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Abstract.

American trypanosomiasis is an emerging zoonosis in the Brazilian Amazon. Studies on benznidazole

(BZ) chemotherapy with Trypanosoma cruzi from this region have great relevance, given the different discrete typing
units (DTUs) that infect humans in the Amazon and other regions of Brazil. We performed a parasitological, histo-
pathological, and molecular analysis of mice inoculated with strains of 7. cruzi I, II, and IV that were BZ-treated
during the acute phase of infection. Groups of Swiss mice were inoculated; 13 received oral BZ, whereas the other 13
comprised the untreated controls. Unlike parasitemia, the infectivity and mortality did not vary among the DTUs.
Trypanosoma cruzi DNA was detected in all tissues analyzed and the proportion of organs parasitized varied with the
parasite DTU. The BZ treatment reduced the most parasitological parameters, tissue parasitism and the inflammatory
processes at all infection stages and for all DTUs. However, the number of significant reductions varied according to

the DTU and infection phase.

INTRODUCTION

Currently, ~12 million people are estimated to be infected
with Trypanosoma cruzi, the etiologic agent of Chagas disease
(CD) or American trypanosomiasis, in Latin America, and
75 million more are exposed to infection.! In its chronic phase,
CD causes significant disabilities and has high social and eco-
nomic impacts. In Brazil, more than US$1.3 billion in wages
and industrial productivity were lost because of CD complica-
tions.> Some authors have emphasized the importance of pre-
ventive measures and have warned about the possibility that
Amazonia might become an endemic region, as deforestation
and orally acquired CD outbreaks often occur.’

Studies that have investigated CD in the Amazon region
have highlighted clinical signs and symptoms observed mainly
during the acute phase, including fever, headache, myalgia,
dyspnea, facial edema, abdominal pain and exanthema, and
myocarditis as the most frequent lesion.* These signs are usu-
ally severe and differ from those in classical endemic areas. It is
believed that the greater severity of the acute disease phase in
the Brazilian Amazon is mostly caused by oral transmission,
and some authors have reported the high morbidity of acute
CD in this region.>> The chronic phase predominates in a
latent form, with few cardiomyopathy records among serologi-
cally confirmed patients.*” However, in a study of CD charac-
teristics in the State of Parana, an older endemic area, it was
observed that the cardiac form was present in most chronically
hospitalized patients, followed by the digestive form.®

The unusual biological heterogeneity of 7. cruzi isolates in
terms of morphology, DNA content, virulence, pathogenicity,
drug susceptibility, and other parameters is documented in
the literature.”'? According to a consensus reached in 2009,
T. cruzi strains should be classified into discrete typing units
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(DTUs) as T. cruzi I (Tcl) to T. cruzi VI (TcVI). To date,
knowledge about these 7. cruzi DTUs in the Amazon region
is scarce, and pioneer studies from our group present a
detailed understanding of the genetic, biological, and histo-
pathological characteristics of parasites belonging to Tcl and
IV DTUs.> "

The goal of etiologic treatment of CD is the parasite elimi-
nation from the infected individual, thereby inhibiting clinical
evolution and breaking the disease transmission chain.'® His-
tologically, the acute phase of trypanosomiasis is a systemic
infection, and intracellular forms of the parasite can be found
in all organs.'® Therefore, an important parameter to evaluate
is the drug effect at the tissue level for monitoring cure and
recurrent disease progression even over a long term.

Given the lack of studies on the biological characteristics of
Amazon T. cruzi strains, particularly TcIV, and the effects of
etiologic treatment on the evolution of experimental infec-
tions in mice with different parasite DTUs, this study aims to
evaluate and compare the impact of benznidazole (BZ) treat-
ment when administered during the acute phase on the evolu-
tion of infections in mice inoculated with the 7. cruzi strains
Tcl and TclV from the State of Amazonas and TclI strains
from Parand, using parasitological, histopathological, and
molecular (polymerase chain reaction) analyses.

MATERIALS AND METHODS

Parasites. A total of 18 7. cruzi strains were studied; 14
were isolated from patients during the acute phase of infec-
tion, vectors and wild reservoirs from the State of Amazonas
and were classified as TcI (6) and TcIV (8),"*and four strains
were isolated from chronically infected patients residing in
the State of Parana and were genotyped as TcII?” (Table 1).
Parasites were maintained in culture in liver infusion tryptose
(LIT) medium by successive subculturing with alternating
mouse-LIT-mouse passages and in blood passages in mice at
the Chagas Disease Laboratory (Laboratério de Doenca de
Chagas), Maringa State University (Universidade Estadual de
Maringa; UEM).
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TaBLE 1

Discrete typing unit (DTU), source of isolation, geographical origin, infectivity rate (%INF), parasitemia clearance rate (%PC), and profile of
in vivo susceptibility to benznidazole of Trypanosoma cruzi strains studied

Strains of T. cruzi DTU Source of isolation Geographical origin %INF % PC Susceptibility to BZ
MHOM/BR/2008/ AM49 Tcl Acute phase patient Coari/AM* 100.0 (7/7) 0.0 (0/6) R
MDID/BR/2007/AM45 Tcl Didelphis marsupialis Manaus/AM 71.4 (5/7) 16.7 (1/6) R
MDID/BR/2007/AM44 Tcl Didelphis marsupialis Manaus/AM 71.4 (5/7) 42.9 (3/7) IN
MPHI/BR/2007/AM34 Tcl Philander opossum Manaus/AM 100.0 (7/7) 57.1 (4/7) IS
TPIS/BR/2007/AM33 Tecl Rhodnius pictipes Manaus/AM 100.0 (6/6) 85.7 (6/7) S
MDID/BR/2007/AM31 Tecl Didelphis marsupialis Manaus/AM 57.1 (47) 100.0 (7/7) S
MHOM/BR/2007/PR1219 Tell Chronic phase patient Maringa/PR¥ 100.0 (13/13) 0.0 (0/6) R
MHOM/BR/2007/BS48 Tcll Chronic phase patient Colorado/PR 100.0 (9/9) 42.9 (3/7) 1S
MHOM/BR/2009/PR2259 Tcll Chronic phase patient Maringa/PR 90.0 (9/10) 100.0 (8/8) S
MHOM/BR/2010/PR1226 Tell Chronic phase patient Virgem da Lapa/MG# 90.0 (9/10) 100.0 (6/6) S
MHOM/BR/2007/AM15 TclV Acute phase patient Coari/AM 87.5 (718) 0.0 (0/5) R
MHOM/BR/2007/AM14 TclV Acute phase patient Coari/AM 90.0 (9/10) 14.3 (1/7) R
TROB/BR/2009/AMS57 TclV Rhodnius robustus Apui/AM 100.0 (9/9) 28.6 (2/7) R
MHOM/BR/2010/AM64 TcIV  Acute phase patient SIRN§/AM 100.0 (9/9) 28.6 (2/7) R
MHOM/BR/2010/AM62 TclV Acute phase patient SIRN/AM 100.0 (13/13) 42.9 (3/7) IN
MHOM/BR/2010/AM67 TclV Acute phase patient SIRN/AM 100.0 (10/10) 50.0 (4/8) IS
MHOM/BR/2010/AM69 TclV Acute phase patient SIRN/AM 77.8 (7/9) 85.7 (6/7) S
MHOM/BR/2010/AM68 TelV Acute phase patient SIRN/AM 80.0 (8/10) 100.0 (7/7) S

