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Electrocardiography repolarization
abnormalities are characteristic signs
of acute chagasic cardiomyopathy.
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Abstract. Chagas discase is a tropical parasitic disecase caused by the pro-
tozoan Trypanosoma crusi (T. crusi), whose reemergence as oral outbreaks is
currently a public health problem in Venezuela. T. crusi infection induces
myocardial damage; which according to the microvascular theory, is derived
from parasite-mediated disruption of the endothelium, inducing platelet ag-
gregation and ischemia. In order to determine whether ventricular
repolarization disorders observed in human patients are characteristic signs
of the disease that can be reproduced in NMRI mice; we studied 12 patients
with a well documented diagnosis of acute Chagas disease, based on epidemi-
ological, clinical, parasitological and molecular data. Also, T. crusi isolates
from the blood of human patients from other Venezuelan geographical re-
gions were characterized and inoculated in albino NMRI mice. A standard
12-lead and bipolar electrocardiogram configuration were done in human pa-
tients during the acute phase of the disease and in mice, after three weeks of
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infection. Results in human showed repolarization disorders, characterized by:
negative, bimodal or biphasic T waves, ST segment depression or elevation
and early repolarization. In mice a significant increase in T wave amplitude,
increased QT interval duration and elevation or depression of ST segment
were observed. These findings were evidenced in all infected mice, suggesting
that electrocardiographic repolarization abnormalities in a well documented
clinical and epidemiological context are signs that increase the sensitivity for
the diagnosis of acute Chagas” disease.

Los trastornos de la repolarizacion ventricular son signos
caracteristicos de la cardiomiopatia chagasica aguda.
Invest Clin 2012; 53(4): 378 - 394
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Resumen. La enfermedad de Chagas es una hemoparasitosis causada por
Trypanosoma crusi (T. crusi), cuya re-emergencia como epidemias por conta-
minacién oral es actualmente un problema de salud ptiblica en Venezuela. La
infeccion por T. crusgi causa miocarditis; que de acuerdo con la teoria micro-
vascular deriva del dano del endotelio vascular, al inducir agregacion plaque-
taria ¢ isquemia. Con el objetivo de demostrar que los trastornos de repolari-
zacion son signos propios de la miocarditis chagasica aguda (MChA) reprodu-
cibles en modelos animales, estudiamos 12 pacientes humanos con diagnosti-
co bien documentado de MChA, basado en datos epidemioldgicos, clinicos,
parasitologicos y moleculares. A partir de la sangre de los pacientes obtuvi-
mos los aislados de T crusi, los caracterizamos molecularmente y los inocula-
mos en ratones albinos NMRI; paralelamente, aislados de T crusi provenientes
de otras regiones de Venezuela fueron también ensayados. Tanto en los pa-
cientes humanos como en los ratones con Chagas agudo, se realizaron estu-
dios electrocardiograficos en 12 derivaciones estandares y en configuracion
bipolar, respectivamente. En humanos observamos trastornos de la repolariza-
cion ventricular caracterizados por: onda T negativa, bimodal o bifésica; cleva-
cion o depresion del segmento ST y despolarizaciones tempranas. En ratones
observamos incrementos en la amplitud de la onda T, aumento en la duracién
del intervalo QT y elevacion o depresion del segmento ST. Estos hallazgos fue-
ron evidenciados en todos los ratones infectados con los diferentes aislados,
sugiriendo que los trastornos de repolarizacion, en un adecuado y bien docu-
mentado contexto epidemiolégico y clinico, son signos que aumentan la
sensibilidad para el diagnostico de MChA.
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INTRODUCTION

Currently, it is considered that Chagas
disease is locally transmitted in 19 coun-
tries in the Americas, and there are be-
tween 8 and 15 million of infected individu-
als, with an overall prevalence rate of 1.45%
(1-4). In a report from PAHO (2006)(4), it
was estimated for Venezuela, based on a to-
tal population of 26,749,000 inhabitants,
that 4,944,000 individuals are at risk for in-
fection and 310,000 are all ready infected
individuals; also there are 1,400 new cases
by vector transmission with an incidence of
0.005% and prevalence of 1.16%. The inci-
dence of congenital transmission was pro-
jected at 0.102% with 68,000 infected
women in the ages between 15 and 47 years
and the seroprevalence in blood banks was
estimated at 0.78%. Our group in several
seroepidemiological studies done in the
central-western region of Venezuela have
reported prevalences between 1.57 (5) and
7.24% (6).

Vectorial transmission of Chagas dis-
ease has decreased all over Latin-America;
on the contrary T. crusi oral-accidental
transmission is becoming increasingly com-
mon. Since 1965, several outbreaks caused
by oral accidental routes have occurred in
many Brazilian states and in other Latin
American countries (references in 7 y 8).
Recently in Venezuela, in the north-central
region there have been several outbreaks of
acute Chagas disease, specifically in Chacao
(Miranda State), Antimano (Capital Dis-
trict) and Chichiriviche de la Costa (Vargas
State) between 2006 and 2010 (8-10).

