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SUMMARY

Immunopathology of Chagas’ disease in Balb/c mice infected with 2 Trypanosoma cruzi clones, belonging to the T'. cruzi 1
lineage and presenting different in vitro virulence (P/209 cl1 >S034 cl4) was compared. In the acute phase, evading
mechanisms such as parasite-induced lymphocyte polyclonal activation and T cell immunosuppression were higher in mice
infected with the clone giving a higher parasitaemia (P/209 cl1). A similar increase of non-specific isotypes was observed in
both infections with IgG2a prevalence. Interestingly, CD8+ cell hypercellularity and lymphocyte immunosuppression
were observed during the chronic phase (245 days post-infection) in mice infected by the most virulent clone. In the same
way, the parasite-specific antibody response was more intense in P/209 cl1-infected mice over the acute phase. During the
chronic phase this response remarkably dropped down in SO34 cl4-infected mice exclusively. Finally, P/209 cl1-infected
mice presented a more severe inflammation and tissue damage in heart and quadriceps than SO34 cl4-infected mice. This
comparative study showed differences between the two clones: a higher virulence in vivo being clearly associated with a
greater ability to induce evasion mechanisms and severe tissue damage.
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INTRODUCTION T. cruzi 1 and T. cruzi 11 (Momen, 1999). Further

- . .o subdivision of 7. cruzi Il into 5 subgroups is
Chagas’ disease (American trypanosomiasis) caused group

by the haemoflagellate protozoan  parasite
Trypanosoma cruzi, affects nearly 18 million people
in endemic regions of Central and South America
and is transmitted by haematophagous insects of the
Reduviidae family (WHO, 2002). The infection is
characterized by an acute phase with intense para-
sitism, followed by an asymptomatic phase with
subpatent parasitaemia. Most of the patients will
remain in this phase during the rest of their life. In
about 30% of them, however, the infection pro-

described while no subdivision is apparent within
T. cruzi 1 (Barnabé, Brisse & 'Tibayrenc, 2000;
Brisse, Dujardin & Tibayrenc, 2000). Although a
number of studies have reported that genetic varia-
bility among parasite strains could be related to the
disease phenotype during murine experimental
infections (parasitaemia, histopathology, mortality)
other investigators have demonstrated that signifi-
cant differences occurred even in the case of geneti-
cally related T'. cruzi clones (Carneiro, Romanha &
Chiari, 1991; Andrade & Magalhaes, 1996; Laurent
et al. 1997 ; de Diego, Paulau & Penin, 1998 ; Revollo
et al. 1998; Toledo et al. 2002). On the other hand,
current biological and epidemiological data support
the existence of a link between T'. cruzi I1 and human
infection, whereas T. cruzi I is essentially detected in
the sylvatic cycle (Clark & Pung, 1994 ; Zingales et al.
1999; Di Noia et al. 2002). Some authors proposed
that 7. cruzi 11 only was responsible for Chagas
disease (Di Noia et al. 2002; Barrett et al. 2003).
However, in Venezuela, Colombia, Central America
* Corresponding author: UR 008, Pathogénie et Epidémi- and Mexico, human pathologies are frequently ob-
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gresses to a chronic stage consisting of chronic car-
diomyopathy and/or gastrointestinal dysfunction
(megaviscera). The mechanisms of pathogenesis are
still under debate and the understanding of the fac-
tors responsible for the development and control of
the pathogenesis is hindered by the high diversity of
parasite strains.

Most of the recent works converge to a clustering
of T'. cruzi strains into 2 principal lineages namely
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Infectivity of T. cruzi is a complex process
depending on the parasite’s ability to complete its
replicative intracellular cycle and to evade the host
immune response. During the infection, the mam-
malian host develops both a parasite-specific
immune response participating in protective im-
munity (Krautz, Kissinger & Krettli, 2000), and a
non-specific polyclonal lymphocyte activation det-
rimental to an efficient immunity (Minoprio et al.
1986; Minoprio, 2001). This last mechanism, to-
gether with the induction of an immunosuppressive
state in the host is believed to contribute to parasite
evasion (Ouaissi ef al. 2001).

We describe in the present study the biological
characterization of 2 T. cruzi clones belonging to
the same major lineage (7. cruzi 1) but exhibiting
different levels of virulence, such as parasite devel-
opment and host immune response. A broad immu-
nological survey was performed in which the two
main parasite evading mechanisms, i.e. the lym-
phocyte polyclonal activation and the immuno-
suppression, were examined during the course of
the infection. We also measured the parasite-specific
humoral response. Through the comparison of
immunological and pathological data, this study
provides new clues for a better understanding of the
biological differences observed between strains even
for genetically tightly related ones.

