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The mechanisms involved in the pathology of chronic chagasic cardiomyopathy are still debated, and the
controversy has interfered with the development of new treatments and vaccines. Because of the potential of
DNA vaccines for immunotherapy of chronic and infectious diseases, we tested if DNA vaccines could control
an ongoing Trypanosoma cruzi infection. BALB/c mice were infected with a lethal dose (5 � 104 parasites) as
a model of acute infection, and then they were treated with two injections of 100 �g of plasmid DNA 1 week
apart, beginning on day 5 postinfection. Control mice had high levels of parasitemia and mortality and severe
cardiac inflammation, while mice treated with plasmid DNA encoding trypomastigote surface antigen 1 or Tc24
had reduced parasitemia and mild cardiac inflammation and >70% survived the infection. The efficacy of the
immunotherapy also was significant when it was delayed until days 10 and 15 after infection. Parasitological
analysis of cardiac tissue of surviving mice indicated that most mice still contained detectable parasite
kinetoplast DNA but fewer mice contained live parasites, suggesting that there was efficient but not complete
parasite elimination. DNA vaccine immunotherapy was also evaluated in CD1 mice infected with a low dose (5
� 102 parasites) as a model of chronic infection. Immunotherapy was initiated on day 70 postinfection and
resulted in improved survival and reduced cardiac tissue inflammation. These results suggest that DNA
vaccines have strong potential for the immunotherapy of T. cruzi infection and may provide new alternatives
for the control of Chagas’ disease.

Chagas’ disease, or American trypanosomiasis, is caused by
the protozoan parasite Trypanosoma cruzi and has a wide-
spread distribution in the Americas. An estimated 16 million to
18 million persons are infected, and close to 100 million people
are at risk of infection. Transmission to humans occurs primar-
ily through blood-sucking reduvid bugs, which deposit infective
feces on the skin when they are feeding, but it may also occur
through blood transfusion (30, 51).

The disease is characterized by an initial acute phase during
which flagellated parasites (trypomastigotes) multiply in the
blood, followed by an indeterminate phase with very low par-
asitemia and no apparent pathology. Susceptible hosts then
enter a chronic phase with increasing tissue damage, mostly in
cardiac and skeletal muscle tissues but sometimes also in the
liver, spleen, colon, or esophagus, that progressively leads to
cardiac failure and death (2, 5, 36). There is still considerable
debate about the mechanisms involved in the pathology (14,
19, 44); some evidence indicates that damage is associated with
the presence and replication of intracellular amastigotes in
host tissues, while other studies have shown that autoimmunity
induced by parasite antigens mimicking host proteins is re-
sponsible for tissue damage. Indeed, standard histopathologi-
cal analysis of tissues from chronically infected hosts shows
that there are abundant inflammatory cells but few or no amas-
tigotes nests, suggesting that the pathology may develop in an

almost complete absence of parasites. These observations have
been associated with identification of several cross-reacting
antibodies and T cells to support the autoimmune hypothesis
(15, 24). However, more sensitive parasite detection tech-
niques have confirmed that parasites persist in tissues and
correlated this persistence with tissue damage (31, 32). Fur-
thermore, it is well accepted that a T helper 1 (Th1) type of
immune response is required for clearing the parasite from
infected mice (18, 28, 33, 38, 42, 49), while such a response has
also been associated with the intensity of the pathology during
the chronic phase in humans (1, 16). All this controversy has
interfered substantially with the development of immunother-
apy and preventive vaccines as there is no clear agreement
concerning whether the immune response should be stimu-
lated (to eliminate the parasite) or inhibited (to avoid autoim-
munity).