Brazilian states of * Amazonas; {Parand; $Minas Gerais; and § Santa Isabel do Rio Negro.
R = resistent; IS = intermediate sensitivity; S = sensitive.

Inoculation. For each 7. cruzi strain, 26 male Swiss mice
between 21 and 28 d of age were used; the mice were obtained
from the Central Animal Facility at UEM. Mice were kept in a
room with controlled humidity and temperature and light/dark
cycles and were given water and food ad libitum. The animals
were inoculated intraperitoneally (IP) with an inoculum of 1 x
10* blood trypomastigotes (BT)/animal (strains AMS7, AM67,
AMBG68, BS48, PR2259, and PR1226) or 2 x 10° culture meta-
cyclic trypomastigotes (MT)/animal*' for the other strains
(Table 1).

Treatment scheme. After inoculation, the mice were divided
into two groups of 13 animals each (Figure 1); one group was
treated with benznidazole (TBZ), whereas the other served as
the untreated control (NT). The TBZ group animals received
100 mg/kg/d of BZ (Lafepe, Recife, Brazil) by gavage for
20 consecutive days from Day 5 of infection (d.i.).’

Infectivity and susceptibility to BZ. From the third d.i., ani-
mals in both groups were daily tested by fresh blood examina-
tions (FBEs) to confirm the infections before starting treatment
and to obtain parasitemia data. Some animals were treated
without causing any patent parasitemia, especially those inocu-
lated with TcI strains that have subpatent parasitemia. Both the
TBZ and NT animals were submitted to FBE, hemoculture
(HC),” and conventional polymerase chain reaction (cPCR) on
blood* routinely used in our laboratory to determine the rate
of infectivity (%INF) and susceptibility to BZ. Animals with at
least one positive result were considered to be infected.”*??
However, TBZ group animals with negative results in all
three tests (FBE, HC, and cPCR) after treatment could not
be considered “cured” but rather as displaying a “sustained
parasitemia clearance,” because 7. cruzi DNA was found in
the tissues of these animals. The rate of animals exhibiting
parasitemia clearance (%PC) was obtained by calculating the
ratio of the number of animals with parasitemia clearance
and the total number of treated animals, multiplied by 100.%

Parasitological parameters. The following were performed
for animals in both the TBZ and NT groups: FBE was per-
formed daily from the third d.i. until a negative result was
obtained for at least 3 consecutive days for patent parasitemia

strains and for 40 d for subpatent parasitemia strains. The
percentage of animals with a positive FBE (%+FBE)** was
determined. Parasitemia curves were generated from the FBE
data. The mean patent period (PP), the maximum peak of
parasitemia (Pmax) and the day of maximum peak para-
sitemia (Dpmax)* were determined. At 30 d after the end of
treatment, the TBZ and NT animals underwent HC® in LIT
medium to obtain the percentage of mice with positive blood
cultures (%+HC). Conventional PCR was performed with
blood samples that were collected 30 d after treatment™*>2°
according to the protocol of Gomes,>> which was adapted
to mice by Miyamoto and others.?® The percentage of cPCR-
positive animals (%+cPCR) was obtained from the cPCR
results. Finally, the cumulative mortality (%MOR) was
recorded daily throughout the course of infection.

Histopathology. For the histopathological study, laparotomy
was performed on animals that had been euthanized by deep
anesthesia with an intraperitoneal administration of ketamine
(50 mg/kg) and xylazine (10 mg/kg). For each T. cruzi strain, 18
animals were evaluated; nine were included in the TBZ group
(to assess the impact of treatment on the tissue lesions), and
nine were included in the NT group (to determine the strain
pathogenicity). Of the nine animals in each group, three were
euthanized at 1 d after Pmax to represent the early acute phase
(eAP), three at 30 d.i. to study the late acute phase (IAP), and
three at 100 d.i. to study the chronic phase (CP). Tissue sam-
pling was made from the following organs/tissues: brain, heart,
abdominal skeletal muscle, left hind paw, diaphragm, large
intestine, liver, and spleen. Tissue fragments were first fixed in
10% formalin and, after 24 hr, preserved in 70% alcohol. The
fragments were dehydrated, cleared, and embedded in paraf-
fin. Five-um-thick sections, separated by 25-um intervals, were
placed on microscopy slides and were subjected to a battery of
hematoxylin/eosin (H/E) staining, permanently mounted, and
examined under an optical microscope.

For each T. cruzi strain, a total of 144 organs were analyzed
and read in quaduplicate; the end results were presented as
averages. The number of strains studied differed between the
DTUs (6 strains Tcl, 4 strains Tcll, and 8 TcIV) for total
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counts of 864 organs for Tcl, 576 for Tcll, and 1,152 organs for
TclV in the different infection stages and for both the TBZ
and NT groups (Figure 2).

