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SUMMARY

The effects of infection with Trypanosoma cruzi on the electrocardiographic
tracings of mice were studied in 4 groups of animals: (1) normal; (2) infected with a
pathogenic T. cruzi strain (TS COB); (3) immunized with 3 intraperitoneal inocula
of 10¢ attenuated T. cruzi epimastigotes (TCC) and (4) immunized-infected, which
sequentially received the treatments of groups 3 and 2. Infection and protection were
confirmed by xenodiagnosis and histopathology. Isolated alterations such as ex-
trasystolia, 1st degree atrioventricular block, arrhythmia and ST elevation were ob-
served in normal as well as infected mice. However, tracings taken repeatedly on
each mouse over a 293 day period revealed a set of alterations which were more fre-
quently seen in infected (14/22) than in normal (4/27) animals (p = 0.00048). These
alterations consisted of supraventricular tachycardia, sinus bradycardia and persis-
ting, first degree AV blocks, often associated to pacemaker changes. Inoculation of
attenuated T. cruzi (group 3) did not increase these alterations (2/27 mice) but signi-
ficantly prevented their development after challenge with the pathogenic strain (1/19
versus 14/22 mice, p = 0.000095). Thus, preimmunization reduced not only parasite-
mia but also a pathogenic consequence of T. cruzi infection. This evidence is rele-
vant for immunoprevention studies against Chagas’ disease.
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INTRODUCTION

Electrocardiographic (ECG) .abnormalities,
with or without accompanying clinical
symptoms, are the most frequent finding in
Chagas’diseaset. Several animal modelstii2o
have been explored in order to reproduce these
alterations. Mice should be more suitable than
larger animals to bring ECG alierations into
context with infection or immunity 1o
Trypanosoma cruzi. Host-parasite interactions
have been extensively explored in mice and

these animals can economically be used in large
numbers.

We have previously studied the
immunization against chronic T. eruzi infection
in mice by parasitological, histopathological3+
and serological? determinations. Moreover, our
studies on the mouse ECG# allowed us to
characterize some T. cruzi-associated ECG
alterations, particularly those related to
atrioventricular conduction.

The purpose of this work was to depict the
ECG alterations which distinguish normal from
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chagasic tracings and to see whether such
alterations can be prevented by immunization
against T. cruzi.

MATERIAL AND METHODS

Mice. Swiss male mice were used. They
weighed 21 + 2g at the beginning and 52 + 5g at
the end of the experiments. Hearts weighed at
this time 230 + 61mg.

Parasites. An attenuated and a virulent strain
of T. cruzi were used for immunization and
challenge respectively. The attenuated strain,
named TCC? has been kept in culture for more
than 16 years. During this period, a progressive
loss of in vivo infectivity along with adaptation
to in vitro growth was detected. The parasites
were subcultured every 2 weeks in glass bottles
with biphasic, liver-heart infusion medium and
antibiotics. Most parasites were in the
epimastigote stage, with less than 10-3
trypomastigotes. No histopathologic lesions
were detected after inoculation of these
parasites in micez2.

The virulent isolate (TS COB) was obtained
from one Triatoma infestans captured in a
human dwelling in Cobos, Province of Salta,
Argentina. This isolate induces typical lesions
of Chagas’disease in at least the heart, muscie
and urinary bladder of mice?.

Xenodiagnosis. Groups of 10, third instar T.
infestans were fasted for one month and then
allowed to feed on each anesthesized experi-
mental animal for 20 minutes in darkness.
Thirty and sixty days later, a fresh mount of the
pooled bug’s feces diluted in culture medium
was examined under the microscope in over
200, 0.45mm diameter fields.

Electrocardiograms. ECG t(racings were
taken from each mouse under sodium pento-
barbital anesthesia (50mg/Kg) at various times
post challenge. Clip-type electrodes were
connected to each limb after moistening the
skin with 96% alcohol and 0.9% Na Cl
solution. This provided electric contact and
harmless immobilization of the animal. DI,
DII, DIII, a VR, a VL, a VF, two precordial
and one subxifoid lead tracings were recorded
on a Fukuda Denshi elecirocardiograph with
paper speed set at 50 mm/sec and amplitude at
20mm/mV.

