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Abstract

The only existing preventive measure against American trypanosomosis, or Chagas disease, is the control of the
transmitting insect, which has only been effective in a few South American regions. Currently, there is no vaccine
available to prevent this disease. Here, we present the clinical and cardiac levels of protection induced by
expression to Trypanosoma cruzi genes encoding the TcSP and TcSSP4 proteins in the canine model. Physical
examination, diagnostic chagasic serology, and serial electrocardiograms were performed before and after
immunization, as well as after experimental infection. We found that immunization with recombinant plasmids
prevented hyperthermia in the acute phase of experimental infection and produced lymphadenomegaly as an
immunological response against the parasite and additionally prevented heart rate elevation (tachycardia) in the
acute and/or chronic stages of infection. Immunization with T. cruzi genes encoding the TcSP and TcSSP4 antigens
diminished the quality and quantity of the electrocardiographic abnormalities, thereby avoiding progression to
more severe developments such as right bundle branch block or ventricular premature complexes in a greater
number of dogs.
Introduction
Chagas disease (CD) is endemic to the American contin-
ent, and 25 million people are at risk in Latin America
[1]. There are several T. cruzi reservoirs; the dog is the
most important domestic species in the infective cycle,
mainly because the dog serves as a considerable source
of nourishment for the triatomine insects, and the fact
that the dogs eat infected bugs, thus increasing the risk
of transmission within human dwellings [2]. It is esti-
mated that there are 3500 new cases per year in Mexico
[3], and the dog population seroprevalence is between
1.6 and 21%, depending on the geographical region of
the country [4-7]. Therefore, there is a significant
* Correspondence: mini_arce@yahoo.com.mx
1Department of Molecular Biology, Instituto Nacional de Cardiología “Ignacio
Chávez”, Juan Badiano No. 1, Col. Sección XVI, Tlalpan, Mexico City 14080,
Mexico
Full list of author information is available at the end of the article

© 2012 Rodríguez-Morales et al.; licensee BioM
Creative Commons Attribution License (http:/
distribution, and reproduction in any medium
number of dogs that could be acting as reservoirs, thus
creating a public health problem.
Currently, a major stumbling block for research efforts

striving to elucidate the mechanisms of acute and
chronic CD pathogenesis is the lack of a suitable animal
model. It has been shown that dogs develop diffuse
chronic myocarditis with histological and electrocardio-
graphic changes that are also found in humans [8-12];
therefore, this animal represents a useful experimental
model that is gaining attention in the CD research field.
The clinical signs in Chagas-infected dogs during both
the chronic and acute stages closely resemble the symp-
toms of human disease [13-15].
In spite of the success of vaccines, there are still nu-

merous pathogens, and in particular protozoan parasites,
against which there are still no effective vaccine. Specif-
ically, vaccine development against CD has been dramat-
ically limited because of an extensive debate on the
mechanisms involved in disease pathology. However, the
ed Central Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.

https://core.ac.uk/display/81517636?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:mini_arce@yahoo.com.mx
http://creativecommons.org/licenses/by/2.0


Rodríguez-Morales et al. Veterinary Research 2012, 43:79 Page 2 of 10
http://www.veterinaryresearch.org/content/43/1/79
discovery that the direct injection of plasmid DNA en-
coding foreign proteins could lead to endogenous pro-
tein biosynthesis and a specific immune response against
it has resulted in new directions for vaccine develop-
ment, particularly if the vaccine is capable of inducing a
Th1 immune response and the activation of cytotoxic
CD8+T cells [16].
In a previous study that used a murine model, plasmid

pBCSSP4 and pBCSP immunizations, which contained
the genes encoding the Trypanosoma cruzi TcSSP4 and
TcSP proteins, respectively, were found to be effective at
inducing antibodies that were augmented after the boost.
Protection during the acute phase of the disease was
partial because there was a 64% reduction in parasitemia
with plasmid pBCSSP4 and a 72.9% reduction with
pBCSP injection compared to controls. Survival was 75%
in pBCSSP4-immunized mice and 100% in those immu-
nized with pBCSP. This study demonstrated protection
during the chronic phase of the disease because histo-
logical analysis showed that the immunization dimi-
nished cardiac damage [17,18].
In this study, the canine model was used to determine

the level of clinical protection given by immunization
with pBCSSP4 and pBCSP plasmids to protect against
experimental CD in dogs. A general physical exami-
nation was performed for each subject with special
regards for body temperature, exploration of lymph
nodes, and heart rate; electrocardiographic recordings
were performed to evaluate cardiac electrical conduction
abnormalities during the acute and chronic stages.

Materials and methods
Animals
Thirty male and female Beagle dogs, aged 5 (± 1) months
and weighing 8.52 (± 1.55) kg, were used; all animals had
been immunized against the main canine diseases, and
had received intestinal deworming. A standardized
enzyme-linked immunosorbent assay (ELISA) [19] was
used to diagnose CD in the dogs to rule out any previous
natural infections. Animal handling followed the estab-
lished guidelines of the International Guiding Principles
for Biomedical Research involving Animals and the
Norma Oficial Mexicana [20] Technical Specifications for
the Care and Use of Laboratory Animals, and the experi-
mental protocol was approved by the Bioethics Committee
of the Instituto Nacional de Cardiología, Ignacio Chávez.

