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We compared plasma tumor necrosis factor-α (TNF-α) levels among asymptomatic/“indeterminate” Chagas
disease patients (ASY) and patients across the clinical spectrum of chronic Chagas disease cardiomyopathy (CCC).
Idiopathic dilated cardiomyopathy (DCM) patients and normal controls (NC) were included as controls. ASY
Chagas disease patients had significantly higher plasma TNF-α levels than NC. TNF-α levels among severe CCC
patients with significant left ventricular (LV) dysfunction were similar to those of DCM patients, showing average
2-fold higher levels than CCC patients without LV dysfunction and ASY patients, and 8-fold higher levels than NC.
In Chagas disease, chronic TNF-α production prior to heart failure may play a role in CCC progression.
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Up to 30% of the 18-20 million individuals in Latin
America infected with the intracellular protozoan parasite
Trypanosoma cruzi develop an inflammatory cardiomyopathy (chronic Chagas disease cardiomyopathy, CCC),
15-30 years after initial infection. A fraction of those will
develop dilated cardiomyopathy with significant left ventricular (LV) dysfunction. Survival after presentation of
heart failure in CCC is at least 2-fold shorter than that
observed in idiopathic dilated cardiomyopathy (DCM)
(Mady et al. 1994, Bestetti & Muccillo 1997). A diffuse
myocarditis with extensive fibrosis and very scarce T. cruzi
parasites (Higuchi et al. 1993) are the hallmark of CCC
heart lesions (Mady et al. 1999). The mononuclear infiltrate produces significant amounts of proinflammatory
and T1-type cytokines like tumor necrosis factor-α (TNFα) and Interferon-γ (IFN-γ) (Reis et al. 1993, 1997, Abel et
al. 2001). Parasites are seldom found in the heart lesions
of CCC (Higuchi et al. 1993), and autoimmune T cells
crossreactively recognizing cardiac myosin and T. cruzi
proteins were isolated from CCC heart tissue (Cunha-Neto
et al. 1996). The majority of infected individuals, however,
remain asymptomatic, in the so-called “indeterminate” form
of the disease (65-70%) or develop its digestive form (5%).
The intense immigration from endemic areas has posed
transfusion-related infection with T. cruzi as a potential
threat in the United States (Kirchhoff 1989, Shulman et al.
1997).
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Increased circulating levels of TNF-α were observed
in heart failure patients from diverse aetiologies (Levine
et al. 1990, Ferrari et al. 1995, Torre-Amione et al. 1996). It
is likely that the predominant mechanism of upregulation
of TNF-α production is secondary to advanced heart failure itself, such as low cardiac output and intestinal bacterial translocation (Muller-Werdan et al. 1998). Evidence
for a direct heart damaging role of TNF-α (Feldman et al.
2000) supports the notion that increased TNF-α production may play a significant role in the pathogenesis of
advanced heart failure.
T. cruzi membrane lipids with bacterial endotoxin-like
effects induce the production of significant amounts of
TNF-α and the other proinflammatory cytokines:
interleukin (IL)-1, IL-6, and IL-12 (Almeida et al. 2000).
Chronic Chagas disease patients, asymptomatic/“indeterminate” chronic Chagas disease patients (ASY) or CCC
with and without left ventricular dysfunction bear a lowgrade, lifelong T. cruzi infection (Britto et al. 1995), and
display increased production of IL-12 induced IFN-γ
(Ribeirão et al. 2000, Abel et al. 2001) which in turn
can upregulate TNF-α production (Tarleton 1988,
Abrahamsohn & Coffman 1996). Given the increased
parasite-induced stimulus for proinflammatory cytokine
production and the expected stimulus derived from heart
failure in severe Chagas disease cardiomyopathy patients,
the aim of this study was study plasma TNF-α levels
across the clinical spectrum of Chagas disease cardiomyopathy. For that matter, we studied plasma TNF-α levels
among different clinical forms of chronic Chagas disease,
idiopathic dilated cardiomyopathy (DCM) patients and
normal controls (NC).
MATERIALS AND METHODS

