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SUMMARY

Sand flies are bloodsucking insects transmitting parasites
of genus Leishmania, the causative agents of diseases in
humans and dogs. Experimental hosts repeatedly exposed
to sand fly saliva can control Leishmania infection. Cell-
mediated anti-saliva immune response is most likely respon-
sible for this protective effect; however, there is no study so
far concerning its antigenic specificity towards different
sand fly vectors. In this study, splenocytes from BALB ⁄ c
mice repeatedly exposed to the bites of Phlebotomus ser-
genti were challenged ex vivo with salivary gland homogen-
ates from three different sand fly vectors – P. sergenti,
P. papatasi, or P. arabicus. Mice bitten by P. sergenti had
higher proliferative response to homologous antigen than
splenocytes from naive mice. Splenocytes from P. sergenti
bitten mice as well as anti-P. sergenti antibodies partially
cross-reacted with P. papatasi saliva. In contrast, no cross-
reactivity was found with P. arabicus saliva. Our data indi-
cate that both arms of the immune system, cellular and
humoral, react in a species-specific manner. Therefore, the
presence of antibodies against salivary components of a
certain species indicates the specificity of cell-mediated
immune response as well. The data suggest that unique
transmission-blocking vaccine would be required for each
vector – Leishmania combination.

Keywords anti-saliva IgG, cellular response, Phlebotomus ser-
genti, repeated exposure, sand fly saliva, species-specificity

Sand flies (Diptera: Phlebotominae) are haematophagous
insects, transmitting the protozoan parasites of genus
Leishmania, causative agents of leishmaniases. In
endemic areas, the prevalence of Leishmania-positive
sand flies is relatively low, very rarely exceeding 2% (1,2).
Therefore, hosts are mostly exposed to the bites of
uninfected sand flies prior to disease transmission.

During bloodfeeding, sand flies salivate into the host
skin to control haemostatic reactions. If the host is
exposed repeatedly, it develops anti-saliva immune
response that could influence the establishment of Leish-
mania infection as well. Host repeatedly exposed to sand
fly saliva or immunized by one particular salivary protein
could control cutaneous leishmaniasis (3–7) as well as vis-
ceral form of the disease (8). All these studies highlight
the importance of considering vector salivary molecules
for the development of anti-Leishmania vaccine.

However, vector molecules could be both a source of an
anti-Leishmania vaccine and problematic to its develop-
ment. Epidemiology of leishmaniases is very complex with
various Leishmania species being transmitted in nature by
various sand fly vectors that differ in saliva composition as
well as pharmacological activities (9–12). Indeed, the
protective effect of pre-immunization seems to be sand fly
species-specific; pre-immunized mice challenged with Leish-
mania plus heterologous sand fly saliva developed lesions
comparable with nonimmunized controls (7). This indicates
that vaccine based on vector salivary molecules might need
to be unique for each vector-parasite combination.

Repeated exposures elicit both humoral and cellular
adaptive immune responses (3,13,14). It has been reported
previously for several sand fly species that the antibody
response is species-specific (15,16). However, both posi-
tively tested transmission-blocking cDNA vaccines are
based on proteins that confer cell-mediated immunity:
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Phlebotomus papatasi cDNA coding for a 15-kDa protein
(named SP15) protects even B-cell deficient mice against
Leishmania major infection (6); similarly, cDNA coding
for a 11-kDa protein LJM19 of Lutzomyia longipalpis pro-
tects hamsters against the fatal outcome of L. chagasi
infection, although it does not elicit antibody response (8).

Therefore, the objective of this study was to characterize
both cellular and humoral immune response in hosts
repeatedly bitten by sand flies and their specificity with
respect to sand fly species. Sand fly species used in this
study are proven vectors transmitting parasite species
causing cutaneous leishmaniasis (L. tropica-P. sergenti and
P. arabicus, L. major-P. papatasi) and their occurrence
naturally overlaps in the Old World (17). Moreover, this is
the first study to analyse the immunomodulatory proper-
ties of P. arabicus saliva.

Sand fly colonies of P. sergenti, P. arabicus and P. papa-
tasi (all colonies from Israel) were kept in the insectary at
Charles University in Prague and the salivary gland homog-
enate (SGH) was prepared as described previously (16,18).
For experiments under sterile conditions, SGH was first
sterilized by centrifugation through a 0Æ2 lm filter (9200 g
for 5 min). The protein concentration per one salivary gland
(half gland pair) was estimated using Qubit fluorometer
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s protocol: P. sergenti = 0Æ20 lg ⁄ gland, P. arabi-
cus = 0Æ24 lg ⁄ gland, and P. papatasi = 0Æ27 lg ⁄ gland.