Nonetheless, several studies have focused on characteriza-
tion of parasite antigens which may be used as vaccine candi-
dates. Some recombinant or purified antigens, such as
paraflagellar rod proteins, trans-sialidase, trypomastigote ex-
cretory-secretory antigens (including Tc24), glycoprotein 82,
and trypomastigote surface antigen 1 (TSA-1), have shown
promise because they induce significant protection in some
mouse models (6, 28, 38, 52). More recently, DNA vaccines
encoding some of these antigens have also been tested. Be-
cause DNA vaccines have a strong Th1 bias in the immune
response which they induce (39), they appear to be particularly
promising for use against parasites such as T. cruzi. Indeed,
immunization of mice with a DNA vaccine encoding trans-
sialidase (8, 34, 37), TSA-1 (13, 50), ASP-1 and ASP-2 (13), or

* Corresponding author. Mailing address: Laboratorio de Parasito-
logı́a, Centro de Investigaciones Regionales Dr. Hideyo Noguchi, Uni-
versidad Autónoma de Yucatán, Av. Itzaes 490 x 59, Centro, 97000,
Mérida, Yucatán, Mexico. Phone: (999) 924-5910, ext. 118. Fax: (999)
923-6120. E-mail: oliver@tunku.uady.mx.

46



KMP11-HSP70 fusion protein (35) leads to a Th1-type im-
mune response that is protective in the case of TSA-1, ASP-1,
ASP-2, or KMP11-HSP70. Similarly, immunization with a plas-
mid encoding the complement regulatory protein, but not the
recombinant protein, can protect against challenge (40). These
data support the idea that using DNA vaccines may be a better
strategy than using recombinant vaccines against T. cruzi.

A very attractive feature of DNA vaccines is that they may
also be used for immunotherapy once an infection has been
initiated. This therapeutic potential has been observed against
various pathogens, including human immunodeficiency virus
(7), rabies virus (26), Mycoplasma pulmonis (23), Mycobacte-
rium tuberculosis (27), Leishmania major (17), and Schistosoma
mansoni (11). These studies demonstrated that administration
of a DNA vaccine (alone or in combination with additional
drug therapy in the case of rabies virus and Schistosoma) could
clear or greatly reduce an ongoing infection by one of these
pathogens.

In the case of T. cruzi, drug therapy relies on nitrofurans
(such as nifurtimox, now discontinued) or nitroimidazoles
(such as benznidazole). However, these drugs have little effi-
cacy (limited to early stages of the infection), and they have
serious side effects, so that efforts are needed to identify new
treatments (20, 41, 47). Indeed, Chagas’ disease is one of the
most neglected diseases in terms of development of new drugs
(45). Thus, we investigated whether DNA vaccine immuno-
therapy could be effective in controlling an ongoing T. cruzi
infection in mice. We tested DNA plasmids encoding T. cruzi
antigens TSA-1 and Tc24, which had previously been shown to
be highly immunogenic and to provide good protection as
prophylactic DNA and recombinant protein vaccines, respec-
tively (43, 50). We report here the first data showing that DNA
vaccine immunotherapy may be a promising strategy for con-
trol of T. cruzi infection.

MATERIALS AND METHODS

Experimental infection of mice. T. cruzi strains H1 (low virulence) and H4
(high virulence), previously isolated from human cases in Yucatán, Mexico (4),
and maintained in the laboratory by monthly passages in CD1 mice, were used
for infection. Two distinct experimental models of infection were used in this
study. First, we used BALB/c mice as a model of acute lethal infection. Four- to
six-week-old BALB/c mice were infected by intraperitoneal injection of a lethal
dose, 5 � 104 blood trypomastigotes (strain H4). The development of infection
was monitored by counting peripheral blood parasites every 3 days with a
Neubauer cell, and mortality was recorded daily. Surviving mice were sacrificed
on days 45 to 50 postinfection (end of the acute phase) or on day 140 postin-
fection (chronic phase) to evaluate short- and long-term effects. Spleen, liver,
heart, and skeletal muscle tissues were removed and processed for histopatho-
logical analysis and T. cruzi parasite detection (see below).

