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Resumen
Objetivo: evaluar la precisión diagnóstica de dos pruebas de ensayos inmunoenzimáticos para determinar infección por Trypanosoma cruzi en una población colombiana. 
Material y método: Estudio analítico con diseño de casos y controles, de evaluación diagnóstica. Se determinó la sensibilidad, especificidad y la eficacia de diag-
nóstico de las pruebas CHAGATEK ELISA total y CHAGATEK ELISA recombinante. Se calcularon el valor predictivo positivo, valor predictivo negativo y los índices de 
verosimilitud positivo y negativo. Se halló el coeficiente kappa para estimar la concordancia entre las pruebas índice y de referencia. La capacidad discriminatoria 
de las pruebas se expresó a través del área bajo la curva ROC. 
Resultados: De las 184 muestras incluidas en el estudio, 99 fueron negativas para T. cruzi y 85 positivas según las pruebas de referencia utilizadas. La sensibilidad 
para la ELISA total y recombinante fue de 97.6% y 98.8% respectivamente, mientras que la especificidad fue 97.0% y 94.9%. El nivel de concordancia de la ELISA 
total y recombinante fue casi perfecto y la capacidad discriminatoria de las dos pruebas fue buena. 
Conclusiones: Se demostró que las dos pruebas pueden confirmar y excluir el diagnóstico de la enfermedad de Chagas y que tienen un buen rendimiento diagnóstico.

Palabras clave: Enfermedad de Chagas, Trypanosoma cruzi, diagnóstico, sensibilidad y especificidad, ensayo inmunoenzimático ELISA.

Evaluación diagnóstica de dos pruebas de inmunoabsorción ligado a enzimas para la infección por Trypanosoma cruzi 
en una población Colombiana

Abstract
Objective: To evaluate the diagnostic accuracy of two enzyme-linked immunosorbent assay tests to determine Trypanosoma cruzi infection in a Colombian population. 
Material and methods: Analytical study with case-control design of a diagnostic evaluation. Sensitivity, specificity and diagnostic efficacy of total CHAGATEK ELISA 
and recombinant CHAGATEK ELISA were determined. Positive predictive value, negative predictive value, and positive and negative likelihood ratios were calcula-
ted. The kappa coefficient was found to estimate the concordance between the index and reference tests. The discriminatory capacity of the tests was expressed 
by the area under the ROC curve. 
Results: Of the 184 samples included in the study, 99 were negative for T. cruzi and 85 were positive according to the reference tests used. Sensitivity for total and 
recombinant ELISA was 97.6 % and 98.8 %, respectively; while specificity was 97.0% and 94.9%. The level of concordance of the total and recombinant ELISA was 
almost perfect and the discriminatory ability of the two tests were good. 
Conclusions: It was demonstrated that the two tests can confirm and exclude the diagnosis of Chagas disease and have a good diagnostic performance.
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Introduction

Chagas disease (CD) is the long-term clinical outcome of a 
chronic human infection by the protozoan parasite Trypano-
soma cruzi that affects about 8-10 million people worldwide1. 
The diagnosis is a problem, due to the lack of knowledge of 
the disease by populations living in rural and urban environ-
ments; in addition, the infection does not present a marked 
symptomatology, which does not allow the infected popula-

tion to suspect that they are suffering from the disease2. In 
addition to this, serious deficiencies have been identified in 
this health system for the disease, despite the success of the 
expansion of universal health insurance in Colombia, which 
directly affect the access to a treatment3. Similarly, CD can 
also go unnoticed, because the main areas of infection of 
this parasite are rural; this means that there are not enough 
measures for identification and thus generate a more appro-
priate diagnosis4.
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Considering that the discriminatory capacity of serologi-
cal tests varies depending on the type of antigen used, as 
well as the incidence and prevalence of the disease in the 
region, one of the most important applications of serological 
diagnostic tests is in their use in endemic areas, where the 
test must discriminate infected individuals from those who 
may have other conditions that generate false positives5. 
Although numerous studies have been carried out to eva-
luate different tests for the detection of specific anti-T. cruzi 
antibodies, there is no consensus on the choice of a refe-
rence technique. Some studies performed in South American 
countries, such as Argentina and Chile, report a high efficacy 
of commercial kits manufactured in this region; while others 
show that the use of antigens prepared from T. cruzi strains 
isolated in these areas increases the sensitivity of antibody 
detection assays. This is based on the predominance of the 
T. cruzi I genotype in these regions and the wide extension 
of the T. cruzi II genotype in the Southern Cone countries6.