In endemic areas, the primary infec-
tion usually occurs in children. It is esti-
mated that T. crusi acute infection is symp-
tomatic in about 5-10% of the affected indi-
viduals. Acute Chagas” disease is a predom-
inant nonspecific usually prolonged febrile
syndrome; with the exception of face and
lower limbs edema, other signs and symp-

toms are nonspecific and they constitute el-
ements for diagnostic mistakes in endemic
areas, where other tropical and infectious
disease are prevalent or appear as out-
breaks, for example influenza, dengue, in-
fectious mononucleosis and malaria, among
others (11).

Mortality during an acute phase of
Chagas“disease is about 5-10%; death is
mostly caused by myocarditis and
meningoencephalitis. Oral infection with T.
crusi is associated with higher mortality
rates, usually in the first two weeks after in-
fection. Myocarditis is present in 80% of pa-
tients presenting severe symptoms of acute
Chagas disease, it causes myocardial
dyskinesis, heart enlargement, pericardial
effusion and heart failure (references in 7).
Electrocardiographically it is frequently no-
ticed disturbances of ventricular repolar-
ization in acute Chagas” disease (7, 10-13),
which indicate that acute Chagas”
myocardiopathy could be considered an
ischemic disease; indeed pattern of wall
motion abnormalities and delayed enhance-
ment determined by Cardiac magnetic reso-
nance in Chagas’ disease patients may
mimic ischemic cardiomyopathies, with es-
pecial predilection for the apical and
inferolateral segments of the left ventricle
(14).

According to the microvascular theory,
T. crusi infection causes different struc-
tural and functional alterations of the coro-
nary microvasculature, due to platelet ag-
gregation stimulation, vascular tone in-
crease and microvascular hypoperfusion,
which lead to cardiac ischemia and
multifocal necrosis, triggering inflamma-
tory mechanisms with subsequent repair
and fibrosis (15).

In the present paper with the aim to
analyze ventricular repolarization distur-
bances as hallmark sign in acute Chagas
disease, we recollected clinical and electro-
cardiographic data from human patients
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with documented acute Chagas disease,
from which we isolated and characterized T.
crusi strains and inoculate them in NMRI
mice to reproduce repolarization distur-
bances. Likewise to observe whether re-
polarization disturbances are related to spe-
cific geographical strains, we tested isolates
obtained from different Venezuelan geo-
graphic areas. Our results confirmed that
repolarization disturbance is an even pres-
ent electrocardiographic sign during the
acute phase of the Chagas” disease in hu-
mans and mice independent of the parasite
genetic profile or geographical origin.

PATIENTS AND METHODS

Sample

Human patients consisted of 12 indi-
viduals, aged between 8 and 14 years, 50%
were males and 50% females; with a clinical
and parasitological diagnosis of acute Cha-
gas” disease. Patient used to live in
“Chichiriviche de la Costa” town located at
10°33’00” north latitude and 67°14°01”
west longitude, in the coast of Vargas State
(Venezuela), where an oral outbreak of
Chagas disease was confirmed in April
2009. Animal model consisted of 232 albino
mice NMRI strain, with 2 months of age and
34.19 = 0.527 ¢ average weight, which
were divided into: control group (n = 17)
and 9 experimental groups named accord-
ing to the geographical origin of T. crusi
isolates: Guarico (n = 22), Chabasquén
(n = 22), Barinas (n = 22), p6 (n = 22),
pll (n = 24), p13 (n = 25), pl4 (n = 20),
pl6 (n = 23) and CHHP (n = 22).

Chabasquén and Guarico isolates were
obtained from Panstrongylus geniculatus
specimens captured in those populations.
Chabasquen is located in Portuguesa state
at 9°37°07” north latitude, 69°47°52” west
longitude and 1115 meters above sea level
altitude. Guarico located in Lara state at
9°25’41” north latitude, 69°57°14” west

longitude and 698 meters above sea level
altitude, respectively. Isolates called “p”
were obtained from blood of patients hospi-
talized with the diagnosis of acute phase
Chagas” disecase. CHHP isolate was ob-
tained from a specimen of Panstrongylus
geniculatus captured in Chichiriviche de la
Costa town. Barinas strain is a reference
strain isolated from an acute case of Cha-
gas disease in Barinas state and recorded
in the WHO strains bank as M/HOM/
VE/92/YBM. All isolates were propagated
by inoculating weanling NMRI mice with
blood obtained from patients or with vec-
tors” dejection; they were maintained in cy-
cles of mouse-vector-mouse passages.
Rhodnius prolixus three stage nymphs were
used as a vector.

Experimental mice were inoculated
with 1000 bloodstream trypomastigotes/g
via intraperitoneal (ip) and parasitemia
tested after three weeks of inoculums appli-
cation. Mice were maintained in stainless
steel cage (30x20%x13.5 cm; 10 ani-
mals/cage), with free access to water and
food (Ratarina ®, Protinal, Venezuela),
light-dark cycles of 12 hours each and tem-
perature between 24 and 28°C.

