parasite carriage seven months before the
blood sampling was also strongly and positively linked
to a high specific Ab response. Interestingly, parasite
rates did not change significantly during the 2003 dry
season suggesting that parasites can persist in humans
from one transmission season to the other and elicit a
steady production of specific Abs through continuous
antigenic stimulation. Taken as a whole, it appears that
the level of anti-Plasmodium schizont Abs at a given
time reflects a cumulative process of specific immuno-
globulin production positively related to the level of
contact between the host immune system and blood-
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Figure 2 Anti-Plasmodium falciparum schizont IgG levels in July 2003. Anti-Plasmodium falciparum schizont IgG antibodies in 338 children
presented according to their age class and to the treatment they received in September-October-November 2002 (IPT or placebo). Bars indicate
the median value for each sub-group. P values drawn for comparisons between the age groups obtained using multivariate analysis (see Table
1) are displayed above the frame. P values obtained by comparing the IPT and control groups using bivariate analysis (Mann-Whitney test) are
displayed within the frame. yo: years old
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Figure 3 Anti-Plasmodium falciparum schizont IgG levels in July 2003. A comparison of anti-Plasmodium falciparum schizont IgG antibodies
in 290 children surveyed in December 2002 (panel A) and in 305 children surveyed in July 2003 (panel B) by parasite status. All children had
received IPT or placebo in September, October and November. The P value between the IPT and the control groups originates from a
multivariate analysis (see Table 1) whereas Mann-Whitney tests were used to compare Plasmodium carriers to non-carriers. Bars indicate the
median value for each sub-group.
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stage parasites. It underlines the fact that Plasmodium
carriage is the key factor for anti-schizont IgG produc-
tion, irrespective of the preventive treatment received,
although the possibility of some contributory effect from
the antimalarial drugs used for IPT cannot be comple-
tely excluded.

Conclusions
To conclude, administration of SP and artesunate used
as sIPTc slightly decreased the humoral reactivity to a
crude Plasmodium extract. Specific IgG Abs appeared to
increase with the amount of exposure to Plasmodium
asexual stages at the time of blood sampling but also to
exposure during the previous 10 months. A more accu-
rate analysis of the immune response, looking at differ-
ent putatively protective isotypes and antigens [40],
would be valuable. Previous studies have shown, in The
Gambia, that stopping chemoprophylaxis after a period
of several years increased the risk of clinical malaria
[41]. Monitoring the potential rebound effect in children
who will receive IPTc for several consecutive years will
also be of great interest [42].
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influenzae type b; IPT: Intermittent Preventive Treatment; IPTc: Intermittent
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Acknowledgements
We thank the population of the Niakhar site for their willingness to
participate in the study and the IRD Service Unit 009 for maintenance of the
Niakhar demographic database. We also address special thanks to Sébastien
Pion for his involvement in the statistical analysis and to Kirsten Bork
Simondon for her contribution to nutritional aspects of the trial. The
participation of Tofène Ndiaye, Ernest Faye, Jean-Louis Dième, Ibou Cissé
and Agnès Bakhoum to data collection is greatly acknowledged. The work
was funded by the French Ministry of Research and Technology (PAL+
contract #2829), by the French Ministry of Defense (Délégation Générale
pour l’Armement, contract n°REI DGA 05.34.038), by the Bill and Melinda
Gates Foundation and by the Institut de Recherche pour le Développement.

Author details
1Unité Mixte de Recherche 145, Institut de Recherche pour le
Développement and Université Montpellier 1, 911 avenue Agropolis,
BP64501, 34394 Montpellier, France. 2ONG Espoir Pour La Santé (EPLS), BP
226, Saint-Louis, Sénégal. 3IRD, UMR198, Route des Pères Maristes, BP 1386,
18524 Dakar, Sénégal. 4Université Cheikh Anta Diop, Département de
Parasitologie, Dakar, Sénégal. 5Immunology and Infection Center of Lille,
Pasteur Institute of Lille, France. 6IRD-UR024, Montpellier, France. 7London
School of Hygiene & Tropical Medicine, London, United-Kingdom. 8IRD,
UR016, 911 avenue Agropolis, BP64501, 34394 Montpellier, France.

