
INFECTION AND IMMUNITY,
0019-9567/99/$04.0010

Jan. 1999, p. 308–318 Vol. 67, No. 1

Copyright © 1999, American Society for Microbiology. All Rights Reserved.

Influence of Acute-Phase Parasite Load on Pathology,
Parasitism, and Activation of the Immune System

at the Late Chronic Phase of Chagas’ Disease
CLAUDIO R. F. MARINHO,1 MARIA REGINA D’IMPÉRIO LIMA,1 MARCOS G. GRISOTTO,2
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To obtain low and high parasite loads in the acute phase of Chagas’ disease, A/J mice were infected with 103

or 105 Trypanosoma cruzi trypomastigotes of the Y strain and treated on day 6 with benznidazol. One year
later, chronically infected mice were screened for subpatent parasitemias, tissue pathology, and immune
response. Mice infected with the high parasite inoculum showed higher levels of chronic parasitemias, heart
and striated muscle inflammation, and activation of the immune system than did mice infected with the low
inoculum. Concerning the activation of the immune system, the main findings for high-dose-infected mice were
(i) increased numbers of splenocytes, with preferential expansion of CD81 and B2202 CD52 cells, many of
them bearing a macrophage phenotype; (ii) higher frequencies of B (B2201), CD41, and CD81 large lympho-
cytes; (iii) a shift of CD41 cells towards a CD45RBLow phenotype; (iv) increased frequencies of both
CD45RBLow and CD45RBHigh large CD41 cells; (v) augmented numbers of total immunoglobulin (Ig)-secret-
ing cells, with predominance of IgG2a-producing cells; and (vi) increased production of gamma interferon and
interleukin 4. In addition, these mice presented lower IgM and higher IgG2a and IgG1 parasite-specific serum
antibody levels. Our results indicate that the parasite load at the acute phase of T. cruzi infection influences
the activation of the immune system and development of Chagas’ disease pathology at the late chronic phase
of the disease.

In Chagas’ disease, individuals who survive the acute phase
of Trypanosoma cruzi infection develop a parasite-specific im-
mune response that efficiently reduces parasite levels in the
tissues and blood. Many different cell types and soluble mole-
cules participate in the control of parasite numbers. Mice lack-
ing B cells (33) or helper (34, 35) or cytotoxic T cells (34, 41,
43) and mice expressing low or no gamma interferon (IFN-g),
interleukin 12 (IL-12), tumor necrosis factor alpha, or granu-
locyte-macrophage colony-stimulating factor activities are
highly susceptible to infection (1, 2, 28, 29, 37, 45). The major
protective role of IFN-g suggests that parasite control is de-
pendent on activation of the Th1 pathway of the immune
response. In spite of the protective role of the immune system,
however, a small number of T. cruzi parasites persist in tissues
during the host life span and occasionally gain access to the
blood.

At the late chronic phase of the disease, a fraction of in-
fected individuals (10 to 20%) develop clinical symptoms of an
inflammatory response-mediated destruction of the heart
and/or digestive tract tissues (24). The pathogenesis of the
chronic disease, however, is still under debate. The presence of
a low number of parasites close to the lesions suggests that host
cell destruction could be mediated by self-reactive clones trig-
gered by the (i) persistence of local inflammatory responses,
(ii) intense polyclonal lymphocyte activation at the acute phase
of infection (22, 23, 47), or (iii) cross-reactivity between para-
sites and organ-specific self antigens (7, 36). Alternatively,

chronic lesions could be generated by continuous destruction
of infected tissue by T. cruzi and T. cruzi-induced inflammatory
responses mediated by parasite-specific lymphocytes (42).

Higuchi et al. (15) showed that, in humans, the intensity of
chronic myocarditis directly correlates with the level of para-
site antigens in the heart. Moreover, Jones et al. (17) and Vago
et al. (46) detected T. cruzi DNA only in those organs display-
ing severe pathology. Recently, Tarleton et al. (44) showed
that neonatal hearts transplanted into mice chronically in-
fected with T. cruzi do not exhibit any significant inflammatory
response unless they are directly injected with live parasites.
These results indicate that, whatever the mechanism involved
in host cell destruction, the presence of parasites has a crucial
role in the development of chronic Chagas’ disease pathology.
The aim of the present work is to determine if the parasite load
during the acute phase of T. cruzi infection affects the para-
sitemia, pathology, and immune response at the chronic phase
of the disease. One year after infection, we performed a mul-
tiparametric analysis of chronically infected mice subjected to
different parasite loads at the acute phase of the infection.
Then, we individually correlated parasitemias, heart and stri-
ated muscle pathology, and different parameters associated
with the activation of the immune system. This study leads to
the possibility that Chagas’ disease pathology could be reduced
by therapeutic protocols that control the acute parasite load.

