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The guinea pig (Cavia porcellus) is a natural reservoir
for Trypanosoma cruzi but has seldom been used as
an experimental infection model. We developed a
guinea pig infection model for acute and chronic Cha-
gas disease. Seventy-two guinea pigs were inoculated
intradermally with 10* trypomastigotes of T. cruzi
strain Y (experimental group); 18 guinea pigs were
used as control group. Eight animals from the exper-
imental group and two from the control group were
sacrificed 5, 15, 20, 25, 40, 55, 115, 165, and 365 days
after inoculation. During the acute phase (15 to 55
days), we observed parasitemia (with a peak on day
20) and positive IgM and IgG Western blots with anti-
shed acute-phase antigen bands. The cardiac tissue
showed vasculitis, necrosis (on days 40 to 55), mod-
erate to severe inflammation, and abundant amasti-
gote nests. Smaller numbers of amastigote nests were
also present in kidney, brain, and other organs. In the
early chronic phase (115 to 165 days), parasitemia
disappeared and anti-I. cruzi IgG antibodies were
still detectable. In cardiac tissue, the number of amas-
tigote nests and the grade of inflammation decreased.
In the chronic phase (365 days), the cardiac tissue
showed vasculitis and fibrosis; detectable parasite DNA
was associated with higher grades of inflammation. The
experimental T. cruzi infection model in guinea pigs
shows kinetics and pathologic changes similar to those
of the human disease. (4Am J Pathol 2011, 179:281-288;
DOI: 10.1016/j.ajpath.2011.03.043)

Chagas disease, caused by the protozoan parasite
Trypanosoma cruzi, is one of the most important parasitic
infections of the Americas. Despite successful vector
control programs in many countries, the disease remains
a major public health problem in Latin America, with 8 to
10 million people currently infected, an annual incidence
of 65,000 new cases in 15 countries, and 14,000 deaths
associated with the infection per year.’

Transmission to the mammalian host occurs when a T.
cruzi-infected triatomine vector deposits infectious trypo-
mastigotes in feces during a blood meal and the para-
sites invade through the bite wound or intact mucosal
membranes.? Trypomastigotes can infect virtually any
nucleated cell, where they transform to amastigotes and
replicate in the host cell cytoplasm. Amastigotes convert
back to trypomastigotes inside the cell and then rupture
the cell and circulate in the bloodstream. After weeks, the
host immune response usually controls the acute infec-
tion but does not completely clear the parasite. This re-
sults in lifelong chronic infection of the host.

The initial weeks after T. cruzi infection are character-
ized by a high-level parasitemia and symptoms that vary
from mild nonspecific febrile iliness to life-threatening
myocarditis and/or meningoencephalitis.® Acute symp-
toms and detectable parasitemia resolve spontaneously
within 2 to 3 months, and the infected individual passes
into the chronic phase of the disease. Nearly all individ-
uals in the early period of chronic infection are asymp-
tomatic and are said to have the indeterminate form of the
disease. In most individuals, the infection remains silent
for life and is detectable only by anti-T. cruzi serologic
tests and, in a proportion of individuals, by molecular
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techniques. However, over years to decades, 10% to
30% of patients develop chronic manifestations, most
commonly progressive cardiomyopathy.® The earliest
signs are usually conduction system abnormalities, such
as right bundle branch block, with or without multifocal
ventricular extrasystoles. Over time, higher-grade con-
duction system dysfunctions and ventricular arrhythmias
can also occur. Sudden death is a common complica-
tion.* Late-stage disease typically features dilated car-
diomyopathy and congestive heart failure. A smaller pro-
portion of patients with chronic Chagas disease have the
digestive form (with or without cardiac involvement). The
digestive form of Chagas disease ranges from mild mo-
tility disorders to mega syndromes, most commonly in-
volving the esophagus and/or colon.®

The immunologic, physiologic, and pathologic
mechanisms of chronic Chagas disease are complex.®
Serologic testing often shows discordant results, cur-
rent treatment requires the use of toxic drugs with
suboptimal efficacy in chronic infection, and no vac-
cines for Chagas disease currently exist. It is clear that
better diagnostic, preventive, and therapeutic options
are urgently needed.” An experimental animal model
that closely mimics the chronic manifestations of Cha-
gas heart disease in humans would provide a valuable
tool in efforts to develop new diagnostic tests, drugs,
and vaccines.

