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Abstract

To confirm that Beagle dogs are a good experimental model for Chagas disease, we evaluated hematological
alterations during the acute and chronic phases in Beagle dogs infected with the Y, Berenice-78 (Be-78) and ABC
strains of Trypanosoma cruzi, correlating clinical signs with the parasitemia curve. We demonstrate that the acute
phase of infection was marked by lethargy and loss of appetite. Simultaneously, we observed anemia, leukocytosis and
lymphocytosis. Also,we describe hematological alterations and clinical signs that were positively correlated with the
parasitemia during the experimental infection with the three strains of 7 cruzi, and demonstrate that experimental
infection of Beagle is a trustworthy model for Chagas disease.

Keywords: Trypanosoma cruzi, Beagle dogs, parasitemia, lymphocytosis, anemia, leukocytosis.

Resumo

Para confirmar que caes Beagle sio um bom modelo para doenca de Chagas, foram avaliadas as alteragoes
hematolégicas durante as fases aguda e cronica em cies Beagle infectados com as cepas Y, Berenice-78 (Be-78) ¢ ABC
de Trypanosoma cruzi, correlacionando os sinais clinicos com a curva de parasitemia. Foi demonstrado que a fase aguda
da infec¢io foi marcada por letargia e perda de apetite. Simultaneamente, observou-se anemia, leucocitose e linfocitose.
Ainda, foram descritas alterages hematoldgicas e sinais clinicos positivamente correlacionados com a parasitemia
durante a infecgdo experimental com as trés cepas de 77 cruzi estudadas, demonstrando que a infec¢io em caes Beagle
constitui um modelo fidedigno para a doenga de Chagas.

Palavras-chave: Trypanosoma cruzi, caes Beagle, parasitemia, linfocitose, anemia, leucocitose.

Introduction

One major stumbling block in research efforts to elucidate
the mechanisms of pathogenesis of chronic Chagas disease is the
lack of a suitable animal model. The murine model is frequently
used because of its easy maintenance, low cost and diversity of
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genetic lineages, as well as the availability of genetically deficient
animals. However, the short half-life of this model interferes
with reproduction of all the clinical forms of the disease. The
canine model reproduces diffuse chronic myocarditis, as shown
by electrocardiographic changes, along with cytokine, chemokine
and antibody production with patterns similar to those found
in humans (ANDRADE et al., 1981; ANSELMI et al., 1967;
LANA etal., 1992; GUEDES et al.,, 2009; GUEDES et al., 2008;
GUEDES et al., 2010).
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Chagas disease in humans induces anemia, thrombocytopenia
and leukocytosis, mainly during the acute phase of disease
(SHIKANAI-YASUDA et al., 1990). TNF-ot can modulate
myelopoiesis, erythropoiesis, lymphopoiesis and thrombocytopoiesis
(ULICH et al., 1990). A study on mice reported that 7. cruzi
sheds #rans-sialidase as a virulence factor that induces accelerated
platelet depletion, thereby leading to hematological changes
(TRIBULATTT et al., 2005). In fact, mice inoculated with different
T’ cruzi strains show intense thrombocytopenia, neutropenia,
eosinophilia, anemia and leukocytosis during the acute phase
of infection (MARCONDES et al., 2000). However, despite
knowledge of the symptoms, no study has demonstrated the
kinetics of hematological alterations occurring during acute
and chronic Chagas disease. Hence, the aim of this study was
to evaluate the hematological alterations during the acute and
chronic phases, in Beagle dogs infected with 7. cruzi strains that
present distinct virulence patterns, and to correlate these results
with parasitemia levels.

Material and Methods

In chis study, we used three distinct strains (Y, Be-78 and
ABC strains), which belong to Group II of 7 cruzi strains
(ZINGALES et al., 2009). These strains were chosen because
Group II 77 cruzi is the most prevalent form in Latin American
patients. Moreover, the strains used were isolated from patients at
different phases of the disease (acute and chronic) who presented
different clinical manifestations (cardiac and digestive) or did not
present symptoms.

Sixteen four-month-old Beagle dogs from the kennel of the
Federal University of Ouro Preto (UFOP), Minas Gerais, Brazil,
were used in this study. All the procedures and experimental
protocols were approved by the Ethics Committee for Animal
Research of UFOP. Twelve Beagles were inoculated intraperitoneally
with 4.0 x 10° blood trypomastigotes/kg of the Y, Be-78 or ABC
strains of 7. cruzi. Four age-matched uninfected dogs were used
as controls. The parasitemia was monitored daily from the fifth
day of infection until 50 days after infection, as described by
Brener (1965).

The erythrocyte count, erythrocyte sedimentation rate,
hematocrit level and leukocyte count were determined using
standard methods (DACIE; LEWIS, 1984). For hematological
analyses, blood samples were collected from the dogs before
infection and 2, 4, 6, 8, 12, 50 and 100 weeks after infection.

