
Bull. Org. mond. Sante 1968, 39, 341-348Bull. Wid Hlth Org. j

A 4-Year Follow-up Study of a Rural
Community with Endemic Chagas' Disease*

J. J. PUIGB6,1 J. R. NAVA RHODE,2 H. GARCIA BARRIOS:3 & C. GIL YIPEZ4

The paper reports on a 4-year follow-up study that represents the continuation of a
previous cross-sectional study on Chagas' disease carried out in a rural community (Belen)
in Venezuela. The earlier study included 1210 persons all over S years of age out of a
total of1656 inhabitants and demonstrated a high prevalence of Chagas' infection (47.3 %)
and a high rate of Chagas' disease seropositivity among those with chronic myocardial
heart disease (84.8 %); heart disease wasfound in 17.3 % ofpersons studied. The follow-up
study was based on 812 persons and established that in the sample the frequency of Chagas'
infection was 16.3 % and that ofheart disease 2.2 %. Clinical, electrocardiographic and radio-
logical analyses were made on patients with previous heart disease as well as on new
patients. Different evolutive electrocardiographic patterns have been found, including
variations ranging from normal to definitively abnormal.

In some Latin American countries Chagas'
disease constitutes one of the major clinical and
health problems. Heart involvement is a common
and severe consequence of this disease, being
responsible for invalidism and many deaths in
young adults (WHO Study Group on Chagas'
Disease, 1960; Romania, 1961).
Chronic Chagas' heart disease is a variety of

inflammatory chronic myocardial disease. Its
established form has been repeatedly described
from a clinical and pathological point of view
(Laranja et al., 1956; Andrade & Andrade, 1955;
Bruni Celli et al., 1959; Mignone, 1958; Mijares,
1965; Morales Rojas et al., 1959; Gil Yepez et
al., 1962). However, different aspects of the
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natural history of this condition require further
studies (Bull. Wld Hlth Org., 1965).5
The purpose of this paper is to report the 4-year

results obtained from a longitudinal prospective
study being carried on in a Venezuelan rural
community (Belen) with high prevalence of Cha-
gas' infection and chronic myocardial disease.
The results of the initial examination (cross-sec-
tional study) made in 1961 have already been
published (Puigbo et al., 1961).
The objectives of this study are to determine

the frequency of heart disease and Chagas' infec-
tion in the area, to study the natural history of
chronic Chagas' heart disease, to assess the risk
among initially seronegative and seropositive
groups of developing heart disease, and to establish
diagnostic criteria for Chagas' heart disease in its
different stages of evolution.

MATERIALS AND METHODS

Out of 1210 subjects initially examined, 812 have
been subjected to annual medical examinations,
including in each case clinical, electrocardiographic
and radiological analyses. The complement-fixa-
tion test for the diagnosis of Chagas' infection was

5 Also: Pan American Health Organization (1962)
Report of the Advisory Group on research in Chagas' disease
(unpublished document No. Res. 1/15).
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performed in series among the group initially sero-

negative. All persons with a positive serological
reaction were considered as having suffered from
Chagas' infection.

Patients with positive serology and clinical, or

electrocardiographic or radiological evidence (or
any combination thereof) of myocardial involve-
ment, and in whom the possibilities of another
etiology could be safely discarded, were classified
as chronic Chagas' heart disease cases.

Patients under 50 years of age with seropositive
chronic myocardial heart disease were chosen for
special clinical, electrocardiographic and radio-
logical analysis in both the initial cross-sectional
study as well as in the follow-up study.
Persons with questionable evidence of heart

disease at the first examination were, in estimating
incidence, placed with persons in the sample found
to have normal hearts.
The serial electrocardiographic changes were

classified in two types.

Type I
This type comprised minor electrocardiographic

changes which appeared at one or other of the
successive examinations. These changes were not
conclusive by themselves for diagnostic classifica-
tion. Subjects with such electrocardiograms were

grouped in a " doubtful" category for subsequent
evaluation. The electrocardiograms included in
this type showed transient arrhythmias (supra-
ventricular premature beats, unifocal ventricular
premature beats, nodal rhythm, wandering pace-

maker), slight P-wave alterations, S-wave notching
in Vi and localized, slight and transient alterations
of the T wave and ST segment.