Many mammal species are susceptible to infection by
T. cruzi, including mice,®'° rats,""'® hamsters,'*'®
pigs,'®7'° dogs,'*'62° and primates.?’*? In mice, the
species most frequently used for experimental T. cruzi
infection, clinical manifestations vary depending on the
lineage of the animal and the strain of the parasite.?32°
Nonhuman primates experience a spectrum of disease
similar to that in humans, but only after years of infection;
in a rhesus monkey model, chronic conduction system
abnormalities were demonstrated 15 to 17 years after
infection.?? In addition, primates require extensive re-
sources and infrastructure for housing, maintenance, and
handling.

The guinea pig is an important natural 7. cruzi reservoir
host in Peru®®—2° and Bolivia.3%3' Guinea pigs are raised
in large numbers by Andean residents as a source of
meat and household income. The animals are normally
housed close to or inside human dwellings and constitute
an important blood meal source for domestic vectors
such as Triatora infestans. Based on the observation of
cardiac lesions in four naturally infected guinea pigs
(Cavia porcellus) at 6 to 9 months of age,* we hypothe-
sized that guinea pigs would provide a practical infection
model that might develop disease in a shorter period
than nonhuman primates. The few published studies of
experimental infection in guinea pigs have studied
small numbers of animals and generally have focused
on the acute phase.®*3° The present study evaluates
parasitologic, immunologic, and histopathologic as-
pects of experimental infection with T. cruzi (Y strain) in
C. porcellus at multiple points in time until 365 days
after inoculation.

Materials and Methods

Parasites

Trypomastigotes of T. cruzi (Y strain) were donated by Dr.
Eufrosina Umezawa (Instituto de Medicina Tropical, Uni-
versidade de S&do Paulo, Sdo Paulo, Brazil). The strain
was maintained in an in vitro culture using LLC-MK,, cells
according to published procedures.®® The parasites
were collected from the culture supernatant in RPMI 1640
medium (Sigma-Aldrich, St. Louis, MO) and were
counted using a Neubauer chamber.

Animals

We used 90 female Andean guinea pigs, each 2 months
old and weighing 600 to 700 g. The animals were
sourced from the Pachacamac region of Lima, an area
without vector-borne transmission of T. cruzi. Before par-
asite inoculation, blood samples were taken from each
animal by cephalic or saphenous venipuncture. The sera
were tested for the presence of anti-T. cruzi antibodies
using the enzyme-linked immunosorbent assay (ELISA)
described later herein and also for detection of T. cruzi
DNA by PCR, and all the animals used in this study were
negative for both tests.

Experimental Infections

Seventy-two guinea pigs were injected with 10* parasites
in 100 uL of RPMI 1640 medium intradermally in the
dorsal lumbar region (experimental group). Eighteen
guinea pigs were injected intradermally with 100 uL of
RPMI 1640 medium alone (control group). The protocol
was approved by the San Marcos University Animal Use
and Welfare Committee. All the experiments adhered to
the Guidelines for Animal Experimentation of the Univer-
sidad Nacional Mayor de San Marcos.

Preparation of Tissue Samples

Eight animals from the experimental group and two from
the control group were sacrificed at each of the following
time points: 5, 15, 20, 25, 40, 55, 115, 165, and 365 days
after inoculation. Tissue samples (heart, intestine, liver,
lung, skeletal muscle, kidney, brain, skin, esophagus,
and spleen) were fixed in absolute ethanol and in 10%
formalin in PBS. Blood and serum samples from each
animal were obtained immediately before sacrifice and
were stored at —20°C until use.

Detection of Parasitemia by Microhematocrit

On the day of sacrifice, a 50-ulL specimen of blood from
each animal was collected in a heparinized capillary
tube. The tubes were centrifuged at 900 X g for 5 min-
utes, and the buffy coat was extracted and spread on a
slide. The slides were examined by light microscopy to
detect the parasites in all fields. The number of parasites
encountered was expressed in terms of parasites per
milliliter of blood.