MATERIALS AND METHODS

Mice and parasites. Six- to eight-week-old A/J female mice were obtained
from our animal facilities (Biotério de Camundongos Isogênicos, ICB/USP, São
Paulo, Brazil). T. cruzi parasites of the Y strain were maintained by weekly
passages in A/J mice.

Infection and chemotherapy treatment. Mice were infected intraperitoneally
(i.p.) with either a low dose (103 blood forms) or a high dose (105 blood forms)
of T. cruzi parasites. Six days later, infected or control mice were treated with a
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single oral dose of benznidazole (Rochagan; Roche) of 1 g/kg of body weight.
After a year, mice were bled under ether anesthesia and sacrificed for collection
of spleen, heart, and striated muscle.

Screening of parasitemias. In the acute phase of infection, parasitemias were
determined by microscopic examination of 5-ml blood samples collected from the
tail vein with a heparinized capillary tube as described elsewhere (18). Chronic-
phase parasitemias were screened by a semiquantitative subinoculation tech-
nique (3). Briefly, aliquots (0.1 ml) of citrated-treated blood from each chroni-
cally infected animal were transfused into three naive mice, which received a
single i.p. dose of cyclophosphamide 2 days later (Enduxan; Abbott, São Paulo,
Brazil; 200 mg/kg of body weight). In the following days, blood-transfused ani-
mals were screened for parasitemia by direct microscopic examination. A chron-
ically infected mouse was considered parasitemia positive when yielding at least
one positive sample. Parasitemia levels were estimated by the frequency of
positive samples per group.

Flow cytofluorimetry. Spleen cells were double stained in suspension with
anti-CD5 and anti-B220, anti-Ia and anti-CD8, or anti-CD4 (all from Gibco
BRL, Gaithersburg, Md.) and anti-CD45RB monoclonal antibodies (MAbs)
(clones 16A and 23G2) (PharMingen, San Diego, Calif.), labeled with phyco-
erythrin or fluorescein isothiocyanate. Stained cell suspensions were analyzed
with a fluorescence-activated cell sorter (FACScan) (Becton Dickinson, Moun-
tain View, Calif.) according to fluorescence intensity. CD45RBHigh and
CD45RBLow subpopulations were analyzed from gated CD41 cells. Cell num-
bers in each subpopulation were then calculated from the total number of
splenocytes. Blast cells from each subpopulation were determined by forward
scatter (FSC) analysis of each gated region.

ELISASPOT for total isotype-specific immunoglobulin (Ig)-secreting cells.
The ELISASPOT assay has been described in detail elsewhere (9, 38). In brief,
96-well flat-bottom MicroTest plates coated overnight (4°C) with goat anti-total
mouse Ig (10 mg/ml) were saturated with 1% gelatin in phosphate-buffered saline
for 60 min. Titrated spleen cells were added and cultured for 6 h in Dulbecco
modified Eagle medium with 1% fetal calf serum. The spots were developed by
adding goat anti-mouse IgM, IgG3, IgG1, IgG2b, or IgG2a biotinylated antibod-
ies followed by a phosphatase alkaline-avidin conjugate (all antibodies and con-
jugates were obtained from Southern Biotechnology Associates, Birmingham,
Ala.). 5-Bromo-4-chloro-3-indolylphosphate (BCIP) diluted in 2-amino-1-propa-
nol buffer was used as substrate. From the titration plots (numbers of cells plated
versus spots), the numbers of isotype-specific Ig-secreting cells in each cell
suspension were calculated.

Cell culture conditions. Lymphoid cell suspensions were obtained from the
spleens of individual mice. Dulbecco modified Eagle medium supplemented with
3% fetal calf serum and antibiotics was used as culture medium. Spleen cells (5 3
106/1-ml culture) were stimulated with 5 mg of concanavalin A (ConA; Sigma
Chemical Co., St. Louis, Mo.) per ml. All cultures were incubated at 37°C in 5%
CO2 for 24 to 72 h. Culture supernatants were then harvested and frozen at
270°C until use.

ELISA for cytokines. Cytokines were quantified in culture supernatants from
ConA-activated spleen cells by enzyme-linked immunosorbent assay (ELISA)
(4). In brief, flat-bottom MicroTest plates were coated overnight (4°C) with
either rat anti-IFN-g, anti-IL-4, anti-IL-10, or anti-IL-2 MAbs and saturated with
1% gelatin for 1 h. Culture supernatants (50 ml/well) or standards at various
concentrations were added and left for 2 h at room temperature. After extensive
washing, a corresponding pair of biotinylated rat anticytokine MAbs diluted in
phosphate-buffered saline–gelatin were added and incubated for 1 h at room
temperature. The reaction was developed with peroxidase-conjugated streptavi-
din followed by o-phenylenediamine. The enzyme reaction was developed for 10
min and blocked with 3 N HCl (50 ml/well). A Dynatech reader with a 450-nm-
wavelength filter quantified the absorbance values. Cytokine concentrations
(nanograms per milliliter) were assigned to each experimental sample by using
the linear part of recombinant cytokine standard curves (all antibodies and
recombinants were obtained from PharMingen).