Electrocardiographic protocol

12-lead resting electrocardiograms
were done in human patients during the
time of hospitalizations before treatment.
Mice were anesthetized with 40 mg/kg
weight of sodium pentobarbital adminis-
tered via ip. The electrocardiographic re-
cordings were performed under a bipolar
configuration, where all electrodes were
placed in the subcutaneous tissue: the posi-
tive on the xiphoid process, the negative on
the right shoulder joint and the reference
on the left shoulder joint. Each electrode
was connected to a BioAmp Amplifier
(ADInstruments) and analog signals were
converted to digital signals by Powerlab/
8sp interface (ADInstruments) connected
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to a personal computer using Chart v4.2.1
software (ADInstruments); signal uptake
was performed at 1000 events/s frequency
and filtered at 60 Hz.

Extraction of DNA and polymerase chain
reaction (PCR) conditions

Five milliliters of blood were mixed
with an equal volume of 6 M guanidine hy-
drochloride and 200 mM EDTA, pH 8. DNA
purification was performed using the kit for
blood samples (Axyprep ™ Blood Genomic
DNA Miniprep kit, Axygen Bioscience, Cali-
fornia, USA). DNA integrity was evaluated
through agarose gel electrophoresis and
quantified spectrophotometrically. 500 ng
of DNA resuspended in Green GoTaq® Flexi
Buffer (Promega) was PCR amplified using
T. crugi specific minicircle primers (121: 5’-
AAATAATGTACGGGKGAGATGCATGA - ¥
and 122: 5’- GGTTCGATTGGGGTTGGTGT
AATATA - 3’) (16). The reaction mixture
contained 10 mM Tris-HCI pH 8.3, 50 mM
KCI, 3.0 mM MgClI2, 250 uM dNTPs Mix
(Promega), 4 uM of each oligonucleotide
primer, and 0.6 units of GoTaq® Flexi DNA
Polymerase (Promega) in a final volume of
25 uL. PCR was conducted in a thermal
cycler Mastercycler gradient Eppendort, us-
ing five cycles at 94°C for one minute, 68°C
for one minutes and 72°C for one minute,
35 cycles at 94°C for forty-five seconds,
64°C for forty-five seconds and 72°C forty-
five seconds, followed by one extension step
at 72°C for 10 minutes. The positive control
was done with DNA extracted from T. crusi
and negative control DNA extracted from
confirmed (without epidemiological and
clinical history of Chagas” disease, non evi-
dence of another disease and seronegative
to T. crusi antigens) nonchagasic healthy
individuals.

Serology
Specific IgM antibodies to T. crusi
were measured by an enzyme linked

immunosorbent assay (ELISA), using com-
mercial kits CruziELISA produced by
Diagen (Merida, Venezuela). These were
performed in accordance with manufac-
turer’s instructions.

T. crusi excreted secreted antigens
(TESA): TESA proteins were obtained from
supernatant of T. crusi infected Vero cells.
When Vero monolayer cells cultivated in
Dulbecco’s  Modified  Eagle  Medium
(DMEM) supplemented with 10% fetal bo-
vine serum achieved 60% confluence were
infected with 1Xx107 parasites /mL and
placed in 5% CO, atmosphere at 37°C for 4
days. After that, cells were washed 3 times
with phosphate saline buffer pH 7.2; DMEM
without FBS were then added and incu-
bated again in the same conditions until
trypomastigotes release. In this moment
the culture medium was collected and cen-
trifuged at 1500 X g for 15 min, the
supernatant was passed through a 0.22 mm
membrane filter and a protease inhibitor
cocktail (Sigma Chemical Company, USA)
was added. The supernatant containing the
antigenic proteins was stored at —80°C until
use. TESA proteins were concentrated by
precipitation with 8% trichloroacetic acid/
1.25% sodium deoxycholate. Proteins were
quantitatively assayed by Lowry’s method as
modified by Schachterle and Pollack (17)
with bovine serum albumin as standard.

SDS-PAGE and Western blotting
SDS-polyacrylamide gel electrophore-
sis was performed according to Laemmli
(18). For Western blotting experiments,
TESA proteins were transferred to Poly-
vinylidene difluoride (PVDF) membrane
(Thermo Scientific, U) as described else-
where (19). The membrane was blocked
with PBS containing 5% casein and incu-
bated with serums from acute or chronic
chagasic patients diluted 1:200 for 1h at
room temperature. After three washings
with PBS, the membrane was incubated
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with goat anti-human IgM or Ig¢G conju-
gated with peroxidase diluted 1:4000 and
revealed by adding diaminobenzidine and
H,0,.