ELISA Test for Detection of IgM and IgG to
T. cruzi

The kinetics for the production of IgM and IgG to T. cruzi
were measured by trypomastigote excreted-secreted an-
tigens (TESA)-ELISA, as described previously.®” Briefly,
ELISA 96-well plates (Immulon 2; Thermo Labsystems,
Franklin, MA) were coated with 2 pug/mL of TESA and
were incubated with guinea pig serum, 1:100 dilution
(IgG detection) or 1:50 dilution (IgM detection). Horse-
radish peroxidase conjugate was used in a 1:5000 dilu-
tion of goat anti-guinea pig 1gG (KPL Inc., Gaithersburg,
MD) or in a 1:2500 dilution of goat anti-guinea pig IgM
(Nordic Immunological Laboratories, Tilburg, the Nether-
lands). Next, the plates were incubated with 0.1 mg per
well of o-phenylenediamine dihydrochloride (Sigma-Al-
drich) and 0.05% H,0O,. Optical density was determined
at 495 nm using a VersaMax microplate spectrophotom-
eter (Molecular Devices Inc., Sunnyvale, CA). Each se-
rum sample was analyzed in duplicate.

Western Blot Analysis

The TESA blot was performed as described by Umezawa
et al.3® We used a 1:100 dilution of serum samples and a
1:4000 dilution of horseradish peroxidase-conjugated
goat anti-guinea pig 1gG (KPL Inc.) or a 1:250 dilution of
goat anti-guinea pig IgM (Nordic Immunological Labora-
tories). In this method, two band patterns can be identi-
fied. In the case of the TESA antigen from the Y strain of
T. cruzi, the band patterns are six bands in a ladder at 130
to 160 kDa designated as shed acute-phase antigen
(SAPA) bands and a broad antigen band at 150 to 160
kDa. The SAPA bands represent the major surface anti-
gens of trypomastigotes and serve as an indicator of
acute infection. The 150- to 160-kDa band is a diagnostic
indicator of chronic T. cruzi infection.®®

DNA Extraction and PCR

DNA was purified by proteinase K digestion (Invitrogen,
Carlsbad, CA) and phenol-chloroform extraction from
500 uL of clot or 25 mg of tissue samples. The extracted
DNA was resuspended in 100 uL of 10 mmol/L Tris-HCI,
1 mmol/L EDTA.*° A PCR targeting the kinetoplast DNA
of T. cruzi was performed as previously described using
primers 121 (5'-AAATAATGTACGGGKGAGATGCATGA-
3') and 122 (5'-GGTTCGATTGGGGTTGGTGTAATATA-
3").4041 We included internal control primers that amplify
a 71-bp fragment. This fragment corresponds to multi-
copy nuclear DNA short interspersed element that is spe-
cific to guinea pigs.*? Specimens showing the character-
istic  330-bp minicircle amplification product were
considered positive; those with the 71-bp band (short
interspersed elements) but no 330-bp band were consid-
ered negative. The PCR was considered negative after
three DNA extractions and two amplifications of each
extraction were found to be negative.
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Histopathologic Analysis

Tissue samples from eight animals from the infected
group and two animals from the control group were col-
lected at each time point. The tissue samples were pre-
pared in 10% formalin—-PBS and embedded in paraffin.
Two 4-um sections from all the tissue samples were pre-
pared for each animal and were stained with H&E. Two
additional sections of each cardiac specimen were
stained with Masson’s trichrome. All the sections were
approximately equal in size.

Inflammatory infiltrate was classified semiquantita-
tively: 1, absent; 2, focal or mild myocarditis (lympho-
cytes seen in 2% to 15% of the entire section); 3, mod-
erate (lymphocytes seen in 20% to 60% of the section);
and 4, severe myocarditis (lymphocytes seen in >70% of
the section). Mild myocarditis was focal; moderate and
severe inflammation was either multifocal or diffuse. The
quantification of parasites was based on the mean num-
ber of amastigotes seen in the entirety of the two exam-
ined sections: absent (0 parasites seen), rare (one amas-
tigote nest), moderate (2 to 10 nests), or abundant (>10
nests). Other pathologic changes, such as vasculitis, ne-
crosis, and fibrosis, were observed.