The use of ELISA tests for the diagnosis of CD with antigenic 
variability would increase the number of patients diagnosed; 
in addition, apart from being easy to acquire, of moderate 
cost and easily accessible to the clinical laboratory, it would 
achieve a rapid diagnosis that would lead to a treatment that 
would have more impact and prevent asymptomatic patients 
from presenting mostly cardiac complications7. On the other 
hand, the values reported, when proposing or evaluating a 
test from its sensitivity, specificity and predictive values, will 
be the result of the comparison of that test with another ac-
cepted or proposed as a gold standard for the diagnosis of 
the disease8. Therefore, it is very important to evaluate the 
serological methods routinely used in CD screening, in or-
der to detect reliable techniques for accurate diagnosis in 
samples of patients from endemic areas, which, in turn, will 
be of general utility and will correct the diagnostic inconsis-
tency recorded9. In addition, it is necessary to know the cha-
racteristics of diagnostic tests to support clinical decisions10, 
especially in this disease, whose chronic phase requires vali-
dation of techniques that allow obtaining greater sensitivity 
and specificity. Considering the above, the objective of this 
article was to evaluate the diagnostic accuracy of two enzy-
me-linked immunosorbent assay tests to determine T. cruzi 
infection in a Colombian population.

Materials and methods

Study design, location and sampling of participants
An analytical, case-control, diagnostic evaluation study was 
designed to assess the accuracy of two enzyme-linked im-
munosorbent assay ELISA tests. The population consisted of 
a universe (population) of 50,038 individuals11, from rural and 
urban areas of the municipalities of Soatá, Tipacoque, Moni-
quirá, Chitaraque, Otanche and Miraflores, in the department 
of Boyacá (Colombia). The sample calculation was estimated 
with a precision of 5 % and a confidence level of 99 %, a sen-
sitivity and specificity of 93.4 %12, plus 5 % loss, for a total of 
184 sera selected from the macro project, entitled “Evaluation 
of the diagnostic validity of two rapid tests for the diagnosis 
of Trypanosoma cruzi infection in a Colombian population”.

Reference tests
The diagnosis for CD in the chronic phase established by the 
World Health Organization indicates the use of a first ELI-
SA test for total antigens and as a complementary test an 
ELISA test for recombinant antigens or synthetic peptides. 
Therefore, the Chagas ELISA III GrupoBios13 and the Chagas 
ELISA IgG + IgM I Vircell14 were used as reference tests in this 
study. In case of discordant results, a third indirect immu-
nofluorescence test, an assay of a different principle from the 
first two, was processed to comply with the algorithm used 
for the diagnosis of chronic CD in Colombia. The tests were 
performed at the Departmental Public Health Laboratory of 
the Health Secretariat of Boyacá, CD Surveillance Program, 
following the recommendations of the commercial compa-
nies. The results were interpreted as positive or negative.
 
Index tests
The samples were processed with two enzyme-linked im-
munosorbent assays: one for total antigens (CHAGATEK ELI-
SA®)15 and the other for recombinant antigens (CHAGATEK 
ELISA®)16, following the recommendations of the commer-
cial company (Laboratorio Lemos, from Buenos Aires, Argen-
tina). Samples with reactive results were defined as confir-
med cases. The index tests were performed double-blind, i.e. 
the processing personnel were unaware of the results of the 
reference tests. The data were recorded in an information co-
llection form, which included variables such as age, sex, ori-
gin, results of the evaluated tests and of the reference tests.
 
