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Abstract. There is a significant heterogeneity in reported performance of serological assays for Chagas disease diag-
nosis. The conventional serology testing in laboratory diagnosis and in blood banks is unsatisfactory because of a high
number of inconclusive and misclassified results. We aimed to assess the quality of four commercially available enzyme-
linked immunosorbent assay tests for their ability to detect Trypanosoma cruzi antibodies in 685 sera samples. Cross-
reactivity was assessed by using 748 sera from patients with unrelated diseases. Initially, we found that the reactivity
index against 7. cruzi antigen was statistically higher in sera from Chagas disease patients compared with those from
non-chagasic patients, supporting the notion that all evaluated tests have a good discriminatory ability toward the diag-
nosis of 7. cruzi infection in patients in the chronic phase of the disease. Although all tests were similarly sensitive for
diagnosing 7. cruzi infection, there were significant variations in terms of specificity and cross-reactivity among them.
Indeed, we obtained divergent results when testing sera from patient with unrelated diseases, particularly leishmaniasis,
with the levels of cross-reactivity being higher in tests using whole 7. cruzi extracts compared with those using
recombinant proteins. Our data suggest that all four tests may be used for the laboratory diagnosis and routine blood
screening diagnose for Chagas disease. We also emphasize that, despite their general good performance, caution is
needed when analyzing the results when these tests are performed in areas where other diseases, particularly leish-

maniasis, are endemic.

INTRODUCTION

Chagas disease is a complex zoonosis caused by the proto-
zoan hemoflagellate Trypanosoma cruzi. The parasite is trans-
mitted to humans by domestic or sylvatic hematophagous
triatomine bugs through the insect’s infected feces while it is
feeding on blood. Parasites within the triatomine excreta may
enter the human body through either broken skin or mucous
membranes, including the conjunctiva or oral/digestive mucosa.
Secondary and less frequent routes of transmission include
blood transfusion, congenital transmission, organ transplan-
tation, and accidental laboratory contamination.! Outbreaks
caused by contaminated food and beverages have also
been described.? Infection with T. cruzi causes mortality in
14,000 people® and morbidity in up to 10 million people in the
continental Western Hemisphere, resulting in a substantial dis-
ease burden in the 22 endemic countries.* In recent years,
intensification of the migratory flow due to socioeconomic
factors has increased 7. cruzi infection beyond the borders
of Latin America, becoming a worldwide health concern, par-
ticularly in the United States, Canada, Spain, Italy, Germany,
and Japan.™® As a result, blood transfusion is now a risk for
transmission in many areas of the world.

Chronic Chagas disease presents itself with intermittent
or low parasitemia and lack of symptoms, thus reducing the
sensitivity (Se) of direct parasitological assays. Therefore,
immunological methods are the elective procedure to detect
the presence of specific anti-7. cruzi antibodies in a patient’s
blood during the chronic phase.”® However, immunological
methods present some divergences because of the different
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protocols of antigen preparations and genetic variations of
circulating strains, yielding differences in performance among
available commercial tests. This is particularly worrying with
regard to blood donor screening. In 1995, Wendel Neto’
had already given attention to the risk of blood transmis-
sion, emphasizing that the prevalence of infected donors
ranges from 0.01% to as high as 60% in some cities from
Latin America, and the risk of infection via transfusion of a
contaminated whole blood unit is in the range of 12-25%.
More recent work has revealed that 1.91% of the blood
donors screened for Chagas disease living on the island of
Majorca, Spain, and coming from Chagas-endemic areas were
seropositive, particularly from Argentina and Bolivia.'® Since
no test has been found to be sufficiently sensitive and specific
to be designated the sole screening assay for Chagas disease,
World Health Organization advises that, to ensure a reliable
diagnosis, screening must be carried out by at least two assays
based on distinct techniques and used concomitantly. In Brazil,
the Health Ministry recommends the use of a test with high
Se (with total antigen or semi-purified fractions of the para-
site) in combination with a high specificity (Sp) test in parallel
(using T. cruzi-specific, recombinant antigens).