Statistical Methods

Multivariable linear regression was used to relate the
degree of cardiac inflammation to the abundance of
amastigote nests in the heart, adjusted for time in days
after infection and parasitemia by microhematocrit.
STATA version 10 (StataCorp LP, College Station, TX)
and SAS version 9.2 (SAS Institute Inc., Chicago, IL) were
used for the statistical analyses. Because the degree of
inflammation rose during the acute phase and fell later in
the course of the infection, the variable for time after
infection was included as a quadratic function in the
regression model.

Results

Infection Dynamics

We observed several distinct phases based on the kinet-
ics of the parasitemia, the serum antibody response, and
the occurrence of pathologic changes. The prepatent
period corresponded to the initial period before the first
observation of parasites in blood 15 days after inocula-
tion (Figure 1). During the acute phase (15 to 55 days
after inoculation), parasites were observed by micros-
copy in blood, and anti-T. cruzi IgM antibodies were
demonstrable. The peak parasitemia levels occurred 20
days after inoculation and coincided with peak IgM and
the first appearance of anti-T. cruzi IgG antibodies. The
early chronic phase, 115 to 165 days after inoculation,
was defined by the disappearance of microscopically
detectable parasitemia, the presence of anti-T. cruzi IgG
antibody, and limited histopathologic changes. Finally,
the chronic phase (365 days after inoculation) was char-
acterized by significant histopathologic changes. No
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Figure 1. Detection of parasitemia using the microhematocrit technique and
IgM and IgG to T cruzi by TESA-ELISA during experimental 7. cruzi infec-
tion of C. porcellus. Eight animals were used per group. The points and error
bars represent median * SE.

spontaneous deaths or gross pathologic changes were
observed by the time of necropsy.

Serum IgM and IgG antibodies against T. cruzi SAPA
bands were detected at multiple time points during acute
infection in all infected animals (Figure 2). Forty to 55
days after inoculation, IgM that recognizes the complex
of 150- to 160-kDa proteins associated with chronic in-
fection was also detected (Figure 2A). Specific IgG anti-
bodies to the 150- to 160-kDa proteins were detected
beginning day 40 after inoculation and continued to be
observed until the end of the experiment (Figure 2B).

Histologic Analysis of Infected Tissue

Tissue sections collected at each time point were stained
with H&E. Two additional cardiac tissue sections per
animal at each time point were stained with Masson’s
trichrome. In the acute phase of the infection (n = 48),
amastigote nests were seen from day 15 after inoculation
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Figure 2. Detection of IgM and IgG by TESA blot analysis during experi-
mental 7. cruzi infection of C. porcellus. A: IgM detection. The classic six
SAPA bands (130 to 200 kDa) were seen during the acute phase (until 55 days
after inoculation). The bottom band is slightly smeared due to prolonged run
time. On day 55 after inoculation, a single 150- to 160-kDa band was also
detected. From 115 days after inoculation until the end of the experiment,
IgM was undetectable. B: IgG detection. SAPA bands (130 to 200 kDa) were
observed from 20 until 25 days after inoculation. Subsequently, the 150- to
160-kDa band was also detected until the end of the experiment. Lane 1: day
0 (before experimental inoculation). Serum samples of guinea pig after
inoculation: lane 2, day 5; lane 3, day 15; lane 4, day 20; lane 5, day 25;
lane 6, day 40; lane 7, day 55; lane 8, day 115; lane 9, day 165; and lane
10, day 365.
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Figure 3. Histopathologic analysis in C. porcellus after inoculation of 7.
cruzistrain Y. Amastigote nests (arrows) were seen 25 days after inoculation
in skeletal muscle (A) and kidney (B). Original magnification: X1000. His-
topathologic analysis in cardiac tissue demonstrates amastigote nests (ar-
row) between myocardial fibers 25 days after inoculation (C); severe and
diffuse inflammatory infiltrate 25 days after inoculation (D); perivascular
inflammation (arrows) 25 days after inoculation (E); areas of necrosis 56
days after inoculation (F); and foci of interstitial fibrosis (arrows) and
lymphocytic infiltrate (arrows) 365 days after inoculation (G). Original mag-
nification: X1000 (C); X200 (D, F, and G); X500 (E). Staining: H&E (A-F);
Masson’s trichrome (G).