BALB ⁄ c mice (AnLab, Prague, Czech Republic) were
housed in the animal facilities at Charles University in
Prague. Experiments were performed on female mice 7–
10 weeks old. Mice were divided into two groups – study
group and age-matched nonexposed controls. During the
immunization phase, mice were anaesthetized (intraperito-
neal injection of ketamine 150 mg ⁄ kg and xylazine
15 mg ⁄ kg) and exposed individually to P. sergenti females
once a week, in a total of five exposures. Mice were bitten
by 41 € 16 (mean € SD) sand flies per exposure per
mouse. One week after the last exposure, mice were sacri-
ficed and sampled for blood and spleen. Five independent
experiments were performed with two mice per group in
each replicate. The experiments were approved by institu-
tional Ethical Committee and performed in accordance
with national legislation for the care and use of animals
for research purposes.

The proliferation assay was performed as described
previously (19). Briefly, 105 spleen cells per well were
incubated in 96-well flat bottom tissue culture plates
(Nunc, Roskilde, Denmark) with SGH corresponding to
0Æ25 gland per well and stimulated with 0Æ5 lg ⁄ mL conca-
navalin A (ConA, the T-cell-specific mitogen) in a total
volume of 200 lL per well for 72 h (37�C, 5% CO2). For
the last 6 h of incubation, 0Æ5 lCi ⁄ well of [3H]-Thymidine

(Institute for Research, Development and Utilization of
Radioisotopes, Prague, Czech Republic) was added to the
cultures. The amount of incorporated [3H]-Thymidine was
determined as counts per minute (cpm) using a liquid
scintillation counter (Beckman LS600SE; Beckman Coul-
ter, Fullerton, USA). Proliferation was expressed as a
stimulation index, a ratio of the cpm for SGH-treated cells
divided by the mean cpm of control, SGH-untreated
cells. The background cpm for unstimulated cells was
953 € 127, for cells incubated with ConA 4492 € 1368.

Antibodies were measured by enzyme-linked immuno-
sorbent assay (ELISA). Microtiter plate wells (CovaLink�
NH; Nunc, Roskilde, Denmark) were coated with SGH
(0Æ2 gland ⁄well) in 20 mM carbonate-bicarbonate buffer
(pH 9Æ25) overnight at 4�C. The wells were then washed in
PBS buffer with 0Æ05% Tween 20 (PBS-Tw) and blocked
with 6% horse serum in PBS-Tw for 45 min at 37�C.
Mouse sera were diluted 1 : 200 in 3% horse serum ⁄ PBS-
Tw and incubated in duplicates for 90 min at 37�C. There-
after, peroxidase-conjugated anti-mouse IgG (heavy chain
specific, Sigma-Aldrich, St. Louis, MO, USA) diluted
1 : 1000 in PBS-Tw was added. Orthophenylendiamine
and H2O2 in McIlwein phosphate-citrate buffer (pH 5Æ5)
were used as a substrate solution. The absorbance was
measured using Multiscan RC ELISA reader (Labsystems,
Helsinki, Finland) at 492 nm.

Immunoblot was performed using SGH separated by
SDS–PAGE on 12Æ5% gel under nonreducing conditions
using the Mini-Protean III apparatus (BioRad, Hercules,
CA, USA). Separated proteins were electrotransferred
onto nitrocellulose (NC) membrane using iBlot� Dry
Blotting System (Invitrogen, Carlsbad, CA, USA). After
transfer, free binding sites on NC membrane were blocked
by 5% low fat dried milk in 20 mM Tris buffer with 0Æ05%
Tween (Tris-Tw) for 1 h and the NC membrane was cut
into strips with equivalent of 4 glands ⁄ strip. The strips
were then incubated with mouse sera diluted in Tris-Tw
1 : 100 for 1 h, followed by 1 h incubation with per-
oxidase-conjugated goat anti-mouse IgG (Sigma-Aldrich)
diluted 1 : 1000 in Tris-Tw. Substrate solution contained
diaminobenzidine and H2O2.

The data were analysed using nonparametric Wilcoxon
Rank-Sum Test for Difference in Medians to compare the
groups, or Wilcoxon Signed-Rank Test for Difference in
Medians to compare paired data. P-value was set at 0Æ05.
All statistical analyses were performed using NCSS 6.0.21
software (NCSS, Kaysville, UT, USA). Throughout the
text and in figure, data are presented as mean € SE.