Histopathological parameters. The slides were analyzed,
and the entire tissue lengths were analyzed in a double-blind
study. The analyzed histopathological parameters included
the presence and intensity of tissue parasitism (TP), the pres-
ence and intensity of inflammatory process (IP), and tissue
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tropism. For tissue parasitism, the presence of amastigote
nests in different tissues was analyzed and classified as
follows: absent (—), without nests; mild, 1-5 nests (+); moder-
ate, 610 nests (+ +) and intense, > 10 nests (+ + +). Inflamma-
tory process was considered as the presence of 10 or more
inflammatory cells per microscopic field at 400 x magnification.
Two steps were followed during the IP analysis. First, inflam-
matory foci were classified as follows according to presence
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FiGure 2. Fluxogram showing the number of mice and organs assessed at each stage of infection and experimental groups for each strain of

Trypanosoma cruzi studied.
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and intensity: absent (-), the minimum number of inflam-
matory cells was not found; mild, 10-25 cells (+); moderate,
26-50 cells (+ +) and intense, >50 cells (+ + +).**® Tissue
changes in the spleen were classified as absent (—), mild hyper-
plasia (+, 1 focus/section), moderate (++, 2-5 foci/delimited/
section), and intense (+++, more than 5 foci or throughout the
length of the section). Second, the distribution of inflammatory
infiltration per field was classified as follows: 1) focal, proxim-
ity between the infiltrating cells; 2) multifocal, more than one
focus; and 3) diffuse, distance between the infiltrating cells.?’
The following classifications were used for whole tissues: mild
(+, single focus), moderate (+ +, 2-5 foci), intense (+++, 6—
10 foci), and very intense (++++, > 10 foci).”

Real time polymerase chain reaction (qPCR). Mice inocu-
lated with six Tcl strains (AM44, AM31, AM33, AM34,
AMA45, and AM49), two TcllI strains (PR1219 and PR2259)
and five TcIV strains (AM14, AM15, AM62, AM64, and
AMG69) were analyzed by qPCR.

Tissues analyzed in qPCR. Fragments of 30 mg the same
tissues collected for histological analysis were analyzed. One
randomly selected animal was euthanized for each strain and
for each stage of infection (eAP, 1AP, and CP), from both
TBZ and NT groups. A total of 48 organs were evaluated for
each strain, 24 from TBZ animals and 24 from NT animals,
eight in each stage of infection.

Extraction of genomic DNA. Six hundred (600 pL) of a
mixture of 0.5 M EDTA (pH 8.0) plus 50 mM NaOH and
18 uL of proteinase K 20 mg/mL (Invitrogen) were added on
each tissue fragment. A water bath incubation was made for
2 hours at 55°C. Subsequently, 3 nLL. RNAse were added
followed by incubation at 37°C for 15 minutes. To each sam-
ple, 200 uL of chloroform were added, and DNA was precip-
itated with 100% isopropanol, washed with 70% ethanol and
resuspended in 20 uL of Milli-Q water.

qgPCR. For each sample analyzed in duplicate, the PCR
reaction contained 2 pL genomic DNA, 0.20 mM of each
primer, 5 pL SybrGreen PCR Mastermix, and Milli-Q water
to a final reaction volume of 10 pL. The primers are oligo-
nucleotides specific for a repeat of 195 base pairs (bp) of DNA
from T. cruzi TCZ 5-GCTCTTGCCCACAMGGGTGC-F-
3, where M = A or C (Invitrogen) and TCZ-R 5-CCAAGC
AGCGGATAGTTCAGG-3, which amplify a product of
182 bp. The thermocycling program consisted of heating at
95°C for 10 minutes, 40 cycles of 94°C for 15 sec, 64.3°C for
1 minute, with fluorescence acquisition at 64.3°C. The amplifica-
tion was immediately followed by melting with a program of
initial denaturation at 95°C for 15 sec, cooling to 60°C for 1 min-
ute, and gradual temperature increase of 0.3°C/sec to 95°C.*°

Qualitative data analysis was performed considering the
presence or absence of amplification. Tissue samples on
which were detected the presence of 7. cruzi DNA by qPCR
were considered positive and organs of which the fragments
were collected considered parasitized. The number of parasit-
ized organs was obtained for each DTU, stage of infection
(eAP, 1AP, and CP) and experimental group (TBZ and NT).
The parameter proportion of organs that showed positive
results in gPCR (%+qPCR) was also obtained.

Statistics. Data analysis was performed with the assistance
of BioEstat software, version 5.3 (Belém, Par4, Brazil). The y°
test was used to test for differences in proportions (%+FBE,
%+HC, %+cPCR, %+qPCR, %INF, %MOR, and %PC),
and Student’s ¢ test was used to test for differences between

means (PP, Pmax, and Dpmax). Statistical comparisons were
performed among the three DTUs (Tcl versus Tcll, Tcl ver-
sus TcIV, and Tcll versus TcIV), and among the three stages of
infection within each DTU (eAP, 1AP, and CP), and between
groups (TBZ versus NT). The proportions of organs/tissues
with pathological changes were also compared with the x> test.
Statistical significance was considered if P < 0.05.

Ethical approval. The use of 7. cruzi strains obtained from
humans in the states of Amazonas and Parand was approved
by the ethics committees of the Dr. Heitor Vieira Dourado
Tropical Medicine Foundation (approval no. 360/07) and UEM
(approval nos. 100/04 and 375/07). The maintenance and care
of experimental animals complies with the National Coun-
cil for the Control of Animal Experimentation (Conselho
Nacional de Controle de Experimentacdo Animal —- CONCEA)
guidelines for the human use of laboratory animals, and use of
mice was approved by the Ethics Committee for Animal
Research of UEM (approval no. 113/09).

RESULTS

Infectivity and parasitemia clearance rates. The overall %
INF in mice inoculated with 18 7. cruzi strains was 90.7%
(146 of 161 animals). The %INF of Tcl, Tcll, and TcIV-
inoculated animals did not significantly differ, with respective
values of 82.9% (34 of 41), 95.2% (40 of 42), and 90.7% (146
of 161). Table 1 lists the %INF of each strain in the study.
During the acute phase, BZ-treated infected mice had an
overall parasitemia clearance rate (%PC) of 51.6% (63 of
122). The %PC for each strain are presented in Table 1. The
Tcl-, Tcll-, and TcIV-inoculated animals had rates of 52.5%
(21 of 40), 63% (17 of 27), and 45.5% (25 of 55), and the
differences between the rates were not significant. However,
Table 1 shows that the proportions of BZ-resistant (R), inter-
mediately sensitive (IS), and sensitive (S) Tcl strains were
identical, whereas TclI strains included a higher proportion of
S strains and TcIV included a higher proportion of R strains.

Impact of treatment on parasitological parameters. The
mean parasitemia curves of the TBZ and NT mice inocu-
lated with T. cruzi strains of each DTU are shown in Figure 3
(A-Tcl, B-Tcll, and C-TclIV). None of the six studied Tcl
strains determined patent parasitemia. Mice inoculated with
the Tcll and TclIV, which induce patent parasitemia, showed
suppression of the same shortly after treatment initiation.