T. cruszi genotyping

After growing the T. crusi isolates in
supplemented RPMI 1640 medium as de-
scribe by Miles (20) and Carrasco et al.
(21), the parasites were harvested by centri-
fuging 20x10° cells at 4°C, 2500 g, during
S min. DNA was extracted using the Nu-
cleon BACC2 DNA  extraction  Kit
(Amersham Life Science) following the in-
structions of the manufacturer. DTU of the
parasites was obtained by the Random Am-
plified Polymorphic DNA (RAPD) technique
as in Carrasco et al. (21). PCR reactions for
RAPD typing were achieved using primers
Al and A2. Each reaction was conducted in
a 20 uL final volume containing 10 mM Tris
HCI (pH 8.8) buffer, 0.2 mM each dNTP, 20
pg of primer, 1.0 unit of Taq DNA polymer-
ase (Invitrogen, Brazil) and included 5 ng
of whole genomic DNA. Reaction conditions
were as follows: two cycles at 95°C for 5
min, 30°C for 2 min and 72°C for 1 min, 32
cycles at 95°C for 1 min, 40°C for 2 min,
and 72°C for 1 min, and a final extension
cycle at 72°C for 5 min.

Data analysis

All values are expressed as mean =+
standard error (SEM). Since the variances
between the analyzed animals groups was
significantly different (Bartlett’s test, P
<0.05), the statistical significance of the
observed difference between the values of
the control group compared to the values
of the experimental group was determined
using the Kruskal-Wallis test followed by
Dunns post test; p value less than 0.05 was
considered as significant. Calculations were
performed using GraphPad Prism 4 (Graph
Pad Software Inc, La Jolla, California).

Ethics

The study protocol was approved by
the Ethics Committee at the School of
Health Sciences, “Lisandro Alvarado” Uni-
versity, Barquisimeto, State of Lara, Vene-
zuela, in accordance with the Helsinki Dec-
laration of 1964, as revised in 1975, 1983,
1989, 1996, and 2000. Data were collected
after the participants signed the informed
consent. The animals used in this study
were manipulated in compliance with APS
guiding principles concerning the care and
use of laboratory animals, published by the
US National Institute of Health and follow-
ing the experimental animal handling pro-
tocol of the Ministry of the Popular Power
for Science and Technology (Venezuela).

RESULTS

Clinical findings

Hospitalization time of the patient
ranged between 2 and 17 days, with an aver-
age about 13 days. The clinical symptoms
more frequently observed amongst patients
were fever and abdominal pain followed by
headache and facial edema. The main find-
ings were evidenced by physical examina-
tion, chest radiography and echocardio-
graphy: lymphadenopathy, hepatomegaly,
splenomegaly, cardiomegaly, pericardial ef-
fusion in almost all patients and pleural ef-
fusion in a lesser degree. Increased heart
silhouette was mainly due to pericardial ef-
fusion, because the volumes of cardiac
chambers were normal in most patients. All
patients received oral treatment with
Benznidazole 5-10 mg/Kg in two divided
doses with meals, during 60 days. No mor-
tality was observed among patients in-
cluded in this study. Electrocardiographic
records were obtained from 8 patients in
the acute phase of infection. Clear evi-
dences of EKG disturbances were ventricu-
lar repolarization disorders, represented by
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specific alterations of T wave morphology,
elevation or depression of ST segment and J
point elevation. Also we observed first de-
gree AV block, incomplete right bundle
branch block, sinus and supraventricular
tachycardia, premature ventricular com-
plex, sinus bradycardia, ventricular and
right atrial enlargement (see Table I and
Fig. 2).

All patients had genomic T. crusi DNA
in their bloods as demonstrated by PCR
technique (Fig. 1).

For all studied patients, specific IgM
antibodies to T. crusi were detected by
ELISA, also positive PCR amplification
products with primers that annealed to T.
crusi kDNA were demonstrated. Fig. 1
shows PCR amplification in four patient
samples.

Animal model

Because in all mice, T wave decay has
two components: fast and slow, being the
fast component more reliable, we decided
to measured repolarization disturbances in
T. crusi infected mice using the following
parameters: T wave maximum amplitude
(TMA) measure from Q wave to the maxi-

mum peak amplitude of T wave, QT1 ampli-
tude and QT1 length both measured from Q
wave to the end of the first component of T
wave decay.