in many types of tissues, including skeletal muscle (20%)
(Figure 3A), kidney (25%) (Figure 3B), brain (25%), liver
(12.5%), and intestine (10%). During the chronic phase of
the infection (n = 24), amastigote nests were seen in the
kidney (20.8%), skeletal muscle (12.5%), brain (8.3%),
liver (4.16%), and intestine (4.16%). Heart muscle was
the most affected tissue, with >50% of cardiac sections
showing amastigote nests from day 20 after inoculation.
Amastigotes were observed between cardiac fibers and
were surrounded with lymphocytes (Figure 3C). All ani-
mals examined 25 days after inoculation had abundant
parasites in cardiac tissue. In addition, amastigote nests
in cardiac tissue were particularly common in the chronic
phase, with 60% to 90% of animals that were examined
showing rare to moderate parasites visualized 115, 155,
and 365 days after inoculation (Figure 4). In noncardiac
tissues, amastigote nests were generally sparse, with
mild or absent inflammation; therefore, histologic analysis
was restricted to cardiac tissue.

Inflammatory infiltrates (predominantly lymphocytes
with polymorphonuclear cells) were seen in 73% of car-
diac tissue sections from infected animals. In general,
however, the areas of inflammation were not visibly co-
localized with parasite nests (Figure 3D). Nevertheless, in
a multivariable linear regression model adjusted for days
after inoculation and peripheral blood parasitemia level,
the degree of inflammation was strongly predicted by the
number of amastigote nests (R = 0.29; P = 0.006). The
peak number of amastigote nests (mean * SD, 41 =
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Figure 4. Percentage of animals that presented rare, moderate, or abundant
amastigote nests in cardiac tissue of C. porcellus during experimental infec-
tion by 7. cruzi. Quantification of parasite number was the mean number of
parasites seen in two entire sections: rare, 1 nest; moderate, 2 to 10 nests;
abundant, >10 nests. H&E stain. Eight animals per group.

23.6) and the highest degree of inflammation (38% mod-
erate and 62% severe) were observed 25 days after
inoculation (Figures 3D, 4, and 5). Vasculitis was promi-
nent 20 to 25 days after inoculation (Figures 3E and 6),
followed by the appearance of necrosis 40 to 55 days
after inoculation (Figures 3F and 6). At 365 days after
inoculation, 62% of infected animals had cardiac fibrosis
(Figures 3G and 6). Fibrotic areas were associated with
lymphocytic inflammatory infiltrates (Figure 3G).

Tissue Distribution of T. cruzi DNA by
Conventional PCR

During the acute infection, T. cruzi kinetoplast DNA was
detected in peripheral blood in 100% of the animals. The
percentage of guinea pigs with positive results by PCR in
blood decreased to 43.75% (7 of 16) in the early chronic
phase and to 37.5% (3 of 8) 365 days after inoculation
(Figure 7).

The proportion of positive results by PCR in intestine,
liver, lung, skeletal muscle, kidney, brain, skin, esopha-
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Figure 5. Percentage of animals that presented mild, moderate, or severe
inflammation in cardiac tissue of C. porcellus during experimental 7. cruzi
infection. Semiquantitative analysis of the degree of inflammation was eval-
uated in two entire sections: mild, lymphocytes in 2% to 15% of the entire
section with focal distribution; moderate, lymphocytes in 20% to 60% of the
entire section; severe, lymphocytes in >70% of the entire section. For mod-
erate and severe inflammation, the distribution was either multifocal or
diffuse. H&E stain. Eight animals per group.
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Figure 6. Percentage of animals that presented vasculitis, necrosis, and
fibrosis in cardiac tissue of C. porcellus during experimental infection by 7.
cruzi. Qualitative analysis was evaluated in two total sections. H&E or
Masson’s trichrome stain. Eight animals per group.

gus, and spleen tissue is shown in Figure 7. DNA from T.
cruzi was detected in all tissues during the acute infection
in at least some guinea pigs; however, the prevalence
decreased in each tissue type during the early chronic
and late chronic phases. At 365 days after inoculation,
PCR results were negative for all specimens of the skin,
esophagus, and lung. Throughout the infection, the high-
est percentage of positive results by PCR occurred in
cardiac tissue, ranging from 100% in the acute phase to
75% at 365 days after inoculation.