Type 2
This type included major electrocardiographic

abnormalities. A definitive diagnosis of heart
disease was made when such changes appeared
in a subject with a previous normal or doubtful
electrocardiogram. Included in type 2 were the
following:

(1) Intraventricular conduction disturbances,
particularly complete right bundle branch block,
with or without previous or simultaneous AQRSF
deviation towards the left and upwards.

(2) Marked, extensive and persistent ventricular
repolarization disturbances.

(3) Electrically inactive zones.

(4) Severe arrhythmia, particularly paroxysmal
ventricular tachicardia. These were considered as

severe arrhythmias because of their clinical impli-
cations and their threat to the patient's life, or

both. Of this type, the following conditions were
observed: atrial fibrillation, ventricular paroxys-
mal tachycardia and multifocal ventricular extra-
systoles.

RESULTS

Serological follow-up
Out of 453 initially seronegative subjects, 74

developed positive serological reaction during the
4-year follow-up interval (4-year incidence of

TABLE I

4-YEAR INCIDENCE OF CHAGAS' INFECTION AT BELEN, VENEZUELA, ARRANGED BY AGE AND SEX

Age at Both sexes Males Females
initial

examination Population New Rate '%) Population New Rat Population New Rate (%)
(years) at risk a cases at risk a cases ate (%) at risk a cases

5-14 253 25 9.9 101 11 10.9 152 14 9.2

15-24 80 18 22.5 35 8 22.9 45 10 22.2

25-44 87 22 25.3 37 9 24.3 50 13 26.0

45-64 30 9 30.0 20 4 20.0 10 5 50.0

>65 3 - - 2 - - I - -

Total a 453b - 74 16.3 | 195 32 16.4 258 ( 42 16.3

a Persons initially seronegative for Chagas' disease.
b In Table 3, 28 persons without heart disease and with serological results that could not be classified have been excluded.
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Chagas' infection, 16.3 %; Table 1). Hitherto, this
serological change has not been associated with the
appearance of heart disease.

Cardiovascular follow-up
New cases of heart disease. Out of 812 subjects

initially free of heart disease, 18 subjects developed
definitive manifestations of heart disease during
the 4-year follow-up interval (4-year incidence of
heart disease, 2.2 %). The incidence rates were
0.7% (3 cases) and 4.2% (15 cases) for sero-

negative and seropositive groups, respectively

(Tables 2 and 3). All new cases were diagnosed as

chronic myocardial heart disease, both in the
seropositive and in the seronegative group.

In the seropositive group, 15 cases of chronic
seropositive myocardial heart disease were found,
of which 13 in patients under 50 years of age were
analysed. Seven of these cases presented cardio-
vascular symptoms and 6 were asymptomatic. The
distribution of the initial symptoms was: palpita-
tions in 2 cases, syncope in 3 cases, dyspnoea
associated with palpitations after great exertion in
1 case and an episode of congestive heart failure

TABLE 2
4-YEAR INCIDENCE OF HEART DISEASE AT BEL9N, VENEZUELA, ARRANGED BY AGE AND SEX

Age at B Both sexes Males Females
initial

examination Population New Rate M Population New Rate t Poatrion Ne Rate((years) at risk a cases at risk ae at riska cases

5-14 360 - - 151 - - 209 - -

15-24 156 3 1.9 73 2 2.7 83 1 1.2

25-44 234 12 5.1 108 4 3.7 126 8 6.3

45-64 57 3 5.3 29 2 6.9 28 1 3.6

>65 5 - - 3 - - 2 - -

Total 812 18 j 2.2 364 8 2.2 448 10 2.2

a Persons initially free of heart disease.

TABLE 3
NEW CASES OF HEART DISEASE AMONG INITIALLY SERONEGATIVE

AND SEROPOSITIVE GROUPS, AT BEL9N, VENEZUELA

Age at Seronegative Seropositive
Initial

examination Population New Rate Population New Rate (
(years) at risk a cases ' at risk b cases

5-14 254 - _ 92 - _

15-24 80 - - 72 3 4.2

25-44 81 3 3.7 147 9 6.1

45-64 15 - - 39 3 7.7

>_65 1 --3-

Total | 431 c 3 0.7 353c 15 4.2

a Persons seronegative and free of heart disease at Initial examination.
b Persons seropositive and free of heart disease at Initial examination.
c Excludes 28 persons without heart disease and with serological results that could not be

classified.
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in connexion with pregnancy and labour in 1 case.
The results of the physical examination were as

follows: constant splitting of the second .sound
always related to complete right bundle branch
block in 6 cases (but splitting of the first sound
was rarely observed) and extrasystolic arrhythmia
in 1 case. The apical impulse was not modified in
this group.

