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Detection and partial characterization of Trypanosoma cruzi soluble antigens (SAg) in urine, as well as
demonstration of parasite circulating antigens (CAg) in serum from pediatric patients with acute (10 patients)
and congenital (10 patients) Chagas' disease, are reported. Classical techniques for parasite detection and
antibody serology were also conducted in both groups. Samples collected before the onset of parasiticidal drug
treatment were tested by an enzyme-linked immunosorbent assay for SAg and CAg demonstration. The control
population consisted of 6 children with acute toxoplasmosis, 6 with cutaneous leishmaniasis, and 20 healthy
individuals. Patients with acute cases were 100% positive for both SAg and CAg, whereas patients with
congenital disease were 80% CAg positive and 100% SAg positive. Controls yielded negative results in all cases.
Partial characterization of SAg from two patients with acute disease was performed by iodination, affinity
chromatography, immunoprecipitation, and two-dimensional gel electrophoresis. Two different antigenic
glycoproteins (80 kilodaltons, pI 6 to 6.5 and 55 kilodaltons, pI 6.5 to 7) were identified by these methods.
Traditional serology and classical parasitologic tests failed, each in a different way, to provide an accurate
diagnosis in the total of our patients. The enzyme-linked immunosorbent assay for SAg detection proved to be
the most effective procedure for achieving early and precise proof of infection in acute and congenital cases of
Chagas' disease.

Rapid diagnostic methods for acute and congenital cases
of Chagas' disease are necessary because parasiticidal treat-
ment is more effective the sooner it is started (14). Classical
parasitologic diagnosis based on detection of the whole
etiologic agent is limited by the delay in getting results. The
development of specific, sensitive, and reliable techniques to
demonstrate the presence of antibody-bound or free soluble
antigens in different body fluids, such as serum or urine, is an
important step toward improving diagnosis of this parasitic
disease (28).

Circulating antigens (CAg) have been demonstrated in
sera from Trypanosoma cruzi-infected animals (2, 12) and
human patients (3, 22). We have reported detection of
specific antigens and immune complexes by enzyme-linked
immunosorbent assay (ELISA) in the sera of patients of
different ages with acute and chronic Chagas' disease (17).
The results of the few experiments so far performed to
investigate the occurrence of T. cruzi soluble antigens (SAg)
in urine seem contradictory. Araujo (2) was not able to
detect SAg by ELISA in urine collected from infected mice.
A report by Bongertz et al. (6) has demonstrated that urine
from acutely infected mice and dogs contained antigen
detectable by a double diffusion test. We have recently
communicated the first demonstration of SAg in human urine
samples (10). This work presents our results in the detection
of T. cruzi antigens by ELISA in urine and serum specimens
from patients with acute and congenital Chagas' disease.
Partial characterization of SAg from two patients with acute
disease is also shown.

MATERIALS AND METHODS

Techniques used for parasite detection. The microhema-
tocrit (MH) procedure for parasite concentration (14), xeno-
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diagnosis (XD) (9), and suckling mouse inoculation (SMI)
(24) were performed simultaneously. (i) Six heparinized
50-,ul microhematocrit capillary tubes were filled with each
infected blood sample and centrifuged at 3,000 x g for 40 s,
having been sealed at one end. Each tube was cut between
the buffy coat and the erythrocyte pellet. The buffy coat was
poured onto a slide and was microscopically examined for 20
min at x400 magnification. (ii) Ten to 40 (depending on the
age of the patient) Triatoma infestans nymphs of the third
stage were employed, and insects were dissected 30 days
later to search for parasites in the digestive tract. (iii)
Infected blood (50 ,ul) was injected subcutaneously into each
of 8 to 10 suckling mice, and parasitemia was evaluated in
blood samples taken from the tails three times weekly for 40
days starting on day 15. MH was performed in all patients;
XD and SMI were conducted in 13 of the 20 children.

Serologic tests. The direct agglutination test, before (DA)
and after treatment of sera with 2-mercaptoethanol (DA-
2ME) (26), and the indirect hemagglutination test (IHA) (8)
(Laboratorios Polychaco, Buenos Aires, Argentina) were
performed by standard procedures.

