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Abstract

Chronic chagasic cardiomyopathy (CCC) is characterized mainly by a dilated cardiomyopathy complicated by frequent and complex ventric-
ular arrhythmias and/or conduction defects. The aim of the present study was to evaluate functional implications of neurotransmitter receptor
autoantibodies in vivo. Sera from chagasic patients were used to measure the level of autoantibodies to peptide fragments from the M2 cholinergic
and b1 adrenergic receptors. Optical density values and the frequency of anti-M2 and anti-b1 antibodies were significantly higher in the indeter-
minate form and in CCC patients than in normal individuals. There was no correlation between levels of autoantibodies and clinical parameters of
ventricular dysfunction, as assessed by echocardiography. Patients presenting with chronotropic insufficiency in exercise test had higher levels of
anti-M2 but not anti-b1 autoantibodies. Although anti-M2 and anti-b1 antibodies do not appear to play a role in the pathophysiology of the heart
failure that accompanies severe CCC, anti-M2 cholinergic autoantibodies may contribute to the pathogenesis of Chagas’ disease dysautonomia.
� 2006 Elsevier SAS. All rights reserved.
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1. Introduction

In Latin America, chronic chagasic cardiomyopathy (CCC)
affects around 30% of individuals infected with the protozoan
parasite Trypanosoma cruzi. In a significant proportion of the
latter, severe heart disease occurs and is frequently the cause
of death. There are several hypotheses to explain the patho-
genesis of severe heart disease in infected individuals, includ-
ing the role of parasite persistence [1,2], autoimmune events
[3e6] and microvascular dysfunction [7].
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CCC is characterized mainly by a dilated cardiomyopathy
complicated by frequent and complex ventricular arrhythmias
and/or conduction defects [8]. Autonomic dysfunction occurs
early in the course of the disease and may be associated
with poor prognosis [9e12]. It has been argued that the fixa-
tion of neurotransmitter receptors by anti-receptor antibodies
contributes to the autonomic dysfunction and poor clinical
evolution [12e14]. Although a strong association between
circulating antipeptide M2 muscarinic acetylcholine receptor
(mAChR) autoantibodies and the presence of low heart rate
variability index, bradycardia and cardiac or esophageal au-
tonomic dysfunction in chronic chagasic patients was verified
[15], it is not known whether the presence and/or titer of anti-
receptor antibodies correlates with CCC severity.

Here, the presence and levels of autoantibodies against pep-
tide sequences belonging to adrenergic (b1) and muscarinic
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(M2) receptors were evaluated in sera of a group of 58 individ-
uals. We also investigated the correlation between the titers
of autoantibodies and the following aspects of clinical CCC
manifestations: left ventricular systolic function and response
to effort.

2. Methods

2.1. Study population and subject evaluation

We performed this study with 6 healthy individuals and 52
chagasic patients with different clinical forms of the disease.
All individuals were recruited at the Referral Center for
Training in Infectious and Parasitic Diseases (CTR-DIP) at
the Hospital das Clinicas, Universidade Federal de Minas Ger-
ais (UFMG) and underwent a complete clinical examination
and the following laboratory workup: full blood count, free
T4, thyroid-stimulating hormone, glucose, potassium, creati-
nine, blood urea nitrogen, electrocardiogram (ECG), chest
X-ray, a 24-h Holter examination, echo Doppler cardiography
(ECHO) and a treadmill exercise test. Patients with hyperten-
sion, diabetes, thyroid or renal disturbances or any other car-
diac or systemic diseases and those using steroidal drugs
were excluded from this study, as these conditions could pre-
vent adequate interpretation of cardiac disease severity and
immune parameters. The study received ethical clearance
from the Ethics Review Board of Universidade Federal de
Minas Gerais. Informed consent was obtained from all patients
and non-infected individuals. Human experimental guidelines
of the Brazilian Ministry of Health were followed in the per-
formance of the experiments described here.

