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An enzyme-linked immunosorbent assay (ELISA) was developed for detecting antibodies against Trypano-
soma cruzi. Two synthetic T. cruzi peptides, TcD and PEP2, were used. The specificity and sensitivity of the
peptide ELISA were determined with 260 serum samples from individuals living in an area in which Chagas'
disease is endemic. ELISAs were performed with the peptides singly or in combination. The evaluation of these
tests showed that 168 (93.8%) of 179 serum samples from T. cruzi-infected patients were positive when TcD
peptide was used as antigen; 164 (91.6%) samples were positive with PEP2, and 178 (99.4%) samples were
positive when the two peptides were combined. Thus, the sensitivity of the ELISA using the two peptides
exceeded 99%0o. The specificity was evaluated by using a panel of 118 serum samples that included samples from
81 individuals living in an area of endemicity with negative serology for Chagas' disease and from 37 patients
from areas in which T. cruzi was not endemic but with other pathologies, such as leishmaniasis, tuberculosis,
and leprosy. Only two false-positive serum samples were found in this group of individuals, giving a test
specificity of more than 98%. Because these peptides can be synthesized and are very stable at room
temperature, the use of such reagents can improve the standardization and reproducibility of ELISAs for the
serodiagnosis of T. cruzi infection.

Chagas' disease, caused by the parasite protozoan Trypano-
soma cruzi, is a severe endemic infection affecting several
million people in Central and South America. The most
important route of transmission, in areas of endemicity, is still
by contact of a human being with an infected triatomid bug.
However, blood transfusion is the dominant means of trans-
mission in areas in which the disease is not endemic (16, 17). In
view of this, screening of blood is mandatory for donors from
both areas of endemicity and areas in which the disease is not
endemic but in which a high migration of individuals from
areas of endemicity occurs. The most specific way to diagnose
T. cruzi infections is by detection of the parasite in blood
samples by direct examination, hemoculture, or xenodiagnosis.
However, these methods have a low sensitivity (less than 50%)
and are time-consuming (2). Detection of antibodies to T. cruzi
antigens by immunological methods is still the most powerful
method to indicate infection. Different serological techniques
have been used since Machado and Guerreiro described in
1913 a complement fixation test for the serodiagnosis of
Chagas' disease. More recently, automated tests have become
important in the screening of large numbers of samples in a
short period of time. The enzyme-linked immunosorbent assay
(ELISA) is a useful method that can be automated and used in
blood banks to screen for most of the infectious diseases
transmissible by blood transfusion (such as AIDS, syphilis,
hepatitis, and human T-cell leukemia virus). In most of the
ELISAs developed for detecting T. cruzi infection, complex
mixtures of antigens obtained by lysis of epimastigotes or
trypomastigotes have been used (1, 10). Advances in molecular
biology and recombinant gene expression have permitted the
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identification and recombinant expression of important T.
cruzi antigen genes (7, 8, 11, 14). Evaluation of some of these
defined antigens has shown promising results for the diagnosis
of T. cruzi infection (6, 8, 13, 15). With that approach, peptides
have also been obtained and used as antigens in ELISAs (3, 19,
20). Among the different peptides described, two (TcD and
peptide 2) were shown to have high sensitivity and specificity in
detecting specific antibodies in sera from T. cruzi-infected
individuals. In previous studies, the TcD peptide (3) showed a
sensitivity of 95% for detecting antibodies in sera from patients
from different areas of endemicity. Similarly, peptide 2 (19)
was shown to be very effective in detecting antibodies in 93%
of serum samples obtained from a Chilean population with
Chagas' disease. In view of these data, we decided to evaluate
these two peptides individually and in a combination ELISA,
using sera from individuals living in an area of Brazil where
Chagas' disease is endemic. Serum samples were from individ-
uals infected with T. cruzi, as confirmed by clinical diagnosis,
xenodiagnosis, and three conventional serological tests, or with
other infectious agents known to cross-react serologically with
T. cruzi.