The most widely used immunological methods are indi-
rect immunofluorescence (IFA), indirect hemagglutination
and enzyme-linked immunosorbent assays (EIA). Among
these, EIA is the most used because of its high automation
level and flexibility to using different antigen preparations.?
Antigens for the EIA assays are provided by total or semi-
purified homogenate of epimastigote forms of 7. cruzi. As
it could be expected, there is considerable variation in the
reproducibility, feasibility, and reliability of such positive con-
trol samples.'® Most worrisome is the reported cross-reactivity
with related protozoan parasites, particularly Leishmania spp.
and Trypanosoma rangeli. Other preparations use recombi-
nant proteins or a collection of short recombinant peptides
containing specific 7. cruzi epitopes, increasing the Sp of
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the assays."*'® More recently, chimeric recombinant proteins
designed with selected amino acid sequences increased the
Se and Sp in diagnostic assays.'”® In this scenario, because of
the heterogeneity of the performance reported by the tests for
Chagas disease diagnosis, we decided to assess the reported
quality of four EIA tests for their ability to specifically detect
T. cruzi antibodies.

MATERIALS AND METHODS

Clinical specimens. All serum samples used in this study were
obtained from the serum bank at the Reference Laboratory
for Chagas Disease (Oswaldo Cruz Foundation, Pernambuco,
Brazil). Samples were from 186 chagasic (Ch) patients diag-
nosed with chronic Chagas disease with confirmed clinical,
epidemiological, and serological diagnosis living in endemic
areas in the State of Pernambuco, Brazil, which have been
monitored at the Chagas Disease and Heart Failure Outpatient
Clinic (PROCAPE) from the University of Pernambuco,
Brazil. The patient selection was based on the positivity in
two positive serological tests for Chagas disease and clinical
tests (radiologic examination, electrocardiogram, chest X-ray,
and echocardiogram) for characterization of the clinical forms.
According to their clinical status, patients were classified as
follows: mild cardiac (N = 49), who presented cardiac alter-
ations but no heart dilatation; severe cardiac (N = 46), who
presented clinical signs of severe cardiomyopathy with heart
enlargement; digestive (N = 16); cardio-digestive (N = 29); and
indeterminated patients (N = 46) that were asymptomatic.'!
Negative serum samples (non-chagasic [NCh]) were obtained
from healthy blood donors (N = 499) (Pernambuco Blood
Bank, Hemope Foundation, Brazil) from a Chagas-endemic
area. Beside the positive and negative sera, 748 patients with
unrelated diseases, as defined by their serological diagnoses,
composed the serum collection to evaluate cross-reaction:
dengue (N = 50), filariasis (N = 50), hepatitis B virus (N =
87), hepatitis C virus (HCV; N = 55), human immunodefi-
ciency virus (N = 115), human T-cell lymphotropic virus
(N = 62), Leishmania ssp. (N = 35), leptospirosis (N = 98),
rubella (N = 15), measles (N = 23), schistosomiasis (N = 43),
and syphilis (N = 115). Serum samples were stored in sealed
well-labeled microtubes at —20°C until enzyme immunoassays
were performed.

Laboratory evaluation. The selection of tests used in this
work was based on Technical Note N°03/06 from the Brazilian
Health Ministry," which evaluated the performance to detect
the presence of specific anti-7. cruzi antibodies in 12 com-
mercially available diagnostic tests in Brazil. The Technical
Note recommends the use of tests with Se and Sp greater
than or equal to 99% and 97 %, respectively. Currently, only
five of the 12 analyzed tests presented a valid registration in
the Brazilian Health Surveillance Agency, but only four of
them fulfilled the above criteria. Thus, the following com-
mercial Chagas disease-specific enzyme immunoassays tests
were selected for the present study: Imuno-ELISA Chagas
(batch 14D061; Wama Diagnostica, Sdo Paulo, Brazil) and
Pathozyme® Chagas (batch 7042779; Omega Diagnostics,
Scotland, United Kingdom), which are based on recombinant
antigens; ELISA Chagas III (batch 1F130525; BIOSChile,
Ingenierfa Genética S.A., Santiago, Chile), which uses whole
extracts of 7. cruzi strains Mn and Tulahuen as antigens; and
Gold ELISA Chagas (batch CHA132A; Rem, Sdo Paulo,