Discussion

Chagas disease continues to be a major cause of mor-
bidity and mortality in endemic countries of Latin Amer-
ica.? The lifelong nature of the infection, its complex
pathogenesis, and the limited efficacy and high toxicity of
antitrypanosomal drugs pose challenges to clinicians
and researchers.® Less than 30% of T. cruzi-infected
individuals develop clinical disease, the manifestations
are heterogeneous, and onset typically occurs decades
after the initial infection. Natural history studies cannot be
conducted in humans because progression typically oc-
curs over decades, and T. cruzi infections that are de-
tected in the acute and early chronic phases should be
treated. Animal models, therefore, take center stage in
studying the pathogenesis and progression of Chagas
disease.

The present study provides strong support for the use
of guinea pigs as a model for the pathology of Chagas
disease. The natural history of the infection in this guinea
pig model includes a typical acute phase with high par-
asitemia, parasite invasion of multiple tissue types, and
anti-T. cruzi antibodies. Among these were IgM and IgG
antibodies recognizing the SAPA, derived from the T.
cruzi trans-sialidase family, which act as indicators of
acute human infection.®® The onset of the early chronic
phase coincided with the loss of IgM antibodies, the
disappearance of parasites from the blood and from most
tissue, and the appearance of amastigote nests in the



286  Castro-Sesquen et al
AJP July 2011, Vol. 179, No. 1

DOACUTE PHASE O EARLY CHRONIC PHASE B CHRONIC PHASE
100 - M

90
80
70 -
60
50

<[l | ﬂ]ﬂ] ]

Liver Lung Heart Kidney Brain Intestine Skeletal Skin
musele

Percentage of positives

cardiac tissue, similar to what is observed in human in-
fection.

In human patients, the indeterminate form of chronic
Chagas disease, which is nearly universal in the early
chronic phase, can last for 15 to 30 years or for the life of
the host. The early chronic phase may be attributed to a
progressive stage in the life of the parasite that ends with
chronic disease manifestations*® or may be the result of
host-parasite equilibrium.** Understanding the mecha-
nisms involved in maintenance of the indeterminate form
may be important in explaining the eventual progression
to clinical disease in a portion of infected individuals.
Dogs™ and nonhuman primates** have been shown to
have an early chronic phase with characteristics similar
to humans; however, development of the disease in these
animals occurs over a long period. The development of
the early chronic phase of disease in guinea pigs occurs
in a much shorter period, making this animal model prac-
tical for laboratory research.

Mouse models are the most frequently used animal for
experimental models of Chagas disease and have
proved to be extremely useful.®~'© A broad range of
standardized reagents is available to study this infection
in mice. The clinical profile of inbred mouse strains is
highly predictable, which has advantages and disadvan-
tages. In many respects, however, mouse models do not
adequately represent the chronic phase of Chagas dis-
ease. Some combinations of mouse lineage and parasite
strain show high, even universal, acute lethality.?32* In
some mouse model systems, unlike in human disease, a
broad range of organs are affected even in the chronic
phase.*®*¢ Rats also develop intense myocarditis and
parasite nests in the tissue during the acute phase, with
regression of inflammation, fibrosis, and cardiomyopathy
in the chronic phase.*’

The guinea pig model may have some contrasting
advantages. Similar to humans with the disease, almost
all infected guinea pigs survive the acute phase, the
development of chronic pathologic abnormalities is fre-
quent but not universal, and the heart is by far the most
affected organ. A potential advantage of guinea pigs
over rats or mice is the ability to collect larger volumes of
urine and blood without sacrificing the animal.*® The fact
that the guinea pig is an important natural reservoir host
in Andean regions may allow appropriate testing of the
virulence and chronic pathogenicity of local T. cruzi

