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Abstract

Trypanosoma cruzi (T. cruzi), the etiological agent of
Chagas disease, affects nearly 18 million people in Lat-
in America and 90 million are at risk of infection. The
parasite presents two stages of medical importance in
the host, the amastigote, intracellular replicating form,
and the extracellular trypomastigote, the infective form.
Thus infection by 7. ¢ruzi induces a complex immune
response that involves effectors and regulatory mecha-
nisms. That is why control of the infection requires a
strong humoral and cellular immune response; hence,
the outcome of host-parasite interaction in the early
stages of infection is extremely important. A critical
event during this period of the infection is innate im-
mune response, in which the macrophage’s role is vital.
Thus, after being phagocytized, the parasite is able to
develop intracellularly; however, during later periods,
these cells induce its elimination by means of toxic me-
tabolites. In turn, as the infection progresses, adaptive
immune response mechanisms are triggered through
the TH1 and TH2 responses. Finally, 7. cruzi, like other
protozoa such as Leishmania and Toxoplasma, have
numerous evasive mechanisms to the immune response
that make it possible to spread around the host. In our
Laboratory we have developed a vaccination model
in mice with 7rypanosoma rangeli, nonpathogenic to
humans, which modulates the immune response to
infection by 7. cruzi, thus protecting them. Vaccinated
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animals showed an important innate response (modula-
tion of NO and other metabolites, cytokines, activation
of macrophages), a strong adaptive cellular response
and significant increase in specific antibodies. The
modulation caused early elimination of the parasites,
low parasitaemia, the absence of histological lesions
and high survival rates. Even though progress has been
made in the knowledge of some of these mechanisms,
new studies must be conducted which could target fur-
ther prophylactic and therapeutic trials against 7. cruz/
infection.
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INTRODUCTION

Trypanosoma cruzi (1. cruzi), the etiological agent of Chagas
disease, affects nearly 2 500 000 people in Argentina and
18 million in Latin America. The parasite presents two
stages of medical importance in the host, the amastigote,
intracellular replicating form, and the extracellular trypo-
mastigote, the infective form. That is why control of the
infection requires a strong humoral and cellular immune
response; hence, the outcome of host-parasite interaction
in the early stages of infection is extremely important.
In humans the disease presents different clinical and im-

munological periods: the acute period, characterized by
the presence of trypomastigotes in the bloodstream, as-
sociated with immunosuppressive phenomenam, which
is asymptomatic in 95% of cases” and remits spontane-
ously, to enter in a second indeterminate phase, after 3
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or 4 mo, which can last the rest of the host’s life with no
clinical signs. It is characterized by low parasitaemia and
positive serology and, in later years, approximately 30%
of infected people develop some degree of cardiac or
digestive pathology in the chronic period of infection.
This is attributed to direct action of the parasite, or to
autoimmune reactions induced by T. eruzi. Girones ef al”
critically reviewed the evidence in favour of and against
autoimmunity through molecular mimicry as responsible
for Chagas disease pathology from clinical, pathologi-
cal and immunological perspectives. Also in this sense,
Bonney ¢ al” observed that vaccination with heat-killed
T. ¢ruzi induces the development of autoimmunity zia
molecular mimicry and other mechanisms and potentially
fatal cardiomyopathy. Their results show that exposure to
T. ¢eruzi antigen alone is sufficient to induce autoimmu-
nity and cardiac damage, yet additional immune factors,
including a dominant TH1/TH17 immune response, are
likely required to induce cardiac inflammation.

Immune response to T. ¢ruzi is highly complex and
involves many components, both effectors and regula-
tors. The unspecific immunosupression that occurs dur-
ing the first stage of the infection and 1. ¢ruz/s capacity
to adapt and evade this response allow it to invade cells
and spread, which means that the parasite may remain in-
definitely in the host’s tissues because it is not completely
climinated'"’.

