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Abstract. The feeding success of sand flies (Diptera: Phlebotominae) is linked to the vast array of pharmacological substances in 
their saliva, which interferes with the host haemostasis and immune response. Modification of feeding site plays also an impor-
tant role in Leishmania transmission. In naive hosts, co-inoculation of saliva and Leishmania parasites increases the chance of 
successful transmission. Disease exacerbation seems to be associated with enhanced production of type 2 cytokines and selective 
inhibition of some macrophage functions including the production of NO and H2O2. On the other hand, hosts repeatedly exposed 
to sand fly bites develop anti-saliva immune response that results in a protection against Leishmania infection. This led to a new 
interesting approach to anti-Leishmania vaccine – using salivary components to block parasite transmission. The review is there-
fore focused on the interactions that run between immunomodulatory molecules in sand fly saliva and host immune response, 
with the impact on Leishmania infection development. Recent studies revealed that saliva-based vaccine for leishmaniasis might 
be effective and feasible, however, several questions still require to be solved. The knowledge based on experimental mouse 
model cannot be fully extrapolated to dogs or humans and due to differences in salivary antigens between sand fly species the 
protective effect is species-specific. On the other hand, the specificity of salivary antigens enables the use of anti-saliva antibod-
ies for monitoring the exposure of hosts to sand fly bites and might be used as a marker of risks for Leishmania transmission in 
endemic areas.  

Phlebotomine sand flies are Diptera of the family 
Psychodidae. Adults, both males and females, take 
sugar meals as a source of energy. Only females display 
haematophagy; they feed on vertebrate hosts, using the 
nutrients from blood meal for egg production. The feed-
ing success is linked to the vast array of pharmaco-
logical substances in their saliva that are injected into 
their host while feeding.  

The salivary glands have a sac-like structure consist-
ing of a unicellular epithelium layer surrounding a large 
lumen serving as a container of saliva (Adler and Theo-
dor 1926). The protein composition of the saliva de-
pends on the physiological state of adults, their sex, and 
species of the sand fly. During the first days after emer-
gence, females undergo physiological changes including 
the secretion of salivary proteins into the salivary gland 
lumen. The number of protein components gradually 
increases with the age of females, reaching the full elec-
trophoretic pattern in 3–5 days after emergence. In fe-
males the protein concentration of saliva is higher and 
the protein content more complex than in males, which 
reflects different feeding strategies (Volf et al. 2000).  

Sand flies are the vectors of Leishmania parasites, the 
causative agents of leishmaniasis. Within the vertebrate 
host, Leishmania parasites reside in phagocytic cells and 
induce a spectrum of diseases ranging from a single 
self-healing cutaneous lesion to lethal visceral form. It 

is estimated that this important group of diseases affects 
two million people per year (WHO 2005).  

The saliva of the vector has an important role in 
parasite transmission. The haemostatic and immune 
modification of the feeding site affects Leishmania 
infection establishment. The immunomodulatory prop-
erties of sand fly saliva were studied almost exclusively 
in two species, Lutzomyia longipalpis and Phlebotomus 
papatasi. In the New World species L. longipalpis the 
well-known vasodilator is maxadilan since this mole-
cule alone was described to modulate host immune 
responses to the similar degree as the whole saliva. The 
immunomodulatory molecule(s) in Phlebotomus saliva 
are currently less defined (Sacks and Kamhawi 2001).  

IMMUNOMODULATION  OF  NAIVE  HOSTS 
Saliva of Lutzomyia and Phlebotomus species modu-

lates the host immune response at different levels in-
cluding both the innate and acquired immune response. 
Some of these effects on the host immune responses are 
common to both genera, some are specific. 

Lutzomyia longipalpis 
Saliva of L. longipalpis affects complement activa-

tion, T-cell proliferation, haematopoiesis, and various 
functions of antigen-presenting cells (e.g. monocytes, 
macrophages,  and  dendritic  cells).  The  most  studied  
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host immune cells in terms of sand fly saliva immuno-
modulation are antigen-presenting cells. In these cells, 
L. longipalpis saliva/maxadilan modulates the secretion 
of various cytokines and alters the expression of co-
stimulatory molecules. In human monocytes stimulated 
by lipopolysaccharide (LPS), L. longipalpis saliva de-
creases the secretion of TNF-α and IL-10 and increases 
the levels of IL-6, IL-8, and IL-12p40 (Costa et al. 
2004). Analogous to whole saliva, maxadilan also inhib-
its TNF-α release and increases IL-6 production in LPS-
stimulated human monocytes (Rogers and Titus 2003). 
In mice, these two cytokines are modulated in the same 
way both in vitro (Soares et al. 1998) and in vivo (Bozza 
et al. 1998).  

Cytokines TNF-α and IL-6 are mediators of acute-
phase inflammatory response. TNF-α is produced by 
monocytes and macrophages, as well as many other 
cells including T and B lymphocytes and fibroblasts. 
This cytokine increases the synthesis of factors favour-
ing blood clotting, activates cytokine production, pro-
motes MHC molecule expression, and has a cytotoxic 
effect on the infected cells (Klein and Hořejší 1997). 
Decreased production of TNF-α could also explain the 
inhibition of neutrophil migration observed in OVA-
immunized mice treated with L. longipalpis saliva 
(Monteiro et al. 2005) since TNF-α enhances endothe-
lial cell adhesiveness for inflammatory cells (Klein and 
Hořejší 1997). 