MATERIALS AND METHODS
Parasite strains

The T'. cruzi laboratory clones, obtained by micro-
scopical control, P/209 cll and SO34 cl4 from strains
isolated in Bolivia from a chronic chagasic patient
and a Triatoma infestans vector, respectively, were
used throughout the study. These clones were orig-
inally both classified by isoenzyme typing as zymo-
deme 20 belonging to T'. cruzi I (Breniere et al. 1989,
1991). During the current study, in order to confirm
their T. cruzi I classification, the intergenic region of
the mini-exon genes was amplified from each clone
according to Souto et al. (1996). Moreover, the Tc52
gene was sequenced and aligned with T¢52 sequences
of other T. cruzi clones available in Genbank. This
analysis confirmed that the two clones belong to
T. cruzi 1 and showed that they differ by one mu-
tation only over 1361 bp for this gene. Epimastigotes
used for antigen preparation, were grown at 28 °C in
liver tryptose medium (LIT) supplemented with
10% fetal calf serum (FCS, Gibco BRL, Lyon,
France), 100 U/ml penicillin and 100 ug/ml strep-
tomycin. Bloodstream trypomastigotes (BT), were
obtained from BALB/c mice (IFFA-CREDO, Lyon,
France) infected intraperitoneally (i.p.) with tissue
culture-derived trypomastigotes recovered from the
supernatant of infected monolayers of 1.929 fibro-
blasts. Bloodstream trypomastigotes were collected
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from mice by intracardiac puncture 15 days post-
infection (p.i.) and immediately used for the exper-
imental infection assays.

Fibroblast cell infections

LL929 fibroblast cells were maintained in complete
RPMI 1640 L-glutamine medium (Cambrex,
Verviers, France) supplemented with 10% FCS,
100 U/ml penicillin and 100 ug/ml streptomycin
(RPMIc). After mitomycin treatment (25 ug/ml,
during 30 min), the cells were transferred to a 6-well
Costar plate (5x 10% cells per well) and incubated
overnight at 37 °C in a 5% CO, atmosphere. Cells
were then washed with RPMI, and exposed to tissue
culture-derived trypomastigotes in RPMIc from
either P/209 cl1 or So34 cl4 (2-5 x 10° per well). After
3 h, the plates were washed 3 times with RPMI and
incubated in RPMIc. Infection kinetics were fol-
lowed as triplicates at 24, 48, 72, and 96 h p.i.
Basically, cell wells were exposed to cold methanol
for 10 min, air-dried and Giemsa-stained for 20 min.
A total of 600 fibroblasts were examined under a light
microscope at every time-point. The infection rate
was calculated as the average (triplicate) of the
number of infected cells/200 cells. The kinetics of
amastigote multiplication was estimated by counting
intracellular parasites in 150 infected cells (50 cells/
well) at every time-point.

Experimental infections in mice, parasitaemia
and tissue collection

Male 6 to 8-week-old BALB/c mice of 20-25 g cor-
poral weight were used in the experimental assay. Six
groups of 6 mice each were infected i.p. with 103 BT
(either P/209 cll or So34 cl4) in 0-5 ml of RPMI
medium, or parasite-free RPMI medium (controls).
Animal procedures were carried out at the IRD-
approved facilities (license no. 34—18). Parasitaemias
were determined on individual 5 ul-blood samples
taken from the tails and observed under a light
microscope for BT counting according to Brener
(1962); the limit of detection was 3-5 x 10* parasites/
ml. For the immunopathological survey, 1 group of
infected mice (either P/209 cll or So34 cl4), along
with a group of control mice, was sacrificed at 13, 28,
37, 45, 63 days, (acute phase) and 245 days (chronic
phase) p.i. after parasitaemia determination. Spleen,
heart, quadriceps and blood were collected from
every individual at the different time-points. Hearts
and quadriceps were treated for histological analysis.
Spleens were used for flow cytometry counting
and proliferation assays. Sera were kept at —80 °C
Additionally, 100ul of blood were
collected at 245 days p.i and frozen for further
individual parasite detection by polymerase chain
reaction (PCR).

until use.