Regardless of the infecting DTU, BZ treatment during the
acute phase significantly reduced five of the seven evaluated
parasitological and molecular parameters (Table 2). There
were no statistical differences between the groups TBZ and
NT, for the parameters %+cPCR and %MOR.

Statistical comparisons of these parameters between the
TBZ and NT groups within the same DTU showed that the
numbers of significant differences varied according to the par-
asite DTU. The animals inoculated with Tcl showed no pat-
ent parasitemia, and it was therefore not possible to compare
the parameters derived from the parasitemia curve. In mice
inoculated with Tcll, BZ treatment caused reductions in a
greater number of parameters (6 of 7), and mice inoculated
with TcIV showed a significant reduction only in the four
parameters derived from the curve (Table 2).

Histopathology. The histopathological analysis, which con-
sidered the TP and IP intensities, showed that the pathogenicity
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FiGurRe 3. Mean parasitemia curves in mice inoculated with
strains of Trypanosoma cruzi I (A), II (B), and IV (C), treated with
benznidazole (100 mg/kg/d- 20x ) (TBZ) from Day 5 of infection and
untreated controls (NT).

for mice varied significantly with the DTU and the phase of
infection (Tables 3 and 4).

TP. Regardless of the DTU and phase of infection, TP was
observed in 5.3% (24 of 864) of the evaluated organs (22 NT
animals and 2 TBZ animals; Table 3). Compared with the CP,
significantly higher numbers of organs with TP were observed
in eAP and lAP.

Mice infected with TclIl, although fewer in number com-
pared with those infected with the other two DTUs, had
higher numbers of organs with TP, followed by Tcl-infected
mice, and this was the only DTU group in which amastigotes
were observed during CP (Table 3).

Statistical comparisons of TP between the DTUs. The statis-
tical comparisons between the DTUSs, which considered only
the NT animals, showed significant differences in the TP dur-
ing eAP and 1AP (Table 4). During eAP, the number of
organs with TP was significantly higher in Tcll-infected ani-

mals compared with Tcl (P = 0.012) and TcIV-infected ani-
mals (P < 0.001) and in Tcl-infected animals, compared with
TcIV-infected animals (P = 0.024). During 1AP, significant
differences were found between Tcl- and TcIV-infected ani-
mals (P = 0.024) and between Tcll- and TcIV-infected ani-
mals (P < 0.001), with TcIV-infected animals presenting a
lower TP (Table 4).

Intensity of parasitism. Regarding intensity, mild TP was
most frequently observed during eAP for all three DTUs, in
1AP for Tcl and Tcll, and during CP only for TcII (Table 5).
Moderate intensity TP was observed only for Tcll during e AP
and 1AP, and intense TP was not registered in any organ
evaluated during this study.

During e AP and IAP, the numbers of organs with mild TP
were significantly higher than those with intense TP in Tcll-
infected animals (Table 5).

Inflammatory process (IP). Regardless of the DTU, when
only NT animals were considered, the proportions of organs
with IP were 42.4% (183 of 432) during eAP, 55.1% (238 of
432) during 1AP, and 36.3% (157 of 432) during CP (Table 3).
During 1AP, the number of organs with IP was significantly
higher than those during eAP and CP.

Additionally, in NT animals, the proportions of organs with
IP in mice infected with the three DTUs were similar during
the acute phase, and no statistical differences were found
between the DTUs during e AP or 1AP (Table 4). During eAP,
41.7% of the organs in TcI (60 of 144) and Tcll-infected ani-
mals (40 of 96) and 43.2% (83 of 192) in TcIV-infected animals
presented with IP, whereas during 1AP, 59.0% (85 of 144) of
the organs in Tcl, 54.2% (52 of 96) in Tcll, and 52.6% (101 of
192) in TcIV-infected mice presented with IP (Table 3).

However, during CP, animals infected with Tcl, Tcll, and
TcIV respectively presented with organ inflammation rates of
42.4% (61 of 144), 41.7% (40 of 96), and 29.2% (56 of 192)
(Table 3); furthermore, TcIV-infected mice presented a num-
ber of organs with IP that was significantly lower than the
numbers in Tcl (P = 0.012) and Tcll-infected mice (P =
0.034) (Table 4).

Inflammation severity during the three infection stages.
Regarding inflammation severity in NT animals during eAP,
organs with mild to moderate IP intensity were observed in
animals infected with the three DTUSs, whereas intense IP was
only observed in Tcll and TcIV-infected animals (Table 5).
During eAP, the number of organs with mild IP was signifi-
cantly higher than the numbers of organs with moderate and
intense IP in Tcl and TcIV-infected animals and the number
of organs with intense IP in Tcll-infected animals. Addition-
ally, the number of organs with moderate IP was significantly
higher than the number with intense IP in Tcl and TcIV-
infected mice (Table 5).

During 1AP, mild, moderate, and intense IP was recorded
for the 3 DTUs, and the number of organs with mild IP was
significantly greater than the number of organs with moderate
and intense IP for all three DTUs (Table 5). Statistical differ-
ences were also found in the comparison between moderate
and intense IP, as animals infected with Tcl and TcIV had
higher numbers of organs with moderate IP.

During CP, organs with mild and moderate IP were
recorded with the three DTUs, and intense IP was only
observed with Tcl and TcII (Table 5). The number of organs
with mild IP was significantly greater than the numbers of
organs with moderate IP in TclI- and TcIV-infected animals
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TABLE 2

Statistical comparisons of parasitological and molecular parameters of mice inoculated with strains of Trypanosoma cruzi 1, 11, and IV treated
with benznidazole (TBZ), 100 mg/kg/day-20x , and untreated controls (NT)

Total Tcl Tecll TclV
Parameter* NT x TBZ P NT x TBZ P NT x TBZ P NT x TBZ P
PP (in days) 6.3 x 0.3 <0.001 PA - 15.6 x 0.5 0.021 33 x03 <0.001
Pmaxt (x10°) 21.7 x 0.35 0.009 PA - 55.72 x 0.37 0.021 5.42 x 0.35 0.021
DPmaxi 7.6 x 1.2 0.003 PA - 153 x 5.5 0.021 7.5 x 2.0 < 0.001
%+FBE§ 552 x 0.0 < 0.001 PA - 83.3 x 0.0 0.021 70.0 x 0.0 <0.001
%+HC] 68.9 x 36.4 <0.001 73.2 x 40.0 0.002 100.0 x 37.0 <0.001 50.9 x 33.3 NS
%+cPCR|| 45.0 x 35.6 NS 14.0 x 12.0 NS 77.1 x 29.7 <0.001 17.0 x 23.0 NS
%MOR** 6.7 x 5.6 NS 6.0 x 2.0 NS 20 x 1.0 NS 7.0 x 6.0 NS
No. of significant differences 517 1/3 6/7 4/7

*The Student’s ¢ test was used in comparisons of PP, Pmax and Dpmax, and the % for the other parameters.
+Number of trypomastigotes/0.1 mL of blood at the peak of parasitemia.

fDay of peak parasitemia.