Radiological examinations showed that 2 cases
featured slight bilateral cardiomegaly predominant
in the left ventricle with localized diminution of
the cardiac pulsation in 1 of them.

Electrocardiographically, all 13 cases showed
type 2 electrical modifications distributed in 3
groups: (1) In 1 case there was the appearance of
an electrically inactive zone demonstrated by the
diminution in voltage of R in V4, V5 and Vs
associated with a ventricular repolarization distur-
bance. (2) 6 cases had ventricular repolarization
disturbances. (3) 6 cases had intraventricular
conduction disturbances distributed as follows: 4
cases showed no AQRSF deviation (there was the
appearance of a complete right bundle branch
block in 3 cases and an incomplete right bundle
branch block in the fourth); 2 cases had an
AQRSF deviation towards the left (in one there
was the appearance of a complete right bundle
branch block with simultaneous AQRSF deviation
towards the left and in the other an initial AQRSF
deviation towards the left with the subsequent
development of a complete right bundle branch
block).

In the seronegative group, 3 new cases of
chronic myocardial heart disease, all in patients
under 50 years of age, were found and the only
evidence of heart disease was a persistent repo-
larization disturbance.

Evolution of previous chronic Chagas' heart
disease cases. Of the 76 cases in patients under
50 years of age followed, 26 did not show any
changes and 50 suffered isolated or combined
alterations of 3 kinds which were distributed as
follows: clinical (in 18 cases), radiological (in 7
cases), and electrocardiographic (in 45 cases).

Specifically, the changes were:

(1) Clinical, including palpitations in 4 cases,
extrasystolic arrhythmia in 8 cases, constant
splitting of the second sound in 2 cases, parox-
ysmal ventricular tachycardia in 1 case, abnormal
apical pulsation in 1 case, and bilateral congestive
heart failure in 2 cases.

(2) Radiological; slight cardiomegaly with pre-
dominant enlargement of the left ventricle in 5
cases and moderate to severe in 2 cases. All cases
were associated with localized diminution of the
cardiac pulsation at the left cardiac border near
the apex.

(3) Electrocardiographic; all evolutive electro-
cardiographic changes observed since the cross-
sectional study (1961) up to the present (1965)
are shown in Table 4.

Mortality follow-up
Up to the present, 32 deaths have been recorded

among the groups under observation; 22 were due
to heart failure or were reported as sudden deaths,
4 were due to tuberculosis of all forms, 2 to cancer
of all forms and 4 to " other causes ". A total of
10 deaths occurred in the 35-49-years age-group,
7 being due to heart diseases.

DISCUSSION

The study of the specific serology of Chagas'
disease during the 4-year period allowed us to
demonstrate a high incidence of serology altera-
tion, from negative to positive (Chagas' infection),
without the previous appearance of heart disease
in any of the subjects suffering this change. This
seems to indicate that a period longer than 4 years
is necessary for myocardial involvement to occur.
The serological change shows a tendency to
increase in relation to age, a fact for which no
satisfactory explanation has been formulated,
although it is possible that a greater immunological
response is related to a longer reinfection exposure,
as age increases. This correlation was also en-
countered in the cross-sectional study (Puigbo et
al., 1966). The serological changes were not related
to sex. The change from negative to positive sero-
logy was observed in 2 patients with initial
diagnosis of chronic myocardial heart disease.
Although it is possible that these 2 cases suffered
heart disease from another origin but had also
acquired Chagas' infection, it must be noted that
the clinical and electrocardiographic evolution was
similar to that of chronic seropositive myocardial
heart disease. This could suggest that, for immu-
nological reasons not yet clarified, a minority of
patients with Chagas' infection did not present
initial positive serology. The incidence of heart
disease classified as chronic myocardial heart
disease was high.
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TABLE 4
SERIAL ELECTROCARDIOGRAPHIC CHANGES IN PATIENTS AT BELEN, VENEZUELA, 1961-65

Evolutive electrocardiographic changes
at follow-up examinations (1961-65)

