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Immunoblotting with trypomastigote excreted-secreted antigens (TESA blot) of Trypanosoma cruzi was
evaluated as a method for diagnosis of chronic and acute phases as well as congenital (in newborn children)
Chagas’ disease. Serum samples from acute-phase and congenital infections were considered to be positive
when they reacted with ladder-like bands of 130- to 200-kDa antigens, recognized by immunoglobulin M (IgM)
and IgG antibodies, while IgG from chronic-phase sera recognized a broad band antigen of 150 to 160 kDa.
Nonchagasic sera were not reactive to these antigens. The study was carried out on 512 patients, 111 of whom
were nonchagasic but included cases of leishmaniasis or other pathologies, and 401 chagasic patients. The
latter group comprised 361 chronic cases, 36 acute cases, and 4 congenital cases in newborn children. Among
the chronic cases, 256 were from areas in which T. cruzi is endemic but which differed widely in the pathogenic
expression of T. cruzi infection and in parasitemia levels. These patients at the same time showed a broad range
of low, medium, and high reactivity to conventional enzyme-linked immunosorbent assays and indirect im-
munofluorescence serotests for Chagas’ disease. For these reasons they may better represent the universe of
chagasic patients than would a sample of highly reactive sera obtained from chagasic patients in a single area
endemic for T. cruzi. All acute and congenital cases showed positivity in the IgM and IgG TESA blots, while
chronic cases were 100% positive for IgG antibodies. In nonchagasic sera, including 30 cases of visceral and
muco-cutaneous leishmaniasis, the specificity index was 1.000, and no cross-reactions were observed. The
TESA blot thus seems to be useful as a sensitive and specific diagnostic assay in cases of suspected acute or
congenital T. cruzi infection and as a general confirmatory test for conventional Chagas’ disease serology.

Chagas’ disease affects several million people in Latin Amer-
ica. It is characterized by a short highly parasitic acute phase,
which is not diagnosed in most cases, and a subsequent chronic
phase that persists for life (3, 28), though only a few parasites
are found in the blood. The agent, Trypanosoma cruzi, is nor-
mally transmitted by infected triatomid bugs; however, blood
transfusions (28) and, infrequently, congenital origins (7, 17)
are of increasing importance as ways of acquiring the disease.
Serological diagnosis of Chagas’ disease by using extracts of

T. cruzi epimastigotes as antigens, although of limited speci-
ficity (3, 5, 19, 27), displays high sensitivity in the chronic phase
of the disease but low sensitivity in the acute phase (14, 19, 24,
25) and in congenital (7, 17) infection. For these cases, greater
sensitivity is obtained by use of shed acute-phase antigen/trans-
sialidase (SAPA/TS), an enzyme released from the surface of
T. cruzi trypomastigotes (1, 10, 20) and expressed as a recom-
binant peptide (1, 12, 13, 17). The fact that trypomastigotes
spontaneously release into the medium polypeptides of differ-
ent molecular weights (1, 8, 15, 16, 30) which are recognized by
chagasic sera (1, 10, 16) has led us to evaluate the usefulness of
these antigens, in their native form, for immunodiagnosis of
acute, congenital, and chronic Chagas’ disease. Trypomasti-
gote excretion-secretion antigens (TESA) of T. cruzi Y, col-

lected in supernatants of infected LLC-MK2 cells, were used as
antigens for an immunoblot assay.
To evaluate the diagnostic efficiency of the test during these

different phases of Chagas’ disease, two groups of patients
were studied. The first comprised 145 chagasic patients (acute,
congenital, and chronic stages) and 111 nonchagasic individu-
als. The second group was composed of 256 chronic chagasic
patients from three areas in Brazil; 244 of these patients were
also examined by xenodiagnosis and PCR parasitological tests
(2, 11, 29).

