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Domestic Pig (Sus scrofa) as an Animal Model for Experimental Trypanosoma cruzi Infection

Verónica Yauri, Yagahira E. Castro-Sesquen, Manuela Verastegui, Noelia Angulo, Fernando Recuenco, Ines Cabello,
Edith Malaga, Caryn Bern, Cesar M. Gavidia,* and Robert H. Gilman

Facultad de Medicina Veterinaria, Universidad Nacional Mayor de San Marcos, Lima, Peru; Laboratorio de Investigación en Enfermedades
Infecciosas, Universidad Peruana Cayetano Heredia, Lima, Peru; Department of Epidemiology and Biostatistics, University of California,

San Francisco, San Francisco, California; Department of International Health, Bloomberg School of Public Health,
Johns Hopkins University, Baltimore, Maryland

Abstract. Pigs were infected with a Bolivian strain of Trypanosoma cruzi (genotype I) and evaluated up to 150 days
postinoculation (dpi) to determine the use of pigs as an animal model of Chagas disease. Parasitemia was observed in
the infected pigs during the acute phase (15–40 dpi). Anti-T.cruzi immunoglobulin M was detected during 15–75 dpi;
high levels of anti-T.cruzi immunoglobulin G were detected in all infected pigs from 75 to 150 dpi. Parasitic DNA was
observed by western blot (58%, 28/48) and polymerase chain reaction (27%, 13/48) in urine samples, and in the brain
(75%, 3/4), spleen (50%, 2/4), and duodenum (25%, 1/4), but no parasitic DNAwas found in the heart, colon, and kidney.
Parasites were not observed microscopically in tissues samples, but mild inflammation, vasculitis, and congestion was
observed in heart, brain, kidney, and spleen. This pig model was useful for the standardization of the urine test because
of the higher volume that can be obtained as compared with other small animal models. However, further experiments
are required to observe pathological changes characteristic of Chagas disease in humans.

INTRODUCTION

Chagas disease is caused by the parasite Trypanosoma cruzi
and is mainly transmitted by blood-feeding insects of the family
Reduviidae, subfamily Triatominae (kissing bugs).1 The disease
is spread from north of Mexico to south of Argentina. It is an
important cause of morbidity and mortality among humans
from Latin American countries, and it is becoming a public
health problem in many developed nations. The World Health
Organization has estimated that 8–10 million people are
infected, and 100 million more are at risk of infection.2

In humans, the disease has three different stages: an acute,
indeterminate, and chronic phase. In the acute phase, para-
sites are found in the blood and this is generally accompa-
nied by nonspecific signs and symptoms.3 The early chronic
phase or so-called indeterminate phase bears no clinical signs
and symptoms and has no detectable parasitemia1; and the
chronic phase which accounts for 30% of the infected indi-
viduals and represents the most detrimental consequence of
the disease. In this phase, the parasites can be found in various
tissues but are primarily in the heart, colon, and esophagus.4,5

Pathologies of the heart include myocarditis, cardiomegaly,
cardiac failure, conduction disturbances, and alterations in
the repolarization phase of the electrocardiogram.4,6 Histo-
logically, one can observe the following changes: degeneration
and necrosis of cardiac muscle fibers, focal or diffuse inflam-
matory infiltrate, and interstitial fibrosis.7,8 Gastrointestinal
pathologies include megaesophagus and megacolon, which
involve the gross dilatation of the hollow viscera and the wall
thickening, causing the loss of coordination and a decrease in
motility of parts of the digestive system.1

The life cycle of this parasite involves humans, the arthro-
pod vector, and a large number of mammals that serve as
reservoirs. Animals play an important role due to their close
relationship with both humans and triatomines, the arthro-

pod vector. Dogs and cats are the most important domestic
reservoirs,9 while in Peru and Bolivia, the main reservoir can
also include guinea pigs (Cavia porcellus).10 Several studies
to investigate and understand the immunology, pathogenesis,
transmission, and other factors associated with Chagas dis-
ease have been carried out in mice, dogs, and monkeys. The
mouse is the most common animal model for Chagas disease,
with several T. cruzi genotypes successfully reproduced in
specific murine strains.11,12 However, the mouse cardiovascular
system and immune response are significantly different com-
pared with humans.13 Dogs and monkeys, on the other hand,
have served as better animal models because they develop
the chronic phase of the disease and are good electrocardio-
graphic models. However, one of the drawbacks of using these
animals as experimental disease models is that they need a
long period of time to develop the chronic phase.14,15