§ Percentage of mice with positive fresh blood examination.

{Percentage of mice with positive blood culture.

|[Percentage of mice with positive conventional polymerase chain reaction.

**Cumulative mortality rate.

PP = mean patent period; PA = parasitemia absent; NS = not significant.

and the number of organs with intense IP with all three Statistical comparisons of IP between the TBZ and NT
DTUs. Significant differences were also recorded between groups, independent of intensity, showed that although there
the numbers of organs with moderate and intense IP among remained organs with IP in the treated animals, the BZ
the three DTUs. caused significant reductions in their numbers during the

For Tcl-infected animals from both groups (TBZ and NT), three evaluated phases and for all three DTUs (Table 3).
the inflammatory infiltrate was characterized as predominantly Impact of treatment on lesion intensity. Regarding histo-
mild and focal at all stages of infection: eAP (Figure 4A), AP pathological lesion intensity, during the acute phase, TBZ
(Figure 4B), and CP (Figure 4C). During the acute phase, Tcll- animals infected with Tcl showed no significant reductions in
infected animals also presented with mostly mild and focal the number of organs with TP and IP during eAP (Table 5).
inflammatory infiltration, although mild and diffuse inflamma- However, BZ treatment caused a significant reduction in the
tory infiltrate predominated during CP (Figure 4F). The evolu- numbers of organs with IP at different intensities during IAP
tion of IP from mild/focal during e AP and 1AP (Figure 4G and and with moderate IP during CP.
H, respectively) to mild/diffuse during CP (Figure 41) was also For animals infected with Tcll, BZ treatment significantly
observed for most of the TcIV-inoculated animals. reduced the numbers of organs with mild TP during e AP and

Impact of treatment on histopathological parameters. 1AP, with different IP intensities during eAP, and with mild
Regardless of DTU, BZ treatment during the acute phase and intense IP during IAP (Table 5). Although the number of
influenced the evolution of infection by promoting significant organs with pathological changes during CP was lower in the
reductions in the numbers of organs with TP in both e AP and TBZ animals, this difference was not significant. The number
1AP and with IP in all three assessed phases (Table 3). of organs with IP in the TBZ group was significantly higher

Statistical comparisons of TP between the TBZ and NT during CP (26) than during eAP (7) and 1AP (7) (Table 3).
groups for each DTU showed that BZ treatment caused a Animals infected with TcIV and BZ treated during the acute
significant reduction in the number of organs with TP during phase showed significant reductions in the numbers of organs
eAP and IAP in Tcl- and Tcll-infected animals (Table 3). with mild and moderate IP during e AP, with the three catego-
There was no significant difference in TP between the TBZ ries of IP during IAP and with mild IP during CP (Table 5).
and NT groups in TcIV-infected animals. However, amastigotes In the NT group, tissues presented intense and diffuse IP
were observed early in treatment (during eAP) only in TBZ during 1AP and CP (Figure 5C), whereas in the TBZ group,
animals inoculated with the TcIV strains AM64 and AM6S, this type of infiltration was observed only during CP for all
which are considered R and S to BZ treatment, respectively three DTUs. Organs without pathological changes predomi-
(Table 1). nated during CP in the TBZ group.

TABLE 3

Number and percentage of organs presenting tissue parasitism and inflammation in mice inoculated with strains of Trypanosoma cruzi 1, 11, and
IV treated with benznidazole (TBZ) during acute phase and untreated controls (NT), at different stages of infection

Total Tcl Tell TclV
Parameter Stage of infection ~ NT(N=432) TBZ(N=432) NT(N=144) TBZ(N=144) NT(N=96) TBZ(N=96) NT(N=192) TBZ(N=192)
Tissue parasitism e AP* 12 2.7)89 2(0.5) 3.8 0(0.0)  9(94)81 0(0.0) 0 (0.0) 2 (1.0)
IAP} 9 (2.1)§] 0 (0.0) 3208 0(0.0)  6(63)§ 0(0.0) 0 (0.0) 0 (0.0)
CP: 1(02) 0 (0.0) 0 (0.0) 0(0.0)  1(L0) 0 (0.0) 0 (0.0) 0 (0.0)
Inflammatory process ~ eAP 183 (42.4)8** 84 (19.5) 60 (41.7)§*=* 43(29.9) 40(417)§ 7(73)1 83 (432)8 34(17.8)
IAP 238 (55.1)8)| 67 (155)] 85(59.0)8  29(20.1) 52(542)§ 7(7.3)| 101(52.6)§ 31 (16.2)
CP 157 (36.4) 103 (23.8) 61 (42.4)§]  42(292) 40(41.7)§ 26(27.1) 56(292)§  35(18.2)

n = total number of organs assessed by group and phase of infection.

*Early acute phase;  Late acute phase; $ Chronic phase.

The y~ was used in comparing the parameters between experimental groups (NT x TBZ) and between phases of infection (eAP x 1AP, eAP x CP, and IAP x CP) with a significant value of
P < 0.05; Significant differences between groups NT and TBZ§, eAP and CP{, IAP and CP|| and eAP and 1AP**.
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TABLE 4

Statistical comparisons* (P values) among discrete typing units of the proportion of organs presenting pathological changes in mice inoculated
with strains of Trypanosoma cruzi 1, 11, and 1V, at different stages of infection

Tcl x Tell Tcl x TelV Tell x TelV

Stage of infection (n =144) (n =96) (N =144) (n=192) (n=96) (n=192)
Tissue parasitism eAPY 2.1 x 9.4 (0.012) 2.1 x 0.0 (0.024) 9.4 x 0.0<0.001
1AP# 2.1 x 6.3 (NS) 2.1 x 0.0 (0.024) 6.3 x 0.0<0.001
CP§ 0.0 x 1.0 (NS) 0.0 x 0.0 (-) 1.0 x 0.0 (NS)
Inflammatory process eAP 41.7 x 41.7 (-) 41.7 x 43.2 (NS) 41.7 x 43.2 (NS)
1AP 59.0 x 54.2 (NS) 59.0 x 52.6 (NS) 542 x 52.6 (NS)
CP 42.4 x 41.7 (NS) 42.4 x 29.2 (0.012) 41.7 x 29.2 (0.034)
#y? with significant value of P < 0.05.
+Early acute phase; i Late acute phase; § Chronic phase.
NS = not significant; (-) = not applicable.