Second, as a model of chronically infected mice, we used 4- to 6-week-old CD1
mice that were infected intraperitoneally with a low dose, 5 � 102 blood trypo-
mastigotes (strain H1). The infection was monitored as described above for up to
140 days, when surviving mice were sacrificed. Spleen, liver, heart, and skeletal
muscle tissues were removed and processed for histopathological analysis and T.
cruzi parasite detection.

The experimental protocol was approved by the Bioethics Committee of the
Universidad Autónoma de Yucatán, and all animal experiments were carried out
according to the established guidelines. All mice were bred and cared for at the
animal facilities of our research center.

Plasmid construction. The cDNA encoding T. cruzi TSA-1 (kindly provided by
J. Manning, Molecular Biology and Biochemistry, University of California, Ir-
vine) was digested with BamHI and EcoRI to generate a 1,900-bp fragment
corresponding to the 5� region (nucleotides 1 to 1851) (50) and was subcloned
into pcDNA3 (Invitrogen, Carlsbad, Calif.) by using standard molecular biology

FIG. 1. Parasitemia and survival of BALB/c mice infected with a
lethal dose of T. cruzi and treated with DNA vaccines. Mice were
infected with 5 � 104 T. cruzi parasites (strain H4) and treated on days
5 and 12 (arrows) with intramuscular injections of 100 �g of plasmid
DNA encoding TSA-1 (F) or Tc24 (Œ), control pcDNA3 plasmid (E),
or a saline solution (�). (A and B) Infection monitored by measuring
parasitemia. The values are means � standard errors of the means for
3 to 15 mice per group. (C) Survival of infected and treated BALB/c
mice.
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FIG. 2. Histopathological analysis of cardiac tissue from BALB/c mice infected with a lethal dose of T. cruzi and treated with DNA vaccines.
Cardiac tissue was examined on days 40 to 50 postinfection (A, B, C, E, and G) or on day 140 postinfection (D, F, and H). Infected mice treated
with a saline solution (A) or the control pcDNA3 plasmid (B) died by days 40 to 45 and had extensive inflammatory infiltrates, scattered to
abundant amastigote nests (arrows), and some fibrosis and necrosis. Mice treated with 100 �g of DNA vaccine encoding TSA-1 on days 5 and 12
(C) had only mild focal inflammation (asterisk). When treatment was delayed and administered on days 10 and 17 postinfection (E) or on days
15 and 22 postinfection (G), the inflammation level appeared to be intermediate between that of treated mice and that of untreated mice. On day
140 after infection, BALB/c mice treated with TSA-1 DNA on days 5 and 12 (D) or on days 10 and 17 (F), as well as mice treated with Tc24 DNA
(H), all had very mild and diffuse inflammatory infiltrates, and amastigote nests were undetectable except in one mouse.
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protocols, yielding pcDNA3-TSA1. Tc24 DNA was amplified by PCR from T.
cruzi DNA by using forward primer 5�-CTATGGTACCGAGTCAAGGAGAG
CAACGAG-3� and reverse primer 5�-GGCGAATTCACGTCACTCTGCGGC
CGCGAGCT-3�. PCR products were digested with BamHI and KpnI and also
cloned into pcDNA3, yielding pcDNA3-Tc24. Plasmids were checked by exten-
sive restriction digestion and sequencing prior to injection. Plasmid DNA was
prepared by using a Bio-Rad Maxi-Prep kit (Bio-Rad, Hercules, Calif.) and was
stored at �20°C until it was used.

Immunotherapy of infected mice. Immunotherapy with DNA vaccines was
tested in both the acute and chronic infection models described above. For
treatment of an acute lethal infection, BALB/c mice were anesthetized with
penthobarbital on day 5 postinfection and treated by intramuscular injection in
the tibialis anterioris of 100 �g of plasmid DNA encoding TSA-1 or Tc24 in a
saline solution (0.9% NaCl) (23, 47, 48). One week later (day 12 postinfection),
a second dose of plasmid DNA was administered similarly. Control groups of
mice received 100 �g of empty pcDNA3 plasmid or 100 �l of the saline solution.
In additional experiments, initiation of plasmid DNA treatment was delayed
until 10 and 15 days postinfection.

