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In endemic areas, the majority of patients with acute Chagas 
disease are asymptomatic, and most symptomatic patients 

present only minor clinical manifestations. Most untreated 
cases evolve into the so-called indeterminate form of chronic 
Chagas disease, namely seropositive but without cardiac or 

intestinal pathology.1,2 With universal blood bank screening 
for Chagas disease now being practiced in many endemic and 
some nonendemic regions, asymptomatic seropositives are 
now being routinely detected.3,4 Counseling those individuals 
is not easy because the natural history of the disease is poorly 

Background—Very few studies have measured disease penetrance and prognostic factors of Chagas cardiomyopathy among 
asymptomatic Trypanosoma cruzi–infected persons.

Methods and Results—We performed a retrospective cohort study among initially healthy blood donors with an index 
T cruzi–seropositive donation and age-, sex-, and period-matched seronegatives in 1996 to 2002 in the Brazilian cities of 
São Paulo and Montes Claros. In 2008 to 2010, all subjects underwent medical history, physical examination, ECGs, and 
echocardiograms. ECG and echocardiogram results were classified by blinded core laboratories, and records with abnormal 
results were reviewed by a blinded panel of 3 cardiologists who adjudicated the outcome of Chagas cardiomyopathy. 
Associations with Chagas cardiomyopathy were tested with multivariate logistic regression. Mean follow-up time between 
index donation and outcome assessment was 10.5 years for the seropositives and 11.1 years for the seronegatives. Among 
499 T cruzi seropositives, 120 (24%) had definite Chagas cardiomyopathy, and among 488 T cruzi seronegatives, 24 (5%) 
had cardiomyopathy, for an incidence difference of 1.85 per 100 person-years attributable to T cruzi infection. Of the 120 
seropositives classified as having Chagas cardiomyopathy, only 31 (26%) presented with ejection fraction <50%, and only 
11 (9%) were classified as New York Heart Association class II or higher. Chagas cardiomyopathy was associated (P<0.01) 
with male sex, a history of abnormal ECG, and the presence of an S

3
 heart sound.

Conclusions—There is a substantial annual incidence of Chagas cardiomyopathy among initially asymptomatic T cruzi–
seropositive blood donors, although disease was mild at diagnosis. (Circulation. 2013;127:1105-1115.)
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understood. Several natural history studies are based on 
patients referred to hospitals, and studies based on population-
based serological screening are >20 years old.5–7

Editorial see p 1095 
Clinical Perspective on p 1115

The evolution from indeterminate status to clinical Chagas car-
diomyopathy or gastrointestinal disease is thought to occur 10 to 
20 years after acute infection in a slow and progressive fashion. 
Previous studies suggest that up to 5% of patients will evolve each 
year from the indeterminate form to a clinical form of the disease.7

However, data are lacking on clinical predictors for severe 
clinical disease that could guide early treatment. Current 
Centers for Disease Control and Prevention guidelines indicate 
antitrypanosomal treatment of all confirmed seropositives ≤18 
years of age, strong consideration of treatment for those 19 to 
50 years of age, and optional treatment for those >50 years of 
age.8 In Brazil, however, cardiologists currently refrain from 
treating asymptomatic subjects because of the uncertain prog-
nosis and the toxicity of available antitrypanosomal drugs.2,9

As part of the National Heart, Lung, and Blood Institute 
(NHLBI) Retrovirus Epidemiology Donor Study-II 
(REDS-II), we performed a retrospective cohort study to 
characterize the natural history of clinical Chagas disease in 
Trypanosoma cruzi–seropositive blood donors identified 10 
years earlier. We now report the clinical cardiology outcomes 
of this well-characterized cohort.

Methods
Overall Study Design
This was a retrospective cohort study in which we planned to enroll 
500 donors (250 from the city of São Paulo and 250 from the city 
of Montes Claros in the state of Minas Gerais) who were confirmed 
positive for T cruzi antibody at the time of blood donation in 1998 to 
2002 and 500 seronegative donors matched by year of index donation, 
site, age, and sex. Recruited individuals were submitted to a question-
naire and a medical evaluation. The local laboratories conducted a 
lipid panel (high-density lipoprotein, low-density lipoprotein, total 
cholesterol, and triglycerides). An ECG and an echocardiogram were 
performed and interpreted by central reading centers.

Blood Bank Screening Procedures
In São Paulo, the Fundação Pro-Sangue blood center performed T cruzi 
antibody screening in 1996 to 2002 for T cruzi antibodies that consisted 
of 3 serological methods, ELISA, hemaglutination, and immunofluo-
rescence, as previously described.10,11 If reactive by any of the sero-
logical assays, the blood unit was discarded, and the donor was invited 
to return to repeat the same tests. For the purpose of this study, we 
included confirmed Chagas donors who were positive by all 3 assays 
at the time of donation and a separate sample obtained at the time of 
counseling after the index donation. A total of 255 index plasma units 
were available from eligible donors, and those donors were preferen-
tially contacted for the study. In Montes Claros, the Hemominas blood 
center screened all donations with 2 serological assays: ELISA and 
hemaglutination. Donors reactive to both assays at the time of donation 
and counseling were considered eligible for this study.

Enrollment
Donors were initially contacted via an invitation letter using the ad-
dress present in the blood bank database. Individuals who responded 
to the initial invitation were telephoned; numbers were updated from 

the city public telephone list. For eligible donors who could not be 
located or enrolled, vital status was determined from the national 
death index system, which has been available only since 2001 and in-
cludes deaths from 2001 to 2009 (national death index system version 
11/01/2010, Brasilia, Brazil). Brazil does not have a unique national 
identity number, so searches for cause of death were performed with 
software to link names through the use of Soundex for Portuguese 
phonetics (Record Linkage III, version 3.0.4 4005, Rio de Janeiro, 
Brazil). The national death index records were searched using the 
subject’s name, date of birth, mother’s name, and sex for all eligible 
seropositive and seronegative donors who were unable to be located 
during the recruitment period (July 2008–October 2010) in both sites. 
In a preliminary study, the sensitivity and specificity of the record 
linkage method used were determined to be 93.9% (95% confidence 
interval, 89.6–96.8) and 91% (95% confidence interval, 86.2–94.6), 
respectively.