Anti-T. cruzi antisera for ELISA tests. One antiserum was
obtained from two 2,500- to 3,000-g young male rabbits
inoculated by the intramuscular route with 7.5 x 106 blood-
stream RA strain parasites (15), purified from Rockland mice
at the peak of parasitemia (7 days postinfection). The rabbits
were bled 20 days after receiving parasites, and the sera
were inactivated for 30 min at 56°C. The immunoglobulin
fraction was separated by precipitation with ammonium
sulfate (16) and purified by immunoadsorption with T. cruzi
RA antigen (4, 17). The rabbit anti-T. cruzi immunoglobulins
used to coat the ELISA plates were also absorbed with
packed guinea pig erythrocytes (11) to rule out the possibility
of antibodies in this preparation directed against any tissue
antigens present in the studied samples and prevent false-
positive results. The procedure was also performed with the
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TABLE 1. Antigenuria, antigenemia, parasitemia, and antibody serology in patients with acute and congenital Chagas' disease

Evolution T. cruzi Parasitemia Antibody titer
Patienta Age Clinical signs of illness antigens

(days)b SAg CAg MH XD SMI DA DA-2ME IHA

1A 6 mo Chagoma, fever 23 + + + + + 1:4,000 1:64 1:256
2A 9 mo Chagoma, fever 60 + + + NDC ND 1:32 1:32 1:16
3A il mo Chagoma, generalized edema, 45 + + + + ND 1:16 1:16 <1:8

hepatomegaly, myocardiopathy
4A 1 yr Chagoma 30 + + + - + 1:128 1:128 <1:8
SA 4 yr Chagoma, fever, myocardiopathy 20 + + + ND ND <1:8 <1:8 <1:8
6A 5 yr Chagoma, submaxillar adenopathy 25 + + + ND + 1:128 1:128 1:64
7A 5 yr Chagoma, myocardiopathy 75 + + + + + 1:256 1:32 <1:8
8A 6 yr Chagoma, generalized edema 27 + + + + ND 1:64 1:64 1:16
9A 7 yr Chagoma 17 + + + + + 1:16 1:16 <1:8
10A 10 yr Chagoma, fever, submaxillar 15 + + + ND + 1:2,000 1:64 <1:8

adenopathy
lic 17 days Hepatomegaly, jaundice 17 + + + ND + 1:16 1:16 1:32
12C 24 days Hepatitis 24 + + + + ND <1:8 <1:8 <1:8
13C 2 mo Asymptomatic 60 + + + + + 1:512 1:512 1:32
14C 4 mo Hepatomegaly, splenomegaly 120 + + + + + <1:8 <1:8 <1:8
15C 5 mo Asymptomatic 150 + - + + + <1:8 <1:8 <1:8
16C 6 mo Asymptomatic 180 + + + ND ND 1:16 1:16 <1:8
17C 7 mo Asymptomatic 210 + + - + - 1:64 1:64 1:32
18C 7 mo Asymptomatic 210 + - - + - 1:64 1:64 <1:8
19C 8 mo Hepatomegaly 240 + + + ND + 1:256 1:256 1:64
20C 8 mo Hepatomegaly, splenomegaly, 240 + + + + ND 1:64 1:64 1:8

jaundice, myocardiopathy
a A, Acute disease; C, congenital disease.
b Time of infection considered since birth in congenital patients.
c ND, Not done.

other antiserum, a pool of chronic chagasic patients' sera.
Both antisera were filtered through a membrane (0.45-,um
pore size; Millipore Corp., Bedford, Mass.) and stored at
-20°C until used. Specific antibodies against T. cruzi were
demonstrated in these preparations by DA-2ME and IHA
tests (titers, .1:256).
ELISA for antigen detection in urine (ELISA-SAg) and