For treatment during the chronic phase, CD1 mice also received two doses of
plasmid DNA, 1 week apart, as described above. However, plasmid DNA treat-
ment was initiated on day 70 postinfection, about 30 days after the end of the
acute phase, as assessed by monitoring the parasitemia.

Histopathological analysis. Spleen, liver, heart, and skeletal muscle tissues
were removed from sacrificed animals for histopathological analysis. Samples
were fixed in 10% formaldehyde and included in paraffin. Five-micrometer
sections were then stained with hematoxylin and eosin, and at least five sections
per tissue per mouse were examined for the presence of acute and/or chronic
inflammation and parasites. Inflammation was identified as mild, moderate, or
severe, and amastigote nests were identified as undetectable, rare, scattered, or
abundant.

T. cruzi detection and recovery. We tested for the presence of T. cruzi kineto-
plast DNA (kDNA) in blood and cardiac tissue by PCR by using the TC1 and
TC2 primers (9). Recovery of live T. cruzi parasites from cardiac tissue of treated
mice was also examined by inoculating naı̈ve BALB/c mice with 200-�l portions
of tissue homogenates and monitoring the appearance of circulating parasites in
peripheral blood for up to 1 month.

RESULTS

Efficacy of DNA vaccine immunotherapy administered dur-
ing the acute phase. We initially administered DNA vaccines

encoding TSA-1 and Tc24 antigens during the acute phase of
infection in highly susceptible BALB/c mice and evaluated the
efficacy this immunotherapy by monitoring the parasitemia and
mortality of infected mice. As expected, mice that were inoc-
ulated with a lethal dose, 5 � 104 trypomastigotes, and re-
ceived only the saline solution rapidly developed a high level of
parasitemia (Fig. 1A), and all died by day 45 postinfection (Fig.
1C). Similarly, mice that were treated with the empty plasmid
pcDNA3 also developed a high level of parasitemia, albeit
slightly delayed, and all died by day 50 (Fig. 1A and C). In
contrast, mice that were treated with two injections of plasmid
DNA encoding TSA-1, on days 5 and 12 postinfection, had a
lower level of parasitemia, and circulating parasites became
undetectable by direct microscopic examination by day 42 (Fig.
1A). In addition, more than 70% of the pcDNA3-TSA1-
treated mice survived the acute phase of the infection (Fig.
1C). Immunotherapy with the plasmid encoding Tc24 also con-
trolled the infection, as indicated by the lower level of para-
sitemia and the survival of 100% of the mice treated with this
plasmid (Fig. 1B and C). Histopathological analysis of cardiac
tissue at the end of the acute phase (days 40 to 50 postinfec-
tion) indicated that control mice that received the saline solu-
tion or the empty plasmid had extensive inflammation with
diffuse infiltration of mononuclear cells (Fig. 2A and B). Some
necrosis and fibrosis were observed, and scattered to abundant
T. cruzi amastigote nests were detected. On the other hand,
mice treated with plasmid DNA encoding TSA-1 had only mild
focal inflammation and tissue damage (Fig. 2C), and only rare
amastigote nests were detected.

We then tested whether the timing of plasmid DNA admin-
istration was crucial for efficacy of the treatment. We thus
delayed initiation of the immunotherapy until 10 and 15 days
postinfection (Fig. 3). This delay in injection of plasmid

