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Abstract. Protective devices against vectors are used by travelers in malaria-endemic areas but their efficacy for
protection against mosquitoes has rarely been evaluated. The level of exposure to malaria transmission of 205 soldiers
deployed in Africa and the efficacy of their anti-vector prophylaxis was evaluated by comparison of their IgM and IgG
responses against five pre-erythrocytic Plasmodium falciparum antigens (circumsporozoite protein, sporozoite threonine- and asparagine-rich protein, sporozoite- and liver-stage antigen, liver stage antigen 1, and SR11.1) before and at
the end of their deployment, and three months after returning to France for 106 of these soldiers. The immune responses
increased significantly during the mission in 35% (95% confidence interval ⳱ 28–42%) of the individuals. The permanent use of insecticide-treated bed nets and long-sleeve battle dress at night were associated with protective efficacy. The
analysis of these antibody responses was sensitive enough to evaluate exposure to malaria transmission and the efficacy
of anti-vector devices in travelers using antimalarial chemoprophylaxis.
erythrocytic and erythrocytic stage antigens and level of
malaria transmission has been studied in immune populations.18–21 However, the antibody response to these antigens
in non-immune travelers briefly exposed to malaria has not
been extensively studied. Our objective was to estimate the
level of exposure to malaria transmission of French soldiers
deployed to tropical Africa by analyzing their antibody responses against several pre-erythrocytic stages antigens. Secondary objectives were to analyze the kinetics of these antibodies and to evaluate the efficacy of individual anti-vector
devices. These antigens include CSP, which is actively expressed only in the sporozoite stage and is generally used as a
reference for estimation of immunologic exposure to malaria
transmission.15 The pre-erythrocytic antigens tested also included liver stage antigen 1 (LSA1), which is expressed only
in the hepatic stage, sporozoite threonine- and asparaginerich protein (STARP), and sporozoite- and liver-stage antigen (SALSA), which is expressed both at the sporozoite and
hepatic stages.22 A high prevalence of antibody responses to
these pre-erythrocytic antigens has been found in individuals
living in malaria-endemic areas.23–25 The antibody response
directed against SR11.1 antigen, a novel antigen that is expressed at sporozoite and liver stages and corresponds to a
unique subregion of the megaprotein Pf 11.1 (Brahimi K and
others, unpublished data and Perlaza BL and others, unpublished data), was also studied. Our findings may be useful in
understanding the first stages of the immune responses to
primary malaria infection and developing vaccines against
malaria.

INTRODUCTION
Imported malaria is a growing problem in non-endemic
areas throughout the world. Annually, up to 10,000 cases of
malaria in Europe1 and 30,000 cases in all industrialized countries are imported with an average case fatality rate ranging
from 1% to 4%.2,3 Chemoprophylaxis and anti-vector devices
such as impregnated bed nets, repellents, and long-sleeve
clothes have been proposed as protective measures for nonimmune people traveling in malaria-endemic areas.4 The
level and frequency of Plasmodium falciparum and P. vivax
drug resistance in numerous areas,5 poor tolerance to some
antimalarial drugs,6 and difficulties in ensuring good compliance with prophylactic regimens7 emphasize the importance
of anti-vector devices. However, their use is often considered
restrictive and their efficacy for protecting travelers has rarely
been evaluated. Entomologic methods are not designed for
estimating the individual level of exposure to malaria transmission and their use is not practical for evaluation of the
efficacy of anti-vector devices among travelers.
In contrast, serologic methods may provide an indirect
means of estimating individual exposure to malaria transmission. Antibody response to sporozoites has been studied extensively in immune populations8–10 and in non-immune travelers using chemoprophylaxis.11–13 Most frequently, this
analysis is performed with enzyme-linked immunosorbent assay (ELISA) techniques based on synthetic peptides or recombinant proteins including the repetitive NANP and
NVDP domains of the circumsporozoite protein (CSP).14 It
has frequently been used as a proxy for the evaluation of
malaria transmission.15–17
The association between antibody responses to other pre-

