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Abstract

Exposure to vectors of infectious diseases has been associated with antibody responses against salivary antigens of arthropods among people
living in endemic areas. This immune response has been proposed as a surrogate marker of exposure to vectors appropriate for evaluating the
protective efficacy of antivectorial devices. The existence and potential use of such antibody responses in travellers transiently exposed to Plas-
modium or arbovirus vectors in tropical areas has never been investigated. The IgM and IgG antibody responses of 88 French soldiers against the
saliva of Anopheles gambiae and Aedes aegypti were evaluated before and after a 5-month journey in tropical Africa. Antibody responses against
Anopheles and Aedes saliva increased significantly in 41% and 15% of the individuals, respectively, and appeared to be specific to the mosquito
genus. A proteomic and immunoproteomic analysis of anopheles and Aedes saliva allowed for the identification of some antigens that were rec-
ognized by most of the exposed individuals. These results suggest that antibody responses to the saliva of mosquitoes could be considered as
specific surrogate markers of exposure of travellers to mosquito vectors that transmit arthropod borne infections.
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1. Introduction

Malaria and arbovirosis, like dengue or yellow fever, are
major threats in inter-tropical areas and responsible for 2e
3 million deaths and 500 000 cases, respectively (WHO,
http://www.who.int). Their agents are transmitted by mosquito
vectors, like Anopheles gambiae for Plasmodii and Aedes
aegypti for some arbovirus. Individual antivectorial devices
like impregnated bed-nets, repellents and long-sleeved clothes
are proposed to protect non-immune people travelling across
endemic areas against mosquitoes vectors. However, the use
of these antivectorial devices is often perceived as restrictive,
and their efficacy in protecting travellers has not been thor-
oughly evaluated. Entomological methods are not designed
for estimating individual exposure level to mosquito vector
and their use is not practical for the evaluation of the efficacy
of antivectorial devices among travellers.

In contrast, serological methods may provide an indirect
means of estimating individual exposure to mosquito vectors.
Several studies have shown that mosquito saliva is immuno-
genic. Early studies have demonstrated that allergic persons
develop immunoglobulin G4 (IgG4) and IgE to mosquito
saliva antigens [1e4]. Recently, studies have demonstrated that
people living in malaria endemic areas, who are constantly ex-
posed to anopheles bites, develop antibodies to anopheles sal-
ivary proteins [5,6]. An. gambiae anti-saliva IgG antibody
responses have been shown to represent an immunological in-
dicator of the level of P. falciparum transmission [6]. Associ-
ation of the level of specific antibody responses to the saliva of
arthropods with exposure to the corresponding vectors has also
been demonstrated for Lyme disease [7], Chagas disease [8],
leishmaniasis [9] and African trypanosomiasis [10]. These
studies have focused on populations living in endemic areas,
never on travellers transiently exposed to vectors. Therefore,
it is unclear whether the saliva antigens of the main malaria
and arbovirus vectors are immunogenic enough to trigger a
detectable antibody response after only a few bites.

The objectives of this study were: (i) to analyse the devel-
opment of antibody responses against saliva antigens of
An. gambiae and Ae. aegypti in travellers who are transiently
exposed to these vectors in endemic areas of tropical Africa;
(ii) to evaluate the kinetics of these responses; and (iii) to char-
acterize the antigenic saliva proteins from these two mosquito
species. The antibody responses against the saliva antigens of
mosquitoes could be analysed as a surrogate serological
marker of individual exposure to vector bites in persons who
are only transiently exposed and used for the evaluation of
the efficacy of antivectorial devices among travellers.

2. Materials and methods

2.1. Population studied

The anti-saliva antibody response has been studied in 88
French soldiers (male, age mean � SD: 24.3 �4.1 years, Cau-
casians) who travelled during a 5-month period in tropical
Africa (Gabon and Côte d’Ivoire) where An. gambiae and

Ae. aegypti are endemic [11,12]. Among them, 48 had previ-
ously travelled in countries where at least one of these mosqui-
toes is endemic. During their mission, they lived 64 and
36 days in urban and rural areas of Gabon, respectively, and
15 and 53 days in urban and rural areas of Côte d’Ivoire, re-
spectively. The rural conditions in Côte d’Ivoire were mostly
rough and they often slept in damaged houses or bivouacs.
Blood samples were collected before their departure from
France (T1), after 2 months in tropical Africa (T2), at the end
of their mission (T3) and 3 months after returning to France
(T4). Blood samples were obtained by venous puncture,
centrifuged and sera were stored at �20 �C. In total, 88 and
87 blood samples were available for serological analysis at
T1 and T3, respectively. Due to difficulties in obtaining saliva
antigens, ELISA tests were done in a restricted number of
randomly chosen samples: 35 and 33 samples for IgG response
against saliva antigens of An. gambiae (SAAng) at T2 and T4,
respectively, 41 pairs of sera for anti-SAAng IgM at T1 and
T3, and 48 pairs of sera for IgG response against saliva anti-
gens of Ae. aegypti (SAAea) at T1 and T3.

The volunteers used anti-malaria chemoprophylaxis
(100 mg doxycycline per day during the mission and 4 weeks
after its end) and individual antivectorial devices like impreg-
nated bed-nets, repellents and long-sleeved battle dresses pro-
vided by the Army.

Blood samples were obtained twice at a 3e5-month inter-
vals from 22 individuals living permanently in Marseille
(France), i.e. an area free of An. gambiae or Ae. aegypti, and
who had never travelled in countries that are endemic for these
mosquitoes.

All participants gave their informed consent to take part in
the study and the protocol was approved by Marseille-2
Ethical Committee.

2.2. Method of mosquito salivation

The An. gambiae and Ae. aegypti used in this study were
the YAOUNDE and BORA-BORA reference strain, respec-
tively, maintained under standard conditions. The mosquito
salivation technique was performed as described by Remoue
et al. [6]. Total protein concentrations was estimated from
the absorbance values at 280 and 260 nm, using the formula
1.55 � A280 � 0.76 � A260, and the concentration adjusted at
400 mg/ml for Anopheles and 200 mg/ml for Aedes. Mosquito
saliva samples were pooled, aliquoted in 100 ml (correspond-
ing to 20 mosquitoes), lyophilized and stored at �20 �C with-
out any anti-protease cocktail.

2.3. Enzyme-linked immunosorbent assay

The sera were tested by ELISA for the presence of IgG and
IgM antibodies that bind to saliva. Mosquito saliva (1 mg/ml in
phosphate-buffered saline (PBS)) was coated on flat-bottom
microtitre plates maxisorb (Nunc, Denmark) overnight at
4 �C. Thereafter, the plates were blocked for 2 h at 37 �C
with 200 ml of blocking buffer consisting of PBS solution
plus 0.1% Tween-20 (Sigma Chemical Co., USA) and 3%
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