Brazil), which uses both recombinant antigens and purified
lysates from Brazilian strains of 7. cruzi epimastigotes. All
commercial tests were performed under strict adherence to
the manufacturer’s specifications. Additional positive and
negative control sera, previously assayed for Chagas disease
by Western blot (TESA blot; Biomérieux, Rio de Janeiro,
Brazil) and IFA (Immunocruzi; Biomérieux) methods, were
included in parallel. The cutoff values as well as the gray
zone were calculated for each plate by using the following
calculation: ([mean absorbance of low positive control]/1.5)
for Imuno-ELISA Chagas and Pathozyme Chagas tests;
([mean absorbance reading of positive controls + mean absor-
bance reading of negative controls] x 0.35) for Chagas
ELISA III; and ([mean absorbance reading of negative con-
trols] + 0.180) for Gold ELISA Chagas. Enzyme immuno-
assays results, recorded as measurements of optical density
(OD) at 450 nm, were expressed by plotting an index that
represents the ratio between the OD of the samples and the
OD of the cutoff. This index is referred to as reactivity
index (RI) and all results < 1.00 were considered negative.
However, samples were deemed inconclusive (or in the gray
zone) if the RI values fell into the undetermined zone,
which was defined as RI values of 1.0 + 10% to Gold
ELISA Chagas and ELISA Chagas III; and 1.0-1.5% to
Imuno-ELISA Chagas and Pathozyme Chagas.

Statistical analysis. Data were encoded and analyzed using
scatter computer graphic software (Prism version 6; GraphPad,
San Diego, CA). Descriptive statistics were presented as geo-
metric mean + standard deviation. To test the normality of data
sets, the Shapiro-Wilk test followed by Student’s ¢ test was
used, and when homogeneity presumption was not confirmed,
the Wilcoxon signed-rank test was used. All analyses were
two-tailed, and a P value of less than 5% was considered sig-
nificant (P value < 0.05). The enzyme immunoassays tests
performance was computed using a dichotomous approach
and compared in terms of Se, Sp, accuracy, and Youden index
(3).2%1 Confidence interval (CI) was used to address preci-
sion of the proportion estimates, and the magnitude of confi-
dence was set to 95%. The strength of agreement with EIA
tests was assessed by the Cohen’s kappa coefficient (k),?* which
accounts for agreement taking place only by chance beyond
simple percent agreement calculations. Its values are inter-
preted as poor (k < 0), slight (0 < k < 0.20), fair (0.21 < k
< 0.40), moderate (0.41 < k < 0.60), substantial (0.61 < «
< 0.80), and almost perfect agreement (0.81 < k < 1.0).

Ethical considerations. This investigation was performed
after approval by the Ethical Committee for Human Research
from Aggeu Magalhdes Research Center, Oswaldo Cruz Foun-
dation, Recife, Brazil (CAEE: 15812213.8.0000.5190), following
the principles expressed in the Declaration of Helsinki.

RESULTS

A total of 1,433 serum samples were evaluated by all four
commercial IgG T. cruzi enzyme immunoassays. IgG survey
in the serum samples of 186 Ch patients showed varied values
of positivity, ranging from 95.2% for Pathozyme Chagas and
96.2% for ELISA Chagas III to 99.5% for Imuno-ELISA
Chagas and 100% for Gold ELISA Chagas. Figure 1 shows
that, as expected, antibody levels against 7. cruzi antigens
were higher in sera from Chagas disease patients compared
with those from NCh individuals (P < 0.0001). The positive
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FiGURE 1. Anti-Trypanosoma cruzi I1gG level in serum samples from chagasic (Ch) and non-chagasic (NCh) individuals. Samples were tested
using ELISA Chagas III or Gold ELISA Chagas (Panel A), and Imuno-ELISA Chagas or Pathozyme® Chagas (Panel B). The cutoff value is 1.0
and shadowed area represents the gray zone. Horizontal lines and numbers for each group of results represent the geometric means (+standard
deviation). * Significant different mean values (P < 0.0001) between positive and negative samples.