Validation Cases
To assess the sensitivity of our cardiac outcomes measurement, a 
total of 101 previously diagnosed cases of Chagas cardiomyopathy 
were enrolled from the Heart Institute of the University of São Paulo 
Medical School. Inclusion criteria included a physician diagnosis of 
Chagas cardiomyopathy, no previous treatment with benznidazole, 
and no comorbidity such as diabetes mellitus, hypertension, or renal 
failure. These individuals were recruited by letter and telephone call 
with the use of information in the hospital database.

Measurements
A face-to-face T cruzi risk factor and health history questionnaire 
was administered by a nurse at each site. The questionnaire collected 
detailed information on demographics, cities of residence, physi-
cal activity, medical history, exposure to T cruzi, previous Chagas 
disease diagnoses, cardiac and gastrointestinal symptoms, medi-
cal history, and medication history. All subjects received a physi-
cal examination by a nonblinded physician; height, weight, blood 
pressure, pulse, and physical examination findings were recorded. 
Subjects were assigned to a New York Heart Association functional 
class on the basis of their responses to the symptom and physical 
activity questionnaire.

Electrocardiograms
Resting 12-lead ECGs were recorded with the same model of ma-
chine at both sites (General Electric MAC 1200 electrocardiograph; 
GE Healthcare, Waukesha, WI) using strictly standardized proce-
dures.12,13 All ECGs were interpreted blindly by researchers at the 
central ECG laboratory at the Epidemiological Cardiology Research 
Center, Wake Forest University (Winston-Salem, NC), where they 
were visually inspected for technical errors and inadequate quality 
and processed with the 2001 version of the GE Marquette 12-SL 
program. ECGs were analyzed electronically, with manual over-
reading by trained cardiologists to ensure quality control. ECGs 
were classified by Minnesota code13 criteria using variables that 
were derived from the median complex of the Marquette measure-
ment matrix. In this study, major and minor ECG abnormalities 
were defined as previously established12 and modified to include 
ECG abnormalities typical of Chagas cardiomyopathy with prog-
nostic significance such as low voltage or frequent supraventricular 
or ventricular premature beats.6

Echocardiograms
Complete echocardiographic studies were performed with a 
Sequoia 512 ultrasound machine (Acuson, Mountain View, CA) at 
the São Paulo site and a GE Vivid3 (GE Healthcare) at the Monte 
Claros site. Two-dimensional guided M-mode measurements of 
the left ventricle (LV) were taken, and LV mass corrected by body 
surface area was calculated from the Devereux formula.14 From the 
apical acoustic window, 2-dimensional images of the left atrium, 
right atrium, and LV were traced, and LV ejection fraction was 
calculated by the use of a modified form of the Simpson biplane 
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method.15 LV regional wall motion was based on 17-segment 
model segmentation, and each segment was confirmed in multiple 
views as follows: normal or hyperkinesis, hypokinesis, akinesis, 
dyskinesis, and aneurysmal. Wall motion score index was derived 
as a sum of all scores divided by the number of segments visualized. 
Diastolic function was assessed from pulsed-wave Doppler of the 
transmitral in-flow velocities, with the sample volume at the mitral 
valve leaflet tips, and from tissue Doppler imaging of the septal and 
lateral mitral annulus, both at the apical 4-chamber view.16 Mitral, 
tricuspid, aortic, and pulmonary regurgitations were qualitatively 
evaluated; continuous-wave Doppler tricuspid regurgitation peak 
velocity was measured; and the presence of pericardial effusion 
was evaluated. All studies were recorded in digital format, and 
all measurements were performed on digital loops with an offline 
Prosolv cardiovascular workstation (version 3.5 software, Fujifilm) 
at the Echocardiography Laboratory of the Cardiovascular and 
Pulmonary Medicine Branch of the NHLBI (Bethesda, MD) by 
researchers blinded to serostatus.

Outcome Adjudication
All data were centralized by the coordinating center. A predefined 
set of abnormalities in the echocardiogram or ECG measurements 
triggered the expert panel to review the donor’s cardiac findings 
to determine whether they were attributable to Chagas disease 
(Figure 1). The expert panel was composed of 3 Brazilian cardiolo-
gists with expertise in the management of Chagas disease patients 
who received a summary of questionnaire clinical, laboratory, ECG, 

and echocardiogram findings from the coordinating center. The phy-
sicians were blinded to the subject’s serostatus and were asked to 
answer the following question: “If this patient were seropositive for 
T cruzi, how would you classify him/her: Chagas cardiomyopathy, 
probable Chagas cardiomyopathy, possible Chagas cardiomyopathy, 
or no Chagas cardiomyopathy?”

Responses from each expert were sent separately to the coordinat-
ing center. If the physicians did not agree, the data were reviewed in 
a phone call. The online-only Data Supplement summarizes the main 
findings considered to define the classification of the clinical status, 
including clinical examination, ECG, and echocardiogram findings. 
Although most decisions were based on these classification rules, the 
physicians’ experience and clinical expertise were also essential to 
reach, by consensus, a final classification.

Statistical Analysis
Incidence rates of Chagas cardiomyopathy were calculated by divid-
ing the number of incident cases by the person-years of follow-up 
calculated from the date of index donation until the date of clinical 
examination. Incidence rates, calculated separately for the T cruzi se-
ropositives and seronegatives, were subtracted to obtain an incidence 
rate difference.

Test sensitivity of the ECG and echocardiogram was calculated as 
the number of test positives divided by the number of Chagas car-
diomyopathy cases diagnosed by the expert panel; specificity was 
determined from the number of test negatives divided by the sub-
jects without cardiomyopathy according to the expert. The positive 

Figure 1. Expert panel review criteria. The Retrovirus Epidemiology Donor Study-II (REDS-II) Chagas study protocol included an expert 
panel review, tasked with determining whether a donor’s cardiac findings were attributable to Chagas disease. Those records meeting the 
cardiac signs and symptoms trigger algorithm presented here were selected for review by the 3-member expert panel. Only records that had 
complete clinical examination, ECG, and echocardiography data were eligible for trigger consideration. The Appendix in the online-only Data 
Supplement gives additional information on how the expert panel designated a person as definite, probable, possible, or not Chagas cardio-
myopathy. BSA indicates body surface area; LA, left atrial; LAE, left atrial enlargement; LV, left ventricular; and TR, tricuspid regurgitation.
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predictive value was the number of Chagas cardiomyopathy cases 
divided by the number of test positives, and the negative predictive 
value was the number of subjects without cardiomyopathy divided by 
the number of test negatives.