Plasmid DNA construction, purification and immunization
The gene encoding TcSSP4 (amastigote-specific protein)
was obtained from the pBluescriptSk-Am230 plasmid
[21] as a 2.2 kb Eco RI (Boehringer Mannheim) frag-
ment. The gene encoding TcSP (trans-sialidase protein)
was released from pBluescriptSk-A83 plasmid (Rosales-
Encina JL, unpublished observations) as a 6.0 kb Eco RI
fragment. The complete open reading frames of the T.
cruzi TcSSP4 and TcSP genes were inserted into the mul-
tiple cloning site of the commercially available
eukaryotic expression vector pBK-CMV (Stratagene) to
generate 2 constructs, pBCSSP4 and pBCSP, respectively.
The genes were placed under the control of the cyto-
megalovirus promoter and were inserted downstream of
a Kozak consensus sequence in-frame with an initiation
codon. Colonies containing the plasmids with the insert
in the correct orientation were selected. The plasmids
were grown in XL1-Blue E. coli and purified using the
QIAGEN Plasmid Mega Kit in accordance with the
manufacturer’s instructions. The expression of TcSSP4
and TcSP was analyzed using HeLa cells in vitro prior to
an immunization trial of the dogs. The recombinant
plasmids or control empty plasmid were transfected to
HeLa cells using a transfection reagent (FuGENE 6,
Boehringer Mannheim) in accordance with the protocol
provided by the manufacturer. The expression of TcSSP4
and TcSP was analyzed by Western blotting using an
anti-SSP4 or anti-SP polyclonal antibody as a primary
antibody 2 days after transfection. Five experimental
groups with 6 dogs each were made, and the fol-
lowing were infected 15 days after the corresponding
treatment: 1) pBCSP plasmid-immunized, 2) pBCSSP4
plasmid-immunized, 3) pBK-CMV empty cloning vector-
immunized, and 4) mock-immunized with physiologic
saline solution (SS). The fifth group corresponding to the
control was not subjected to any experimental procedure.
The dogs were immunized with DNA twice at 15-day
intervals by intramuscular injection between the semi-
tendinosus and semimembranosus muscles of the pelvic
limbs using a 3-mL syringe with a 21 G × 32 mm needle.
Each single dose consisted of 500 μg DNA dissolved in
500 μL SS.
Experimental inoculation and confirmation of T. cruzi
infection
A well-characterized Mexican T. cruzi Ninoa strain
maintained by serial passage in reduviid vectors was
employed [22]. The infection was performed 2 weeks
after the last immunization by intraperitoneal injection
with 5 × 104 metacyclic trypomastigotes per animal,
which were obtained from urine and feces of triatomines
and resuspended in SS. To confirm experimental T.
cruzi infection in all groups, parasitemia was determined
microscopically by examining freshly isolated blood sam-
ples collected from the brachiocephalic vein every third
day, starting on day 10 post-infection until day 65 post-
infection. Standardized ELISA and indirect immuno-
fluorescence (IIF) were performed using methods
described previously [19] to confirm experimental T.
cruzi infection 2 months after challenge.
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Body temperature, peripheral lymph nodes, and heart
rate determinations
General physical examinations were performed. For body
temperature evaluation, a digital rectal thermometer
(MicrolifeW) was used, and all peripheral lymph nodes
(popliteal, submaxilary, prescapular, axillary and inguinal)
were palpated and scored by a single person (MMPL) who
was blinded to the experimental groups. Body temperature
and peripheral lymph node determinations were registered
4 times each according to the following chronology of the
experimental scheme: prior to the start of immunization
(t1), before infection (t2), at the acute phase of CD (t3)
and at the chronic phase of CD (t4), while heart rates were
determined at t1, t3 and t4.

Electrocardiography
Prior to the start of immunization (t1) and during the
acute (t3) and chronic stages (t4) of the disease, electro-
cardiographic recordings were performed. Three bipolar
standard leads (I, II and III), 3 augmented unipolar limb
leads (aVR, aVL, and aVF), and 4 unipolar precordial
thoracic leads (CV5RL, CV6LL, CV6LU and V10) were
recorded. The dogs were held by an attendant in right
lateral recumbency, and no chemical restraint was
employed. For each tracing, the voltage was standardized
at 1 mV/cm, and a paper speed of 50 mm/s was used.
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Figure 1 rSSP4 and rSP protein expression in the HeLa plasmid trans
pBCSSP4 plasmid transfected cell extracts; samples were taken at different
56 h. The membrane was probed with the anti-MBP::SSP4 antibody. (C) SDS
cell extracts; samples were taken at different time points; Lanes: MWM, mo
membrane was probed with the anti-epimastigote whole extract antibody
control empty vector pBK-CMV HeLa transfected cells.
Statistical analysis
Continuous variables, such as body temperature and
heart rate, were analyzed using the two-way ANOVA
statistical test, establishing a correlation between each
treatment group and the control group. The lymph node
palpation was analyzed with a Kruskal-Wallis test.

Results
HeLa cell transfection
TcSSP4 protein was present in the pBCSSP4 plasmid
HeLa transfected cells as early as 8 h and up to 56 h
post transfection, with an optimal expression level be-
tween 24 and 48 h (Figures 1a and 1b). The TcSP protein
expression in the eukaryotic system was determined by
immunoblotting, detecting its presence only at 24 and
48 h post transfection with plasmid pBCSP (Figures 1c,
and 1d). These results demonstrate that the TcSSP4 and
TcSP genes were correctly subcloned into the pBK-CMV
vector and that the recombinant plasmids are capable of
expression in eukaryotic cells.