Interleukin-6 is a multifunctional cytokine produced 
by several cell types and has a systemic effect on the 
immune system (primarily on B lymphocytes). It also 
stimulates haematopoiesis (Klein and Hořejší 1997). 
This is in agreement with the results of Guilpin et al. 
(2002), who found that maxadilan stimulates bone mar-
row haematopoiesis in mice. This results in an elevated 
number of erythroid and myeloid progenitors and circu-
lating reticulocytes.  

In addition to cytokine modulation, L. longipalpis sa-
liva influences the expression of co-stimulatory mole-
cules in antigen-presenting cells. In LPS-treated human 
monocytes, saliva decreases the expression of CD80 and 
enhances the expression of CD86 and HLA-DR. In 
macrophages, there is an increase in CD80 and HLA-
DR expression but no alteration in CD86. The addition 
of saliva during dendritic cell generation leads to a de-
crease in CD80, CD86, HLA-DR, and CD1a expression. 
However, the intensity of the stimulatory and inhibitory 
effects varies depending on the individual (Costa et al. 
2004). These changes in the expression of co-
stimulatory molecules can alter the T-cell activation and 
response.  

Another effect common to L. longipalpis saliva as 
well as maxadilan alone is a modulation of T-cell pro-
liferation. Saliva is able to completely suppress the T 
cell proliferative response to sheep red blood cells in 
vivo and to concanavalin A (ConA) in vitro (Titus 1998, 
Rohoušová et al. 2005a). Maxadilan inhibits splenocyte 

proliferation induced either by ConA or anti-T-cell 
receptor antibodies (Qureshi et al. 1996). The mecha-
nism of the inhibitory effect is not well defined yet, 
however, the results suggest that saliva/maxadilan af-
fects both APCs and T cells. The peptide can inhibit T-
cell activation at the level of co-stimulatory signals or 
early IL-2 suppression (Qureshi et al. 1996, Costa et al. 
2004, Rohoušová et al. 2005a). 

Maxadilan also inhibits delayed-type hypersensitivity 
(DTH) in mice (Qureshi et al. 1996). Similarly, whole 
saliva injected intradermally in the mouse ear leads to a 
very modest infiltration of inflammatory cells, which 
subsides after 48 hours (Silva et al. 2005). However, the 
cell response is different in other experimental animals. 
Guinea pigs have marked basophilia and eosinophilia, 
which peak 3 days post-infestation (Brown and Rosal-
sky 1984). On the other hand, eosinophilia is not in-
duced by L. longipalpis saliva in mongrel dogs (Paran-
hos et al. 1993).  

Finally, complement activation is also affected; both 
L. longipalpis and L. migonei saliva inhibit classical 
pathway of complement activation, however, only L. 
longipalpis inhibits the alternative pathway of activation 
as well. The inhibitory molecule of the classical path-
way present in the saliva of L. longipalpis is a heat-
stable protein of 10–30 kDa (Cavalcante et al. 2003). 
Many components of the complement system are serine 
proteases (Klein and Hořejší 1997), therefore the mole-
cule with anti-complement activity could be a serine 
protease inhibitor recently found in the cDNA library of 
L. longipalpis saliva (Valenzuela et al. 2004). 

Phlebotomus papatasi 
In contrast to the extensive work performed with L. 

longipalpis, relatively little is known about the effects 
of saliva from the Old World sand flies. However, it is 
clear that some of these effects are common, some are 
specific. For example, similarly to L. longipalpis, saliva 
of P. papatasi has an inhibitory effect on lymphocyte 
proliferation. It suppresses early production of IL-2, IL-
4, and IFN-γ (Rohoušová et al. 2005a) and increases 
production of IL-6 (Rogers and Titus 2003). In addition, 
the propensity of saliva to induce positive macrophage 
chemotaxis is also common to several phlebotomine 
species, including both the genera Phlebotomus (Anjili 
et al. 1995, Zer et al. 2001) and Lutzomyia (Zer et al. 
2001).  

The interaction between P. papatasi saliva and 
macrophages also alters NO synthesis. Phlebotomus 
papatasi saliva down-regulates the expression of induc-
ible NO synthase (iNOS) and subsequent production of 
NO in LPS- or IFN-γ-activated murine macrophages 
(Waitumbi and Warburg 1998, Katz et al. 2000). Katz et 
al. (2000) showed that salivary adenosine is the factor 
responsible for this down-regulation. This modulation is 
species-specific since no effect on NO synthesis was 
found in L. longipalpis saliva (Katz et al. 2000).  
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Additionally, two important differences have been 
found between Lutzomyia and Phlebotomus saliva. 
Phlebotomus papatasi has no effect on TNF-α produc-
tion by LPS-stimulated human monocytes (Rogers and 
Titus 2003). Besides, P. papatasi saliva up-regulates the 
expression of the Th2 cytokine IL-4 (Mbow et al. 1998). 
This cytokine induces the secretion of antibodies by B 
cells and acts also on T lymphocytes, monocytes, endo-
thelial cells, and fibroblasts. Moreover, IL-4 selectively 
stimulates Th2 cell differentiation and suppresses Th1 
cell development, thus preventing the development of 
inflammatory response (Klein and Hořejší 1997). 