Recently, the porcine animal model has gained importance
in biomedical research.16,17 Pigs share many physiological and
anatomical similarities with humans, making them an optimal
animal species for research. For instance, humans and pigs
share a similar cardiovascular system. The porcine coronary
artery distribution is more similar to humans than other
large animals18 and therefore have enabled pigs to be the
preferred animal model of heart failure.19 Another advan-
tage of using pigs as an animal model for disease is the large
volume of blood and urine samples that can be obtained. This
serves as a great advantage in cases when it is necessary to
purify analytes that are present at physiologically low con-
centrations. In addition, pigs may serve as potential animal
reservoir for T. cruzi as naturally infected pigs have been
reported in Mexico, Paraguay, and Brazil.20–22 Pigs are con-
sidered one of the most important sources of blood meal
for vectors in some regions of Brazil,23 Argentina,24 Bolivia,25

and Colombia.26

There have been two previous studies of experimental
infection of pigs with different strains of T. cruzi (Peruvian
and North American strains). In both studies, a few parasites
were observed in blood and/or tissues, but histopathological
changes were rarely found.27,28 Our goal, therefore, was to
experimentally infect domestic pigs with trypomastigotes of
Trypanosoma cruzi (Bolivian strain, genotype I) and assess
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the presence of the parasite in blood, tissues, and urine; in
addition we aimed to evaluate the immunological response
and histopathological changes after the infection.

MATERIALS AND METHODS

Parasites. Trypomastigotes of the Bolivian strain were
harvested from LLC-MK2 (rhesus monkey kidney epithelial
cells) cell cultures in Roswell Park Memorial Institute media.
Parasites were collected from the supernatant and then
counted using a Neubauer chamber. The strain was isolated
from a patient from Santa Cruz (Bolivia) who was diagnosed
with cardiomyopathy and tested positive for Chagas disease
(information obtained from Japanese Hospital, Santa Cruz,
Bolivia). This strain was maintained in vitro in the Laboratory
of Infectious Diseases at Universidad Cayetano Heredia, Lima,
Peru. The strain was classified as genotype Tc1 by Dr. Alejandro
Schijman in the Instituto de Investigaciones en Ingeniería
Genética y Biología Molecular, Buenos Aires, Argentina.
Animals. Five mix-breed 60-day-old female pigs were used

for this experiment. The animals were purchased in one of
the commercial farms in Lima, an area of no endemic trans-
mission of T. cruzi. Blood samples were taken from the ani-
mals to confirm they were not infected with T. cruzi by
serological tests and polymerase chain reaction (PCR). The
animals were maintained at the facilities of the Veterinary
School of San Marcos University, Lima, Peru. They were fed
with commercial pig food and water ad libitum. The protocol
was approved by the Ethics Committee of Animal Welfare
of the Veterinary School, San Marcos University, Lima, Peru.
Experimental infections. Pigs were anesthetized prior to

inoculation of the parasites with a combination of ketamine
(20 mg/kg) and xylazine (2 mg/kg) by an intramuscular injec-
tion. Blood samples were taken from each animal from the
jugular vein prior to the infection, using the vacutainer system.
The central ear vein was used for the intravenous (IV) inocu-
lation and the medial side of the right leg was used for
the intradermal (ID) infection. Previous studies with T. cruzi
have demonstrated that pigs show a mild infection with
undetectable parasitemia, for this reason we decided to
evaluate two doses and different routes of inoculation. Pigs
were randomly assigned to receive one of the four inoculum:
1) 1 × 106 trypomastigotes/kg body weight (bw) IV; 2) 1 × 106

trypomastigotes/kg bw ID, 3) 5 × 106 trypomastigotes/kg bw
IV, and 4) 5 × 106 trypomastigotes/kg bw ID. These two doses
are higher than ones used in other studies in pigs (106 com-
pared with 104) to ensure the infection. The fifth pig served as
the control and was inoculated IV with RPMI-1640 media.
After inoculation, blood samples were collected every 5 days
for the first 3 months, and then every 14 days for the next
2 months for evaluation of parasitemia and collection of
serum and clot. Urine samples were also collected in a
sterile bottle after intramuscular administration of furose-
mide (5 mg/kg bw). All animals were necropsied 5 months
after infection and tissue samples were taken from lung,
esophagus, pancreas, small intestine (duodenum), large intes-
tine, liver, uterus, mesenteric nodes, bronchi nodes, tongue,
muscle (rectus abdominis), skin, cerebellum, bladder, heart,
colon, brain, kidney, and spleen. These tissues were fixed in
10% phosphate-buffered saline (PBS)–formalin and ethanol,
and stored for histopathology and PCR analysis, respec-
tively. We took heart tissue samples from the wall of both

right and left ventricle, right and left atrium, and also from
the right and left apex; three samples were taken from each
anatomical point.
Parasitemia evaluation. Blood samples were collected every

