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Trypanosoma rangeli interactions within the vector
Rhodnius prolixus - A mini review
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This article is an integrative mini review of the research on the interactions between Trypanosoma rangeli and
the insect vector, Rhodnius prolixus. Special attention is given to the interactions of these parasites with the gut
environment, gut walls, with hemolymph invasion, hemocytes, hemocyte microaggregations, prophenoloxidase-
activating system, superoxide, and nitric acid generation and eicosanoid pathways. We described factors affecting
vectorial capacity and suggested that T. rangeli may modulate the hemocoelic invasion and the survival of the
parasites by overcoming the cellular and humoral defense reactions of the insect vector at different physiological
events. The mechanisms of these interactions and their significance for parasite transmission are discussed.
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Rhodnius prolixus is a strictly hematophagous
triatomine of the order Hemiptera, known for its remark-
able ability to ingest enormous mealsin ashort period of
time. Blood feeding isessential for all fiveinstar nymphs
and adult insects as a protein source to complete their
development and egg production (Buxton 1930). R.
prolixus, like other insects, are constantly challengedina
world full of microbial pathogens. The environment and
their hematophagous behavior make these insects poten-
tial transmitters of many pathogens, including Trypano-
soma cruz, the causative agent of Chagasdisease, (Garcia
& Azambuja1991, Kollien & Schaub 2000), and T. rangeli,
which isapparently harmless to humans but can be patho-
genic to the insect vector (Watkins 1971, Hecker et al.
1990). Unlike T. cruz, which develops in the gut of its
invertebrate hosts, T. rangeli also develops in the gut,
but commonly invades the hemolymph of the insect vec-
tor (Watkins 1971, Hecker et a. 1990). Interestingly, it has
been observed that triatomines have different suscepti-
bility to different strains; for example strainsoriginated in
Colombiaand Costa Rica have distinct kinetics of devel-
opment with hemocelic and salivary glands invasions,
depending on species of the genus Rhodnius (D’
Alessandro 1976).

In arecent review, Vallgjo et al. (2002) and Guhl and
Vallgjo (2003) reveal ed some biochemical and molecular
aspects of T. rangeli and discussed about two major phy-
logenetic lineages having different characteristics, which
can lead to a better understanding of the epidemiology
and interactions of this parasite and the triatomine vector.

A potentia new approach for controlling parasitetrans-
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mission is to interrupt its biological cycle in the insect
vector by targeting mechanisms fundamental for the es-
tablishment and development of parasite infection. Such
strategy requiresdetailed investigation of theinteractions
between parasitesand their insect vectors, especially iden-
tifying and characterizing key moleculesand/or pathways
that are crucial for successful development of the para-
sites in the invertebrate hosts and their transmission to
mammals.

The main point of this mini review is to focus on the
interactions of the insect’s immune reactions and other
systems, that may influence the outcome of T. rangeli
infection in the vector and therefore be potential targets
for new approaches and technologies to block parasite
transmission.

Trypanosomarangeli and gut interactions

IntheT. rangeli and R. prolixusinteractions, the point
of contact between parasite and vector begins with the
ingestion of bloodstream trypomastigotes by the insect
vector during the feeding process. After ingestion, T.
rangeli transformsinto epimastogote form, multipliesin
the gut of its insect vector, and invades the hemolymph
to continue the establishment of its infection and devel-
opment in the salivary glands, where metacyclogenesis
takes place (Watkins 1971, Hecker et al. 1990). To com-
pleteitsbiological cyclein nature, T. rangeli istransmit-
ted to the vertebrate host through salivary secretion dur-
ing feeding (Garcia et a. 1994). The basis of T. rangeli
infectivity in the gut of R. prolixusis still poorly under-
stood. The parasite engages in a series of interactions
involving differentiation, multiplication, and parasite pen-
etration through epithelial cells of the digestive tract for
entering into the hemocoel. Sincethe gut of R. prolixusis
the first environment for the establishment of T. rangeli
infection, the influence of digestive enzymes and stom-
achlyticfactor (Azambujaet a. 1983, 1989, 2004) on para-
site development remains as possibility. But it is still not
clear whether the proteol ytic enzymes and hemolytic fac-
tor areimplicated in T. rangeli development in the inver-
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tebrate host. It was demonstrated that feeding R. prolixus
with the SH-proteinase inhibitor, pepstatin, had no effect
ontheratesof T. cruz infection (Garcia& Gilliam 1980),
and T. rangeli growth, even in an aggressive environ-
ment against T. cruzi (Azambuja & Garcia, unpublished
results). Mello et al. (1996) demonstrated differencesin
the development of three strainsof T. cruz inthe gut of R.
prolixus, and related the infectivity of theseto the ability
of the gut lectins to agglutinate the parasites in vitro.
However, the effects of gut lectinson T. rangeli interac-
tions were not yet investigated.