Authors’ contributions
DB, BG and FR conceived the study design. CS, BC and JFT coordinated the
cohort follow-up. JBS, AMS and FF performed the bench work. DB and FR
analysed the data and drafted the manuscript. All the authors amended the
draft and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 15 June 2010 Accepted: 17 December 2010
Published: 17 December 2010

References
1. Greenwood B: Can malaria be eliminated? Trans R Soc Trop Med Hyg 2009,

103(Suppl 1):S2-5.
2. Desai M, ter Kuile FO, Nosten F, McGready R, Asamoa K, Brabin B,

Newman RD: Epidemiology and burden of malaria in pregnancy. Lancet
Infect Dis 2007, 7:93-104.

3. Snow RW, Craig M, Deichmann U, Marsh K: Estimating mortality, morbidity
and disability due to malaria among Africa’s non-pregnant population.
Bull World Health Organ 1999, 77:624-640.

4. Gosling RD, Carneiro I, Chandramohan D: Intermittent preventive
treatment of malaria in infants: how does it work and where will it
work? Trop Med Int Health 2009, 14:1003-1010.

5. Cisse B, Cairns M, Faye E, O ND, Faye B, Cames C, Cheng Y, M ND, Lo AC,
Simondon K, Trape JF, Faye O, JL ND, Gaye O, Greenwood B, Milligan P:
Randomized trial of piperaquine with sulfadoxine-pyrimethamine or
dihydroartemisinin for malaria intermittent preventive treatment in
children. PLoS One 2009, 4:e7164.

6. Cisse B, Sokhna C, Boulanger D, Milet J, Ba el H, Richardson K, Hallett R,
Sutherland C, Simondon K, Simondon F, Alexander N, Gaye O, Targett G,
Lines J, Greenwood B, Trape JF: Seasonal intermittent preventive
treatment with artesunate and sulfadoxine-pyrimethamine for
prevention of malaria in Senegalese children: a randomised, placebo-
controlled, double-blind trial. Lancet 2006, 367:659-667.

7. Dicko A, Sagara I, Sissoko MS, Guindo O, Diallo AI, Kone M, Toure OB,
Sacko M, Doumbo OK: Impact of intermittent preventive treatment with
sulphadoxine-pyrimethamine targeting the transmission season on the
incidence of clinical malaria in children in Mali. Malar J 2008, 7:123.

8. Sokhna C, Cisse B, Ba el H, Milligan P, Hallett R, Sutherland C, Gaye O,
Boulanger D, Simondon K, Simondon F, Targett G, Lines J, Greenwood B,
Trape JF: A trial of the efficacy, safety and impact on drug resistance of
four drug regimens for seasonal intermittent preventive treatment for
malaria in Senegalese children. PLoS One 2008, 3:e1471.

9. Kweku M, Liu D, Adjuik M, Binka F, Seidu M, Greenwood B,
Chandramohan D: Seasonal intermittent preventive treatment for the
prevention of anaemia and malaria in Ghanaian children: a randomized,
placebo controlled trial. PLoS One 2008, 3:e4000.

10. Barger B, Maiga H, Traore OB, Tekete M, Tembine I, Dara A, Traore ZI,
Gantt S, Doumbo OK, Djimde AA: Intermittent preventive treatment using
artemisinin-based combination therapy reduces malaria morbidity
among school-aged children in Mali. Trop Med Int Health 2009,
14:784-791.

11. Clarke SE, Jukes MC, Njagi JK, Khasakhala L, Cundill B, Otido J, Crudder C,
Estambale BB, Brooker S: Effect of intermittent preventive treatment of
malaria on health and education in schoolchildren: a cluster-
randomised, double-blind, placebo-controlled trial. Lancet 2008,
372:127-138.