5 days from the beginning of the experiment using four hepa-
rinized microhematocrit capillary tubes and parasitemia was
determined by microconcentration technique.29

Treatment of urine samples. Approximately 20 minutes
after the injection of furosemide, the operator collected the
urine by waiting and following the animals until they uri-
nated. Samples were stored at 4°C until processed. Approxi-
mately 10–50 mL of urine was collected from each animal
at 15, 25, 35, 45, 55, 65, 75, 80, 85, 90, 95, and 150 days
postinfection (a total of 12 urine samples per pig). Urine
samples were immediately centrifuged at 800 × g for 20 min-
utes, and then the supernatant was stored at −20°C until
use. Before concentration, urine samples were again centri-
fuged and the supernatant was concentrated at 80× by ultra-
filtration using Miniplus (Millipore, Bedford, MA), cut-off
of 15 kDa. The concentrated samples were stored at −20°C
until tested.
Production of the trypomastigote excretory–secretory anti-

gen of T. cruzi (TESA). TESA was obtained as described
previously.30 It has been reported that serum from patients
with Chagas disease produce two band patterns: 1) six bands
in a ladder at 130–160 kDa designated as shed acute-phase
antigen, which is a diagnostic indicator of acute infection;
and 2) a broad antigen band at 150–160 kDa, which is an
indicator of chronic infection.31

Production of antibodies anti-TESA. The 150–160 kDa
band from the TESA antigen was visualized by western blot
and cut from the nitrocellulose membrane. Four ID immuni-
zations at 2-week intervals were performed in two rabbits
with the 150–160 kDa band (protein concentration 100 mg/mL)
in Freund’s adjuvant (Sigma-Aldrich, St. Louis, MO).
Enzyme-linked immunosorbent assay (ELISA) test for the

detection of T. cruzi immunoglobulin M (IgM) and immuno-
globulin (IgG). The kinetics for the production of IgM and
IgG to T. cruzi was determined by epimastigote alkaline extract
(EAE)-ELISA, as described previously with some modifica-
tions.32 Briefly, ELISA 96-well plates (Immulon 2; Thermo
Labsystems, Franklin, MA) were coated with 2 μg/mL EAE
antigen in 1 M bicarbonate buffer (pH 9.6) overnight and
blocked with 5% skim milk (Nestle) in PBS (pH 7.2) and
0.05% Tween 20 (PBST). The ELISA plates were incubated
with pig serum diluted 1:100 (IgG detection) or 1/50 (IgM
detection) in 1% dried skim milk/PBST for 1 h at 37°C. After
repeated six washing steps, the plates were incubated at 37°C
for 1 hour with a 1:10,000 dilution of horseradish peroxidase–
conjugated goat anti-pig IgG (KPL Laboratories, Gaithersburg,
MD) or a 1/2,500 dilution of goat anti-pig IgM (KPL Labora-
tories). Then the plates were incubated with 0.1 mg/well
o-phenylenediaminedihydrochloride (Sigma-Aldrich) and 0.05%
H2O2 in 0.1 M sodium citrate buffer for 5 minutes. The reac-
tion was stopped using 2 M H2SO4. The optical density (OD)
was read at 495 nm using a VersaMax microplate spectropho-
tometer (Molecular Devices Corporation, Sunnyvale, CA).
The cut-off was established as the mean OD of the negative
controls plus three standard deviations. Each serum sample
was analyzed in duplicates.
DNA extraction and PCR. DNAwas purified by Proteinase