Ch serum samples displayed reactivity when assayed with
every commercial test. However, different distributions of
the RIs were observed, rendering discrimination efficiency
values of 5.95, 2.94, 2.39, and 2.21 for Gold ELISA Chagas,
ELISA Chagas III, Pathozyme Chagas, and Imuno-ELISA
Chagas, respectively.

On the basis of the total number of samples testing posi-
tive or negative, Ses and Sps of each EIA test were calculated
(Table 1). The serological analysis of 186 Ch and 499 NCh
patients by Gold ELISA Chagas test provided correct results
for both positive and negative samples with 100% sensibility,
Sp, and accuracy, and no inconclusive reactions were observed.
ELISA Chagas III test showed 100% Sp, followed by Imuno-
ELISA Chagas with 99.2% and Pathozyme Chagas with
97.0%. ELISA Chagas III showed higher false-negative rates
than the others. Differently from the Gold ELISA Chagas,
which was found to be 100% accurate, the three other tests
presented inconclusive results (see the shadowed area in
Figure 1). The strength of agreement between expected results
obtained with Ch and NCh serum samples varied from 100%
for the Gold ELISA Chagas to 94.2% for the Pathozyme
Chagas. Intermediate values were found for ELISA Chagas III
and Imuno-ELISA Chagas (Table 1). There were no statisti-
cally significant differences among the different clinical presen-
tations when the presence of specific antibodies against crude
and/or recombinant antigens was assessed (data not shown).

Next, we assessed the Chagas-specific diagnostic products
to unrelated diseases, in a cross-reactivity test. Table 2 points
to an overall 2.4% cross-reaction for the ELISA Chagas III,
particularly to Leishmania ssp. (42.9%). Gold ELISA Chagas

results showed 1.2% cross-reaction, particularly to Leishmania
ssp. (17.1%). Imuno-ELISA Chagas returned 5.5% cross-
reaction, especially to rubella (20.0%), measles (13.0%),
Leishmania ssp. (8.6%), and syphilis (7.8%). Pathozyme
Chagas displayed 2.1% cross-reaction, more prominently to
HCV (9.1%), Leishmania ssp. (8.6%), and rubella (6.7%).
Inconclusive results are also shown in the Table 2.

DISCUSSION

Our study assessed the accuracy of four commercially avail-
able T. cruzi tests based on EIA principles. In the past years,
it has been repeatedly reported that chronic Chagas disease
is commonly diagnosed by a wide variety of serologic assays
that can lead to false-positive results or, perhaps more impor-
tantly, failure to detect true positives.> 2> Total or semi-
purified homogenate of 7. cruzi as well as recombinant or
chimeric proteins were used as antigen, introducing a source
of variability in the final product that can lead to controversial
results. For this reason, it is evident the need to identify an
optimal antigenic reagent for obtaining an accurate diagnosis.
In this study, we compared the performance of the ELISA
Chagas III, the Imuno-ELISA Chagas, the Gold ELISA
Chagas, and the Pathozyme Chagas. The main results are
that all four EIA tests gave satisfactory results, with sensi-
bility and Sp ranging from 97.3% to 100% and from 97.0%
to 100%, respectively. The Gold ELISA Chagas was the
only one found to be 100% accurate. Differences in the per-
formances among them are not statistically significant as
judging by the overlapping CI. All tests are easily performed,

TaBLE 1
Diagnostic performance and strength of agreement of enzyme immunoassay kits for Trypanosoma cruzi 1gG detection
Kit Se % (95% CI) Sp % (95% CI) Accuracy % (95% CI) J index (%) k % (95% CI) Agreement
ELISA Chagas III* 97.3 (93.8-98.8) 100 (99.2-100) 99.0 (97.9-99.5) 96.9 97.4 (95.5-99.3) Almost perfect
Imuno-ELISA Chagas¥ 99.5 (97.0-99.9) 99.2 (98.0-99.7) 99.3 (98.3-99.7) 98.7 98.2 (96.6-99.8) Almost perfect
Gold ELISA Chagas*t 100 (98.0-100) 100 (99.2-100) 100 (99.4-100) 100 100 Perfect
Pathozyme® Chagast 99.5 (97.0-99.9) 97.0 (95.1-98.2) 97.7 (96.2-98.6) 96.5 94.2 (91.4-97.0) Almost perfect