ELISA for parasite-specific antibodies. Serum anti-T. cruzi antibodies were
quantified by ELISA. In brief, 96-well flat-bottom MicroTest plates were coated
overnight (4°C) with a T. cruzi extract (50 mg/ml) obtained from the supernatant
of tissue culture trypomastigotes of the Y strain subjected to several freeze-
thawing cycles. Plates were saturated with 1% gelatin for 1 h. After washing, 50
ml of mouse serum samples (diluted 1/200 and 1/800 for IgM and IgG1 and
diluted 1/3,200 and 1/25,600 for IgG2a) was added and left for 1 h at room
temperature. A positive serum (hyperimmune serum) diluted from 1/100 to
1/51,200 was included in all the plates. The assays were developed by adding goat
anti-mouse IgM, IgG1, or IgG2a biotinylated antibodies followed by a peroxi-
dase-avidin conjugate and o-phenylenediamine. The enzyme reaction was devel-
oped for 10 min and blocked with 3 N HCl (50 ml/well). A Dynatech reader with
a 450-nm-wavelength filter quantified the absorbance values. Antibody concen-
trations (micrograms per milliliter) of the IgG1 and IgG2a isotypes were esti-
mated by indirect standardization (12), with slight modifications. In each ELISA
plate, some of the wells were coated with anti-total mouse Ig (10 mg/ml) and
incubated with serial dilutions of purified mouse Ig isotype standards (from 10 to
0.078 ng/well, in duplicate). The correspondence between optical density (OD)
values and Ig isotype concentrations was established by the mathematical equa-
tion of the linear part of the Ig isotype standard curves. Parasite-specific antibody
concentrations (micrograms per milliliter) of each serum were calculated by

applying the OD values to this equation. Sample dilutions with OD values below
or above the linear part of the hyperimmune serum curve were not considered.
All antibodies, including conjugates and standards, were obtained from Southern
Biotechnology Associates.

Histopathological analysis. Tissue specimens from chronically infected mice
were collected and fixed in paraformaldehyde for further processing. Paraffin-
embedded tissue sections were stained with hematoxylin-eosin and analyzed by
optical microscopy. Six nonconsecutive slides from the heart and the quadriceps
of each mouse were analyzed in a blind fashion. Areas of inflammatory infiltrates
in the myocardium, pericardium, and endocardium or in the striated muscle were
quantified by an image analysis system (Bioscan Optimas; Bioscan Inc., Ed-
monds, Wash.). The sum of infiltrated areas in the six slides was calculated for
each mouse. The final individual score was expressed in square micrometers of
inflammatory infiltrates per square millimeter of area examined.

Statistical analysis. The differences between the groups of mice used in this
study were determined by Student’s t test or the Mann-Whitney test.

RESULTS
Parasite load in the acute phase of T. cruzi infection. To

obtain groups of infected mice with different parasite loads in
the acute phase of the disease, mice were inoculated i.p. with
103 or 105 trypomastigotes and treated 6 days later with a single
oral dose of benznidazole (200 mg/kg). Mice from the high-
dose group showed 106 parasites/ml at day 6 (before the che-
motherapy treatment), when low-dose-infected animals pre-
sented only 4 3 104 parasites/ml (Fig. 1). After chemotherapy,
parasitemia dropped in both groups and parasites were only
occasionally observed by optical microscopy.

Parasitemia levels in the chronic phase of T. cruzi infection.
One year after infection, parasitemias of low-dose- and high-
dose-infected mice were evaluated by a very sensitive semi-
quantitative subinoculation method that can detect as few as
one circulating parasite (3). Mice infected with the high inoc-
ulum (105 parasites) showed higher parasitemia levels than
those infected with the low parasite inoculum (103 parasites)
(Table 1). Differences were evidenced by the numbers of
chronically infected animals giving positive samples and by the
percentage of positive samples in each group. In addition,
when we considered only parasitemia-positive mice, 73.3% of
blood transfusion samples from the high-dose group were pos-
itive compared to 48.1% in the low-dose group. These data
suggest that parasitemia-positive mice from the high-dose
group had more circulating parasites than parasitemia-positive
animals from the low-dose group. Similar results were ob-
tained when chronic-phase parasitemias were evaluated in
mice infected with low and high inocula of CL strain trypo-
mastigotes (data not shown).