K digestion (Invitrogen, Carlsbad, CA) and was extracted
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following a standard phenol–chloroform extraction protocol
as previously described.32,33 We used 500 μL of clot or 25 mg
of tissue stored in ethanol. The extracted DNA was resus-
pended in 100 μL of 10 mM TrisHCl and 1 mM ethylene-
diaminetetraacetic acid. PCR was performed as previously
described using primers 121/122 (kinetoplast DNA, 330 bp)34

and TcZ1/TcZ2 (nuclear DNA, 188 bp).35 DNA extraction
from urine samples was developed according to published
protocols with some modifications.32 Briefly, 25 μL of con-
centrated urine samples were incubated with 10 mmol/L
TrisHCl, pH 7.6, 10 mmol/L NaCl, and mixed gently for
5 minutes. Sodium dodecyl sulfate (SDS) and Proteinase K
(Invitrogen) were added to reach concentrations of 0.25%
and 0.50 mg/mL, respectively, and the specimens were incu-
bated for 1 hour at 56°C. DNA was extracted following a
standard phenol–chloroform extraction protocol and ethanol
precipitation. PCR was performed as previously described
using primers TcZ1/TcZ2 (nuclear DNA, 188 bp).35 The
PCR was considered negative after three DNA extractions,
and two amplifications of each extraction were found to
be negative.
Histology. Tissues samples were collected at necropsy

(5 months after infection); they were fixed in 10% formalin–
PBS embedded in paraffin and 20 sections of 5 μm were
obtained from all tissue samples. Each slide was then cut
in additional six sections and stained with hematoxylin
and eosin (H&E). Microscopic evaluation was performed
by reading 50 fields of each cut at 40×. Histological analysis
was performed to determine the level of tissue damage and
identify the presence of amastigote nests. This entire process
was performed blinded.
Urine antigen detection by western blot. Antigens in urine

samples were detected as previously described.36 Briefly,
concentrated urine samples were treated with 10% SDS,
5% dithiotreitol, 10% glycerol, and 0.01% bromophenol blue
and heated to 95°C for 5 minutes. The antigens were sepa-
rated on polyacrylamide gel 10% and transferred to nitro-
cellulose membranes (BioRad Laboratories, Berkeley, CA).
The membranes were incubated with 5% nonfat milk in
PBS with 0.3% Tween 20 for 1 hour and then with 1/50 rabbit
polyclonal antibody anti-TESA. The antigens were incu-
bated with 1/2,000 peroxidase conjugated goat anti-rabbit
IgG (KPL Laboratories) for 90 minutes. The antigen–antibody
complexes were detected after incubation with 0.5 μg/mL
of 3,5-diaminobenzidine (Sigma-Aldrich) and 0.03% H2O2.
The molecular weight was determined using Broad Range
Standards (BioRad Laboratories).

RESULTS

During the whole study period all pigs consumed food and
water in normal quantities, appeared to be healthy, and
showed no clinical signs and symptoms of Chagas disease
or any other infectious disease.
Parasitemia evaluation. Microscopic observations of the

buffy coat of the infected animals were negative during
the first 2 weeks after the inoculation. However, from
day 15, 100% (N = 4/4) of the inoculated animals were
positive. At day 40 postinoculation, 75% (N = 3/4)
remained positive, and at day 45 only the pig inoculated
with higher dose IV remained positive until day 50. The ani-
mals infected ID showed the highest number of parasites

on day 15 postinoculation (up to 40,000 parasites/mL of
blood) (Figure 1).
Evaluation of the immune response against the parasite. The

EAE-ELISA test showed that the anti-T. cruzi IgM values
began to increase at day 10 postinoculation. Anti-T.cruzi
IgM production was maintained until day 55 postinoculation,
with the exception of the pig inoculated ID with 5 × 106

trypomastigotes, which showed a secondary peak on day 60
postinoculation. The peak production of antibodies was
observed between day 20 and 25 postinoculation. After
day 25, the anti-T.cruzi IgM values begin to decline and
100% of infected animals were negative from day 75
postinoculation up to the end of the study period (150 days
postinoculation [dpi]) (Figure 2).
EAE-ELISA test was also used for the detection of anti-

T. cruzi IgG antibodies. In Figure 3, it shows that all of the
infected pigs had elevated levels of anti-T. cruzi IgG starting
from day 20 postinoculation. The peak production of IgG
antibodies was detected on day 75 postinoculation in all of
the infected pigs. The anti-T.cruzi IgG values remained high
until the end of the experiment (Figure 3).
Parasitic DNA in blood and tissues. The results of the

PCR in blood demonstrated that all of the infected ani-
mals tested positive from day 3 to day 60 postinoculation.

FIGURE 1. Dynamics of parasitemia in experimentally infected
pigs with trypomastigotes of Trypanosoma cruzi Bolivia strain (geno-
type Tc1).