https://doi.org/10.1017/S003118200400722X

Immunopathology of two clones of 'T'. cruzi I lineage

PCR-based parasite detection in blood samples

Blood samples (100 ul) of infected and control mice,
were diluted 1:1 (v/v) with ultrapure water and
boiled twice for 10 min. After centrifugation (8000 g,
10 min), 10 ul of the supernatants were used as a
template for PCR. The amplification of the 195-
base-pair (bp) DNA repeat sequences (approxi-
mately 9% of the nuclear DNA) was performed
according to Moser, Kirchhoff & Donelson (1989),
with slight modifications. Briefly, samples were
amplified in PCR Master Mix reaction buffer
(Promega, Madison, WI, USA) containing 0-2 u™m of
each primer, TCZ1 and TCZ2 as previously pub-
lished (Moser et al. 1989), in a total reaction volume
of 50 ul. Amplification was performed on a Perkin
Elmer, Gene Amp PCR system 2400 (Perkin Elmer,
Courtaboeuf, France). PCR initiates with a 5 min at
95 °C step followed by 30 cycles of denaturation
(95 °C, 1 min), annealing (53 °C, 1 min, 30 sec), and
elongation (72 °C, 2 min). The PCR products were
loaded onto 1:5% agarose gels and visualized under
UV illumination after ethidium bromide staining.

Spleen cell culture and proliferation assays

Spleens from P/209 cl1 and So034 cl4-infected mice as
well as controls were gently dissociated in phosphate
buffer saline (PBS, pH 7-4) supplemented with 2%
FCS to obtain spleen cell suspensions. After 3
washes, cells were resuspended in 10 ml of the same
buffer. An aliquot fraction of the cell suspension was
treated with 0-5 pg/ml propidium iodide to exclude
dead cells and subjected to flow cytometry to deter-
mine total spleen cell counts. Spleen cells adjusted
to 107 viable nucleated cells per ml were then cul-
tured (2-5 x 10° cells/well) for 48 h in a final volume
of 200 ul in RPMIc medium supplemented or not
(control) with anti-CD3 monoclonal antibody
(Pharmingen, San Diego, CA, USA) at 2-5 ug/ml.
Proliferative activity of T cells was evaluated after a
16 h-pulse with 1 4Ci of [*H] thymidine (Amersham,
Arlington Heights, IL, USA). Pulsed spleen cells
were harvested on a glass filter using an automated
multiple sample harvester (Perkin  Elmer,
Courtaboeuf, France), and air-dried. Incorporation
of [*H]thymidine was then determined by liquid
scintillation counting. Assays were carried out in
triplicates and the mean of counts per minute (cpm)
associated to stimulated and unstimulated (controls)
T cells was recorded for every animal. A proliferation
index was calculated for every mouse as the ratio
of cpm-stimulated T cells over cpm-non-stimulated

T cells.

Flow cytometry analysis

Spleen cells prepared as above were washed 3 times
with PBS (pH 7-4) containing 2% FCS and dis-
tributed into a 96-well microtitre culture plate
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(100 ul/well) at a concentration of 107 cells/ml. The
cells were incubated (v/v) with a saturating con-
centration (1:100) of fluorescein isothiocyanate
(FI'T'C)-conjugated rat anti-mouse CDS8 (Ly-2)
mAb (Pharmingen), FITC-conjugated rat anti-
CD4 (LL3T4) mAb (Pharmingen), FI'TC-conjugated
goat anti-mouse IgM (Southern Biotechnology,
Birmingham, AL) or FITC-conjugated rat anti-
mouse macrophage F4/80 antigen (Caltag Labora-
tories, Burlingame, CA). Propidium iodide (0-5 ug/
ml) was added before analysis. Flow cytofluorometric
analysis was performed in a fluorescence-activated
cell sorter (Becton Dickinson, Mountain View, CA,
USA). Detectors for forward (FSC) and side (SSC)
light scatter were set on a linear scale, whereas log-
arithmic detectors were used for all three fluorescence
channels (FL-1, FL-2 and FL-3). All data were
analysed using the CellQuest software.