Diagnostic criteria. Normal heart rate: 486 =

83 beats per minute. Sinus bradycardia: sinus
rhythm less than 403 beats per minute. First
degree auriculo ventricular (A-V) block: heart
rate multiplied by PQ interval exceeding 23.8
(see ref. 8). Supraventricular extrasystolia:
premature beats with or without P wave and
normal QRS shape. Supraventricular tachy-
cardia: three or more supraventricular
premature contractions in a run.

Histopathology. The heart, urinary bladder
and quadriceps muscle of each mouse were
fixed in 10% formaldehyde and histological,
hematoxilin-eosin stained sections were
studied. Quantitation of lesions was based on a
double-blind analysis of 3 frontal sections of
each organ, each taken at approximately 1mm
from each other. The degree of inflammatory
mononuclear infiltration was classified as
follows: 0 — no lesions; 1 — tissues presenting
a total of 1 to 4 foci of infiltration in all
sections; 2 — more than 4 foci and 3 —
extensive or confluent areas of infiltration,
often associated with degenerative or fibrotic
lesions.

Experimental schedule. Four groups of mice
were used. Group 1 (‘‘normal’’) consisted of 27
mice which only received injections of culture
medium. Group 2 (‘“‘infected’’, 22 mice)
received an intradermal inoculum of 0.05 ml
of T. infestans feces diluted in culture medium
containing 10 TS COB trypomastigotes. Group
3 (‘““immunized’’, 22 mice) received 3
intraperitoneal injections of 106 TCC parasites
diluted in 0.1 m! of culture medium at weekly
interval. Group 4 (‘‘immunized-infected’’, 19
mice) was treated sequentially as groups 3
and 2.

Time schedules were as follows. Mice
received the first immunizing inoculum when
they were 2 months old and were challenged at
3 months of age (day 0). All animals were
subjected to xenodiagnosis on days 27 and 336
and to ECG tracings on days 29, 111, 218 and
322. Autopsies and histopathological study
were performed on day 377 on all animals,
except for a few which were autopsied as they
unexpectedly died during the study.

There was some variation in the number of
mice per experimental group that were used for
measurement of different parameters. This was
due to animals lost during the experiment and
to loss of a few samples of triatomae or tissues.
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RESULTS
Xenodiagnosis

All mice in the infected group had and active
T. cruzi infection during the experiments, since
either before (day 27) or after (day 336) ECG
determination, the parasite was recovered from
100% of the animals by xenodiagnosis.
Conversely, no parasites could be recovered by
xenodiagnosis from mice inoculated with TCC
alone (group 3).

Preinoculations with TCC produced a
significant and lasting reduction in the level of
parasitemia, as no parasites could be recovered
from most mice in the immunized-infected
group. Again, this reduction was detected both
before (day 27) and after (day 336) the ECG
determinations (Table 1).

TABLE 1

Recovery of T. cruzi by xenodiagnosis* from infected
(group 2) and immunized-infected (group 4) mice

Positive mice / Total mice

Days post p**
infection Irpmumzed— Infected
infected .
p mice
mice
27 4/15 17/17 0.0000105
336 3/12 16/16 0.000032

* Xenodijagnoses were always negative in mice inoculated
with TCC alone (Group 3)
# % (Calculated with Fisher’s exact test.

Histopathology

Most
alterations

mice in the infected group had
compatible with experimental
Chagas’disease (Fig. 1). Hearts showed
interstitial inflammatory infiltrates, often
subendocardial, in the atrial wall. The
ventricular tissue occasionally presented
mononuclear infiltrates, predominating around
valves and blood vessels. Localized areas of
degenerating fibers were often accompanied by
adjacent hypertrophic or peripherally located
nuclei. Discrete areas of fibrosis were found in
about half of the hearts studied.
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Fig. 1 — Hematoxylin-eosin stained section of mouse heart
(base of ventricle), 377 days after T. cruzi infection. Note a
dense lymphomonocytic infiltrate (left) and slight fibrosis
between muscle fibers (right).

