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a  b  s  t  r  a  c  t

The  recent  increase  in  immigration  of  people  from  areas  endemic  for Chagas  disease  (Trypanosoma  cruzi)
to  the United  States  and  Europe  has  raised  concerns  about  the  transmission  via  blood  transfusion  and
organ  transplants  in these  countries.  Infection  by  these  pathways  occurs  through  blood  trypomastigotes
(BT),  and  these  forms  of T. cruzi  are  completely  distinct  of  metacyclic  trypomastigotes  (MT),  released
by  triatomine  vector,  in  relation  to parasite–host  interaction.  Thus,  research  comparing  infection  with
these  different  infective  forms  is important  for  explaining  the  potential  impacts  on the  disease  course.
Here,  we  investigated  tissue  parasitism  and relative  mRNA  expression  of  cytokines,  chemokines,  and
chemokine  receptors  in  the  heart  during  acute  infection  by  MT  or BT forms  in  dogs.  BT-infected  dogs
presented  a higher  cardiac  parasitism,  increased  relative  mRNA  expression  of  pro-inflammatory  and
immunomodulatory  cytokines  and of  the chemokines  CCL3/MIP-1�,  CCL5/RANTES,  and  the  chemokine
receptor  CCR5  during  the acute  phase  of infection,  as compared  to MT-infected  dogs. These  results  suggest
that  infection  with  BT forms  may  lead  to an increased  immune  response,  as  revealed  by  the  cytokines
ratio,  but  this  kind  of  immune  response  was  not  able  to control  the  cardiac  parasitism.  Infection  with  the

MT form  presented  an  increase  in the  relative  mRNA  expression  of IL-12p40  as  compared  to  that  of IL-10
or TGF-�1.  Correlation  analysis  showed  increased  relative  mRNA  expression  of  IFN-�  as well as  IL-10,
which  may  be  an  immunomodulatory  response,  as  well  as an increase  in  the  correlation  of  CCL5/RANTES
and  its CCR5  receptor.  Our  findings  revealed  a difference  between  inoculum  sources  of  T. cruzi,  as vectorial
or  transfusional  routes  of  T. cruzi  infection  may  trigger  distinct  parasite–host  interactions  during  the acute
phase, which  may  influence  immunopathological  aspects  of Chagas  disease.
Abbreviations: BT, blood trypomastigotes; GAPDH, glyceraldehyde-3-phosphate
ehydrogenase; GPI, glycosylphosphatidylinositol; IFN-�, interferon-gamma; IL-4,

nterleukin-4; IL-10, interleukin-10; IL-12, interleukin-12; MIP, macrophage inflam-
atory protein; MT,  metacyclic trypomastigotes; NI, not infected; RA, right atrium;

GF-�,  transforming growth factor �; UFOP, Universidade Federal de Ouro Preto.
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1. Introduction

American trypanosomiasis is a zoonosis caused by the flagellate
protozoan Trypanosoma cruzi, known as Chagas disease (Chagas,
1909). In the early 1990s, regional control programs directed
against domestic vectors were initiated in most of Latin Ameri-
can countries, and they led to a reduction of disease prevalence
from 16–18 million people infected in 1990 to current estimates
of approximately 7–8 million (WHO, 2013). However, in recent
decades, Chagas disease has emerged in nonendemic areas due to

migration of Latin Americans to regions such as North America and
Europe, thus highlighting the transfusional transmission of Chagas
disease (Jackson et al., 2010; Gascon et al., 2010; Strasen et al., 2013;
Wallace et al., 2013).

dx.doi.org/10.1016/j.molimm.2013.11.007
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.molimm.2013.11.007&domain=pdf
mailto:carneirocm@gmail.com
mailto:claudiamartinscarneiro@gmail.com
dx.doi.org/10.1016/j.molimm.2013.11.007


ular Im

s
r
v
t
(
T
a
t

i
w
i
c
t
i
t
o
2
s
(
r
p
t
r
o
2
c
t
C
s
i
a
C
T

t
f
r
a
p
M
c
M
l
i
B

t
c
e
w
c
e
b

2

o
(
B
a
E
t
B

S.M. de Souza et al. / Molec

The parasite exists in at least three morphologically distinct
tages. Epimastigotes proliferate in the invertebrate host and are
eleased as metacyclic trypomastigotes (MT) in their feces. In the
ertebrate host, amastigotes and blood trypomastigotes (BT) are
he intracellular developmental and infective forms, respectively
Andrade and Andrews, 2005). Although, both MT  and BT forms of
. cruzi are fully functional with respect to parasite–host interaction
nd/or target cell invasion, these two morphological forms differ in
heir surface molecules (Ramirez et al., 1993; Yoshida, 2006).