Enzyme-linked immunosorbant assay (ELISA) for
mice sera

Falcon flexible flat-bottom 96-well microtitre plates
(Becton Dickinson, Le Pont de Claix, France)
were coated overnight at 37 °C in 50 mm carbonate
buffer (pH 9-6) with 16-8 ug/ml rabbit anti-mouse
immunoglobulin polyspecific (Tebu, Le Perray-en-
Yvelines, France) or 0-8 ug/ml of T. cruzi extracts
from P/209 cl1 and So34 cl4 epimastigotes, or 0-8 ug/
ml of the T'c24 recombinant protein ('Taibi, Espinoza
& OQOuaissi, 1995). After washing 5 times in PBS
pH 7-4 containing 0-5% Tween-20 (PBS-T), the
plates were blocked for 2 h at 37 °C with 5% FCS in
PBS (200 ul/well), washed 5 times and incubated 2 h
at 37 °C with either 50 ul of serum serial dilutions
when total immunoglobulins were analysed or 1/200
diluted sera for specific antibody detection, in
hypertonic PBS (NaCl 88 g/1) with 10% FCS and
Tween-20 0-05% (PBS-H). After washing with PBS-
T as mentioned above, the plates were incubated for
30 min at 37 °C with antibodies specific to mouse
immunoglobulin isotypes, horseradish peroxidase
conjugated (anti-IgM, anti-IgG1, anti-IgG3, anti-
IgG2a and anti-IgG2b; Caltag LLaboratories) diluted
1:1000 in PBS-H buffer. Finally, the plates were
incubated in 0-1 m citrate buffer pH 5 containing
400 ug/ml of o-phenylenediamine (Sigma-Aldrich,
Steinheim, Germany) and I ul/ml of hydrogen per-
oxide (30 vol. solution). The reaction was stopped
with 50 ul of 2 M HCI. Optical densities were re-
corded at 490 nm. Results are expressed as the ratio
of optical density obtained for each infected mouse
over the optical density average of non-infected mice
+2 standard deviations.

Histopathological analysis

The hearts and quadriceps collected from the groups
of 6 mice (either infected or control mice) were fixed
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Fig. 1. 1929 fibroblasts were infected with Trypanosoma
cruzi P/209 cll or So34 cl4 and the number of
amastigotes per cell was evaluated by counting
intracellular parasites under a light microscope in 150
infected cells. Data are presented as the number of
fibroblasts infected with 1 to 4, 5 to 20, 21 to 49, and
>50 amastigotes per cell 96 h p.i.

in 4% paraformaldehyde and routinely processed for
paraffin embedding for conventional histology.
Sections (5 um thick) were stained with haematoxy-
lin and eosin (H&E). For every animal, a series of 3
successive longitudinal sections of heart and quad-
riceps was analysed by light microscopy. The
proportion of tissue area presenting inflammatory
cells was estimated over the total sections of heart and
quadriceps and the localization of the heart inflam-
mation was recorded.

Statistical analysis

The comparison between 2 mean values for 2
unpaired series of data was statistically analysed by
the nonparametric test of Rank Sum Test using the
Statistix software. This test is as powerful as the
Two-Sample T Test and exact P-values are given for
small sample sizes. The Chi 2 test was used to com-
pare distributions between categories and Chi 2
Yates correction was applied when at least one of the
expected values was <5.

RESULTS
In vitro and in vivo infectivity

The T. cruzi P/209 cll and So34 cl4 clones were
compared for their in vitro infectivity by exposing
5 x 10* fibroblast cells to a suspension of cell-cultured
trypomastigotes (2-5 x 10%) for 3 h. The percentage of
infected fibroblasts determined 24 h p.i. was found to
be greater in cells infected with P/209 cl1 than in cells
infected with So34 cl4 (38-5% and 8-6 % respectively;
P<0-05). Moreover, P/209 cll presented a faster rate
of intracellular multiplication than So34 cl4 as
evidenced by the follow-up of the intracellular
amastigote number over 150 infected cells counted at
24, 48,72, and 96 h p.i. (Fig. 1; Chi 2, P<10™%). In
addition, an early release of trypomastigote forms at
96 h p.i. was observed for P/209 cll compared to
168 h p.i. for So34 cl4 (data not shown).
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Fig. 2. Average parasitaemia in blood of Balb/c mice
infected with 10® BT trypomastigotes of P/209 cl1 or
So034 cl4 during the acute (13, 28, 37, 45, and 63 days
p-i.) and chronic phases (245 days p.i.). Data are
arithmetic means (+s.D.) of 6 mice per group of infected
mice. Black and grey squares refer to B'T' counts found in
P/209 cl1 and So34 cl4-infected mice, respectively.
**P<0-001.

Parasite infectivity was also determined in vivo by
inoculating mice with 10 BT, and by counting cir-
culating parasites 13, 28, 37, 45, 63, and 245 days p.i.
under a light microscope (Fig. 2). A rapid increase in
the parasite counts was observed for both clones. At
the maximum of parasitaemia (28 days p.i), the
parasite load was about 2-fold higher for P/209 cl1
than So34 cl4 (P<0-01). Then, the parasite load
decreased in a similar manner in both sets of
infected-mice and was almost undetectable in the late
acute phase (63 days p.i.) as well as in the chronic
phase (245 days p.i.). In order to improve the sensi-
tivity of the parasite detection, blood samples col-
lected 245 days p.i. were analysed by PCR for the
amplification of T'. cruzi minisatellite DNA repeats.
According to this procedure, 3 out of 6 blood samples
were positive in the P/209 cll-infected group, while
all other samples (So34 cl4-infected group and con-
trols) were negative.