FIG. 1. Parasitemia curves of mice subjected to different parasite loads dur-
ing the acute phase of T. cruzi infection. Mice were infected with 103 (low dose)
or 105 (high dose) blood trypomastigotes and treated at day 6 with a single oral
dose of benznidazole. Parasitemias were determined by direct examination of
blood samples. Each point represents the mean 6 standard deviation of indi-
vidual values from six mice.
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Histopathology of the hearts and striated muscles of chron-
ically infected mice. High-dose-infected mice showed higher
levels of myocarditis and myositis than low-dose-infected mice
(Table 2 and Fig. 2). The greatest pathology was found in the
hearts of quadriceps of mice from the high-dose group. Diffuse
and focal infiltrates containing predominantly mononuclear
cells were observed, some of the latter showing perivascular
localization. Examples of mild focal, intermediate diffuse, and
intense inflammatory foci are presented in Fig. 3. Higher num-
bers of degenerate fibers were also found in the striated mus-
cles of the high-dose group. None of the infected mice pre-
sented parasite nests or showed severe pathology, conditions
expected at the late chronic phase of the disease. Differences in
the rates of endocarditis and pericarditis were not significant
between the infected groups.

Analysis of lymphocyte populations in the spleens of chron-
ically infected mice. The spleens of chronically infected mice
were evaluated, since this is a major organ involved in parasite
clearance. One year after infection, chronically infected ani-
mals contained two to three times more spleen cells than those
of the control group. Among the infected animals, significant
differences in spleen cellularity were observed between the
low-dose ([92.1 6 9.2] 3 106) and high-dose ([127.0 6 17.6] 3
106) groups.

Regarding lymphocyte subpopulations, chronically infected
mice showed decreased frequencies of B2201 and CD41 cells,

but not of CD81 cells, in relation to controls (Fig. 4A to C).
When total spleen cell numbers were considered, however, all
three lymphocyte populations were increased (Fig. 4G to I).
Among the infected groups, significant differences in total lym-
phocyte numbers were observed only for the CD81 popula-
tion, which was preferentially expanded in high-dose-infected
mice. Increased frequencies of large cells from the three lym-
phocyte types were also observed in chronically infected mice,
notably in the high-dose group (Fig. 4D to F). For large CD81

cells, however, differences between infected groups were not
significant. Nevertheless, considering the total numbers of
large cells per spleen, marked differences between the high-
and low-dose groups for all three lymphocyte types were ob-
served (Fig. 4G to I).

The drop in B2201 and CD41 lymphocyte frequencies in the
spleens of chronically infected mice resulted from the massive
accumulation of a B2202 CD52 CD42 CD82 population (Fig.
5). This population was preferentially augmented in the high-
dose group, attaining frequencies above 30% (Fig. 5A). Many
of these B2202 CD52 cells were large in size and expressed
class II molecules (Fig. 5C), FcgR, and high levels of Mac-1
(data not shown), suggestive of a macrophage phenotype. The
frequencies of B2202 CD52 cells in the spleens of infected
mice, but not those of controls, correlated with the total spleen
cellularity (correlation indices of 20.465, 10.852, and 10.733
for control, low-dose, and high-dose groups, respectively) (Fig.
5D). The total numbers of B2202 CD52 cells in the spleens of
high-dose-infected mice were 2.6 times greater than those of

TABLE 1. Parasitemia levels in the chronic phase of
T. cruzi infectiona

Expt no. Chronic
groupb

No. of
days of

infection

% of chronically
infected mice yielding
positive samples (no.

positive/total no.)

% of positive
samples from
total samples
(no. positive/

total no.)

1 Low dose 315 41.66 (5/12) 19.44 (7/36)
High dose 315 70.00 (7/10) 43.30 (13/

30)

2 Low dose 326 42.85 (3/7) 19.04 (4/21)
High dose 326 85.71 (6/7) 76.19 (16/

21)

3 Low dose 476 20.00 (1/5) 13.33 (2/15)
High dose 476 70.00 (7/10) 50.00 (15/

30)

a Parasitemias were evaluated by a semiquantitative subinoculation method, in
which 0.1-ml blood volumes from each chronically infected mouse were trans-
fused into three native mice.

b Mice were infected with a low dose (103) or a high dose (105) of T. cruzi
blood trypomastigotes, treated with benznidazole at day 6, and screened for
parasitemias at the indicated times from the onset of infection.

