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Serodiagnosis of Chronic Chagas Infection by Using EIERecombinant-Chagas-Biomanguinhos Kit
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A kit based on an enzyme immunoassay, EIE-Recombinant-Chagas-Biomanguinhos, developed by
the Oswaldo Cruz Foundation, was evaluated for the serodiagnosis of chronic Chagas disease. Evaluation was performed with 368 serum samples collected from individuals living in an endemic area for
Chagas disease: 131 patients in the chronic phase with confirmed clinical, epidemiological, and serological diagnosis (indirect immunofluorescence, indirect hemagglutination or enzyme-linked
immunosorbent assay) and 237 nonchagasic seronegative individuals were considered negative control. The EIE-Recombinant-Chagas-Biomanguinhos kit showed high sensitivity, 100% (CI 95%: 96.4100%) and high specificity, 100% (CI 95%: 98-100%). The data obtained were in full agreement with
clinical and conventional serology data. In addition, no cross-reaction was observed with sera from
patients with cutaneous (n=14) and visceral (n=3) leishmaniasis. However, when these sera were tested
by conventional serological assays for Chagas disease, cross-reactions were detected in 14.3% and
33.3% of the patients with cutaneous and visceral leishmaniasis, respectively. No cross-reactions were
observed when sera from nonchagasic seronegative patients bearing other infectious disease (syphilis,
n=8; HTLV, n=8; HCV, n=7 and HBV, n=12) were tested. In addition, sera of patients with inconclusive results for Chagas disease by conventional serology showed results in agreement with clinical
evaluation, when tested by the kit. These results are relevant and indicate that the refered kit provides a
safe immunodiagnosis of Chagas disease and could be used in blood bank screening.
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Chagas disease is still a major health problem
in Latin America where 16-18 million individuals
are infected with the causative agent Trypanosoma
cruzi and at least 90 million people are estimated
to be at risk of infection (WHO 1996). Under natural conditions, infected reduviid bugs transmit the
T. cruzi to humans when broken skin or mucous
membranes contact metacyclics trypomastigotes
from insect excreta. However, T. cruzi may bypass the vector bugs and be transmitted to man by
a number of alternative mechanisms: blood trans-
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fusion, congenital transmission, accidental laboratory contamination, organ transplantation from
infected donors and transmission by oral route
(Umezawa et al. 1996, Gomes 1997). Blood transfusion is the second most common means of infection and the human migration from endemic
areas to urban centers is proving a rising risk of
transfusional Chagas disease in all Latin America
and in non endemic countries (Schmuñis 1991).
Diagnosis of chronic Chagas disease is based
on the detection of parasite by indirect parasitological methods (xenodiagnosis and hemoculture) or
more usually on the detection of IgG antibodies
against T. cruzi in the sera of patients by immunological methods (complement fixation-CF, indirect
immunofluorescence-IIF, direct agglutination-DA,
indirect hemagglutination-IHA and enzyme-linked
immunosorbent assay-ELISA). The methods based
on detection of the parasite, although highly specific, are of limited sensitivity, because parasites are
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detected in only 20-50% of individuals known to
be infected, resulting in many false negative results
(Gomes 1997). On the other hand, the methods based
on the detection of an immune response to the parasite in the mamalian host lack specificity since they
use crude or partially purified parasite extracts.
Cross-reaction to T. cruzi has been observed with
related protozoan diseases, particularly leishmaniasis. The problems with conventional assays (CF,
IHA, DA, IIF and ELISA) may be overcome by
using recombinant polypeptides containing specific
T. cruzi epitopes that elicit an immune response in
the majority of chagasic patients.
Several T. cruzi genes have been cloned and
some of recombinant antigens have been assayed
for their use in diagnosis (Affranchino et al. 1989,
Levin et al. 1989, Almeida et al. 1990, Paranhos et
al. 1990, Cotrin et al. 1990, Zingales et al. 1990,
Goldenberg et al. 1991, Umezawa et al. 1999). Two
recombinant antigens, CRA and FRA, expressed
in the bacterium Escherichia coli were analyzed
by Krieger et al. (1992) in a diagnostic test for
Chagas disease. The data indicated that recombinant antigens displayed better results when used
in combination than separately. These authors developed a direct ELISA which involves the use of
peroxidase-labeled antigens to detect the immunecomplexes. The results indicate that the recombinant (CRA+FRA) ELISA was better than the conventional ELISA in the diagnosis of Chagas disease, providing 100% specificity and sensitivity in
all sera tested (Almeida et al. 1990, Krieger et al.
1992). These antigens were characterized and
shown to display a repetitive epitope structure
(Lafaille et al. 1989, Krieger et al. 1990). FRA
(flagellar repetitive antigen) is located in the flagellum of the parasite and displays a 68-amino acid
repeat, while CRA (cytoplasmic repetitive antigen)
is distributed throughout the cytoplasm and has a
14-amino acid repeat (Lafaille et al. 1989).
Recently, a kit for diagnosis of chronic Chagas
disease, using CRA+FRA antigens was developed
by Oswaldo Cruz Foundation (Fiocruz), Rio de
Janeiro, Brazil. The kit is based on enzyme immunoassay, the direct ELISA.
In the present work we report the evaluation of
the EIE-Recombinant-Chagas-Biomanguinhos kit
for the diagnosis of T. cruzi infection using characterized serum samples from individuals living
in Chagas disease endemic areas and from individuals with other infectious diseases.
MATERIALS AND METHODS