Esophagus

Figure 7. Detection of kinetoplast DNA by PCR in blood
and tissue samples during experimental infection of C. por-
cellusby T. cruzi. Acute phase: 5 to 55 days after inoculation.
7 = 40 animals. Early chronic phase: 115 to 165 days after
inoculation. # = 16 animals. Chronic phase: 365 days after
inoculation. 7 = 8 animals.
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strains compared with the standard laboratory Y strain
that we used in this first model. Adaptation of strains to
their natural hosts has been well-demonstrated in North
America and may have implications for levels of patho-
genicity and local transmission dynamics.*® T. cruzi has
been shown to infect adipose tissue,® and rapid in-
creases in the prevalence of obesity and metabolic syn-
drome in Latin America raise the question of how these
factors may interact with Chagas cardiomyopathy.®©
Guinea pigs show a distribution of visceral adipose tissue
(eg, epicardial and perirenal fat) similar to that of hu-
mans, which may facilitate their use as a model for this
interaction.®’

Finally, we observed congenital T. cruzi transmission in
a few experimentally infected guinea pigs (R.H. Gilman,
unpublished data). Because this species shares with hu-
mans the hemochorial placental type and a homologous
process of trophoblast invasion,®2:°2 C. porcellus may be
an excellent species in which to develop an experimental
model for congenital Chagas disease.

The present studies represent the first systematic,
comprehensive study of the guinea pig as a model of T.
cruzi infection, measuring blood and tissue parasitism
and tissue pathology up to 1 year after infection. These
results suggest that use of this model has the potential to
advance Chagas disease research on several fronts. Al-
though the frequency of cardiac involvement in the
guinea pigs in this study (62.5%) was higher than that in
infected humans who develop clinical pathology (20% to
30%), the spectral nature of the disease in guinea pigs
may allow for analysis of predictors of disease progres-
sion. Parasites do not consistently persist in cardiac tis-
sue in many mouse models,**%° making the heart tro-
pism observed in guinea pigs relatively unusual and
informative. Furthermore, heart failure in the guinea pig
model parallels the human pathogenesis in terms of
changes in calcium cycling, myosin isoforms, and myo-
cardial function.®® In the present model, vasculitis in the
capillaries was an important feature in the acute and
chronic phases. This vasculopathy is manifest in humans
and animals by vasospasm, reduced blood flow, focal
ischemia, platelet thrombi, increased platelet aggrega-
tion, and elevated plasma levels of thromboxane A, and
endothelin-1.57°° These findings indicate the possibility
of using the guinea pig to examine this novel aspect of
Chagas cardiac pathogenesis. The guinea pig model has



already been used for the testing of vaccines for T. cruzi
and other infections.®°~%2 The guinea pig model might
also be useful for drug testing, with the possibility of
following cohorts of treated and untreated guinea pigs for
development and progression of cardiac abnormalities,
similar to the design of the ongoing benznidazole trial for
chronic Chagas disease in humans.®3

No gastrointestinal disease was observed in the
guinea pigs used in this study. However, only a few
patients with clinical Chagas disease have digestive in-
volvement.®* Because only eight animals were sacrificed
at each time point, it is possible that too few guinea pigs
were used to detect the rare occurrences of gastrointes-
tinal disease. Other disadvantages of the guinea pig
model include the fact that the guinea pig genome has
not been fully elucidated and that they are not ideal for
genetic manipulation.®® Currently, few tools are available
to examine immune correlates of disease progression
and drug efficacy in guinea pigs compared with those
available for mice. The development of more extensive
immunologic tools will be an important next step in es-
tablishing the guinea pig as a comprehensive model of T.
cruzi infection. We anticipate that the reemergence of
guinea pigs as models of human pathogens will facilitate
this effort.5® Nevertheless, the present data demonstrate
that T. cruzi infection of guinea pigs recapitulates human
pathology and provide a solid foundation for the use of
these natural reservoirs of T. cruzi infection as laboratory
models of Chagas disease.
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