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ABSTRACT Infection with the protozoan parasite
Trypanosoma cruzi often results in chronic heart- and gut-
associated disease known as Chagas disease. In this study we
show that contrary to previous reports, neonatal hearts
transplanted intomice chronically infected with T. cruzi do not
exhibit signs of autoimmune-type rejection or any significant
inf lammatory response. In addition to an absence of inf lam-
mation, these syngeneic heart transplants survive for more
than 1 year and are absolutely free of parasites as determined
by in situ PCR analysis. However, if well-established trans-
planted hearts in chronically infected mice are directly in-
jected with live parasites, a rapid and dramatic inf lammatory
response ensues that results in cessation of heart function.
Likewise, transplanted hearts established in mice prior to
systemic infection with T. cruzi or hearts transplanted into
mice during the acute stage of T. cruzi infection become
parasitized and develop inf lammatory foci. In these cases
where the transplanted hearts become parasitized, the ensu-
ing inf lammatory response is nearly identical to that observed
in the native hearts of T. cruzi-infected mice in terms of cell
types present and adhesion molecules and cytokines ex-
pressed. Importantly, this response is strikingly different
from that observed in the allogeneic heart rejection. These
results clearly document that parasitization of heart tissue is
both necessary and sufficient for the induction of tissue
damage in Chagas disease and strongly argue against a
principal autoimmune etiology for this disease.

Trypanosoma cruzi infects up to 18 million people in Latin
American, and 90 million individuals are at risk of infection.
Most of the mortality resulting from T. cruzi infection is a
consequence of heart failure during the chronic phase of the
disease rather than due to complications of the acute infection.
Chagas disease is thought to be the single most common cause
of congestive heart failure and sudden death in the world and
the leading cause of death among young-to-middle age adults
in endemic areas of Latin America.
Despite its medical importance, the etiology of Chagas

disease is not fully understood. A number of mechanisms have
been proposed to account for chronic chagasic pathology
including direct parasite-mediated tissue destruction, loss of
nervous tissue function, intravascular platelet aggregation, and
generation of autoimmune reactivity (reviewed in refs. 1 and
2). The scarcity of parasites in chronic inflammatory lesions,
the presence of polyclonal activation in the acute infection (3),
and the existence of ‘‘shared epitopes’’ between the parasite
and host heart and neuronal tissue (4–6) have all been used to

support an argument for an autoimmune mechanism for
Chagas disease.
Although autoimmunity is still considered by many to be the

likely cause of Chagas disease, the evidence in support of this
hypothesis is still largely circumstantial. While the presence of
‘‘anti-self’’ immune responses has been unquestionably dem-
onstrated, their participation in disease development has not
been. Probably the most convincing evidence in support of an
autoimmunity in development of Chagas disease comes from
studies using a heterotopic (ear) neonatal heart transplant
model. Ribeiro-dos-Santos et al. (7) showed that syngeneic
neonatal hearts transplanted into chronically infected mice
were rapidly rejected in a time course similar to that of
allografted hearts.
We were interested in utilizing this heart transplant model

to further characterize the immunological events involved in
chronic chagasic heart disease. In this work we demonstrate
that heart ‘‘rejection’’ in chronic T. cruzi infection depends
upon the presence of parasites in the heart tissue; in the
absence of local parasitization, no inflammatory reaction is
observed and consequently no ‘‘rejection’’ occurs.

MATERIALS AND METHODS

Mice and Parasites. Female C57BLy6J or male C3HyHeSnJ
mice (6–8 weeks of age) were infected intraperitoneally with
103 blood-form trypomastigotes of the Brazil strain of T. cruzi,
106 tissue-culture-derived trypomastigotes of the Sylvio X10y4
clone, or 103 tissue-culture-derived trypomastigotes of the Y
strain.
Heart Transplants. Infected mice, usually between 180 and

400 days postinfection, and age-matched, uninfected controls
were used as recipients of heart transplants. These recipients
were anesthetized with rompun (3.5 mgykg) and ketamine (35
mgykg) and a subcutaneous pocket on the dorsum of one ear
was made by incising the skin over the auricular artery at the
base of the ear. Donor hearts from fetal (day 18–21 gestation)
or neonatal (less that 2 days old) mice were briefly placed in
normal saline and then eased into the pocket near the distal
edge of the ear. Gentle pressure was used to remove trapped
air. Observations of the grafts were made using 316 magni-
fication and translumination. Beating of the hearts could
generally be detected within 7 days after grafting. Electrocar-
diogram (ECG) monitoring of the transplanted heart was also
used to obtain an earlier and more accurate determination of
the acceptance of the grafted heart (8).
Histochemistry and Immunocytochemistry of Transplanted