Between Chagas cardiomyopathy cases and T cruzi seropositives 
without cardiomyopathy, categorical covariates were compared by 
use of χ2 tests, and continuous covariates were compared by use 
of t tests. Logistic regression was used to model the probability 
of T cruzi serpositives being classified as definite Chagas cardiac 
disease by the expert panel. Unadjusted models show odds ratios 
relative to a reference group for categorical covariates and odds 
ratio per unit change for continuous covariates. Categorization of 
continuous covariates and other alternatives was considered, but 
none showed substantive difference in modeling. The final logis-
tic regression model was developed with the use of a backward 
elimination approach. Variables with significant or nearly sig-
nificant univariate associations and with biologically plausible 
involvement in pathophysiology were considered for inclusion; 
only covariates with values of P<0.05 were retained in the model. 
All statistical analyses were conducted with SAS (SAS 9.2; SAS 
Institute, Cary, NC).

Results
Study Population and Risk Factors
A total of 1327 and 1887 letters were sent to seropositive 
and seronegative blood donors respectively. Figure 2 sum-
marizes the inclusion and exclusion into the cohort. The 
enrollment rate was slightly higher for seropositives (39%, 
511 enrolled of 1327 recruited) compared with seronegatives 
(27%, 50 of 1887). The predominant reason for not enroll-
ing in the study was the inability to locate the person; ≈59% 
of the seropositives and 67% of the seronegatives were not 
located. The death records search revealed that 65 seroposi-
tives (4.9%) were deceased of 1327 seropositives who had 
recruitment letters sent compared with 37 (1.96%) deceased 
among 1887 seronegatives who had recruitment letters sent 
(P<0.0001, χ2).

Of those who enrolled in the study, a total of 499 sero-
positives and 488 seronegatives had complete data and 
could be submitted for the expert panel review process (ie, 
trigger consideration). Table 1 summarizes the demographic 
characteristics of those eligible for trigger consideration. 
Approximately 50% of the seropositives and seronegatives 
were from São Paulo and 50% were from Montes Claros. 
Similarly, ≈50% of the seropositives and seronegatives were 
male, and the distributions of age and skin color (Brazilians 
do not measure race) were similar. Seropositives were more 
likely to be of lower educational attainment, consistent with 
the recognized concentration of T cruzi infection among 
those of lower socioeconomic status. Various risk factors 
for T cruzi infection were also reported more commonly 
among seropositives, as was length of exposure to T cruzi 
risk factors (P<0.0001). Seropositives and seronegatives 
were similar in terms of physical examination and labora-
tory measurements.

Cardiac Outcomes
All 101 validation cases of Chagas cardiomyopathy were trig-
gered, and 99 were classified as Chagas cardiomyopathy by 
the expert panel (sensitivity, 98%). The 499 seropositives and 
488 seronegatives with complete data who were eligible for 
trigger consideration were not significantly different in terms 

of their past diagnoses and medication use, except that the use 
of furosemide, spironolactone, captopril, aspirin, and benz-
nidazole was reported more frequently by the seropositives 
(Table 2).

Of the 499 seropositives and 488 seronegatives eligible for 
the expert panel review process, 63% and 48%, respectively, 
presented abnormalities and were triggered for review. Table 
2 summarizes the expert panel results for cases and controls. 
Twenty-four controls (5%) were classified as having Chagas 
cardiomyopathy (specificity, 95% for the expert panel process). 
Among the 499 T cruzi seropositives, 315 (63%) were referred 
to the expert panel, and 120 (24%) had Chagas cardiomyopathy. 
There was no difference in the prevalence of probable Chagas 
cardiomyopathy (3%) or possible Chagas cardiomyopathy 
(10%–11%) between seropositives and seronegatives. Of the 
120 seropositives classified as having Chagas cardiomyopathy, 
only 31 (26%) presented with ejection fraction <50%, and 
only 11 (9%) were classified as New York Heart Association 
functional class II or higher.

The mean follow-up time between the index donation and 
outcome assessment was 10.5 years for the seropositives and 
11.1 years for the seronegatives (range, 7–14 years). If we 
assume that all Chagas positive donors were without cardio-
myopathy at the time of donation, the cardiomyopathy inci-
dence attributable to T cruzi infection would be 1.85 per 100 
person-years.

Most of the 24 T cruzi–seronegative subjects who were 
misclassified as having Chagas cardiomyopathy had at 
least 1 typical finding, as defined in the online-only Data 
Supplement: global LV hypocontractibility in 15 patients, 
right bundle-branch block in 3 patients (1 patient also with 
LV hypocontractibility), and a combination of typical abnor-
malities in the other 7 patients. These findings were likely 
due to other types of cardiac disease, including coronary 
artery disease.

Performance of Screening Tests
Retrospective analysis of the algorithmic trigger for referral 
to the expert panel showed that of the 99 previously diag-
nosed Chagas cardiomyopathy cases, 1 (1%) was triggered by 
echocardiogram alone, none by ECG alone, and 98 (99%) by 
both echocardiogram and ECG. Of 120 T cruzi–seropositive 
cardiomyopathy cases, 6 (5%) were triggered by echocardio-
gram alone, 45 (38%) by ECG alone, and 69 (58%) by both 
echocardiogram and ECG. Finally, of the 24 T cruzi–seroneg-
ative cardiomyopathy cases, 8 (33%) were triggered by echo-
cardiogram alone, 1 (4%) by ECG alone, and 15 (63%) by 
both echocardiogram and ECG. Thus, for abnormal ECG, the 
sensitivity was 95%, specificity was 60%, positive predictive 
value was 43%, and negative predictive value was 97%. For 
abnormal echocardiogram, the sensitivity was 63%, specific-
ity was 80%, positive predictive value was 49%, and negative 
predictive value was 87%.

Clinical Characteristics of Chagas Cardiomyopathy 
Diagnoses
Among seropositives, Chagas cardiomyopathy was significantly 
associated with male sex (odds ratio, 1.97; 95% confidence 
interval, 1.23–3.16), a history of an abnormal ECG (odds 
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ratio, 6.09; 95% confidence interval, 3.64–10.19), and S
3
 

heart sound on physical examination (odds ratio, 6.01; 95% 
confidence interval, 3.00–12.05) but not with city, age, race, 
cigarette smoking, alcohol intake, or other medical diagnoses 
(Table 3).