Chagasic patients were also categorized into groups accord-
ing to the degree of heart dysfunction, as previously described
[8]. Briefly, patients with an indeterminate form (IND) (n ¼ 8)
or chronic chagasic cardiomyopathy grade I (CCC I) (n ¼ 8)
were those with normal ECG and radiological studies or
with only minor alterations in their ECHO (e.g. regional con-
traction defects), respectively. Patients classified as CCC II/III
(n ¼ 7) were those with minor or moderate ECG alterations,
including block of the anterosuperior division of the left
branch, right bundle branch block or uniform ventricular pre-
mature contractions. Patients classified as CCC IV (n ¼ 15)
were those manifesting severe conduction defects (e.g. left
bundle branch block, left anterior divisional block with right
bundle branch block or total atrioventricular block) or com-
plex ventricular arrhythmias (complex ventricular premature
beats, non-sustained or sustained ventricular tachycardia). Fi-
nally, patients classified as CCC V were those with ventricular
enlargement, as observed on the ECHO, irrespective of the
presence of arrhythmias or conduction defects [8]. The control
group was made up of non-infected (NI) healthy individuals
(Table 1).

A maximal stress test was performed according to the stan-
dard Bruce protocol. Chronotropic insufficiency was arbitrarily
defined as the inability to achieve at least 85% of the predicted
heart rate according to Astrand’s formula (220-age) at peak
exercise [16]. Patients underwent echocardiography with color
flow using an ATL Philips HDI 5000 apparatus operated by an
experienced echocardiographer, blinded to the clinical status of
the patients. The left ventricular ejection fraction (LVEF) was
obtained by Simpson’s method using the software provided
with the equipment [17].

2.2. Measurement of antibodies against anti-M2

cholinergic and anti-b1 adrenergic receptors

Serum samples were obtained by conventional venipunc-
ture, centrifuged and stored at �80 �C until use in an immuno-
assay (ELISA) with M2 synthetic cholinergic peptide [18] and
b1 adrenergic synthetic peptide [14] as coating antigens, as
previously described [19]. The sequence H-W-W-R-A-E-S-
D-E-A-R-R-C-Y-N-D-P-K-C-C-D-F-V-T-N-R-C (20 mg/ml),
corresponding to the second extracellular loop of the human
b1-adrenergic receptor, and the sequence V-R-T-V-E-D-
G-E-C-Y-I-Q-F-FS-N-A-A-V-T-F-G-T-A (10 mg/ml), corre-
sponding to the second extracellular loop of the human M2

cholinergic receptor, were used in the present studies. The
samples were assayed in parallel at a 1/50 dilution, and optical
density (OD) values were measured with an ELISA reader
(Uniskan Laboratory System). This antibody dilution was
found to be optimal to separate CCC patients from the control
indeterminate form of Chagas’ heart disease (data not shown).

2.3. Statistical analysis

Data are expressed as means � S.E.M. or median and inter-
quartile range. Analysis was performed using the computer
program GraphPrism (GraphPad, San Diego, CA, USA).
Table 1

Clinical characteristics of non-infected individuals and patients classified with different levels of CCC

NI (n ¼ 6) IND (n ¼ 8) I (n ¼ 8) II/III (n ¼ 7) IV (n ¼ 15) V (n ¼ 14)

Age 38 � 6.9 47 � 3.4 48 � 8.2 47 � 4.5 44 � 2.0 43 � 2.3

Gender (% male) 67 38 50 29 47 79

LVEF (%) 68 � 6 64 � 4 66 � 2 60 � 3 61 � 2 45 � 3#

LVDD (mm) 48 � 1 48 � 1 49 � 1 47 � 2 50 � 1 62 � 1#

NVPB in 24 h ND 1 3 725 86 840

[0e5] [0e258] [399e5676] [18e2863] [192e3002]

Values are shown as mean � S.E.M., except for number of ventricular premature beats in 24 h that are shown as median [25e75% percentile]. NI, non-infected;

IND, indeterminate form; LVEF, left ventricle ejection fraction; LVDD, left ventricle diastolic diameter; NVPB, number of ventricular premature beats. #P < 0.01

when compared to non-infected and chagasic individuals. Non-normally distributed data were transformed before performing ANOVA and means comparisons.
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Comparison between groups was carried out by using analysis
of variance (ANOVA) followed by StudenteNewmaneKeuls
post test (parametric distribution). Probability values were
considered significant when P < 0.05.