Diagnosis of CD in dogs
All of the experimental animals were negative for the cha-
gasic serology test at t1 and were also in excellent health,
which confirmed the absence of CD before any manipu-
lation. Parasitemia was too low to be quantified, and
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fected cells. (A) SDS-PAGE and (B) western blot analysis of the
time points; Lanes: 2 and 3, 8 h; 4 and 5, 24 h; 6 and 7, 48 h; 8 and 9,
-PAGE and (D) western blot analysis of the pBCSP plasmid transfected
lecular weight marker; 2, 8 h; 3, 24 h; 4, 48 h; 5, 56 h, and 6, 72 h. The
. Lanes 1 in (A), (B), (C), and (D) are the samples corresponding to
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parasites were only seen by direct observation after infec-
tion. The limit of detection was 200 to 400 parasites/mL
of blood sample intermittently throughout all analysis.
All infected/unimmunized dogs exhibited parasitemia
starting on day 22 and lasting until day 55 post-infection,
whereas the parasitemia of immunized/infected dogs
occurred over a shorter time period, from day 32 to 46
post-infection (Table 1). At two months post-inoculation,
the infection of T. cruzi was diagnosed by the ELISA
method and was confirmed by IIF in all infected/
unimmunized dogs (data not shown).
Effect of DNA immunization on body temperature
During T. cruzi Ninoa strain infection, the characteristic
acute stage was demonstrated by an elevation in body
temperature in the SS mock-immunized and infected
group. The recombinant plasmids in immunized animals
avoided the temperature increase, thus demonstrating a
protective effect of the plasmid DNA by eliminating this
clinical sign in the acute stage of CD (Figure 2).
Table 1 Parasitemia detection in DNA-immunized dogs with e

Group Dog

10-15 16-20 21-25 26-

pBCSP 1

2

3

4

5

6

pBCSSP4 1

2

3

4

5

6

pBK-CMV 1

2

3

4

5

6

SS mock-immunized 1

2

3

4

5 + + + +

6 + + +

+ Detection of 1 or 2 parasites per blood sample of fresh drop examination.
Effect of experimental immunization on lymph nodes
Lymphadenomegaly in the group immunized with
pBCSP plasmid was present in 50% of the animals at t2,
increasing to 67% during t3 (Table 2). Approximately
50% of the pBCSSP4 immunized/infected dogs had
lymph node enlargement at t2; however, all dogs showed
significant lymphadenomegaly during the acute stage of
the disease (t3, Table 2). This suggests that the lympha-
denomegaly could be a symptom of both the infection
and the reaction of vaccine, being that lymph nodes are
major sites of antigen capture, detection, and initial
responses during an adaptative immune response.
The lymph node enlargement after the plasmid pBK-

CMV immunization was noticeable in 17% of the dogs at
t2, and in the acute stage of T. cruzi infection (t3) the num-
ber of animals with lymph node enlargement notably grew
up to 83%. These data indicate that the empty cloning vec-
tor immunization had no clinical effect on the immune sys-
tem, whereas the parasitic infection did (Table 2).
All dogs inoculated with SS and later experimentally

infected had lymph node enlargement only during t3,
xperimental T. cruzi infection

Days after inoculation

30 31-35 36-40 41-45 46-50 51-60 61-65

+ +

+

+

+

+ +

+ + +

+ +

+ + + + +

+ + +

+ + + + + +

+ + +

+ +
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Figure 2 Body temperature of DNA-immunized dogs with experimental T. cruzi infection. Rectal temperature recordings from each
experimental group (plasmid DNA immunized- and SS mock-immunized dogs) were compared with those of the control group (uninfected
healthy animals). The values are the average of the temperature recordings ± S.D. Two-way ANOVA statistical test (* P ≤ 0.05).
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suggesting that the parasite stimulates the immune sys-
tem, which manifests as lymphadenomegaly (Table 2).

Effect of plasmid DNA immunization on heart rate
The pBCSP plasmid-immunized/infected group did not
have an increase in heart rate post-infection (t3 or t4)
(Figure 3). The pBCSSP4 plasmid-immunized/infected
group had a significant increase in heart rate during t3
but did not reach the 160 beats per minute that would
indicate tachycardia; at t4 one dog had tachycardia,
representing no statistical significance (Figure 3).
Immunization with the pBK-CMV plasmid was unable
to inhibit heart rate increases at any stage of the infec-
tion, showing a significant increase in pulse rate during
both t3 and t4, as well as mock-immunized dogs with SS
(Figure 3). These results indicate that immunization with
the pBCSSP4 plasmid had a protective effect only during
the chronic stage of the experimental infection; whereas
immunization with the pBCSP plasmid had a greater
protective effect since there were no increases in heart
rate during both stages of CD.