TMA values in T. crusgi-infected groups
revealed a significant augment (Fig. 3
panel A) in all isolates, recording the high-
est variable average in pl6, Guarico and
Chabasquén isolates, whose differences with
the control group reached the highest sta-
tistical significance (Table II). Also, the val-
ues of QT1 amplitude in mice inoculated
with the parasite proved to be much higher
than in healthy mice, however a statistical
significance were reached by mice inocu-
lated with pl13, pl4, pll, pl6, p6 and
CHHP. Likewise, QT1 length proved to be
an indicator of repolarization abnormalities
in infected mice, displaying a marked in-
crease, a statistical significance were
reached by mice inoculated with: p11, p16,
YBM and CHHP (Table II). In Fig. 3 panel B
we can observe qualitative repolarization
disturbances as peaked and prolonged T
waves, where can be noticed that T wave re-
main elevated for a long period. In Fig. 4 a
histopathological section of heart from
acute chagasic mouse is shown, where a

TABLE 1
ELECTROCARDIOGRAPHIC CHARACTERISTICS OF HUMAN PATIENTS WITH ACUTE CHAGAS”
DISEASE
Patient Sinus Heart PR QRS QT Axis Conduction Rhythm  Repolarization Hyper-
Rhythm  Rate segment segment segment (°) Disturbances Disturbances Disorders  trophy
1 Present <60-100 0.16 0.08 0.36 30 IRBB B/VE Present Absent
2 Absent 125 0.08 0.34 90 Absent SVT Present Absent
3 Present 88 0.22 0.08 0.36 60 IDAVB Absent Present Absent
4 Present 107 0.2 0.08 0.32 50 IDAVB ST Present  Absent
5 Present 68 0.16 0.08 0.32 30 Absent Absent Present RAH
6 Present  65-93 0.16 0.08 0.4 60 Absent Absent Present LVH
7 Present 107 0.12 0.08 0.32 60 Absent Absent Present LVH
8 Present 107 0.14 0.08 0.36 0 Absent Absent Present Absent

IRBB: Incomplete Right Bundle Block;
tricular Extrasystoles;
trophy; LVI: Left Ventricular Hypertrophy.

IDAVB: First Degree Atrio-Ventricular Block;
SVT: Supraventicular Tachycardia;

B: Bradycardia; VE: Ven-

ST: Sinus Tachycardia; RAH: Right Atrium Hyper-

Investigacion Clinica 53(4): 2012
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Fig. 1. Representative results of polymerase chain reaction (PCR) amplification of variable regions of
the T. crusi minicircle molecule from blood samples. The 330-basepair (bp) band is the ex-
pected T. crusi specific product. Molecular weight markers (100-bp ladder) are shown in la-
nes 1; lanes 2, 3, 4 contain positive samples from patients with acute Chagas”disease; lane 5
contains a positive control from a confirmed chronic chagasic human patient; lane 6 contain
sample from seronegative control and Line 7 contain DNA sample isolated from T. crusi.

—_— g ——— —

Fig. 2. Electrocardiographic traces obtained from patients with acute Chagas” disease. Electrocar-
diographic were obtained using standard equipment, parameters and paper. The six traces
came from six different patients and represents precordial derivations upper than V2. Observe
that all patients displayed repolarization disturbances represented as negative or bimodal T
wave, elevation of the QT segment and J point elevation.
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Fig. 3. Electrocardiographic traces obtained from mice infected with strains isolated from patients
with acute Chagas” disease. In A is shown electrocardiographic traces obtained from a con-
trol mouse (upper trace) and infected mouse (middle trace), where a repolarization disorder
represented as an increase in the T wave amplitude and length are displayed (see in A the lo-
wer trace, where both traces are superimposed). In B electrocardiographic abnormalities of
repolarization manifested as alterations in the T wave morphology are demonstrated; note
that T wave in all cases are bimodal with a fast higher first component and slow second com-
ponent when depolarization is maintained for a long period (compare these traces with the
upper figure at panel A).

TABLE II
T WAVE AND QT SEGMENT ELECTROCARDIOGRAPHIC CHARACTERISTICS IN MICE INFECTED
WITH DIFFERENT Trypanosoma crusi STRAINS

Strain”s T wave Maximun Amplitude  QT1 segment amplitude QT1 segment length

Groups (uV) (uV) (ms)
Control 200,7 = 22,65 40,35 = 5,21 18,35 + 0,47
Guarico 390,5 = 56,34% 72,77 = 12,81 24,64 = 1,18
Chabasquén 372,3 + 29,39% 61,45 = 7,6 26,68 = 1,26
P13 344,8 = 29 35* 71,64 = 8,04 21,96 = 0,64
P14 310,9 = 31,84 84,70 = 6,43* 21,95 = 1,24
P11 336 +21,21* 103,6 = 6,49*% 22,5 + 0,54*
P16 526,5 + 45,41* 1293 + 13,21* 28,83 = 1,95*
P6 372 + 32,38* 82,50 = 11,93 21,82 £ 0,84
Barinas 292,6 = 31,69 52,69 = 8,25 29,19 + 1,97
CHHP 350 + 28,63* 67,64 = 978 24,68 = 0,92*

Control group was not infected with 7. crusi;

Data presented are X = SEM;

kal-Wallis followed by Dunns post hoc against control group.

*means p < 0.05 analized by Krus-

Investigacion Clinica 53(4): 2012
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Histopathology of mouse cardiac tissue. Cardiac tissue samples from mice infected with T.

crusi strains isolated from patients with acute Chagas” disecase were fixed in formalin, embed-
ded in paraffin wax, cut in 200 um pieces and stained by hematoxylin-eosin. Observe an inten-
se mononuclear infiltrate, cardiomyocyte degeneration and many 7. crusi amastigotes into

complete or broken nests.

classical picture of T. crusi nests, mono-
nuclear inflammatory infiltrate, interstitial
edema and myofibrillar lesions compatible
with myocarditis can be seen.