3. Results

There was no significant difference in the age distribution
between non-infected individuals and chagasic patients (Table
1). In agreement with the clinical parameters used to classify
the group, patients with CCC V had lower left ventricle ejec-
tion fraction and greater diastolic diameter than patients with
the other degrees of CCC. There was great variation in the
number of ventricular premature beats over 24 h, and patients
with CCC II/III or worse had greater numbers of premature
beats than those with the IND form or CCC 1 (Table 1).

The distribution of anti-M2 cholinergic and anti-b1 adrener-
gic autoantibodies detected by ELISA is shown in Table 2. It
can be seen that the frequency of anti-M2 cholinergic autoan-
tibody was higher in CCC patients (mean 86%) than in sub-
jects with the IND form (mean 38%) of Chagas’ disease.
The non-infected individuals were negative in the study sys-
tem. When the distribution of anti-b1 adrenergic autoanti-
bodies was evaluated, no differences in the frequency
between CCC patients (mean 67%) and IND (mean 77%)
were observed. Table 2 also shows the distribution of both
autoantibodies in the different degrees of CCC, and it can be
observed that no differences existed between the different
degrees of CCC.

Fig. 1 shows the levels of cholinergic (M2) and adrenergic
(b1) autoantibodies in serum from non-chagasic and chagasic
individuals. It can be seen that chagasic patients presented
greater levels of both autoantibodies. However, when chagasic
patients were grouped according to disease severity [8], there
was no difference in the OD values of both M2 and b1 autoan-
tibodies among the different clinical groups (Fig. 1). The lack
of correlation between levels of autoantibodies and disease se-
verity was further reinforced when the levels of antibodies and
clinical parameters of ventricular dysfunction were studied

Table 2

Distribution of anti-M2 cholinergic and anti-b1 adrenergic autoantibodies in

non-infected individuals and infected patients

Groups Anti-M2 cholinergic Anti-b1 adrenergic

No. positive/total Percentage No. positive/total Percentage

NI 0/6 0 0/6 0

IND 3/8 37.5* 6/8 77.1

CCC I 7/8 87.5 5/8 62.5

CCC II/III 5/7 71.4 4/7 57.1

CCC IV 14/15 93.3 13/15 86.6

CCC V 12/14 85.7 9/14 64.3

Microtiter wells were coated with 1 mg peptides (anti-M2 and anti-b1) and

ELISA was carried out in the presence of sera from non-infected individuals

(NI), indeterminate form (IND) and infected patients with different degrees

of chronic chagasic cardiomyopathy (CCC I to V). OD values more than 2

SD above normal mean were considered positive. Cut-off values for anti-M2

cholinergic, 0.200, and for anti-b1, adrenergic, 0.100. Prevalence values of

anti-M2 cholinergic autoantibodies differ with *P < 0.0005 versus CCC I to V.
(Table 3); there was clearly no correlation with the degree of
heart dysfunction, as assessed by the left ventricular diameter
and ejection fraction and the number of ventricular premature
beats (Table 3).