Forty-nine of T cruzi seropositives (10%) reported that  
they had received any prior benznidazole treatment, 
although it was not clear if they had received a full course of 
treatment. There was no difference in the incidence of Chagas 
cardiomyopathy among seropositives previously treated with 

Figure 2. Donors included and excluded in the Retrovirus Epidemiology Donor Study-II (REDS-II) Chagas study. A total of 1327 seroposi-
tive and 1887 seronegative blood donors were recruited for this study. In total, 39% of the seropositives and 27% of the seronegatives 
enrolled. Ninety-eight percent of the enrolled seropositives and 97% of the enrolled seronegatives had complete clinical, ECG, and echo-
cardiography data and were considered eligible for trigger consideration. Sixty-three percent of the seropositives and 48% of the sero-
negatives met the trigger criteria, and their cardiac findings were reviewed by the expert panel.
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benznidazole (22%) compared with those who had received 
no treatment (24%).

Discussion
This 10-year retrospective cohort study provides strong 
evidence for a moderate rate of progression to cardiomy-
opathy (1.85%/y) among persons infected with T cruzi but 
without cardiomyopathy at baseline. The inclusion of a T 
cruzi–seronegative comparison cohort allowed measure-
ment and elimination of competing morbidity resulting 
from other cardiovascular disease. We found relatively few 
demographic or clinical prognostic factors other than sex, 
a history of cardiac arrhythmia, and S

3
 gallop on physical 

examination. This study yielded valuable information on 
the performance of our screening algorithm and suggests 
that initial screening by ECG followed by echocardiogram 
on those with abnormal ECGs is a viable strategy. Finally, 

Table 1.  Demographic, Exposure, and Medical 
Characteristics of the Study Population by Antibody Status

Trypanosoma 
cruzi 

Seropositive 
(n=499)

T cruzi 
Seronegative 

(n=488)

Site, n (%)

 Sao Paulo 255 (51) 239 (49)

 Montes Claros 244 (49) 249 (51)

Sex, n (%)

 Male 261 (52) 241 (49)

 Female 238 (48) 247 (51)

Age, n (%)

 20–29 y 4 (0.8) 4 (0.8)

 30–39 y 110 (22) 90 (18)

 40–49 y 163 (33) 151 (31)

 50–59 y 142 (28) 152 (31)

 ≥60 y 80 (16) 91 (19)

Skin color, n (%)

 White 155 (31) 203 (42)

 Black 56 (11) 28 (6)

 Mixed 274 (55) 249 (51)

 Other 11 (2) 7 (1)

 Refused to answer/missing 3 (1) 1 (<1)

Education, n (%)

 Adult alphabet or no school 46 (9) 11 (2)

 Did not complete elementary school 239 (48) 134 (27)

 Completed elementary school 87 (17) 60 (12)

 Completed high school 108 (22) 171 (35)

 Completed college, technical, or above 17 (3) 112 (23)

 Missing 2 (<1) 0

Chagas risk factors (answered “yes” to the following), n (%)

 Ever lived in a rural area? 464 (93) 248 (51)

  Ever lived in an area where the kissing  
bug was present?

441 (88) 191 (39)

 Know how to recognize a kissing bug? 390 (78) 247 (51)

 Ever bitten by a kissing bug? 249 (50) 17 (3)

 Know someone bitten by a kissing bug? 327 (66) 251 (51)

 Relative/friend bitten by kissing bug? 326 (65) 248 (51)

 House of wood or mud/thatched roof? 395 (79) 153 (31)

 Any relative ever had Chagas disease? 322 (65) 117 (24)

Exposure to Chagas Mean±SD Mean±SD

 Time exposed to Chagas (mean±SD), y 18 (13) 8 (14)

 Age at first exposure to Chagas, y 1 (3) 1 (4)

 Age at last exposure to Chagas, y 21 (13) 23 (16)

Physical examination outcomes

 Height, cm 164 (9) 165 (10)

 Weight, kg 72 (12) 76 (14)

 Body mass index, kg/m2 27 (4.0) 28 (5)

 Pulse, bpm 66 (9) 68 (9)

 Systolic blood pressure, mm Hg 124 (18) 125 (19)

 Diastolic blood pressure, mm Hg 76 (14) 77 (16)

 Total cholesterol, mg/dL 199 (42) 204 (51)

 High-density lipoprotein cholesterol, mg/dL 50 (14) 48 (13)

 Low-density lipoprotein cholesterol, mg/dL 122 (37) 126 (39)

 Triglycerides, mg/dL 137 (89) 151 (100)

Diagnosed with the following health problems, n (%)

 Diabetes mellitus 27 (5) 24 (5)

 Kidney problems 15 (3) 15 (3)

 Coagulation problems 2 (0.4) 1 (0.2)

 Heart attack 3 (0.6) 5 (1)

 Hypertension 113 (23) 119 (24)

 Glucose 90 (22) 93 (27)

Medication use, currently taking or ever taken, n (%)

 Digoxin 4 (1) 0

 Amiodarone 5 (1) 2 (<1)

 Furosemide 14 (3) 2 (<1)

 Hydrochlorothiazide 42 (8) 41 (8)

 Spironolactone 12 (2) 1 (<1)

 Captopril 46 (9) 25 (2)

 Enalapril 15 (3) 20 (4)

 Losartan 11 (2) 13 (3)

 Carvedilol 7 (1) 3 (1)

 Atenolol 14 (3) 15 (3)

 Propranolol 10 (2) 8 (2)

 Hydralazine 0 1 (<1)

 Isosorbide mononitrate 1 (<1) 3 (1)

 Amlodipine 9 (2) 9 (2)

 Warfarin 4 (1) 2 (<1)

 Aspirin 28 (6) 14 (3)

 Nifurtimox 1 (<1) 0

 Benznidazole 49 (10) 0

(continued )

Table 1. (Continued)

Trypanosoma 
cruzi 

Seropositive 
(n=499)

T cruzi 
Seronegative 

(n=488)
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treatment with benznidazole was rare in this cohort, and we 
found no evidence that cardiomyopathy was reduced in the 
few subjects who were treated.