The process in which trypomastigotes enter the host’s
cells involves several stages: initial parasite-cell contact,
trypomastigote adhesion, early induction of immune
response, which causes modifications to the membrane
proteins. The parasite has been claimed to enter the host’
s cell using a variety of mechanisms: (1) it enters profes-
sional phagocytic cells by phagocytosis; (2) the cellular
membrane emits pseudopodia, modifications are pro-
duced in the actin filaments, and protein tyrosine kinases
such as PI-3 are activated; this process culminates with
the formation of a parasitophorous vacuole and soon af-
ter lysosomes and endosomes are recruited”™; (3) it enters
non phagocytic cells by means of endocytosis but there
is no emission of pseudopodia in the host’s cell; and (4)
another mechanism involves direct penetration by the
parasite in the cell by means of membrane invagination,
with an important intake of energym.

After entering, the parasite lodges in the cytoplasmic
vacuolar compartment where a gradual differentiation
process occurs from trypomastigote to amastigotep’&,
and the latter divide by means of binary fission, to then
become trypomastigotes once again; they leave the cell
to spread zia lymph and blood, and infect other cells in
which they once again go through the replication cycle.
T. eruzi primarily infects cells belonging to the reticuloen-
dothelial system, nerve and muscle tissue, including cat-
diac fibres'.

In order to progress with regard to knowledge of
the immune response set off by 1. ¢uz/ infection and to
analyze whether it is possible to modulate this complex
response, several experimental models have been devel-
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oped. A model for vaccinating mice with Trypanosoma
rangeli (1. rangeli), a parasite closely related to T. crugi, but
nonpathogenic to humans""'?, has been designed in our
laboratory™. T. rangeli shares areas of geographical distri-
bution, epidemiological characteristics, and antigenic and
immunogenic components with T. eruzi. Specific diag-
nosis becomes difficult by means of classical serological
methodologies because it induces a response of crossed
antibodies. Moreover, both parasites cannot be morpho-
logically differentiated"*'®. The antigenic similitude be-
tween 1. rangeli and T. cruzi has been shown by means of
different methods by numerous research groups' ™.

T. rangeli presents an enzyme, sialidase, with neurami-
nidase activity which is fundamentally expressed in the
epimastigote stage and, unlike 1. eruz7, does not present
transialidase. Recent studies show that the sialidase sys-
tem is very complex and can take on different expres-
sions in different strains of the parasite, owing to genetic
mutations”". In addition, it induces a complex modula-
tion of the immunological mechanisms of the infected
vector (Rbodnins genus) causing a reduction in the pro-
duction of soluble mediators such as nitric oxide, oxygen
free radicals, and the inhibition of phagocytosis as well as
humoral response, among others, which favours the de-
velopment of the parasite and results in the death of the
vector!'l.

The strategy of vaccinating with a parasite that is
nonpathogenic to humans is based on the fact that, in the
event of the future development of a vaccine for human
use, and accepting the role played by autoimmune mecha-
nisms in the pathology of Chagas disease, the possible
induction of auto-aggression due to vaccination must be
avoided™.

In our experimental model, two groups of mice were
used, one vaccinated with T. rangeli (at least » = 6 in each
experiment) and then challenged by T. ¢uz/, and another
group of control animals (# = 6), which were only in-
fected with T. cruzgi. A fixed number of 1500 virulent
parasites were used to infect and the starting time of the
infection was determined.

We observed that previously vaccinated mice showed
very low parasitaemia, high survival rates and an absence
of histological and autoimmune lesions, while mice that
were only infected showed high parasitaemia, high mot-
tality and severe histopathological alterations in the heart,

skeletal muscle, spleen and liver!?*%

. For histological
studies, mice from each group: vaccinated with T. rangeli
and afterward challenged with T. ¢rugi (V) (n = 6) and
non-vaccinated but infected with T. crugi (I) (n = 6), were
killed with ether anesthesia. Hearth, spleen, liver and
skeletal muscles from the quadriceps were immediately
removed from each mouse, fixed in buffered, 10% for-
malin (pH 7.0), and embedded in paraffin wax. One-half
of each organ was cut into 5-pm-thick sections, and they
were stained with haematoxylin-eosin. At least 20 areas
from each section were checked for parasites and histo-
pathology under a 40-x objective in a blind study.