The levels of anti-M2 antibodies were higher in patients with
than in those without chronotropic insufficiency (Fig. 2). The
levels of anti-b1 antibodies were similar in patients with or
without chronotropic incompetence (Fig. 2).
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Fig. 1. Scattergram showing immunoreactivity of serum anti-M2 cholinergic

(A) and anti-b1 adrenergic (B) autoantibodies tested by ELISA. Dots represent

the individual OD values for each serum sample at 1/50 dilution from 6 non-

infected (NI), 8 infected patients in indeterminate form (IND) and 52 chronic

chagasic cardiomyopathy (CCC) patients. Dotted line shows cut-off values

(mean OD values � 2 SD from NI group): anti-M2 cholinergic, 0.200, and

anti-b1 adrenergic, 0.100. Horizontal lines show median OD values.

*P < 0.0005 all forms versus NI for the graphics (A) and (B).

Table 3

Lack of correlation between parameters of ventricular dysfunction and levels

of anti-adrenergic or anti-cholinergic receptor antibodies in CCC patients

LVEF (%) LVEDD (mm) NVPB (in 24 h)

Anti-adrenergic

antibodies

R ¼ 0.053 R ¼ 0.052 R ¼ 0.027

P ¼ 0.725 P ¼ 0.733 P ¼ 0.858

Anti-cholinergic

antibodies

R ¼ 0.005 R ¼ 0.120 R ¼ 0.167

P ¼ 0.973 P ¼ 0.406 P ¼ 0.270

LVEF, left ventricle ejection fraction; LVEDD, left ventricle end-diastolic di-

ameter; NVPB, number of ventricular premature beats.
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4. Discussion

Global systolic left ventricular dysfunction is the strongest
predictor of morbidity and mortality during Chagas’ heart dis-
ease [20,21]. It has been argued that an autoimmune response
against antigens present in heart tissue may favor the develop-
ment of the more severe forms of Chagas’ cardiomyopathy. An-
tibodies against adrenergic and cholinergic receptors are among
the many autoantibodies that have been described in Chagas’
disease. For example, antibodies against b1-adrenoceptores
and M2 mAChR have been found in the sera of patients and ex-
perimental animals with Chagas’ disease [5,12,14]. Anti-M2

and anti-b1 antibodies are also found in sera of patients with
non-chagasic forms of heart disease [22e25]. In Chagas’ dis-
ease, these antibodies may induce acute functional alterations
of isolated hearts from experimental animals (e.g. enhance or
decrease contractility) and may also interact with the respective
receptor and induce sequestration and endocytosis of the recep-
tor [26e29]. Thus, it is clear that chagasic patients have anti-M2

or anti-b1 receptor antibodies and that the binding of these
autoantibodies to the receptors may have functional conse-
quences. In non-chagasic individuals, anti-b1 receptor anti-
bodies were previously found in association with failure of
left ventricle function, serious ventricular arrhythmias and ele-
vated incidence of sudden death [22e25]. However, it is unclear
whether individuals with heart failure caused by T. cruzi infec-
tion or by idiopathic factors are able to develop these heart
alterations because they possess autoantibodies or whether
they develop these autoantibodies as a consequence of chronic
cardiac tissue injury.

Our results showed that individuals with CCC had elevated
levels of antibodies against peptide sequences of both adrener-
gic and cholinergic receptors when compared with non-
infected controls. The frequency of anti-M2 autoantibody was
higher in CCC than in the IND form of the disease, suggesting
that the anti-M2 autoantibody could be used as an early marker
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Fig. 2. Distribution of anti-M2 cholinergic and anti-b1 adrenergic autoanti-