The midgut epithelium isthe main barrier against in-
vasion by the parasite. In the process of interaction of T.
rangeli with gut epithelial cells of R. prolixus, the para-
sites attach to the surface of some epithelial cells either
through the flagellum, mainly in the areas of contact be-
tween two epithelial cells, or through the posterior end of
the protozoan, especially to the perimicrovilar membranes
and penetrate into cells that show less dense cytoplasm
organelles (Oliveira & Souza 2001). The ultrastructural
disorganization of the midgut epithelial cells, mainly the
perimicrovillar membranes and microvilli, facilitates T.
rangeli invasion of the hemolymph (Gomes et al. 2002).
The flagellates pass through the gut epithelium by intra-
cellular route (Hecker et al. 1990). After damaging the sur-
face, the parasite moves within the cytoplasm of the epi-
thelial cell, reaches the basal region, crosses the basal
lamina, and enters into the hemocoel (Oliveira & Souza
2001). However, the penetration rate of the gut is low,
only less than 10% of parasites pass through the gut cell
wall (Hecker et al. 1990).

Trypanosomarangeli and hemolymph interactions

Several laboratories have investigated hemolymph
cellular and humoral responsesinvolved in parasite-vec-
tor interactions. Details of the molecules and signaling
pathways of the defense reactions are still being eluci-
dated. In many insect species, cellular immune responses
to pathogens have been related to two kinds of reactions:
(i) nodulation and encapsulation, and (ii) phagocytosis
by hemocytes (Ratcliffe & Rowley 1979).

Onceinthehemocod, T. rangeli may uptakelipophorin,
the main lipid-transporting particle, and localize close to
theflagellar pocket and in vesiclesat the posterior region
of the parasite body. Interestingly, the parasites do not
uptake any other hemolymphatic protein (Folly et al. 2003).
Furthermore, the parasite may penetrateinto the hemocyte
or freely survive and multiply in the hemolymph. Under
these conditions the parasite can be recognized and acti-
vates the immune reactions of its insect vector. The
hemocytes, such as plasmatocytes, are able to ingest
epimastigote forms of the parasite, which are then found
within parasitophorus vacuol es. Apparently, fusion of the
host cell lysosomes with the vacuole takes place.
Intravacuolar parasitesin process of digestion but no di-
viding parasites are seen within the vacuole (Oliveira &
Souza 2003) in contrast to what is observed outside the
host cells in the hemolymph, where parasites can inten-
sively multiply (Tobie 1970, Mello et al. 1995, Garciaet al.
2004a,b). Inaddition, during the course of infection, some

plasmatocytes appeared disrupted, showing released para-
sites(Oliveira& Souza2003).

Humoral immune reactions more frequently investi-
gated in these interactions are: lysozymes, lectins and
trypanolytic activity (Gregorio & Ratcliffe1991a, Mello et
a. 1995), prophenol oxidase (proPO) activation (Gregorio
& Ratcliffe 1991b, Mello et al. 1995, Gomes et al. 2003,
Garciaet al. 2004a,b), hemolymph agglutination (Gregorio
& Ratcliffe1991a, Mello et al. 1996), superoxide and nitric
oxidegeneration (Whitten et al. 2001) and eicosanoid path-
ways (Garciaet a. 2004a,b).

Gregorio and Ratcliffe (1991a) investigated hemolymph
and extracts of different tissue from R. prolixus and Tri-
atoma infestans and tested for agglutination and lytic
activities against erythrocytes and culture epimastigote
forms of T. rangeli. Agglutination activity against rabbit
erythrocytes was found in the crop, midgut, and hindgut
extracts of T. infestans but only in the hemolymph of R.
prolixus. In addition, the extracts of T. infestans salivary
glands, but not those of R. prolixus, showed alytic activ-
ity against T. rangeli (Gregorio & Ratcliffe 19914). They
concluded that T. infestans, which is refractory to infec-
tion by T. rangeli, appearsto contain amuch wider distri-
bution of agglutinins and trypanolytic factorsin its tis-
sue than the susceptible species, R. prolixus. Amino et al.
(2002) characterized apore-forming lytic protein fromthe
salivaof T. infestans. Thisprotein, named trialysin, lysed
protozoan parasites and bacteriaindicating that it playsa
roleinthe control of microorganismgrowthinthesalivary
glands.