MATERIALS AND METHODS

Antigens. TESA from T. cruzi Y were obtained from the supernatant of
infected LLC-MK2 cells as described elsewhere (10), but with some modifica-
tions. Four days after infection with 5 3 106 trypomastigotes, the cells were
washed twice and reincubated for 18 to 20 h, at 378C in 5% CO2, on RPMI 1640
medium (Sigma), with or without 2% fetal calf serum (FCS). Different batches
of supernatants (containing 10 3 106 to 20 3 106 trypomastigotes per ml) were
recovered, centrifuged at 2,8003 g for 10 min at 48C, filtered through a cellulose
acetate membrane (pore size, 0.20 mm), and used immediately or stored at
2708C. Protein contents of 30 to 40 mg/ml (the range of four different batches)
were quantified in supernatants obtained without FCS (micro-bicinchoninic acid
protein assay reagent kit; Pierce).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and

immunoblotting. Supernatants (150 ml) from infected cultures were diluted (vol/
vol) in SDS-sample buffer (60 mM Tris-HCl [pH 6.8], 5% 2-mercaptoethanol,
10% glycerol, and 0.01% bromophenol blue), and boiled for 5 min at 1008C.
Samples were loaded in a 7% polyacrylamide minigel (Mini-Protean II; Bio-
Rad) using 2-D/preparative comb (1.0 by 1 mm). Lysates of 30 3 106 T. cruzi
tissue culture trypomastigotes (TCT) were processed in the same way (26).
Separated antigens were electrophoretically transferred on 0.45-mm-pore-size
polyvinylidene difluoride (PVDF; Millipore) or nitrocellulose membranes (Bio-
Rad), in a semidry system (Hoefer Scientific Instruments), for 1 h. The blotted
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antigens were blocked with Tris-buffered saline (TBS) (10 mM Tris-HCl [pH
7.5], 150 mM NaCl) containing 5% defatted milk (blocking buffer) for 1 h.
Membrane strips (5 mm) were later incubated with sera diluted 1:200 in TBS–1%
milk, for 2 h, with mechanical agitation. After four (5-min) washes in TBS, the
bound antibodies were detected with peroxidase-conjugated goat anti-human
immunoglobulin M (IgM) (Biosys, Compiègne, France), anti-human IgG, or
anti-rabbit IgG (Sigma), diluted in TBS–1% milk, for 2 h. After new cycles of
washes the immune complexes were revealed by addition of H2O2 and 4-chloro-
1-naphthol. The reaction was stopped with deionized water. The molecular mass
standards (Sigma) used were 205 kDa, rabbit muscle myosin; 116 kDa, Esche-
richia coli b-galactosidase; 97 kDa, rabbit muscle phosphorylase b; 66 kDa,
bovine albumin; and 45 kDa, ovalbumin.
Parasitological tests. Acute patients in Group 1 (see below) were examined by

xenodiagnosis; chronic patients in Group 2 were examined by PCR and/or xe-
nodiagnosis tests. Xenodiagnosis was carried out with 40 Panstrongylus megistus
and was performed as described elsewhere (11); to detect parasite DNA, PCR
amplifications with T. cruzi minicircle-specific primers were performed as de-
scribed (11, 29). Parasitological diagnosis of the four congenital cases was carried
out by direct examination of the buffy coat after centrifugation of heparinized
blood.
Serological tests. Sera diluted at 1:200 were assayed by epimastigote alkaline

extract–enzyme-linked immunosorbent assay (EAE-ELISA) to detect anti-T.
cruzi IgM and IgG antibodies; a polyantigenic extract of epimastigote forms of T.
cruzi Y strain (obtained after treatment with 0.3 M NaOH) (24) was used. The
indirect immunofluorescence (IIF) test was performed with formaldehyde-fixed
epimastigote forms of the Y strain, with sera diluted at 1:10 to 1:1,280 by using
fluorescein-labeled anti-human IgG or IgM immunoglobulins (Hoechst-Behring,
Marburg, Germany) (14).
Study populations. (i) Group 1. Serum samples were collected from 145