bodies in sera of chagasic patients with chronotropic incompetence. Chagasic

patients were subjected to treadmill exercise, and the presence or absence of

chronotropic insufficiency evaluated. Dots represent the individual OD values

for each serum sample at 1/50 dilution. Horizontal lines show median OD

values.
of evolution in Chagas’ cardiomyopathy. However, levels of
this autoantibody were not able to differentiate the various
forms of Chagas’ heart disease. This was reflected in the
lack of correlation between levels of autoantibodies and the
left ventricular ejection fraction or the left ventricular end-
diastolic diameter, both important parameters of left ventricu-
lar dysfunction. Thus, although the presence of autoantibodies
is associated with the presence of Chagas’ heart disease, there
seems to be no association between the levels of autoanti-
bodies and the degree of left ventricular function. The latter
results suggest that left ventricular dysfunction appears not
to be the cause of augmented serum levels of anti-M2 and
anti-b1 autoantibodies in Chagas’ disease and, on the other
hand, the autoantibodies may not have a direct role in the path-
ogenesis of the left ventricular dysfunction that accompanies
the most severe cases of Chagas’ disease. One limitation of
the present study is that we measured levels of the antibodies
against peptide sequences present in the relevant M2 and b1

receptors and not the function of the antibodies present in
serum of patients. One could argue that it is the function and
not the levels of antibodies that determine their function
and putative relevance in causing or worsening disease.
Most studies to date have evaluated the function of these
receptors using isolated cells or organs from animals, a clearly
artificial situation (see for example refs. [13] and [28]). We are
currently trying to address this situation by evaluating the
function of these receptors using tests of autonomic function,
including heart rate variability analysis, best suited for the
study of vagal influences, and muscle sympathetic nerve
activity (RMSA), a procedure that uses microneurography to
directly record sympathetic nerve activity to muscle.

Despite the apparent lack of association between left ven-
tricular function and the level of autoantibodies, there were
significant associations between the level of anti-M2 autoanti-
bodies and the chronotropic response to exercise. Indeed, the
level of anti-M2, but not anti-b1, receptor peptide autoanti-
bodies was greater in patients in whom the presence of chro-
notropic incompetence during exercise testing was detected.
One possibility to explain the latter findings could be that
a partial agonist action of the antibodies could potentially in-
crease parasympathetic tone during exercise. There is experi-
mental evidence to support the latter possibility [26]. On the
other hand, chronic activation of muscarinic receptors by
anti-receptor antibodies may induce their internalization and,
consequently, loss of parasympathetic function [27]. Heart
rate increment during exercise is dependent on both vagal
withdraw and sympathetic activation [30] and baroreflex im-
pairment and/or parasympathetic dysfunction may be respon-
sible for chronotropic incompetence observed in Chagas’
disease [30,31] and other cardiopathies [32]. Indeed, we
have shown that, in Chagas’ disease, reduced exercise-induced
heart rate increase is clearly associated with reduced vagal
modulation evaluated by heart rate and heart rate variability
parameters [31]. Moreover, we have also observed an asso-
ciation between higher anti-M2 receptor autoantibody
levels and reduced HF power density obtained using HRV
frequency-domain analysis, an almost pure vagal index [33].
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So, anti-M2 receptor autoantibodies, reduced vagal modula-
tion and chronotropic incompetence are closely related phe-
nomena in Chagas’ disease [33]. An alternative possibility is
that there is loss of parasympathetic tonus that could be ac-
companied by unopposed adrenergic stimulation, leading to
a loss of sympathetic tonus secondary to chronic stimulation.
These hypotheses were not tested in the present study, and fu-
ture studies should attempt to evaluate the expression (and per-
haps function) of these receptors in the heart of patients with
varying degrees of Chagas’ disease. Regardless of the mecha-
nism, our results do suggest that the presence of anti-M2 auto-
antibodies may play a role in the dysautonomia frequently
observed in chagasic patients [8,11].

In conclusion, we showed that the levels of anti-M2 or anti-
b1 receptor autoantibodies in sera of patients with Chagas’ dis-
ease seemed not to correlate with the severity of left ventricular
dysfunction. Nevertheless, the levels of anti-M2 autoantibodies
were greater in patients with chronotropic incompetence. Over-
all, these results point to an important role of anti-M2 receptor
autoantibodies in the pathogenesis of the dysautonomia but
question the relevance of autoantibodies in the cascade of
events leading to heart failure in Chagas’ disease.
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