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Evaluation of a chemiluminescent enzyme-linked
immunosorbent assay for the diagnosis
of Trypanosoma cruzi infection in a nonendemic setting
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The disappearance of Iytic, protective antibodies (Abs) from the serum of patients with Chagas disease is ac-
cepted as a reliable indicator of parasitological cure. The efficiency of a chemiluminescent enzyme-linked immu-
nosorbent assay based on a purified, trypomastigote-derived glycosylphosphatidylinositol-anchored mucin antigen
for the serologic detection of Iytic Abs against Trypanosoma cruzi was evaluated in a nonendemic setting using a
panel of 92 positive and 58 negative human sera. The technique proved to be highly sensitive [100%, 95% confidence
interval (Cl) = 96-100] and specific (98.3%, 95% CI = 90.7-99.7), with a kappa score of 0.99. Therefore, this assay
can be used to detect active T. cruzi infection and to monitor trypanosomicidal treatment.
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American trypanosomiasis, or Chagas disease, is a
chronic infection caused by the protozoan parasite 7ry-
panosoma cruzi. The disease can be transmitted by tri-
atomine insect vectors, blood transfusion, organ trans-
plantation, tainted foods and fluids and transplacentally.
The acute phase of Chagas disease lasts six-eight weeks
during which certain patients have fever, lymphadenop-
athy, splenomegaly and/or oedema, though most cases
are asymptomatic or oligosymptomatic. In the event that
the acute phase ends and the parasite is not completely
eliminated, 7. cruzi infection passes into a clinically si-
lent chronic phase designated as the indeterminate clini-
cal form. Although most infected individuals remain
asymptomatic for life, 20-35% of patients develop severe
chronic Chagas disease over a period of 10-30 years that
is characterised by cardiac and/or gastrointestinal tract
disorders. During the chronic phase of the disease, the
levels of circulating parasite are far below the threshold
of microscopic detection and the diagnosis is therefore
primarily based on conventional serology.

Due to migration trends, there are millions of people
from Chagas disease-endemic countries now living in
North America, Europe, Australia and Japan, including
thousands of people with 7. cruzi infection. Congeni-
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tal, transfusion-associated and/or transplant-associated
transmission has been documented in the United States
of America, Spain, Canada and Switzerland (Gascon
et al. 2010). In the present paper, we describe the use
of a chemiluminescent enzyme-linked immunosorbent
assay (CL-ELISA) for the serodiagnosis of chagasic
infection (Almeida et al. 1997) in our facilities at the
Barcelona Centre for International Health Research.
The test is based on the reactivity of serum with gly-
cosylphosphatidylinositol (GPI)-anchored mucins puri-
fied from mammalian cell culture-derived trypomastig-
otes (tGPI-mucins) of the Y strain (Almeida et al. 1994).
These antigens are specifically recognised by protective
chagasic anti-a-galactosyl antibodies (anti-a-Gal Abs)
and can be used to diagnose active disease because the
Abs elicit both complement-dependent and complement-
independent lysis of infective parasite stages, which re-
vert after 7. cruzi elimination (Almeida et al. 1991, 1993,
1997, Andrade et al. 1996, 2004, Pereira-Chioccola et al.
2000). Therefore, the assay combines the use of a highly
specific antigen from the infective (trypomastigote) form
of the parasite with a highly sensitive procedure for the
detection of positive reactions and allows the detection
of lytic anti-a-Gal Abs in the serum of Chagas disease
patients (Andrade et al. 1996, 2004, Almeida et al. 1997,
de Marchi et al. 2011).

tGPI-mucins were purified by solvent extraction and
hydrophobic interaction chromatography, as previously
described (Almeida et al. 1994). CL-ELISA was per-
formed as previously described (Almeida et al. 1997).
Briefly, purified tGPI-mucins (50 pL at 0.32 pg/uL)
in 50 mM carbonate-bicarbonate buffer (pH 9.5) were
immobilised onto white, opaque 96-well CL-ELISA
microplate wells (Nunc, Roskilde, Denmark). After an
overnight incubation at 4°C, free microplate binding sites
were blocked with 5% bovine serum albumin (BSA) in
phosphate-buffered saline (PBS), pH 7.4. The plates were