Tissues. Transplanted hearts as well as the native heart in
transplant recipients were either processed by formalin fixa-
tionyparafin embedding followed by standard hematoxyliny
eosin staining, or were frozen for immunocytochemical anal-
ysis as described (9, 10). Native or transplanted hearts were
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analyzed for the presence of inflammation, cell surface mark-
ers, and cytokine-producing cells. Inflammatory scores were
derived as described (10). Scores for CD41, CD81, or cyto-
kine-producing cells were obtained by counting the total
number of positively stained cells in five noncontiguous 325
microscopic fields: 2, no positive cells; 1, 1–10 positive cells;
11, 11–25 positive cells; and 111, .25 positive cells. For
major histocompatibility complex (MHC) and adhesion mol-
ecules the following grading scale was used:2, not detectable;
1, foci of positive staining in ,10% of the heart section
examined; 11, positive staining in 10–20% of the heart
section; 111, positive staining in .20% of the section.
In Situ PCR Detection of T. cruzi Kinetoplast DNA (kDNA).

The presence of T. cruzi in heart tissue was assessed by in situ
PCR analysis (11) using T. cruzi kDNA-specific oligonucleo-
tides. Native and transplanted hearts were fixed for 5 hr in 10%
neutral buffered formaldehyde followed by four washes (30
min each) in PBS. The tissue was then snap-frozen in liquid
NO2 and 6- to 10-mm-thick cryosections were cut and air-dried
on microscope slides. The sections were further fixed in 90%
acetone (5 min) and 5% buffered formaldehyde (5 min),
washed in PBS (four washes of 30 min each), and blocked in
2% casein solution (30 min) prior to storage at 2808C. The
PCR was carried out in a GeneAmp In Situ PCR System 1000
(Perkin–Elmer) according to manufacturer’s instructions.
Primers matching the conserved regions of T. cruzi kDNA (12)
were used to amplify the kDNAon tissue sections. The forward
primer (59-GGTTCGATTGGGGTTGGTGTAATATA-39)
and reverse, biotin-labeled primer (59-biotin-CCAAAATTT-
GAACGCCCCTCCCAAAA-39) were used at 0.1 mM in PCR
buffer (10 mM TriszHCly50 mM KCl, pH 8.3; Boehringer
Mannheim) containing 1.5 mM Mg21, 0.5 mM dNTP, and 25
unitsyml Taq polymerase. Following an initial incubation at
958C for 5 min, 608C for 2 min, and 728C for 2 min, the reaction
was cycled 29 times using the following settings: 958C for 10
sec, 608C for 30 sec, and 728C for 1 min. The slides were then
washed in PBS (four washes for 20 min each), 0.05% Tween 20
in PBS (three washes for 10 min each), PBS (four washes for
15 min each), and incubated in avidin-peroxidase (Vector
Laboratories) for 45 min at room temperature. Finally, the
sections were washed in PBS-Tween 20 and in PBS alone again,
as above, before the peroxidase was detected with 39,39-
diaminobenzidine tetrahydrochloride (Sigma) and the sections
counter-stained with hematoxylin.

RESULTS

C3H(He)SnJ mice infected with the Sylvio X10y4 clone of
T. cruzi exhibit extensive heart inflammation and tissue dam-
age throughout the acute and chronic phases of the infection
(13). To understand better the progression of disease in this
model of human Chagas disease, we conducted heterotopic
transplantation of neonatal hearts into these mice as described
(7). Age-matched noninfected mice were also used as trans-
plant recipients. Transplanted hearts were observed for the
presence of mechanical activity (heart beat), electrical activity
(ECG), and histologically for the presence of inflammation
and tissue damage.
In multiple experiments, both control and T. cruzi-infected

mice accepted the neonatal heart transplants in approximately
the same proportion with only an occasional failure (9% and
13% failure rate in normal and infected mice, respectively;
Table 1). These failures were either due to mechanical damage
to the heart during excision from the donor or to apparent
secondary bacterial infections at the site of the transplant.
Beating of transplanted hearts in either normal or infected
mice was usually obvious within 7 days posttransplantation and
once so established these hearts continued to beat and to
appear healthy when observed up to 1 year posttransplantation.

