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In the present protocol, adult dogs were infected with Trypanosoma cruzi, Bolivian strain, in order to show electrocardiographic
changes by means of resting and dynamic (Holter) methods during acute and chronic phases of Chagas disease. In the acute phase
there were sinus tachycardia, atrial and left ventricular overload, millivoltage suppression, electric alternance, and episodes of
sinus arrest. At the parasitemia peak, atrium-ventricular block, junctional escape complexes, and atrium-ventricular dissociation
were observed. Dogs that presented the most serious arrhythmias died suddenly. The increase in supraventricular and ventricular
arrhythmic events, concentrated in the 4th postinoculation week, was visible at electrocardiographic monitoring. In the chronic
phase, the events were restricted to first-degree atrium-ventricular blocks, premature ventricular complexes, ventricular bigeminy,
and electrical alternation. It was concluded that the computerized and dynamic electrocardiography allowed to diagnose transient
arrhythmia and to observe that the main tachyarrhythmic changes are concentrated at the acute phase concomitantly to the
parasitemia peak.

1. Introduction

Even a century after its discovery, Chagas disease remains
a significant public health problem whose pathogenesis is
not well understood, which perpetuates it as an intriguing
challenge arising from the complex host-parasite interaction.
It is an American exclusive endemic disease, which goes from
the southern United States to southern Argentina, and it
represents a major cause of morbidity and mortality in Latin
America [1]. Currently, 10 million people living between
Mexico and Argentina are infected, 10.000 people died only
in 2008 as a result of this disease, and it is estimated that 28
million people are at high risk of acquiring it [2].

Dogs have been considered an important domestic reser-
voir of the parasite and also serve as a sentinel to detect
infection in humans [3], requiring more attention by the
scientific community [4]. Moreover, it is considered a
suitable experimental model to the study of Chagas disease,
because it is the only one so far to develop all phases of the
disease, and showing similar manifestations as in humans.

Considering this scenario, in the present protocol, adult
dogs were infected with Trypanosoma cruzi, Bolivian strain,
with the purpose of showing the electrocardiographic
changes produced by this strain during the acute and chronic
phases of the disease and, thus, providing more accurate and
enlightening data about this disease.

2. Materials and Methods

The experimental activities were carried out in the Labora-
tories of Cardiology, Pathology and Immunoparasitology of
the College of Agriculture and Veterinary Sciences (FCAV),
Universidade Estadual Paulista—UNESP (Paulista State Uni-
versity).

The olivian strain of T. cruzi used in this study was
isolated from a human clinical case in Bolivia and maintained
in BALB/C albino mice. After acquiring the mice and
determining the parasitemia, the inoculum for experimental
infection of dogs was made.
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In order to standardize the inoculum, 6000 trypomasti-
gotes/kg were used. The counting of the number of trypo-
mastigotes was made according to the technique described by
Brener [5]. The route used for the inoculum administration
was intravenous (IV).

Sixteen adult mixed breed dogs, seven males and nine
females, were used. The animals came from the municipal
kennels of the towns neighboring Jaboticabal, State of São
Paulo, Brazil. The dogs were initially dewormed and vacci-
nated; they also received balanced diet and water adlibitum.

Before inoculation, the animals were submitted to
physical examination, indirect immunofluorescence test for
detection of anti-T. cruzi, hematological tests, serum chem-
istry, ECG, and echocardiogram in order to certify their
healthiness.

After inoculation of T. cruzi, the same parameters previ-
ously mentioned were assessed weekly, for five consecutive
weeks, in the animals, which were distributed in Acute
Chagasic Group (CA, n = 8) and Acute Control Group (C1,
n = 8) and, monthly, for six consecutive months, in Chronic
Chagasic Group (CC, n = 8) and Chronic Control Group
(C2, n = 8).

To determine the parasitemia curve in infected dogs dur-
ing the acute phase of infection, blood samples were collected
and evaluated from the 4th day of postinoculation on. Set the
prepatent period, monitoring of parasitemia was performed
from the 13th to 35th day after infection, with intervals of
three days, according to the technique by Brener [5], contin-
uing until the complete disappearance of trypomastigotes in
the evaluated samples.

Sera from all animals before inoculation were submitted
to indirect immunofluorescence test weekly until 5 weeks and
monthly until 6 months after inoculation, from 1: 40 dilution
on. The antigen substrates prepared with epimastigotes of
T. cruzi, Y strain [6], were provided by the Department
of Parasitology, Microbiology and Immunology, Faculty
of Medicine of Ribeirão Preto, State of São Paulo, Brazil
(FMRP—USP).