Effect of plasmid DNA immunization on heart electrical
conduction during CD
Before immunization and challenge, 23% of the animals
had sinus tachycardia, which was likely due to a physio-
logical state associated with the restraint procedures
used during the electrocardiographic recordings.
Seventeen percent of the dogs belonging to the

pBCSP-immunized/infected group at t3 (Table 3)
showed an increased duration of the P wave (0.06 s vs.
0.04 s), the absence of T waves in some records, and
tachycardia. A P-R interval longer than the normal 0.12
s (0.14 s) was observed in 17% of the animals of this
same group at the acute stage of CD. The conditions
associated with these findings are intraventricular con-
duction defects, such as right or left bundle branch
block (BBB) or ventricular enlargement, as well as an
atrioventricular (AV) block. At t4 in this group, patterns
characteristic of left ventricular enlargement, such as an
abnormal left electrical axis deviation, were observed.
Additionally, the R wave exceeded 2.5 mV in CV6LL (3.0
mV), and the R wave in lead I was greater than in lead
III and aVF in 17% of the dogs.
An S-T segment elevation of 0.5 mV in leads II, III,

aVF and CV6LL was observed in 17% of the dogs at t3 in
the pBCSSP4-immunized/infected group (Table 3),
which could suggest myocardial infarction and/or peri-
carditis. At t4, several P waves were not followed by
QRS-T complexes in one of the dogs in this group, sug-
gesting a second-degree AV block. At this time, the
same dog that showed a possible myocardial infarction
and/or pericarditis at t3 showed a wide QRS complex
(0.06 s vs. 0.05 s), an inverted QRS complex in leads
aVR, aVL and CV5RL, and a small Q in lead I (0.05 mV)
indicative of left BBB, which might be caused by a myo-
cardial disease such as the dilated form of chronic Cha-
gas cardiomyopathy.
Reversal in polarity of the T wave combined with an R

wave greater than 2.5 mV in leads II, III, aVF, and CV6LL
and a mean electrical axis deviation (MEAD) in the frontal
plane of less than +40° were found in 50% of the animals
from the pBK-CMV-immunized/infected group (Table 3) at
t3. These features suggested left ventricular enlargement



Table 2 Lymph node palpation scores from DNA-immunized dogs with experimental T. cruzi infection

Group Dog Lymph node inflammation (score)1 and percentage of dogs from each group with lymphadenomegaly

Basal t1 % Postimmunization t2 % Acute stage t3 %

pBCSP 1 0 0 0 50 0 67

2 0 0 0

3 0 0 1

4 0 2 1

5 0 1 1

6 0 1 2

pBCSSP4 1 0 0 0 50 1 100*

2 0 1 2

3 0 2 1

4 0 1 1

5 0 0 2

6 0 0 2

pBK-CMV 1 0 0 0 17 0 83*

2 0 0 1

3 0 0 1

4 0 0 2

5 0 1 1

6 0 0 1

SS mock-immunized 1 0 0 0 0 1 100*

2 0 0 1

3 0 0 1

4 0 0 1

5 0 0 1

6 0 0 1
1The severity of inflammation in lymph nodes was scored on a scale from 0 to 2. A score of 0 indicated normal; 1, slightly swollen; and 2, very enlarged (scores of
1 and 2 were considered to be indicative of lymphadenomegaly). baseline = t1, prior to the start of the immunization, Postimmunization = t2, before the infection
at 15 days post-immunization, and Acute stage = t3, at 30 days post-infection. Popliteal, submaxillary, axillary and inguinal lymph nodes were palpated and means
were compared with the Kruskal-Wallis test. Differences were considered as significant when P ≤ 0.05.
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that could be associated with a dilated form of cardiomyop-
athy caused by CD. Reversal in polarity of the T wave in
33% of the animals occurred again at the chronic stage of
CD (t4), of which one dog (17%) showed a T wave that was
increased more than 25% than the R wave, and QRS com-
plexes had large wide S waves in leads I, II, III, aVF, CV6LL,
and CV6LU that suggested right BBB.
Approximately 33% of the dogs from the SS-inoculated/

infected group (Table 3) during t3 showed a MEAD to
the left of the frontal plane combined with an R wave
that exceeded 2.5 mV in lead CV6LL and an R wave in
lead I greater than in leads III and aVF, suggesting left
ventricle enlargement; two of these animals also had
arrhythmia and a prolonged Q-T interval that suggested
intraventricular conduction defects. The features asso-
ciated with left ventricle enlargement such as a MEAD to
the left of the frontal plane combined with an R wave
above 2.5 mV in lead CV6LL and an R wave in lead I
greater than in leads III and aVF appeared in 50% of the
dogs during t4 in this group. Electrocardiographic fea-
tures associated with ventricular premature complexes
(VPC), such as rhythm irregularity, QRS complex pre-
mature, bizarre, and of large amplitude, and a T wave
directed opposite the QRS, were also present in 17% of
the dogs; reversal in polarity of the T wave in 33% of the
animals occurred at this time (t4).
The control group animals were not subjected to any

experimental procedure and exhibited normal electro-
cardiogram (EKG) at all times.
Discussion
The results obtained in this study show classic clinical
signs of CD described by others [6,15,25,26]. The sample
size was appropriate for the DNA vaccination canine
model in CD and was similar to what has been reported
by other research groups in Mexico and other countries
of America [6,8,26-29].
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Figure 3 Heart rate of DNA-immunized dogs with experimental T. cruzi infection. Heart beat recordings from each experimental group
(plasmid DNA immunized- and SS mock-immunized dogs) were compared with those of the control group (uninfected healthy animals). Heart
rates exceeding 160 beats per minute were considered tachycardic. The values represent the average of the heart rate recordings ± S.D. Two-way
ANOVA statistical test (* P ≤ 0.05).
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The DNA-immunized/infected dogs did not have body
temperature increases during the acute phase of the dis-
ease. The hypothesis of glandular hypertrophy in the
murine model during the acute stage of CD has been
reported, mainly because of numerous parasite nests in
the gland parenchyma with atrophy of secretory struc-
tures [30]. This event could have taken place in our
model; however, we were unable to confirm this since
no histological analysis during this phase of the present
study was performed. The dogs immunized with the re-
combinant plasmids had clinically evident immune
responses as evidenced by lymph node enlargement,
however, during the post-infection period, the lymph-
adenopathy was less noticeable. To mount an immune
response, lymphocytes must re-circulate between the
blood and lymph nodes, recognize antigens upon con-
tact with specialized presenting cells, proliferate to ex-
pand a small number of clonally-relevant lymphocytes,
differentiate to antibody-producing plasma cells or ef-
fector T cells, exit from lymph nodes, migrate to tissues,
and engage in host-protective activities such as lympha-
denomegaly or fever [31]. Alternatively, fever has not
been established as a constant sign of CD in dogs, but
other physical signs such as lymph node enlargement al-
ways occur [13-15].
In dogs, the tachyarrhythmias have been documented