IMMUNE  RESPONSE  OF  THE  HOST                    
REPEATEDLY  EXPOSED  TO  SAND  FLY  SALIVA 

Hosts repeatedly exposed to uninfected sand fly bites 
develop antibodies as well as cellular response. In ex-
perimental animals, antibodies to saliva of various sand 
flies were demonstrated by Belkaid et al. (1998), Ghosh 
and Mukhopadhyay (1998), Valenzuela et al. (2001), 
Volf and Rohoušová (2001), Rohoušová et al. (2005b) 
and Silva et al. (2005). Animals living in an endemic 
area of leishmaniasis such as dogs and pigs also develop 
anti-saliva antibodies (Paranhos-Silva et al. 2003, Mil-
leron et al. 2004a). Most of the IgG produc-tion is rep-
resented by the IgG1 subclass, whereas IgG2a and 
IgG2b remain near background (Silva et al. 2005). So 
far as we are aware, there are no data about anti-saliva 
antibodies of other classes such as IgE or IgM. 

Recently, the production of antibodies against the 
sand fly saliva has been demonstrated in humans as well 
(Barral et al. 2000, Gomes et al. 2002, Rohoušová et al. 
2005b). People living in endemic areas of leishmaniasis 
in Brazil and Turkey showed high levels of anti-saliva 
IgG, specific to the local sand fly species. The antibod-
ies recognise most of the salivary proteins, however the 
frequency and intensity of recognition varied among 
individuals (Gomes et al. 2002, Rohoušová et al. 
2005b). A protein band corresponding to the molecular 
weight of maxadilan has been recognized by only two 
serum samples out of 13. This suggests that maxadilan 
may not induce a strong antibody response in humans 
(Gomes et al. 2002). The main antigen in L. longipalpis 
saliva is a protein of 45 kDa (Gomes et al. 2002); in P. 
papatasi human sera strongly reacted with a 30-kDa 
protein band (Rohoušová et al. 2005b). These two pro-
teins could be used for monitoring the exposure of hu-
mans to sand fly bites as a risk factor for Leishmania 
transmission.  

Cell-mediated immunity is also affected by pre-
exposure to sand fly saliva. In mice, L. longipalpis sa-
liva induces an intense and diffuse inflammatory cell 
infiltration characterized by neutrophils, eosinophils, 
and macrophages; the reaction persists for up to 48 
hours (Silva et al. 2005). In guinea pigs, repeated feed-
ing by the same sand fly species resulted in a weak 

basophilia and a strong eosinophilia (Brown and Rosal-
sky 1984).  

For P. papatasi, it has been known for decades that 
the bites can induce DTH response in humans, a condi-
tion known as harara (Theodor 1935). In sensitized 
mice, P. papatasi saliva causes cell infiltration in the ear 
dermis, which peaks between 18 and 48 hours. This 
remains higher than the control for a period of 5 days. 
The infiltrate is composed mainly of CD4+ lympho-
cytes, eosinophils, monocytes/macrophages, neutro-
phils, and dendritic cells (Belkaid et al. 2000). In 
agreement with these data, saliva of Phlebotomus spe-
cies has been found to be chemotactic to mouse mono-
cytes (Anjili et al. 1995, Zer et al. 2001).  

Mice develop this strong DTH response even after a 
double exposure to the equivalent of 0.1 salivary gland 
of P. papatasi inoculated intradermally in the ear. The 
same cellular infiltrate is mobilised in the skin after the 
bite of sand flies (Belkaid et al. 2000). It is interesting 
that only a small number of salivary molecules are re-
sponsible for the induction of the DTH response and 
that the response to these antigens is restricted to the 
genetic background of the host (Belkaid et al. 2000, 
Valenzuela et al. 2001, Oliveira et al. 2006).  

Immunisation by recombinant maxadilan elicits both, 
a humoral and a cellular response. Serum of vaccinated 
mice contains high titres of anti-maxadilan antibodies 
and lymph node cells are stimulated to produce IFN-γ 
and NO (Morris et al. 2001). Although maxadilan vari-
ants have equivalent vasodilatory potency (Lanzaro et 
al. 1999), the polymorphism in amino acid sequence 
modifies the antigenicity of this molecule (Milleron et 
al. 2004a). The antibodies elicited by different maxadi-
lans are variant-specific with little cross-reactivity. 
There is an antigenic variability between L. longipalpis 
populations as well as within a single population (Mil-
leron et al. 2004a). 

The antibodies against saliva/maxadilan can block 
some of the saliva functions and subsequently have a 
negative impact on feeding success. Anti-L. longipalpis 
saliva antibodies have been shown to partially inactivate 
the complement inhibitor (Cavalcante et al. 2003) and 
completely abrogate the effect of L. longipalpis saliva 
on cytokine production by LPS-stimulated human 
monocytes (Costa et al. 2004). Moreover, anti-
maxadilan antibodies decrease vasodilatory function of 
maxadilan in sensitized mice, which subsequently re-
duces blood meal acquisition and egg production of L. 
longipalpis (Milleron et al. 2004b). These effects are 
specific since anti-maxadilan antibodies have no influ-
ence on blood feeding of P. papatasi (Milleron et al. 
2004b). However, observations in various sand fly 
colonies revealed that antibodies in mice repeatedly 
bitten by sand flies affect neither feeding success nor 
fecundity and longevity of sand flies (Volf et al., unpub-
lished). 
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COMPONENTS  ENHANCING  LEISHMANIA  
TRANSMISSION 

Sand fly females with mature infections inoculate 
about 10 to 1,000 Leishmania parasites into the skin 
(Warburg and Schlein 1986, Rogers et al. 2004). How-
ever, experimental inoculation of susceptible mice with 
comparably low numbers of parasites usually does not 
cause disease but rather promotes the immunity (Menon 
and Bretscher 1996). Therefore, to induce Leishmania 
infection in experimental mice, investigators commonly 
inject thousands or millions of parasites.  