MATERIALS AND METHODS

Study population. Serum samples were collected from 260
individuals living in an area in which Chagas' disease is
endemic, Virgem da Lapa City, located in the state of Minas
Gerais, Brazil. All individuals were evaluated by an epide-
miologic questionnaire, and physical examinations were
conducted. Laboratory evaluations were done by electrocar-
diogram, chest radiograph, or radiologic imaging of the gas-
trointestinal tract. Three serological tests (indirect immunoflu-
orescence assay [IFA], indirect hemagglutination [IHA], and
ELISA) for detection of anti-T. cruzi antibodies were per-
formed. The individuals were grouped into patients with or
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without Chagasic infection according to the clinical and sero-
logical findings. In order to test the specificity of the peptide
assays, 37 serum samples were collected from patients with
other infectious diseases known to cross-react serologically
with crude T. cruzi antigen preparations. These included 11
samples from patients with visceral leishmaniasis (Leishmania
chagasi infection), 12 samples from patients with cutaneous
leishmaniasis (L. brasiliensis infection), 7 samples from pa-
tients with tuberculosis, and 7 samples from patients with
leprosy.

Synthetic peptides. Two different peptides (TcD and PEP2),
synthesized on the basis of repeat units from T. cruzi trypo-
mastigote antigens, were used. They were selected on the basis
of their previous performance in serological assays for the
diagnosis of T. cruzi infection (3, 20). The TcD peptide
contains 15 amino acids representing 1.5 of the 10-amino-acid
repeat (AEPKSAEPKP) present in a high-molecular-weight
trypomastigote antigen. This antigen appears to be specific to
and conserved among T. cruzi isolates (3). PEP2 is a 22-amino-
acid peptide sequence (GDKPSPFGOAAAGDKPSPFGQA)
representing 1 of a 12-amino-acid repeat (PSPFGQAAAG
DK) and 10 amino acids from this repeat of recombinant clone
2, which encodes a portion of a T. cruzi antigen also present in
trypomastigotes (20). Peptides were synthesized on an Applied
Biosystems instrument (model 430A) by using N-tert-butoxyl-
carbonyl chemistry and were purified by reverse-phase high-
performance liquid chromatography. Peptides were character-
ized by amino acid analysis with a Beckman 6300 system and by
plasma desorption mass spectrometry on a Bio-Ion 20 spec-
trometer (3).

Serological tests. (i) IFA. The IFA technique described by
Camargo (4) was followed. T. cruzi epimastigotes, Y strain,
were used as antigen, and goat anti-human immunoglobulin G,
fluorescein isothiocyanate conjugated (Cooper; Organon
Teknika, Durham, N.C.), was used as a second antibody.

(ii) IHA and conventional ELISA. Commercial reagents
were used for both tests. A Chagas HAI-Immunoserum kit
(Immunoserum-Tecnologia Imunologica Industria e Comer-
cio, Sao Paulo, Brazil) was used for the IHA, and an ELISA-
hemobio Chagas (EMBRABIO-Empresa Brasileira de Biotec-
nologia, Sao Paulo, Brazil) was used for the ELISA test. All
tests were performed according to the manufacturer's instruc-
tions.