FIG. 3. Parasitemia and survival of BALB/c mice infected with a lethal dose of T. cruzi and treated with DNA vaccines at different times. Mice
were infected with 5 � 104 T. cruzi parasites (strain H4), and then they were treated on days 5 and 12 (F), on days 10 and 17 (‚), or on days 15
and 22 (Œ) postinfection with intramuscular injections of 100 �g of plasmid DNA encoding TSA-1 or they were treated with a saline solution (�).
(A) Infection monitored by measuring parasitemia. The values are means for 5 to 15 mice per group. (B) Survival of infected and treated BALB/c
mice.
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pcDNA3-TSA1 resulted in progressively higher levels of par-
asitemia (Fig. 3A). Nonetheless, the parasitemia remained
controlled and eventually became undetectable, as it did when
treatment was initiated on day 5 postinfection. Accordingly, 70
to 100% of the treated mice survived the acute phase of infec-
tion (Fig. 3B). Histopathological analysis also showed that
there was a reduction in tissue damage on day 50 postinfection
even when treatment was delayed, although the infiltrates of
inflammatory cells appeared to be more abundant and diffuse
than those observed in mice treated on day 5 postinfection
(Fig. 2E and G). Taken together, these data indicate that
immunotherapy with a DNA vaccine encoding TSA-1 or Tc24
can induce short-term (up to 50 days) control of a lethal T.
cruzi infection in BALB/c mice.

Because of the complex nature of T. cruzi pathology, such
short-term control of the acute phase may not be sufficient to
prevent development of the more damaging chronic phase of
the disease. We thus investigated the long-term effects of DNA
vaccine immunotherapy by evaluating cardiac tissue damage
and T. cruzi persistence in treated mice at 140 days postinfec-
tion. As circulating blood parasites are difficult to detect by
microscopic examination at this stage, we used PCR to test for
the presence of the parasite. We did not detect T. cruzi kDNA
in the blood of treated mice at this stage. Histopathological
analysis of cardiac tissue revealed mild and diffuse inflamma-
tory infiltrates even when treatment had been delayed, and
rare amastigote nests were present in only one mouse (Fig. 2D,

F, and H). However, PCR analyses of the cardiac biopsies
revealed that all mice treated with plasmid DNA encoding
TSA-1 (on days 5 and 12 or on days 10 and 17) were positive
for T. cruzi kDNA, whereas only one-third of the mice treated
with Tc24 showed evidence of T. cruzi kDNA (�2 � 6.19; P �
0.04) (Table 1). Finally, we evaluated the presence of live
infective parasites in the hearts of the treated mice by inocu-
lating heart tissue homogenates from these animals into naı̈ve
BALB/c mice and monitoring the parasitemia. When mice
were treated with the TSA-1 plasmid on days 5 and 12 postin-
fection, only one-third of the animals still had live parasites in
the cardiac tissues on day 140. When treatment was initiated 10
days postinfection, three-quarters of the mice had live para-
sites (Table 1). All of the mice treated with plasmid DNA
encoding Tc24 appeared to be free of live T. cruzi parasites, as
naı̈ve mice injected with heart homogenates from these mice
remained uninfected (Table 1). However, the differences were
not statistically significant (�2 � 5.14; P � 0.07). Taken to-
gether, these data indicate that DNA vaccine immunotherapy
during the acute phase had long-term effects that reduced the
development of chronic chagasic cardiomyopathy in treated
mice.

Efficacy of DNA vaccine immunotherapy administered dur-
ing the chronic phase. We then tested the efficacy of DNA
vaccine immunotherapy during the chronic phase of infection.
We used CD1 mice that were infected with a low dose of
parasites, which allowed more than 75% of these mice to

TABLE 1. Parasitological study on day 140 after infection of BALB/c mice treated during the acute phase of the infection

Treatment
Time of treatment

(days
postinfection)