There was a sharp association between T.
cruzi infection and infiltrative heart lesions.
Degenerative and fibrotic lesions, on the other
hand, appeared to be a consequence of old age,
as they were found in normal mice and most
animals were autopsied on day 377 post infec-
tion.

Urinary bladders presented focal and peri-
vascular mononuclear infiltrates. Skeletal mus-
cle showed the same type of lesions, but they
were more extense and severe, including fiber
degeneration and fibrotic scars.

In contrast to the above findings, no histo-
pathological alterations were found in mice of
groups 1 (normal) or 3 (TCC alone).

The blind, semiquantitative cvaluation of
specimens revealed that in the immunized -
infected group the infiltrative lesions had been
prevented, as compared to the infected group
(Fig. 2). The differences were significant in
heart (p < 0.005), muscle (p < 0.001) and
urinary bladder (p < 0.04).

ECG tracings

Some ECG alterations (listed in Table 2, top)
were found as often in the infected as in the
normal group and could not be associated with
T. cruzi infection. These were observed in a
small proportion of mice and disappeared in
subsequent ECG tracings of the same animal.
They included extrasystolia and pacemaker
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TABLE 2

Screening for ECG alterations associated with 7. cruzi infection in anesthesized mice

Number of alterations / Total ECG’s

Number of alterations / Total mice*

Type of alteration

Normal (%) T cruzi (%) p Normal (%) T cruzi (%) p
infected inrected

Supraventricular .
extrasistolia 37100 (3 4/74 5y >0.1 3/27 (10 322 (14 >0.1
Pacemaker changes 5/100 (5) 4/74 5y >0.1 4/27 (15) 2/22 9) >0.1
AV block, 15 degree 8/100 (8) 14/74 (19 <0.05 5/27 (19) 9/22 41) =0.014
Sinus bradycardia 5/100 %) 10/74 (14y <0.05 2/27 (7 4/22 (18) <01
Supraventricular -
tachycardia 0/100 (O 374 4 <0.05 0/27 ) 322 (14 =0.104
Total

7. cruzi-associated 13/100  (13)  20%74 (27 <0.02 S*/27 (19) 14#/22  (64) =0.00136

alterations

* Because some animals or ECG tracings had more than one alteration, these have not been aggregated in totals.
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Fig. 2 — Evaluation of tissue damage found in immunized-
infected (IMM-INF) and infected (INF) groups of mice, 377
days after T. cruzi challenge. Lesions were classified blindly
according to a predetermined score (See Materials and Me-
thods). p values were calculated with the Mann Whitney
“UT test.

changes not associated to AV blocks. The level
of the ST segment showed remarkable variation
in normal mice.

Another set of alterations (Fig. 3 and Table
2, bottom), consisting of I degree AV blocks,
supraventricular tachycardia and sinus brady-
cardia, was found significantly more often in
infected (14/22) than in normal mice (5/27, p

= 0.00136). The diagnosis of these alterations
required their finding in the same mouse in 2 or
more ocasions and they were considered to be
associated with T. cruzi infection.

Inoculation of TCC alone (group 3) did not
produce significant ECG changes as compared
to controls (Table 3).

Preinoculations of TCC prevented T. cru-
zi-associated ECG alterations. These were as in-
frequent in the immunized or immunized-infec-
ted groups as in the normal group (Table 3).

Relation between ECG alterations and heart
histopathology

Histopathological and electrocardiographic
records of the same mouse were obtained in 30
cases from all experimental groups. Microsco-
pic alterations were described as mononuclear
infiltrates, hypertrophy and fibrosis. Both hy-
pertrophy and fibrosis were found in normal
animals and there was no association between
these lesions and ECG alterations or T. ciuzi in-
fections.

Mononuclear infiltrates, predominating in
atria and perivalvular tissues were found exclu-
sively in 1. ecruzi infected mice. They were
found in 78% of electrocardiographically ab-
normal mice and in only 29% of mice with nor-
mal ECG (p = 0.0186, see Table 4).
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Fig. 3 — Electrocardiographic tracings of mice. 1: Normal
D II tracing. 2: First degree AV block. Note prolonged PR
interval as compared to 1. 3: Supraventricular tachycardia.
4: Sinus bradycardia.