12. Moormann AM: How might infant and paediatric immune responses
influence malaria vaccine efficacy? Parasite Immunol 2009, 31:547-559.

13. Ramacher M, Umansky V, Efferth T: Effect of artesunate on immune cells
in ret-transgenic mouse melanoma model. Anticancer Drugs 2009,
20:910-917.

14. Chandramohan D, Owusu-Agyei S, Carneiro I, Awine T, Amponsa-Achiano K,
Mensah N, Jaffar S, Baiden R, Hodgson A, Binka F, Greenwood B: Cluster
randomised trial of intermittent preventive treatment for malaria in
infants in area of high, seasonal transmission in Ghana. BMJ 2005,
331:727-733.

15. Mockenhaupt FP, Reither K, Zanger P, Roepcke F, Danquah I, Saad E,
Ziniel P, Dzisi SY, Frempong M, Agana-Nsiire P, Amoo-Sakyi F,
Otchwemah R, Cramer JP, Anemana SD, Dietz E, Bienzle U: Intermittent
preventive treatment in infants as a means of malaria control: a
randomized, double-blind, placebo-controlled trial in northern Ghana.
Antimicrob Agents Chemother 2007, 51:3273-3281.

16. Aponte JJ, Schellenberg D, Egan A, Breckenridge A, Carneiro I, Critchley J,
Danquah I, Dodoo A, Kobbe R, Lell B, May J, Premji Z, Sanz S, Sevene E,
Soulaymani-Becheikh R, Winstanley P, Adjei S, Anemana S,
Chandramohan D, Issifou S, Mockenhaupt F, Owusu-Agyei S, Greenwood B,
Grobusch MP, Kremsner PG, Macete E, Mshinda H, Newman RD, Slutsker L,
Tanner M, Alonso P, Menendez C: Efficacy and safety of intermittent

Boulanger et al. Malaria Journal 2010, 9:363
http://www.malariajournal.com/content/9/1/363

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19062058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17251080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10516785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10516785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19558374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19558374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19558374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19784374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19784374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19784374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16503464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16503464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16503464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16503464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18611271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18611271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18611271?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18213379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18213379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18213379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19098989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19098989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19098989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19497079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19497079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19497079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19691558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19691558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19745721?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19745721?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16195288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16195288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16195288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17638703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17638703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17638703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765816?dopt=Abstract


preventive treatment with sulfadoxine-pyrimethamine for malaria in
African infants: a pooled analysis of six randomised, placebo-controlled
trials. Lancet 2009, 374:1533-1542.

17. Macete E, Aide P, Aponte JJ, Sanz S, Mandomando I, Espasa M, Sigauque B,
Dobano C, Mabunda S, DgeDge M, Alonso P, Menendez C: Intermittent
preventive treatment for malaria control administered at the time of
routine vaccinations in Mozambican infants: a randomized, placebo-
controlled trial. J Infect Dis 2006, 194:276-285.

18. Schellenberg D, Menendez C, Kahigwa E, Aponte J, Vidal J, Tanner M,
Mshinda H, Alonso P: Intermittent treatment for malaria and anaemia
control at time of routine vaccinations in Tanzanian infants: a
randomised, placebo-controlled trial. Lancet 2001, 357:1471-1477.

19. Rosen JB, Breman JG, Manclark CR, Meade BD, Collins WE, Lobel HO,
Saliou P, Roberts JM, Campaore P, Miller MA: Malaria chemoprophylaxis
and the serologic response to measles and diphtheria-tetanus-whole-cell
pertussis vaccines. Malar J 2005, 4:53.

20. Quelhas D, Puyol L, Quinto L, Serra-Casas E, Nhampossa T, Macete E, Aide P,
Mayor A, Mandomando I, Sanz S, Aponte JJ, Chauhan VS, Chitnis CE,
Alonso PL, Menendez C, Dobano C: Impact of intermittent preventive
treatment with sulfadoxine-pyrimethamine on antibody responses to
erythrocytic-stage Plasmodium falciparum antigens in infants in
Mozambique. Clin Vaccine Immunol 2008, 15:1282-1291.