The sand fly efficiency as a vector is influenced by 
the ability to inject “exacerbating factors” along with 
Leishmania parasites. Such factors could assist the es-
tablishment of the parasites in the mammalian host and 
could be both parasite- and sand fly-derived. Thus, 
vectorial capacity of a given sand fly species should be 
a reflection of its ability to generate infective forms of 
Leishmania and subsequently to enhance transmission 
of the parasite. The infective inoculum contains two 
important components: vector saliva and promastigote 
secretory gel (PSG) (Titus and Ribeiro 1988, Rogers et 
al. 2004).  

The role of PSG in the establishment of Leishmania 
infection was recently demonstrated by Rogers et al. 
(2004). PSG is a gel-like material containing the major-
ity of the total metacyclic promastigotes in the sand fly 
(Stierhof et al. 1999, Rogers et al. 2002b). The main 
component of PSG is filamentous proteophospho-
glycan. Additionally, there are other parasite-secreted 
glycans together with a limited number of minor protein 
components. PSG from infected L. longipalpis increases 
both pathogenicity and survival of Leishmania mexi-
cana in mice. In this parasite-vector model PSG pro-
duced larger exacerbating effect than saliva (Rogers et 
al. 2004). However, saliva is protective also when co-
injected with Leishmania parasites and PSG by the bite 
of infected sand fly (Kamhawi et al. 2000).  

In contrast to PSG, more is known about the role of 
sand fly saliva in the development of Leishmania infec-
tion. Interactions that run between immunomodulatory 
molecules in sand fly saliva and host immune response 
have also an impact on Leishmania infection develop-
ment. The following two sections summarize the dual 
role of sand fly saliva in leishmaniasis context.  

ENHANCING  EFFECT  OF  SAND  FLY  SALIVA 
In naive mice the effects of sand fly saliva make the 

site of inoculation more favourable for the initial step of 
Leishmania infection. The salivary pharmacological 
activities released at the same site with the parasites 
increase the chance of successful transmission since 
Leishmania co-injected with saliva become much more 
virulent. This observation has been found true for dif-
ferent sand fly-Leishmania combinations, including the 
unnatural ones. It is interesting to note that the enhanc-

ing effect on the course of Leishmania major infection 
is unique to the sand fly, since saliva from Aedes ae-
gypti, Rhodnius prolixus, or Ixodes scapularis (syn. I. 
dammini) has no effect (Titus and Ribeiro 1988). Data 
published by various authors on different Leishmania-
sand fly combination are summarized in Table 1.  

L. longipalpis – Le. major 
In some murine models of Le. major infection, the 

presence of L. longipalpis saliva in the infective inocu-
lum determined whether or not parasites caused the 
lesion (Titus and Ribeiro 1988, Theodos et al. 1991). 
The enhancing effect of saliva could be measured both 
by lesion size and by higher parasite burden, affecting 
the long-term pathology of the disease (Titus and 
Ribeiro 1988). Sand fly saliva is very potent in its abil-
ity to enhance infection; salivary gland material from L. 
longipalpis is able to enhance the infectivity of Le. 
major even when injected as much as 4 days prior to the 
injection of the parasite (Theodos and Titus 1993). 
Similar effect was also detected when L. longipalpis fed 
on mice prior to injecting Le. major at the same site 
(Theodos et al. 1991). Enhancement of parasite infectiv-
ity was demonstrated in various inbred strains of mice 
with different levels of resistance to Leishmania infec-
tion, although the extent and kinetics of the enhance-
ment varied from strain to strain (Theodos et al. 1991).  

The effect of L. longipalpis saliva on Le. major infec-
tion is dose-dependent. The amount as low as 1/250 of a 
gland has an observable effect on the course of the in-
fection (Theodos et al. 1991). The exacerbation in-
creases with increasing doses of saliva, up to a maxi-
mum of 0.5 and 1.0 gland equivalents; a higher dose 
(two glands equivalent) has a reduced effect (Morris et 
al. 2001).  

The enhancing effect of L. longipalpis saliva could 
be mediated by the functional alteration of antigen-
presenting cells. L. longipalpis saliva affects the ability 
of infected macrophages to present Leishmania antigens 
to T cells (Theodos and Titus 1993). Saliva inhibits the 
antigen presentation process via a direct effect on 
macrophages, since macrophages preincubated with 
salivary gland lysate fail to stimulate Leishmania-
specific T cell proliferation, regardless of the mouse 
strain used to generate the T cells (Theodos and Titus 
1993). This is mediated, at least in part, by the modula-
tory effect of L. longipalpis saliva on cytokine secretion 
and/or expression of costimulatory molecules (Costa et 
al. 2004, Rohoušová et al. 2005a). In addition, L. longi-
palpis saliva also inhibits H2O2 production by IFN-γ-
activated macrophages (Titus and Ribeiro 1990). 

The major molecule responsible for exacerbation ac-
tivity of L. longipalpis saliva is maxadilan. Morris et al. 
(2001) demonstrated that maxadilan exacerbates infec-
tion with Le. major to the same degree as the whole 
saliva. Indeed, maxadilan has several effects on macro- 
phages that would explain its ability to exacerbate 
Leishmania infection and to prolong the survival of the
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Table 1. Enhancing effect of sand fly saliva on the course of Leishmania infection in mice and other hosts; summary of the data 
published by various authors.  