Data analysis
Sensitivity, specificity and diagnostic efficacy were determi-
ned to assess the validity of the index tests. Positive predicti-
ve value (PPV), negative predictive value (NPV), and positive 
and negative likelihood ratios were calculated. The kappa co-
efficient was found to estimate the concordance between the 
index and reference tests. The values were interpreted accor-
ding to the recommendations of Landis and Koch: poor agre-
ement equal to 0; slight between 0 and 0.20; low between 
0.21 and 0.40; moderate between 0.41 and 0.60; considera-
ble between 0.61 and 0.80; almost perfect between 0.81 and 
1.0017. The discriminatory capacity of the tests was expressed 
through the area under the ROC curve.

Ethical aspects 
The project was approved by the Bioethics Committee of the 
University of Boyacá, by memorandum CB 039-2019 of May 
24, 2019. Informed consent was obtained from each partici-
pant and for those under 18 years of age the informed con-
sent was signed by the legal representative. 

Results

Of the 184 samples included in the study, 99 were negative 
for T. cruzi, and 85 were positive, according to the reference 
tests used. For the total antigen test (CHAGATEK ELISA®), 
two false negatives and three false positives were found (Ta-
ble 1); while with the recombinant antigen test (CHAGATEK 
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ELISA®), one false negative and five false positives were 
found (Table 2). There were no disparities between the re-
sults, so there was no need for a third confirmatory indirect 
immunofluorescence test.

The sensitivity of the two index tests was 97.6 % for the total 
antigen test (CHAGATEK ELISA®) and 98.8 % for recombi-
nant antigens (CHAGATEK ELISA®). On the other hand, the 
specificity was 97.0 % and 94.9 %, respectively. The LR+ and 
LR- analysis showed that the two index tests can confirm and 
exclude the diagnosis of CD (Table 3). A higher sensitivity was 
found for the recombinant ELISA but higher specificity for 
the total ELISA.

The level of agreement of the total CHAGATEK ELISA tests 
with the results of the reference tests was 97.3 %, and that 
of the recombinant CHAGATEK ELISA, 96.7 %, with a kappa 
index result thus κ = 0.945 (IC95 % = 0.891-0.989 and κ = 
0.935 (IC95 % = 0.878-0.978), respectively. The results are 
considered near perfect, according to the Landis and Koch 
classification, demonstrating that the two tests have a high 
degree of reproducibility.

The area under the curve estimates the ability of the total and 
recombinant CHAGATEK ELISA tests to discriminate between 
those with and without CD. The efficacy of total CHAGATEK 
ELISA was expressed by the area under the ROC curve, which 
was 0.984 (95%CI = 0.964-1) and recombinant CHAGATEK 
ELISA 0.993 (95%CI = 0.983-1), as evidenced in Fig 1 and 2.

Discussion

In this research, the detection capacity of anti-T. cruzi anti-
bodies of the CD diagnostic kits CHAGATEK ELISA total and 
CHAGATEK ELISA recombinant were compared with the ELISA 
Chagas III GrupoBios and Chagas ELISA IgG + IgM I Vircell, 
according to the reference standard proposed by the World 
Health Organization2 and following the diagnostic algorithm 
of the National Institute of Health of Colombia18. Regarding 

sensitivity, it was found that recombinant CHAGATEK ELISA 
presented higher values than the total of CHAGATEK ELISA; 
while specificity was higher in total CHAGATEK ELISA than in 
recombinant CHAGATEK ELISA. The above differs from what 
has been reported in studies where it has been described 
that the diagnostic binomial for chronic CD should be consti-
tuted by serial tests that include total antigens as the first test 
and as a complementary test a recombinant antigen test, ac-
cording to its configuration. Some tend to have better sensi-
tivity and others better specificity19. In addition, recombinant 
ELISA tests have been implemented as a strategy to avoid 
cross-reactions that occur with conventional techniques with 
other parasites, mainly with Leishmania sp. and Trypanosoma 
rangeli, in order to reduce possible false positives and increa-
se their specificity despite compromising their sensitivity20.

The results obtained for PPV and NPV in the present study do 
not coincide with the data obtained in Colombia, where va-
lues for the detection of chronic CD with a Chagas BioELISA 
ELISA test are reported to be 100 % and 98 %, respectively; 
while for the Chagatest ELISA test the PPV and NPV values 
were 100 % and 91 %, respectively21.