MATERIALS AND METHODS
Persons and blood samples. The antibody response against
P. falciparum antigens was studied in 205 French soldiers on
a five-month mission in Gabon from June to September 2002
(dry season), and in Côte d’Ivoire from October to November
2002 (rainy season). Gabon and Côte d’Ivoire are areas endemic for P. falciparum. Blood samples were collected in May
2002 (T0), December 2002 (one week after returning to
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France, T1) and March 2003 (three months later in France,
T2). Sera were separated and stored at –20°C. A questionnaire was completed by all subjects at T1 to determine age,
time spent in malaria-endemic areas before the mission, history of acute clinical malaria attacks before and during the
mission, and compliance with mandatory anti-malaria prophylaxis. The latter included chemoprophylaxis (350 mg of
mefloquine per week in Gabon and 100 mg of doxycycline per
day in Côte d’Ivoire and during the four-week period after
returning to France) and use of permethrin-impregnated bednets, repellents, and long-sleeve battle dress at night. The
Army provided prophylactic drugs, anti-vector equipment,
and repellents. In Gabon, the soldiers were involved in training activities and usually slept in permanent urban structures,
most of which were air-conditioned and mosquito-proof. In
Côte d’Ivoire, they took part in fighting and peacekeeping
operations. During that period, they lived in rough rural conditions and often slept in damaged houses or bivouacs. Blood
samples obtained twice at a 3–5-month interval from 46 individuals living in Marseille, France, i.e., without exposure to
malaria transmission, were used as controls. All participants
provided informed consent before participating in the study.
The study protocol was reviewed and approved by the
Marseille-2 ethical committee.
Peptides. A 24-mer peptide containing six copies of tandem repeating domains (NANP)4(NVDP)2 of CSP, a 43mer peptide containing two copies of the central tandem repeating domain of LSA1 [LAKEKLQ(EQQSDLEQERLAKEKEKLQ)2],23 a 20-mer peptide containing two copies
of tandem repeating domain (STNNNTKTI)2 of STARP,25 a
34-mer peptide containing the non-repeat region NGKDDVKEEKKTNEKKDDGKTDKVQEKVLEKSPK of
SALSA,24 and an 18-mer consensus SR11.1-derived peptide
(EEVVVVLIEEVIPEELVL) containing the sequence found
most often among the repeats of the megaprotein Pf 11.1
(Brahimi K and others, unpublished data and Perlaza BL
and others, unpublished data) were synthesized and purified
(> 90%) with Genosys (Sigma-Genosys, Cambridge, United
Kingdom) with an added N-terminal biotin. All peptides were
shipped lyophilized. They were resuspended in dimethyl sulfoxide (Sigma Chemical Co., St Louis, MO, USA) and stored
in aliquots at –20°C.
Enzyme-linked immunosorbent assay. IgG and IgM antibodies to CSP, LSA1, STARP, SALSA, and SR11.1 were
tested with an ELISA. Flat-bottom microtiter plates (Nunc,
Roskilde, Denmark) were coated with 100 L/well of streptavidin (5 g/mL) (Roche, Basel, Switzerland) overnight at
37°C. The plates were then blocked for one hour at 40°C with
200 L of blocking buffer, pH 6.6 (phosphate-buffered saline
[PBS], pH 7.4, 0.1% Tween 20 [Sigma Chemical Co.], 3%
skim milk [Becton Dickinson Bioscience, San Jose, CA]) and
washed three times with PBS, pH 7.2, 0.1% Tween 20 (PBSTween). Biotinylated synthetic peptides were added to the
plates (100 L of individual peptide [2.5 M in PBS-Tween])
and incubated for one hour at 40°C. The plates were then
washed three times with PBS-Tween. Sera were diluted 1:200
in blocking buffer. For the detection of IgM antibodies, sera
were first diluted 1:25 in PBS, then mixed with rheumatoid
factor absorbent (Biomérieux SA, Craponne, France) to a
1:50 serum dilution and incubated for one hour at room temperature. The mixture was centrifuged for 10 minutes at 9,000
× g and the supernatant was mixed with blocking buffer to