in a continuous or paroxistic (intermittent) manner and
are associated with several etiologies, including dilated
myocardiopathy, which can be caused by CD, hyper-
trophic myocardiopathy, endocarditis, valvular disease,
congenital defects, cardiac tumors, etc. These may
worsen and progress to heart failure, which may result
in death [32]. In our study, immunization with the re-
combinant plasmids was able to halt the heart rate in-
crease during the acute and/or chronic stages of CD,
which diminished tachyarrhythmia presentation.
Electrocardiographic tracings were analyzed according

to the published data in canine and feline cardiology
[23,24] and our results can be compared to human
patients with CD [33-36]. Some electrocardiographic
findings observed in this study are consistent with the
most frequent electrocardiographic features reported
when the canine model has been used in CD studies
[6,8,15,25,26], such as myocardial infarction and/or peri-
carditis, second-degree AV block, left ventricle enlarge-
ment (dilation or hypertrophy), left and right BBB, and
VPC.
In disagreement with findings reported by others

[8,9,26,28], we did not observe any severe life-
threatening arrhythmias, which is likely due to the strain
used. Any dog infected with the T. cruzi Ninoa strain
exhibited clinical signs that were severe enough to result
in death. We chose the Ninoa strain as a reference
Mexican strain, whose characterization fulfilled the



Table 3 Abnormal electrocardiographic features in DNA-immunized dogs with experimental T. cruzi infection

GROUP 3 MONTHS PI
(t3 = ACUTE STAGE)

SUGGESTED
PATHOLOGICAL
CONDITIONS [23,24]

DOGS/n (%) 6 MONTHS PI
(t4 = CHRONIC STAGE)

SUGGESTED
PATHOLOGICAL
CONDITIONS [23,24]

DOGS/n
(%)

pBCSP Long P wave
(0.06 s vs. 0.04 s a),
absence of some T waves,
and tachycardia

Intraventricular
conduction defects

1/6 (17%) MEAD to the left,
tall R wave in CV6LL
(3.0 mV vs. 2.5 mVa),
R wave greater in lead
I than leads III and aVF

Left ventricle
enlargement

1/6 (17%)

Long P-R interval
(0.14 s vs. 0.12 s a)

AV block 1/6 (17%)

pBCSSP4 Elevated S-T segment in l
eads I, III, aVF and CV6LL
(0.5 mV vs. 0.2 mV a)

Myocardial
infarction and/or
pericarditis

1/6 (17%) Several absent
P waves

Second-degree
AV block

1/6 (17%)

Wide QRS complex
(0.06 s vs. 0.05 sa),
inverted QRS complex
in leads aVR, aVL, and
CV5RL, and a small Q
in lead I (0.05 mV)

Left BBB 1/6 (17%)

pBK-CMV Reversal polarity of the T wave,
R wave greater than 2.5 mV in
lead II, III, aVF, and CV6LL, MEAD
less than +40º

Left ventricular
enlargement

3/6 (50%) Reversal polarity
of the T wave

Most often abnormal
if it is found on
serial EKG

2/6 (33%)

+ T wave more than 25%
larger than the R wave,
QRS complex with S wave
in leads I, II, III, aVF,
CV6LL and CV6LU

Right BBB 1/6 (17%)

MEAD to the left, R wave
exceeded of 2.5 mV in
lead CV6LL, R wave in lead I
greater than in leads III
and aVF

Left ventricle
enlargement

3/6 (50%)

SS
(mock-
immunized)

MEAD to the left, R wave
exceeded of 2.5 mV in lead
CV6LL, R wave in lead I greater
than in leads III and aVF

Left ventricle
enlargement

2/6 (33%) MEAD to the left, R wave
exceeded of 2.5 mV in lead
CV6LL, R wave in lead I
greater than in leads III
and aVF

Left ventricle
enlargement

3/6 (50%)

+ arrhythmia Intraventricular
conduction
defects

1/6 (17%) Rhythm irregular,
QRS complex premature,
bizarre, and of large
amplitude, T wave
directed opposite the QRS

VPC 1/6 (17%)

+ prolonged Q-T interval Intraventricular
conduction
defects

1/6 (17%) Reversal in polarity
of the T wave

Most often abnormal
if it is found on serial
EKG

2/6 (33%)