Takle (1988) described that the hemocyte aggregation
process following injection of T. rangeli appears only a
few days after R. prolixus infection, when free trypano-
somesare abundant. Mello et al. (1995) demonstrated that
after inoculation of T. rangeli into the hemocoel of R.
prolixus, the parasite engages in high rates of infection
through successive division during the extracellular de-
velopment, and increases the lysozyme activity levelsin
the hemolymph. They aso showed that T. rangeli infec-
tion neither induced trypanolytic nor peptide antibacte-
rial activities. More recently, a galactose-binding lectin
from R. prolixus hemolymph, which enhanced the activa-
tion of clump formation by T. rangeli in R. prolixus he-
mocyte monolayers, with an increase in clump size and
hemocyte aggregation, was described (Mello et al. 1999).
Thispurified lectin al so affected the motility and survival
of T. rangeli culture short forms, but not the long forms,
which predominated in the hemolymph after two days of
inoculation (Mello et a. 1995), when they wereincubated
invitro(Melloeta. 1999).

An important biological event in the T. rangeli cycle
intheinvertebrate host isits ability to activate the proPO
systemof R. prolixus. Gregorio and Ratcliffe (1991b) dem-
onstrated that T. infestans, but not R. prolixus prepara-
tions, present avery active proPO system when activated
by laminarin and lipopolysaccharides. For both species
of insects neither T. rangeli from culture nor parasite ly-
sateswere ableto trigger proPO activation in vitro. How-
ever, the presence of the parasite in R. prolixus hemo-
lymph/laminarin assays reduced the level of proPO acti-
vation. These authors suggest that the susceptibility of
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R. prolixus to T. rangeli hemolymph infection may, at
least in part, be explained by the suppression of the inset
immune defense systemi.e. inhibition of the proPO inthe
presence of thisparasite. Interestingly, Gomeset al. (1999)
clearly demonstrated using in vitro experiments that the
activation of the proPO pathway occurred when the
hemolymph was incubated with fat body homogenates
and short epimastigote forms of T. rangeli. The same au-
thors showed using in vivo experiments that short, but
not long, epimastigotes activated directly the formation
of melanin (Gomeset a. 1999). In addition, insects previ-
ously feeding on blood containing either short or long
epimastigotes were able to suppress the proPO-activat-
ing pathway induced by thoracic inoculation of the short
forms, indicating that the reduction of the PO activity was
aresult of parasite ingestion. It was suggested that oral
T. rangeli infection in R. prolixus might facilitate the es-
tablishment of the infection in the hemolymph of the in-
sect vector (Gomeset al. 2003).

Our laboratory is investigating the role of complex
glycoconjugates in the vector-parasite interactions. Us-
ing glycosylphosphatidylinositol (GPI)-anchors, specifi-
cally glycoinositol phospholipids (GIPLs) and GPI-mucins
purified from T. rangeli epimastigotes, we demonstrated
that both compounds activated proPO pathway (Gomes
et a. 2001). In addition, GIPLsand GPI-mucinswhenin-
oculated into R. prolixus aso induced the formation of
hemocyte microaggregates, while membrane phospholip-
ids had no effect upon this physiological event (Gomes &
Azambuja, unpublished data).

One of the most exciting outcomes in the investiga-
tion of T. rangeli in triatomines is its ability to relate to
superoxide and nitric acid generation and el cosanoid path-
waysin theinsect vector. Whitten et a. (2001) studied the
immune responses of R. prolixus in vivo following the
injection of two strains and two developmental forms of
T. rangeli. They observed that after 24 h the H14 strain,
which failed to multiply and invade the salivary glands,
stimulated higher levels of proPO, superoxide and nitrites
than the Choachi strain, which rapidly multiplied in the
hemolymph to invade the salivary glands. Usually, short
forms of epimastigotes stimulated greater superoxide and
proPO responses than long epimastigotes in both para-
site strainsin the hemolymph of R. prolixus. In addition,
when the NADPH oxidaseinhibitor, N-ethylmaleimide, or
the inducible nitric oxide synthase inhibitor, S-methyl
isohioureasulfamide, areinoculated into R. prolixus, they
caused higher insect mortalitiy after inocul ation with para-
sites of either strains compared with those of uninfected
control insects (Whitten et al. 2001). This indicates that
both NADPH oxidase and nitric oxide synthase activities
may be involved in the immune responses of R. prolixus
infection by T. rangeli. In this insect, nitric oxide syn-
thase gene expression and nitrite/nitrate level sare modu-
lated in the midgut epithelial cellsand fat body following
in vivo chalenge with T. cruz or T. rangeli (Ratcliffe,
personal information).