The tracings obtained from the resting ECG were
recorded in the following leads: bipolar leads (I, II, III);
unipolar leads (aVR, aVL, and aVF); precordial leads (V4),
through computerized electrocardiograph (ECG-PC, Tec-
nologia Eletrônica Brasileira, TEB) in 50 mm/seg speed and
calibrated to one millivolt equal one centimeter [7]. The
records were stored in computer. The tracings were analyzed
in derivation II, in which the P, R, and T waves amplitudes
were measured (in mV), durations (in ms) of P wave, QRS
complex, PR and QT intervals, and the frontal electrical axis,
determined in derivations I and III, according to Tilley [7]
and Wolf et al. [8].

The dynamic electrocardiography (Holter system) was
performed by means of the “Holter” ECG device (SPACE
LABs-MODEL 90205) in two precordial leads (rV2 and V4)
for 24 hours on a weekly and monthly basis for groups CA
and C1 and groups CC and C2, respectively.

The electrocardiograph was placed in a light and com-
fortable leather vest, allowing the animals to move freely
and aiming at protecting the wires attached to the adhesive
electrodes. The device was attached to the wires and the time

Tr
yp

om
as

ti
go

te
s/

m
L 

of
 b

lo
od

Days after incubation

19 21 23 27 30 33 41

6000

5000

4000

3000

2000

1000

0

Figure 1: Graphic representation of the mean values of trypo-
mastigotes/mL of blood in dogs experimentally inoculated with
Trypanosoma cruzi during the acute phase of the infection. UNESP,
Jaboticabal, SP, 2003.

was set (time zero). It was turned off at the end of 24 hours.
The tapes were analyzed by the Holter ECG Interpretation
Service of the Institute of Cardiovascular Diseases in São Jose
do Rio Preto, State of São Paulo, Brazil, through computer
decoding.

The data were analyzed using analysis of variance and
the Tukey test to compare means among groups and weeks
within the same group. The variables concerning the exam-
ination of dynamic electrocardiography were evaluated by
nonparametric Wilcoxon method [9, 10].

3. Results

It was possible to verify that the parasitemia period of Boli-
vian strain in dogs inoculated with 6000 trypomastigotes/kg
occurred from the 19th to the 33rd post-incubation days
(Figure 1).

The resting electrocardiography showed a significant
increase of the cardiac frequency between the 2nd and 5th
weeks after inoculation. The duration of P wave and QRS
complex was above the normal values for the species between
the 4th and 5th weeks, suggesting the presence of atrium and
left ventriculum overload. During the last two weeks, the
presence of decreased R-wave amplitude was also observed
in 50% of the animals in Group CA. Electric alternance was
verified in 10% of the dogs in the 3rd week and also abrupt
significant cardiac axis deviation to the left in 4th and 5th
weeks (Figure 2).

As for the cardiac rhythm, sinus rhythm was observed
in 100% of the dogs in the first week, and episodes of
sinus arrest were verified in 16.7% of the animals. In the
second week, 50% of the animals presented sinus rhythm,
33.33% had respiratory sinus arrhythmia, and 16.67%
started presenting signs of sinus tachycardia.

Approaching the parasitemic peak (3rd week), arrhyth-
mias became more frequent, and 40% of the dogs showed
sinusal rhythm, 30% respiratory sinus arrhythmia, 20% sinus
tachycardia, 10% atrium-ventricular block, 10% junctional
scape complexes, 10% third-degree atrioventricular block.
From this week on, the dogs (n = 4) whose electrocardio-
grams presented the most arrhythmias died suddenly.
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Figure 2: Resting electrocardiographic tracings obtained from dogs of the Acute Chagasic Group (speed 25 mm/s). (a) Derivation
II, presenting third-degree atrioventricular block (arrows); (b) Derivation II, showing electric alternance of QRS complexes (arrows);
(c) derivation II, showing decrease of R-wave amplitude, right branch block (red arrow) and ventricular extrasystole (black arrow);
(d) derivation V4, showing premature isolated and paired multifocal ventricular complexes; (e) derivation II, showing first-degree
atrioventricular block (arrows); (f) derivation II, showing sinusal rhythm with sinus arrest (arrow). UNESP, Jaboticabal, SP, 2003.