give a final serum dilution of 1:200. Diluted sera were incubated (100 L/well) for one hour at 40°C and plates were then
washed three times with PBS-Tween. For detecting human
IgG and IgM, plates were incubated for one hour at 40°C with
100 L of peroxidase-conjugated goat F(ab⬘)2 fragment to
human IgG Fc (Cappel; ICN Biomedicals, Aurora, OH) diluted 1:60,000 in blocking buffer or with peroxidaseconjugated goat F(ab⬘)2 fragment to human IgM (Cappel,
ICN Biomedicals, OH, USA) diluted 1:80,000 in the blocking
buffer, respectively. Plates were then washed three times with
PBS-Tween and incubated for 15 minutes at room temperature with 80 L of tetramethylbenzidine substrate (Kirkegaard and Perry Laboratories, Gaithersburg, MD). The reaction was stopped by addition of 50 L of 1M H2SO4. The
plates were read at 450 nm with an ELISA reader (Versa
Max威 turnable multiplate reader; Molecular Devices, Wokingham, United Kingdom).
Each serum was tested in duplicate on each peptide and in
control wells without peptide. The serum was tested again
when the absorbance in the control well was greater than 0.30
or when one duplicate had a signal ⱖ 50% of the other. All
serum samples from one individual were tested together on
the same plate. A pool of sera of European adults who had
never been exposed to malaria and a pool of sera of African
adults exposed to malaria transmission were used in each
assay as negative and positive controls, respectively. Interassay variations in absorbance values of the negative and
positive controls ranged within 25% of their mean values.
The levels of IgG and IgM antibodies to each antigen were
expressed as adjusted optical densities (ODs). The latter were
calculated for each peptide and each serum as the ratio of the
mean OD value with peptide divided by the OD value of the
control wells, i.e., without peptide. The adjusted OD for IgG
and IgM to each antigen for 48 sera from European adults
who had never been exposed to malaria were normalized
using the Box-Cox transformation, and their normalized
mean and SD were estimated. The lower limit of positivity for
IgG and IgM to each antigen was taken as the reverse transformation of the mean + 2.3263 SD estimated on Box-Cox
transformed data. Therefore, values higher than the cut-offs
should be observed in less than 1% of the sera of non-exposed
individuals. The thresholds of positivity were 2.15, 1.54, 1.47,
2.32, and 1.58, respectively, for IgG antibodies to SR11.1,
CSP, LSA1, SALSA, and STARP and 2.31, 1.53, 1.32, 1.81,
and 2.44, respectively, for IgM antibodies to these five antigens.
The variations in IgG and IgM responses to each antigen in
absence of exposure to malaria transmission were assessed by
the ratio of adjusted ODs on 45 pairs of sera collected at
3–5-month intervals from unexposed European adults living
permanently in Marseille, France, i.e., in non-endemic area.
The values of these ratios were normalized using the Box-Cox
transformation, and their normalized mean and SD were estimated. The lower limit of significant increase in IgG and
IgM responses to each antigen was taken as the reverse transformation of the mean ratio of the corrected OD + 3.0902 SD
estimated on Box-Cox transformed data. Values greater than
these cut-offs should be observed in less than 0.1% of the
pairs of sera collected at 3–5-month intervals in unexposed
individuals. The thresholds defining significant increases in
antibody responses to SR11.1, CSP, LSA1, SALSA, and
STARP were 1.63, 1.57, 1.50, 1.43, and 1.26, for IgG antibody
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ratios and 1.34, 1.19, 1.39, 1.40 and 1.37, respectively, for IgM
antibody ratios, respectively.
Statistical analysis. Statistical analysis was performed with
Stata version 7.0 (Stata Corporation, College Station, TX).
The Wilcoxon signed rank test and Mann-Whitney rank sum
test were used to compare variables between groups for
paired and unpaired data, respectively. The Fisher exact test
was used to compare proportions. The McNemar exact test
was used to compare incidence rates of significant increase in
immune response between tested antigens. Pairwise correlations between the IgG and IgM antibody responses at T1
were tested using the Bonferroni correction for the estimation
of the P value to take into account the multiplicity of the tests.
Multivariate analysis was performed by fitting logistic regression models with a significant increase in the IgG or IgM
response to at least one antigen as the dependent variable.
Differences were considered statistically significant when
P < 0.05.
RESULTS
The mean age of the 205 male soldiers in the French Army
enrolled in the study was 25 years (25–75% percentile ⳱
23–27 years, range ⳱ 18–45 years). Among the 205 volunteers, 123 (60%) had previously traveled to malaria-endemic
areas. During the mission, compliance with chemoprophylaxis, use of repellents, and use of long-sleeve clothes was
reported by 160 (78%), 42 (20.5%), and 66 (32%) soldiers,
respectively. Sleeping under insecticide-impregnated bed nets
was reported by 145 (71%) soldiers. Eight soldiers reported a
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P. falciparum clinical malaria attack before the mission, four
during the mission, and three after the mission. Six individuals
experienced a P. ovale clinical malaria attack after their return to France.
The number of volunteers reported compliance during the
three cross-sectional surveys was 205 at T0, 205 at T1, and 106
at T2. The IgG and IgM antibody responses to SR11.1, CSP,
LSA1, SALSA, and STARP of the 106 individuals sampled in
the three surveys are shown in Figure 1. Although the IgG
and IgM adjusted ODs (Figure 1A) generally increased from
T0 to T1 and then decreased from T1 to T2, only the IgG and
IgM responses against LSA1 increased significantly (P <
0.001) from T0 to T1, and decreased significantly from T1 to
T2 (IgG; P ⳱ 0.03 and IgM; P < 0.001). Increased IgG and
IgM responses to LSA1 were observed among individuals
who never traveled to malaria-endemic areas (mean IgG adjusted OD ⳱ 1.05 at T0 versus 2.07 at T1, n ⳱ 82, P < 0.001
by Wilcoxon signed rank test and mean IgM adjusted OD ⳱
1.05 at T0 versus 1.66 at T1, n ⳱ 82; P < 0.001) and among
individuals who stayed in malaria-endemic areas (mean IgG
adjusted OD ⳱ 1.09 at T0 versus 2.69 at T1, n ⳱ 123; P <
0.001 and mean IgM adjusted OD ⳱ 1.07 at T0 versus 1.65 at
T1, n ⳱ 122; P < 0.001).
The prevalence rates of positivity for IgG to SR11.1, CSP,
LSA1, SALSA, and STARP at T0 were 2.9% (95% confidence interval [CI] ⳱ 0.6–8.13%), 4.8% (95% CI ⳱ 1.6–
10.8%), 6.7% (95% CI ⳱ 2.7–13.%), 6.7% (95% CI ⳱ 2.7–
13.3%), and 3.8% (95% CI ⳱ 1.0–9.5%), respectively (Figure
1B). The prevalence rates of positivity for IgM at T0 to the
same antigens were less than 2% except for IgM to SALSA