The Figures 1 and 2 show a representative experi-
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Figure 1 Parasitemia levels (geometric mean * SE) in Trypanosoma cruzi
infected mice (I) and in mice previously vaccinated with Trypanosoma
cruzi and challenged with Trypanosoma cruzi (V-l). The differences in para-
sitemia levels were evaluated by t-test: °P < 0.001.

ments. Similar results were obtained with two strains of
T. rangeli from different origins, isolated in Colombia
and Brazil, which revealed that the capacity to protect
mice against lethal infection by 1. ¢ruz/ is a characteristic
common to different strains of 1. rangeli. This result rep-
resents a clear advantage for the future preparation of
possible vaccines for animal or human use.

On the other hand, it was demonstrated™ that, in the
acute period of experimentally infected mice, T. eruzi in-
duces a response that presents different patterns in each
different immune system compartment, splenomegaly,
lymphoid subcutaneous tissue expansion, persistent poly-
clonal activation of lymphocyte T and B, and at the same
time, thymus and mesentetic node atrophy.

A critical event during early stages of the infection is
the innate immune response, in which the macrophage’
s role is vital. Thus, after being phagocytized, the parasite
is able to develop intracellularly; however, during later
periods, these same cells induce its elimination by means
of toxic metabolites. In turn, as the infection progresses,
adaptive immune response mechanisms are triggered

through the TH1 (cellular) and TH2 (humoral) responses.

INNATE IMMUNE RESPONSE

Soluble mediators and cells

Early in the infection, T. swzi induces an intense inflam-
matory response, which plays a crucial role in the disease’s
pathogenesis. In experimental models, some of the im-
munological events that take place during the first few
hours after infection are known. Indeed, it has been
observed that T. ¢ruzi antigens induce activation of the
natural killer (NK) cells prior to expansion of T lym-
phocytesm]. During this stage the macrophages induce
a cascade of cytokines: initially they produce intetleukin
(IL)-12, which acts on NK cells to induce the production
of interferon (IFN)y, which in turn increases the produc-
tion of IL-12, tumor necrosis factor (INF)q and NO
in the macrophage, thus contributing to the elimination
of the parasite”. At the same time, both types of cells
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synthesize regulatory cytokines such as IL.-10 and 11.-4 to
reduce the harmful effects associated with excess stimula-
tion of the immune system™. In very early stages of the
infection, components of 1. ¢rugi, including its DNA and
membrane glycoconjugates, trigger the innate response
through their interaction with Toll like Receptors: TLR2,
TLR4 and TLRY in macrophages and dendritic cells.
After activation, both cells sectete cytokines and chemok-
ines, and increase the expression of their co-stimulatory
molecules, inducing endocytosis and intracellular death.
As mentioned above, an adequate production of proin-
flammatory cytokines such as IFNy, TNFq, 1L-1, IL-12,
IL-6 and I1.-18 is essential for controlling infection by
intracellular parasiteslz()J. Meanwhile, it has been observed
that IL-17 might regulate the recruitment of inflammato-
ry cells and the differentiation of TH1 in heart tissue®™”".
Therefore, in order to resolve the T. ¢ruzi infection, a bal-
ance is necessary between the immune response mediated
by TH1 and by TH2P". TH1 cells are responsible for the
production of inflaimmatory cytokines, while TH2 cells
have an anti-inflammatory function and are involved in
the antibody mediated response. IL-12 and IL-18 pro-
duced by dendritic cells and macrophages promote the
development of TH1 cells that produce IFNy, while I11.-4
induce the expansion of TH2 cells and of high amounts
of IL-10. As a result of this process, regulation of the
cellular response occurs due to a reduction in the activa-
tion of dendritic cells and in the macrophage’s micro-
bicidal activity. In addition, 11.-4 takes part in inducing
transforming growth factor (TGF)f which regulates the
activity of the antigen presenting cells and enhance the
susceptibility of infection by T. [mzzm].