Because the subjects in the study had to pass blood donor 
eligibility criteria that would have excluded those with symp-
tomatic cardiac disease from blood donation, we are confident 
that the cohort did not have clinically significant cardiomy-
opathy at baseline. Thus, we believe that cases detected an 
average of 10 years later by our diagnostic algorithm repre-
sent truly incident cases, allowing the calculation of the inci-
dence rate of 1.85 per 100 person-year. This incidence rate, if 
summed over 10 years of follow-up, is consistent with previ-
ous estimates of a 20% to 30% rate of disease penetrance, 
lending credence to our findings.8,17 Differences in disease 
penetrance estimates between studies may be due to study 
population, definition of disease progression, loss to follow-
up, and enrollment bias. In regard to enrollment bias, we saw 
a higher death rate among nonenrolled the seropositives com-
pared with nonenrolled seronegatives, so our incidence may 
be slightly underestimated. The incidence rate from the pres-
ent study may be used by physicians to give patients prognos-
tic information when they present with T cruzi seropositivity 
of unknown duration. It may also be used by public health 
authorities to estimate the future burden of Chagas cardiomy-
opathy in Brazil and to model the cost and efficacy of treat-
ment interventions.

Our diagnostic algorithm used a stratified screening 
procedure that included physician examination, ECG, 
and echocardiogram. The sensitivity and specificity of the 

algorithm were very good, as estimated by its detection of 
cardiomyopathy in 99 of 101 cases of previously diagnosed 
Chagas cardiomyopathy (sensitivity, 98%) and false-posi-
tive diagnosis of Chagas cardiomyopathy in only 24 of 488 
T cruzi seronegatives (specificity, 95%). However, our data 
showed that echocardiography added little to the sensitiv-
ity of detection among previous cardiomyopathy cases or T 
cruzi seropositives and contributed to worse specificity, as 
evidenced by triggering 8 T cruzi seronegatives (33%). The 
high negative predictive value of ECG suggests that future 
studies could potentially use ECG alone for screening and 
perform echocardiograms only on patients with abnormal 
ECG findings. Because it reveals left atrial volume and LV 
function, the echocardiogram may remain more important 
in predicting disease progression and death among patients 
already diagnosed with cardiomyopathy.6,18

We found few demographic or clinical predictors of car-
diomyopathy among T cruzi seropositives. Our associations 
between cardiomyopathy and previously reported heart or 
ECG abnormalities and S

3
 gallop are more likely to repre-

sent symptoms and signs of disease rather than true prog-
nostic factors. An association between male sex and the 
progression of cardiomyopathy or death has previously been 
reported,5,19,20 but to the best of our knowledge, this is the 
first report of an association between male sex and the onset 
of cardiomyopathy. That lower body mass index was associ-
ated with cardiomyopathy in the unadjusted model but not 
final model may be explained by a previous observation that 
B-type natriuretic peptide, a marker of severity of Chagas 
cardiomyopathy, is inversely related to body mass index 
and other anthropometric measures.21 It was surprising that 
older age at baseline and length of exposure to T cruzi did 
not predict incident disease because previous studies have 
implicated age as a risk factor.7,22 Our epidemiological data 
and T cruzi eradication campaigns over the last 20 years 
in Brazil suggest that infection occurred in most subjects 
during childhood or young adulthood.23 Thus, the lack of 
an age association suggests that variation in host genetics 
or immunology, rather than duration of infection, is more 
important in determining disease risk.

The premise that our cases were newly incident is sup-
ported by the relatively mild disease severity that we observed 
among the cases of Chagas cardiomyopathy. In contrast to 
case series enrolled by cardiology clinics,24–26 most were New 
York Heart Association class I and only a few were class II. 
In addition, only 26% of T cruzi–seropositive cardiomyopa-
thy cases had LV ejection fractions of <50%. To confirm the 
impression that we diagnosed cases early in the course of 
Chagas disease, we intend to follow up the cohort for both 
new incident cases and disease progression in those with 
diagnosed disease.

The study was not designed to evaluate the effect of treat-
ment, and among the small number of the seropositives who 
had previously been treated with benznidazole, there appeared 
to be no difference in the incidence of cardiomyopathy. 
Because we had no information on the timing or duration of 
benznidazole treatment, treatment could have been initiated 
after the onset of clinical symptoms and therefore would be 
unlikely to be effective. Treatment is still recommended for 

Table 2. Chagas Cardiomyopathy: Past Diagnoses and Expert 
Panel Review

Trypanosoma 
cruzi 

Seropositive 
(n=499),  

n (%)

T cruzi 
Seronegative 

(n=488),  
n (%) P

Current diagnosis by expert panel <0.0001

Not triggered for expert review 184 (37) 256 (52)

Expert panel review decision

 Definite Chagas cardiac disease 120 (24) 24 (5)

 Probable Chagas cardiac disease 15 (3) 14 (3)

 Possible Chagas cardiac disease 53 (11) 49 (10)

 Not Chagas cardiac disease 127 (26) 145 (30)

New York Heart Association functional 
class (definite Chagas only)

0.76

  1=Ordinary physical activity does 
not cause dyspnea

107 (90) 23 (96)

  2=Slight limitation of ordinary 
activity

10 (8) 1 (4)

  3=Marked limitation of ordinary 
activity

1 (<1) 0

 Missing 2 (2) 0

Ejection fraction (definite Chagas only) 0.09

 ≥50% 88 (74) 13 (57)

 <50% 31 (26) 10 (43)
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Table 3. Demographic Characteristics, Symptoms, and Signs Predicting Chagas Disease: Seropositives Only

Definite Chagas  
Cardiac Disease  

(n=120)

No Definite Chagas  
Cardiac Disease  

(n=379)
Unadjusted 
Odds Ratio P

Adjusted 
Odds Ratio* P

Site, n (%) 0.73

 Sao Paulo 63 (53) 192 (51) 1

 Montes Claros 57 (48) 187 (49) 0.93

Sex, n (%) 0.01 0.01

 Male 75 (63) 186 (49) 1.73 1.97  
(1.23–3.16)