Patients and sample preparation - All patients were
subjected to anti-T. cruzi serological blood tests employing at least two distinct methodologies, electrocardio-
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graphy and uni and bidimensional echocardiography. Exclusion criteria included major systemic or associated cardiological disease or organ transplantation. Chagas disease patients (diagnosed with at least two positive anti-T.
cruzi serological blood tests employing distinct methodologies) were divided in three groups: asymptomatic “indeterminate” T. cruzi seropositive individuals (ASY)
with a normal electrocardiogram (ECG) and bidimensional
echocardiography (n = 27), CCC with significant LV dysfunction (left ventricular ejection fraction (LVEF) ≤ 50%
measured by echocardiography; n = 27), CCC without significant LV dysfunction (ECG alterations-bundle blocks
and hemiblocks, LVEF > 50%; n = 52). DCM patients (n =
16) were subjected coronariography to exclude ischemic
heart disease. Patients were followed at the Heart Institute (InCor), University of São Paulo Medical School. Heart
failure patients received standard therapy with angiotensin conversion enzyme inhibitors, loop diuretics and
beta-blockers; none were receiving amiodarone or
milrinone at the time of sample collection. Ethylenediaminetetraacetate, sodium salt (EDTA)-anticoagulated peripheral blood was collected from the antecubital
vein from all studied subjects, centrifuged at 4oC and the
plasma was frozen at -80oC. Samples were also collected
from T. cruzi seronegative, normal volunteers as a control
group (NC; n = 24). Subjects gave their informed consent
and sample collection procedures have been cleared by
the Internal Review Board of the Heart Institute and University of São Paulo Medical School.
Quantification of plasma TNF-α - TNF-α levels in
plasma samples were measured with the high sensitivity
Quantikine HS, Human TNF-α kit (R&D systems). Briefly,
200 µl of each sample was added in duplicate wells to the
supplied 96-well plate sensitized with anti-TNF-α antibody, and the assay developed according to manufacturer’s directions. Quantitation limit was 0.5 pg/ml.
Statistical analysis - The non-parametric KruskalWallis test was used to compare TNF-α levels among clinical groups. Fisher’s exact test was used to compare proportions of subjects presenting high TNF-α levels among
clinical groups. Spearman’s Correlation was used to test
for correlation between two variables.

RESULTS

Baseline characteristics of subjects in each clinical
group are shown in the Table. The male/female ratio is
dichotomous, with a significant concentration of male
subjects among CCC patients with lower LVEF values or
DCM, as compared to the female predominance among
CCC patients with higher LVEF values or the ASY group.
Plasma TNF-α levels were significantly higher among
Chagas disease patients than among NC (P < 0.001; Fig.
1). While 94% of plasma samples from Chagas disease
patients had TNF-α values above 1 pg/ml, only 12% of
control plasma samples had similar levels, a highly discriminatory situation for Chagas disease (P < 0.0001).
We observed that plasma samples with high TNF-α
values (above 4 pg/ml) were basically only observed
among CCC and DCM patients with LVEF ≤ 50% (33%
and 50%, respectively) rather than among CCC with LVEF
> 50%, ASY, and NC (8%, 11% and 0, respectively; P <
0.01, DCM or CCC LVEF ≤ 50% vs other groups; Fig. 2).
Furthermore, TNF-α levels among CCC patients with LVEF
≤ 50% were similar to those of DCM patients, significantly
higher than the ASY or CCC patients with LVEF > 50% (P
< 0.05) and 8-fold higher than NC (P < 0.001) (Fig. 2).
Plasma TNF-α levels were similar among ASY patients
and CCC patients with LVEF > 50%; their average plasma
TNF-α levels were 4-fold higher than that of NC (P < 0.001).
In spite of the lower average age of the NC group as compared to the other groups, we found no correlation between age and plasma TNF-α levels among NC or Chagas
disease/DCM patients (Spearman’s correlation), suggesting that the age difference did not contribute to the increased patient TNF-α levels. We found no significant
difference in plasma TNF-α between males and females.
However, we observed a statistically significant negative
correlation between plasma TNF-α and LVEF in CCC patients (P = 0,0268, r = -0,2492; Spearman’s correation; data
not shown).
DISCUSSION

We have shown that CCC patients with LVEF ≤ 50%
display plasma TNF-α values comparable to those of low
LVEF DCM patients. Together with the observation that

TABLE
Average plasma tumor necrosis factor-α (TNF-α) levels and demographics from clinical groups
Normal
controls

Chagas
disease

ASY

CCC
LVEF > 50%

CCC
LVEF ≤ 50%

DCM

Number

24

106

27

52

27

16

Mean age ± SD
(range)

32.8 ± 8.2
(21-47)

54.1 ± 10.5
(22-76)

54 ± 10.9
(41-74)

53 ± 10.4
(31-76)

54.2 ± 14.1
(22-75)

50.1 ± 18.7
(21-87)

Male/female ratio

1.4

1.3

0.5

0.76

1.7

4.33

LVEF ± SD
(range)

≥ 65%

64 ± 13%
(28-78%)

≥ 65%

65 ± 8%
(51-78%)

33 ± 5%
(28-50%)

36 ± 5%
(28-45%)

TNF-α ± SD (pg/ml)