In this sense, we observed in our experimental model”*?
(n = 6 for each group and each experiment performed)
that vaccinated animals had a significant increase of
IL-12, down regulation of the proinflammatory cytokines,
IL-6, IFNy, TNFa, and increase of soluble TNF recep-
tors STNFIR and sTNFIIR, which inhibit the deletereous
activity of TNFaq, in accord with Camargo ef al™. Also
Chandrasekar ¢ a/*" detected proinflammatory cytokine
production (IL-6, TNF-q, IL-1B) in the myocardium
of T. cruzi infected mice, which suggests the probable
involvement of the production of these molecules i situ
in the injury of the myocardial function. The diminished
production of proinflamatory cytokines in the immu-
nized group of our model, associated with higher survival
rates, suggests that both, 1L-6 and TNF-q, are probably
involved in the fatal outcome of the infected mice.

The high IFN-y production during acute T ¢ruzi infec-
tion has been also widely demonstrated”™*”. This finding
is generally associated with protective effects since IFN-y
enhances trypanocidal activity of the macrophages viaz a
nitrogen oxide mediated mechanism”. In this sense, we
have observed a high production of IFN-y in both vac-
cinated and control experimental groups. This finding is
in agreement with Reed ez al” | who detected high TFN-y
levels in both susceptible and resistant mice. Moreover,
in our mentioned works it was observed that in immu-
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Figure 2 Histological studies: all sections were stained with hematoxylin and eosin. Histological sections of heart. A, B: Control groups show nests of amas-
tigotes (thin arrows) and mononuclear cell infiltration (thick arrow); C, D: Representative sections from mice vaccinated with Trypanosoma cruzi. Infected mice show
focal mononuclear cell infiltrates (thick arrows). No amastigote nest was observed (A, C: 100 x; B, D: 400 x).

nized animals, the ratio IFN-y/IL-10 was gteater than in
the non immunized-infected mice. Taken together, these
results suggest that, in vaccinated - infected animals, the
action of protective IFN-y could be more effective, with-
out the antagonist action of IL-10. On the other hand, in
all the experiments performed, the serum concentration
of 1L-10 correlated with parasitemia levels. These results
are consistent with those of Reed ¢z @/’”, who detected
a lower IL-10 production in resistant mice compared to
the susceptible ones. Furthermore, Abrahamsohn ez al™
observed a lower number of parasites and higher IFN-y
production in IL-10 KO mice than in the wild type ones.

The Figure 3 shows the levels of IL-6, IL-10, IFN-y
and TNF-q in a representative experiment, in differ-
ent groups of mice. From the results obtained in mice
treated only with saponina adjuvant and after infected,
the effect of the adjuvant alone became evident. In this
group of animals a delay in the increase of parasitemia
was detected, but the systemic production of IL-6 and
TNF-q and the mortality rate were very similar to those
in non vaccinated-infected group. This could be due to
the unspecific action of the adjuvant on the immune sys-
tem, which is not sufficient to help control the infection.
Additionally, the results of these experiments suggest
that, in this experimental model, the levels of IL-6 and
TNF-qo seem to be eatlier markers of fatal outcome than
the parasite load™.

Likewise, the vaccinated group had very low levels
of 1L.-10, which allowed IFNy to maintain its protec-
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tive activity, activating macrophages, essential for the
elimination of parasites, unlike the control group, which
showed high levels if IL-10, which blocks activation of
the macrophages and their microbicidal function””. It
was not possible to detect IL-4 or IL-5 in either group
with the methodology used. Taken together, these results
show that vaccination with T. rangeli made it possible to
induce a profile of the cytokines different from that of
the non immunized-infected mice, with a delicate balance
between TH1 and TH2, suitable for overcome the infec-
tion. This modulation of the synthesis and liberation of
cytokines and soluble receptors was also observed during
the acute period of natural human infection™".