Tissue tropism. One to two amastigote nests were observed tion and DTUs studied are shown in Table 6. A high %+
in the tissues from mice that were inoculated with 50% (3 of 6) qPCR were observed, ranging from 37.2% to 68.8%. Consid-
of the Tcl strains. The TP caused by the AM33 strain was ering the NT animals, the proportion of parasitized organs did
observed in the liver (eAP), heart, and skeletal striated muscu- not vary significantly between DTUs during e AP and CP but,

lature (IAP) (Figure 5B), and TP caused by the AM44 and during the 1AP did, being higher (P = 0.031) for animals
AMA4S5 strains was observed in the heart and diaphragm infected with Tcl (68.8%) compared with other DTUS (Table 6).

(eAP), respectively (Figure 4A and B). The %+qPCR did not vary significantly between the three
Tissue amastigotes were detected for all four investigated stages within the DTU studied.
TclI strains in nine organs during eAP (Table 3). Two to 19 Impact of treatment with BZ on the results of gPCR. The
amastigote nests were present in the heart and left hind paw proportion of parasitized organs was significantly reduced by
muscles (BS48 strain). Light parasitism in the heart and seven treatment with BZ performed during the acute phase. Mice
amastigote nests in the nervous tissues of the brain were infected with Tcl and BZ-treated showed %+qPCR signifi-
observed during eAP for the PR1219 strain (Figure 4D), cantly lower (P = 0.039) compared with NT animals, only in
which was the only strain to present parasitism during CP. the 1AP (Table 6). Those infected with TclI displayed reduc-

Mild TP in the abdominal and the left hind paw muscles tions in eAP (P = 0.032) as in the IAP (P = 0.003), and with

(PR2259) and three amastigote nests in the heart (PR1226) TcIV only in the eAP (P = 0.041). In the CP, the %+qPCR did

were both observed during IAP. not vary significantly between TBZ and NT animals, for any
In TBZ mice inoculated with 25% (2 of 8) of the TcIV of the DTUs studied.

strains, single amastigote nests could be observed in the abdom-

inal wall (AM64) and thigh muscles (AM68) (Figure 5D) DISCUSSION
during eAP.

In this study, the skeletal muscle (10 cuts) was the only The results obtained by evaluating experimental 7. cruzi
tissue in which amastigotes were observed for all three eval- infections in laboratory animals cannot be directly extrapo-
uvated DTUs. The TP caused by Tcl and Tcll was also lated to naturally infected wild animals or to infected humans,
observed in the striated muscle of the heart (12 cuts). The especially if we consider the complex biological and genetic
Tcll was the only DTU observed in the brain, whereas Tcl species diversity. However, even with this caveat, the study of
was the only DTU observed in the liver. Amastigotes were the biological behaviors of strains from different parasite
not observed in the spleens and intestines of the evalu- DTUs in experimentally infected BZ-treated mice can pro-
ated animals. vide important insights and promote a better comprehension

Qualitative analyzes of tissues by qPCR. The number and of the pathological and epidemiological aspects of CD.
the proportion of organs positive in qPCR (%+qPCR), or In this study, it was found that the Amazonas Tcl and TcIV
presenting DNA of 7. cruzi, for the three stages of the infec- strains (%INF of 83% and 91%, respectively), and the Parana

TABLE 5

Number and percentage of organs presenting tissue parasitism (TP) and inflammatory process (IP) of different intensities (+, ++, and +++) in mice
inoculated with Trypanosoma cruzi 1, 11, and IV treated with benznidazole (TBZ) and untreated controls (NT), at different stages of infection

TCI("’H“) TCH(V:*%) TC]V(rrl‘Jz)

TP 1P TP 1P TP 1P

Stage of
infection  Intensity NT TBZ NT TBZ NT TBZ NT TBZ NT TBZ NT TBZ

eAP  +  3(21) 0(0.0) 43(30)tF 30 (2D)FE 6 (63)% 0(0.0) 21 2L8)*; 5(52)  0(0.0) 2(1.0) 56 (29)*t 23 (11.9)F%
++  0(0.0) 0(0.0) 17(11.8)§ 13(9.0)§ 3(3.1) 0(0.0) 12(125*  1(1.0)  0(0.0) 0(0.0) 21 (10.9)*§ 10 (5.2)§

+++  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 7(72)% 1(1.0)  0(0.0) 0(0.0) 6(3.1) 1(0.5)
IAP +  3(21) 0(0.0) 54 (37.5)*i% 24 (16.6)7% 4 (41)* 0(0.0) 39 (40.6)*i% 4 (41)f 0(0.0) 0(0.0) 69 (36)*r 22 (11.4)+%
++  0(0.0) 0(0.0) 24(16.6)*¢ 535§ 2(20) 0(0.0) 9(9.3) 3(31)  0(0.0) 0(0.0) 27 (14)*§ 9 (4.6)§

+++  0(0.0) 0(0.0) 7 (4.8)* 0(0.0)  0(0.0) 0(0.0) 4(41)* 0(0.0)  0(0.0) 0(0.0) 5 (2.6)* 0 (0.0)
CP + 0(0.0) 0(0.0) 31(2L5)F 24(166)F 1(1.0) 0(0.0) 29(302)tF 19 (19.7)1% 0(0.0) 0(0.0) 42 (21.8)*1% 24 (12.5)7%

++  0(0.0) 0(0.0) 27 (18.8)*¢ 15(10.5)§ 0(0.0) 0(0.0) 10(10.5§  6(62)  0(0.0) 0(0.0) 14(72)§  10(52)§

+++  0(0.0) 0(0.0) 3(2.1) 321 0(00) 0(0.0) 1(1.0) 1(1.0)  0(0.0) 0(0.0) 0(0.0) 1(0.5)

n = number of organs evaluated by group and stage of infection: early (eAP) and late acute phases (IAP), and chronic phase (CP); + = mild; ++ = moderate; and +++ = intense; significant
differences between groups NT and TBZ*, + and ++1, + and +++%, and ++ and +++§; x> with significance value of P < 0.05.
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Ficure 4. Photomicrographs of histological sections of mice inoculated with strains of Trypanosoma cruzi Tcl (A, B, and C), TclI (D, E, and
F), and TclIV (G, H, and I), in the early (A, D, and G) and late (B, E, and H) acute phases, and chronic phase (C, F, and I) of infection. Striated
skeletal muscle showing tissue parasitism (strains AM44 - A, and AM45 - B), and intense focal inflammatory infiltrate (strain AM33 - C). Brain
with nests of amastigotes (strain PR1219) (D). Cardiac muscle presenting tissue parasitism and mild diffuse inflammatory infiltrate (strain PR1219 -
E), and tissue injury and moderate diffuse inflammatory infiltrate (strain BS48 - F). Liver displaying mild and focal inflammatory infiltrate (strain
AMO64 - G). Heart muscle with diffuse infiltrate mild (strain AM64 - H) and moderate (AM14 - I). The arrows point to the nests of amastigotes.
All photos were taken at 400 x magnification, hematoxylin-eosin.