PI post-infection.
a Reference values [23,24].
BBB bundle branch block.
AV atrioventricular.
MEAD mean electrical axis deviation.
VPC ventricular premature complexes.
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criteria for being classified as biodeme 3 because of its
biological behavior, tissue tropism, and virulence in a
susceptible model [22]. Here, we demonstrate that the
Ninoa strain of T. cruzi is able to establish an infection
with the development of some characteristic clinical
signs of acute and chronic stages of CD as described in
dogs [13-15].
In a previous study with mice immunized with the

pBCSP and pBCSSP4 plasmids, the T. cruzi TcSP and
TcSSP4 genes were also effective at inducing antigen-
specific antibodies that recognized the surface of T. cruzi
and produced a Th1 immune response, which conferred
significant protection against T. cruzi experimental in-
fection in BALB/c mice [17,18]. Our results indicate that
the protective effect provided by the TcSP and TcSSP4
genes was similar; however, immunization with the
pBCSP plasmid avoided heart rate increases in both
stages of the infection and prevented severe heart con-
duction abnormalities such as myocardial infarction,
second-degree AV block or left BBB. This plasmid
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encodes the trans-sialidase superfamily protein that is
present in all three forms of T. cruzi and is recognized
by sera from chagasic patients, unlike the TcSSP4 gene
that codes for a glycoprotein associated with the trans-
formation of trypomastigotes into amastigotes [37].
Thus, the slight difference in the protective effect is
likely because the TcSP gene induces immunity against
all forms of the parasite, whereas the TcSSP4 gene only
does so against a stage-specific surface antigen present
on the amastigote form. Further studies of immuniza-
tions with the two plasmids in combination are required
to determine if there is a possible synergistic effect.
We conclude that plasmid DNA vaccination with T.

cruzi genes induces a moderate level of protection in
immunized dogs because this strategy 1) avoids acute
phase fever, 2) induces an immune response that mani-
fests as lymph node enlargement as part of host-
protective activity, 3) avoids heart rate increases during
the acute and/or chronic stages, and 4) most interest-
ingly, halts the symptomatic progression to severe heart
conduction abnormalities.

Abbreviations
CD: Chagas disease; pBCSSP4: plasmid containing the TcSSP4 gene;
pBCSP: plasmid containing the TcSP gene; ELISA: Enzyme-linked
immunosorbent assay ELISA; TcSSP4: Gene encoding an amastigote-specific
surface protein in T. cruzi; TcSP: Gene encoding a member of the trans-
sialidase family in T. cruzi; pBk-CMV: Commercial empty plasmid used as a
cloning vector; SS: Saline solution; IIF: Indirect immunofluorescence;
ANOVA: Analysis of variance; BBB: Bundle branch block; AV: Atrioventricular;
MEAD: Mean electrical axis deviation; VPC: Ventricular premature complexes;
EKG: Electrocardiogram.

Competing interests
Sources of financial support have been acknowledged and the authors
declare that they have no competing interests.

Authors’ contributions
ORM and MAF participated in the concept and design of the study,
conducted animal trials, collected and analyzed data, and completed
manuscript preparation; MMPL carried out the EKGs and physical exams;
MABV carried out the immunoassays; SCCS performed plasmid purification;
RAA and MABV participated in metacyclic trypomastigote collection from
bugs; JLRE, RAA and PAR contributed to the study design and assisted in
drafting the manuscript. All authors read and approved the final manuscript.

Acknowledgments
This research was funded by the Consejo Nacional de Ciencia y Tecnología
(CONACyT) Mexico, grant No. 69081 FONSEC SSA/IMSS/ISSSTE. We thank
MVZ. Yukie V. Tachika from Facultad de Medicina Veterinaria y Zootecnia of
Universidad Nacional Autónoma de México for her invaluable help in EKG
interpretation.

Author details
1Department of Molecular Biology, Instituto Nacional de Cardiología “Ignacio
Chávez”, Juan Badiano No. 1, Col. Sección XVI, Tlalpan, Mexico City 14080,
Mexico. 2Department of Infectomics and Molecular Pathogenesis, Centro de
Investigación y de Estudios Avanzados del I.P.N., Av. Instituto Politécnico
Nacional No. 2508, Col. San Pedro Zacatenco, Gustavo A. Madero, Mexico
City 07360, Mexico. 3Department of Parasitology, Escuela Nacional de
Ciencias Biológicas del I.P.N., Prolongación de Carpio y Plan de Ayala, Col.
Sto. Tomás, Miguel Hidalgo, Mexico City 11340, Mexico. 4Direction of
Research, Instituto Nacional de Cardiología “Ignacio Chávez”, Juan Badiano
No. 1, Col. Sección XVI, Tlalpan, Mexico City 14080, Mexico.
Received: 29 June 2012 Accepted: 10 October 2012
Published: 13 November 2012

References
1. World Health Organization: Chagas: One hundred years later. Bull World

Health Organ 2009, 87:491–492. [http://www.who.int/bulletin/volumes/87/7/
09-030709.pdf].

2. Gürtler RE, Cecere MC, Lauricella MA, Cardinal MV, Kitron U, Cohen JE:
Domestic dogs and cats as sources of Trypanosoma cruzi infection in
rural northwestern Argentina. Parasitology 2007, 134:69–82.

3. Bautista C, Torres M, Martínez F: The inoculation of Lactobacillus casei in
NIH mice induces a protective response against Trypanosoma cruzi
(Ninoa strain) infection. Vet Mex 2008, 39:139–141 (in Spanish).

4. Sosa-Jurado F, Zumaquero-Ríos JL, Reyes PA, Cruz-García A, Guzmán-Bracho
C, Monteón VM: Biotic and abiotic determinants of seroprevalence of
antibodies against Trypanosoma cruzi in Palmar de Bravo, Puebla,
Mexico. Salud Publica Mex 2004, 46:39–48 (in Spanish).