On the other hand, during the process of invading
the host cell, T. ¢ruz7 interacts with different receptors of
the macrophage to induce its own phagocytosis. Differ-
ent molecules of the family of Toll type receptors recog-
nize different molecular patterns associated with bacteria,
viruses, fungi and protozoa. As a result, innate immune
response mechanisms and the development of the subse-
quent adaptive response are triggeredm].

With regard to NO, it is considered to be the most
important early soluble mediator produced by immune
system cells. Macrophages recognize antigen microorgan-
isms through their different receptors (Toll-like, NLRs
and RIG-like) and trigger the production of inflammato-
ry mediators inducing the activity of the inducible Nitric
Oxide synthase enzyme. This enzyme is produced by the
antigen presenting cells and may inhibit the expression
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Figure 3 Kinetic of circulating cytokine levels in mice infected with Trypanosoma cruzi (A), in mice treated with saponin adjuvant and infected and in mice
vaccinated with Trypanosoma cruzi and after infected (A-D). mean + SE cytokine are represented. The area below the pointed line indicates the 95% confidence
limit of each cytokine observed in plasma from uninfected mice. A: Interleukin (IL)-6; B: Tumor necrosis factor (TNF)-a; C: Interferon (IFN)-y; D: IL-10. The differences
in cytokine levels among | and SAP-I groups with respect to V-I group were evaluated by t-test: °P < 0.05, °P < 0.01.

of class II histocompatibility molecules. However, when
effector cells are activated by inflammatory stimuli, im-
portant amounts of NO are synthesized, causing modifi-
cations in the cellular microenvironment*.

At high concentrations, NO inhibits the synthesis of
IL-12 and apoptosis, contributing to regulating the TH1/
TH2 balance since TH1 cells are more susceptible to this
process than TH2 cells™. In addition, this favours the
proliferation of regulatory T cells during the acute ex-
perimental infection and inhibits the expression of mol-
ecules involved in adhesion and migration of cells. NO
exerts its cytotoxic function on T. euzz, affecting growth
factors, for example by nitrosylation of the haem group,
reducing the availability of iron. It is also the most im-
portant mediator in the destruction of intracellular amas-
tigotesw; however, it has been shown that an excess of
NO has harmful effects on the host’s tissues'*". In this
sense, the results obtained in our studies are in agreement
with these authors. In fact vaccinated animals revealed a
modulation of NO levels, and the subsequent absence
of lesions in the host, unlike the control group, which
showed significantly increased levels of this metabolite”".

Meanwhile, with respect to the cells, macrophages
play an indispensable role in the primary response to
pathogens but also take part in the resolution process
of the inflammation and homeostasis of tissues. The
function of macrophages is polatized towards an inflam-
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matory or a regulatory profile, depending on the micro-
environment they are in"". This cell population can be
activated by classical way (type 1) dependent on IFNy
and TNFaq, or by an alternative way (type 2) stimulated
by IL-4 and I.-13, Classically activated ones are cur-
rently grouped in M1, alternatively activated ones in M2a,
those that polatize towards a TH2 response in M2b, and
those whose stimulation is mediated by glucocorticoids
and TGFp in M2c. Therefore the different types of
macrophages are involved in different response to patho-
gens, tumours and autoimmune diseases, showing mark-
ers exclusively associated with the function they playm].
There is an important consumption of oxygen during the
process of phagocytosis. The respiratory burst caused by
macrophages and neutrophils is regarded as a powerful
microbicidal mechanism. Oxygen free radicals are toxic
to pathogens and prevent colonization by microorgan-
1sms in tissues. However, most of M1 macrophages’
microbicidal activity is put down to NO and its deriva-
tives like peroxynitrites. NO is produced by activation of
1ISON, whose substrate is L-arginine. In macrophages,
this enzyme is induced by proinflammatory cytokines like
TNFa, IFNy and I1L-12.