(iii) Peptide ELISA. Plastic 96-well plates (Corning Easy
Wash High Binding; Corning Laboratories, Corning, N.Y.)
were coated with 50 ,1 of TcD peptide (10 ,ug/ml), PEP2
peptide (2.5 ,ug/ml), or a mixture of the two peptides (TcD, 10
,ug/ml; and PEP2, 2.5 ,ug/ml) per well diluted in 0.05 M
carbonate buffer (pH 9.6). Plates were incubated for 1 h at
37°C and maintained at 4°C until use for up to 1 month. For
use, sensitized wells were washed with 0.01 M phosphate-
buffered saline (pH 7.2)-0.3% Tween 20 (PBS/T). Positive
control, negative control, and unknown serum samples were
diluted 1:20 in PBS/T containing 0.5% bovine serum albumin,
and 50 pul was added to each well. After 30 min of incubation
at 37°C, wells were washed six times with PBS/T, 50 pI of
protein A-peroxidase (Zymed Laboratories, San Francisco,
Calif.) diluted in PBS/T-bovine serum albumin was added, and
the plates were incubated as described before. Wells were
washed eight times with PBSfT, and 100 pI of 2,2'-azino-di-3-
ethylbenzthiazoline sulfonic acid (ABTS) substrate solution
(50 pI of 50x ABTS, 50 pI of 1.5% H202, 2.5 ml of 0.1 M
citrate buffer [pH 4.1]; Zymed) was added. After 15 min at
room temperature, the enzymatic reaction was stopped by
adding 100 pu1 of 10% sodium dodecyl sulfate. A405 values were
determined with an ELISA reader (Titertek Multiskan; Flow
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FIG. 1. Reactivity of serum samples from 260 individuals living in
an area where Chagas' disease is endemic; samples were analyzed by
ELISA, using TcD and PEP2 peptides as antigens. aUnits = mean of
sample absorbance/cutoff absorbance; bnumber of serum samples in
ELISA peptide/number of serum samples in IHA-IFA-ELISA.

Laboratories, McLean, Va.). For each test, five negative
control serum samples and two positive Chagas' patient serum
samples were included. Test results were considered accept-
able only when negative control sera had absorbances above
0.2 and positive control sera had absorbances between 0.6 and
0.8 (low positive), or between 1.2 and 1.4 (high positive). The
cutoff was determined for each test by using the following
calculation: mean of negative sera plus 3 standard deviations.

RESULTS
Sera from 260 individuals living in an area of endemicity for

Chagas' disease were assayed by IFA, IHA, and ELISA for the
diagnosis of T. cruzi infection. One hundred seventy-nine
positive serum samples and 81 negative serum samples in all
three tests were chosen for further study, using the TcD and
PEP2 ELISA (Fig. 1). From the data shown in Fig. 1, the TcD
ELISA was found to be 93% sensitive and the PEP2 ELISA
was 91% sensitive. As observed in Table 1, only one serum
sample did not react with either peptide. In view of these
results, an ELISA test using a mixture of both peptides was
designed and evaluated. Using this assay, only one positive
serum sample was missed, and the test was shown to have a
sensitivity of greater than 99%. The specificity of the peptide
test was evaluated with sera from individuals living in an area
of endemicity for Chagas' disease who had negative T. cruzi
serology, as well as with sera from patients with other pathol-
ogies. In these samples, 2 of 81 samples were positive, but no

TABLE 1. Reactivity of serum samples from 260 individuals living
in an area where Chagas' disease is endemic analyzed by IFA, IHA,

and ELISA versus ELISA with TcD and PEP2 peptides

No. of samples

IFA-IHA-ELISA ELISA TcD ELISA PEP2 ELISA

Positive Negative Positive Negative Positive Negative

Positive (n = 179) 168 11 164 15 178 1
Negative (n = 81) 2 79 1 80 2 79
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TABLE 2. Number of positive serum samples from a group of healthy individuals and patients with different infectious diseases tested by
different serological assays used for detection of T. cruizi infection

No. of samples positive

Disease No. of samples ELISAtested IHAIMUNO" IFA

EMBR' TcD PEP2 TcD/PEP2

Cutaneous leishmaniasis 12 2 0 0 0 0 1
Visceral leishmaniasis 11 3 0 0 0 0 5
Leprosy 7 0 1 0 0 1
Tuberculosis 7 0 0 1 0 0 0
Healthy" 81 0 2 1 2 0 0

Total 118 5 3 2 2 1 7

Specificity (%) 95 97 98 99 99 94

IMUNO, commercial indirect hemagglutination assay from IMMUNOSERUM.
"EMBR, commercial ELISA from EMBRABIO.
Individuals from an area where Chagas' disease is endemic but with negative serology.

false-positive results were found among the 37 serum samples
from individuals with other pathologies (Table 2). All cutane-
ous and visceral leishmaniasis serum samples were negative in
the mixed-peptide assay, including those that were positive by
IFA and ELISA. It should be pointed out that with the
commercial IHA test, in which a T. cruzi crude extract is used
as antigen, no false-positive results were found.