Histological analysis of hearts transplanted into chronically
infected mice revealed no evidence of an inflammatory re-
sponse in the transplanted tissue (Fig. 1). The tissue in the
transplanted hearts, particularly in hearts that have been in the
recipient for more than 1–2 months, is generally less well
organized than in the native heart. This effect has been
previously ascribed to the lack of hemodynamic load on the
transplanted heart (14). However, the transplanted hearts
lacked the characteristic inflammatory foci and tissue destruc-
tion evident in the native chagasic heart (Fig. 1). The failure
of T. cruzi-infected mice to reject syngeneic heart transplants
was not a peculiarity of a particular mouseyparasite strain
combination: C57BLy6J mice infected with either the Brazil or
Y strain of T. cruzi also failed to reject syngeneic neonatal
heart transplants (data not shown).
In contrast to the failure of chronically infected mice to

reject transplanted hearts, hearts transplanted into mice on the
day of infection (day 0) or into mice at the midpoint of the
acute infection (day 30) were rejected (4 of 4 mice). These
hearts became parasitized and exhibited similar signs of in-
f lammation as the native heart of these same animals (Table
2). This result demonstrates that the transplanted hearts are
accessible to both circulating parasites and to the inflamma-
tory cells which normally comprise the heart infiltrates in
Chagas disease.
Because the level of circulating parasites is significantly

higher in the acute stage of T. cruzi infection than in the
chronic stage, the destruction of transplanted heart tissue in
acutely infected mice might be a result of the higher level of
parasitization of the transplanted hearts in these mice relative
to that in mice with chronic T. cruzi infection. This suggestion

Table 1. Survival of heterotopic neonatal heart transplants in
T. cruzi-infected mice

Recipient
strain

Parasite
strain D.P.I.

Failuresy
total

Exp. 1 C3H(He)SnJ Sylvio X10y4 180–380 2y18
C3H(He)SnJ None 1y8

Exp. 2 C3H(He)SnJ Sylvio X10y4 210–230 2y13
C3H(He)SnJ None 1y14

Syngeneic neonatal hearts were transplanted into age-matched
C3H(He)SnJ male mice that were either not infected or were infected
180–380 days previously (D.P.I.) with the Sylvio X10y4 clone of T.
cruzi. The number of hearts that failed to beat within 14 days
posttransplantation from the total transplanted is indicated.

FIG. 1. Neonatal hearts establish and survive for greater than 6
months in mice with chronic (.200 days) T. cruzi infections. The
transplanted heart tissue (A and C), although appearing less organized
in comparison to the native heart of the same mouse (B and D),
nevertheless lacks any evidence of the intense inflammatory response
obvious in the native heart (arrows). (A and B, 363; C and D, 3250.)
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was confirmed by the demonstration that injection of 106 live
parasites into established transplanted hearts in chronically
infectedmice resulted in rapid and explosive inflammation and
cessation of heart function (Table 3 and Fig. 2). As a result of
this massive inflammatory response, transplanted hearts in-
jected with live parasites suffered uniform electrical and
mechanical failure in all of the 21 mice tested. Injection of PBS
as a control had no effect on heart function.
Importantly, the characteristics of the inflammatory re-

sponse, including the types of infiltrating cells and the expres-
sion of cytokines, MHC, and adhesion molecules were similar
in the native hearts and the transplanted hearts injected with
parasites (Table 2 and Fig. 2). CD81 T cells were by far the
predominant inflammatory cell population in both sites and
were accompanied by high level expression of tumor necrosis
factor a, transforming growth factor b, and interleukin 1 as we
have previously described for the native hearts of T. cruzi
infected mice (10). Up-regulation of both class I and class II
MHC expression and vascular adhesion molecule 1 expression
was also evident in the native and parasite-injected trans-
planted heart. Interestingly, increased MHC and adhesion
molecule expression was also present in transplanted hearts
that did not receive an injection of parasites. Nevertheless,

infiltrating lymphocytes were totally absent in these hearts.
The pattern of inflammatory cells and cytokine production in
parasite-injected transplanted hearts is in stark contrast to that
observed in allogeneic heart transplants. In the latter case,
CD41 T cell predominate and significant numbers of inter-
feron-g and interleukin 2-producing cells are evident (Table 2).
Although injection of 106 heat-killed parasites into estab-

lished heart transplants induced a moderate inflammatory
response, this nonviable stimulus resulted in loss of heart
function in only one of three animals (Tables 2 and 3). As in
chronically infected mice, injection of live parasites into hearts
transplanted into noninfected recipients resulted in loss of
heart function (Table 3). Thus, local infection with T. cruzi was
both necessary and sufficient for the consistent development
of disease in syngeneic neonatal heart transplants in mice.
Injection of lower doses of parasites into transplanted hearts in
chronically infected mice established that a threshold level of