During the acute phase of the infection by T. crugi
and other protozoa like Leishmania Ap[sm and Plasmodium sp,
induction to the inflammatory response is necessary to
be able to control parasitaernia[sﬂ. Howevert, if the classi-
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Figure 4 Specific IgG isotype levels in peritoneal fluid obtained from vaccinated, (light gray bars) or control mice, (dark gray bars) before and after infec-
tion determined by enzyme-linked immunosorbent assay (optical density mean + SE). The doted line is the parasitemia level at different time of infection. Sig-
nificant differences between both groups evaluated by Student's t-test (°P < 0.05, °P < 0.001).

cal activation of the macrophages is not regulated, it can
cause severe harm to the host’s tissue, which is why the
production of 1L-4, IL-10 and TGFp is very important,
because they modulate the action of NO, oxygen reactive
metabolites and proinflammatory cytokines. In the ecarly
stages of the infection by 1. ¢ruzi, the action of soluble
mediators like 11.-12, IL-18, IFNy and NO is crucial to
inhibit the replication of the parasite.

Induction of atrginase has been shown to inhibit the
mechanisms involved in eliminating the patasite, among
them the activation of T lymphocytes favouring their
permanence in tissues. Therefore, evolution of the infec-
tion by 1. eruzi depends on the magnitude of the TH1 -
TH2 response and the macrophages activated classically
vs those activated alternatively[szl. Morteover, it has been
suggested that the increase in NK cells could act as a
“bridge” between the innate and the early adaptive re-
sponses'”.

ADAPTIVE IMMUNE RESPONSE

To bring about protection against T. ¢ruzi, CD4+ and
CD8+ effector cells need to be generated, which are
capable of migrating from lymph nodes to tissues and
exert a strong immune response. As it was above men-
tioned, both types of cells secrete IFNy, which activates
the macrophage in order to exert trypanosomicide activ-
ity by means of NO. Antigen presenting cells like mac-
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rophages, dendritic cells and B lymphocytes play an es-
sential role in generating effector T lymphocytes, which
produce different cytokines involved in the polatization
of the TH1 or TH2 immune response’”. Despite this,
T. ¢ruzi is capable of surviving in the host for long peri-
ods, which contributes to the development of symptoms
and chronic disease™. Tt initially produces immunosu-
pression; however, during infection, large quantities of
CD8+ are generated, which circulate towards places
where the parasite persists in order to find the antigen;
there they exert their effector functions, they acquire an
activation phenotype and then become memory cells,
responsible for perpetuating the immune response in
the face of a second encounter with the antigen. The
importance of the function of CD8+ lymphocytes is
based on the reduction of the parasite load observed in
most of the tissues from which these cells are recruited.
On the other hand, the presence of the parasite in tis-
sues might be due to a lack of stimulation for the recruit-
ment of CD8+ or to the fact that the functions of these
cells might be inhibited by other populations like CD4+,
CD25+ and producers of TGFp™.

At a second stage, the immune response mediated by
antibodies is very important to control infection. Numer-
ous experimental models with antibody or B cell defi-
ciency have shown high parasitaemia and a low survival
rate™,

T. eruzi infection is known to induce polyclonal activa-
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tion of B lymphocytes, and as a result hypergammaglob-
ulinemia occurs. Recent studies have shown that most of
the activated B lymphocytes do not synthesize specific
antibodies during the first days of infection by T. aruz/™,
but they do produce a specific response at the end of
the acute stage of the infection. However, this polyclonal
activation may also be an important cause of the autoim-
mune phenomena mediated by autoreactive antibodies. In
addition, the proliferation of B cell populations respond-
ing specifically to the antigen with poor polyclonal re-
sponse is associated with resistant strains (C57Bl/6), with
IFNy production and a prevalence of the TH1 proﬁlem.