Cell-mediated immunity to sand fly saliva was recently
brought into the focus as it is most likely responsible for
the protective effect against Leishmania infection given by
pre-exposure to sand fly saliva (6,8). Its species-specificity
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might influence the specificity of the protective effect itself
(7). In this study, the specificity of sand fly salivary anti-
gens was tested using splenocytes challenged ex vivo with
SGH from P. sergenti, P. papatasi, or P. arabicus. In naive
mice, proliferation was decreased in SGH-treated cells
(P < 0Æ01) and no significant differences were found
among the tested sand flies (Figure 1a). This is in agree-
ment with previous studies on splenocytes from BALB ⁄ c
mice incubated with P. papatasi, P. sergenti, or L. longipal-
pis saliva (20) and from C57BL ⁄ 6 mice incubated with
L. longipalpis saliva (21). On the other hand, in repeatedly
bitten mice, cell-mediated immunity to sand fly saliva was
found to be species-specific (Figure 1a). Spleen cells from
P. sergenti-exposed mice had significantly higher prolifera-
tive response to P. sergenti SGH than naive mice. The pro-
liferation to other tested sand fly saliva remained on
pre-exposure levels, although partial cross-reactivity was
found to P. papatasi SGH (Figure 1a). Using
immunohistology, Elnaiem et al. (22) reported similar
specificity of cell-mediated immune response at the site
of bite also between L. longipalpis, P. papatasi, and
P. duboscqi salivary antigens.

In other bloodsucking diptera, cellular proliferation in
repeatedly bitten hosts has been also studied in mosqui-
toes. Chen et al. (23) observed higher proliferative
response in splenocytes from Aedes aegypti-exposed
Balb ⁄ c mice when compared with naive mice. Similar reac-
tion was found using lymphocytes from humans exposed
to Aedes vexans (24) or Aedes albopictus (25). It should be
noted that a positive correlation was found between prolif-
eration to homologous mosquito antigen and the delayed
type hypersensitivity (24). However, to our knowledge,
species-specificity of lymphocyte proliferation to hetero-

logous salivary antigen has been tested neither in mosqui-
toes nor in other bloodsucking insects.

It has been shown previously that the protective effect
to Leishmania infection in mice pre-exposed to sand fly
saliva is associated with increased production of Th1 cyto-
kines (4). Therefore, we measured 62 different cytokines
and chemokines in serum samples using RayBio� Mouse

0·8

1·0

1·2

1·4
†

#

*
*

*
*

0

0·2

0·4

0·6

Naive Exposed

S
tim

ul
at

io
n 

in
de

x

0·6

0·8

1·0 #
† †

Ser Ara Pap
0·0

0·2

0·4

A
bs

or
ba

nc
e 

(4
92

 n
m

)

60
50

40

30

25

P. arabicus P. papatasiP. sergenti

20

15

a b c d e f g a b c d e f g a b c d e f g

(a)

(b)

(c)

Figure 1 Mice immunized with Phlebotomus sergenti bites deve-
loped specific cellular and humoral immune response. (a) Spleno-
cytes from naive mice and mice exposed to P. sergenti were
incubated alone (h) or treated with SGH from P. sergenti ( ),
P. arabicus ( ), or P. papatasi ( ). The bars represent T-cell pro-
liferation expressed as a mean stimulation index € SE. *Signifi-
cant difference between SGH-treated and SGH-untreated cells
(P < 0Æ05), �Significant difference between various SGH
(P < 0Æ05), #Significant difference between naive and exposed
mice (P < 0Æ05). (b) IgG antibody response of naive mice (h) or
mice exposed to P. sergenti ( ) against salivary gland homogenate
of P. sergenti (Ser), P. arabicus (Ara), or P. papatasi (Pap). The
bars represent mean absorbance (492 nm) € standard error. #Sig-
nificant difference between naive and exposed mice (P < 0Æ01),
�Significant difference between various SGH (P < 0Æ05). (c) Sali-
vary gland homogenate of P. sergenti, P. arabicus and P. papatasi
were separated on 12Æ5% SDS-PAGE gel and incubated with sera
of mice exposed to P. sergenti (a–g). No reaction was observed
with sera from naive mice (data not shown). Approximate molec-
ular masses (kDa) are indicated.
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Cytokine Antibody Array (cat. no. AAM-CYT-3-8; Ray-
Biotech, Norcross, GA, USA), but no differences were
found between naive and P. sergenti-exposed mice (data
not shown). However, our pilot experiments suggest that
once those mice were infected with Leishmania plus saliva,
pre-exposed mice produced more IFN-c than naive mice
(RohouÐov� I. and Drahota J. unpublished data), as has
been previously described by Kamhawi et al. (4).