FIG. 2. Injection of parasites into an established transplant results
in a massive infiltration of CD81 T cells. Established heart transplant
14 days after injection of parasites has virtually all of the muscle tissue
displaced by inflammatory cells that stain positively (yellowybrown
precipitate) for the CD8 molecule (A and B). The native heart of the
same animal also exhibits a CD81 cell-dominated inflammation (C).
The parasite-injected transplanted heart contains a large number of
cells which are producing tumor necrosis factor a (D). (A, 363; B–D,
3250.)

Table 3. Injection of live but not killed parasites results in loss of
electrical and mechanical activity in transplanted hearts

Group D.P.I. Treatment ECG
Heart
failure

1 Not infected PBS ND 0y4
2 Not infected Live T. cruzi ND 8y8
3 315–338 PBS ND 0y4*
4 315–338 Live T. cruzi ND 6y6
5 131 Live T. cruzi 0y4 positive 4y4
6 530 Live T. cruzi 0y8 positive 8y8
7 265 Live T. cruzi 0y3 positive 3y3
8 265 Dead T. cruzi 2y3 positive 1y3

Transplanted hearts were allowed to establish in mice for 14–21 days
and were then injected with 10 ml of PBS or 1 million live trypomas-
tigotes of T. cruzi or the same number of heat-killed (1008C, 5 min)
trypomastigotes in 10 ml of PBS. Hearts were observed for ECG
activity prior to injection and at 14–21 days postinjection (DPI). Heart
failure was determined by visual examination of beating on days 6 and
12 postinjection. ND, not determined. *The heart in one mouse in
group 3 stopped beating immediately after injection of PBS but
showed no signs of inflammation.

Table 2. Inflammatory response in native and transplanted hearts

Group n I.S. CD8 CD4 TNF-a TGF-b IFN-g IL-1 IL-2 IL-6 MHC I MHC II ICAM-1 VCAM-1

Normal
Native 6 2 2 2 2 2 2 2 2 2 2 2 1y2 2
Transplanted 6 2 2 2 2 2 2 2 2 2 2 2 1y2 2

Acute infection
Native 4 11 11 1 1 1 2 2 2 2 ND ND ND ND
Transplanted 4 11 11 1 1y11 1y11 2 1y2 ND 2 ND ND ND ND

Chronic infection
Native 19 111 11y111 1 11 11 2 1y11 2 1y11 11y111 11/ 11y111 1y11

111
Transplanted 5 2 2 2 2 2 2 2 2 2 1 1 1 1
Transplanted
plus PBS

4 2 2 2 2 2 2 2 2 2 1 1 1 1

Transplanted
plus parasites

10 11y111 11y111 1 11 11 2 1y11 2 1y11 1 1y11 1y11 1

Transplanted
plus killed
parasites

3 1y11 1 1 ND ND ND ND ND ND ND ND ND ND

Allotransplanted 2 111 11 11y11 11 11 1 11 1 1 11 11 ND 11

Scores for the degree of inflammation (I.S.) and for cell surface markers and cytokine-producing cells were obtained as described. Transplanted
hearts in normal or chronically infected (.200 days post-infection) mice were examined 20–60 days posttransplantation. Injections of PBS or
heat-killed parasites (1 million in 10 ml) were made into hearts 2–14 weeks posttransplantation and examined 10–50 days later. Transplants into
acutely infected mice were done at day 24 post-infection and examined 15 days later. Allografted hearts were examined 14 days posttransplantation.
n, number of hearts examined; ND, not determined; TNF-a, tumor necrosis factor a; TGF-b, transforming growth factor-b; IFN-g, interferon g;
IL, interleukin; ICAM-1, intercellular adhesion molecule 1; VCAM-1, vascular adhesion molecule 1.
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parasites is required to generate the response necessary to
cause loss of function in the transplanted hearts; injection of
fewer than 500 parasites did not affect the electrical function
of established heart transplants (6 of 6 mice); however, injec-
tion of 5,000 parasites or greater resulted in the loss of ECG
activity in all mice (n 5 9) by day 21 postinjection (data not
shown).
Transplanted hearts, however, are presumably subjected to