During ongoing T. cruzi infection, macrophages can induce pro-
nflammatory cytokine production, such as interleukin-12 (IL-12),

hich in turn stimulates interferon-gamma (IFN-�) delivered from
nnate immune cells, natural killer cells, or specific T lympho-
ytes. IFN-� functions in the activation of macrophages, amplifying
he innate immune response, continuing the synthesis of pro-
nflammatory cytokines, and performing effector functions through
he production of reactive nitrogen intermediates, such as nitric
xide (Michailowsky et al., 2001; Ropert et al., 2002; Vivier et al.,
008). During infection by T. cruzi, immunomodulatory cytokines
uch as interleukin-10 (IL-10) and transforming growth factor �
TGF-�) or type II interleukin-4 (IL-4) can help regulate the immune
esponse to prevent the occurrence of intense cardiac inflammatory
rocess (Soares et al., 2001; Costa et al., 2009). TGF-�, considered
o be a modulator of immune response, may  contribute to the
ecruitment of fibroblasts, an important step in the development
f fibrosis (Gazzinelli et al., 1992; Hansen et al., 1998; Lijnen et al.,
000; Araujo-Jorge et al., 2002; Martin et al., 2007). Furthermore,
hemokines such as CCL3/MIP-1� (macrophage inflammatory pro-
ein [MIP]-1�) that are related to macrophage migration and
CL5/RANTES (regulated upon activation, normally expressed and
ecreted by T cells) are important during T. cruzi infection, facilitat-
ng T cell migration to the site of the infection. CCR5 receptor plays

 role in the functions of both chemokines (Rottman et al., 1997;
unha-Neto et al., 1998; Kaufmann et al., 2001; Mack et al., 2001;
eixeira et al., 2002).

Our research group has been evaluating the natural history of
he canine model of Chagas disease when inoculated with MT  or BT
orms. Some differences were found, such as infectivity, immune
esponse, and pathogenicity (Bahia et al., 2002). Our studies have
lso revealed that MT  and BT infections are associated with distinct
arasitological and serological profiles (Coura-Vital et al., 2008).
oreover, these source-specific inocula promote higher levels of

irculating CD8+ T lymphocytes when dogs were infected by the
T  form (Carneiro et al., 2007). We  also demonstrated that the

evels of serum nitric oxide and iNOS expression in the heart were
ncreased in the MT  group as compared to dogs infected with the
T form (Vieira et al., 2009).

In the present study, we investigated infection by different infec-
ive forms of T. cruzi and their consequences in the cytokine and
hemokine profiles as well as the cardiac parasite load in dogs
xperimentally infected with MT  and BT forms. Our main goal
as to evaluate the cytokines and chemokines, including the CCR5

hemokine receptor profile, during the course of acute Chagas dis-
ase. We  also investigated the differences in cardiac parasitism
etween MT  and BT forms employed in the experimental infection.

. Materials and methods

Details of the study were approved by the Ethical Committee
n Animal Research of the Universidade Federal de Ouro Preto
UFOP). All procedures were carried out in compliance with current
razilian regulations relating to experimental biology and medicine

s described in the guidelines issued by the Colégio Brasileiro de
xperimentaç ão Animal (COBEA, 2006). Study animals were main-
ained in the central animal facility at the UFOP, Minas Gerais,
razil.
munology 58 (2014) 92– 97 93

2.1. Parasites, animals, and experimental infection

MT  and BT forms of the Berenice-78 T. cruzi strain (Lana and
Chiari, 1986) were isolated, respectively, from nymphs of the vec-
tor Triatoma infestans and female Swiss Webster mice that had been
previously infected in our laboratory. Before the beginning of the
study, 12 mongrel dogs (6 males and 6 females) born in the ken-
nel at UFOP, Minas Gerais, Brazil, were treated with anthelminthic
drugs and immunized against more common canine infectious
pathogens. Animals were maintained in quarantine for 16 weeks
and received drinking water and a balanced commercial feed ad
libitum. When the animals were 120 days of age, dogs were inoc-
ulated intraperitoneally with MT  (n = 4) or BT (n = 4) forms of the
Berenice-78 T. cruzi strain (2000 trypomastigotes/kg body weight),
and the remaining 4 dogs were maintained uninfected as the not
infected (NI) group. These dogs were euthanized at 42 days after
infection.