Electrocardiographic abnormalities at
initial examination in 1961 (No. of cases RBBB Ael nt Arrhythmia VRD

in parentheses) RBBBlopmR nt

Ab Ic Ab Ic Ab IC Ab| Ic Ab| Ic

Intraventricular conduction disturbances
present (19)

Right bundle branch block (RBBB) (17) _ 2 - 1 7 - 11 - 1

Left bundle branch block (LBBB) (1) _- - - -_ - -_

Unclassified intraventricular block (UIB)
(1) - _ _ _ 1 - 1 - _

Intraventricular conduction disturbances
absent (24)

Ventricular repolarization disturbance
(VRD) (22) 3 - 1 - 7 - - 9 1

Arrhythmias (2) |- - 1 1 - -_

a Inactive electrical zone. b Appearance. c Increase.

Although the number of cases is small for
statistical comparison, the new cases of heart
disease showed a tendency to predominate among
the seropositive group as compared with the sero-
negative group (5 times more frequent). The
highest proportion of new cases was found in the
25-44 age-group (12 out of 18). There were no
cases in patients under the age of 15 years.
The initial symptoms in the group which deve-

loped heart disease, as well as in the group with
established heart disease, were palpitations and
syncope related to rhythm disturbances and not
to a complete atrio-ventricular block-a mecha-
nism of syncopal crisis which has also been de-
scribed in this affection (Laranja et al., 1956; Mo-
rales Rojas et al., 1959; Puigb6 et al., 1961).

In the initial stages of this particular type of
heart disease there was, in general, no evidence of
cardiomegaly from physical examination, and the
more frequent findings were a constant splitting of
the second sound related to right bundle branch
block and frequent extrasystoles, spontaneous or
provoked by emotion or slight effort. The radio-
logical study provided evidence for the evolution
from cases without cardiomegaly to cases with
biventricular cardiomegaly, generally slight, with
predominant enlargement of the left ventricle. The
diminution of the cardiac pulsation previously

described (Gil Yepez et al., 1962, 1964; Puigb6 et
al., 1961, 1966) 1 constitutes an early associated
finding. From the electrocardiographic viewpoint,
the most significant evolutive factor was the
appearance of a right bundle branch block with
or without AQRSF deviation towards the left and
upwards. The tracings showing an established
right bundle branch block, isolated or associated
with a rhythm disturbance evolved, from the
electrocardiographic viewpoint, by the appearance
of a ventricular repolarization disturbance, par-
ticularly expressed by an increase of the negativity
of the T wave from V2 to V6.
Two series of electrocardiograms from male

patients are given in Fig. 1 and 2.
It is considered that a frequent evolutive pattern

is formed by the following elements:

(1) Previous existence or appearance of AQRSF
deviation towards the left and upwards with or
without increase of the voltage, suggestive of left
ventricular enlargement (Bull. Wld Hlth Org.,
1965; Puigbo et al., 1966).

(2) A qR type of morphology in VL (R higher
than 11 mm, with delayed intrinsicoid deflexion).

1 Also: Pan American Health Organization (1962) Report
of the Advisory Group on research in Chagas' disease
(unpublished document No. Res.l/15).
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ELECTROCARDIOGRAMS
FIG. I

FROM J. V., A 42-YEAR-OLD MALE PATIENT WITH A POSITIVE SEROLOGICAL
REACTION SPECIFIC FOR CHAGAS' DISEASE

1'

..-,+X.-,.:....,..,,.:..W,,,..:.*.,,..si.:-4,' bS''.6:;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......

A: Complete right bundle branch block associated with AQRSF deviation towards the left; R-wave voltage in VL 11 mm with delayed
intrinsicoid deflexion; ventricular repolarization disturbance (22/1/1962).
B: Evolutive pattern in relation with the increase of the ventricular repolarization disorder (negative and symmetric T waves in Vs
and V.); ventricular extrasystoles (1/6/1965).

These 2 elements can be interpreted as related to
the predominance of electrical forces at the basal
portions of the left ventricle.

(3) Previous existence or appearance of in-
complete or complete right bundle branch block
with negative, pointed and symmetrical T waves in
Vi and V2.