21. Schreiber N, Kobbe R, Adjei S, Adjei O, Klinkert MQ, May J: Immune
responses after single-dose sulphadoxine-pyrimethamine indicate
underestimation of protective efficacy of intermittent preventive
treatment in infants. Trop Med Int Health 2007, 12:1157-1163.

22. Cairns M, Gosling R, Gesase S, Mosha J, Greenwood B, Chandramohan D:
Mode of action and choice of antimalarial drugs for intermittent
preventive treatment in infants. Trans R Soc Trop Med Hyg 2009,
103:1199-1201.

23. Delaunay V, Etard JF, Preziosi MP, Marra A, Simondon F: Decline of infant
and child mortality rates in rural Senegal over a 37-year period (1963-
1999). Int J Epidemiol 2001, 30:1286-1293, discussion 1294-1285.

24. Robert V, Dieng H, Lochouran L, Traore SF, Trape JF, Simondon F,
Fontenille D: Malaria transmission in the rural zone of Niakhar, Senegal.
Trop Med Int Health 1998, 3:667-677.

25. Fillol F, Cournil A, Boulanger D, Cisse B, Sokhna C, Targett G, Trape JF,
Simondon F, Greenwood B, Simondon KB: Influence of wasting and
stunting at the onset of the rainy season on subsequent malaria
morbidity among rural preschool children in Senegal. Am J Trop Med Hyg
2009, 80:202-208.

26. Fillol F, Sarr JB, Boulanger D, Cisse B, Sokhna C, Riveau G, Simondon KB,
Remoue F: Impact of child malnutrition on the specific anti-Plasmodium
falciparum antibody response. Malar J 2009, 8:116.

27. Grobusch MP, Egan A, Gosling RD, Newman RD: Intermittent preventive
therapy for malaria: progress and future directions. Curr Opin Infect Dis
2007, 20:613-620.

28. Greenwood B: Review: Intermittent preventive treatment–a new
approach to the prevention of malaria in children in areas with seasonal
malaria transmission. Trop Med Int Health 2006, 11:983-991.

29. Menendez C, Kahigwa E, Hirt R, Vounatsou P, Aponte JJ, Font F, Acosta CJ,
Schellenberg DM, Galindo CM, Kimario J, Urassa H, Brabin B, Smith TA,
Kitua AY, Tanner M, Alonso PL: Randomised placebo-controlled trial of
iron supplementation and malaria chemoprophylaxis for prevention of
severe anaemia and malaria in Tanzanian infants. Lancet 1997,
350:844-850.

30. Bygbjerg IC, Flachs H: Effect of chloroquine on human lymphocyte
proliferation. Trans R Soc Trop Med Hyg 1986, 80:231-235.

31. Pappaioanou M, Fishbein DB, Dreesen DW, Schwartz IK, Campbell GH,
Sumner JW, Patchen LC, Brown WJ: Antibody response to preexposure
human diploid-cell rabies vaccine given concurrently with chloroquine.
N Engl J Med 1986, 314:280-284.

32. Goldblatt D: IPTi and Serological Responses to EPI Vaccines. SAGE Meeting
Committee WA. Geneva; 2009 [http://www.who.int/immunization/sage/
D_Goldbatt_IPTi_EPI_Serology_FINAL.pdf].

33. White NJ: Intermittent presumptive treatment for malaria. PLoS Med 2005,
2:e3.

34. Cairns M, Carneiro I, Milligan P, Owusu-Agyei S, Awine T, Gosling R,
Greenwood B, Chandramohan D: Duration of protection against malaria
and anaemia provided by intermittent preventive treatment in infants in
Navrongo, Ghana. PLoS ONE 2008, 3:e2227.