FIGURE 1. Antibody responses to SR11.1, circumsporozoite protein (CSP), liver stage antigen 1 (LSA1), sporozoite- and liver stage antigen
(SALSA), and sporozoite threonine- and asparagine-rich protein (STARP) in soldiers before (T0), one week after (T1), and three months after
(T2) a five-month deployment in Gabon (June–September 2002) and Côte d’Ivoire (October–November 2002). IgG (black bars, n ⳱ 105) and
IgM (gray bars, n ⳱ 106) responses are shown. A, Adjusted optical density (OD) - OD with peptide/OD without peptide. B, Proportion of
seropositive persons. Error bars show the upper limits of the 95% confidence intervals.
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(2.8%, 95% CI ⳱ 0.6–8%). Overall, the prevalence rate of
positivity for IgG or IgM antibody to any of the antigens at T0
was 32% (95% CI ⳱ 26–39%). At T1, there was a significant
correlation between the adjusted OD of the IgG responses to
LSA1 and SR11.1 (r ⳱ 0.215, P ⳱ 0.0197) or CSP (r ⳱ 0.283,
P ⳱ 0.0004), between the adjusted OD of the IgM responses
to LSA1 and SR11.1 (r ⳱ 0.474, P ⳱ 0.0001), CSP (r ⳱ 0.291,
P ⳱ 0.0002), or SALSA (r ⳱ 0.332, P ⳱ 0.0001), and between the adjusted OD of the IgM responses to SALSA and
SR11.1 (r ⳱ 0.259, P ⳱ 0.0018) or STARP (r ⳱ 0.224,
P ⳱ 0.0127).
The incidence rates of significant increase in antibody responses to SR11.1, CSP, LSA1, SALSA, and STARP between T0 and T1 are shown in Figure 2. The IgG and the IgM
responses against at least one antigen increased significantly
in 23.4% (95% CI ⳱ 17.8–29.8%) and 25.4% (95% CI ⳱
19.6–31.9%), respectively. Taken together, 34.6% (95% CI ⳱
28.1–41.6%) of the individuals had a significant increase in
IgG or IgM to at least one antigen between T0 and T1. The
number of individuals with significantly increased antibody
responses to one, two, three, four, and five antigens were 29,
10, 5, 3, and 1 for IgG (n ⳱ 205) and 27, 14, 8, 2, and 0 for IgM
(n ⳱ 204), respectively. Among the 71 individuals with a
significant increase in IgG or IgM responses to at least one
antigen between T0 and T1, 57 (80%), 24 (34%), 21 (30%), 19
(27%), and 16 (22%) showed an increased IgG or IgM antibody response to LSA1, SR11.1, SALSA, CSP, and STARP,
respectively. Moreover, 89% (63 of 71) and 94% (67 of 71)
showed a significant increase in IgG or IgM responses to
LSA1 and STARP, and LSA1, STARP, and CSP, respectively. The incidence rate of increased IgG and IgM antibody
responses to LSA1 were significantly higher than those to any
other antigen (P < 0.0001), and 27.8% (95% CI ⳱ 21.8–
34.5%) of the individuals had a significant increase in IgG or
IgM antibodies to LSA1. The incidence rate of increased IgM
antibody response to STARP was significantly lower than the
incidence rates of increased IgM antibody responses to CSP
and SR11.1 (P ⳱ 0.03 and P ⳱ 0.01). A significant increase in
IgG or IgM antibodies to at least one antigen was observed