In one of our first attempts to evaluate the TcD peptide, only
65% sensitivity and low absorbance values were found among
positive sera. NUNC Immuno modules (Nunc Labs, Roskilde,
Denmark) were used in this experiment (data not shown). In
view of these results, a comparison of two different brands of
plates, NUNC and Corning, was done. The latter had been
used in the original TcD evaluation. Of five T cruzi-positive
serum samples, three samples were found to be negative when
both peptides were used on NUNC plates, whereas all five
samples were strongly positive on the Corning plates. These
results probably reflect the differential ability of the plates in
binding the synthetic peptides.

DISCUSSION
Serological methods are widely accepted for the immuno-

diagnosis of Chagas' disease. Among them, IFA and IHA have
been commercially available for a long time and consequently
are the tests most often used in clinical laboratories and blood
banks. Recently, enzyme immunoassays have been introduced
and used for the screening of blood donors. However, complex
mixtures of components extracted from parasites at different
stages of the life cycle have been used as antigen (1, 10).
Different T. cruzi strains and antigen extraction techniques
have also been used, introducing a source of variability in the
final reagent and giving controversial results.
To overcome these problems, we developed and evaluated

an ELISA that uses a mixture of two T. cruzi trypomastigote-
derived synthetic peptides as antigens. Initially, when TcD and
PEP2 peptides were individually used as antigens in ELISAs,
the sensitivities of the tests were 93 and 91%, respectively.
These results are in agreement with previous data in which
TcD showed 95% sensitivity (3) and PEP2 showed 92%
sensitivity (20). It should be pointed out that both peptides
were described as having high specificity and showed no
cross-reactivity with leishmaniasis patient sera. These sera are
considered one of the most commonly cross-reactive groups in
the IFA (5, 9). We obtained similar results, although two
serum samples from patients without Chagas' disease showed

positive results with TcD and one sample was positive with
PEP2. Other peptides have been used as antigens for the
diagnosis of T. cruizi infection, but their sensitivities in detect-
ing specific antibodies were shown to be lower than those of
the peptides evaluated in this study (19). Considering these
results, we decided to combine the TcD and PEP2 peptides
and use them as a single antigen in an ELISA. The use of a
mixture of defined antigens in an ELISA for the serodiagnosis
of Chagas' disease has been tested before with two recombi-
nant antigens, CRA and FRA (13). In this case, the test
showed 100% sensitivity and 100% specificity. However, a
mixture of synthetic peptides was not tested, although reports
have suggested that a combination of synthetic peptides would
increase the sensitivity in detecting most of infected patients
(19). With a combination of TcD and PEP2 peptides, we found
high levels of sensitivity (99.7%) and specificity (99%). The
only serum sample that showed a false-negative result was
obtained from a patient who had received specific treatment
for Chagas' disease. This serum sample also showed a weak
positive reaction in the commercial ELISA test and IFA (1:40).
It has been documented that after specific treatment antibody
responses to T crulzi antigens can decrease, and sometimes
conventional serological tests become negative (12, 18).

Recombinant polypeptides are powerful reagents for sero-
logical diagnosis, mainly due to the larger spectrum of epitopes
on their structure. However, synthetic peptides can be very
useful because they can be readily produced in large amounts
and standardized. Our results demonstrate the applicability of
two well-defined synthetic peptides, particularly when used in
combination, to the diagnosis of Chagas' disease. Their use in
an ELISA would be important because of their stability,
reproducibility, and reliability.
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