In the 4th week, 50% of the dogs presented sinus rhythm
and 50% had sinus tachycardia, and of these, 50% presented
premature ventricular complexes. In the last week of the
acute period, 50% of the dogs presented sinus rhythm, 25%
respiratory sinus arrhythmia, and 25% sinus tachycardia, and
of these 25% presented first-degree atrium-ventricular block
and 25% premature ventricular complexes.

The electrocardiogram of Group C1 did not present any
alteration and sinus rhythm and respiratory sinus arrhyth-
mia with the presence of migratory pacemaker were observed
in weekly varying frequency.

Dynamic electrocardiography (Holter system) did not
present statistical significance due to great individual varia-
tion. However, the increase of the number of QRS complexes
evaluated during the 24-hour period from the second week
on, reflecting tachycardia, as well as a visible increase of
ventricular and supraventricular arrhythmia events, concen-
trated in the 4th week after the inoculation, could be ob-
served.

Regarding minimum, medium, and maximum cardiac
frequencies, Group CA always presented higher values than
Group C1, although there were no significant differences.
As for the number of pause, Group CA presented lower
numbers than Group C1 from the second week on.

One of the dogs from the Acute Chagasic Group pre-
sented sudden death during Holter evaluation after the

Figure 3: Dynamic electrocardiography tracing of one dog from the
Acute Chagasic Group showing the presence of R in T phenomenon,
trigger of sustained ventricular tachycardia which led to the animals
sudden death. UNESP, Jaboticabal, SP, 2003.

occurrence of the R-on-T phenomenon triggering the epi-
sode of sustained ventricular tachycardia and ventricular
fibrillation (Figure 3).

At 41 days after the inoculation, the dogs no longer pre-
sented parasitemia, thus, they were classified in the unde-
termined chronic phase of Chagas disease. During the six-
month period of evaluation, computerized electrocardio-
gram did not present many alterations regarding the measur-
able values. A significant shortening of the PR interval was
observed in the 6th month, and the amplitude of R wave in
Group CC remained significantly lower than in Group C2.
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The events were limited to first-degree atrium-ventri-
cular blocks, premature ventricular complexes, ventricular
bigeminy, and electric alternace. At the end of the sixth
month there were no more arrhythmia episodes and all the
dogs presented sinus rhythm.

Dynamic electrocardiography showed gradative reduc-
tion of most arrhythmia events in Group CC, and some of
them, such as supraventricular ectopic beat, isolated supra-
ventricular arrhythmias, paired supraventricular arrhyth-
mias, and supraventricular arrhythmias, have not occurred
since the beginning of the undetermined chronic phase.
Other events reached null value until the sixth month, such
as isolated, bigeminy and paired ventricular arrhythmias,
and ventricular tachycardia. The minimum, medium, and
maximum frequencies did not present alterations and the
number of pauses increased clearly, especially in the third
month, as tachycardia became infrequent.

Serology, carried out by means of indirect immunoflou-
rescence method, showed titers increase until the fourth
month in two dogs, while the others stabilized their titration.
There was a small mild titer increase in two dogs in the fifth
month and negative result to the 1: 80 dilution in animals
of the group in the sixth month. Such data do no mean,
however, that the animals were free of trypanosomiasis,
but probably the number of antibodies was temporarily
undetectable by this technique.

4. Discussion

The parasitemic period observed from the 19th to the 33rd
days after inoculation with parasitemia peaks in the 3rd and
4th weeks differed slightly from the one found by Klein
[11], who verified that on the 16th day all the animals were
in parasitemia and on the 31st day there were no more
signs of trypomastigotes in the blood, as well as from the
results by Barr et al. [12] who observed parasitemic period
in inoculated dogs from the 18th to the 31st days after
experimental inoculation.

Penin et al. [13], working with mice infected by the Boli-
vian strain, observed that the beginning of the parasitemic
period occurred on the seventh day after inoculation, and
Lopes et al. [14] observed it on the ninth day after inocu-
lation. These data allow the inference that the Bolivian strain
presents a later and longer parasitemic period regarding the
experimental infection of the canine species.

The resting electrocardiographic exam was extremely
efficient to identify the arrhythmic alterations in the acute
phase of Chagas disease. The alterations suggestive of atrium
and left ventriculum overload were similar to the ones
described by Pinto et al. [15] in humans in the acute phase of
the disease.

The electrocardiographic findings of decreased R-
wave amplitude suppression, first-degree atrium-ventricular
blocks, multiform premature ventricular complexes, and
ventricular tachycardia episodes were similar to the ones
observed in dogs by Barr et al. [16], Andrade et al. [17], and
Camacho et al. [18], and in humans by Brener et al. [19],
Brenière et al. [20], and Punukollu et al. [21]. The abrupt

cardiac deviation to the left, however, was consistent to the
observations by Lana et al. [22].