With so many variablesinvolved, weinvestigated the
importance of the eicosanoid pathways in the T. rangeli
interactions within its vector, R. prolixus. Eicosanoids
are known to mediate cellular reaction in insects inocu-
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lated with bacteria, fungi (Stanley 2000), and parasitoids
(Carton et al. 2002). We have shown that eicosanoid path-
way isalso involved in the microaggregates formationin
R. prolixusinoculated with T. rangeli (Garciaet a. 2004a,b).
In one experimental protocol, designed to test the effects
of eicosanoid biosynthesis inhibitors, we demonstrated
that hemocoelic injection of T. rangeli epimastigotesinto
insects that were previously fed on blood containing an
inhibitor of phospholipase A2, dexamethasone, a specific
inhibitor of the cyclooxygenase pathway, indomethacin,
and a non-selective lipoxygenase inhibitor, NDGA, be-
sides reducing hemocyte microaggregation, attenuated
the proPO system in the hemolymph and consequently,
enhanced parasitemia and mortality induced by the para-
sitechallenge (Garciaet a. 20044). We also demonstrated
that all the effects obtained by dexamethasone adminis-
tered orally were counteracted by injection with arachi-
donic acid, and suggested that Rhodnius' immune re-
sponses to the parasite infection might be modulated by
aphysiological system that includes eicosanoid biosyn-
thesis pathways (Garciaet a. 20044).

In another approach, Garciaet a. (2004b) demonstrated
a reduced number of hemocyte microaggregations, en-
hanced number of parasitesin the hemolymph aswell as
increased mortality in insects fed on blood containing T.
rangeli epimastigotes and challenged with the same para-
site. All these effects were reversed by the combined in-
oculation of R. prolixus with T. rangeli together with
arachidonic acid. Similar results could be observed inin
vitro assays using hemolymph taken from insects previ-
ously fed on blood containing parasites i.e. hemocyte
microaggregation reactions were attenuated when T.
rangeli was used as inducer of the reaction (Garciaet al.
2004b).

Trypanosomarangeli and salivary glandsinter actions

The salivary glands of R. prolixus are infected by T.
rangeli after successful penetration of the gut epithelium
into the hemocoel. Bassery et al. (2002) investigated the
interaction between T. rangeli and R. prolixus salivary
glands. They demonstrated that in in vitro adhesion inhi-
bition assays using long epimastigote forms, some sug-
ars were able to block the receptors on both the surfaces
of the salivary glands and on T. rangeli. Among the sug-
arstested, N-acetylglicosamine, N-acetyl galactosamine,
and galactose showed the highest inhibitory effect on
the adhesion tests. They suggested that the carbohy-
drates and lectins are important to parasite-vector inter-
actions, mainly for facilitating parasite invasion of the
salivary glands of theinvertebrate host. After attachment
to the surface, the flagellates penetrate the outer mem-
branes of the salivary glands, disrupting the inner layer
to pass between the muscle cells and reach the gland cell
basement membrane. Thislatter isalso penetrated by the
parasite flagellum and invaginates the gland cell to create
a vacuole in which the trypanosome crosses the gland
cells to reach the central lumen, often only losing itsin-
volving vacuole just before leaving the cell (Ellis et .
1980).

Interestingly, infected salivary glands reduced both
the apirase activity and the nitric oxide content, two im-
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portant components of the saliva, which help the insect
finding the blood vessel during the probing phaseto ini-
tiatefeeding (Garciaet al. 1994). If thisistrue, insectswith
salivary gland infection should have some difficulty to
feed. This was exactly what we observed: insects with
salivary glands infected with T. rangeli pierce the host
skin more and frequently draw lessblood and at a slower
rate than uninfected controls when feeding on rabbits
(Garciaet a. 1994). Undoubtedly, the repeated piercing
for locating blood vessels and attempts of sucking more
blood facilitate the transmission of T. rangeli to the verte-
brate host. However, the difficult blood ingestion is not
the reason for the increase in the mortality of insectsin-
fected with T. rangeli. Probably, the pathogenic effects of
T. rangeli on R. prolixus are due to mechanical lesions
leading to aloss of cytoplasmin gut epithelial cellsandin
musclefrom salivary glands during the penetration of high
number of parasites (Hecker et al. 1990, Garciaet a. 1994).
With these dataat hands, Garciaet al. (1994) hypothesized
that T. rangeli infection modul ates the insect vector abil-
ity to locate blood vessels by affecting the salivary
antihemostatic properties, consequently enhancing the
probability of intradermal inoculation of parasites into
mammalian hosts.

Recently our understanding of the interactions be-
tween T. rangeli and the insect vector, R. prolixus, has
increased tremendously. Even so, the demand for thiskind
of study is increasing daily with the need to find new
methods of vector control. Factors affecting vectorial ca-
pacity have been characterized in thisinsect and research
on this respect is ongoing. The molecules that are in-
volved positively and negatively in theseinteractionsare
complex. These complexitiesarereflected by theinterac-
tions between agglutinins, enzymes, proPO system, su-
peroxide and nitric generation and eicosanoid pathways
and the flagellate T. rangeli. Onthe basis of the identifi-
cation and characterization of molecules and pathways
that influence the establishment of aT. rangeli infection,
we begin to understand the network and the role these
components play in the parasite-insect vector interactions.
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