 Female 45 (38) 193 (51) 1 1

Age in 10 y, n (%) 0.73

 20–29 y 1 (<1) 3 (<1) 0.78

 30–39 y 25 (21) 85 (22) 0.69

 40–49 y 39 (33) 124 (33) 0.73

 50–59 y 31 (26) 111 (29) 0.65

 ≥60 y 24 (20) 56 (15) 1

 Mean (SD) age, y 49 (11) 48 (10) …

Skin color, n (%) 0.87

 White 34 (28) 121 (32) 1

 Black 16 (13) 40 (11) 1.42

 Mixed 66 (55) 208 (55) 1.13

 Other 4 (3) 7 (2) 2.03

 Refused to answer/missing 0 3 (<1) …

Weight, kg 70 (11) 72 (12) 0.99 0.23

Height, cm 165 (8) 164 (9) 1.01 0.31

Body mass index, n (%) 0.62

 <25 kg/m2 45 (37) 132 (35) 1

 ≥25 kg/m2 75 (62) 245 (65) 0.90

Laboratory results, n (%)

 Systolic blood pressure, mm Hg 122 (18) 124 (18) 0.99 0.31

 Diastolic blood pressure, mm Hg 75 (14) 76 (13) 0.99 0.58

 Pulse, bpm 67 (10) 66 (8) 1.00 0.50

 High-density lipoprotein, mg/dL 52 (15) 50 (13) 1.01 0.06

 Low-density lipoprotein, mg/dL 121 (36) 122 (38) 1.00 0.79

 Total cholesterol, mg/dL 199 (38) 199 (43) 1.00 0.89

 Triglycerides, mg/dL 132 (72) 139 (94) 1.00 0.48

 Glycemia, mg/dL 89 (22) 91 (22) 1.00 0.51

Previous physician diagnoses, n (%)

 Symptomatic 52 (43) 121 (32) 1.63 0.02

 Cardiac presentation (observed by a clinician) 44 (37) 74 (20) 2.39 0.0002

 Gastrointestinal presentation (observed by a clinician) 17 (14) 68 (18) 0.76 0.34

 Asymptomatic 66 (55) 249 (66) 0.64 0.03

Medical history, n (%)

 Diabetes mellitus 7 (6) 20 (5) 1.11 0.82

 Kidney problems 5 (4) 10 (3) 1.61 0.39

 Coagulation problems 0 2 (<1) … 0.98

 Heart attack 2 (2) 1 (<1) 6.36 0.13

 Hypertension 24 (20) 89 (23) 0.82 0.44

Symptoms, n (%)

 Do you feel unable to climb 2 flights of stairs without resting? 18 (15) 41 (11) 1.46 0.21

 Do you have heart palpitations? 40 (33) 108 (29) 1.25 0.32
(continued )
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specific patient subgroups, although there is a lack of consen-
sus,1,2 and a randomized trial of benznidazole is underway.27 
A companion analysis of the present report will examine 
the effects of treatment on parasitemia as measured by poly-
merase chain reaction.

One strength of this study is its inclusion of a T cruzi–
seronegative cohort. This allowed the determination of true 
Chagas cardiomyopathy diagnoses against a background of 
cardiac disease resulting from other causes, the incidence 
of which is increasing in T cruzi–endemic areas as a result 
of economic development and subsequent increases in ath-
erosclerotic cardiovascular disease. Our blood donor sam-
pling frame allowed the inclusion of asymptomatic persons 
at baseline, thus minimizing the effect of referral bias if the 
study had been conducted at a cardiology referral center. 
The follow-up period of 10 years was long enough to allow 
a sufficient number of incident cases of cardiomyopathy 
to be diagnosed. Finally, the diagnostic algorithm includ-
ing expert panel adjudication had very good sensitivity and 
specificity for Chagas cardiomyopathy.

Limitations of the study include the enrollment of preva-
lent rather than incident T cruzi infections. Formation and 
evaluation of incident cohorts are extremely difficult, and we 
attempted to estimate the duration of infection using epide-
miological analysis of risk factors and geography. The lack 
of cardiac evaluation at baseline means that some asymp-
tomatic cases of cardiomyopathy could have been included, 
thereby inflating our incidence estimate. We believe that the 
blood donor sampling frame minimized the effect of this bias. 
Finally, the differential diagnosis of Chagas cardiomyopathy 
is difficult, and we could have misdiagnosed Chagas disease. 
This shortcoming is shared by many clinical studies of Chagas 
disease.

Conclusions
There was a moderate (1.85%) annual incidence of Chagas 
cardiomyopathy among initially asymptomatic T cruzi–sero-
positive blood donors, although disease was generally mild 
at diagnosis. Prognostic factors for cardiomyopathy, includ-
ing male sex, a history of ECG abnormalities, and S

3
 gallop, 

 Do you have difficulty breathing when lying down? 6 (5) 21 (6) 0.91 0.84

 Have you experienced swelling or puffiness in your feet in the morning? 11 (9) 23 (6) 1.56 0.25

 Does your heartbeat sometimes race when resting? 33 (28) 82 (22) 1.38 0.18

  Have you noticed any visible neck veins when standing up or sitting in 
front of a mirror?

6 (5) 8 (2) 2.42 0.11

  Has your doctor told you that you have heart abnormalities or rhythm 
problems on ECG?

51 (43) 41 (11) 6.07 <0.0001 6.09  
(3.64–10.19)

<0.0001

 Have you been told that your heartbeat is not regular? 23 (19) 36 (10) 2.24 0.006

 Do you have a pacemaker? 6 (5) 1 (<1) 19.81 0.006

 Have you ever noticed your heart racing or beating abnormally? 42 (35) 104 (28) 1.42 0.12

  Have you ever awakened during the night with shortness of breath or 
unable to breathe?

15 (13) 35 (9) 1.42 0.29

  Do you feel shortness of breath when you have to use physical 
strength, eg, climbing up stairs or hills?

36 (30) 72 (19) 1.83 0.01

 Do you feel chest pain? 41 (43) 111 (29) 1.28 0.27

 Have you ever fainted or lost consciousness? 11 (10) 31 (9) 1.16 0.69

Physical examination, n (%)

 Jugular vein engorgement 5 (4) 11 (3) 1.45 0.50

 Liver enlargement 3 (3) 5 (1) 1.94 0.37

 Edema of legs 9 (8) 16 (4) 1.84 0.16

 S3 heart sound 26 (22) 20 (5) 5.09 <0.0001 6.01  
(3.00–12.05)

<0.0001

 Rales on chest examination 1 (1) 5 (1) 1.60 0.67

New York Heart Association functional class, n (%) 0.79

 1=Ordinary physical activity does not cause dyspnea 107 (89) 343 (91) 1

 2=Slight limitation of ordinary activity 10 (8) 24 (6) 1.33

 3=Marked limitation of ordinary activity 1 (<1) 2 (<1) 1.60

 4=Inability to carry out any physical activity 0 0 …

 Missing 2 (2) 10 (3) …

*Stepwise logistic regression retained all covariates with P<0.05 (and excluded all others from the final model).