CI = confidence interval; ELISA = enzyme-linked immunosorbent assay; k = Cohen’s kappa coefficient; Se = sensitivity; Sp = specificity.
*Crude antigen.
fRecombinant antigen.
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TABLE 2
Anti-Trypanosoma cruzi cross-reactive antibodies detected by enzyme immunoassay kits for 7. cruzi IgG detection

Disease ELISA Chagas I1I* (%) Imuno-ELISA Chagast (%) Gold ELISA Chagas*t (%) Pathozyme® Chagast (%)
Dengue (N = 50) 0 0 R: 1 (2.0)
I:1(2.0)
Filariasis (N = 50) 0 0 0
HBV (N = 87) 0 R: 6 (6.9) 0 0
I: 4 (4.6)
HCV (N =55) 0 R: 1 (1.8) 0 R:5(9.1)
I: 1 (1.8) I:5(9.1)
HIV (N = 115) R: 1 (0.9) 16 (5.2) R: 1 (0.9) 0
1.6 (5.2)
HTLV (N = 62) 0 14 (6.5) 0 R:2(32)
13 (4.8) I: 1 (1.6)
Leishmania ssp. (N = 35) R: 15 (42.9) 13 (8.6) R: 6 (17.1) R: 3 (8.6)
I: 3 (8.6) 12(5.7) I:1(2.9) I: 3 (8.6)
Leptospirosis (N = 98) I: 1(1.0) 16 (6.1) R: 1 (1.0) 0
1: 14 (4.1)
Rubella (N = 15) 0 R: 3 (20.0) 0 R: 1 (6.7)
2 (13.3) I: 1 (6.7)
Measles (N = 23) 0 (13.0) 0 0
(13.0)
Schistosomiasis (N = 43) R:1(2.3) 0 R:1(2.3)
I:1(23)
Syphilis (N = 115) R: 1 (0.9) R: 9 (7.8) R: 1 (0.9) R: 3 (2.6)
1:6 (5.2) I: 3 (2.6)
Total (N = 748) R: 18 (2.4) R: 41 (5.5) R: 9 (1.2) R: 16 (2.1)
I: 4 (0.5) I: 31 (4.1) I: 1 (0.1) I: 15 (2.0)

HBYV = hepatitis B virus; HCV = hepatitis C virus; HIV = human immunodeficiency virus; HTLV = human T-cell lymphotropic virus; I = inconclusive results; R = reactivity.

*Crude antigen.
fRecombinant antigen.

with controls, conjugate, and substrate supplied in color-coded
bottles as ready-to-use solutions, and results could be obtained
in within 2 hours. All tests are 8-well strip plates totalizing
96 tests for Imuno-ELISA Chagas and Pathozyme Chagas
and 192 tests for ELISA Chagas III. The Gold ELISA
Chagas provides 480 tests, making it difficult to use in labo-
ratories with low demand for Chagas disease serology. Visual
reading was possible only by using Gold ELISA Chagas due
to lack of background. Cost analysis was not performed in
this study.

RI against 7. cruzi antigen was statistically higher in sera
from Chagas disease patients compared with those from NCh
patients, supporting the notion that all evaluated tests have a
good discriminatory ability toward the diagnosis of 7. cruzi
infection in patients in the chronic phase of Chagas disease.
The index of the positive specimens obtained by using Gold
ELISA Chagas was better (twice) than with other tests. Con-
cerning the NCh specimens, the lowest RI was achieved by
using Imuno-ELISA Chagas. According to Duarte and others,®
differences in RI values can be explained by differences in
composition and mixtures of synthetic peptides or recombi-
nant 7. cruzi proteins.