chagasic seropositive patients (as determined by ELISA and IIF) and 111 non-
chagasic seronegative patients (with confirmed clinical, epidemiological, and
serological diagnoses of their respective pathologies). The chagasic sera from 40
patients in the acute phase of Chagas’ disease included sera from 4 parasitologi-
cally positive congenitally infected newborn children (5 to 27 days after birth)
and sera from 36 patients who had been infected orally, by transfusion, by
laboratory accident, or by vectorial transmission. The diagnoses of infection were
based on clinical symptoms, parasitological assays, and the detection of anti-T.
cruzi IgM antibodies (24). The 105 patients in the chronic phase of Chagas’
disease, diagnosed according to data from clinical evolution, electrocardiogra-
phy, and radiology, plus a positive serology for Chagas’ disease, were classified as
follows: (i) indeterminate form (n 5 57), (ii) cardiac form (n 5 40), or (iii)
digestive form (n 5 8) (14, 21). The 111 nonchagasic seronegative patients
included (i) 35 blood donors from an area of endemic T. cruzi; (ii) 30 cases of
leishmaniasis from a region where Chagas’ disease is nonendemic (6 muco-
cutaneous cases and 24 active visceral cases); (iii) 2 patients infected with
Trypanosoma rangeli; and (iv) 44 patients with unrelated diseases, as defined by
their respective clinical and laboratory diagnoses (5 with syphilis, 5 with connec-
tive tissue diseases and positive for anti-nuclear antibodies, 6 with systemic lupus
erythematosus, 8 with malaria, 4 with paracoccidioidomycosis, 4 with noncha-
gasic idiopathic cardiomyopathy, 4 with nonchagasic megaesophagus, 4 with a
positive anti-streptolysin O test, and 4 with rheumatic fever).
(ii) Group 2. Serum samples were collected in three areas of Brazil where

Chagas’ disease is endemic: in the State of Minas Gerais (Virgem da Lapa), and
in the North-Eastern States of Paraı́ba (Sertão da Paraı́ba) and Piauı́ (Sertão do
Piauı́). Serum samples were taken from 256 patients in the chronic phase of the
disease, with confirmed clinical, epidemiological, and serological diagnoses
(ELISA and IIF); 244 patients were also examined by PCR and/or xenodiagnosis
(PCR1Xe) parasitological tests. These different areas present clear-cut differ-
ences in parasitemia levels and above all in the pathogenic expression of Chagas’
disease. In Virgem da Lapa, cardiac and digestive forms of the disease are
frequent, but the indeterminate form is more prevalent in the areas investigated
in Sertão do Piauı́ and in Sertão da Paraı́ba (2, 6). Positivity results for parasi-
tological tests (PCR1Xe) were as follows: 95% in Virgem da Lapa (n 5 86),
67% in Sertão do Piauı́ (n5 81), and 32% in Sertão da Paraı́ba (n5 77). Patients
in Group 2 were also reactive by the results of conventional serotests (EAE-
ELISA) for Chagas’ disease and were classified according to the range of optical
density (OD) results as low (Ch1, OD 5 0.20 to 0.99), medium (Ch2, OD 5 1.00
to 1.99), or high (Ch3, OD . 2.00) titer.
All sera were stored after dilution (vol/vol) with glycerin at 2208C.
Rabbit serum raised against SAPA/TS was kindly donated by A. C. C. Frasch

(Instituto de Investigaciones Bioquı́micas, Fundação Campomar, Buenos Aires,
Argentina). Serum samples from a rabbit infected with T. cruzi Y were collected
in the acute phase (16th day after infection) and the chronic phase (1 year after
infection), as described elsewhere (26), and rabbit anti-epimastigote serum was
collected 5 months after immunizations as described elsewhere (26).
Data analysis. TESA blot results were defined as positive by naked-eye ob-

servation of bands. For EAE-ELISA, samples were recorded as positive or
negative in relation to the cutoff value, calculated as the mean OD of the blood
donor serum plus 3 standard deviations (SD). The cutoff value for IIF results was
recorded as 1:20 (14).

RESULTS

The secreted-excreted antigens are spontaneously and con-
tinuously shed from the surface membrane of TCT into the
medium, and they were used for immunoblotting (TESA blot)
to diagnose chronic and acute phases of Chagas’ disease.
In this assay, polypeptides of between 130 and 200 kDa were

recognized by acute-phase rabbit serum as a ladder-like pat-
tern (Fig. 1A, lane 2) and also by a rabbit serum raised against
SAPA/TS (Fig. 1A, lane 3), which clearly indicates the pres-
ence of these molecules in the TESA blot. On the other hand,
the chronic-phase rabbit serum reacted with a broad band of
150 to 160 kDa (Fig. 1A, lane 1), although this reactivity was
lower than that in chronic-phase human sera (see Fig. 3, lanes
1 to 6). The presence of the same pattern of excreted-secreted
antigens was visible in different supernatant batches (Fig. 2,
lanes 1 to 3); these batches contained antigens with a ladder-
like pattern, recognized by acute-phase patient serum (Fig.
2B), and a 150- to 160-kDa band, recognized by chronic-phase
patient serum (Fig. 2A).
On the other hand, a Western blot (immunoblot) of lysed