Parasite DNA
in blooda Inflammationb Amastigote nestsc

Parasite DNA
in heart
tissued

Live parasites isolated
from hearte

pcDNA3-TSA1 5 0/3 � � to � 3/3 1/3
10 0/4 �� � to � 4/4 3/4

pcDNA3-Tc24 5 0/3 � � 1/3 0/3

pcDNA3f 5 NDg ��� � to ��� ND ND

Salinef 5 ND ��� � to ��� ND ND

a Number of mice with blood positive for T. cruzi as determined by PCR/number of mice analyzed.
b �, mild; ��, moderate; ���, severe.
c Histological detection of amastigote nests in heart tissue sections. �, undetectable; �, rare; ��, scattered; ���, abundant.
d Number of mice with T. cruzi kDNA in heart tissue as determined by PCR/number of mice analyzed (�2 � 6.19; P � 0.04).
e Number of mice from which live T. cruzi parasites were isolated from heart tissue/number of mice analyzed (�2 � 5.14; P � 0.07).
f Tissues were obtained from the mice on day 45 postinfection.
g ND, not done.

TABLE 2. Parasitological study on day 140 postinfection of CD1 mice treated during the chronic phase of the infection

Treatment
Time of treatment

(days
postinfection)

Survivala Parasite DNA
in bloodb Inflammationc Amastigote nestsd

Parasite DNA
in heart
tissuee

Live parasites isolated
from heartf

pcDNA3-TSA1 70 7/7 0/7 � � 7/7 7/7
pcDNA3 70 4/6 0/4 �� � 4/4 NDg

Saline 70 3/7 0/3 ��� � 3/3 3/3

a Number of mice surviving on day 140/number of mice studied (�2 � 7.23; P � 0.027).
b Number of mice with blood positive for T. cruzi as determined by PCR/number of mice analyzed.
c �, mild; ��, moderate; ���, severe.
d Histopathological detection of amastigote nests in heart tissue sections. �, undetectable.
e Number of mice with detectable T. cruzi DNA in heart tissue/number of mice analyzed.
f Number of mice from which live T. cruzi parasites were isolated from heart tissue/number of mice analyzed.
g ND, not done.
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survive the acute phase of the infection (data not shown).
Surviving mice then received plasmid DNA encoding TSA-1 or
a saline treatment on day 70 postinfection and were monitored
up to day 140 postinfection. Both groups of mice had no
circulating parasites in their blood at this stage, as assessed by

PCR (Table 2). All seven mice that received the pcDNA3-
TSA1 vaccine treatment survived up to day 140, whereas only
four (66%) of the six pcDNA3-treated control mice and three
(42%) of the seven saline solution-treated control mice sur-
vived (�2 � 7.23; P � 0.027). In addition, histopathological
analysis indicated that control mice that received the saline
solution or pcDNA3 had extensive diffuse inflammation and
chronic myocarditis (Table 2 and Fig. 4A). On the other hand,
mice treated with the DNA vaccine encoding TSA-1 had mild
focal inflammation (Table 2 and Fig. 4B). As expected, we did
not observe amastigote nests in cardiac tissue sections from
either group, confirming the low sensitivity of the standard
technique for histopathologic detection of parasites. However,
we detected T. cruzi kDNA and live parasites in cardiac biop-
sies of all treated and control mice (Table 2). Taken together,
these data suggest that DNA vaccine immunotherapy during
the chronic phase may reduce but not eliminate T. cruzi par-
asites and thus limit progression of chronic chagasic cardiomy-
opathy.

DISCUSSION

DNA vaccines have been described as a powerful alternative
for development of preventive vaccines against a wide variety
of infectious and chronic diseases (25). Interestingly, they also
have been shown to have potential for immunotherapy against
several pathogens (7, 11, 17, 23, 26, 27). Given the lack of
effective therapeutic drugs for use against T. cruzi, we investi-
gated the efficacy of DNA vaccine immunotherapy against T.
cruzi infection.