FIGURE 2. Dynamics of anti-Trypanosoma cruzi immunoglobulin
M (IgM) antibody production in pigs experimentally infected with
T. cruzi.
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However, from day 75 postinoculation until the end of the
experiment, the detection of the parasitic DNA in blood
was intermittent and was not related to the doses of para-
site or route of inoculation (Table 1). The control pig was
negative during the entire follow-up period. Regarding to
the detection of T. cruzi DNA in tissues, it was detected
in the brain in three out of four infected pigs; of which
the one without any parasites detected in the brain was the
one challenged with 5 × 106 parasites ID. Similarly, two
out of four infected pigs (infected with 1 × 106 parasites,
ID and 5 × 106 parasites, IV) showed T. cruzi DNA in
spleen, and finally only one infected pig (5 × 106 parasites,
ID) showed T. cruzi DNA in the small intestine. No para-
sitic DNA was detected in the heart, colon, kidney, or the
other tissue samples collected.
Necropsy and histology. All of the infected pigs showed

no macroscopic alterations in any of the organs. We did not

find any nest of amastigotes in the sample tissues. However,
the most common lesion observed in heart, brain, and kidney
was light to mild perivasculitis in approximately 10–25% of
the tissue samples. There were three out of four pigs with
perivasculitis in the heart, one out of four in the brain and
kidney. The perivascultitis was composed of mainly lym-
phocytes and minor congestion. The same type of inflamma-
tion was also observed in the pericardium and meninges.
The spleen capsule exhibited signs of swelling in one of
the infected pigs (5 × 106 trypomastigotes/kg bw IV). The
connective tissue of the spleen capsule was thickened as
compared with the control pig. Other pathological manifes-
tations were also observed such as increased lymphoid nests
(hyperplasia) with focus of necrosis in both white and red
pulp (necrosis of lymphocytes and red cells); we also found
congestion and perivasculitis with mononuclear cells, pre-
dominantly lymphocytes. Kidney tissue had a mild focal
glomerulonephritis and perivasculitis, both of them with
lymphocyte infiltration.
Detection of the parasite in urine by western blot and

PCR. We detected four specific bands of 75, 80, 120, and
150 kDa that were recognized only in urine samples of
infected pigs (Figure 4). The proportion of pigs with posi-
tive results to each of the diagnostic bands in urine samples
are shown in Table 2. The bands of 75 and 80 kDa were
detected during all the course of observation (15–150 dpi),
but the bands of 120 and 150 kDa were detected only after
the first month of infection (35–150 dpi). The percentage of
animals with positive results for antigen detection changed
during the course of observation, with highest percentages
during the acute phase (75%, 4/5) and lowest percent-
ages during the early chronic phase (50%, 2/4), suggesting
a relationship between levels of parasitemia and excretion
of T. cruzi antigens in urine.37

In addition, T. cruzi DNA (nuclear DNA, 188 bp) was also
detected in urine samples of the infected pigs; however, the
proportion of animals with positive results (27%, 13/48) was

FIGURE 3. Dynamics of anti-Trypanosoma cruzi immunoglobulin
G (IgG) antibody production in pigs experimentally infected with
T. cruzi.

TABLE 1
Detection of Trypanosoma cruzi DNA in blood samples of experi-
mentally infected pigs with T. cruzi (Bolivia strain, Tc1)

Days
postinoculation

Intravenous inoculation Intradermal inoculation

Positive
animals,
n (%)

Doses of parasites (parasites/kg bw)

1 × 106 5 × 106 1 × 106 5 × 106

0 − − − − 0 (0)
3 + + + + 4/4 (100)
5 + + + + 4/4 (100)

10 + + + + 4/4 (100)
15 + + + + 4/4 (100)
20 + + + + 4/4 (100)
25 + + + + 4 (100)
30 + + + + 4/4 (100)
35 + + + + 4 (100)
40 + + + + 4/4 (100)
45 + + + + 4/4 (100)
50 + + + + 4/4 (100)
55 + + + + 4/4 (100)
60 + + + + 4/4 (100)
75 + + − − 2/4 (50)
90 − − + − 1/4 (25)
105 − − + + 2/4 (50)
120 + + − − 2/4 (50)
135 − + − + 2/4 (50)
150 − − − + 1/4 (25)

FIGURE 4. Antigenic bands in urine samples of pigs infected with
Trypanosoma cruzi. Bands were detected by western blot using a
polyclonal antibody against excretory–secretory trypomastigote T. cruzi.
Bands under 70 kDa were not specific. (1) Urine sample from no
infected pig. (2 and 3) Urine samples from infected pig at 55 and
150 days postinoculation, respectively. MW = molecular weight marker
in kilodalton (kDa).
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less than the detection of antigens in urine (58%, 28/48) and
detection of T. cruzi DNA in blood (71%, 34/48) (Table 3).