In parallel to cellular response, we also studied the
specificity of anti-saliva antibody response. In P. sergenti-
exposed mice, the levels of anti-P. sergenti IgG antibodies
significantly increased (absorbance 0Æ17 € 0Æ02 in naive
mice vs. 0Æ76 € 0Æ12 in exposed mice), while anti-P. arabi-
cus and anti-P. papatasi antibodies remained on the
pre-exposure levels (Figure 1b). In immunoblot, anti-P. ser-
genti IgG strongly recognized P. sergenti SGH; at least five
antigenic bands (ranging from 10 to 50 kDa) were recog-
nized by each serum (Figure 1c). Both methods used
(ELISA and immunoblot) reveal no cross-reactivity of
anti-P. sergenti antibodies towards P. arabicus salivary
antigens (Figure 1b, c). Weak cross-reactivity with P. pa-
patasi SGH was found in two sera out of seven tested
using immunoblot (Figure 1c), but not revealed by ELISA
(Figure 1b). These differences may reflect low level of
cross-reactive antibodies in tested sera or, more probably,
may be attributed to different epitopes exposed because of
different antigen treatments (ELISA vs. immunoblot).
Nevertheless, the immunoblot revealed similar specificity
to salivary antigens as cellular immune response, thus test-
ing species-specificity of anti-saliva antibodies might be a
useful tool for prediction of vaccine specificity.

In conclusion, both immune cells and antibodies in
P. sergenti-exposed mice partially cross-reacted with P. pa-
patasi antigen, but no cross-reactivity was found with P.
arabicus antigen. Species-specificity of both humoral and
cellular immune response against sand fly saliva may have
important implications for the development of anti-Leish-
mania vaccine based on sand fly salivary antigens. Our
results indicate that unique vaccine would be required for
each sand fly vector-Leishmania combination. However, it
might be interesting to search for conserved epitopes as
common target for the development of a vaccine protect-
ing against multiple sand fly-Leishmania parasite combina-
tions.

ACKNOWLEDGEMENTS

The work was supported by the Ministry of Education of
the Czech Republic (MSM0021620828 and LC06009) and
the Czech Science Foundation (206 ⁄ 06 ⁄ P015). The funding
agency had no role in study design, data collection and
analysis, decision to publish or preparation of the manu-

script. We would like to thank Dr Helena Kul�kov� for
administrative assistance.

REFERENCES

1 Silva EA, Andreotti R, Dias ES, Barros JC & Brazuna JCM.
Detection of Leishmania DNA in phlebotomines captured in
Campo Grande, Mato Grosso do Sul, Brazil. Exp Parasitol
2008; 119: 343–348.

2 Svobodova M, Alten B, Zidkova L, et al. Cutaneous leishman-
iasis caused by Leishmania infantum transmitted by Phleboto-
mus tobbi. Int J Parasitol 2009; 39: 251–256.

3 Belkaid Y, Kamhawi S, Modi G, et al. Development of a natu-
ral model of cutaneous leishmaniasis: powerful effects of vec-
tor saliva and saliva preexposure on the long-term outcome of
Leishmania major infection in the mouse ear dermis. J Exp
Med 1998; 188: 1941–1953.

4 Kamhawi S, Belkaid Y, Modi G, Rowton E & Sacks D. Protec-
tion against cutaneous leishmaniasis resulting from bites of
uninfected sand flies. Science 2000; 290: 1351–1354.

5 Morris RV, Shoemaker CB, David JR, Lanzaro GC & Titus
RG. Sandfly maxadilan exacerbates infection with Leishmania
major and vaccinating against it protects against L. major
infection. J Immunol 2001; 167: 5226–5230.

6 Valenzuela JG, Belkaid Y, Garfield MK, et al. Toward a
defined anti-Leishmania vaccine targeting vector antigens: char-
acterization of a protective salivary protein. J Exp Med 2001;
194: 331–342.

7 Thiakaki M, Rohousova I, Volfova V, Volf P, Chang KP &
Soteriadou K. Sand fly species-specificity of saliva-mediated
protective immunity in Leishmania amazonensis-BALB ⁄ c
mouse model. Microbes Infect 2005; 7: 760–766.