incubated with 50 pL human serum at a 1:800 dilution
in PBS containing 1% BSA (PBS-BSA). The plates were
then sequentially incubated with 50 pL biotinylated an-
ti-human immunoglobulin G (1:2,000 dilution) (Amer-
sham, GE Healthcare Life Sciences, Buckinghamshire,
UK) in PBS-BSA and 50 pL streptavidin-horseradish
peroxidase conjugate (1:1,000 dilution) (Amersham, GE
Healthcare Life Sciences) in PBS-BSA. All the incuba-
tion steps were performed at 37°C for 1 h. The plates
were washed four times with PBS containing 0.05%
Tween 20 after each incubation period. The reaction
was developed with 50 uL enhanced CL reagent (Pierce,
Thermo Scientific) diluted 1:10 in 50 mM carbonate-
bicarbonate buffer (pH 9.5). The chemiluminescence
measurements, expressed as relative luminescence units
(RLUs), were performed in a multi-mode microplate
reader (Synergy HT, Biotek). In each plate, we included
a positive control (pool of 10 sera of confirmed chronic
Chagas disease patients), a negative control (pool of 10
healthy donor sera from Chagas disease-endemic areas)
and a background control (incubation buffer with no
sera added), which were assayed in triplicate. Statisti-
cally valid cut-off values for the CL-ELISA results were
calculated by defining the upper prediction limit, which
was expressed as the standard deviation (SD) multiplied
by a factor according to the number of negative controls
and confidence level (99.5%) and calculated based on the
Student ¢ distribution (Frey et al. 1998). Thus, for each
plate in which three negative controls were included
(pool of 10 healthy donor sera), the cut-off values were
established as the negative control mean plus 11.46 times
the SD [cut-off value = (negative control mean) + 11.46
x (SD)] (Frey et al. 1998). The titre of each CL-ELISA is
defined as the ratio of the tested serum’s RLU value to
the cut-off value. A serum sample was considered posi-
tive when its titre was equal to or higher than 1.0 and
negative when the titre was equal or less than 0.9. In-
conclusive or doubtful results showed titres above 0.9 or
below 1.0 (Almeida et al. 1997). All the sera were tested
in duplicate and the reported results are the means of two
simultaneous determinations.

Negative serum samples from blood donors (n = 58)
were obtained from the Catalonian Blood Bank and
were assayed for the presence of 7. cruzi Abs using two
commercially available Chagas Ab tests: ID-PaGIA
(DiaMed, Cressier sur Morat, Switzerland) and Chagas
Bioelisa Assay (Biokit, Lliga d’Amunt, Spain) (Piron
et al. 2008). Negative results were confirmed with an
ELISA using crude antigen from 7. cruzi epimastigotes
(TC-Maracay strain) (Riera et al. 2009). Positive sam-
ples (n = 92) were obtained from the serum collection
of the Laboratory of Parasitology, Faculty of Pharmacy,
University of Barcelona. The samples were tested for
T. cruzi using a specific polymerase chain reaction as-
say and two ELISAs: Chagas Bioelisa Assay and the
technique using crude antigen from 7. cruzi (Riera et al.
2009). Eighty-two of the positive patients (89.1%) pre-
sented the indeterminate form of chronic Chagas dis-
ease and the other 10 subjects had cardiac and/or diges-
tive manifestations. The serum samples were obtained
before benznidazole treatment and, in all cases, both
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positive and negative donors signed an informed con-
sent form approved by the Institutional Review Board
of the Hospital Clinic of Barcelona.

The substantial number of inconclusive diagnoses of
Chagas disease shows the need for a valid and widely
accepted standard diagnostic procedure (Reithinger et
al. 2009). As the available diagnostic procedures vary
in sensitivity, the use of two diagnostic tests is generally
recommended to confirm clinical suspicion. Because
the samples used were previously confirmed as posi-
tive or negative by at least two different tests, the diag-
nostic performance characteristics of CL-ELISA using
tGPI-mucins were calculated by employing those previ-
ous determinations as a reference. The measured end
points were the number of true-positive (TP), true-neg-
ative (TN), false-positive (FP) and false-negative (FN)
samples. Sensitivity was calculated as TP/(TP+FN) and
specificity was calculated as TN/(TN+FP). The positive
predictive value (PPV), i.e., the proportion of patients
with positive results who were correctly diagnosed, was
calculated as TP/(TP+FP). The negative predictive value
(NPV), which is the proportion of patients with negative
results who were correctly diagnosed, was calculated as
TN/(TN+FN). The test efficiency, which is the propor-
tion of all tests that gave correct results, was defined as
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Reactivity of the chemiluminescent enzyme-linked immunosorbent
assay (ELISA) using Trypanosoma cruzi glycosylphosphatidylinosi-
tol-mucins. The titres of sera of healthy blood donors (n = 58), chronic
Chagas disease patients (n = 92) and patients with visceral leishma-
niasis (VL) (n = 8) are indicated. Dotted line: cut-off value equivalent
to titre = 1 (A). Reactivity of the positive sera in an ELISA using crude
antigen from 7. cruzi epimastigotes. Dotted line: cut-off value estab-
lished at 20 units (B) (492 nm ratio between samples and calibrator
pool). RLU: relative luminescence unit. Source: Riera et al. (2009).
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(TP+TN)/(number of all tests). Cohen’s kappa coeffi-
cient, which reflects the concordance between different
tests, was calculated as follows: (Ao-Ae)/(1-Ae), with Ao
being the observed agreement and Ae the agreement ex-
pected by chance.