TCT showed complex reactivity patterns. IgG from acute-
phase rabbit sera recognized mainly high-molecular-weight
components (Fig. 1B, lane 2), while chronic-phase sera reacted
mainly with low-molecular-weight components (Fig. 1B, lane
1). This complexity impairs a clear distinction between acute
and chronic cases, which is not the case with the TESA blot.
The lysed TCT also gave rise to a ladder-like pattern of

SAPA/TS, as shown when the anti-homologous serum was
used (Fig. 1B, lane 3). Anti-epimastigote hyperimmune rabbit
serum recognized several antigens in the TCT immunoblot
(Fig. 1B, lane 4) but did not react with the 130- to 200-kDa or
with the 150- to 160-kDa antigens in the TESA blot (Fig. 1A,
lane 4).
TESA blot assays were considered to be positive when sam-

ples reacted with the ladder-like antigens of 130- to 200-kDa
and/or with the 150- to 160-kDa antigen; sera from some cha-
gasic patients also produced weak recognition of bands of
between 80 and 120 kDa (Fig. 3, lanes 1 to 3).
When the supernatants containing TESA were collected

FIG. 1. Patterns recognized in TESA blot (A) and immunoblot (B) of lysed
TCT by IgG antibodies from chronic-phase (lane 1) and acute-phase (lane 2)
rabbit sera. The ladder-like 130- to 200-kDa antigens were recognized by rabbit
serum raised against SAPA/TS (lane 3) and by rabbit serum immunized with
total extract of the epimastigote form of T. cruzi (lane 4). Molecular mass
markers are on the left.
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from cultures supplemented with 2% FCS, IgG or IgM anti-
bodies in some chronic-phase or acute-phase sera reacted with
bands between 45 and 55 kDa (Fig. 3, lanes 7 and 89); this was
not observed, however, in supernatants without FCS (not
shown).
Acute patients (n 5 36) in Group 1 showed 100% positivity

in the TESA blot, both for IgG (Fig. 3, lanes 7 and 8) and IgM
(Fig. 3, lanes 79 and 89), which recognized ladder-like antigens
with molecular masses of 130 to 200 kDa as well as certain
other minor and inconstant bands which are not considered in
this evaluation. Conventional serology with EAE-ELISA dis-
played a positivity of 89% for IgG assays (OD 5 0.68 6 0.39)
(Fig. 4A, column ChA) and 97% for IgM (OD 5 0.57 6 0.26);
these assays not infrequently displayed low reactivity near the

cutoff value and are often considered as giving doubtful results.
Similar results were obtained with the IIF test (data not
shown).
The four congenital patients studied had parasites circulat-

ing in their bloodstreams and were reactive in the EAE-ELISA
with IgG (OD 5 1.09 6 0.53) but nonreactive in the EAE-
ELISA with IgM (OD 5 0.14 6 0.08). A doubtful result for
IgM was seen in an IIF test in one case, but the other three
cases were negative (not shown). However, all four cases were

FIG. 2. Reproducibility of TESA blot, shown in three different batches of
supernatants (lanes 1 to 3). The 150- to 160-kDa antigen is recognized by serum
from a chronic chagasic patient (A), and the ladder-like antigens, with molecular
masses of 130 to 200 kDa, are recognized by serum from a chagasic acute patient
(B). Each lane of the TESA blot was prepared by loading 10 ml of supernatants
of T. cruzi Y. Molecular mass markers are on the left.