2.2. Extraction of total RNA, synthesis of first-strand cDNAs, and
real-time PCR

Fragment of right atrium (RA) was stored at −80 ◦C until
required for RNA analysis. Total RNA was extracted by homoge-
nizing approximately 20 mg  of tissue with 1 mL of TRIzol reagent
(Invitrogen Brasil, São Paulo, SP, Brazil) in a rotor stator. The lysate
was incubated at room temperature for 10 min, mixed with chloro-
form (200 �L) by tube inversion, and centrifuged at 12,000 × g for
10 min  at 4 ◦C. The aqueous phase was  collected and RNA extrac-
tion continued using the SV Total RNA Isolation System (Promega,
Madison, WI,  USA) according to the recommendations of the manu-
facturer, which included a DNase treatment step. The concentration
and quality of RNA obtained was  determined with a spectropho-
tometer (Nanodrop, GE Healthcare Products, Piscataway, NJ, USA).
For synthesis of the first cDNA, we used the High Capacity cDNA
Reverse Transcription kit (PE Applied Biosystems, Foster City, CA,
USA). Real-time PCR was performed on an ABI Prism 7500 DNA
Sequence Detection System using 5 �L of SYBR Green PCR Master
Mix  (PE Applied Biosystems, Foster City, CA, USA), 3 �L of 2.5 �M
primers and 2 �L of cDNA diluted at 1:5 carried out in a final volume
of 10 �L.

To evaluate the gene expression of cytokines in RA, we
used the primers listed in Table 1 and SYBR Green (Applied
Biosystems). The analysis was performed in triplicate for all
genes; the constitutive glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) present and results are expressed by the method
2−�Ct = 2−(Ct target gene − Ct GAPDH).

2.3. DNA extraction, real-time PCR, and T. cruzi standard
calibration curve

Samples of the RA and T. cruzi parasite were stored frozen at
−80 ◦C for subsequent analyses. To calculate the standard curve of
the parasite, T. cruzi epimastigotes Y strain was  cultured to reach
a level of 1 × 108 parasites. Standard curves were generated from
six serial dilutions in water (1:10) of DNA extracted from epi-
mastigotes culture containing 1 × 108 parasites. Good laboratory
practice was used to avoid DNA cross-contamination, and nega-
tive controls were included during all DNA extraction procedures
and in performance of the molecular techniques. Total genomic
DNA was  extracted from approximately 30 mg  of the RA using
Wizard Genomic DNA purification kits (Promega) according to the
manufacturer’s instructions. The concentration and quality of DNA

obtained was  determined with a spectrophotometer (Nanodrop,
GE Healthcare Products). Each real-time PCR reaction was per-
formed in 10 �L containing 50 ng of genomic DNA and 5 �L of SYBR
Green PCR Mastermix (Applied Biosystems). The primers for T. cruzi
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Table 1
Sequences of primers used for mRNA expression quantification by real-time PCR.

Gene Nucleotide sequence (5′ → 3′)a

GAPDH F: CTACCCACGGCAAATTCC
R: ACTCAGCACCAGCAT

IL-12p40 F:  CAGCAGAGAGGGTCAGAG TGG
R:  ACGACCTCGATGGGTAGG C

TNF-� F: CGTCCATTCTTGCCCAAAC
R: AGCCCTGAGCCCTTAATTT

IFN-� F: TCAACCCCTTCTCGCCACT
R: GCTGCCTACTTGGTCCCTGA

IL-4 F:  CACCTCCCAACTGATTCCAA
R: CTCGCTGTGAGGATGTTCAA

IL-10 F:  AGAACCACGACCCAGACATC
R: CCACCGCCTTGCTCTTATTC

TGF-�1 F: AGGATCTGGGCTGGAAGTG
R: CGGGTTGTGCTGGTTGTA

CCL3/MIP-1� F: GTCTCCAAGCAGATTCCA
R: CTGGTCTCAAAGCAGTCG

CCL5/RANTES F:  AATAAAAGCCTCCTCCATAAGT
R: TCAAGCTGAGAGGCCTGAAA

CCR5 F:  TCCTTCTCCTGAGACCCTT
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Fig. 1. The relative mRNA expression of pro-inflammatory, type II and immunomod-
ulatory cytokines in right atrium of uninfected (NI) dogs in comparison to acute
canine infection with metacyclic (MT) or blood trypomastigote (BT) forms of
Berenice-78 Trypanosoma cruzi strain. Significant differences (p ≤ 0.05) between

Table 2
The ratios of mRNA expression of cytokines in the right atrium of dogs uninfected
(NI) and those infected with metacyclic (MT) or blood (BT) trypomastigotes of
Berenice-78 strain of Trypanosoma cruzi.