Statistical analysis was performed using the Mann-Whitney
or Kruskal-Wallis test, to make comparisons on two or three
variables between the groups. Associations shown by parasitemia
with hematocrit, leukocyte, erythrocyte and lymphocyte counts,
erythrocyte sedimentation rate and hemoglobin levels were tested
by using Spearman correlation and linear regression. Statistical
significance between the groups was taken to be present with
p <0.05. All statistical analyses were done using GraphPad Prism
version 5.0 (GraphPad Software Inc, La Jolla, CA, USA).
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Results

Our results showed significant differences in the parasitemia
curves of the dogs inoculated with the different 7. ¢ruzi strains (Y,
Be-78 and ABC), and that reductions in blood cell counts were
closely correlated with parasitemia levels. The animals infected
with the Y strain showed an earlier parasitemia peak (15 days)
and significant reductions in erythrocyte and blood cell counts
associated with higher erythrocyte sedimentation rates, two and
four weeks post-infection (w.p.i.), compared with the uninfected
animals (Figures 1a, 2b, ¢), at the same time points of the parasitemia
peaks. In animals infected with Be-78 (parasitemia peak: 28 days),
the reduction in blood cell counts was found to be most intense at
2,4 and 6 w.p.i., as determined by the erythrocyte sedimentation
rate (Figure 1a), and at 8 w.p.i., as displayed by the hematocrit
level (Figure 1c). These animals showed a longer patent period
than shown by the animals infected with the Y strain. The animals
infected with ABC showed higher parasitemia levels and longer
patent periods than shown by the dogs infected with Y and Be-78,
and presented longer periods of reduced blood cell and erythrocyte
counts (2 to 8 w.p.i.) (Figures la-c).

All the infected dogs showed enhanced leukocyte counts
at 4 and 6 w.p.i. However, the animals infected with Y showed a
reduced number of leukocytes at 8 w.p.i and the animals infected
with ABC (parasitemia peak: 29 days) had higher leukocyte counts
at 8 w.p.i. than shown by the uninfected animals (Figure 1d).
Differential leukocyte counts were also determined.

We observed enhanced lymphocyte counts in all the groups
of infected dogs at 2 and 4 w.p.i. Lymphocytosis was observed
between 2 and 6 w.p.i. in 75% of the animals infected with
the Y and ABC strains, and 50% of the animals infected with
Be-78 displayed lymphocytosis between 2 and 8 w.p.i. (Figure 1e).
The monocyte counts of 50 and 25% of the animals infected with
ABC and Y were higher than normal dog values. No significant
alterations in eosinophil, basophil, plaque and bassinet levels were
observed between the animals infected with different strains and
the uninfected controls (data not shown).

The infected dogs presented anemia during the acute phase
of 17 cruzi infection, as assessed using red blood cell counts,
hematocrit levels and hemoglobin content (Table 1). Beagle
dogs inoculated with 77 cruzi displayed correlations for anemia
and leukocytosis with the parasitemia peaks, which were at 15,
28 and 29 days for the Y, Be-78 and ABC strains, respectively.
Anemia was observed in 50% of the animals infected with the Y
and ABC strains and 50% with Be-78. Leukocytosis was observed
at the parasitemia peak (4 w.p.i.) in 25% of the dogs infected with
Be-78 and ABC (Table 1).

Our results showed that the parasitemia peak was correlated with
the erythrocyte count (r = —0.645, p = 0.011) (Figure 2a), hematocrit
level (r =—0.635, p = 0.015) (Figure 2b) and hemoglobin content
(r =—0.654, p = 0.010) (Figure 2c), thus demonstrating that the
parasitemia was also correlated with the anemia levels during the
acute phase of infection. No correlations were observed between
parasitemia and the erythrocyte sedimentation rate (r = 0.269,
p = 0.198) (Figure 2d), leukocyte count (» = 0.054, p = 0.432)
(Figure 2e) or lymphocyte count (r = 0.012, p = 0.358) (Figure 2f).
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Figure 1. Erythrocyte sedimentation rate (a), erythrocyte count (b), hematocrit level (c), leukocyte count (d) and lymphocyte count (e) obtained
from Beagle dogs inoculated with 4 x 10* blood trypomastigotes of the Y, Berenice-78 and ABC strains of Zrypanosoma cruzi. The results
shown (mean + S.E.M.) represent one experiment (four animals per group). The statistical significance (P < 0.05) is indicated as a, b, and c,
such that different letters indicate statistical differences among the groups, and the same letters were used when no difference was observed.
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Figure 2. Correlations (Spearman’s test) between the parasitemia peak and erythrocyte count (a), hemoglobin level (b), hematocrit level (c),
erythrocyte sedimentation rate (d), leukocyte count (e) and lymphocyte count (f), over the same period, from Beagle dogs inoculated with
4 x 10° blood trypomastigotes of the Y, Berenice-78 and ABC strains of Trypanosoma cruzi.

The hematological alterations and patent parasitemia observed
during the acute phase of the experimental 7. cruzi infection in
Beagle dogs was also correlated with the clinical signs presented by
the animals. The 7. cruzi-infected animals showed elevated lethargy,
enlargement of lymph nodes, appetite loss and fur loss between
2 and 6 w.p.i. These clinical signs were more pronounced in the
animals infected with the Y and ABC strains, which presented
higher parasitemia. These two groups of infected animals showed
lower weight gains than seen among the uninfected control dogs
(data not shown).