0.56 ± 0.36

2.97 ± 2.82

2.46 ± 1.56

2.39 ± 1.36

4.61 ± 4.77

3.97 ± 3.15

ASY: asymptomatic/“indeterminate” Chagas disease patients; CCC: chronic Chagas disease cardiomyopathy; DCM: idiopathic
dilated cardiomyopathy; LVEF: left ventral ejection fraction
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Fig. 1: plasma tumor necrosis factor-α (TNF-α) levels among Chagas disease patients (n = 106) and normal controls (n = 24). EDTAplasma samples were collected and stored at –80oC. TNF-α levels were measured with a high sensitivity TNF-α “sandwich” immunoassay
kit. Horizontal lines indicate the average values. Each data point represents the TNF-α level of a single plasma sample. Chagas disease vs
controls, P < 0.001.
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Fig. 2: plasma tumor necrosis factor-α (TNF-α) levels among different clinical forms of Chagas disease, idiopathic dilated cardiomyopathy
(DCM) patients and normal controls (NC). NC individuals (n = 24), asymptomatic/“indeterminate” chronic Chagas disease patients (ASY;
n = 27), and CCC with left ventricular ejection fraction (LVEF) > 50% (n = 52) Chagas disease cardiomyopathy patients with LVEF ≤ 50%
(n = 27), and DCM patients (n = 16). EDTA-plasma samples were collected and stored at -80oC. TNF-α levels were measured with a high
sensitivity TNF-α “sandwich” immunoassay kit. Horizontal lines indicate the average values. Each data point represents the TNF-α level
of a single plasma sample. CCC (LVEF ≤ 50%) vs DCM, P > 0.05; CCC (LVEF ≤ 50%) vs CCC (LVEF > 50%), P < 0.01; CCC (LVEF ≤ 50%)
vs ASY, P < 0.01; NC vs all other groups, P < 0.001.
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plasma TNF-α bears an inverse correlation with LVEF
among CCC patients, these data suggest that, among low
LVEF CCC patients, the predominant mechanism of
upregulation of TNF-α production is secondary to advanced heart failure itself, such as low cardiac output and
intestinal bacterial translocation (Muller-Werdan et al.
1998). However, the finding that high TNF-α values (above
4 pg/ml) already occur in individuals displaying LVEF as
high as 50% suggests that 50% LVEF may be a functional
threshold for increased TNF-α production independent
from advanced heart failure. Furthermore, we observed
that even ASY Chagas disease patients display increased
levels of plasma TNF-α as compared to control samples,
in line with the increased production of other inflammatory cytokines such as IFN-γ in CCC (Abel et al. 2001).
Taking into account that all Chagas disease patients bear
chronic infection by T. cruzi, the increase in plasma TNFα values shown by ASY patients or CCC with LVEF > 50%
can probably be attributed to T. cruzi-induced monocyte
production of the cytokine as described (Almeida et al.
2000). Our results contradict a recent report that did not
find detectable levels of TNF-α in serum samples of 91
Chagas disease patients (Ward et al. 1999). This is most
likely due to the high detection limit of the TNF-α detection kit used by the authors of the previous study (10 pg/
ml) compared to the 0.5 pg/ml quantification level in the
present study. Out of the 106 samples from Chagas disease patients in our study, only 4 showed values higher
than 10 pg/ml. Furthermore, standard serum collection
procedures allow long incubation times, often at 37ºC, for
clot formation prior to serum separation and freezing,
which can lead to proteolytic loss of low-concentration
substances such as circulating cytokines.
There is accumulating evidence for a direct heart damaging role of TNF-α including a negative inotropic effect,
ventricular remodeling and induction of dilated cardiomyopathy in animals and human subjects (Feldman et al.
2000), as well as the positive results in therapeutic trials
with TNF-α synthesis inhibitors and blockers (Sliwa et al.
1998, Bozkurt et al. 2001). It is thus possible that the observed increase in TNF-α production before the onset of
congestive heart failure in Chagas disease may play a role
in the worse prognosis of Chagas cardiomyopathy (Mady
et al. 1994, Bestetti & Muccillo 1997), as compared to other
cardiomyopathies, where the increase in plasma TNF-α is
usually found only in advanced heart failure (Kubota et
al. 2000). Recent results from our group have shown that
severe CCC patients carrying TNF-α genetic polymorphisms associated to high TNF-α production display a
significantly shorter survival than similar patients bearing other alleles (Drigo S et al. unpublished data), further
reinforcing the pathogenetic role of TNF-α in the progression of CCC. Finally, results suggest that therapy with
TNF-α synthesis inhibitors and blockers may be at least
as beneficial in chronic Chagas disease cardiomyopathy
as in other aetiologies of heart failure. Experimental studies on the safety of TNF-α blocking therapy in animal
models chronically infected with T. cruzi may authorize
clinical trials to evaluate its impact on disease progression and mortality.
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