Different immunoglobulin isotypes, mainly IgG sub-
classes, are involved in the elimination of the parasite at
the local and systemic levels by means of mechanisms
such as complement fixation, agglutination and cytotox-
icity. In this sense, Umekita e @/ observed that IgG2
might contribute along with other mechanisms to the re-
duction of parasitaemia in mice infected with T. auz7 upon
recognizing the parasitical antigen and acting as opsonin.
We observed in our works, in accordance with these au-
thors, that another factor involved in the clearance of the
parasite might be associated with high levels of specific
antibodies induced by vaccination, which might also act
as an early mechanism for controlling the infection".
As it is shown the Figure 4, we observed the increase in
IgG1 and IgG2 isotypes in peritoneal fluid (the site of
the infection) related to different immune response pat-
terns. The ratio IgG1/IgG2a in vaccinated group was
1.6 before infection, 2.1 at 15" pi and 1.6 at 20" pi day. In
control mice the ratio was: 0.9; 0.8 and 0.9 respectively.
These results showed the importance of TH2, related to
antibody response, in vaccinated animals which, together
with TH1 response observed through the patterns of cy-
tokines, are both involved in the protection.

Brodskyn e @/ could reveal the importance of the
effector function at the infection site, induced before the
challenge, contributing to the reduction of the parasite
load. These results are in agreement with those obtained
by Gruppi ez al® who worked with an immunization
model using exoantigens of T. ¢ruzi and observed protec-
tion associated with increases of IgG1 and IgG2, with
low levels of IgG3 at the systemic level. Other authors
studying the acute petriod of the infection detected high
levels of IgM, IgG and the isotypic variant IgG1 parallel
to the reduction of parasitaemiam’ﬁs]. In our work, IgM,
responsible for the specific primary immune response,
was high in both experimental groups, in both peritoneal
fluid and in plasma. As was expected, the levels detected
were always higher in vaccinated animals than in those
belonging to the control group™®”.

The protective role of the antibodies in the acute
phase of the infection is mainly linked to the capacity to
induce the elimination of the parasite from circulation,
parallel to other cellular events, as we observed in our
work, in agreement with others authors!™. It has been
shown that the specific IgG, particularly IgG2, recog-
nizes an important number of parasitical antigens and is
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able to form microaggregates that fix complement, and
increase opsonisation and cytotoxicity mechanisms!®”,
In this sense, the neutralization studies developed in our
research showed that antibodies and soluble mediators
present in the peritoneal fluid of vaccinated mice might
be involved in some of the mechanisms responsible for
the lysis and reduction in the infectivity of trypomastig-
otes when these enter the host.

Our findings suggest that the immunogen used in this
vaccination model induces an important modulation of
the host’s immune response, which are involved in the
eatly clearance of the T. ¢uzgi used in the challenge. Simi-
lar results were obtained by Palau ¢z 2/ and Zufiga et al*
when they immunized BALB/c mice with metacyclic try-
pomastigotes of I rangeli and later challenged them with
a virulent strain of T. ¢rugi, observing a reduction of the
parasitaemia and of the severity of the progress of the
infection, with high survival in relation to non immunized
and infected mice.

There are also other modulators to the immune re-
sponse, such as Actinomycetes. Treatment with these ac-
tinomycetes significantly reduces acute parasitemia, modi-
fies cell infiltration during acute myocarditis and limits
chronic myocarditis in comparison with the infected con-
trol group. Similar results were obtained for immunized
pregnant mice and then challenged with live T. ez

These findings are a stimulus to go further in the
search for knowledge of immunological events, identify-
ing target cells and molecules, with the goal of advancing
in prophylaxis or immuno-intervention, directed towards
the development of therapeutic approaches to Chagas
disease.
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