Sand fly / Leishmania Infective inoculum Host Reference 
Lutzomyia  longipalpis 

Le. major 105 promastigotes + 0.5 gland BALB/c, CBA/T6 Titus and Ribeiro 1988 
 104, 103, 102, 101 promastigotes + 0.5 gland CBA/Ca Titus and Ribeiro 1988 
 105 promastigotes + 0.5 gland BALB/c, CBA/Ca,  

C57BL/6, 
C3H/HeN, DBA/2 

Theodos et al. 1991 

 105 promastigotes + 1, 0.5, 0.1, 0.02, or 0.04 gland CBA/Ca Theodos et al. 1991 
 105 promastigotes one hour after blood feeding C57BL/6 Theodos et al. 1991 
 105 promastigotes + 0.5 gland CBA/T6J Theodos and Titus 1993 
 0.5 gland 2 and 4 days prior to 105 promastigotes CBA/T6J Theodos and Titus 1993 
 105 promastigotes + 0.5 gland CBA/T6 Warburg et al. 1994 
 105 promastigotes + 0.1, 0.5, 1, or 2 glands CBA/CaH-T6J Morris et al. 2001 
 105 promastigotes + 1, 3, 10 ng of synthetic MAX CBA/CaH-T6J Morris et al. 2001 
 105 promastigotes + 1 gland CBA Castro-Sousa et al. 20011 
 105 promastigotes + 1, 5, 50, 100 ng of maxadilan CBA Castro-Sousa et al. 20011 

Le. major-like 104, 105, 106, 107 promastigotes + 2 glands golden hamster Melo et al. 2001 
Le. chagasi 2×105 promastigotes + 2 glands mongrel dog Paranhos et al. 19931 
 103 promastigotes + 0.5 gland BALB/c Warburg et al. 1994 
 104 promastigotes + 2 glands hamster Warburg et al. 1994 
 13.5×107 amastigotes + 2 glands Didelphis  

   marsupialis 
Travi et al. 19981,2 

 1.04×104 promastigotes + 0.5 gland Beagle dog Paranhos-Silva et al. 
20031 

Le. braziliensis 105 promastigotes + 1, 5, 50, 100 ng of maxadilan BALB/c Castro-Sousa et al. 20011 
 106 parasites + 0.5 gland BALB/c Samuelson et al. 1991 
 103–107 promastigotes + 0.5 gland BALB/c, C3H/HeJ, 

C57BL/6, DBA/2, 
CBA/Ca 

Lima and Titus 19963 

 107 promastigotes + 0.5 gland BALB/c Donnelly et al. 1998 
Le. mexicana N.D. BALB/c, C3H Samuelson et al. 1991 
 by bite BALB/c, CBA/Ca Rogers et al. 2004 
 103 promastigotes + 1 µg of saliva BALB/c, CBA/Ca Rogers et al. 20041 
Le. amazonensis 106 promastigotes + 0.5 gland BALB/c, CBA/Ca Theodos et al. 1991 
 108 promastigotes + N.D. amount of gland(s) Macaca mulatta Amaral et al. 19961,4 

 105 promastigotes + 0.5 gland BALB/c Norsworthy et al. 2004 
 106 promastigotes + 1 gland BALB/c Thiakaki et al. 2005 
Lutzomyia  youngi 

Le. braziliensis homogenized human biopsy tissue + 1 gland hamster Rojas and Scorza 1995 
Lutzomyia whitmani    

Le. braziliensis 107 promastigotes + 0.5 gland BALB/c Bezerra and Teixeira 2001
Phlebotomus papatasi    

Le. major 105 promastigotes + 0.5 gland C57BL/6, BALB/c, 
C3H 

Theodos et al. 1991 

 105 promastigotes + 0.5 gland CBA Mbow et al. 1998 
 103 promastigotes + 0.1 gland BALB/c, C57BL/6 Belkaid et al. 1998 
 500 promastigotes + 1 gland C57BL/6 Valenzuela et al. 2001 
Phlebotomus  perniciosus 

Le. infantum 5–8×103 promastigotes + 0.5 gland Beagle dog, hamster Killick-Kendrick et al. 
19941,5 

1the enhancing effect was not pronounced; 2four animals were infected, each in a different way (intradermally or intracardially) 
with or without salivary glands; 3saliva did not affect Le. braziliensis infection in any of the other mouse strains than BALB/c;     
4the rhesus monkey was subsequently challenged with this inoculum after recovery from the primary infection with 
promastigotes alone; 5inoculum of parasites with and without salivary gland lysate (SGL) received the same animal; N.D. – .not 
defined; MAX – maxadilan 
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parasite in the host. It inhibits production of IFN-γ and 
IL-12p40 subunit and induces IL-6 production by hu-
man monocytes/macrophages stimulated with Le. major 
(Rogers and Titus 2003). This may alter the host im-
mune response, favouring the development of a Th2 
immune response that supports disease progress (re-
viewed by Rogers et al. 2002a). In addition, maxadilan 
alone has also a biphasic dose-response effect on Le. 
major lesion development (Morris et al. 2001). 