serum (ELISA-CAg) samples. Microtiter polystyrene plates
(Immulon 2; Dynatech Laboratories, Alexandria, Va.) with
96 flat-bottomed wells were coated with 100 ,ul of rabbit
anti-T. cruzi immunoglobulin (30 1tg of total protein per ml,
as determined by the Lowry et al. method [21]) in 0.1 M
carbonate buffer (pH 9.6) and incubated overnight at 4°C.
The plates were washed three times in phosphate-buffered
saline (PBS), pH 7.4, containing 0.05% Tween 20 (Sigma
Chemical Co., St. Louis, Mo.). Wells were postcoated with
1% bovine serum albumin (Sigma) in PBS-Tween 20 and left
at 37°C for 45 min. After washing, 100 ,ul of serum diluted in
PBS-Tween 20 or concentrated urine samples was added to
each well and incubated for 2 h at 37°C. All samples were
tested in duplicate. The plates were washed again, and 100 ,ul
of human anti-T. cruzi immunoglobulin diluted 1:100 in
PBS-Tween 20 was added and incubated at 37°C for 60 min.
Plates were washed three times and 100 ,ul of conjugate (goat
anti-human immunoglobulin G [IgG] labeled with alkaline
phosphatase; Miles Laboratories, Inc., Elkhart Ind.), diluted
1:1,000 in PBS-Tween 20, was dispensed into each well.
Optimal dilution of conjugate was determined as described
previously (27). After 60 min at 37°C and thorough washing,
100 pl of substrate (0.1% p-nitrophenyl phosphate [Sigma] in
diethanolamine buffer with 0.5 mM magnesium chloride) was
added, followed by 50 pul of 3 M sodium hydroxide 30 min
later. ELISA results were read with a Dynatech micro-
ELISA reader (model MR 590) at a wavelength of 410 nm.

Positive or negative values were assigned by adding two
standard errors to the mean absorbance of negative control
samples. All readings were made against a blank row of wells
receiving the above treatment, except that samples were
replaced by PBS-Tween 20. Both T. cruzi (RA strain) and
Toxoplasma gondii, prepared as described previously (17),
and Leishmania spp. antigens (Behringwerke AG, Marburg,
Federal Republic of Germany), diluted in urine or serum
from uninfected persons to a final concentration of 34 ,ug of
protein per ml, were used as positive and cross-reaction
controls, respectively. These samples received all of the
above treatments for urine and serum specimens from in-
fected patients.

Urine concentration procedure. Urine specimens were
preserved with 0.2% sodium azide at 4°C until used. Whole
trypanosomes were not observed in these urines. Samples
were centrifuged at 3,000 x g for 30 min and filtered through
a membrane filter (0.45-,um pore size) before precipitation
with 3 volumes of cold ethanol for 48 h at -20°C. The
concentrated pellet was obtained after centrifugation at
9,800 x g for 30 min at 4°C and suspended in 0.5 ml of PBS,
pH 7.2 (18). Specimens concentrated 10-fold with a Minicon
B-15 concentrator (Amicon Corp., Texington, Mass.) were
also tested.
Human patients. Urine and serum samples were obtained

from 10 patients (aged 6 months to 10 years) with acute T.
cruzi infections and 10 patients (aged 17 days to 8 months)
with congenital T. cruzi infections. The patients with acute
infection who lived in central and northeastern Argentina, a
well-known endemic area, presented inoculation chagoma, a
portal-of-entry sign characterized by painless unilateral
edema of the eyelids. The congenitally infected patients
were born in a nonendemic area from mothers serologically
positive for Chagas' disease, and they had not received any
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blood transfusion. Clinical details are summarized in Table
1. Both groups showed parasitemia, detectable by at least
one of the classical tests for parasite demonstration (MH,
SMI, XD). Samples were collected before the beginning of
parasiticidal drug treatment (Nifurtimox, 15 mg/kg of body
weight per day for 90 days). All sera were filtered through a
membrane (0.45-,um pore size) and then stored at -20°C
until used. The control population consisted of 12 children, 6
with acute toxoplasmosis and 6 with cutaneous leishmania-
sis, and 20 healthy individuals, none of them with detectable
antibodies against T. cruzi (titers, <1:8 by DA-2ME and IHA
tests). Urine and serum specimens were collected from this
group and used as controls for the ELISAs.

Iodination of concentrated urines. The pellets obtained by
the urine concentration procedure were lyophilized and then
suspended in 1 ml of buffer containing 140 mM NaCI, 10 mM
Tris hydrochloride (pH 8.6), 1 mM phenylmethylsulfonyl
fluoride, and 1 mM N-a-p-tosyl-L-lysyl chloromethyl ketone.
The samples were incubated in 1 ml of buffer containing 300
,uCi of Na'131 per ml in glass tubes precoated with 20 ,ug of
todo-gen (13). After 10 min at 4°C, the suspensions were
exhaustively dialyzed against 10 mM Tris hydrochloride (pH
8.6).