Discussion

Here, we demonstrated that high parasitemia levels were
correlated with anemia during the acute phase of experimental
T cruzi infection in Beagle dogs, and that these animals displayed
leukocytosis and lymphocytosis. Previously, using mongrel dogs,
our group showed that the hemogram alterations were slight and
inconsistent, without any correlation with infection (LANA et al.,
1992). The lack of positive correlation observed previously may
be explained by the heterogeneous genetic background. Data in
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Table 1. Blood cell counts in 7rypanosoma cruzi-infected Beagle dogs.
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Dog Hematocritlevel Erythrocyte count Hemoglobin level — Leukocyte count  Trypomastigotes/pL of blood
Normal values 37-55% 5.5-8.5 12-18 0.6-1.7 -
for dogs (million/mm?) (g/df) (thousand/pL)
1 45 6.18 13.5 1.29 -
Not 2 47 7.35 17 1.37 -
Infected 3 53 6.88 14 1.12 -
4 54 6.54 15 0.9 -
1 34 4.70 10 1.40 150
v 2 33 4.40 9.5 1.50 150
3 36 4.72 13 1.20 100
4 41 6.30 15 1.40 50
1 49 6.08 17 1.19 50
. 2 36 5.18 11 1.97 100
Berenice 78 5 39 474 13 1.60 0
4 40 6.08 15 1.50 50
1 43 6.35 16 1.36 120
ABC 2 43 5.98 15 1.66 120
3 34 4.53 10 1.38 280
4 33 4.28 9.5 1.87 240

Beagle dogs were inoculated with 4 x 10° blood trypomastigotes of the Y, Berenice-78 and ABC strains of Trypanosoma cruzi, which generated parasitemia peaks in
the dogs at 15, 28 and 29 days, respectively. This table shows the day of the parasitemia peak. The blood cell counts were performed 2 weeks after infection with
the Y strain, and 4 weeks after infection with the Berenice-78 and ABC strains. The normal values for dogs were obtained from Feldman [1].

the literature have shown that in the murine model, alterations in
blood cell counts observed in the acute phase of 7. cruzi infection
are associated with bone marrow suppression of erythrocytes,
megakaryocytes, granulocytes and macrophages; their precursors
present impaired ability to fully mature (MARCONDES et al.,
2000). Anemia was observed among the patients during the acute
phase of 7. cruzi infection, as also reported previously (DE TITTO;
ARAUJO, 1988).

During the 7 cruzi infective process, molecules produced by
the parasite (e.g. trans-sialidase) or molecules derived from the
immune response against the infection, like cytokines, chemokines,
antibodies, nitric oxide or other inflammatory products, may also
collaborate to produce alterations in hematological parameters
(TRIBULATTT et al., 2005). High levels of TNF produced
during the acute phase of experimental 7 cruzi infection may
interfere with myelopoiesis, erythropoiesis, lymphopoiesis and
thrombocytopoiesis (ULICH et al., 1990). We demonstrated
previously that dogs infected with the ABC, Be-78 and Y strains
produce high levels of IFN-y and TNF (GUEDES et al., 2009).
During the acute phase of Chagas disease, polyclonal activation
of B and T lymphocytes has been observed (MINOPRIO et al.,
1986), while in the present study we observed that infected dogs
presented leukocytosis at 2 and 4 w.p.i. These findings are concordant
with the literature: lymphocytosis has been described during the
acute phase (14-17 days post-infection) of experimental 7. cruzi
infection with isolates obtained from opossums, armadillos or
Beagle dogs (BARR et al., 1991).

Animals infected with different 7. cruzi strains all showed
increased lethargy, enlargement of lymph nodes, appetite loss
and fur loss. Data in the literature have demonstrated that both
naturally and experimentally infected dogs show clinical signs
of Chagas disease, including cardiac hyperplasia, conduction

disorders, lethargy, anorexia, ascites and respiratory difficulties
(ANDRADE; ANDRADE, 1968; ANDRADE; ANDRADE,
1980; ANDRADE et al., 1984). The animals infected with
the Y and ABC strains showed high parasitemia levels and all
presented cardiomegaly, while the dogs infected with Be-78 showed
low parasitemia levels and only 50% displayed cardiomegaly
(GUEDES et al., 2008). Dogs that showed cardiomegaly had higher
rates of cardiac inflammation and fibrosis, and the development of
chronic cardiomyopathy was correlated with high IFN-y, TNF-a,
type-1 chemokines and low IL-10 production (GUEDES et al.,
2009, 2010).

We have previously shown that Beagle dogs are a good model
for Chagas disease because they reproduce the clinical signs,
parasitemia, immune responses and cardiac lesions (GUEDES et al.,
2007, 2008, 2009, 2010) in a manner that is very similar to what
is observed in humans. Our findings indicate that the alterations in
blood cell counts observed during the acute phase of experimental
T cruzi infection in Beagle dogs are associated with parasitemia
levels and corroborate our previous reports. In conclusion, the
data shown here demonstrate that the Beagle dog model is highly
accurate in studies on the pathogenesis of Chagas disease.
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