35. May J, Adjei S, Busch W, Gabor JJ, Issifou S, Kobbe R, Kreuels B, Lell B,
Schwarz NG, Adjei O, Kremsner PG, Grobusch MP: Therapeutic and
prophylactic effect of intermittent preventive anti-malarial treatment in
infants (IPTi) from Ghana and Gabon. Malar J 2008, 7:198.

36. Kobbe R, Kreuzberg C, Adjei S, Thompson B, Langefeld I, Thompson PA,
Abruquah HH, Kreuels B, Ayim M, Busch W, Marks F, Amoah K, Opoku E,
Meyer CG, Adjei O, May J: A randomized controlled trial of extended
intermittent preventive antimalarial treatment in infants. Clin Infect Dis
2007, 45:16-25.

37. Sarr JB, Remoue F, Samb B, Dia I, Guindo S, Sow C, Maiga S, Tine S,
Thiam C, Schacht AM, Simondon F, Konate L, Riveau G: Evaluation of
antibody response to Plasmodium falciparum in children according to
exposure of Anopheles gambiae s.l or Anopheles funestus vectors. Malar
J 2007, 6:117.

38. Akpogheneta OJ, Duah NO, Tetteh KK, Dunyo S, Lanar DE, Pinder M,
Conway DJ: Duration of naturally acquired antibody responses to blood-
stage Plasmodium falciparum is age dependent and antigen specific.
Infect Immun 2008, 76:1748-1755.

39. Marsh K, Kinyanjui S: Immune effector mechanisms in malaria. Parasite
Immunol 2006, 28:51-60.

40. Courtin D, Oesterholt M, Huismans H, Kusi K, Milet J, Badaut C, Gaye O,
Roeffen W, Remarque EJ, Sauerwein R, Garcia A, Luty AJ: The quantity and
quality of African children’s IgG responses to merozoite surface antigens
reflect protection against Plasmodium falciparum malaria. PLoS One 2009,
4:e7590.

41. Greenwood BM, David PH, Otoo-Forbes LN, Allen SJ, Alonso PL, Armstrong
Schellenberg JR, Byass P, Hurwitz M, Menon A, Snow RW: Mortality and
morbidity from malaria after stopping malaria chemoprophylaxis. Trans R
Soc Trop Med Hyg 1995, 89:629-633.

42. Greenwood B, Bojang K, Chandramohan D, Cisse B, Kweku M, Milligan P:
Response to Buffet et al: Intermittent preventive anti-malarial treatment
to children (IPTc): firebreak or fire trap? Trends Parasitol 2008, 24:485-486.

doi:10.1186/1475-2875-9-363
Cite this article as: Boulanger et al.: Immunological consequences of
intermittent preventive treatment against malaria in Senegalese
preschool children. Malaria Journal 2010 9:363.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Boulanger et al. Malaria Journal 2010, 9:363
http://www.malariajournal.com/content/9/1/363

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19765816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16826474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16826474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16826474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16826474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11377597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11377597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11377597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16271153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16271153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16271153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18495848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18495848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18495848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18495848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17956497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17956497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17956497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17956497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11821330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11821330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11821330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9735937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19490641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19490641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17975412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17975412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16827699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16827699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16827699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3787684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3787684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3510393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3510393?dopt=Abstract
http://www.who.int/immunization/sage/D_Goldbatt_IPTi_EPI_Serology_FINAL.pdf
http://www.who.int/immunization/sage/D_Goldbatt_IPTi_EPI_Serology_FINAL.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15696210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18493597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18493597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18493597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18828899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18828899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18828899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17554695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17554695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17764568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17764568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17764568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18212081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18212081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16438676?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19859562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19859562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19859562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8594677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8594677?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cohort follow-up
	Ethics
	Evaluation of anti-Plasmodium IgG levels by ELISA
	Statistical methods

	Results
	Cohort description
	Influence of 2002 treatment on anti-Plasmodium IgG responses
	Bivariate analysis
	Multivariate analysis of potential confounding epidemiological factors


	Discussion
	Conclusions
	List of abbreviations used
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