Ratio NI MT BT

IL-12p40/IL-10 0.341 ± 0.049 1.183 ± 0.504* 0.811 ± 0.476
IL-12p40/TGF-�1  0.02 ± 0.003 0.210 ± 0.112* 0.159 ± 0.112
TNF-�/IL-10 0.384 ± 0.116 0.827 ± 0.377 1.633 ± 0.757*

TNF-�/TGF-�1 0.029 ± 0.008 0.148 ± 0.091 0.313 ± 0.185*
R: CCCGACGAAAGCATAGAT

a F, forward primer; R, reverse primer.

epetitive DNA (TCZ-F 5′-GCTCTTGCCCACAMGGGTGC-3′, where
 = A or C and TCZ R 5′-CCAAGCAGCGGATAGTTCAGG-3′) amplify

 182-bp fragment (Cummings and Tarleton, 2003). Each 96-well
eaction plate contained standard curve, previously generated, and
egative controls. Negative controls consisted of a reaction with
. cruzi – specific primers without DNA and RA from NI dog. Each
NA sample was quantified in triplicate. To create a standard curve,

 stock solution of T. cruzi DNA solution was obtained by extraction
rom 1 × 108 epimastigotes. Serial dilutions in water (1:10) of the
NA stock solution were performed to obtain the points of the curve

panning from the DNA equivalent of 1 × 106 to one parasite.

.4. Qualitative analysis by immunohistochemical

After necropsy the fragments of the heart was sectioned, fixed in
0% buffered formalin (pH 7.2) and embedded in paraffin. Sections
4 �m thick) were mounted on previously gelatinized glass slides
nd submitted to immunohistochemical technique.

.5. Statistical analyses

Statistical analyses were performed using the Prism 5.0 soft-
are package (Prism Software, Irvine, CA, USA). Kruskal–Wallis and
unn’s post hoc tests were used to compare the different groups.
he Mann–Whitney test and Spearman’s rank correlation were
sed to compare the tissue parasitism between the infected groups
nd to investigate correlations between parasitism and relative
RNA expression of cytokines, chemokines, and CCR5 receptor.
alues are expressed as medians ± standard error. In all cases, dif-

erences were considered statistically significant when p ≤ 0.05.

. Results

.1. Cytokine mRNA expression profiles in dogs experimentally
nfected with MT  and BT forms
We  observed a higher relative mRNA expression of the pro-
nflammatory cytokine IL-12p40 in dogs infected with BT forms as
ompared with the NI group (Fig. 1A). Similar results were obtained
groups are indicated by connecting lines.

for relative mRNA expression of TNF-� and IFN-�, which were
increased in animals infected with BT forms in relation to the NI
and MT  groups (Fig. 1C and E, respectively). Regarding the anti-
inflammatory cytokines (IL-4, IL-10, and TGF-�1), we observed a
higher expression of these cytokines in dogs infected with BT forms
in relation to the NI and MT  groups (Fig. 1B, D, and E).

The analysis of cytokine ratios showed significant differences
among the infective forms of T. cruzi (Table 2). We  observed
an increased mRNA expression of IL-12p40 in relation to the
immunomodulatory cytokines, IL-10 and TGF-�1, in dogs infected
with the MT  form. In the dogs infected with the BT form, however,
this increase occurred in the relative mRNA expression of TNF-�
when compared with IL-10 and TGF-�1. With regard to the cytokine
IFN-�, an increase occurred only in relation to TGF-�1 in the BT
group.
IFN-�/IL-10 0.377 ± 0.236 0.369 ± 0.154 0.481 ± 0.104
IFN-�/TGF-�1 0.029 ± 0.017 0.059 ± 0.024 0.093 ± 0.033*

* Significant difference (p < 0.05) between the NI group and infected (MT or BT)
groups.
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ig. 2. The relative mRNA expression of chemokines CCL3/MIP-1� and CCL5/RANTE
anine infection with metacyclic (MT) or blood trypomastigote (BT) forms of Bere
ndicated by connecting lines.