It is known that species of the L. longipalpis complex 
differ in their amounts of salivary maxadilan (Warburg 
et al. 1994). If maxadilan is the principal molecule of 
exacerbating effect, the sibling species will probably 
differ in their vectorial capacities. Indeed, Costa Rican 
L. longipalpis, that have very little maxadilan, strongly 
enhance cutaneous proliferation of Leishmania infec-
tion. Conversely, flies from Brazil with more maxadilan 
facilitate early visceralization of the infection, thus 
exacerbating cutaneous infection to a lesser degree 
(Warburg et al. 1994). 

L. longipalpis – Le. braziliensis 
The enhancing effects of L. longipalpis saliva al-

lowed development of a mouse model for Le. brazilien-
sis infection. When injected with sand fly saliva, Le. 
braziliensis infection is significantly enhanced as meas-
ured by lesion size, parasite burden, and the outcome of 
infection. In saliva-treated mice, the lesions progress to 
extensive accumulation of parasitized macrophages 
persisting for the lifetime of the mice (Samuelson et al. 
1991, Lima and Titus 1996, Donnelly et al. 1998). 

The enhancing effect on Le. braziliensis infection is 
dependent on the dose of parasites inoculated. Saliva 
does not significantly enhance infection when a dose of 
104 or fewer was used (Lima and Titus 1996). This is in 
contrast to results with Le. major infection when saliva 
markedly enhanced infection even with the low dose of 
10 parasites (Titus and Ribeiro 1988). The outcome of 
Le. braziliensis infection is also affected by the host 
genetic background, since L. longipalpis saliva en-
hanced infection only in BALB/c mice and not in any 
other mouse strain tested (Lima and Titus 1996). 

The mechanism by which L. longipalpis saliva en-
hances Le. braziliensis infection seems to be IL-4 de-
pendent. This cytokine is able to block the ability of 
IFN-γ to activate macrophages to kill intracellular 
Leishmania parasites (Lehn et al. 1989). Lymph node 
cells from mice infected with or without saliva and 
restimulated ex vivo with Le. braziliensis do not differ in 
the secretion of IL-2, IL-10, IFN-γ or TNF-α cytokines. 
However, the cells from saliva-treated mice up-regulate 
IL-4 production. Treatment with a neutralizing anti-IL-4 
antibody abrogates the exacerbative effects of L. longi-
palpis saliva on Le. braziliensis infection (Lima and 
Titus 1996). It is possible that IL-4 production is not 
directly affected, but rather that saliva regulates IL-4 
production through the modulation of other cytokine 
production or receptor expression. 

There is a difference in the outcome of Le. brazilien-
sis infection when the parasites are injected with L. 
longipalpis saliva or with saliva of its natural vector, L. 
whitmani. When injected with L. whitmani saliva, Le. 
braziliensis lesions increase only in size but heal simi-
larly to controls (Bezerra and Teixeira 2001).  

L. longipalpis – Le. amazonensis 
Lutzomyia longipalpis saliva also enhances the infec-

tivity of another New World Leishmania – Le. ama-
zonensis (Theodos et al. 1991). This effect is obvious in 
both BALB/c and CBA mice (Theodos et al. 1991). In 
saliva-treated mice, the lesions are larger and contain 
more parasites, however, there is no change in the infec-
tion rate or intracellular growth of Le. amazonensis in 
murine macrophages (Theodos et al. 1991, Norsworthy 
et al. 2004). Lymph node cells from saliva-treated mice 
produce more IL-4 and IL-10, but there are no differ-
ences in the production of other cytokines such as IL-2, 
IL-6, TNF-α, and IFN-γ (Norsworthy et al. 2004). In 
contrast to Le. braziliensis, the promotion of Le. ama-
zonensis infectivity is mediated by stimulating IL-10 
production rather than IL-4 (Norsworthy et al. 2004). In 
addition, L. longipalpis saliva suppresses parasite-
induced NO production in macrophages (Norsworthy et 
al. 2004).  

L. longipalpis – Le. chagasi 
All the above-mentioned results, however impres-

sive, do not mimic natural conditions, since L. longipal-
pis is not a vector of Le. major, Le. braziliensis nor Le. 
amazonensis, but of Le. chagasi (reviewed by Killick-
Kendrick 1990, Sádlová 1999). The coinjection of Le. 
chagasi with its vector saliva also enhances parasite 
infectivity in mice (Warburg et al. 1994). On the other 
hand, L. longipalpis saliva does not enhance experimen-
tal infection of Le. chagasi in dogs (Paranhos et al. 
1993, Paranhos-Silva et al. 2003); the addition of L. 
longipalpis saliva does not lead to early detection of 
amastigotes in the spleen or to an increase in parasite 
burden in internal organs (Paranhos-Silva et al. 2003). 

P. papatasi – Le. major 
Phlebotomus papatasi is the natural vector of Le. ma-

jor (reviewed by Killick-Kendrick 1990). Despite a 
different composition of saliva, it enhances Le. major 
infection in a similar manner to L. longipalpis; lesions 
appear earlier, are more destructive, and contain greater 
numbers of parasites (Belkaid et al. 1998, Mbow et al. 
1998). Preliminary studies indicate that a mixture of 
adenosine and AMP is as powerful enhancer of 
Leishmania infection as is the whole saliva of P. pa-
patasi (Valenzuela et al. 2001). 