TABLE 2. Heart and striated muscle pathology in chronically T. cruzi-infected mice

Chronic groupa
Value for heartb Value for striated muscle

Myocarditis Endocarditis Pericarditis Total Myositisb Degenerate fibersc

Low dose 179.1 6 117.6 18.7 6 14.3 53.2 6 51.1 251.7 6 111.7 106.2 6 72.4 5.1 6 3.4
High dose 414.9 6 169.9d 22.5 6 22.4 62.7 6 36.0 500.1 6 199.0d 402.7 6 309.3d 12.3 6 8.6d

a Mice were infected with a low dose (103) or a high dose (105) of T. cruzi blood trypomastigotes, treated with benznidazole at day 6, and sacrified 1 year from the
onset of the infection.

b Myocarditis, endocarditis, pericarditis, total heart infiltrates, and myositis are expressed as the means 6 standard deviations of individual mouse data, in square
micrometers of inflammatory infiltrates per square millimeter of heart or quadriceps examined.

c The incidence of degenerate fibers in the quadriceps is expressed as the means 6 standard deviations of individual mouse data, in numbers of degenerate fibers
per total area examined.

d P , 0.05 compared with the low-dose group (Mann-Whitney test; n 5 7 mice per group).

FIG. 2. Analysis of inflammatory infiltrates in the hearts and striated muscles
of chronically infected mice subjected to different parasite loads at the acute
phase of T. cruzi infection. Mice were infected with 103 (low dose; open symbols)
or 105 (high dose; filled symbols) parasites and treated at day 6 with benznida-
zole. One year after infection, the infiltrated areas were quantified as described
in Materials and Methods.
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low-dose-infected mice and 12.7 times greater than those of
controls (Fig. 5B).

Expression of CD45RB by CD41 cells in the spleens of
chronically infected mice. We analyzed the expression by
CD41 cells of the CD45 tyrosine-phosphatase isoform
CD45RB, which subdivides CD41 cells into a CD45RBHigh

population, which includes naive and Th1 effector cells, and a
CD45RBLow population, which includes experienced-memory
cells and probably Th2 effector cells (5, 6, 20, 32). Our results,
with the 16A MAb, showed that chronically infected mice from
the high-dose group exhibited a shift towards the CD41

CD45RBLow phenotype (from 52.1% in the control group to
59.9% in the high-dose group) (Fig. 6A). Total CD41

CD45RBLow and CD41 CD45RBHigh cell numbers were aug-
mented in the spleens of infected mice in relation to controls
(Fig. 6C). When the infected groups were compared, total
CD41 CD45RBLow cell numbers were augmented in mice

from the high-dose group, whereas for CD41 CD45RBHigh

cells no differences were observed between infected animals.
Analysis of large cells from the CD41 CD45RBHigh and CD41

CD45RBLow phenotypes showed that chronically infected mice
had increased frequencies of both phenotypes, notably those
mice from the high-dose group (Fig. 6B). When the total num-
bers of large CD41 CD45RBHigh and CD41 CD45RBLow cells
per spleen were considered, differences among the infected
groups were even more pronounced (Fig. 6D). Interestingly,
the ratio of CD41 CD45RBLow to CD41 CD45RBHigh large
cells in the spleen did not change after T. cruzi infection.
Results similar to those described here with the 16A MAb
were obtained with the 23G2 MAb, which detects a different
epitope of the CD45RB molecule (data not shown).

Analysis of antibody-producing cells in the spleens of chron-
ically infected mice. Chronically infected mice, particularly
those from the high-dose group, contained higher numbers of

FIG. 3. Examples of lesions in the hearts and striated muscles (quadriceps) of mice infected with a low inoculum (103 parasites) or high inoculum (105 parasites)
1 year after infection. (A) Mild focal infiltrate in the left ventricle of a mouse infected with a low inoculum. (B) Intense ventricular infiltrate in a mouse infected with
a high inoculum. (C and D) Moderate diffuse and intense focal infiltrates, respectively, in the quadriceps of mice infected with a high inoculum. Magnification, 350.
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Ig-producing cells than did control mice (Fig. 7). A switch to
IgG characterized their Ig isotype distribution, with a predom-
inance of IgG2a-secreting cells. High-dose-infected mice dif-
fered from low-dose-infected mice in total numbers of IgM-,
IgG1-, and IgG2b-producing cells. Interestingly, the numbers
of total Ig-producing cells of the IFN-g-dependent isotypes
IgG3 and IgG2a were not statistically different. Moreover,
comparison of numbers of Ig-producing cells per 106 spleno-
cytes revealed that IgG1, but not the other isotypes, was pref-
erentially augmented in mice from the high-dose group (data
not shown).

Analysis of parasite-specific serum antibodies of chronically
infected mice. Analysis of parasite-specific antibodies in the
serum of chronically infected mice showed high levels of IgM,
IgG1, and IgG2a (Fig. 8) but low levels of IgG2b and IgG3
antibodies (data not shown). As observed for total Ig-produc-
ing cells in the spleen, the majority of anti-T. cruzi serum
antibodies were from the IgG2a isotype. When infected groups
were compared, the results revealed that mice from the high-
dose group presented significantly lower levels of IgM and
higher amounts of IgG1 and IgG2a antibodies in the serum.