a constant exposure to circulating parasites in the chronically
infected mouse. Nevertheless these transplanted hearts show
no sign of infection, even when analyzed by in situ PCR (Fig.
3). This procedure readily detects T. cruzi-infected cells in
acutely infected hearts as well as the apparent remnants of
parasites in the hearts of chronically infected mice in associ-
ation with inflammatory foci. However hearts transplanted
into chronically infected mice up to 7 months previously show
absolutely no evidence of parasitization unless the hearts are
directly injected with T. cruzi (Fig. 3). Thus in this chronically
infected mouse model, parasites are apparently restricted from
spreading to heart tissue in the ear and as a result, this tissue
fails to exhibit the classical signs of Chagas disease.

DISCUSSION

The etiology of Chagas disease has been the focus of much
investigation, discussion, and controversy. Clinical evidence of
Chagas disease occurs in less than half of all individuals
infected with T. cruzi and is characterized by primarily mono-
nuclear infiltrates and fibrosis in the heart, and with less
frequency, the gut. The slow increase in disease severity in the
apparent absence of significant numbers of parasites in the
target organs is the major justification for classifying Chagas
disease as an autoimmune disorder. An autoimmune etiology
accounts for many of the characteristics of the disease state,
including the spectral nature of the disease, the organ speci-
ficity, the age-related onset, and the presence of anti-self
immune responses (reviewed in ref. 15). Discovery and char-
acterization of putative autoantigens that share epitopes with

parasite molecules has strengthened the autoimmune hypoth-
esis (4–6). However, despite this wealth of data demonstrating
the presence of anti-self responses in T. cruzi infection and
Chagas disease, there has been no firm link established
between these autoreactivities and the severity of disease in
infected hosts or the induction of disease (by cell or serum
transfer) in noninfected hosts.
Perhaps the most compelling evidence in favor of an auto-

immune etiology for Chagas disease comes from the demon-
stration that mice with chronic T. cruzi infection vigorously
reject normal syngeneic heart transplants (7). This evidence
strongly suggested that T. cruzi infection induced anti-heart T
cell responses capable of destroying normal heart tissue and
that such responses could account for the tissue destruction in
the native heart. The major effector cell in this response
appeared to be the CD41 T cell since depletion of this T cell
subset could prevent the rejection phenomenon. Because we
and others had previously shown that CD81 T cells are
normally the major constituent of the heart infiltrate in
chagasic hearts (16–19), we wished to explore this heart
transplant model as a means of determining the role of these
cells, as well as cells producing cytokines that are prevalent in
the native heart (10), in heart tissue damage.
The results of our investigation firmly establish that normal

(nonparasitized) heart tissue is not the target of inflammatory
responses in chronic murine T. cruzi infection. Mice of two
different strains chronically infected with three different iso-
lates of T. cruzi fail to generate even a moderate inflammatory
response to heterotopic syngeneic heart transplants. This is the
case even when the hearts are observed up to 1 year after
transplantation. Hearts transplanted into chronically infected
mice express elevated levels of class I and class II MHC
molecules and intercellular adhesion molecule 1 and vascular
adhesion molecule 1. These molecules are presumably up-
regulated by the high systemic level of cytokines such as
interferon-g (9, 20, 21) and tumor necrosis factor a (22, 23)
since in situ production of these cytokines was not detected in
the transplanted tissue. However the increase in MHC and
adhesion molecule expression is not sufficient for the recruit-
ment of inflammatory cells into the transplant as previously
suggested (24). The only conditions under which inflammation
in and ‘‘rejection’’ of the transplanted heart is observed are (i)
transplantation of hearts into mice during the acute phase of
the infection, or (ii) direct injection of relatively large numbers
of parasites into the transplanted tissue. In these cases, the
transplanted heart takes on all the appearances of the native
hearts in these animals, including the predominance of CD81

T cells in the cellular infiltrate, and the high in situ production
of tumor necrosis factor a, transforming growth factor b, and
interleukin 1. Injection of 106 killed parasites also induced
moderate inflammation and cessation of electrical and me-
chanical activity in only one of three hearts tested. Although
more extensive studies would be needed to to make firm
conclusions concerning the effects of killed parasites, it is clear
that killed parasites do not elicit an inflammatory response
similar to that observed in either native hearts or parasite-
infected transplanted hearts in chronically infected mice, or
the consistent deleterious effects on heart function that live
parasites do (i.e., 30 of 30 hearts cease function with as few as
5,000 injected parasites). These results thus provide convincing
evidence that local infection of heart tissue is required for the
induction of the pathogenic responses characteristic of chronic
Chagas disease.
The difference between the results reported herein and

those published previously showing rejection of syngeneic
transplants in T. cruzi-infected mice likely reflects the char-
acteristics of the infection in the models used. The previous
studies used parasiteymouse strain combinations that result in
high parasitemic infections and host death during the acute
phase unless the mice are rescued by treatment with anti-