FIG. 3. TESA blot polypeptides recognized by IgG (G) from chronic (lanes
1 to 6) or acute chagasic patients (lanes 7 and 8) or by IgM (M) from acute
chagasic patients (79, 89). Patients in lanes 1, 5, and 6 were classified as having
indeterminate forms and patients in lanes 2 to 4 were classified as having cardiac
forms of chronic Chagas’ disease. Patients in lanes 1, 3, and 6 were positive for
PCR1Xe. Reactivities of IgG from nonchagasic groups are shown as follows:
normal (lane 9), T. rangeli (lane 10), and leishmaniasis (lane 11). The lanes in this
figure represent the patterns found in the 512 serum samples analyzed. Molec-
ular mass markers are on the left.

FIG. 4. Evaluation of IgG reactivity by EAE-ELISA. (A) Group 1 patients
(n 5 256) were classified according to the chronic (ChC) or acute (E) and
congenital (F) (ChA) phases of Chagas’ disease; nonchagasic individuals were
classified as N, normal (blood donors); OD, other diseases; and L, leishmaniasis.
(B) Group 2 patients (n 5 256) in the chronic phase of Chagas’ disease were
classified as Ch1, Ch2, and Ch3, respectively, according to the following titers:
low (OD 5 0.20 to 0.99), medium (OD 5 1.00 to 1.99), and high (OD 5 .2.00).
Classifications according to parasitological tests (PCR1Xe) were N, negative,
and P, positive. The horizontal line in each panel represents the cutoff value.
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undoubtedly positive in the TESA blot; antigens of 130 to 200
kDa were recognized by both IgM and IgG antibodies, while
there was no detectable reactivity to the 150- to 160-kDa an-
tigen.
In the IgG TESA blot survey, sera from all of the 105

chronic patients in Group 1 and from 256 patients in Group 2,
a total of 361 chronic chagasics, reacted with the 150- to 160-
kDa antigen (Fig. 3, lanes 1 to 6); a few serum samples also
recognized the 130- to 200-kDa antigens. In the EAE-ELISA
(Fig. 4A, column ChC, and B) and IIF (not shown), 100% of
patients were also positive, but no reactivity to IgM antibodies
was found in these patients. No correlation was observed
among different clinical forms of the chronic phase or between
the presence of circulating parasites and the TESA blot pat-
terns (Fig. 3, lanes 1 to 6).
Chronic patients in Group 2 were classified according to the

mean OD reactivity in EAE-ELISA as being of low (Ch1),
medium (Ch2), or high titers (Ch3). Positivities of the
PCR1Xe parasitological tests for these subgroups were as
follows: Ch1 5 56%, Ch2 5 67.5%, and Ch3 5 68%. No
differences were seen among the TESA blot patterns for these
groups.
Specificity of the TESA blot was evaluated in the 111 non-

chagasic serum samples from Group 1. No reactivity was ob-
served either for the 130- to 200-kDa antigen or the 150- to
160-kDa antigens (Fig. 3, lanes 9 to 11). A specificity index of
1.000 was thus found. Meanwhile, conventional serology using
T. cruzi epimastigote antigens in ELISA and IIF tests showed
lower indices of specificity, 0.700 and 0.750, respectively,
mainly due to cross-reactions with sera from leishmaniasis
patients, which showed a positivity of 90% in EAE-ELISA
(OD 5 0.68 6 0.40) (Fig. 4A, column L).

DISCUSSION

The presence of IgM antibodies in the course of Chagas’
disease confirms the infection to be in the acute phase (4, 17,
24, 25). Yet in this same phase low sensitivity to IgG and IgM
antibodies is displayed by the conventional serological tech-
niques for the diagnosis of the disease (14, 19, 24, 25), and it is
common for detection of IgM not to occur in congenital cases
(7, 17). It has been argued that this failure might be due to
insufficient sensitivity in relation to the antigens usually em-
ployed (extracts of T. cruzi epimastigotes or whole forms) in
the conventional tests (ELISA and IIF) (24). Although effi-
cient for serological diagnosis in the chronic phase, these an-
tigens unfortunately show a limited specificity and frequent
cross-reactions (3, 9, 27), mainly with leishmaniasis sera (5, 14,
19).
Purified antigens from T. cruzi epimastigotes have been de-