DISCUSSION

This study evaluates the domestic pig as an animal model
of Chagas disease. The results show that all pigs inoculated
with the parasite were successfully infected; the infection was
characterized by an acute phase with detectable parasitemia
and anti-T.cruzi IgM response; and an early chronic phase
with high levels of anti-T.cruzi IgG, mild histopathological
changes, and no detectable parasitemia. Furthermore, T. cruzi
DNA was detected in blood and urine by PCR. The detect-
able parasitemia and immune response suggest that pigs
could be a useful animal model of Chagas disease; however,
similar to humans, pigs may develop the chronic phase years
after T. cruzi infection.
Overall the number of parasites found in the blood by

microscopy (maximum 40 × 103 parasites/mL blood in pig
with ID inoculation) was relatively low as compared with
previous studies. Nargis and others38 and Roffê and others39

found 54 × 104 parasites/mL in guinea pigs after ID inocula-
tion and 3 × 106 parasites/mL in mice after intraperitoneal
inoculation, respectively. However, the parasitemia in this
study was similar to the dog model, which demonstrated
50 × 103 parasites/mL.40 Although, these differences could
be attributed to the parasite strain, the host (differences in
immune response), and the methodologies used for experi-
mental infection, these results could also indicate that the
infection with T. cruzi in the pig model is not fulminant,
which is comparable to humans.
Interestingly, parasitemia levels immediately after inocula-

tion were higher in pigs with ID inoculation compared with
IV inoculation (Figure 1). This observation could be explained
by the parasite amplification process that occurs at the site
of inoculation. When metacyclic trypomastigotes are inocu-
lated in the skin, polymorphonuclear leucocytes are rapidly
attracted to the site of inoculation to prevent infection. How-
ever, T. cruzi is capable of surviving in different types of cells
(including macrophages, fibroblasts, and muscle cells) where
the parasite differentiates into amastigote forms. In these
cells, amastigotes multiply by binary fission and differentiate
into trypomastigote forms.41 In mice, for example, removing
the skin at the inoculation site even a few minutes after inocu-
lation (5 minutes) results in lower levels of parasitemia.42

There have been previous attempts to infect pigs with
T. cruzi. However, those studies have not been as suc-
cessful. For instance, in the study carried out by Marsden
in 1970,27 none of the experimentally infected pigs with
T. cruzi Peruvian strain showed parasitemia, whereas in the
study by Diamond and Rubin in 1958,28 parasites in blood
were observed only in one out of the four pigs infected with
the North American strain of T. cruzi, and just one parasite
was observed on blood smears. These differences could be
explained by the diversity of T. cruzi strain virulence and by
the high number of parasites inoculated in our study. How-
ever, our goal was to demonstrate the feasibility of using
domestic pigs as an animal model for Chagas disease; there-
fore, we attempted the most common route used in other
studies (IV and ID) with a high dose of infection to ensure
the parasite would reproduce and invade the cells and tissues.
One of the limitations of this study was that we could not

demonstrate serious lesions in the target organs. This study,

TABLE 2
Number and percentages of positive pigs with Trypanosoma cruzi antigens in urine after experimental infection with trypomastigotes during 150 dpi*

dpi

Band (molecular weight in kDa)‡
Total number of

positive animals‡ (%)75 80 120 150

0 (Before infection)† 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0)
15 3 (75%) 3 (75%) 0 (0%) 0 (0%) 3/4 (75)
25 3 (75%) 3 (75%) 0 (0%) 0 (0%) 3/4 (75)
35 3 (75%) 3 (75%) 1 (25%) 1 (25%) 3/4 (75)
45 3 (75%) 3 (75%) 3 (75%) 3 (75%) 3/4 (75)
55 2 (50%) 2 (50%) 2 (50%) 2 (50%) 2/4 (50)
65 3 (75%) 3 (75%) 1 (25%) 1 (25%) 3 (75)
75 2 (50%) 2 (50%) 1 (25%) 1 (25%) 2 (50)
80 3 (75%) 3 (75%) 1 (25%) 1 (25%) 3 (75)
85 1 (25%) 1 (25%) 1 (25%) 1 (25%) 1/4 (25)
90 2 (50%) 2 (50%) 2 (50%) 2 (50%) 2/4 (50)
95 1 (25%) 1 (25%) 1 (25%) 1 (25%) 1/4 (25)
150 2 (50%) 2 (50%) 2 (50%) 2 (50%) 2/4 (50)