These results suggest that the increase of parasite load in the
acute and/or chronic phases favored the switch of parasite-
specific antibodies from IgM to IgG2a and IgG1.

Analysis of cytokine secretion in the spleens of chronically
infected mice. Cytokine production by ConA-stimulated spleen
cells from chronically infected mice was analyzed by ELISA.
For all lymphokines, the results presented in Fig. 9 correspond
to peak values obtained from 24-, 48-, or 72-h culture super-
natants. High-dose-infected mice produced higher amounts of
IFN-g than did mice from the low-dose group (Fig. 9A). IL-4
was produced at low levels by infected and control groups (Fig.
9B). Production of this cytokine was also higher in the high-
dose group than in the low-dose group, but it did not differ
from that of controls. Indeed, IL-4 production by low-dose-
infected mice was suppressed in relation to that of control
mice, considering differences with P , 0.1. Correlation analysis
of IL-4 and IFN-g production in each mouse revealed that
these cytokines do not segregate independently in the low- and
high-dose groups. Moreover, when chronically infected mice
were sorted by positive or negative parasitemias, a direct cor-
relation between IL-4 and IFN-g production was observed in

FIG. 4. Lymphocyte subpopulations in the spleens of chronically infected mice subjected to different parasite loads at the acute phase of T. cruzi infection. Mice
were infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, the frequencies of B (B2201), CD41,
and CD81 spleen cells were determined by fluorescence-activated cell sorting (A to C). Numbers of large cells were calculated by FSC analysis of gated lymphocyte
populations (D to F). Numbers of total and large cells per spleen of each population were calculated by considering spleen cell numbers (G to I). Each bar represents
the mean 6 standard error of individual values from 10 or 11 mice. p, P , 0.05 compared with the control group; pp, P , 0.05 compared with the control and the
low-dose group.
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parasitemia-positive mice (correlation index of 0.80) (Fig. 9E).
For parasitemia-negative mice and controls, correlation indi-
ces were close to zero. These results indicate that chronically
infected mice cannot be separated according to Th1 or Th2
phenotypes. Production of IL-2 was suppressed in both in-
fected groups compared to controls (Fig. 9C). IL-10 secretion
was higher in mice from the high-dose group, but data showed
a high variability and the differences between the low- and
high-dose groups were not significant (Fig. 9D). Nevertheless,
when chronically infected mice were sorted by their para-
sitemias we observed that parasitemia-positive mice produced
higher levels of IL-10 than did parasitemia-negative mice (Fig.
9F) (P , 0.05).

DISCUSSION

In this report, we show that the parasite load during the
acute phase of T. cruzi infection directly correlates with the

parasitemia, tissue pathology, and activation of the immune
system at the late chronic phase of the disease. Thus, mice
infected with a high inoculum showed, 1 year after infection,
higher parasitemias than low-dose-infected mice. The in-
creased parasitemias in the high-dose group could result either
from a greater parasite input into the blood or from a less
efficient removal of circulating parasites. The latter possibility
is nevertheless unlikely, since the immune systems of high-
dose-infected mice are more activated, presenting more effec-
tor molecules (e.g., IgG2a and IFN-g) and cells (e.g., macro-
phages and CD81 cells) involved in parasite control.
Therefore, the parasitemias exhibited by the low- and high-
dose chronically infected mice must probably reflect the re-
lease of parasites from tissues into the blood and, indirectly,
the levels of tissue parasitism. Inasmuch as tissue parasites in
these groups remain different even after 1 year after the onset
of the infection, we can consider that the immune effector

FIG. 5. Analysis of CD52 B2202 cells in the spleens of chronically infected mice subjected to different parasite loads at the acute phase of T. cruzi infection. Mice
were infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, spleen cell suspensions were analyzed
by fluorescence-activated cell sorting. (A) Frequency of CD52 B2202 cells; (B) total numbers of CD52 B2202 cells per spleen; (C) frequency of Ia1 B2202 cells; (D)
correlation between frequencies of CD52 B2202 cells and total numbers of spleen cells. Each bar represents the mean 6 standard error of individual values from 10
or 11 mice. p, P , 0.05 compared with the control group; pp, P , 0.05 compared with the control and the low-dose group.
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mechanisms are not very efficient in controlling tissue parasite
growth.