Human sera - Serum samples were collected
from 368 patients between the ages of 5 and 76
years old from Hospital Universitário Oswaldo
Cruz (Recife) living in Chagas disease endemic
areas in the State of Pernambuco, Brazil: 131 pa-

tients in the chronic phase of the Chagas disease
with confirmed clinical, epidemiological, and serological diagnosis and 237 nonchagasic individuals with negative serology were considered negative controls. Serum samples were previously classified as negative when two serological tests
(ELISA, IIF or HAI) gave nonreactive results
against T. cruzi antigens and as positive when two
tests were reactive. Serum samples of 14 patients
with cutaneous leishmaniasis (CL) and 3 with visceral leishmaniasis (VL) were also tested. Diagnosis of CL was based upon the collective analysis
of a set of elements: presence of typical lesions,
compatible epidemiological history and direct parasite detection. VL was diagnosed by clinical, epidemiological history, positive serological assay
(IIF) and by detection of parasites in bone marrow
aspirate. These sera were also tested by conventional serological assay to Chagas disease (ELISA
and HAI) to evaluate cross-reaction.
Sera from patients with other infectious disease
(8 with syphilis, 8 with HTLV, 7 with HCV, and
12 with HBV) as well as sera of patients with inconclusive results for Chagas disease (Table II)
from blood center Fundação Hemope/Hemocentro,
Pernambuco, Brazil were included in this study.
All sera were analyzed by EIE-RecombinantChagas-Biomanguinhos kit. Blood samples from
the individuals were taken by venopuncture and
the sera obtained were stored at -20oC until use.
Enzyme immunoassay - The enzyme immunoassay, with the EIE-Recombinant-ChagasBiomanguinhos, was performed according to
manufacturer. Briefly, microplates sensitized with
the recombinant antigens were incubated with undiluted patient sera (50 µl) at 37oC for 30 min. After
washes to remove the unbound antibodies, the
plates were incubated for 30 min at 37oC with 50
µl of peroxidase conjugated antigens. After repeated cycles of washes the immune complexes
were revealed by the addition of hydrogen peroxide and 3, 3’, 5, 5’- tetramethylbenzidine. The reaction was stopped with 2 M H2SO4, and the optical density (OD) at 450 nm was determined in a
ELISA reader (Bio-Rad 3550). The cutoff (CO)
values as well as the gray zone were calculated for
each plate according to manufacturer. Sera with
OD values equal or greater than CO value were
considered reactive, and consequently considered
positive for antibodies to T. cruzi. Sera with OD
values below CO were considered non-reactive and
negative for antibodies to T. cruzi.
Data analysis - The figure of samples recorded
as OD450nm was distributed by using computer
graphics software. The values of sensitivity and
specificity were calculated according to Camargo
(1992). The confidence interval (CI) was calculated at the level of 95%.
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RESULTS

DISCUSSION

ELISA results are shown in the Figure. The CO
and the gray zone values for each plate are shown
in Table I. The high sensitivity of 100% (CI 95%:
96.4-100%) and specificity of 100% (CI 95%: 98100%) show the excellent performance of the EIERecombinant-Chagas-Biomanguinhos kit. All 131
cases of confirmed Chagas disease, which had been
diagnosed by clinical and conventional serology
were positive and all 237 sera from nonchagasic
individuals were negative.
Analysis of the sera negative for Chagas disease but positive for CL and VL shows that the
responses do not give rise to false positive results
(Figure). When these sera were tested by conventional serological assays for Chagas disease, crossreactions were observed in 14.3% (2/14) of the patients with CL and 33.3% (1/3) patients with VL.
No cross-reactions were observed when sera from
patients with syphilis, HTLV, HBV and HCV were
tested by the recombinant kit. The sera with inconclusive results for Chagas disease by using conventional serological assays were in agreement with
the clinical evaluation (two chagasic patients and
four nonchagasic individuals) when tested by recombinant kit (Table II).