Table 3. (Continued)

Definite Chagas  
Cardiac Disease  

(n=120)

No Definite Chagas  
Cardiac Disease  

(n=379)
Unadjusted 
Odds Ratio P

Adjusted 
Odds Ratio* P
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if confirmed by other studies, may be useful in deciding 
which seropositives are at highest risk of cardiomyopathy 
and potentially eligible for treatment. The false-positive 
diagnoses of Chagas-like cardiomyopathy among 5% of T 
cruzi seronegatives illustrate the difficulty of distinguishing 
Chagas from other cardiac diseases, leading to overestima-
tion of Chagas disease incidence in uncontrolled seroposi-
tive cohorts.

Acknowledgments
The REDS-II, International Component (Brazil) is the responsibil-
ity of the following persons: Blood centers: Fundação Pró-Sangue/
Hemocentro São Paulo (São Paulo): Ester C. Sabino, Cesar de 
Almeida-Neto, Alfredo Mendrone Jr, Ligia Capuani, and Nanci 
Salles. Hemominas (Belo Horizonte, Minas Gerais): Anna Bárbara 
de Freitas Carneiro-Proietti, Fernando Augusto Proietti, Claudia 
Di Lorenzo Oliveira, and Carolina Miranda. Fundação Hemope 
(Recife, Pernambuco): Divaldo de Almeida Sampaio, Silvana Ayres 
Carneiro Leão, and Maria Inês Lopes. Data warehouse: University 
of São Paulo (São Paulo): João Eduardo Ferreira, Márcio Oikawa, 
and Pedro Losco Takecian. US investigators: Blood Systems 
Research Institute and University of California at San Francisco: 
M.P. Busch, E.L. Murphy, B. Custer, and T. Gonçalez. Coordinating 
center: Westat, Inc: J. Schulman, M. King, and K. Kavounis. 
NHLBI, National Institutes of Health: S.A. Glynn and S. Zou. The 
REDS-II Brazil investigators wish to express special gratitude to 
our collaborating cardiology institutions and investigators, with-
out whose contributions this study would have not been possible: 
Hospital das Clínicas and the Faculdade de Medicina, Universidade 
Federal de Minas Gerais, Belo Horizonte, Brazil: A.L. Ribeiro. 
Cardiomyopathy Unit of the Heart Institute (InCor) da Faculdade de 
Medicina da Universidade de São Paulo, São Paulo, Brazil: V.M.C. 
Salemi, B.M. Ianni, L. Nastari, F. Fernandes, and C. Mady. Centro 
de Ciências Biológicas e da Saúde, Prontosocor de Montes Claros, 
Minas Gerais, Brazil: A.P. Antunes and M.M. Menezes. NHLBI, 
Bethesda, MD: V. Sachdev.

Sources of Funding 
This study was supported by the NHLBI, National Institutes of 
Health, REDS-II International Component (contract HHSN-
268200417175-C) and by the Intramural Research Program of the 
NHLBI.

Disclosures
None.

References
 1. Rassi A Jr, Rassi A, Marin-Neto JA. Chagas disease. Lancet. 

2010;375:1388–1402.
 2. Lescure FX, Le Loup G, Freilij H, Develoux M, Paris L, Brutus L, Pialoux 

G. Chagas disease: changes in knowledge and management. Lancet Infect 
Dis. 2010;10:556–570.

 3. Cantey PT, Stramer SL, Townsend RL, Kamel H, Ofafa K, Todd CW, 
Currier M, Hand S, Varnado W, Dotson E, Hall C, Jett PL, Montgom-
ery SP. The United States Trypanosoma cruzi Infection Study: evi-
dence for vector-borne transmission of the parasite that causes Chagas 
disease among United States blood donors. Transfusion. 2012;52: 
1922–1930.

 4. Custer B, Agapova M, Bruhn R, Cusick R, Kamel H, Tomasulo P, Biswas 
H, Tobler L, Lee TH, Caglioti S, Busch M. Epidemiologic and laboratory 
findings from 3 years of testing United States blood donors for Trypano-
soma cruzi. Transfusion. 2012;52:1901–1911.

 5. Rassi A Jr, Rassi A, Little WC, Xavier SS, Rassi SG, Rassi AG, Rassi 
GG, Hasslocher-Moreno A, Sousa AS, Scanavacca MI. Development and 

validation of a risk score for predicting death in Chagas’ heart disease. N 
Engl J Med. 2006;355:799–808.

 6. Rassi A Jr, Rassi A, Rassi SG. Predictors of mortality in chronic Cha-
gas disease: a systematic review of observational studies. Circulation. 
2007;115:1101–1108.

 7. Maguire JH, Hoff R, Sherlock I, Guimarães AC, Sleigh AC, Ramos NB, 
Mott KE, Weller TH. Cardiac morbidity and mortality due to Chagas’ dis-
ease: prospective electrocardiographic study of a Brazilian community. 
Circulation. 1987;75:1140–1145.

 8. Bern C, Montgomery SP, Herwaldt BL, Rassi A Jr, Marin-Neto JA, 
Dantas RO, Maguire JH, Acquatella H, Morillo C, Kirchhoff LV, Gil-
man RH, Reyes PA, Salvatella R, Moore AC. Evaluation and treatment 
of Chagas disease in the United States: a systematic review. JAMA. 
2007;298:2171–2181.

 9. Biolo A, Ribeiro AL, Clausell N. Chagas cardiomyopathy: where do we 
stand after a hundred years? Prog Cardiovasc Dis. 2010;52:300–316.

 10. Salles NA, Sabino EC, Cliquet MG, Eluf-Neto J, Mayer A, Almeida-Neto 
C, Mendonça MC, Dorliach-Llacer P, Chamone DF, Saéz-Alquézar A. 
Risk of exposure to Chagas’ disease among seroreactive Brazilian blood 
donors. Transfusion. 1996;36:969–973.