dpi = days postinoculation; kDa = kilodalton.
*Urine samples from the noninoculated pig (negative control) were negative at all time points of urine collection.
†Urine samples collected before infection were negative.
‡The presence of any of the bands of 75, 80, 120, and 150 kDa was considered to give a positive result.

TABLE 3
Detection of DNA of Trypanosoma cruzi in blood and urine samples

by PCR and relationship with antigenuria in experimentally infected
Sus scrofa

Days
postinfection n

DNA clot DNA urine Antigenuria*

Positives (%) Positives (%) Positives (%)

15 4 4 (100) 2 (50) 3 (75)
25 4 4 (100) 3 (75) 3 (75)
35 4 4 (100) 2 (50) 3 (75)
45 4 4 (100) 2 (50) 3 (75)
55 4 4 (100) 2 (50) 2 (50)
60 4 4 (100) 1 (25) 3 (75)
75 4 2 (50) 0 (0) 2 (50)
80 4 2 (50) 0 (0) 3 (75)
85 4 1 (25) 0 (0) 1 (25)
90 4 1 (25) 1 (25) 2 (50)
95 4 2 (50) 0 (0) 1 (25)
150 4 1 (25) 0 (0) 2 (50)

Total 48 34 (71) 13 (27) 28 (58)
PCR = polymerase chain reaction.
*The presence of any of the bands of 75, 80, 120, and 150 kDa was considered as a

positive result.
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as all of the published pig model papers, showed mini-
mal pathological changes. For instance, Marsden reported
a marked, diffuse, and focal lymphocytic infiltration in the
pericardium and myocardium of the atrium in one pig, but
the ventricle was free of lymphocytes. They also observed
perivascular and interstitial edema in this organ and some
muscle fibers showed loss of striations.27 On the other hand,
Diamond and Rubin28 found lack of clinical signs, an absence
of pathologic alteration in the pig model. This study showed
a light to mild perivasculitis composed of mainly lympho-
cytes and minor congestion in the heart, brain, and kidney.
Evaluation for a longer period of time after inoculation and
a more detailed and systematic study of heart tissue may be
needed to see cardiac changes similar to humans. Another
limitation of our study is that we did not collect other tissues
such as tonsil, bone marrow, nerves and myenteric plexus,
adrenal glands, thyroid, and spinal cord, where T. cruzi might
be observed by histopathology. Given that the heart is one
of the target organs of the parasite, this study should have
taken standard serial sections seeking the parasite as it might
be possible that T. cruzi was located in different areas from
the anatomical points collected. More systematic studies are
needed to better characterize the histopathological changes in
the heart of this animal model. Other molecular techniques
such as immunohistochemistry and in situ PCR should also
be considered to evaluate experimental infections. Similarly,
hematology and serum chemistry may be useful in future
studies to evaluate experimentally infected animals.
The detection of high levels of anti-T.cruzi IgM and anti-

T.cruzi IgG during the infection compared with the no
infected pig demonstrated that the pigs activated an immune
response against the parasite. The disappearance of circulat-
ing anti-T.cruzi IgM from 75 dpi suggests the ending of the
acute phase of the infection. This is supported by the fact that
no circulating parasites were detected from 50 dpi onward.
Furthermore, the increasing levels of anti-T.cruzi IgG from
75 dpi may indicate the beginning of the early chronic phase.
The results from using PCR on clot samples showed that

100% of animals were positive for parasite presence from
day 3 to day 60 postinoculation. This confirms the results
obtained by Veloso and others43 in blood samples, which found
increased sensitivity of this technique in the acute phase. The
number of blood samples positive for PCR decreased during
the chronic phase, and similar results were observed in the
chronic model of T. cruzi infection in guinea pigs.32