The presence of first-degree atrium-ventricular blocks
indicates degenerative alterations in the conduction system,
especially in the region of the atrium-ventricular knot and
associated conduction tissue [7, 16]. From the literature con-
sulted, only Pinto Dias [23] made references to the appear-
ance of electric alternans episodes of the QRS complexes
in carriers of Chagas disease, but it is known that this
finding is related to myocardial inflammation and according
to Tilley et al. [7] is related to the principle of right congestive
insufficiency with pericardial effusion or pleural effusion.

Bradycardia episodes and second-degree atrium-ventri-
cular blocks were not observed, as described by Andrade et
al. [17] and Barr et al. [16], respectively.

Dynamic electrocardiography (Holter system) is very im-
portant in epidemiologic studies on sudden death, because
it is the more accurate available method to detect symp-
tomatic and asymptomatic arrhythmias [24]. In this study,
dogs whose resting electrocardiographic test revealed more
serious tachyarrhythmias had sudden death from the third
week on. According to Rassi Jr. et al. [25], the trigger to
malignant arrhythmias and sudden death may be the serious
harm to the control of coronary microcirculation.

Similar to the dogs in this protocol, in chagasic human
patients the incidence and prevalence of ventricular arrhyth-
mias, especially episodes of sustained ventricular tachycardia,
increase as the ventricular disfunction progresses [26].

Myocytes cultivation has demonstrated that the presence
of amastigotes in myocardial cells determines the decrease
in conduction and in cellular connection, impairing the
electric impulse transmission, what might generate atrium-
ventricular blocks and ventricular extrasystoles [26]. The
occurrence of sudden death cases in this research coincided
with the parasitemic peak, the amount of tachyarrhythmias
observed at the Holter test. The theories presented by these
authors state our conclusions about the sudden death in
evaluated dogs.

According to Germiniani [24], the R-on-T phenomenon
is frequently observed as a trigger of ventricular tachycardias
and fibrillation. This claim confirms the observation of the
Holter tracing of one dog from Group CA which died sud-
denly during dynamic electrocardiography evaluation, al-
lowing, thus, the observation of such phenomena mentioned
by this author.

In the chronic phase, resting and dynamic electrocardio-
graphic evaluations allowed the observation of the remaining
presence of these events in this phase of the infection, despite
the evident decrease in the frequency of arrhythmic events,
differing from what was found by KLEIN [11], at the evalua-
tion of dogs inoculated with T. cruzi, Colombian strain.

The presence of decrease of R-wave amplitude, right
branch block and arrhythmic events such as first-degree
atrium-ventricular blocks and multiform ventricular extra-
systoles corroborate the findings described by Lana et al. [22]
and Carod-Artal et al. [27]. Furthermore, according to Ger-
miniani [24], ventricular extrasystole constitutes the most
frequent arrhythmia in chronic chagasic cardiopathy and it
may be monomorphic or polymorphic, isolated, paired, or
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paroxysmal. According to Rassi Jr. et al. [25], the evaluation
of the presence of this arrhythmia constitutes an important
factor of prognosis and risk stratification for the patient.

Considering these results, it was possible to conclude that
the experimental infection of adult dogs with Trypanosoma
cruzi, Bolivian strain, using inoculum of 6000 trypomastig-
otes/kg, intravenously, allowed the obtainment of acute and
chronic phase of Chagas disease, with parasitemic period
from the 19th to the 33rd days after incubation and peak
observed between the 21st and the 28th days, period with
higher occurrence of sudden death. Therefore, this strain
presented a later and longer parasitemic period than the
others.

Moreover, computerized and dynamic (Holter system)
electrocardiography allowed to diagnose transient arrhyth-
mias efficiently and to observe that the main tachyarrhythmic
alterations are concentrated in acute phase, concomitantly to
the parasitemia peak.

Finally, the present study contributed to the supply
of information on Chagas disease in dogs, promoting the
detailing of its physiopathogeny.
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de Cardioloǵıa de México, vol. 66, no. 2, pp. 157–161, 1996.

[27] F. J. Carod-Artal, A. P. Melo, and T. A. Horan, “American
trypanosomiasis (Chagas’ disease): an unrecognised cause of
stroke,” Journal of Neurology Neurosurgery and Psychiatry, vol.
74, no. 4, pp. 516–518, 2003.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