TABLE 3

Prevention of electrocardiographic alterations in 7. cruzi infected mice by preinoculation of culturc-attenuated parasites
(TCC strain).

ECG alterations*
Group Immunization Challenge _ "/?
Total mice
1 Normal - - 4/27 15
2 Infected - 102 TS COB id** 14/22 64
3 Immunized 10° TCC ipx3 2/22 9
4 Immunized- 10% TCC ip X 3*%* 102 TS COB id 1/19%5x% S
infected

* I'irst degree AV block, sinus bradycardia and supraventricular tachycardia.

** Intradermal.

*¥*%  Intraperitoneal.

=x#% GQienificant reduction as compared to group 2 (p = 0.000096).
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TABLE 4

Relationship between ECG alterations and heart histopathology in aged mice*

Mice with histopathological alterations in heart

number — (%)

Total

mice Infiltration I'ibrosis Hypertrophy
Mice with normal ECG or
non T cruziassociated 21 6(29 114(52) 13(62)
alterations, ***
Mice with T. cruzi asso- ’
ciated ECG alterations. ** o 7478) 6(67) 7478

p=0.016 p=0.247 p=10.243

* Most autopsies were performed 377 days after challenge.

&k

First degree AV block, sinus bradycardia and supraventricular tachycardia.

*** Including supraventricular extrasystolia, pacemaker changes and sinus tachycardia.

DISCUSSION

The data presented here show that characte-
ristic ECG alterations can be found in a high
proportion of mice after infection with T. cru-
zi. Preimmunization of the animals with an at-
tenuated T. cruzi strain can prevent these alte-
rations. Parasitological and histological fin-
dings on the same animals indicated the presen-
ce of chronic infection and disease (group 2) or
immunological protection (group 4) during the
293 day period covered by this electrocardio-
graphic study.

Electrical signals from the mouse heart have
obviously not been as thoroughly interpreted as
those from the human heart on account of the
small size and high beat rate of this organ. The
data so far available on prevalence and specifi-
city of T. cruzi-associated ECG alterations in
mice differ among authorss.it.13 and may de-
pend on mouse or parasite strains. There is, ho-
wever, a general agreement that T. cruzi infec-
ted mice develop a spectrum of ECG changes!s.
On this ground, and following the recommen-
dations derived from previous work!s, we recor-
ded ECG tracings of 9 derivations in each mou-
se, under the same anesthesia on 4 occasions
during a 293 day period. Variables such as
strain, age, sex and weight were controlled by
using only Swiss male mice of the same age.

In previous work, second degree AV blocks
or QRS widening were described among T. eru-
zi infected mices.'l, We have not found these al-
terations in over 200 ECG tracings from com-

parable groups of animals. This is probably due
to the T. eruzi isolate used in this work, which
apparently causes a milder miocarditis. Conver-
sely, first degree AV blocks, elevation of the ST
segment, extrasystolia and pacemaker changes
were previously considered as absent from nor-
mal mices !, whereas we have detected these al-
terations in a small proportion of our uninfec-
ted controls. This discrepancy seems to arise
from our study of each animal for long periods
under standard pentobarbital anesthesia.

The variability found in the level of the ST
segment seemed to be dependent on the QRS
axis and apparently represented a normal repo-
larization pattern in the mouse. Moreover, the
wide variations in heart rate exhibited by mice
led us to introduce a correction factor? in the
measurement of the PR interval. This increased
the chances of detecting first degree AV blocks
and was not previously taken into account.

The ECG alterations found by us were divi-
ded in two groups: non specific and T. cruzi as-
sociated. Extrasystolia and pacemaker changes
were distributed equally among normal and T.
cruzi infected mice and were classified as non
specific. On the other hand, first degree AV
blocks of long duration, sinus bradycardia and
supraventricular tachycardia were found signi-
ficantly more often among infected mice and
thus taken as T. crazi-associated. Hopely, as
suggested by POSTAN et. al.!4, the use of clo-
ned T. cruzi stocks and of inbred mice will in-
crease the signal to noise ratio in this system.