Polyclonal activation in infected mice

The spleen cell population was examined over the
infection in mice infected with each clone of T'. cruzi.
During the acute phase, the total number of spleen
cells increased in both sets of infected mice reaching a
maximum of hypercellularity 37 to 45 days p.i. and
then decreased to control levels 63 days p. i. (Fig. 3A).
However, 37 days p.i., mice infected with P/209 cl1
presented twice the amounts of cells counted in mice
infected with So34 cl4 (P<0-01). Total spleen cell
counts were similar to controls in the chronic phase
(245 days p.i.) for both groups of infected mice.
Similarly, for both groups of infected animals, the
number of lymphocyte subpopulations (CD4% and
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Fig. 3. (A) Kinetics of total spleen cell counts from mice
infected with P/209 cl1 (black squares), So34 cl4 (grey
squares), or from control animals (open circles). (B)
Spleen lymphocyte subset populations and macrophages
in mice infected with P/209 cl1 (black bars) or So34 cl4
(grey bars) and control (white bars) at 37 days p.i. Data
are expressed as the absolute number of cells counted per
spleen. Data are arithmetic means (+s.D.) of 6 mice per
group. Asterisks indicate time-points showing significant
differences between both groups of infected mice

(*P<0-05; **P<0-001).

CD8™ T cells, B cells) and macrophages significantly
increased from the beginning (13 days p.i.) and all
over the course of the acute phase compared to con-
trol mice (data not shown). Such a hypercellularity
was particularly striking for the CD8 ™ T cells, which
were 30-fold higher 37 days p.i. in mice infected with
P/209 cll1 than in control mice (P<0-001, Fig. 3B).
At this time the CD4 " :CD8" ratio dropped dra-
matically in both infections as a consequence of the
sharp increase in the number of CD8" (Fig. 4).
Furthermore, significant differences in CD4 % T cell
and B lymphocyte counts were observed 37 days p.i.
between P/209 cll and So34 cl4-infected mice, as
shown by higher cell numbers for P/209 cll
(P<0-05, Fig. 3B). In the chronic phase (245 days
p.i.), the lymphocyte subpopulations and macro-
phages almost returned to control levels except
for B and CD8™ T cells that still displayed signifi-
cantly higher counts in mice infected with P/209
cll than in controls (P<0-05; data not shown). The
CD4™" :CD8™ ratio remained low (Fig. 4).
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Fig. 4. CD4%: CD8™ spleen cell ratio from mice
infected with P/209 cl1 (black bars) or So34 cl4 (grey
bars) and control (white bars) at 37 and 245 days p.i.
Data are arithmetic means (+s.D.) of 6 mice per group.
The asterisk indicates the time-point showing a
significant difference between both groups of infected
mice (¥*P<0-05).

The magnitude of the total immunoglobulin
responses (Ig) was measured during the acute phase
(13, 28, 37 and 45 days p.i.). The different isotypes,
i.e. [gM, 1gG1, IgG2a and IgG2b, were determined
by ELISA in the serum of infected and control mice.
Both parasite clones induced a significant increase of
the IgG2a isotype only. Titres measured 37 and 45
days p.i. were 100-fold and 60-fold higher than in
controls in P/209 cll and So34 cl4-infected mice,
respectively. Nevertheless, no significant difference
was observed between both sets of infected animals
(P>0-05) (data not shown).

Immunosuppression associated with the infection

Spleen cells isolated from 7. cruzi P/209 cll or So34
cl4-infected mice at various times over the acute (13
and 37 days p.i.) and chronic phases were analysed
for their proliferative response to a specific T cell
mitogen, the monoclonal anti-CD?3 antibody (Fig. 5).
An early inhibition of the proliferative response was
observed for both groups of infected mice (13 days
p.i.). The inhibition of the T cell proliferation
was even stronger 37 days p.i. with a proliferation
index 15-fold (P/209 cl1) and 5-fold (S034 cl4) lower
than in controls. Moreover, the immunosuppression
was significantly more intense in mice infected
with P/209 cll than in So34 cl4-infected animals
(P<0-05, Fig. 5). Surprisingly, in the chronic phase
(245 days p.i.), an immunosuppression state was still
observed in mice infected with P/209 cl1, while a
normal proliferative response was restored in mice

infected with So34 cl4 (Fig. 5).