 11. Saéz-Alquézar A, Otani MM, Sabino EC, Ribeiro-dos-Santos G, 
Salles N, Chamone DF. Evaluation of the performance of Brazil-
ian blood banks in testing for Chagas’ disease. Vox Sang. 1998;74: 
228–231.

 12. Denes P, Larson JC, Lloyd-Jones DM, Prineas RJ, Greenland P. Major and 
minor ECG abnormalities in asymptomatic women and risk of cardiovas-
cular events and mortality. JAMA. 2007;297:978–985.

 13. Prineas RJ, Crow R.S., Blackburn H. The Minnesota Code Manual of 
Electrocardiographic Findings. Littleton, MA: John Wright-PSG; 1982.

 14. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs 
I, Reichek N. Echocardiographic assessment of left ventricular hy-
pertrophy: comparison to necropsy findings. Am J Cardiol. 1986;57: 
450–458.

 15. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka 
PA, Picard MH, Roman MJ, Seward J, Shanewise JS, Solomon SD, Spen-
cer KT, Sutton MS, Stewart WJ. Recommendations for chamber quan-
tification: a report from the American Society of Echocardiography’s 
Guidelines and Standards Committee and the Chamber Quantification 
Writing Group, developed in conjunction with the European Association 
of Echocardiography, a branch of the European Society of Cardiology. J 
Am Soc Echocardiogr. 2005;18:1440–1463.

 16. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, 
Waggoner AD, Flachskampf FA, Pellikka PA, Evangelisa A. Recommen-
dations for the evaluation of left ventricular diastolic function by echocar-
diography. Eur J Echocardiogr. 2009;10:165–193.

 17. Maguire JH. Trypanosoma. In: Gorbach SL, Bartlett JG, Blacklow NR, 
eds. Infectious Diseases. 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2004:2327–2334.

 18. Rocha MO, Nunes MC, Ribeiro AL. Morbidity and prognostic factors in 
chronic chagasic cardiopathy. Mem Inst Oswaldo Cruz. 2009;104(suppl 
1):159–166.

 19. Basquiera AL, Sembaj A, Aguerri AM, Omelianiuk M, Guzmán S, 
Moreno Barral J, Caeiro TF, Madoery RJ, Salomone OA. Risk progres-
sion to chronic Chagas cardiomyopathy: influence of male sex and of 
parasitaemia detected by polymerase chain reaction. Heart. 2003;89: 
1186–1190.

 20. Pereira JB, Wilcox HP, Coura JR. The evolution of chronic chagasic cardi-
opathy, I: the influence of parasitemia [in Portuguese]. Rev Soc Bras Med 
Trop. 1992;25:101–108.

 21. Beleigoli AM, Lima-Costa MF, Diniz Mde F, Ribeiro AL. B-type natri-
uretic peptide and anthropometric measures in a Brazilian elderly popu-
lation with a high prevalence of Trypanosoma cruzi infection. Peptides. 
2011;32:1787–1792.

 22. Silva Sde A, Gontijo ED, Amaral CF. Case-control study of factors associ-
ated with chronic Chagas heart disease in patients over 50 years of age. 
Mem Inst Oswaldo Cruz. 2007;102:845–851.

 23. Ferreira Ide L, Silva TP. Transmission elimination of Chagas’ disease by 
Triatoma infestans in Brazil: an historical fact [in Portuguese]. Rev Soc 
Bras Med Trop. 2006;39:507–509.

 24. Sarabanda AV, Marin-Neto JA. Predictors of mortality in patients with 
Chagas’ cardiomyopathy and ventricular tachycardia not treated with 



Sabino et al  Chagas Cardiomyopathy Incidence  1115

implantable cardioverter-defibrillators. Pacing Clin Electrophysiol. 2011;34: 
54–62.

 25. Ribeiro AL, Cavalvanti PS, Lombardi F, Nunes Mdo C, Barros MV, 
Rocha MO. Prognostic value of signal-averaged electrocardiogram in 
Chagas disease. J Cardiovasc Electrophysiol. 2008;19:502–509.

 26. Cardinalli-Neto A, Bestetti RB, Cordeiro JA, Rodrigues VC. Predictors 
of all-cause mortality for patients with chronic Chagas’ heart disease 

receiving implantable cardioverter defibrillator therapy. J Cardiovasc 
Electrophysiol. 2007;18:1236–1240.

 27. Marin-Neto JA, Rassi A Jr, Morillo CA, Avezum A, Connolly SJ, Sosa-
Estani S, Rosas F, Yusuf S; BENEFIT Investigators. Rationale and design 
of a randomized placebo-controlled trial assessing the effects of etiologic 
treatment in Chagas’ cardiomyopathy: the BENznidazole Evaluation For 
Interrupting Trypanosomiasis (BENEFIT). Am Heart J. 2008;156:37–43.

CLINICAL PERSPECTIVE
This study presents the results from a large, retrospective cohort study of Chagas cardiomyopathy incidence from a National 
Heart, Lung, and Blood Institute–funded multicenter study in Brazil. After an average follow-up of 11 years, cohorts of 
previously healthy Trypanosoma cruzi–seropositive and –seronegative blood donors were subjected to comprehensive cardi-
ology evaluations. We estimated a cardiomyopathy incidence of 1.85 per 100 person-years attributable to T cruzi infection. 
These results are important on several levels. First, in terms of knowledge about the pathogenesis of Chagas disease, we 
present well-controlled data on cardiomyopathy incidence among previously asymptomatic T cruzi seropositives. Previous 
studies have relied on case series derived from referral centers, so our incidence estimates better represent those of seroposi-
tives in the general population. Second, the inclusion of T cruzi seronegatives as control subjects allowed us to validate our 
screening diagnostic algorithm by estimating the fraction of cardiomyopathy cases resulting from other causes that may be 
erroneously attributed to Chagas disease. This is important in that endemic countries in Latin America attain living standards 
that bring with them an increasing incidence of atherosclerotic cardiovascular disease. Third, the data will allow public 
health authorities to better estimate the potential disease burden and to calculate the costs and benefits of antitrypanosomal 
treatment in asymptomatic seropositives. Finally, these data will be of interest to the practicing cardiologist in the United 
States who may increasingly encounter T cruzi–seropositive patients among immigrants from Latin America. They will 
allow her/him to better estimate prognosis and to better consider treatment.