The serological conventional assays (CF, IIF,
IHA and ELISA) for diagnosis of Chagas disease
are used for individual diagnosis and for screening of donated blood, as well as in epidemiological studies. However, a persistent problem with
these conventional assays has been the occurrence
of false-positive results. Due to this problem, the
World Health Organization recommends that serum specimens should be tested in two conventional assays before being accepted as positive
(Gomes 1997). This approach carries with it an
enormous logistic and economic burden, especially
for a blood bank. Even if some blood banks use
three different serological tests to reach a diagnosis, the amount of blood discarded that could be
transfused, if there was a safe test, is significant.
As an example, in the major Brazilian blood center (Fundação Pró-Sangue Hemocentro de São
Paulo) some 10,000 blood units are discarded per
year due their reactivity for Chagas disease in conventional serologic tests, at a cost of approximately
U$ 60.00 per bag (Carvalho et al. 1993). In addition, the diagnostic tests that give some false-positive results should be avoided because such tests
can create social problems for false-positive
chagasic patients. They can also produce erroneous data in epidemiological studies (Krieger et al.
1992).
In order to overcome these problems, a new
diagnostic kit EIE-Recombinant-ChagasBiomanguinhos was developed by Fiocruz to detect antibody to T. cruzi in sera and plasma. The
test is a direct ELISA that use the CRA+FRA recombinant antigens.
In the present report we have evaluated the EIERecombinant-Chagas-Biomanguinhos kit using
serum samples from individuals living in Chagas
disease endemic areas of State of Pernambuco,
Brazil. The test showed to be highly sensitive and
specific, detecting 100% of the chagasic (131/131)
and nonchagasic individuals from endemic areas
(237/237), respectively. Sensitivity and specificity were 100% (CI 95%: 96.4-100%) and 100%
(CI 95%: 98-100%), respectively. In addition, no
cross-reaction was observed with sera from patients
with CL and VL. Even if low reactivity sera were
not included in this study, we may predict a high
sensitivity according to the results obtained with
these confirmed chagasic patients. Several conventional serological tests as well as ELISAs commercially available in Brazil showed cross-reactivity
to sera from patients with other diseases. These
false-positive results are frequent in the case of
patients with leishmaniasis (Carvalho et al. 1993).
The absence of cross-reactions in EIE-Recombi-

TABLE I
Cutoff and gray zone values obtained for each plate in
present report
Plates

Cutoff values
(OD)

Gray zone values
(OD)

0.233
0.244
0.198
0.192
0.178
0.183

0.233-0.279
0.244-0.293
0.198-0.237
0.192-0.231
0.178-0.213
0.183-0.220

1
2
3
4
5
6

TABLE II
Comparative evaluation of the sera with the
inconclusive results by conventional serological tests
and EIE-Recombinant-Chagas-Biomanguinhos kit
Sera

1a
2a
3a
4a
6b
7b

Conventional
serological tests
ELISA
OD/CO

IIF

0.289/ 0.180
0.245/0.180
0.286/0.180
0.254/0.180
1.188/0.180
0.215/0.180

NR
NR
NR
NR
NR
R

EIE-Recombinant-kit

OD/CO
0.087/0.198
0.087/0.198
0.088/0.198
0.096/0.198
1.242/0.198
1.150/0.198

a: nonchagasic sera; b: chagasic sera; NR: non reactive
sera; R: reactive sera; OD: optical densities; CO: cutoff.
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Optical densities (450 nm)

nant-Chagas-Biomanguinhos shows its high specificity for Chagas disease.
According to Camargo (1992), a problem that
occurs during screening of chagasic sera in blood
banks is the variable percentage of samples showing a reactivity in the gray zone around the cutoff
values. In order to verify this problem we tested
by recombinant kit, sera from blood center
Fundação Hemope/Hemocentro, Pernambuco, Brazil with inconclusive results for Chagas disease
obtained by conventional serological assays. Reactivity in the gray zone was not observed and the
results were in full agreement with clinical evalu2.40
2.35
2.30
2.25
2.20
2.15
2.10
2.05
2.00
1.95
1.90
1.85
1.80
1.75
1.70
1.65
1.60
1.55
1.50
1.45
1.40
1.35
1.30
1.25
1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Plate 1

Plate 2

Plate 3

ation. The kit EIE-Recombinant-ChagasBiomanguinhos for the diagnosis of chronic Chagas
disease has several advantages over other available methods: (i) the use of specific T. cruzi recombinant antigens avoids false-positive reaction;
(ii) the direct ELISA increases the sensitivity of
the method allowing the evaluation of low titer sera,
and corroborates its specificity; (iii) the use of undiluted serum samples reduces the possibility of
error due to manipulation; (iv) the procedure is
quick (taking 2 h to perform), easily performed and
reliable. Taken as a whole, these facts indicate that
the EIE-Recombinant-Chagas-Biomanguinhos is

Plate 4

Plate 5

Plate 6

Distribution of optical densities values from chagasic and nonchagasic individuals using the EIE-Recombinant-ChagasBiomanguinhos kit. The horizontal line inside the drops for each plate represents the cutoff values. Chagasic individuals (£);
nonchagasic individuals (¢); individuals with visceral and cutaneous leishmaniasis (¿); syphilis, HTLV, HCV and HBV infections (l)
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suitable for the diagnosis of Chagas disease and
could be used in blood bank screening. We are
currently evaluating this kit for screening donated
blood of the Fundação Hemope.
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