Isotype profile of anti-'T. cruzi Ig over the infections

Sera collected from infected and control mice during
the acute and chronic phases of the infection were
examined to assess the concentrations of antibodies
that recognized either total parasite-extracts (from
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Fig. 5. Ex vivo spleen cell proliferation as measured by
[®*H]thymidine incorporation in response to anti-CD3
stimulation. A proliferation index was calculated for
every mouse as the ratio of [*H]thymidine incorporation
(cpm) by mitogen-stimulated over non-stimulated T
cells. Data are expressed as arithmetic average (+s.D.) of
proliferation index of 6 mice in each group infected with
P/209 cl1 (black bars), So34 cl4 (grey bars), or control
mice (white bars). Asterisks indicate significant
differences in the proliferate response of both groups of
infected mice (¥*P <0-05).

P/209 cl1 and So34 cl4) or the recombinant Tc24
protein specific of T. cruzi. Both infections elicited
the production of anti-T. cruzi antibodies (IgM,
IgG1, IgG2a, [gG2b and 1gG3) during the acute
phase (Fig. 6). However, after 9 months (245 days
p.i.), high concentrations of parasite-specific anti-
bodies were still present in the serum of P/209 cl1-
infected mice, but were almost undetectable in mice
infected with So34 cl4. The measurement of anti-
body expression over the infection ranked IgG2a
>1gG1 >1gG2b >1gG3 for both groups of infected
mice with a large predominance of Ig(G2a and a
similar expression of the other isotypes. However,
the expression of all isotypes was much higher in
mice infected with P/209 cl1 than in So34 cl4-
infected mice, this result being independent of the
T. cruzi extract (from either P/209 cll or So34 cl4)
used as antigen in the assay (data not shown). When
the T'c24 recombinant protein was used as an antigen
instead of the whole parasite extract, very similar
isotype profiles were obtained for both groups of
infected animals with a predominance of the IgG2a
isotype. Anti-Tc24 antibodies were expressed during
the acute phase at higher concentrations in mice
infected with P/209 cl1. Finally, in the chronic phase
anti-T'c24 antibodies were detectable in 5 out of 6
P/209 cll-infected mice (IgG1, 1gG2a, IgG2b and
IgG3) while they were barely detectable in mice
infected with So34 cl4 (data not shown).

Inflammation in heart and skeletal muscle over
the infection

Heart and skeletal muscles were examined for mice
infected with either P/209 cll or So34 cl4 and
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compared to non-infected animals. Detection of
parasite nests and inflammatory cells was carried on
H&E-stained tissue sections obtained from groups of
6 animals sacrificed during the acute (13, 28, 37, 45,
63 days p.i.) and chronic phases (245 days p.i.) of the
infection.

Amastigote nests (pseudocysts) were barely found
in the heart and skeletal muscle of infected mice.
Indeed, only 2 nests were observed over the whole
amount of sections examined. One nest was observed
in the skeletal muscle of a So34 cl4-infected mouse
during the acute phase (37 days p.i.), whereas the
other one was found in the heart of a P/209 cll-
infected mouse during the chronic phase.

Over the acute phase of infection, infiltration of
inflammatory cells in heart and skeletal muscle from
both sets of infected mice (Fig. 7B, C, E, F) was much
higher than in control tissues (Fig. 7A-D). However,
P/209 cll-infected mice presented a much more
intense inflammation in both heart and quadriceps
than So034 cl4-infected mice did (Table 1). Similarly,
the important tissue damage observed in P/209 cl1-
infected mice was absent from So34 cl4-infected
animals (Fig. 7B and C). The percentage of inflamed
heart-tissue in P/209 cll-infected mice, was lower
than 25 % in the early acute phase (13 and 28 days p.i.)
and increased to more than 50% in the right and left
auricles, 45 days p.i, showing both diffuse and focal
infiltration patterns (Table 1; Fig. 7B). At that time,
a focal and intense inflammation was also observed in
the skeletal muscle ('T'able 1; Fig. 7E) together with
the presence of oedema in P/209 cl1-infected mice,
only (Table 1; Fig. 7E and F). Inflammation then
rapidly decreased in both tissues, and was below 25 %
in the late acute phase (63 days p.i.).

Interestingly, in the chronic phase (245 days p.1),
inflammation remained in the cardiac tissue only,
with a higher intensity in P/209 cll-infected mice,
where both focal and diffuse infiltrations were
observed in 25 to 50% of the heart surface area
(auricles and ventricle). Unlike the other clone, heart
sections from So034 cl4-infected mice presented less
than 25 % of affected area (right auricle and ventricle)
as a diffuse infiltration.