Fifty-seven of 58 negative serum samples were nega-
tive by CL-ELISA. Only one healthy blood donor serum
sample showed a titre immediately above the cut-off line
(titre = 1.2) and was thus considered positive in the assay.
Of the 92 positive sera analysed, 92 were positive by our
CL-ELISA (A in Figure). Therefore, the sensitivity and
specificity of this technique in detecting Chagas disease
were 100% [95% confidence interval (CI) = 96-100] and
98.3% (95% CI = 90.7-99.7), respectively. PPV and NPV
were 98.9% and 100%, respectively, and the percentage of
sera correctly classified was 99.3%. The kappa test score
was 0.99 (95% CI = 0.96-1.00). Thus, as previously re-
ported (Almeida et al. 1997, de Marchi et al. 2011), CL-
ELISA using tGPI-mucins has a high efficiency and dis-
criminatory capacity. Importantly, the assay also shows
a very high level of agreement with classic serology and
other Chagas disease diagnostic tests. Only two (2.2%)
of the 92 positive samples correctly tested by CL-ELISA
showed a titre below 1.5, which might be considered too
close to the assay cut-off to produce negative results when
repeated. However, in those two cases, the replicates were
always positive and presented values above the cut-off.

Due to the well-known cross-reactivity of chagasic
sera with other organisms, mainly the closely related
members of the Trypanosomatidae family, eight serum
samples from patients affected with visceral leishmania-
sis (VL) were tested using CL-ELISA; the results were
negative in all of these cases (Figure). Thus, as previ-
ously reported in several studies, tGPI-mucins do not
cross-react with sera from patients with VL or cutaneous
leishmaniasis (Almeida et al. 1993, 1997, de Marchi et
al. 2011). Therefore, this test could definitely be used in
geographic regions in which leishmaniasis is endemic,
such as Spain.

As previously described, the tGPI-mucin CL-ELISA
test shows very high sensitivity and specificity values
(Almeida et al. 1997). These values are comparable to
those achieved using 7. cruzi crude lysates (Riera et al.
2009), as observed in Figure (B), for mixtures of certain
specific parasite recombinant antigens (Umezawa et al.
2003, Hernandez et al. 2010, Longhi et al. 2012) and for
other sensitive and specific confirmatory tests for Chagas
disease, such as the trypomastigote excreted-secreted an-
tigen blotting test (Umezawa et al. 1996). The high stabil-
ity of tGPI-mucin antigen gives us the opportunity to use
this unconventional technique in a nonendemic setting
without any significant decrease in reactivity. In addition,
it has been reported elsewhere that, together with other
criteria, a tGPI-mucin antigenic preparation may be used
as a criterion for cure in treated patients (Almeida et al.
1993, Andrade et al. 1996, 2004), as the assay can replace
the in vitro determination of parasite lysis. This concept
adds value to the use of the technique in our facilities.

It is widely accepted that conventional serologic as-
says should be the basis for the evaluation of drug ef-
ficacy against 7. cruzi because the only possible reason

for a negative result would be the disappearance of the
stimulus for specific Ab production: the parasite. How-
ever, after successful treatment, the results of conven-
tional serologic assays remain positive for years or even
decades during the chronic phase of Chagas disease, for
reasons that are not yet well understood. These reasons
most likely involve recurrent, nonspecific polyclonal ac-
tivation and thus nonspecific, low-titre Abs (Almeida et
al. 1993, 1997, Travassos & Almeida 1993, Andrade et
al. 1996, 2004, Rassi & Luquetti 2003). The Ab-depen-
dent lysis of infective 7. cruzi stages by patient serum
is a more reliable indicator of ongoing active infection
and detects lytic Abs in which the immunodominant
epitopes present on the surface of living trypomasti-
gotes are recognised (Travassos & Almeida 1993, Kret-
tli 2009). Nevertheless, complement-mediated and com-
plement-independent trypanolytic assays are not routine
methods because these assays require the careful man-
agement of living infective trypomastigotes. Thus, the
disappearance of specific lytic Abs has been advocated
as a suitable indicator of parasitological cure (Krettli et
al. 1982, Almeida et al. 1991, 1993, Galvao et al. 1993). A
complete correlation (100%) has been reported between
chagasic serum lytic activity and the recognition of the
purified trypomastigote surface glycoprotein 160 in an
immunoassay (Krettli 2009).

The present report shows an evaluation of the sensitiv-
ity and specificity of CL-ELISA using tGPI-mucins for
the serodiagnosis of Chagas disease in a panel of human
sera at our facilities. This assay has been previously em-
ployed to evaluate the efficacy of a 60-day course of ben-
znidazole treatment in children with early chronic 7. cruzi
infection (Andrade et al. 2004) and to diagnose active in-
fection in samples from blood banks in South America
(Almeida et al. 1997, de Marchi et al. 2011). We propose
the use of CL-ELISA with purified tGPI-mucins or syn-
thetic a-Gal-containing glycans recognised by the lytic
anti-o-Gal Abs (Almeida et al. 1994) in further research
studies to assess the effectiveness of Chagas disease che-
motherapy in both endemic and nonendemic settings.
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