PCR was also used in the evaluation of different tissues
collected at 150 dpi. Unfortunately, none of the infected pigs
were positive for the presence of DNA in the heart, which is
different from other animal models studied such as guinea
pig in which the heart was the most frequent tissue with
parasite kinetoplast DNA as compared with other organs at
three different stages of infection: acute phase (5–55 days),
early chronic phase (115–165 days), and chronic phase
(365 days).32 Interestingly, our study found histopathologi-
cal alterations in the heart without the detection of the
parasite. This is similar to a study with chronically infected
dogs that demonstrated no detectable parasites in the heart
either by microscopic observation or by PCR.40 The histo-
pathological changes observed in the heart of pigs such as
mild inflammation, vasculitis, and congestion at 150 dpi could
correspond to an early chronic phase or indeterminate phase
in humans as human hearts show mild or no pathological

changes and rarely parasites are observed. The inability to
detect the parasite in the pig hearts in our study pigs could
be explained by the small amount of tissue evaluated by
PCR and microscopy as compared with the size of these
organs in pigs. Nevertheless, to identify the parasite in the
heart may be difficult as documented by Diamond28 who
found only one positive animal using H&E stain after an
exhaustive search.
Another possible explanation for why no parasites were

found in the heart could be the parasite tropism, as the
DNA of the parasite was detected in other organs of our
infected pigs, such as the brain, the spleen, and the small
intestine but not in the heart. In the pathogenesis of Chagas
disease, it is still unknown why some patients develop heart
disease while others present megaesophagus or megacolon, or
why T. cruzi does not attack organs such as lungs and kidneys
where it circulates during the acute and chronic phase. It
might be possible that the parasite tissue invasion is not
only correlated with genetic variations of the parasite but
also with some histotropic receptors for different strains and
clones of the parasite.44 In this context, there has been a series
of experiments that have demonstrated the genetic variability
of the parasites as one of the major components determining
tissue tropism and the pathogenesis in experimentally infected
mice.45 Furthermore, it has been reported that genetic aspects
of the host play an important role in immune response. Major
histocompatibility complex variability has an important role
in influencing the differential tissue distribution pattern of
T. cruzi infection, and this may be the primary determinant
for the clinical form of Chagas disease in humans.45,46 Finally,
we should note that the evaluation of different tissues
was carried out during the chronic phase of the infection
(150 dpi). In this phase, the number of parasites in target
tissues decrease32 and it is difficult to detect the parasites.
Performing necropsy at different time points of infection
might increase the possibility of demonstrating the presence
of amastigotes in the tissues.
Splenomegaly was not observed in the infected pigs

although some histopathological alterations and the presence
of parasitic DNA were detected in these animals. The detec-
tion of T. cruzi in the spleen was observed previously in
infected mice with abundant parasitism of macrophages in
red and white pulps, hyperplasia of lymphoid follicles, and
necrosis.47 Splenomegaly is also an important characteristic of
T. cruzi infection in dogs during the acute and chronic phase
and it was also reported in patients with Chagas disease,48,49

but our model did not show this macroscopic alteration.
One of the significant advantages of our pig model is that

it allowed for the purification of T. cruzi parasite proteins
found in urine. Specific proteins and DNA of T. cruzi were
detected in urine samples during the course of infection
with more frequency in the acute phase than in the chronic
phase. The presence of T. cruzi antigens in urine was previ-
ously reported by other research groups with sensitivity of
60–100%.36,50,51 The molecular weight of the antigenic bands
detected in the urine samples of the infected pigs are similar
to those detected by our group in other animal models and
in humans.37 The presence of soluble fragments of parasitic
DNA (188 bp) in urine can be explained by small fragments
of DNA of parasites that have died by apoptosis and subse-
quently crossed the glomerulus barrier in the kidney.52 Never-
theless, the presence of antigens and DNA of the parasite in
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urine was not associated with the presence of the parasites
in the kidney, indicating that these molecules come from
the systemic circulation. The pig model allowed us to obtain
higher volume of urine than in other laboratory animal models
(e.g., mice, guinea pigs), facilitating the concentration and
detection of antigen and DNA of T. cruzi. The urine collection
in pigs is also relatively easy to perform and it does not require
complete sedation as is necessary with small animal models.
The disappearance of the parasite and the detection of

high levels of anti-T. cruzi IgG after 45 days of infection
might indicate that the pig model can successfully control the
parasite burden during the acute phase. This is also supported
by the presence of parasitic DNA in other tissues and the
observation of pathological alterations and signs of inflam-
mation in the heart, brain, kidney, and spleen. In conclu-
sion, our pig model is a useful animal model for T. cruzi
infection, but further experiments are required to observe
the histopathological changes of T. cruzi infection as seen
in humans.
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