Based on studies with various mouse strains, the dis-
ease exacerbation seems to be associated with the en-
hanced production of type 2 cytokines, primarily IL-4 
(Belkaid et al. 1998, Mbow et al. 1998), since the IL-4 
deficiency eliminates any effect of P. papatasi saliva on 
disease exacerbation (Belkaid et al. 1998). However, 
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this early IL-4 response is observed only after the in-
tradermal inoculation but is not elicited by bites of in-
fected sand flies (Kamhawi et al. 2000). After the infec-
tive bite, epidermal cells show a strong up-regulation of 
IL-2 and IL-3 cytokines (Kamhawi et al. 2000). 

Similar discrepancies have been shown for IFN-γ 
production. When Le. major is coinjected with P. pa-
patasi saliva, this cytokine is down-regulated in epider-
mal cells (Belkaid et al. 1998) as well as in the lymph 
nodes draining the lesion (Mbow et al. 1998). Phle-
botomus papatasi saliva also inhibits IFN-γ production 
by human monocytes stimulated with Le. major (Rogers 
and Titus 2003). On the other hand, after the infective 
bite, the production of IFN-γ is slightly enhanced 
(Kamhawi et al. 2000). 

A critical function of IFN-γ is its ability to activate 
microbicidal activity in macrophages, including NO 
production (Klein and Hořejší 1997). Although P. pa-
patasi saliva does not alter uptake of Le. major by 
macrophages (Hall and Titus 1995), it may promote the 
infection by inhibiting the subsequent destruction of the 
parasite. Indeed, P. papatasi saliva inhibits expression 
of the iNOS gene, and subsequent production of NO in 
infected macrophages both in vitro (Hall and Titus 
1995, Waitumbi and Warburg 1998) and in vivo (Mbow 
et al. 1998). The down-regulation of iNOS expression 
and the resultant reduction in NO production caused by 
P. papatasi saliva may promote proliferation of amas-
tigotes within infected macrophages. It has been demon-
strated that adenosine is probably the factor in P. pa-
patasi saliva that interferes with the ability of activated 
macrophages to kill parasites (Katz et al. 2000). This is 
in agreement with the observed enhancing effect of pure 
mixture of adenosine and AMP (Valenzuela et al. 2001). 
The inhibition of iNOS could result at least in part from 
the down-regulation of IFN-γ (Belkaid et al. 1998, 
Mbow et al. 1998, Rogers and Titus 2003); therefore the 
question is whether a bite of infected P. papatasi also 
results in an inhibition of NO production. 

PROTECTIVE  EFFECT  OF  ANTI-SALIVA  IMMUNE 
RESPONSE 

Several investigators have shown that the immunity 
elicited by sand fly saliva allows the host to develop 
protection against Leishmania infection (Table 2). It 
appears that pre-exposure of mice to salivary gland 
proteins or saliva decreases the severity of a subsequent 
infection with Leishmania (Belkaid et al. 1998, Kam-
hawi et al. 2000, Morris et al. 2001, Valenzuela et al. 
2001). This fact leads to the interesting possibility that 
vaccinating the host against the components of vector 
saliva will inhibit Leishmania transmission. Indeed, 
mice pre-exposed to sand fly saliva are at much reduced 
risk of severe leishmaniasis (Belkaid et al. 1998, Kam-
hawi et al. 2000), suggesting that alternative ap-
proaches, such as vaccinating against the vector, may 

offer important new methods for controlling leishmani-
asis.  

To date, there are only two published studies aimed 
at the use of sand fly salivary molecules as a transmis-
sion blocking vaccine against leishmaniasis. Morris et 
al. (2001) reported that mice vaccinated with recombi-
nant maxadilan, the vasodilator of L. longipalpis saliva, 
are protected against infection with Le. major plus 
whole saliva of this sand fly species. In the second 
study, vaccination with one protein from P. papatasi 
saliva – PpSP15 – also protects mice against Le. major 
infection (Valenzuela et al. 2001). Results of both stud-
ies suggest that a saliva-based vaccine for leishmaniasis 
might be effective and feasible. However, this is not an 
easy task, and several questions still require to be 
solved. Some of them are mentioned below. 

First of all, the explanation of this anti-Leishmania 
effect is not straightforward. Saliva is able to induce 
both antibody response and cell immune response and 
the discussion is still ongoing which one can explain the 
protective effect.  

Anti-saliva antibodies counteract with the effect of 
saliva on host immune cells (Costa et al. 2004) as well 
as on disease exacerbation (Belkaid et al. 1998). Spe-
cific antibody levels correlate well with the simultane-
ous appearance of the protective immunity against 
Leishmania infection (Gomes et al. 2002). However, the 
protective role of antibodies is still questionable. De-
spite frequent bites of uninfected sand flies and high 
specific antibody levels in humans (Rohoušová et al. 
2005b) the disease incidence in endemic areas is still 
high. The argument against the role of antibody in the 
protection comes also from the observation that vacci-
nation with PpSP15 was successful even in B cell-
deficient mice that lack antibody production (Valen-
zuela et al. 2001). 

The data from the Old World suggest that these anti-
bodies reflect more likely the exposure to sand fly bites 
(Louzir et al. 2005, Rohoušová et al. 2005b) and could 
be used for monitoring the exposure of humans, domes-
tic animals, and other hosts to sand flies. In endemic 
areas, the host response to sand fly bites might serve as 
a marker of risk for Leishmania transmission (Ro-
houšová et al. 2005b).  