between T0 and T1 in three of four individuals who experienced a clinical malaria attack during the mission.
The incidence rate of increased IgG or IgM antibody responses to at least one antigen is shown in Table 1 according
to age, previous stay in malaria-endemic areas, serologic status before the mission, compliance with chemoprophylaxis,
and use of anti-vector devices. Multivariate logistic regression
analysis showed good compliance for the use of long-sleeve
clothes at night (odds ratio [OR] ⳱ 0.34, 95% CI ⳱ 0.12–0.93,
P ⳱ 0.036) and use of an insecticide-impregnated bed net
during the mission in Côte d’Ivoire (OR ⳱ 0.40, 95% CI ⳱
0.21–0.75, P ⳱ 0.004) that were significantly and independently associated with a lower incidence of increased antibody responses to P. falciparum antigens during the mission.
The adjusted protective efficacy of regular use of long-sleeve
clothes and impregnated bed nets were 66% and 60%, respectively.
The incidence rate of increased IgG or IgM antibody response to LSA1 did not differ significantly according to age,
previous stay in malaria-endemic areas, serologic status before the mission, compliance with chemoprophylaxis, or use
of repellents. Multivariate logistic regression analysis showed
that it differed significantly with the use of long-sleeve clothes
(poor compliance as reference ⳱ 45%, some omissions ⳱
28%, OR ⳱ 0.47, 95% CI ⳱ 0.18–1.22, P ⳱ 0.123; good
compliance ⳱ 21%, OR ⳱ 0.32, 95% CI ⳱ 0.11–0.92, P ⳱
0.035) and use of insecticide-impregnated bed nets during the
mission in Côte d’Ivoire (not regular use as reference ⳱ 42%,
regular use ⳱ 22%, OR ⳱ 0.39, 95% CI ⳱ 0.21–0.77,
P ⳱ 0.006).
Previous stay in malaria-endemic areas or seropositivity to
at least one antigen before the mission had no confounding or
interaction effect on the incidence rate of increased IgG or
IgM antibody responses to LSA1 or to at least one antigen.
Moreover, the incidence of clinical malaria attacks (P. falciparum or P. ovale) was significantly associated with an increased IgG or IgM antibody response to at least one antigen
between T0 and T1 (OR ⳱ 1.45, 95% CI ⳱ 1.08–1.94,
P ⳱ 0.014).