The analysis of histopathologic and ECG da-
ta in the same mice shows that fibrosis may be

253



CUNEO, C.A.; MOLINA DE RASPI, E. & BASOMBRIO, M.A. — Prevention of ele'ctrocardiographic and histopatho-
logic alterations in the murine model of Chagas’ disease by preinoculation of an attenuated Trypanosoma cruzi strain.

Rev. Inst. Med. trop. S. Paulo, 31(4):248-255, 1989,

found in aged, normal mice with no evident
ECQG alterations. The presence of inflammatory
mononuclear infiltrates and possibly focal hy-
perthophy, are closely correlated with specific
ECG changes such as 1st degree AV block aad
supraventricular tachycardia.

In view of the numerous evidences for an au-
toimmune mechanism in T. cruzi induced myo-
carditis!.7.9, it may seem paradoxical that immu-
nization against the parasite in the mouse mo-
del prevents both histopathological and electro-
cardiographic manifestations of cardiopathy. It
is increasingly evident that pathogenic or pro-
tective responses are the consequence of sensiti-
zing the host with T. cruzi antigens in two diffe-
rent ways: the first is represented by parasite
fractions or partially purified antigens plus ad-
juvants. These can elicit heart specific autoanti-
bodies, cytotoxic T lymphocytes, myocarditis
and/or ECG alterations?%!7.18, The second way is
represented by live attenuated parasites or fla-
gellar fractions. These do not seem to elicit pat-
hological manifestations!0.16 and, most impor-
tant as shown here, they are preventable by a
specified immunizing procedure.

The delineation of the antigenic specificities
inducing either pathogenic or protective res-
ponses is necessary for understanding and even-
tually preventing heart disease in American
Trypanosomiasis. Although these antigens have
not been fully characterized so far, the possibi-
lity of producing the desired type of response in
the mouse model, even by using crude or living
immunogens as shown in this work, is a step
forward toward that goal.

RESUMQO

Prevencio das alteracdes eletrocardiograficas
e histopatologicas em modelo murino de
doenca de Chagas através da pré-inoculagiio
de cepa atenuada de Trypanosoma cruzi

Os efeitos da infec¢do do Trypanosoma cruzi
nos tracados eletrocardiograficos de camun-
dongos foram estudados em quatro grupos de
animais: 1. normal; 2. infectado com cepa pa-
togénica de T. cruzi (TS .COB); 3. imunizados
com trés inocula¢des intra-peritoneais de 106
epimastigotas de T. cruzi atenuadas (TCC) ¢ 4.
imunizados e infectados, que receberam se-
giiencialmente os tratamentos dos grupos 3 e 2.
A infecgdo e prote¢do foram confirmadas por
xenodiagndstico e histopatologia. Alteragoes
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isoladas tais como extrassistolia, bloqueio de
primeiro grau atrio-ventricular, arritmia e ele-
vacdo do ST foram observados tanto em ca-
mundongos normais como infectados. Entre-
tanto, os tracados tomados de maneira repetida
em cada camundongo durante um periodo de
293 dias revelaram conjunto de alteragées que
foram vistas mais freqiientemente em animais
infectados (14/22) que nos normais (4/27)
(p =0.00048). Estas altera¢Ges consistiram de
taquicardia supra-ventricular, bradicardia sinu-
sal e bloqueios de primeiro grau AV, persisten-
tes, freqiientemente associadas a alteragoes do
“pacemaker’’. A inocula¢do da cepa atenuada
de T. cruzi (grupo 3) ndo aumentou estas altera-
¢Oes (2/27) mas preveniu de maneira significan-
te o seu desenvolvimento apos o desafio com a
cepa patogénica (1/19 versus 14/22 camundon-
gos, p = 0.000095). Portanto, a pré-imuniza-
¢do reduziu nio somente a parasitemia mas a
conseqiiéncia patogénica da infec¢do pelo T.
cruzi. Esta evidéncia é relevante nos estudos de
imunoprevencdo em doenc¢a de Chagas.
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