(4) Appearance or increase of a ventricular
repolarization disturbance from V2 to V6. This
disturbance was associated to the absence of tran-
sitional complexes and the presence of qRs com-
plexes, representative of epicardial morphology.of
the left ventricle from V2 to V6 (counterclockwise
rotation). This type of evolutive pattern was found
in 9 out of 11 cases which presented complete
right bundle branch block. These combined
changes are suggestive of left ventricle enlargement

and probably constitute the electrical evidence of
anatomical changes at the apex of the left ventricle
which frequently occur in chronic Chagas' heart
disease (Puigb6 et al., 1961, 1966; Pileggi et al.,
1961).
In the group that upon initial examination

showed ventricular repolarization disturbances, the
evolution was demonstrated by an increase of the
repolarization disturbance and, more rarely, by
the appearance of a right bundle branch block.
To summarize, in chronic Chagas' heart disease

different evolutive electrocardiographic patterns
have been determined and are as follows:

(1) Gradual appearance of a complete right
bundle branch block. The abrupt change in a
tracing, from normal to complete right bundle
branch block can be related to the kind of annual
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FIG. 2
ELECTROCARDIOGRAMS FROM J. G., AN 8-YEAR-OLD MALE PATIENT WITH POSITIVE SEROLOGICAL

REACTION SPECIFIC FOR CHAGAS' DISEASE
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A: Complete right bundle branch block associated with AQRSF deviation towards the left; ventricular repolarization disturbance
(26/9/1961).
B: Increase In the ventricular repolarization disorder (negative and symmetric T waves in V2 and V3, low voltage T wave in V4 and V5)
(25/2/1965).

control employed in this study and by this tech-
nique possible intermediate evolutive phases could
not be detected.

(2) Appearance or intensification of an AQRSF
deviation toward the left, with or without other
suggestive indications of left ventricular enlarge-
ment. This finding may or may not be associated
with a right bundle branch block.

(3) Appearance or increase of a ventricular
repolarization disturbance from V2 to V6 with
evidence of counterclockwise rotation in cases with
right bundle branch block.

(4) Appearance of a severe cardiac rhythm dis-

turbance generally evidenced by ventricular parox-
ysmal tachycardia.

(5) Appearance or extension of an electrically
inactive zone.

Heart failure and " sudden death" have been
the main cause of death in the population under
study (68.7 %). These causes were responsible for
7 out of 10 deaths in the 35-49 age-group. A high
proportion (45.4%) of the mortality due to heart
diseases occurred in the 35-49 age-group. The
fatality rate among individuals under 50 years of
age with chronic seropositive myocardial heart
disease was high (7.4% in a 4-year interval).
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RESUMt

La presente etude longitudinale fait suite A une
enquete transversale effectuee anterieurement dans une
collectivite rurale (Bel6n, Venezuela). Cette premiere
enquete, qui avait comporte l'examen de 1210 personnes
ag6es de plus de 5 ans sur un total de 1656 habitants,
montrait une prevalence elevee de la maladie de Chagas
(47,3 %) et de la cardiopathie qui lui est associ6e (17,3 %),
cette derniere etant observee, dans 84,8% des cas chez
des patients a s6rologie positive.
Le rapport actuel donne les resultats de quatre annees

d'6tudes longitudinales portant sur 812 personnes et
etablit l'incidence de la maladie de Chagas (16,3 %),
attestee par l'apparition d'une s6rologie positive, et de la
cardiopathie qui l'accompagne (2,2%). Dans le groupe
a s6rologie positive, 15 cas de cardiopathie ont e depis-
tes dont 13, survenus chez des sujets ages de moins de

50 ans, ont ete etudi6s. Sept de ces cas presentaient des
symptomes cardio-vasculaires; chez 6, I'atteinte car-
diaque etait asymptomatique. Les resultats des investi-
gations cliniques, radiologiques et 61ectrocardiographiques
effectu6es chez les anciens comme chez les nouveaux.
malades sont rapportes en detail. On a constat6 diff6rents
types evolutifs d'e1ectrocardiogramme, depuis les varia-
tions du trace autour de la normale jusqu'aux anomalies
caracteris6es. Pendant la pwriode d'observation, on a
releve dans le groupe etudi6 32 deces, dont 22 attribues
a une defaillance cardiaque ou etiquetes < mort subite ).
Sur 10 d&ecs survenus dans le groupe d'age 35-49 ans,
7 etaient dus a une cardiopathie.
De cette enquete, il semble resulter par ailleurs que les

alterations cardiaques caracteristiques n'apparaissent
qu'apres plus de 4 ans d'evolution de la maladie de Chagas.
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