DISCUSSION

FIGURE 2. Incidence of an increase in antibody responses to
SR11.1, circumsporozoite protein (CSP), liver stage antigen 1
(LSA1), sporozoite- and liver stage antigen (SALSA), and sporozoite
threonine- and asparagine-rich protein (STARP) in soldiers between
before (T0) and after (T1) a five-month deployment in Gabon (June–
September 2002) and Côte d’Ivoire (October–November 2002). IgG
(black bars, n ⳱ 205) and IgM (gray bars, n ⳱ 204) responses are
shown. Error bars show the upper limits of the 95% confidence intervals.

Although exposure to malaria transmission in the study
population was short and probably low because of the use of
anti-vector devices, approximately 35% of the individuals reacted to at least one of the antigens tested. Only 2% of the
soldiers had experienced a clinical malaria attack during the
mission. One can speculate that the individuals with a significant increase in IgG or IgM antibody response to at least one
antigen between T0 and T1 were recently infected by P. falciparum and most were protected from clinical malaria by
effective chemoprophylaxis. The peptides tested were derived
from LSA1,23,26 CSP,14 STARP,25 and SALSA,24 which have
been shown to be antigenic in humans living in malariaendemic areas. IgG antibody to (NANP)n has been extensively used as a marker of exposure to malaria transmission in
immune populations8–10 but rarely in non-immune short-term
travelers using chemoprophylaxis.11–13 In the present study,
6.8% of the soldiers showed a significant increase in IgG
response to CSP after returning from malaria-endemic areas.
This figure is similar to the previously estimated positivity
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TABLE 1
Incidence rate of increased IgG or IgM antibody responses to at least one of five antigens (SR11.1, CSP, LSA1, SALSA or STARP) in soldiers
during a five-month deployment to Gabon (June–September 2002) and Côte d’Ivoire (October–November 2002) according to age, previous stay
in malaria-endemic areas, serologic status before travel, compliance with chemoprophylaxis, and the use of antivectorial devices*
IgG or IgM response to at least one antigen

No. of subjects
Age, years
< 25
ⱖ 25
Previous stay in malaria-endemic areas
No
Yes
Positive for IgG or IgM to any tested
antigens before the mission
No
Yes
Chemoprophylaxis
Poor compliance
Some omissions
Good compliance
Use of repellents
Poor compliance
Some omissions
Good compliance
Use of long-sleeved clothes
Poor compliance
Some omissions
Good compliance
Use of bed nets in Gabon
Not regular
Regular
Use of bed nets in Côte d’Ivoire
Not regular
Regular