DISCUSSION

We performed here a comprehensive study of in vivo
T. cruzi infection in the mouse model with two dis-
tinct clones that belong to the same 7. cruzi I lineage
but presenting different levels of in vitro virulence.
Together, the in vitro and in vivo infection
experiments showed that P/209 cl1 had a higher
ability for invading the host organism than So34 cl4.
In agreement with a previous report from Toledo
et al. (2002), this ability resulted in a higher parasite
load over the acute phase along with parasite per-
sistence in blood and tissues during the chronic
phase. It has been proposed that the ability of T'. cruzi
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Fig. 6. Kinetics of isotype specific antibodies detected by ELISA using total extract of proteins of P/209 cl1
epimastigote forms. A ratio index (R) was calculated for every mouse as the optical density of the infected mice over
the average of the optical density of the 6 control mice + 2 standard deviations. Data are arithmetic means (£s.D.) of
6 mice per infected group. Asterisks indicate time-points showing significant differences between both groups of

infected mice (*P<0-05; **P<0-001).

to colonize the host may rely upon two principal
evasion mechanisms: the polyclonal lymphocyte
activation, which is believed to be detrimental to an
efficient and protective immunity (Minoprio et al.
1986; Spinella, Milon & Hontebeyrie-Joskowicz,
1990; Reina-San-Martin et al. 2000), and the im-
munosuppression of the T cell proliferative response
(Ouaissi et al. 2001). In this study, both 7. cruzi
clones induced a massive lymphocyte polyclonal
activation during the acute phase. Indeed, T and B
cell counts increased significantly 37 days p.i. com-
pared to control mice, and then declined as the
parasite load decreased to finally reach the control
level in the chronic phase. This phenomenon was
more intense in P/209 cl1-infected mice, presenting
twice the amount of T and B cells found in So34
cl4-infected animals. As previously described, the
increase of B cell populations was associated with
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hypergammaglobulinaemia (Spinella et al. 1990).
However, no striking difference in the total immuno-
glubulin concentrations and in the immunoglobulin
isotype profiles was observed between both infec-
tions. The higher infectivity of P/209 cll in mice is
therefore unlikely the result of the induction of the B
cell polyclonal activation. Conversely, a significantly
more intense immunosuppression was observed in
P/209 cll-infected mice than in So34 cl4-infected
mice, lasting until the chronic phase for P/209 cll1.
Although most of the T. cruzi strains, such as the
T. cruzi Y strain, induce immunosuppression dur-
ing the acute phase only (Garzén et al. 2003), cases of
immunosuppression in the chronic phase have been
reported (Kierszenbaum, Lopez & Sztein, 1994).
Altogether, our data suggest that the efficient colon-
ization and the persistence of P/209 cl1 results from
its ability to both efficiently invade the host cells and
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Cardiac muscle Skeletal muscle

Non-infected

P/209 clt

S034 cl4

Fig. 7. Histopathological analysis of cardiac and skeletal muscles at maximum inflammation (45 days p.i.). Heart (A, B,
C) and quadriceps (D, E, F) H&E-stained sections from non-infected controls (A, D) or mice infected with P/209 cl1
(B, E) or So034 cl4 (C, F) were examined by light microscopy and photographed with a 10x objective. Bars represent
100 um. Areas presenting major cell damage or oedema are indicated by an arrow or an asterisk, respectively.
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Table 1. Inflammation in heart and skeletal muscle of infected mice

(Inflammation intensity of 1 (<25%), 2 (25-50%), 3 (>50%); —, no inflammation; Dif, diffuse; Foc, focal; RV, right
ventricle, RA, right auricle; LA, left auricle; End, endocardium; Ap, apex.)

Heart inflammation

Quadriceps inflammation

Intensity Affected area Type Intensity Type
Days
post- P/209 SO34 P/209 S034 P/209 SO34 P/209 SO34 P/209 SO34
infection cll cl4 cll cl4 cll cl4 cll cl4 cll cl4
13 1 1 RA, LA RA, LA Dif Dif - - - -
28 1 - LA, End,Ap - Dif, Foc - 1 - Dif -
37 2 1 RV, RA, LA RA, LA, End Dif, Foc Dif, Foc 2 1 Foc Foc
45 3 1 RA, LA, End RA LA Dif Dif, Foc 3 2 Foc Dif
63 1 - RA, LA - Foc - 1 - Foc -
245 2 1 RA, LA, RA, End Dif, Foc Dif - - - -

End

induce a potent and long-lasting inhibition of T' cell
proliferative response.

To survive the acute phase, the mammalian host
develops a parasite-specific response that efficiently
reduces parasite counts in tissues and blood. Lytic
antibodies control bloodstream trypomastigotes
converting them into a target for complement lysis.
In the current study, both infections elicited the
production of anti-T. cruzi antibodies during the
acute phase. Similar isotype profiles were observed
for the two clones, though antibody concentration
was higher in P/209 cll-infected mice. Moreover,
antibodies raised against one of these lytic antibodies
(Krautz et al. 2000), the T'c24 recombinant protein,
showed Ig profiles similar to the anti-7'. cruzi anti-
bodies in both infections. Lytic antibodies are likely
to be implicated in the parasite load decrease in both
sets of infected-mice, the antibody level being related
to the parasitaemia intensity.