5. Estrada-Franco JG, Bhatia V, Diaz-Albiter H, Ochoa-Garcia L, Barbabosa A,
Vazquez-Chagoyan JC, Martinez-Perez MA, Guzman-Bracho C, Garg N:
Human Trypanosoma cruzi infection and seropositivity in dogs, Mexico.
Emerg Infect Dis 2006, 12:624–630.

6. Barbabosa-Pliego A, Díaz-Albiter HM, Ochoa-García L, Aparicio-Burgos E,
López-Heydeck SM, Velásquez-Ordoñez V, Fajardo-Muñoz RC, Díaz-González
S, De Oca-Jimenez RM, Barbosa-Mireles M, Guzmán-Bracho C, Estrada-
Franco JG, Garg NJ, Vázquez-Chagoyán JC: Trypanosoma cruzi circulating
in the Southern Region of the State of Mexico (Zumpahuacan) are
pathogenic: a dog model. Am J Trop Med Hyg 2009, 81:390–395.

7. Campos-Valdéz G, Barrera-Peña R, de la Luz SR, Jiménez-Cardoso E,
Martínez-Labat P: Anti-Trypanosoma cruzi antibodies in dogs (Canis
familiaris) from Tlalnepantla Municipality, State of Mexico. Bioquimia
2001, 26:15–19.

8. Barr SC, Holmes RA, Klei TR: Electrocardiographic and echocardiographic
features of tripanosomiasis in dogs inoculated with North American
Trypanosoma cruzi isolates. Am J Vet Res 1992, 53:521–527.

9. Lana M, Chiari E, Tafuri WL: Experimental Chagas' disease in dogs. Mem
Inst Oswaldo Cruz 1992, 87:59–71.

10. Bahia MT, Tafuri WL, Caliari MV, Veloso VM, Carneiro CM, Coelho GL, Lana M:
Comparison of Trypanosoma cruzi infection in dogs inoculated with
blood or metacyclic trypomastigotes of Berenice-62 and Berenice-78
strains via intraperitoneal and conjunctival routes. Rev Soc Bras Med Trop
2002, 35:339–345.

11. Caliari MV, Do Pilar Machado R, de Lana M, Caja RA, Carneiro CM, Bahia MT,
dos Santos CA, Magalhaes GA, Sampaio IB, Tafuri WL: Quantitative analysis
of cardiac lesions in chronic canine Chagas cardiomyopathy. Rev Inst Med
Trop Sao Paulo 2002, 44:273–278.

12. Guedes PM, Veloso VM, Gollob KJ, Afonso LC, Caldas IS, Vianna P, de Lana
M, Chiari E, Bahia MT, Galvão LM: IgG isotype profile is correlated with
cardiomegaly in Beagle dogs infected with distinct Trypanosoma cruzi
strains. Vet Immunol Immunopathol 2008, 124:163–168.

13. Ramírez MAJ: Enfermedad de Chagas en el perro: mitos y realidades. Rev
AMMVEPE 2006, 7:213–216 (in Spanish).

14. Pacheco DJ, DeOliveira V, Terranova E, Basmadjián Y, González M, Heinsen T:
Chagas disease in dogs: clinic case description in a cimarrón and
histopatologic diagnosis. REDVET 2009, 10 (in Spanish). http://www.
veterinaria.org/revistas/redvet/n040409/040913.pdf. http://www.veterinaria.
org/revistas/redvet/n040409.html.

15. Barr SC: Canine Chagas’ disease (American Trypanosomiasis) in North
America. Vet Clin North Am Small Anim Pract 2009, 39:1055–1064.

16. Dumonteil E: Vacuna presente y futuro. Rev Biomed 2007, 11:S7–S12 (in Spanish).
17. Arce-Fonseca M: Respuesta inmune inducida por inmunización con DNA que

codifica para antígeno de amastigote de Trypanosoma cruzi. PhD Thesis.
Experimental Pathology Department: CINVESTAV-IPN México, Experimental
Pathology Department; 2005.

18. Arce-Fonseca M, Ramos-Ligonio A, López-Monteón A, Salgado-Jiménez B,
Talamás-Rohana P, Rosales-Encina JL: A DNA vaccine encoding for TcSSP4
induces protection against acute and chronic infection in experimental
Chagas disease. Int J Biol Sci 2011, 7:1230–1238.

19. Rodríguez-Morales O, Ballinas-Verdugo MA, Alejandre-Aguilar R, Reyes PA,
Arce-Fonseca M: Trypanosoma cruzi connatal transmission in dogs with
Chagas disease. Experimental case report. Vector Borne Zoonotic Dis 2011,
11:1365–1370.

http://www.who.int/bulletin/volumes/87/7/09-030709.pdf
http://www.who.int/bulletin/volumes/87/7/09-030709.pdf
http://www.veterinaria.org/revistas/redvet/n040409/040913.pdf
http://www.veterinaria.org/revistas/redvet/n040409/040913.pdf
http://www.veterinaria.org/revistas/redvet/n040409.html
http://www.veterinaria.org/revistas/redvet/n040409.html


Rodríguez-Morales et al. Veterinary Research 2012, 43:79 Page 10 of 10
http://www.veterinaryresearch.org/content/43/1/79
20. Norma Oficial Mexicana NOM-0062-ZOO-1999: Especificaciones técnicas para
el cuidado y uso de animales de laboratorio. Mexico City: Diario Oficial de la
Federación; 1999.