Crude
OR

95%
CI

P

89
116

1
0.83

0.46 1.48

0.520

39.0
31.7

82
123

1
0.73

0.40 1.30

0.281

49
22

35.3
33.3

139
66

1
1.03

0.57 1.85

0.930

4
19
111

3
19
49

42.9
50.0
30.6

7
38
160

1
1.33
0.59

0.26 6.78
0.13 2.73

0.729
0.498

57
51
26

34
21
16

37.4
29.2
38.1

91
72
42

1
0.69
1.03

0.36 1.34
0.49 2.19

0.273
0.935

10
77
47

12
40
19

54.5
34.2
28.8

22
117
66

1
0.43
0.34

0.17 1.09
0.12 0.91

37
97

23
48

38.3
33.1

60
145

1
0.80

30
104

30
41

50.0
28.3

60
145

1
0.39

Negative

Positive

% Positive

134

71

56
78

33
38

37.1
32.8

50
84

32
39

90
44

Total

Adjusted
OR

95%
CI

P

0.075
0.032

1
0.43
0.34

0.17 1.13
0.12 0.93

0.086
0.036

0.43 1.49

0.474

1
0.91

0.47 1.77

0.780

0.21 0.73

0.003

1
0.40

0.21 0.75

0.004

205

* CSP ⳱ circumsporozoite protein; LSA1 ⳱ liver stage antigen 1; SALSA ⳱ sporozoite- and liver-stage antigen; STARP ⳱ sporozoite threonine- and asparagine-rich protein; OR ⳱ odds
ratio; CI ⳱ confidence interval.

rate of 4.9% in 2,131 travelers returning from malariaendemic areas27 or in 262 travelers returning from Kenya.13
The simultaneous use of several antigens, compared with using only one antigen, i.e., CSP, resulted in higher serologic
estimates of exposure to malaria transmission. Our data suggest that two or three antigens are necessary to detect approximately 90% and 95% of the antibody responses to at
least one of the five antigens, respectively. Even if our study
was not designed to compare these antigens for the assessment of malaria exposure, antibodies to LSA1, rather than
antibodies to CSP, result in a more accurate assessment and
more than one antigen should be used in testing non-immune
short-term travelers.
The CSP, SR11.1, STARP, and SALSA peptides gave similar estimates, whereas the LSA1 peptide showed a much
higher incidence rate of antibody response. The synthetic
peptide corresponding to the LSA1 antigen was the longest
(43 amino acids) and could represent a better conformation of
antigen or could correspond to several epitopes. Alternatively, epidemiologic studies have shown a consistently high
antigenicity of LSA1 repeats.23,25 Most likely, the use of the
native proteins or the full-length recombinant proteins would
increase the sensitivity of the method for detecting P. falciparum infections. There was a poor correlation between the
T1 antibody responses to the different antigens. Thus, increasing the number of antigens to may provide a better estimation of the level of malaria transmission.
The use of paired sera from each individual, i.e. before and

after exposure to malaria transmission, allows one to consider
each subject as its own control and markedly improves the
sensitivity of detection of an antibody response. We used
paired sera from unexposed individuals to estimate cut-off
values defining the significance level of such a response. The
high level of the estimated cut-off that should be reached by
less than 0.1% of unexposed individuals and the use of paired
sera from each individual contribute to a highly specific criteria for a positive antibody response. This cut-off may not be
considered pertinent for secondary antibody responses in individuals who were seropositive before the exposure. However, the incidence rate of significantly increased IgG or IgM
antibody responses did not differ between individuals regardless of their serologic status before exposure to malaria transmission or their history of time in malaria-endemic areas,
which suggests that the cut-offs were appropriate.
It is important to conduct blood sampling early after the
end of exposure to malaria transmission. Antibody titers to
LSA1 decreased significantly between the time of arrival in
France and two months later. The decrease in antibodies to
the other antigens was not significant. Conversely, there was
a non-significant increase in IgG antibodies to SALSA during
the same period.
Collecting behavior data with a retrospective questionnaire
may result in omissions or memory biases. However, it is
likely that the omissions or the flaws in remembering would
bias the estimates of the effect of the mandatory prophylactic
measures to zero. Our study has shown that anti-vector de-
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vices are protective against infection in travelers. Permanent
night use of impregnated bed nets in Côte d’Ivoire and longsleeve clothes had protective efficacies of 60% and 66%, respectively. The absence of a protective effect of the use of bed
nets in Gabon may be explained by a much lower exposure to
mosquitoes in the urban environment and in mosquitoesproof houses in Libreville. Serologic estimation of exposure
to malaria transmission used in this study was sensitive
enough to detect the protective effect of anti-vector devices,
such as long-sleeve clothes, even among short-term travelers.
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