A rapid systematic review on immunoserology and molecular 
methods for CD indicated the accuracy found in the tests. 
Furthermore, an average sensitivity and specificity of 94.04 
% and 97.5 % were identified for total ELISA tests, respecti-
vely, while for recombinant ELISA tests these data were, on 
average, 94.3 % and 98.5 %22. Such results differ from those 
found in this investigation. On the other hand, in an analysis 
of the external quality evaluation program carried out during 
15 years in Chile, it was reported that the sensitivity of the 
total ELISA methods was in the range of 96.9 % to 100 % with 
a specificity that oscillated between 76.4 % and 100 %. As for 
recombinant ELISA methods, the sensitivity was 100 %, with a 
specificity ranging from 94 % to 98.8 %, ranges in which our 
results are found23.

Regarding the results of the kappa index, a study which eva-
luated the reproducibility of serological tests for the diag-
nosis of T. cruzi infection in pregnant women in an endemic 

Table 1. 2 × 2 table of the results of total CHAGATEK ELISA and conventional 
serology for the diagnosis of Chagas disease.

Total CHAGATEK 
ELISA

Reference test

Positive Negative Total

Positive 83 3 86

Negative 2 96 98

Total 85 99 184

Table 2. 2 × 2 table of the results of recombinant CHAGATEK ELISA and 
conventional serology for the diagnosis of Chagas disease.

Recombinant 
CHAGATEK ELISA

Reference test

Positive Positive Total

Positive 84 5 89

Negative 1 94 95

Total 85 99 184

Table 3. Performance of the index tests

Total CHAGATEK 
ELISA

Recombinant 
CHAGATEK ELISA

Prevalence 46 % 46 %

Sensibility 97.6 (92.7-99.5) 98.8 (94.6-99.9)

Specificity 97.0 (92.1-99.1) 94.9 (89.3-98.0)

PPV % (IC 95 %) 96.5 (91-99) 94.4 (88.1-97.8)

NPV % (IC 95 %) 98.0 (93.6-99.6) 98.9 (95.2-99.9)

ROC area % (IC 95 %) 0.984 (0.964-1) 0.993 (0.983-1)

LR+ 32.2 (10.6.-98.2) 19.6 (8,3-45.9)

LR− 0.24 (0.06-0.95) 0.12 (0.018-0.87)

LR+: Likelihood ratio positive
LR-: Likelihood ratio negative
NPV: Negative predictive value
PPV: Positive predictive value
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area of Santander (Colombia) reported a kappa index for the 
total ELISA tests performed in serum of 0.98 (IC95 % = 0.93-
1.00) compared to the reference test24, which was a lower va-
lue than that reported in the present study. The same occurs 
when comparing our results with a study performed in Para-
guay, where excellent agreement was obtained between the 
ELISA Chagas test IICS V.1 and the commercial kits: Chaga-
test ELISA-Wiener (κ = 0.89; IC95 % = 0.76-1) and ELISA test 
for Chagas III-Grupo BiosChile (κ = 0.92; IC95 % = 0.82-1)25. 

The area under the curve estimates the ability of the total and 
recombinant CHAGATEK ELISA tests to discriminate between 
those with and without CD. The validity of the test was esta-
blished by calculating the area under the ROC curve, whose 
result for total CHAGATEK ELISA was 0.984, a figure equal to 
that reported in a study conducted in patients from Agua-
zul and Maní (department of Casanare, Colombia), where the 
quality of a home ELISA test was 0.9726. On the other hand, in 
a study that evaluated the discriminatory capacity (capacity 
to differentiate between healthy and sick subjects) between 
a serological test (recombinant ELISA) and a molecular test 
to determine T. cruzi infection, the area under the curve was 
0.62, a lower result in relation to that of this study, whose 
comparison was made with a commercial total ELISA test27.

It was demonstrated that the CHAGATEK total ELISA and re-
combinant CHAGATEK ELISA tests can confirm and exclude 
the diagnosis of CD and that they have a good diagnostic 
performance.
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