.2. Chemokine mRNA expression profiles in dogs experimentally

nfected with MT  and BT forms

We  also analyzed the relative mRNA expression of the
hemokines CCL3/MIP-1� and CCL5/RANTES and CCR5 receptor

ig. 3. (A) Parasites/50 ng of DNA detected by real-time PCR and parasites in slides subm
re  indicated by connecting lines. (B) Correlation between parasitism and relative expres
etacyclic (MT); or blood trypomastigote (BT); forms of Berenice-78 Trypanosoma cruzi s
 CCR5 (receptor) in right atrium of the uninfected (NI) dogs in comparison to acute
8 Trypanosoma cruzi strain. Significant differences (p ≤ 0.05) between groups are

in cardiac tissue of dogs. We observed an increase in the rela-

tive mRNA expression of CCL3/MIP-1� and CCL5/RANTES (Fig. 2A
and B), as well as its CCR5 receptor (Fig. 2C) in the RA of
dogs infected with the BT form when compared to the NI
group.

itted to immunohistochemical. Significant differences (p ≤ 0.05) between groups
sion of IFN-�, IL-10, CCL5/RANTES and CCR5 in right atrium of dogs infected with
train. Spearman correlation indexes (r and p values) are shown on the graphs.
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.3. Quantification of cardiac parasitism and the correlation with
ytokines, chemokines, and CCR5 receptor

T. cruzi DNA was quantified by real-time PCR. We  found an
ncrease in the number of T. cruzi DNA copies in cardiac samples
f dogs infected with the BT form as compared to the MT  group
Fig. 3A). We  also evaluated the correlation of parasitism in relation
o the mRNA expression of cytokines, CCL3/MIP-1�, CCL5/RANTES
nd CCR5 receptor during acute T. cruzi infection (Fig. 3B). Our data
howed a positive correlation between heart parasitism and the
ytokines IFN-� and IL-10, the chemokine CCL5/RANTES and CCR5
eceptor.

. Discussion

In the present study, we investigated the cytokine, chemokine,
nd CCR5 profiles as well as tissue parasitism during the acute
hase of Chagas disease in dogs experimentally infected with the
T or BT forms of Berenice-78 T. cruzi strain. The two  infec-

ive forms of the parasite employed in this study are known to
nduce distinct immune responses in vitro and in vivo (Brener
nd Gazzinelli, 1997; Camargo et al., 1997a). These immunological
ifferences may  help to explain why the BT form, but not epimastig-
tes or the MT  form, is a potent stimulator of pro-inflammatory
ytokines and nitric oxide synthesis by murine macrophages.
his factor can be related to glycoproteins such as glycosylphos-
hatidylinositol (GPI) as studies have shown that selective chemical
emoval of this unsaturated fatty acid in PI moiety of GPI-anchored
ucin-like glycoproteins (tGPI mucins) from MT  forms is sufficient

or a drastic (∼100- to 1000-fold) reduction in the ability of this
olecule to activate macrophages (Camargo et al., 1997b; Almeida

t al., 2000). Also, the GPI-anchor derived from BT and amastigote
orms may  act as an adjuvant molecule that promotes inflamma-
ion at the site of parasitic infection and possibly the myocarditis
nduced during experimental and human Chagas disease (Ropert
nd Gazzinelli, 2000).

In this study, the analysis of relative mRNA expression of
ytokines, CCL3/MIP-1�, CCL5/RANTES, and CCR5 in cardiac tis-
ue revealed an evident exacerbation of these immune mediators
n dogs experimentally infected with BT form. When analyz-
ng the ratio of mRNA expression of pro-inflammatory versus
mmunomodulatory cytokines, we found higher IL-12p40/IL-10
nd IL-12p40/TGF-�1 ratios in dogs infected with the MT  form. This
esult may  indicate the importance of the cytokine IL-12p40 in the
ontrol of T. cruzi infection during the acute phase, which may  be
elated to the low parasitism in animals infected with the MT  form.
n fact, during the acute phase, dogs infected with MT  exhibited
etter control of the parasitism as compared to BT-infected dogs.

 study of T. cruzi infection in IL-12-deprived mice indicated that
L-12 is essential for the generation of parasite-antigen-specific T
ymphocytes that produce IFN-�, which in turn activates response

echanisms against the parasite and is involved in lymphocyte
ecruitment to the site of infection (Galvão Da Silva et al., 2003).