A seroconversion of anti-7T. cruzi and anti-Tc24
antibodies was observed after 245 days in So034 cl4-
infected mice. Indeed, during the chronic phase,
specific antibodies were still found in all P/209 cl1-
infected mice, along with bloodstream trypomasti-
gotes, whereas antibodies and parasites in blood and
tissues became barely detectable in mice infected
with So34 cl4. The persistence of specific antibodies
in individuals infected by 7. cruzi is a common
component of the immune response while a positive
serology turning to negative reflects the absence of
the parasite, and thereby signs cure of the infection.
Some cases of human spontaneous cure have been
reported but are unusual (Francolino et al. 2003).
Therefore, the seroconversion in mice infected with
So034 cl4 might imply an efficient control of parasite
infection, which is consistent with parasite scarcity
in tissue sections and blood samples of So034 cl4-
infected mice during the chronic phase.

Chagas’ disease myocarditis might result from
autoimmunity (Kalil & Cunha-Neto, 1996; Leon &
Engman, 2003) through the stimulation of both heart
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T and B cell autoreactive clones expanding during
the acute polyclonal lymphocyte activation, or from
the induction of parasite-specific antibodies cross
reacting with heart and parasite antigens (Reina-
San-Martin, Cosson & Minoprio, 2000). Our results
showed inflammation of the heart and skeletal muscle
for both clones while amastigote nests are barely
found in tissues and, simultaneously to parasite
clearance from blood and tissues in So34 cl4-infected
mice. This result favours the absence of correlation
between the parasite persistence and the inflamma-
tory processes in mouse and human infections
and supports the autoimmune origin of the chronic
inflammation.

A higher inflammatory response, presumably re-
sponsible for the tissue damage, was observed during
the acute and chronic phases in the cardiac and
skeletal muscles of P/209 cll-infected animals.
Interestingly, mice infected with P/209 cl1 showed
a major induction of CD8% T cell hypercellularity.
As high numbers of infiltrating CD8% T cells is a
common feature of chronic chagasic cardiomyopathy
in humans and susceptible mice chronically infected
by T. cruzi (dos Santos et al. 2001), CD8™' T cell
infiltration might be involved in the intense inflam-
mation observed in P/209 cll-infected mice. This
hypothesis is supported by the following data: (i)
CD8 ™ significantly outnumbered CD4* cells during
the acute phase when the inflammation process is at
the onset, and (ii) higher inflammation in P/209 cl1-
infected animals is concomitant with higher numbers
of CD8™ cells during the chronic phase while CD4 ™"
cells dropped to control levels for both infections.

In conclusion, we showed here that P/209 cl1 clone
induced a more severe disease in Balb/C mice than
So034 cl4 clone, in spite of belonging to the same
T.cruzi 1lineage and being genetically tightly related.
These clones differed by (i) their ability to invade
the host cells, and (ii) the intensity of the immune
system disorders (both polyclonal activation and im-
munosuppression) induced during the acute phase.
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Such differences in evasion of the host immune re-
sponse are most likely responsible for the higher
parasite loads and the consequent more intense in-
flammations observed in P/209 cl1-infected animals
during the chronic phase. Indeed, the parasite load in
the acute phase was recently proposed as a key factor
in the intensity of the Chagas’ disease pathology, and
the later infection outcome (Marinho et al. 1999).

Finally, significant differences in the host/parasite
relationships characterize T'. cruzi clones. Regarding
the genetic background of the clones used in the
current study, our results are in agreement with
studies that did not correlate biological properties of
strains with genotypes (Carneiro ef al. 1991; Steindel
et al. 1995). Chagas’disease pathology is rather the
result of complex interactions between the host and
the parasite, different virulence factors of the parasite
being implicated in the immunopathogenesis.
Recently, sequence polymorphism and differential
expression has been demonstrated for some virulence
factors and such variability could explain some
phenotypical differences (Dost et al. 2004; Risso
et al. 2004). The comparison of genetically related
clones presents an advantage over the comparison of
clones belonging to very distant lineages (7. cruzi 1
and T. cruzi 11) since their genetic background is
very similar and the observed biological differences
are more likely to be related to fine differences, such
as key DNA mutations and/or differential gene ex-
pression of some principal factors, involved in viru-
lence.
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