Lectin affinity chromatography. Radioiodinated materials
were treated with 2% Nonidet P-40 and applied directly to a
lectin-Sepharose column (volume, 0.6 ml; height, 5 cm).
Concanavalin A-Sepharose was obtained from Pharmacia
Fine Chemicals, Uppsala, Sweden. The column was equili-
brated in 140 mM NaCI-10 mM Tris hydrochloride (pH 8.6)
containing 2% Nonidet P-40 before adsorption of the sample.
Nonadsorbed material was eluted with the same buffer at a
constant flux of 0.2 ml/min. Fractions of 1 ml were collected,
and the radioactivity was measured directly. Bound material
was eluted with the same buffer containing a mixture of 100
mM each a-methyl D-mannoside and ot-methyl D-glucoside.
The carbohydrate-eluted material was precipitated by the
addition of 3 volumes of cold ethanol at -20°C for 48 h.

Immunoprecipitation. The precipitated material obtained
after lectin affinity chromatography was incubated overnight
with 50 ,ul of rabbit antiserum to T. cruzi, trypomastigote
form specific (1), and the antigen-antibody complexes were
left for 30 min at room temperature with 70 ,uI of a 10%
suspension of heat-killed and Formalin-fixed Staphylococ-
cus aureus Cowan I cells (19). The immune complexes were
washed twice as recommended previously (19) and finally
with a buffer containing 0.05% (vol/vol) Nonidet P-40, 0.1%
(wt/vol) sodium dodecyl sulfate, 300 mM NaCI, and 10 mM
Tris hydrochloride (pH 8.6). The precipitates were sus-
pended in 70 ,uI of two-dimensional electrophoresis sample
buffer (23) and centrifuged at 10,000 X g for 30 min, and the
supernatants were subjected to isoelectric focusing.
Two-dimensional polyacrylamide gel electrophoresis. Two-

dimensional polyacrylamide gel electrophoresis was per-
formed under equilibrium conditions as described by O'Far-
rell (23). Ampholines in three different pH ranges (1% pH 3.5
to 10.0; 0.7% pH 4.0 to 6.0; 0.3% pH 9.0 to 11.0) were
combined to obtain a broad pH gradient. After isoelectric
focusing (16 h at 400 V) the pH gradient was measured
directly on the first-dimension gel by means of a surface
electrode. As commented by O'Farrell (23), direct measure-
ment of pH on urea gels may not give precise values. Thus,
all references to isoelectric pH values found in this work are
only approximate and have been used for descriptive pur-
poses. The second-dimension slab gels were prepared as
linear 7 to 14% gradients. The following molecular mass
markers were used: trypsinogen (24,000), ovalbumin

120-

68-

24-
M 24-

12
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FIG. 1. Autoradiograph of '311-labeled T. cruzi antigens elimi-

nated in the urine of one patient with acute disease; the antigens
were isolated by affinity chromatography and immunoprecipitation
and analyzed by two-dimensional gel electrophoresis. M.w., Molec-
ular weight.

(45,000), bovine serum albumin (68,000), human transferrin
(80,000), and ,-galactosidase (120,000). Gels were dried and
exposed to Kodak X-RP5 films for periods from 7 to 15 days.

RESULTS
Results of ELISA in urine and serum samples. Results of

detection of T. cruzi SAg in urine specimens and CAg in sera
from patients with acute and congenital Chagas' disease are
shown in Table 1. All acute cases were positive by both
ELISA-SAg and -CAg. Out of 10 congenital chagasic pa-
tients, 8 (80%) were ELISA-CAg positive and 10 (100%)
were ELISA-SAg positive. These results were obtained with
urines concentrated by the ethanol precipitation technique,
whereas only 60% of acute cases and 40% of congenital
cases were ELISA-SAg positive with a Minicon concentra-
tor (data not shown). Antigens could not be detected in
untreated urines. T. cruzi standard antigen, diluted in urine
or serum from nonchagasic individuals, yielded net absor-
bance values exceeding the cutoff level of the assay. Sam-
ples from uninfected people, patients with acute toxoplas-
mosis and cutaneous leishmaniasis, and urine or serum
specimens containing T. gondii and Leishmania spp. anti-
gens gave negative results in all cases.