On the other hand, dogs infected with BT form showed higher
xpression levels of the pro-inflammatory cytokines IL-12p40,
NF-�, IFN-�, and IL-4, which is a type II cytokine, as well as
he immunomodulatory cytokines IL-10 and TGF-�1. However,
he increase of immunomodulatory cytokines did not control
he expression of pro-inflammatory cytokines and did no lead
o the control of parasite replication. Analysis of the ratios of
ro-inflammatory versus immunomodulatory cytokines showed a
reater relative mRNA expression of pro-inflammatory cytokines

mainly TNF-� and IFN-�) in dogs infected with the BT form.
herefore, our results suggest that the BT form may  lead to an
xacerbation of the immune response and uncontrolled tissue par-
sitism. Research in a hamster model suggested that high cardiac
munology 58 (2014) 92– 97

parasitism could be the underlying reason for increased expres-
sion of TNF-�, IFN-�, and IL-10 cytokines, as well as the chemokine
CCL3/MIP-1� (Bilate et al., 2008).

Guedes et al. (2009) analyzed the supernatant culture of periph-
eral blood mononuclear cells from dogs chronically infected with
T. cruzi that developed the cardiac form of the disease. Their results
showed high production of IFN-� and TNF-� with little or no IL-
10 during the acute phase. Moreover, IL-10 production by T-cells
promotes T. cruzi control and protection against acute myocarditis
in a mouse model (Roffe et al., 2011). Some studies have shown
that TGF-� increased in the circulation of patients infected with T.
cruzi (Araujo-Jorge et al., 2002; Silva et al., 1991) and its partici-
pation during the process of T. cruzi cell host invasion (Ming et al.,
1995). Studies in CCR5−/− mice showed their higher susceptibility
to infection; when CCL3/MIP-1�, CCL5/RANTES, and CCR5 recep-
tor were blocked, intense inflammation and cardiac fibrosis were
observed (Calzada et al., 2001; Talvani et al., 2004; Marino et al.,
2004; Machado et al., 2005; Hardison et al., 2006; Roffe et al., 2010;
Sullivan et al., 2011). Although these previous studies in a mouse
model showed the importance of these parameters, it appears that
in canine infection by the BT form, the relative mRNA expression of
cytokines, CCL3/MIP-1�, CCL5/RANTES, and CCR5 receptor do not
help to control parasitism.

We observed a positive correlation between heart parasitism
and expression levels of IFN-�, IL-10, CCL5/RANTES, and CCR5
receptor. The correlation showed increased relative mRNA expres-
sion of IFN-� and IL-10, which may  be an immunomodulatory
response. However, a previous study found an increased inflam-
matory process in dogs infected by BT form (Vieira et al., 2009).
This seems to suggest that in an attempt to control parasites,
there is increased expression of IFN-�. However, we also found an
increased expression of IL-10. Thus, the expression of cytokines,
which is a consequence of the high parasitism, may  trigger the
clinical condition of severe infection with T. cruzi. Also there was
an increase in the relative expression of CCL5/RANTES and its
CCR5 receptor, and the correlation was  mainly due to the higher
cardiac parasitism observed in dogs infected with the BT form.
Was demonstrated that CCL5/RANTES is crucial for the induc-
tion of cellular migration; treatment with Met-RANTES clearly
diminished the infiltration of T-cells and fibronectin deposition,
critical aspects of chagasic cardiomyopathy, in the hearts of T.
cruzi – infected mice (Marino et al., 2004). In contrast with this
finding, in T. cruzi – infected rats the chemokines CCL3/MIP-1�
and CCL5/RANTES were relevant, but not essential, for control of
the infection (Roffe et al., 2010). Therefore, the dog may  also have
a particular immune response mechanism against infection by T.
cruzi, considering that we observed distinct profiles when MT  and
BT forms were employed to infect the animals.

This work showed that infection with the BT form of T. cruzi led
to an increased immune response when compared to infection with
the MT  form. The dogs infected with BT showed increased relative
mRNA expression of cytokines, CCL3/MIP-1�, CCL5/RANTES, and
CCR5. However, this profile did not promote parasite control, indi-
cating that infection with BT is more severe than the MT  form and
the infective form may  influence the immunopathological aspects
of Chagas disease. We  plan to expand our research to better under-
stand the role of neutrophils and macrophage and T-cells subsets,
as well as toll-receptors, in the cardiac inflammatory process.
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