FiGure 5. Photomicrographs of histological sections of mice inoculated with Trypanosoma cruzi in early (A and C) and late acute phases
(B and D) of infection, treated with benznidazole (C and D) and untreated controls (A and B). (A) Cardiac muscle presenting tissue parasitism
with mild and focal inflammatory infiltrate (TclIl — strain PR1219). (B) Striated skeletal muscle presenting tissue parasitism (Tcl - AM33).
(C) Striated skeletal muscle presenting tissue parasitism with mild focal inflammatory infiltrate (TcIV - AM68). (D) Liver with mild and focal
inflammatory infiltrate (TcIV - AM62).The arrows indicate the nests of amastigotes. All photos were taken at 400 x magnification, hematoxylin-eosin.
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TABLE 6

Number and percentage of parasitized organs (in which DNA was detected by qPCR) in mice inoculated with Trypanosoma cruzi I, II, and IV,
treated with TBZ during acute phase and untreated controls, at different stages of infection

Tl (N = 288) Tell (N = 96) TcIV (N = 240)

Stage of infection NT (N = 144, 48/stage) TBZ (N = 144) NT (N =48, 16/stage) TBZ (N =48) NT (N =120, 40/stage) TBZ (N =120)
cAP* 24 (50.0) 23 (47.9) 6 (37.5) 1(63)t 21 (52.5) 12 (30.0)t
1AP% 33 (68.8)8 22 (45.8)% 10 (62.5) 2 (12.5)t 17 (42.5) 13 (32.5)
CPq 25 (52.1) 25 (52.1) 6 (37.5) 6 (37.5) 19 (47.5) 14 (35.0)

*Early acute phase (one day after the peak of parasitemia); Significant difference between untreated controls (NT) and benznidazole treated mice (TBZ)t, and among DTUs$.

fLate acute phase (30 days after inoculation).
q Chronic phase (100 days after inoculation).
qPCR = real time-polymerase chain reaction.

Tcll strains (95%) had high infectivity in mice, with no signif-
icant differences among them, in agreement with a previous
study.'® The susceptibilities of these strains to BZ varied from
0% to 100%, and there was no correlation between this
parameter and the DTU strain classifications, as reported
previously.'” However, TcIl showed a higher proportion of
BZ-sensitive strains, i.e., whose inoculated animals exhibited
a sustained parasitemia clearance after treatment with BZ and
TclV resistant ones. Small differences between parasitemia
clearance rates of each strain or DTU of the current study and
the cure rates obtained in the previous study'’ might be caused
by the developmental stages used for inoculation and the tech-
niques used to monitor cure, and the selection (as a result of
laboratory manipulation) of different genotypes that might be
present within the same strain.*!

The beneficial effect of BZ treatment was shown when the
parasitological, molecular, and histopathological parameters
were assessed. Regardless of the DTU strains, etiological
treatment caused a significant reduction in 5 of the 7 parasi-
tological parameters (PP, Pmax, Dpmax, %+FBE, and %+
HC). When the DTUs were considered separately, the num-
bers of significant reductions promoted by each treatment
varied, with a greater number of reductions in Tcll, both in
the parasitological parameters (6 of 7) and in the percentage
of parasitized organs (%+qPCR) in the eAP and 1AP. Mice
inoculated with TclI strains showed parasitemia levels up to
10-fold higher than mice infected with the other strains,'® and
some authors associate TcIl with a greater sensitivity to
drugs.”** Mice infected with Tcl and TclV strains and BZ-
treated showed no significant reduction in the parameter %+
cPCR in relation to NT animals, because the percentages
presented by the latter were already low, 14% and 17%,
respectively. Strains belonging to six different 7. cruzi DTUs
have dissimilar DNA content.*® The detection capability of
PCR depends on, among other factors, the molecular targets
analyzed. In this study the cPCR targeted the k-DNA mini-
circle of T. cruzi. Therefore, we can speculate that the lower
analytical sensitivity of the our cPCR test to detect DNA
from Tcl and TcIV DTUSs respect to the other ones, could be
caused by a lower minicircle copy number.

In this study, histopathological changes were mainly
observed during the acute phase of infection, with a greater
TP intensity at 1 d after peak parasitemia (eAP) and greater
IP at 30 d.i. (IAP). During CP, these changes appeared in
fewer organs. Mice inoculated with the three DTUs generally
presented with focal and low-intensity inflammatory infiltra-
tion in tissues, which predominantly comprised lymphocytes.
Mild TP H/E-detectable was observed in mice inoculated with
2 of the 8 TclV strains, 3 of the 6 Tcl strains, and with all
TclI strains, during the acute phase, but only with the PR1219

strain (Tcll) during CP. Animals infected with PR1219 were
also the only to present with moderate acute-phase TP,
suggesting the greater pathogenicity of Tcll for mice, which
is consistent with other studies (Meza and others, unpub-
lished data).*

In this study, as shown by the H/E technique, there was no
direct association between tissue tropism and parasite DTU.
The Tcl strains showed tropism for skeletal muscle, heart and
liver, whereas TclI strains showed tropism for the heart (++),
skeletal muscle and central nervous tissue, and TclIV strains
for skeletal muscle. Data from a previous study in mice
inoculated with Tcll strains from Parana and TcIV strains
from Amazonas suggested the preferential tropism of Tcll
for the heart and TcIV for the central nervous system,
because these DTUs produced a parasitism of greater inten-
sity in those tissues (Meza and others, unpublished data).
Although most of the same strains were used in both studies,
the observed differences in tissue tropism might be caused by
the different evolutionary forms used to inoculate the mice.*