The ELISA Chagas III was found to be 97.3% sensitive
and 100% specific, which is in perfect agreement with other
published results. As shown by the Technical Note N°03/06
from the Brazilian Health Ministry,'® the ELISA Chagas III
showed 99.0% sensibility and 98.0% Sp. Otani and others*
deduced the same conclusion by showing 99.4% sensibility
and 99.6% Sp. Remesar and others®® used latent class analysis
to reach 95.6% Se and 99.8% Sp. Analysis of the sera nega-
tive for Chagas disease but positive for unrelated diseases
showed a cross-reactivity of 42.9% for patients with leish-
maniasis. These cross-reactions may be because the ELISA
Chagas III employs whole extracts of 7. cruzi Mn and

Tulahuen strains. The observed cross-reaction against anti-
Leishmania antibodies can be attributed to molecular mimicry
between antigenic structures.'* Indeed, an Argentine study
in a co-endemic area for Chagas disease and leishmaniasis
showed 81.8% (9/11) cross-reactivity by using conventional
ELISA?” and a relative large number of false-positive or
inconclusive results have been reported using conventional
serologic testing.'>%2

Imuno-ELISA Chagas and Pathozyme Chagas use recom-
binant proteins as antigen. As has already been shown, this
approach proved to be successful, with improvement of
Sp and Se.'*!316 Herein, both tests were found to display
99.5% Se. Similar results were obtained by Peralta and others,'*
who showed that recombinant antigens were 91-93% sensi-
tive. These data are in good agreement with others,!>1%233
In our hands, 5.5% of the unrelated diseases specimens were
incorrectly classified as Chagas disease (false positive) and
4.1% were deemed inconclusive. As expected for a test that
uses recombinant antigens, the cross-reactivity to leishmania-
sis was less frequent with the Imuno-ELISA Chagas. Simi-
lar outcomes were found with the Pathozyme Chagas, which
showed 8.6% cross-reactivity for leishmaniasis. Although these
products have shown high performance, special attention
should be given to the excessive cross-reaction results to non-
leishmaniasis samples. Interestingly, Imuno-ELISA Chagas
test displayed cross-reactivity also to rubella and measles.
In fact, regarding unrelated diseases, cross-reaction was more
frequently observed with the Imuno-ELISA Chagas test
than with any other kit tested, which was probably due to the
amino acid content or antigenic conformation. This happens
when the similarity between two different epitopes are
shared by different pathogens. However, it might be solved
by excising the peptide fragments responsible for cross-
reaction.®’ Our findings are in agreement with Saba and others
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data,*®> which reported 47.9% and 46.3% cross-reactivity to

measles and rubella, respectively, when a recombinant peptide
was used in EIA tests on French serum samples (from resi-
dents of non-endemic area).

Gold ELISA Chagas, which employs both recombinant
proteins and purified lysates from 7. cruzi epimastigotes of
Brazilian strains as antigen, showed to be 100% sensitive,
specific, and accurate. Similar results were reported by the
Brazilian Health Ministry.'* Concerning the cross-reactivity,
we observed that 1.2% of unrelated diseases cross-react against
T. cruzi antigens, and this cross-reactivity occurred only for
leishmaniasis samples. These findings were expected since
the test employs purified lysates from the 7. cruzi aside from
recombinant proteins.

The characteristics of a serological test for Chagas dis-
ease depend on circumstances of its application. Silveira
and others!'® argued that, for laboratory diagnosis, diagnos-
tic tests should have high Sp to avoid false-positive results,
which could lead to psychological suffering, social discrimi-
nation, and unnecessary treatment. With that in mind, the
main findings in this work allowed us to conclude that all
assessed tests may be used for laboratory diagnosis. How-
ever, a special attention should be given to the Pathozyme
Chagas test, which has shown 97% Sp, statistically lower than
ELISA Chagas III and Gold ELISA Chagas. Conversely, if
the intended application is blood screening, a highly sensitive
test is advised, since a false negative may transmit the parasite
and the consequences are catastrophic. We observed that all
tests are highly sensitive and may be used for blood screening,
except ELISA Chagas III that presented 2.7% false-negative
results. Despite high performance and reproducibility, all tests
should be used with caution in endemic areas for unrelated
diseases, particularly to leishmaniasis. The data presented
herein suggest the need for further research for new diagnos-
tic markers, with no cross-reactivity with other diseases.
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