21. Olivas-Rubio M, Hernández-Martínez S, Talamás-Rohana P, Tsutsumi V,
Reyes-López PA, Rosales-Encina JL: cDNA cloning and partial
characterization of amastigote specific surface protein from
Trypanosoma cruzi. Infect Genet Evol 2009, 9:1083–1091.

22. Monteón VM, Furuzawa-Carballeda J, Alejandre-Aguilar R, Aranda-Fraustro A,
Rosales-Encina JL, Reyes PA: American trypanosomosis: in situ and
generalized features of parasitism and inflammation kinetics in a murine
model. Exp Parasitol 1996, 83:267–274.

23. Tilley LP: Essentials of Canine and Feline electrocardiography: Interpretation
and Treatment. Baltimore, USA: Lippincott Wiliams & Wilkins; 1992.

24. Tilley LP, Burtnick NL: ECG Electrocardiography for the Small Animal
Practitioner. Jackson, Wyoming, USA: Teton NewMedia; 1999.

25. Cruz-Chan JV, Bolio-González M, Colín-Flores R, Ramirez-Sierra MJ, Quijano-
Hernandez I, Dumonteil E: Immunopathology of natural infection with
Trypanosoma cruzi in dogs. Vet Parasitol 2009, 162:151–155.

26. Aparicio-Burgos JE, Ochoa-García L, Zepeda-Escobar JA, Gupta S, Dhiman M,
Martínez JS, de Oca-Jiménez RM, Val Arreola M, Barbabosa-Pliego A,
Vázquez-Chagoyán JC, Garg NJ: Testing the efficacy of a multi-component
DNA-prime/DNA-boost vaccine against Trypanosoma cruzi infection in
dogs. PLoS Negl Trop Dis 2011, 5:e1050.

27. Machado EM, Fernandes AJ, Murta SM, Vitor RW, Camilo DJ Jr, Pinheiro SW,
Lopes ER, Adad SJ, Romanha AJ, Pinto Dias JC: A study of experimental
reinfection by Trypanosoma cruzi in dogs. Am J Trop Med Hyg 2001,
65:958–965.

28. Quijano-Hernandez IA, Bolio-González ME, Rodríguez-Buenfil JC, Ramirez-
Sierra MJ, Dumonteil E: Therapeutic DNA Vaccine against Trypanosoma
cruzi infection in dogs a pilot clinical trial. Ann N Y Acad Sci 2008,
1149:343–346.

29. Veloso VM, Guedes PM, Andrade IM, Caldas IS, Martins HR, Carneiro CM,
Machado-Coelho GL, de Lana M, Galvão LM, Bahia MT, Chiari E:
Trypanosoma cruzi: blood parasitism kinetics and their correlation with
heart parasitism intensity during long-term infection of Beagle dogs.
Mem Inst Oswaldo Cruz 2008, 103:528–534.

30. de Albuquerque S, Lopes RA, Sala MA, Abrahão AA, Rosa DR: Histometría
de la glándula sublingual de ratones (Mus musculus) machos y hembras
infectados con la cepa RAL del parásito de Chagas, Trypanosoma cruzi.
Rev Biol Trop 2008, 56:459–471.

31. Germain RN, Robey EA, Cahalan MD: A decade of imaging cellular
motility and interaction dynamics in the immune system. Science 2012,
336:1676–1681.

32. Mucha CJ, Belerenian G: Manual de cardiología veterinaria. Conceptos
aplicables al día a día. Buenos Aires, Argentina: Grafipar S.R.L; 2008.

33. Elizari MV: Chagasic myocardiopathy: historical perspective. Medicina
(Buenos Aires) 1999, 59:25–40.

34. Montenegro VPC, de Micheli A, Reyes PA: Hallazgos
electrovectocardiográficos en la miocardiopatía chagásica crónica. Arch
Cardiol Mex 1998, 68:51–57 (in Spanish).

35. Sosa-Jurado F, Mazariego-Aranda M, Hernández-Becerril N, Garza- Murillo V,
Cárdenas M, Reyes PA, Hirayama K, Monteón VM: Electrocardiographic
findings in Mexican chagasic subjects living in high and low endemic
regions of Trypanosoma cruzi infection. Mem Inst Oswaldo Cruz 2003,
98:605–610.

36. de Micheli A, Aranda A, Iturralde P, Medrano GA: On the ventricular
arrhythmias in Chagasic chronic cardiomyopathy. Arch Cardiol Mex 2006,
76:320–323 (in Spanish).

37. Andrews NW, Hong K, Robbins ES, Nussenzweig V: Stage-specific surface
antigens expressed during the morphogenesis of vertebrate forms of
Trypanosoma cruzi. Exp Parasitol 1987, 64:474–484.

doi:10.1186/1297-9716-43-79
Cite this article as: Rodríguez-Morales et al.: Plasmid DNA immunization
with Trypanosoma cruzi genes induces cardiac and clinical protection
against Chagas disease in the canine model. Veterinary Research 2012
43:79.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Materials and methods
	Animals
	Plasmid DNA construction, purification and immunization
	Experimental inoculation and confirmation of T. cruzi infection
	Body temperature, peripheral lymph nodes, and heart rate determinations
	Electrocardiography
	Statistical analysis

	Results
	HeLa cell transfection
	Diagnosis of CD in dogs
	Effect of DNA immunization on body temperature
	Effect of experimental immunization on lymph nodes
	Effect of plasmid DNA immunization on heart rate
	Effect of plasmid DNA immunization on heart electrical conduction during CD

	Discussion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgments
	Author details
	References