In Fig. 5 five TESA profile is presented.
In panels A and B antigenic proteins were
disclosed using serum from acute Cha-
gas disease patients and revealed by
anti-IgM (panel A) or anti-IgG (panel B)
secondary antibodies. Observe, that anti-
genic protein profile are different for P11,
P14, CHHP and P6 when compared each
other, either when anti-IgM or anti-IgG sec-
ondary antibodies were used; this difference
is even more evident for each strain when
the profile revealed by anti-IgM is compared
with the profile revealed by anti-IgG. Also,
notice that although P13 antigens were not
unveiled by acute serum samples, but by se-
rum samples from patients with chronic
Chagas”disease. On the other hand, serums
from chronic chagasic patients tend to give
a similar pattern for all strains (panel C, D
and E), independent whether patients are
in I, II o IIT clinical phase of the disease.

Fig. 6 shows the RAPD profile gener-
ates with five different T. crusi isolates ob-
tained from acute Chagas” disease human
cases from the oral outbreak in
Chichiriviche de la Costa (Fig. 6, lines 1 to
5). Bands” patterns reveal that all isolates
have the same profile as the Tel DTU refer-
ence strain (Fig. 6, line 8). Likewise, two
isolates from P. geniculatus recollected in
Lara and Portuguesa states (Fig. 6, lines 6
and 7), also shows RAPD profiles that corre-
spond to Tcl genotype when compared with
the Tcl reference strain (Fig. 6, line 8). It is
important to notice the size and number of
bands variation in the range of 0.8 to 1.5 kb
between the isolates.

DISCUSSION

Ventricular repolarization disorders
have not received enough attention as basic
sign for the diagnosis of acute Chagas dis-
ease, although there are sufficient data in
the literature to support its value. Laranja
et al. (12) were the first to describe
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Fig. 5. Immunoblot of TESA antigens against serum samples from acute and chronic chagasic pa-
tients. TESA antigens were obtained from P11 (line 1), P13 (line 2), P14 (line 3), CHHP (line
4) and P6 (line 5) T. crusi isolates cultured in Vero cells. Antigenic proteins were detected by
serum from acute chagasic patients (panels A and B) or from chronic chagasic patients in dif-
ferent phase of the disease (panel C, D and E for I, IT and III phases, respectively). Anti-IgM
(panel A) or anti-IgG (panels B, C, D and E) were used as secondary antibody. At the right are
shown highlighted pre-stained molecular weight markers from pierce.
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Fig. 6. RAPD protfile of T. crusi isolates from human and Triatomine bugs. Primer A2. Lines: M = Mo-

lecular Marker Hyper Ladder 1; 1= P6; 2= P11; 3= P13; 4= P14, 5= P16; 6= Guarico;
7= Chabasquén; 8= Tcl (WA250 cl10B, Reference Strain); 9= TcIV (Canll, Reference
Strain).

repolarization disorders in patients in this
phase, finding that 19.4, 7.2 and 4% had T
wave changes, prolonged QT and QT inter-
val changes, respectively. Pinto-Dias (13)
reviewed 369 cases of acute Chagas disease
in Minas Gerais (Brazil), between 1940 and

1969, finding that 43.3% of patients had
electrocardiographic abnormalities, 19.4%
had abnormal T-wave, 7.2% had a prolonged
QT interval and 4.4% had ST segment
changes. Das Neves et al. (22) studied 188
patients diagnosed with acute Chagas dis-
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ease, between 1988 and 2005, of which 96
(51.1%) had electrocardiographic abnor-
malities, 40 (41.66%) of the later cases
showed ventricular repolarization abnor-
malities and 2 (2.08%) left ventricular over-
load. Bastos et al. (7) found ventricular
repolarization disorders in all patients (n =
12), while Barbosa-Ferreira et al. (23) ob-
served no ventricular repolarization disor-
der in 5 patients.

In Venezuela, in acute Chagas” disease
outbreaks related to oral transmission,
repolarization abnormalities are frequent
among patients with EKG disturbances
(24). Alarcon et al. (10) reported that 59%
of the patients had at least one EKG abnor-
malities, 33% had ST segment changes,
39% had T wave changes significantly asso-
ciated with age under 19 years old and
1.94% had a prolonged QTec. In outbreaks
related with vectorial transmission, Ochoa
et al. (25) reported a 60% of changes on ST
segment and T wave, which return to nor-
mality after benznidazol treatment, with
the exception of 1 patient. Paradas et al.
(26) found only 7% of repolarization abnor-
malities in patients with vectorial acute
Chagas” discase.