scribed as presenting good specificity and high sensitivity in the
diagnosis of chronic cases of Chagas’ disease (18, 21, 22).
However, there is no reference to satisfactory sensitivity in
acute or congenital cases (18, 21, 22); satisfactory sensitivity
has been observed for a lipopeptidophosphoglycan of T. cruzi
epimastigotes (24), but unfortunately it is of low specificity. All
antigens described as serologically able to discriminate acute-
from chronic-phase infections, and which apparently react
preferentially with antibodies from acute-phase sera, are lo-
cated at the surface of the trypomastigotes (1, 16, 17, 25). The
TESA blot, containing shed trypomastigote specific antigens,
shows high sensitivity not only to chronic cases of Chagas’
disease but also to acute and congenital cases; recognition of
these is a further outstanding characteristic of the TESA blot
and has already been described for a few cases (25). The 150-
to 160-kDa antigen seems to be well conserved in different

strains, and our preliminary results show that it can be detected
by human chronic-phase serum in a TESA blot prepared from
four T. cruzi strains (Y, CL-Brener, José-IMT, and BS-IMT)
(23).
T. cruzi trypomastigotes are known to spontaneously release

polypeptides of different molecular weights into the culture
medium, and these antigens have been characterized by differ-
ent researchers (1, 8, 15, 16, 30). Soluble antigens are shed
from the parasite surface independently of the presence or
absence of FCS or bovine serum albumin in the culture me-
dium (8). As shown previously by our group, the loss of
polypeptides from T. cruzi of different strains correlates well
with the appearance of these antigens in the cultures (8).
One of the shed polypetides already characterized and

cloned (20) is SAPA/TS, the antigenic epitopes of T. cruzi
trans-sialidase enzyme, that upon denaturation migrate as mul-
tiple bands ranging from 100 to 220 kDa in SDS-PAGE (1, 20).
The bands vary in number and relative molecular weight, de-
pending on the strain of the parasite (20). The presence of
SAPA/TS in the TESA blot has been confirmed with homol-
ogous rabbit immune serum (Fig. 1), as well as with IgG and
IgM from acute-phase human sera (Fig. 3).
Antibodies from acute and congenital patients always react

in the TESA blot with a ladder-like pattern, which for T. cruzi
Y comprises six bands from 130 to 200 kDa. As observed in the
36 acute and 4 congenital cases studied, the TESA blot for IgG
and IgM antibodies depicts a higher sensitivity than do the
conventional tests such as ELISA or IIF, which use the epi-
mastigote forms of T. cruzi.
Positivity for IgG, recognizing the 150- to 160-kDa antigen,

has been described for chronic patients (10, 25) and is here
confirmed in the 361 chronic cases studied; several of these
also show a less intense IgG reactivity to the ladder-like 130- to
200-kDa antigens. This is not surprising, since this reactivity
has been found in 37% of chronic indeterminate chagasic pa-
tients when the recombinant SAPA/TS was employed as anti-
gen (13). In our analysis we included a sample made up of 256
patients from areas of endemic disease in Brazil; these areas
significantly differ in the pathological expression of Chagas’
disease (2, 6) and in the percentages of positivity for parasito-
logical tests (11, 29) (Fig. 4B). These patients were divided into
groups of low, medium, and high reactivity, according to titers
in the ELISA with the epimastigote antigen (Fig. 4B). In this
way they are certainly more representative of the universe of
chronic chagasics than are panels of highly reactive serum
samples from a particular area of endemic disease, which are
not infrequently employed for evaluating tests and antigens.
Our data agree with previous data (10, 25) in that the pres-

ence of a ladder-like pattern of SAPA/TS antigens in the
TESA blot is responsible for the observed sensitivity in the
diagnosis of congenital and acute infections. On the other
hand, the 150- to 160-kDa antigen is recognized by all patients
in the chronic phase of Chagas’ disease; this confirms previous
data obtained from a small number of serum samples (10, 25).
The high sensitivity of the TESA blot in chronic cases, even
when these cases are of low reactivity in conventional assays, in
combination with the absence of cross-reactions with leishman-
iasis or T. rangeli infections (9), suggests that the TESA blot is
a reliable serological alternative to conventional tests in cases
which show low sensitivity and that it may be used as a specific
confirmatory assay to exclude cross-reactions after serum
screening by EAE-ELISA.
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