8 Gomes R, Teixeira C, Teixeira MJ, et al. Immunity to a sali-
vary protein of a sand fly vector protects against the fatal out-
come of visceral leishmaniasis in a hamster model. Proc Natl
Acad Sci USA 2008; 105: 7845–7850.

9 Volf P, Tesarova P & Nohynkova E. Salivary proteins and gly-
coproteins in phlebotomine sandflies of various species, sex
and age. Med Vet Entomol 2000; 14: 251–256.

10 Cerna P, Mikes L & Volf P. Salivary gland hyaluronidase in
various species of phlebotomine sand flies (Diptera : Psycho-
didae). Insect Biochem Mol Biol 2002; 32: 1691–1697.

11 Cavalcante RR, Pereira MH & Gontijo NF. Anti-complement
activity in the saliva of phlebotomine sand flies and other
haematophagous insects. Parasitology 2003; 127: 87–93.

12 Anderson JM, Oliveira F, Kamhawi S, et al. Comparative
salivary gland transcriptomics of sandfly vectors of visceral
leishmaniasis. BMC Genomics 2006; 7: 52.

13 Silva F, Gomes R, Prates D, et al. Inflammatory cell infiltra-
tion and high antibody production in BALB ⁄ c mice caused by
natural exposure to Lutzomyia longipalpis bites. Am J Trop
Med Hyg 2005; 72: 94–98.

14 Oliveira F, Kamhawi S, Seitz AE, et al. From transcriptome to
immunome: identification of DTH inducing proteins from a
Phlebotomus ariasi salivary gland cDNA library. Vaccine 2006;
24: 374–390.

15 Volf P & Rohousova I. Species-specific antigens in salivary
glands of phlebotomine sandflies. Parasitology 2001; 122: 37–41.

16 Rohousova I, Ozensoy S, Ozbel Y & Volf P. Detection of spe-
cies-specific antibody response of humans and mice bitten by
sand flies. Parasitology 2005; 130: 493–499.

Volume 31, Number 12, December 2009 Immunity to sand fly saliva is species-specific

� 2009 Blackwell Publishing Ltd, Parasite Immunology, 31, 766–770 769



17 Killick-Kendrick R. Phlebotomine vectors of the leishmaniases:
a review. Med Vet Entomol 1990; 4: 1–24.

18 Benkova I & Volf P. Effect of temperature on metabolism of
Phlebotomus papatasi (Diptera : Psychodidae). J Med Entomol
2007; 44: 150–154.

19 Lipoldova M, Kosarova M, Zajicova A, et al. Separation of
multiple genes-controlling the T-cell proliferative response to
IL-2 and anti-CD3 using recombinant congenic strains. Immu-
nogenetics 1995; 41: 301–311.

20 Rohousova I, Volf P & Lipoldova M. Modulation of murine
cellular immune response and cytokine production by salivary
gland lysate of three sand fly species. Parasite Immunol 2005;
27: 469–473.

21 Titus RG. Salivary gland lysate from the sand fly Lutzomyia
longipalpis suppresses the immune response of mice to sheep
red blood cells in vivo and concanavalin A in vitro. Exp Paras-
itol 1998; 89: 133–136.

22 Elnaiem DEA, Oliveira LF, Gomes RB, et al. Molecular Basis
of Specificity and Cross Reactivity in Delayed-Type-Hyper-
sensitivity Reactions to Bites of Sand Flies and Implication for
Protection Against Leishmania Infection. Philadelphia, Pennsyl-
vania, USA, 56th ASTMH Annual Meeting, 2007 Abstract no.
396, p. 114.

23 Chen YL, Simons FER & Peng Z. A mouse model of mos-
quito allergy for study of antigen-specific IgE and IgG subclass
responses, lymphocyte proliferation, and IL-4 and IFN-g pro-
duction. Int Arch Allergy Immunol 1998; 116: 269–277.

24 Peng Z, Yang M & Simons FER. Immunologic mechanisms in
mosquito allergy: correlation of skin reactions with specific IgE
and IgG antibodies and lymphocyte proliferation response to mos-
quito antigens. Ann Allergy Asthma Immunol 1996; 77: 238–244.

25 Oka K. Correlation of Aedes albopictus bite reaction with IgE
antibody assay and lymphocyte transformation test to mos-
quito salivary antigens. J Dermatol 1989; 16: 341–347.

J. Drahota et al. Parasite Immunology

770 � 2009 Blackwell Publishing Ltd, Parasite Immunology, 31, 766–770