Qualitative qPCR analysis showed the presence of T. cruzi
DNA in all eight different organs analyzed and its positivity
varied with the parasite DTU. Caldas and others*® detected
T. cruzi DNA by gqPCR in 100% of cardiac tissue obtained
from mice infected with a Tcll strain. The use of this technique
in tissue confirmed and extended the parasitological and histo-
pathological findings and a quite different biological behavior
for strains of the three DTUs was observed with the parame-
ters used. The TcI strains from the Amazonas determining
subpatent parasitemia in mice prevents the morphometric
study of the blood trypomastigotes. Parasite populations that
determining earlier or subpatent parasitemias are predomi-
nantly constituted by slender trypomastigotes, which are
more sensitive to circulating antibodies, more adapted to pen-
etrate tissue cells, and more infectious to mice.>’ Several
aspects of behavior of the strains Tcl studied are consistent
with populations of the parasite that have a predominance of
slender blood forms, as shown by the results of the H/E and
qPCR analysis of tissue: tropism by mononuclear phagocyte
system organs (of the three DTUs studied, Tcl was the only to
display TP in the liver) and a proportion of parasitized organs
(68.8%) significantly higher than the other two DTUs, indi-
cating greater tissue invasiveness.

Among the three DTUs studied, Tcl was intermediate with
regard to pathogenicity in mice, with fewer and more organs
with pathological changes, compared with Tcll and TclV,
respectively, at different stages of infection. The TP caused
by Tcl was only observed during eAP and AP, and the inoc-
ulated animals had 1-2 amastigote nests by tissue analyzed,
suggesting less intracellular replicative capacity. These data
agree with the results of a study of Amazonas Tcl and TcIV
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strains, in which TP only occurred with Tcl and the same
inflammatory infiltration characteristics were observed.'

The Tcl-infected mice and treated with BZ presented with
significantly lower IP at all stages of infection and a lower
proportion of parasitized organs (%-+qPCR) at 1AP after
treatment, and no amastigote nests were observed in any
organs from these animals. A study of a Tcl strain from
Nicaragua showed the benefits of early BZ treatment, which
led to significant reductions in parasitemia, mortality, and the
number of parasites in the skeletal muscle during CP, but no
significant differences were observed in the frequencies of
lesions in the heart and smooth muscles of these mice.*®

The pathological changes observed with Tcll confirm the
results of previous studies that used TclI strains of different
origins®**~*! and from chronic patients in Parana (Meza SKL
and others, unpublished data).** The Tcll parasites invade
heart cell cultures in lower numbers than Tcl parasites; how-
ever, intracellular multiplication of Tcll parasites was more
efficient than that of Tcl parasites, strongly suggesting that
intracellular development is important to determine parasite
tissue tropism.*? These parasites showed tropism for the heart
muscles, a greater amount of tissue amastigote nests, and
higher pathogenicity for mice. Regarding infection progres-
sion in Tcll-infected animals BZ-treated during the acute
phase, no amastigote nests were observed in the tissues
of these animals at any infection stage. In other words, the
specific treatment promoted the removal of H/E-detectable
tissue parasites and significant reductions in the inflammatory
process at all infection stages. However, there was a 3.7-fold
increase in the number of organs with inflammatory infiltra-
tion during CP relative to the initial infection stages, although
this number remained lower than that of the NT animals.
These data corroborate the findings of several studies of Tcll
strains,>>* with an exception where the reduction in the par-
asite load could not be associated with the intensity of the
cardiac chronic lesions.****

Tissue parasitism H/E-detectable was scarce in TcIV-
infected mice. During the acute phase, the number of organs
with TP in these mice was significantly lower than the num-
bers for Tcl and Tcll, as was the IP intensity during CP. The
TcIV was the only DTU in which there was observed the
presence of intracellular parasites in the tissues of TBZ ani-
mals, although this was only true during the early phase of
infection (eAP). Another study of Amazonas TclIV strains
also reported low pathogenicity, and TP was observed only
during eAP for 1 of the 8 strains studied (AM62) (Meza SKL
and others, unpublished data).

The overall parasitemia clearance rate of 53.6% obtained in
this study with FBE, HC, and cPCR on blood was not very
different from the cure rates obtained in a previous study
(60.5%)" that used these same techniques, classically used in
cure control of CD in the past, in addition to the enzyme-linked
immunosorbent assay (ELISA) test to evaluate most of these
strains and suggested that a considerable proportion of animals
are not parasitologically cured. Negative blood test results only
indicate that the parasitemia levels were below the limit of
detection of the methods used and provide no information on
the parasite burden in the extravascular organs. Even showing
a reduction in the proportion of parasitized organs by qPCR,
mice inoculated with the three DTUs and BZ-treated during
the acute phase still showed T. cruzi DNA on tissues. These
findings corroborate those of other authors who have shown

that cPCR tests performed on tissues from animals considered
cured after BZ treatment still detected 7. cruzi DNA, most
probably indicating residual infection.*> However, the animals
benefitted from BZ treatment even if they were not cured;
according to the parasitological, histopathological, and molec-
ular evaluation results, BZ treatment during the acute phase
resulted in significant reductions in the levels of parasitemia,
numbers of organs with TP, IP, and displaying 7. cruzi DNA,
for all three DTUs.

Longitudinal studies to compare the evolution of chronic
chagasic untreated patients with that of BZ-treated patients
showed controversial results and the data gathered from clin-
ical practice are not convincing to support prescription of
etiological treatment as routine for indeterminate and cardiac
chronic CD patients.*® However, our preclinical study and
others who used BZ also indicates that etiological treatment
is beneficial in reducing cardiac lesions in animals infected
with T. cruzi, preventing, stopping, or reversing myocarditis.

This study used Tcll strains from chronic patients who lived
in the State of Parana, which is considered an old endemic
area, and Tcl and TclV strains from humans, insects, and wild
animals in the State of Amazonas that were obtained during
two orally acquired CD outbreaks; the latter state is consid-
ered an emerging disease area. We conclude that in mice that
have been experimentally infected with these strains, BZ
treatment during the acute phase provides benefits in terms
of significant reductions in blood and tissue parasitism and the
frequency and severity of inflammation throughout the course
of infection, contributing to ensure the potential for applica-
bility in different disease-endemic regions. Our results suggest
that the beneficial effects of BZ might vary according to the
parasite DTU and the experimental infection phase, thus jus-
tifying its use to treat patients in the Amazon region, and an
urgent search for new and more effective chemotherapeutic
agents for CD treatment.
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