In the hearts or striated muscles, inflammatory infiltrates
and degenerate fibers were clearly more evident in mice from
the high-dose group. These data indicate that the parasite load
during the acute phase influences the intensity of pathology at
the chronic phase of the disease. Thus, control of the parasite
load during the acute phase, which is dependent on the genetic
background of the host (21) and of the parasite itself (30), is
directly related to the pathology observed at the chronic phase.
These findings have important implications for the prevention
of Chagas’ disease pathology, reinforcing the need for chemo-
therapy at the early phase of infection. The increased tissue
inflammatory reactions in the high-dose group also reinforce
the idea that these mice present a higher tissue parasitism.
Although we did not detect parasite nests in the hearts or
striated muscles, this idea is indirectly supported by data show-
ing, in chronic Chagas’ disease patients, a positive correlation
between parasitism and pathology (15, 17, 46). Moreover, the
reported lower incidence of pathology after chemotherapy in
the chronic phase of the disease is suggestive of this correlation
(39, 48).

The parasite load in the acute phase of infection correlates,
at the late chronic phase, with the intensity of activation of the

immune system. According to various immunological parame-
ters, spleen cells from high-dose-infected mice were more ac-
tivated than those from mice of the low-dose group. Thus,
chronically infected mice infected with the high parasite inoc-
ulum presented (i) increased numbers of splenocytes, with
preferential expansion of CD81 and accumulation of B2202

CD52 cells, many of them bearing a macrophage phenotype;
(ii) higher frequencies of B2201, CD41, and CD81 large lym-
phocytes; (iii) a shift of CD41 cells towards a CD45RBLow

phenotype, suggesting an increase of memory-experienced T
cells; (iv) increased frequencies of CD45RBLow and
CD45RBHigh large CD41 cells; (v) augmented numbers of
total Ig-secreting cells, characterized by the predominance of
IgG2a antibodies; and (vi) increased production of IFN-g and
IL-4. In addition, regarding parasite-specific antibodies, these
animals presented lower IgM and higher IgG2a and IgG1
serum levels. Nevertheless, production of IL-2 was reduced to
low levels in both infected groups, confirming previous obser-
vations of suppressed in vitro and in vivo secretion of this
cytokine in the acute and chronic phases (8, 14, 49).

One interesting finding in this work was the accumulation of
B2202 CD52 cells in the spleens of infected animals, notably
in mice from the high-dose group. Many of these cells seemed
to be macrophages because of their large size and Ia, FcR, and

FIG. 6. CD45RB expression by CD41 spleen cells of chronically infected mice subjected to different parasite loads at the acute phase of T. cruzi infection. Mice
were infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, spleen cell suspensions were analyzed
by fluorescence-activated cell sorting. (A) Frequencies of CD45RBLow and CD45RBHigh cells within CD41 lymphocytes; (B) frequencies of large cells in the CD41

CD45RBLow and CD41 CD45RBHigh subsets calculated by FSC analysis of each gated subpopulation; (C) total numbers of CD41 CD45RBLow and CD41 CD45RBHigh

cells per spleen; (D) total numbers of CD41 CD45RBLow and CD41 CD45RBHigh large cells per spleen. Each bar represents the mean 6 standard error of individual
values from 10 or 11 mice. p, P , 0.05 compared with the control group; pp, P , 0.05 compared with the control and the low-dose group.
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high Mac-1 expression (data not shown). Macrophages have
been shown to be essential for T. cruzi blood and tissue clear-
ances, working in conjunction with opsonizing IgG2a antibod-
ies. Moreover, macrophages are also crucial for intracellular T.
cruzi destruction, a process that for reticulotropic parasites is
critically dependent on macrophage activation by cytokines,
such as IFN-g, tumor necrosis factor, and granulocyte-mac-
rophage colony-stimulating factor (1, 2, 27–29, 37), and that is
subjected to down-regulation by IL-10 and transforming
growth factor b (13, 40). In this respect, it is noticeable that in

our experiments high production of IL-10, a cytokine secreted
by macrophages, Th2 lymphocytes, and other cells (25, 26), was
restricted to parasitemia-positive mice, with very low produc-
tion by chronically infected mice with negative parasitemias.
IL-10 has been shown to down-regulate immune responses that
are detrimental for the host (19). Nevertheless, because of its
macrophage-deactivating activity, this cytokine could play a
key countereffector role in the chronic phase of T. cruzi infec-
tion, reducing the control of circulating parasites (1, 16).

In relation to controls, CD81 cells were among those spleen

FIG. 7. Total Ig-secreting cells in the spleens of chronically infected mice subjected to different parasite loads at the acute phase of T. cruzi infection. Mice were
infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, spleen cell suspensions were analyzed by
ELISASPOT to determine the numbers of Ig-secreting cells of the different isotypes. Each bar represents the mean 6 standard error of individual values from 10 or
11 mice. p, P , 0.05 compared with the control group; pp, P , 0.05 compared with the control and the low-dose group.