In the present paper the entire human
patients had impaired ventricular re-
polarization and the strains isolated from
these patients were able to induce similar
disorders in NMRI infected mice, confirm-
ing that impaired ventricular repolarization
is a hallmark sign of acute Chagas” discase.

Because outbreaks are unexpected
phenomena, the ctiological early diagnosis
determines the rates of mortality and dis-
ability. In the case of Chagas” disease, the
diagnosis is difficult, since transmission of
the infection has been successfully reduced
in endemic countries; therefore medical
training is not sufficient, due to lack of
cases in a daily medicine practice to discuss
clinical diagnosis. Moreover, acute Chagas”
disease clinically manifests as a febrile non-

specific infectious syndrome, similar to dis-
eases with high incidence in Chagas” dis-
ease endemic areas, for example dengue, in-
fluenza and mononucleosis, among others.

Recently in our country, in the
north-central region there have been sev-
eral outbreaks of acute Chagas disease, spe-
cifically in Chacao (Miranda State),
Antimano (Capital District) and Chichiri-
viche de la Costa (Vargas State) between
2006 and 2010 (8-10). All of these out-
breaks were surprising, because the areas
affected were residential areas of the capi-
tal city Caracas or coastal towns, where
triatomine infestation and Chagas” disease
prevalence were considered negligible; as a
consequence, etiologic diagnosis was under-
standably delayed.

For that reason, in an epidemiological
context, a clinical and/or paraclinical tests
suggestive of Chagas” disease is required,
which could allow an accurate diagnosis in
situ. Undoubtedly, microscopic observation
of the parasite in blood samples and the
presence of anti-T. cruzi [gM antibodies are
essential elements; but the observation of
the parasite has low sensitivity related to
the observer expertise, while serological di-
agnosis requires specific and sensitive anti-
gen to recognize IgM anti-T. crusi antibod-
ies. We evaluated the presence of IgM
anti-T. crugi in the sera using the Kkit
CruziELISA carrying the recombinant anti-
gen SAPA, however, in situ serological diag-
nosis of Chagas disease in the acute phase
require dipstick technology, which is not
yet available in Venezuelan public health
systems. Thus disorders of ventricular re-
polarization, in an integral framework of
clinical and epidemiological data, could be
considered an electrocardiographic sign
that might strongly guide to chagasic etiol-
ogy.

The electrocardiographic  signs  of
repolarization disorders are related to
ischemia and ventricular overload. The
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term “ischemia” in an electrophysio-
pathological sense, refers specifically to a
disorder of cell repolarization. Ischemia is
represented by the alteration of T wave, QT
interval and ST segment (Figs. 2 and 3).
Ischemic T waves are mainly due to a delay
or a change in the direction of repolar-
ization charges in the myocardium due to
anoxia, it could be abnormally high or
peaked, or on the contrary deeply inverted,
as well QT segments associated with
ischemic T waves are usually prolonged
7).

As mentioned above, another acute
ischemia characteristics feature is a devia-
tion of the ST segment, following the occur-
rence of so-called injury current, which is
caused by current flow between normal and
ischemic zone areas. These currents are
manifested in the electrocardiogram as a
ST segment elevation or depression, as con-
sequence of subepicardial and  sub-
endocardial ischemia, respectively (27, 28)
In subendocardial ischemia, there is a delay
in subendocardial cardiac cells repolar-
ization; in consequence repolarization pro-
ceeds as a normal condition, from the
epicardium to the endocardium, but is de-
layed in the ischemic subendocardial area
causing a prolonged QT interval and a posi-
tive symmetrical, high and pointed T wave
(28-32). According to the results presented
here, mice predominantly display subendo-
cardial ischemia, because T wave had peak
amplitude, arca and length higher than
control healthy animals.

On the other hand, in subepicardial
ischemia there is a delay of cardiac sub-
epicardial cells repolarization, as result,
repolarization begins at the endocardium
and moves into the opposite direction from
the endocardium to the epicardium, decel-
erating upon reaching subepicardical
ischemic area, this causes a prolonged QT
interval and negative, symmetrical and deep
T-wave (28-32). According to our results,

human patients predominantly display
subepicardial ischemia, because T wave
were deep, negative and symmetrical.

In patients with Chagas” disease differ-
ent theories that explain cardiac lesions
caused by T. crugi infection have been de-
scribed, one of these called microvascular
theory, explains the myocardial damage de-
pendent on coronary microcirculation. This
is determined by an increase platelet activ-
ity, which may contribute to thrombosis in
the coronary microvasculature, compromis-
ing vascular perfusion. This phenomenon
does not occur in specific areas of the coro-
nary vascular tree, but equally affects all
the endothelial cells lining the heart micro-
circulation, triggering diffuse ischemic dis-
orders that compromise the entire myocar-
dial tissue (15).