We used DNA vaccines encoding T. cruzi antigens TSA-1
and Tc24, because both of these antigens were reported to be
highly immunogenic and protective in previous vaccine studies
(43, 50). In addition, TSA-1 has been shown to induce signif-
icant protection as a preventive DNA vaccine (13, 50). To our
knowledge, this is the first report which clearly demonstrates
that intramuscular injection of only two doses of plasmid DNA
encoding TSA-1 or Tc24 during the acute phase of infection is
sufficient to induce control of an otherwise lethal T. cruzi
infection. Indeed, such treatments dramatically reduced the
parasitemia and cardiac tissue damage and resulted in in-
creased survival of the infected animals. Most noticeable was
the ability of DNA vaccine immunotherapy to reduce the levels
of parasites to levels below PCR- or infection-detectable levels
in some of the treated mice in which we were unable to detect
parasite DNA or live parasites in cardiac biopsies. The efficacy
of the treatment remained significant when its administration
was delayed. However, the mice treated later during the acute
phase had slightly higher levels of parasitemia and more ex-
tensive inflammatory damage than the mice treated soon after
infection. Thus, when the immunotherapy was administered to
chronically infected mice (70 days postinfection), we found
that it was too late to eliminate the parasites. Nonetheless,
treatment during the chronic phase remained sufficiently effi-
cient to reduce tissue damage and chronic disease progression,
and it significantly improved survival. Thus, the DNA vaccine
immunotherapy was effective and beneficial when it was ad-
ministered at any stage of infection.

The mechanisms of action of our DNA vaccine immunother-
apy are not known, but our results are consistent with possible

FIG. 4. Histopathological analysis of cardiac tissue from CD1 mice
infected with a low dose of T. cruzi and treated with DNA vaccines. (A
and B) Mice were infected with 5 � 102 T. cruzi parasites, treated with
an intramuscular injection of a saline solution (A) or with 100 �g of
DNA vaccine encoding TSA-1 (B) during the chronic phase on days 70
and 77 postinfection, and sacrificed on day 140 postinfection. The
cardiac tissue of control mice had extensive inflammatory infiltrates,
while that of DNA-treated mice had only mild diffuse inflammation.
(C) Uninfected control CD1 mice.
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reorientation and/or potentiation of the immune response
from a nonprotective Th2 response to a protective Th1 re-
sponse (21). Indeed, it is accepted that DNA vaccines have a
significant Th1 bias (10, 22, 39), and a DNA vaccine encoding
TSA-1 has been shown to induce strong CD8� responses (50).
Also, reorientation of the immune response has been observed
in the case of DNA vaccine therapy against Leishmania or
Mycobacterium infections (17, 27). A shift in the immune re-
sponse may have to occur early enough in the infection to
eliminate T. cruzi and avoid dissemination or establishment in
host target tissues, which may explain the lower efficacy of the
treatment when it is delayed. Understanding these immune
mechanisms and their kinetics should provide important clues
for improving and optimizing the efficacy of this therapy, and
studies to do this are under way.

An additional important observation is that our results sup-
port the idea that parasite persistence (3) rather that autoim-
munity (12) may cause chronic inflammation and tissue dam-
age and thus disease. Thus, stimulation of the immune
response, and probably stimulation of a Th1-type response, did
not lead to exacerbation of the disease. This contradicts the
results of previous studies of chagasic patients which suggested
that chronic chagasic cardiomyopathy is associated with a Th1
response (1, 16), but it is in agreement with other suggestions
that control of T. cruzi infection should be aimed at parasite
elimination through drug therapy or stimulation of the im-
mune response (46). Quantification of parasites following im-
munotherapy should clarify this point and establish a possible
correlation between parasite load and inflammatory damage.

In conclusion, we showed here that DNA vaccine immuno-
therapy can effectively control T. cruzi infection and signifi-
cantly reduce the progression of chronic chagasic cardiomyop-
athy in mice. The efficacy of this strategy appears to be superior
to or possibly comparable to the efficacy of chemotherapy, and
the strategy has the major advantage of requiring only two
doses, whereas drug treatments rely on daily doses for a pro-
longed time (29, 47). The treatment described here may thus
represent a promising alternative for Chagas’ disease therapy,
alone or in combination with other drug treatments.
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