FIG. 8. Parasite-specific antibodies in the serum of chronically infected mice subjected to different parasite loads at the acute phase of T. cruzi infection. Mice were
infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, mice were bled and their sera were analyzed
by ELISA to determine the levels of specific IgM (A), IgG1 (B), and IgG2a (C) antibodies. Concentrations (micrograms per milliliter) of specific IgG1 and IgG2a were
calculated from standard curves as described in Materials and Methods. Levels of specific IgM are expressed as OD of serum samples diluted 1/800. Each bar represents
the mean 6 standard error of individual values from 10 or 11 mice. p, P , 0.05 compared with the control group; pp, P , 0.05 compared with the control and the
low-dose group.
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lymphocytes preferentially expanded in chronically infected
mice. Moreover, differences between the infected groups were
observed only for this population, with increased numbers in
the high-dose group. CD81 lymphocytes are important effector

cells in T. cruzi parasite control, since acutely infected mice
lacking these cells presented increased parasitemias (34, 43).
Their expansion in the spleen, a major organ for trypomasti-
gote clearance, could have a significant role in the destruction

FIG. 9. Cytokine production in ConA-stimulated cultures of splenocytes from chronically infected mice subjected to different parasite loads at the acute phase of
T. cruzi infection. Mice were infected with 103 (low dose) or 105 (high dose) parasites and treated at day 6 with benznidazole. One year after infection, spleen cell
suspensions were cultured with ConA, and the 24- to 72-h supernatants were tested by capture ELISA. (A to D) Peak production for IFN-g (A), IL-4 (B), IL-2 (C),
and IL-10 (D). (E) Correlation between IFN-g and IL-4 production by parasitemia-positive chronically infected mice. (F) IL-10 production by parasitemia-negative and
-positive mice. Each bar represents the mean 6 standard error of individual values from 10 or 11 mice. p, P , 0.05 compared with the control group; #, P , 0.1
compared with the control group; ppp, P , 0.05 compared with the low-dose group.
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of nonactivated or deactivated infected macrophages permis-
sive for parasite growth. Moreover, recognition by CD81 cells
of T. cruzi epitopes in class I molecules of infected macro-
phages could induce the production of IFN-g, which in turn
would promote the intracellular killing of the amastigotes.
Spleen CD81 cells could be essential in the control of reticu-
lotropic parasites, since these parasites can easily proliferate
inside macrophages, unless they are activated.

Chronically infected mice infected with low and high para-
site inocula presented a preferential production of IFN-g-de-
pendent IgG2a antibodies, revealed by the total spleen num-
bers of Ig-producing cells and by the levels of anti-T. cruzi
antibodies in serum. Among the infected groups, only minor
differences in terms of the Ig isotype distribution were ob-
served. Previous studies showed that IgG2a is the major iso-
type secreted in the acute infection and at the early chronic
phase of the disease (10, 11). The increased production of
IgG2a 1 year after T. cruzi infection suggests that the Th1
pattern of the immune response predominates during the
whole course of the disease. In spite of that, our data suggest
that chronically infected mice also presented activated Th2
cells. Interestingly, similarly to the Th1 response, Th2 activa-
tion was more intensive in mice from the high-dose group.
Thus, these animals showed (i) increased frequencies of IgG1-
secreting cells in the spleen; (ii) high levels of parasite-specific
IgG1 serum antibodies; (iii) high spleen numbers of CD41

CD45RBLow large cells; and (iv) IL-4 production, not different
from controls, but significantly higher than that observed in
low-dose-infected mice. Production of IL-4 by spleen cells in
late chronic disease was also observed by Zhang and Tarleton
(49). Interestingly, correlation analysis of IL-4 and IFN-g pro-
duction in each mouse revealed that these cytokines do not
segregate independently in chronically infected animals. More-
over, the direct correlation observed between IL-4 and IFN-g
production in parasitemia-positive mice suggests that Th2 ac-
tivation follows IFN-g secretion. These results suggest that in
chronically infected mice signaling for IL-4 also depends on
the parasite load and may result from presentation of T. cruzi
antigens by different antigen-presenting cells than those in-
volved in danger signaling and/or from homeostatic control
mechanisms counterbalancing Th1 polarization. In this re-
spect, it is interesting that similar ratios of CD41 CD45RBLow

and CD41 CD45RBHigh large cells were observed in mice from
both chronically infected groups and from the control group,
which could suggest that the immune systems of chronically
infected mice tend toward equilibrium independently of the
levels of circulating parasites. CD41 CD45RBHigh cells have
been shown to present an autoaggressive behavior, mediating
multiple organ pathology and wasting disease, which is pre-
vented by CD41 CD45RBLow cells (31).

The results presented here show that the parasite load dur-
ing the acute phase of T. cruzi infection affects the parasitemia,
pathology, and immune response at the late chronic phase of
the disease. This study may suggest the perspective that ther-
apeutic protocols that control the parasite load could reduce
chronic Chagas’ disease pathology.
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