The histopathological findings shown
in Fig. 4 are similar to those observed in a
post-mortem study of an adult female pa-
tient from the same outbreak, where it was
observed an important microvasculature
commitment, arterioles showed wall edema,
endothelial hypertrophy and wall perme-
ation of inflammatory lymphomononuclear
cells (33). Microvascular compromise with
their corresponding ischemic sequela, sug-
gest an early immunologic inflammatory
mechanism that together with a parasite di-
rect effect could explain pathogenic events
of the disease.

In addition to the T-wave changes as a
consequence of ischemia product, the char-
acteristics of heart muscle tissue per se
also determine the different patterns of
myocardial response to depolarizing cur-
rents, and represent an important element
in the generation of electrocardiographic
repolarization abnormalities. Indeed, it is
shown that ventricular myocardium is ho-
mogeneous from the histological point of
view; but not from the electrophysiological
perspective. This difference is mainly ex-
plained by changes in the morphology and
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duration of action potential at the three
cell types that build up myocardial tissue:
endocardial, epicardial and M cells. The lat-
ter is characterized by longer action poten-
tials as compared to the formers, which are
shorter and intermediate, respectively.
These results in voltage gradients that give
a T wave specific characteristics in different
conditions. Ischemia causes time-depend-
ent effects on the electrical properties of
these three cell types, slowing action poten-
tial with the subsequent increase in T wave
duration. The occurrence of these disorders
on M cells is the reason for the prolonga-
tion of the QT interval, since these cells de-
velop more prolonged action potentials and
determine the duration of this interval, spe-
cially related to T wave decay phase (31,
34). In the present paper the second com-
ponent of T wave consistently observed in
chagasic mice could be related to patholog-
ical disturbances in M cells that remain de-
polarized for long period (Fig. 3).

As mentioned before, another possible
cause of disorders related to repolarization
is represented by ventricular overloading
phenomena, referred as an increase in pres-
sure and /or volume in the heart chamber,
which causes growth and dilation. These
phenomena of ventricular overload experi-
enced by acute T. crusi infected patients
are mainly consequence of cardiac cham-
bers hemodynamic changes as result of par-
asite-mediates myocardial cells inflamma-
tion, this causes a reduction of myocardial
contractility and decrease in cardiac cjec-
tion fraction. This ventricular dysfunction
leads to increased ventricular residual vol-
ume after systole, leading to an increase in
the end diastolic volume, which finally
causes ventricular volume overload (35).

Ventricular overload is clectrocardio-
graphically characterized by ST segment al-
terations, which usually elevate or undulate
in the middle part; this overload is often ac-
companied by ventricular hypertrophy,

since a ventricle fighting against resistance
hypertrophies in an attempt to redress. ST
segment depression and the T-wave inver-
sion together, constitute a ventricular over-
load characteristic pattern (28) (Fig. 2).

Results shown in Fig. 6, clearly show
that the T. crusi isolates obtained from in-
fected patients; belong to the Tel genotype
as well as the two isolates obtained from in-
sect vectors. When compared all T. crusi
isolates from humans and triatomine bugs
(Fig. 6), amplified bands variation in the
range of 0.8 to 1.5 kb, reveal genomic poly-
morphism between the parasites as demon-
strated by Carrasco et al. (21). Both TESA
protein and genetic profile were heteroge-
neous; while profile related to electro-
cardiographic repolarization disturbances
tended to be homogeneous, indicating that
repolarization disorders is a sign that is in-
dependent of the strain subtype able to in-
fect individuals.

In chronic chagasic patients, it has
been reported that electrocardiographic
repolarization parameters are markers of
left ventricular systolic dysfunction and pre-
dictors for mortality in patients with Cha-
gas’ disease (36, 37). Likewise, repolar-
ization variability, evaluated by beat-to-beat
T-wave amplitude variability is independ-
ently related to the risk of death (38).
Since all of our patients were hospitalized
due to homeostatic disturbances that
threatened their life, and all had impaired
ventricular repolarization, we could then
suggest that repolarization disorders could
be associated with disease severity, assump-
tion that could sustained by the severe
microvascular changes observed in histo-
pathological studies (33).

Ventricular repolarization rhythm dis-
orders are more frequently in patients
whose sera have muscarinic acetylcholine
antibodies with agonist activity; in these pa-
tients, ventricular repolarization heteroge-
neity is increased significantly and maxi-
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mum corrected QT intervals is an independ-
ent predictors of cardiac death (39).

Finally, repolarization EKG distur-
bances are characteristics sign of acute
chagasic myocarditis that would allow early
diagnosis and treatment, reducing mortal-
ity and disability. Since acute Chagas dis-
ease affects mainly children, who often do
not develop cardiac ischemic disorders dur-
ing non-chagasic febrile infectious diseases,
the finding of impaired myocardial repolar-
ization could be a sign that addresses the
diagnosis of acute Chagas disease. Conse-
quently, general physicians serving in pri-
mary levels of health care should be trained
to detect electrocardiographic signs of
myocarditis and ischemia, and interpret
them in an appropriate clinical and epide-
miological context of Chagas disease.
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