To bring more light into this subject, the components 
of sand fly saliva have been recently tested for their 
ability to induce a DTH or an antibody response to-
gether with to protect host against Leishmania chal-
lenge. The salivary proteins differ in their capacity to 
induce host immune response; they can induce antibody 
response or DTH or a combination of both (Oliveira et 
al. 2006). It has been found that cDNA vaccine based on 
proteins that induce a strong humoral response does not 
protect hamsters from Le. chagasi infection. On the 
contrary, immunisation with proteins that induce a DTH 
response (e.g. LLsp11 cDNA construct) lead to protec-
tion for up to 6 month (Brodskyn et al. 2005). Based on 
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Table 2. Sand fly saliva protective effect on the course of Leishmania infection in mice; summary of the data published by 
various authors.  

Sand fly / vaccine Infective inoculum Host Reference 
Lutzomyia longipalpis 

synthetic maxadilan 105 Le. major + 0.5 gland CBA Morris et al. 2001 
salivary gland lysate 106 Le. amazonensis + 1 gland BALB/c Thiakaki et al. 2005* 

Phlebotomus papatasi 
salivary gland sonicate 103 Le. major + 0.1 gland BALB/c, C57BL/6 Belkaid et al. 1998 
by bite by bite BALB/c, C57BL/6 Kamhawi et al. 2000 
SGH gel fraction below 20 kDa 500 Le. major + 1 gland C57BL/6 Valenzuela et al. 2001 
SP15 band 500 Le. major + 1 gland C57BL/6 Valenzuela et al. 2001 
SP15 based cDNA vaccine 500 Le. major + 1 gland C57BL/6 wt and B-/- Valenzuela et al. 2001 

SGH, salivary gland sonicate; SP15, salivary protein of 15 kDa; *the protective effect was not observed when mice were 
immunized with saliva of P. papatasi or P. sergenti and then challenged with Leishmania in the presence of L. longipalpis saliva. 

 
these results, the protective effect of sand fly saliva is 
more likely associated with cell-mediated immunity. 

Another problem to be solved is a complex epidemi-
ology situation in leishmaniasis. Various Leishmania 
species are transmitted in nature by different sand fly 
vectors (reviewed by Ashford 2000). To date, informa-
tion about salivary components and their immunomodu-
latory effects are referring mainly to P. papatasi and L. 
longipalpis. Recently, the most abundant secreted pro-
teins have been identified also from the salivary glands 
of P. ariasi, P. argentipes and P. perniciosus (Anderson 
et al. 2006, Oliveira et al. 2006). Sand fly species differ 
in protein composition (Volf et al. 2000, Anderson et al. 
2006) as well as in pharmacological activities of saliva 
(Warburg et al. 1994, Černá et al. 2002, Cavalcante et 
al. 2003); this may influence the protective effect on the 
progress of Leishmania infection. We have shown that 
antigens in sand fly saliva are species-specific (Volf and 
Rohoušová 2001, Rohoušová et al. 2005b) and, what is 
even more important, the protective effect is specific as 
well (Thiakaki et al. 2005). This specificity should be 
born in mind when designing vector-based vaccine.  

The efficiency of vector salivary proteins as vaccine 
candidates could also be influenced by the intraspecific 
variability of these proteins. Some proteins, e.g. 
maxadilan, possess a high variability as measured by 
amino acid and/or nucleotide sequences (Warburg et al. 
1994, Lanzaro et al. 1999, Milleron et al. 2004a). The 
observation that maxadilan displays antigenic diversity 
(Milleron et al. 2004a) could make the application of 
this protein in a vaccine harder. Designing a successful 
vaccine with maxadilan may require to combine all its 
different immunogenic forms. From this point of view 
the protein PpSP15 from P. papatasi saliva would be a 
better candidate. Based on the small number of PpSP15 
variants (Elnaiem et al. 2005), this protein may have 
little antigenic variation and may therefore induce a 
uniform immune response by the host. It should be also 
noted, that immunosuppressive components of Phle-
botomus saliva are adenosine and AMP. It will be diffi-
cult, if not impossible, to produce a vaccine against 
these components. However, immunisation against 

peptidic components of saliva may produce inflamma-
tory reactions in the skin site that may counteract the 
immunosuppressive effects of Phlebotomus saliva, as 
has been shown for PpSP15 in a mouse model 
(Valenzuela et al. 2001).  

Finally, it is important to mention that most of our 
knowledge is based on an experimental mouse model of 
leishmaniasis and cannot necessarily be extrapolated to 
other animals or humans. Valenzuela et al. (2005) have 
recently shown that salivary proteins induce different 
types of immune response (DTH and/or antibody re-
sponse) even in different experimental animals, such as 
mice versus hamsters. Moreover, the human immune 
response to sand fly saliva is individual (Costa et al. 
2004, Rohoušová et al. 2005b). A useful tool for an 
efficient screening of immunomodulatory proteins in 
sand fly saliva has been recently presented by Oliveira 
et al. (2006). The reverse antigen screening (RAS) ap-
proach includes a method of characterisation the host 
immune response after sand fly saliva immunisation by 
the injection of DNA plasmids coding for salivary tran-
scripts. This method would significantly help to identify 
the best vaccine candidate directed to a certain host 
species. It can be used not only in mouse model but also 
in animals targeted by the vaccine, such as dogs and 
primates.  

In conclusion, the recent work has revealed that the 
concept of using non-parasite components to induce a 
protective immunity against parasite transmission is an 
exciting approach toward vaccination against vector-
borne pathogens including Leishmania. Ideally, long-
lasting immunity can be achieved through a combina-
tion of vaccine components directed against both vector 
and pathogen targets.  
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