FIG. 3. In situ PCR detection of parasite kDNA in native and
transplanted hearts. Detection of a parasite-infected cell (pseudocyst)
in the heart of a mouse 14 days postinfection (A) demonstrates the
specificity of the in situ PCR for the parasite. Native heart tissue from
chronically infected mice (350 days) shows no intact parasite-infected
cells but displays a diffuse staining pattern that is more intense in areas
of heavy inflammation (arrows in B). The transplanted heart present
for 200 days in the same animal as in B shows no evidence of either
intact or diffusely distributed parasite kDNA, nor any evidence of
inflammation (C). Five days after injection of 106 parasites into a
transplanted heart, parasite kDNA is readily detected by in situ PCR
(D). The detection of kDNA in the parasite-injected transplanted
heart precedes the inflammatory response evident by day 15 postin-
jection (see Fig. 2). (3250.)
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parasitic drugs (7). It is possible that the higher load of
circulating parasites in these mice leads to a more efficient
infection of the transplanted tissue and its resulting destruc-
tion. We specifically chose to focus this study on the C3H-
Sylvio X10y4 infection model of chronic chagasic heart dis-
ease. This mouseyparasite strain combination very accurately
simulates the human infection, with nearly undetectable par-
asitemia during the acute and chronic phases of the infection,
the absence of mortality in the acute infection, and the
development in the heart of inflammation and tissue damage
with characteristics remarkably similar to that observed in
chagasic human hearts (25, 26).
The absence of parasites in heart tissue even 8 months after

its implantation into the chronically infected mice used in this
study is very surprising. It was assumed that the release of
trypomastigotes from infected host cells would provide an
ample source for parasitization of the implanted muscle. It is
clear, however, from the results of in situ PCR analysis that
while parasites (or at least parasite kDNA) persist in the native
hearts years after the initial infection, they are totally absent
in the transplanted tissue. The failure of the transplanted tissue
to become parasitized demonstrates the efficiency of the
anti-parasite immune response in controlling the spread of
parasites to other sites in the body, a finding that is supported
by the difficulty in detecting circulating parasites in chronically
infected hosts (27) as well as previous studies documenting the
restriction of tissue parasites to the heart and skeletal muscle
in C3H mice chronically infected with the Sylvio Xy10 clone
of T. cruzi (25). Despite the efficiency of the anti-parasite
immune response in infected hosts, there is little evidence that
this response can rid the native heart tissue of its parasite
burden.
In the native hearts of chronically infected mice, the kDNA

PCR product is closely associated with inflammatory infil-
trates. This finding as well as the detection of parasites and
parasite kDNA in the parasite-injected transplanted heart
preceding the inflammatory process provides compelling ev-
idence of a causal link between the presence of parasites in
tissues and the inflammatory disease process. The proposed
link between parasite load and disease severity in T. cruzi
infection is also supported by a growing body of evidence
connecting disease severity with the virulence of the infecting
parasites (28, 29), the persistence of parasites in the diseased
tissues (30–33), and the efficacy of anti-parasite chemotherapy
(34–36).
The results of these studies have considerable implications

for the treatment or prevention of Chagas disease. Most
importantly these data provide theoretical support for efforts
to reduce the parasite load in patients as ameans of minimizing
the severity of Chagas disease. The worry of exacerbation of
disease has been the major impediment to the exploration of
anti-T. cruzi vaccines. Likewise the development of better
anti-parasite chemotherapies and their use in treating chronic
as well as acute cases of T. cruzi infection may now be
considered in a more favorable light. From a practical point of
view vaccine-induced immunity and chemotherapy would ap-
pear to hold greater promise for prevention and treatment of
Chagas disease than would immunosuppressive therapies that
are commonly used to treat autoimmune diseases. This point
is emphasized by the fact that essentially any suppression of the
immune system during the acute or chronic stages of the
infection results not in alleviation but in exacerbation of the
disease (19, 37–40). Thus it seems that even if Chagas disease
has an autoimmune component, it is unlikely that it can be
treated as a conventional autoimmune disease.
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