Antigen characterization. Partial characterization of para-
site antigens eliminated in urine from two acutely infected
patients (no. 3A and 6A), who presented the biggest pellets,
was performed. Affinity chromatography on concanavalin
A-Sepharose demonstrated the glycoprotein nature of these
T. cruzi antigens. The analysis of carbohydrate-eluted mate-
rial showed two peaks of radioactivity for each sample.
When both peaks were immunoprecipitated with specific
antiserum to T. cruzi, only the second one proved to contain
antigenic glycoproteins as revealed by polyacrylamide gel
electrophoresis. Two glycoproteins with molecular masses
of approximately 80 and 55 kilodaltons, respectively, were
identified by this method. No antigens could be recognized
in the first peak of nonspecific radioactivity. Urines from
nonchagasic patients showed only this first peak. Negative
results were also obtained by immunoprecipitation with
normal rabbit serum, always employed as the control serum.
Finally, two-dimensional analysis (Fig. 1) revealed a few
spots with a small range of isoelectric points. One glycopro-
tein (80 kilodaltons) was identified between pH 6.0 and 6.5
(glycoprotein 1). Another glycoprotein (55 kilodaltons, pI 6.5
to 7.0) exhibited satellite spots with the same molecular
mass, suggesting that charge heterogeneity might be occur-
ring (glycoprotein 2).
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Whole parasite detection. All 10 (100%) of the patients with
acute disease and 8 of 10 (80%) patients with congenital
disease showed parasitemia that was directly detectable by
MH. In five (83.33%) patients with acute disease and seven
(100%) patients with congenital disease the parasite was
demonstrated by XD, and SMI was successfully performed,
identifying the etiologic agent in six (100%) patients with
acute disease and five (83.33%) children with congenital
disease. A single acutely infected child (no. 4A) presented a
negative XD, and in two patients with congenital disease
(no. 17C and 18C) the trypanosomes could not be detected
by either MH or SMI (Table 1).

Serology. Specific antibodies to T. cruzi (titers, .1:8) were
detected, at least by one technique, in 16 (80%) of our 20
patients (Table 1). In three acutely infected patients (no. 1A,
7A, and 10A) a difference between titers obtained by DA and
DA-2ME was observed, suggesting the occurrence of acute
infection. No significant differences were found in the re-
maining patients, indicating that IgM antibody response
could not be demonstrated. The IHA test showed only 45%
positive whereas 80% of the studied children were serologi-
cally reactive by the DA test.

DISCUSSION

In the present work, the ELISA-SAg proved to be the
most effective procedure in achieving an early and precise
diagnosis in all of our patients with acute and congenital
Chagas' disease.
The results obtained in the search for the parasite and in

detection of specific antibodies to T. cruzi show that Chagas'
disease diagnosis still offers difficulties. In our series, for
different reasons neither the traditional serology nor the
methods for parasite demonstration were capable of provid-
ing an accurate diagnosis of all of the patients studied.
Serologic tests were helpful for diagnosis of recently ac-
quired infection in only three of our patients with acute
cases, who showed differences in titers (threefold or greater)
between DA and DA-2ME, and in five patients with congen-
ital disease, who had detectable antibodies after the first 6
months of life. Moreover, specific antibodies could not be
determined by either DA or IHA tests in one patient with
acute disease and three patients with congenital disease at
the time of sampling.
XD, considered the most sensitive method, failed to

demonstrate the presence of circulating parasites (visualized
by both MH and SMI) in one patient with acute disease.
Unfortunately, XD could not be repeated under the original
conditions, because specific treatment was immediately
started. However, in two patients with congenital disease
who had negative results with MH and SMI, both excellent
methods as regards sensitivity, diagnosis was only confirmed
by XD. This result could be attributed to low parasitemia
levels as a consequence of prolonged infection. Although
parasitemia was detectable by at least one of the three
parasitologic tests performed in all infected children, XD and
SMI are expensive and not always practical procedures and
are also limited by the delay in getting the final result. The
very simple and rapid MH technique showed a slightly lower
sensitivity than our ELISA-SAg assay. MH is a direct
micromethod suitable for routine diagnosis in cases of
transplacental or recently acquired T. cruzi infection. How-
ever, despite its advantages, it is troublesome to perform
simultaneously on a large series of patients because the
average microscope observation time is 20 min per sample.

In highly endemic areas, where many suspected acute
chagasic persons must be tested in the laboratory, the
ELISA-SAg has proved more adequate for large-scale as-
says.
Demonstration of CAg in sera from acutely infected chil-

dren yielded 100% positivity by ELISA. These results are
similar to those obtained by Kahn et al. (17). Patients with
congenital disease were 80% ELISA-CAg positive. The two
children in whom we failed to confirm antigenemia presented
urinary excretion of T. cruzi antigens. Both patients were
asymptomatic, and samples were collected at 150 and 210
days of life, respectively. ELISA-SAg showed higher sensi-
tivity, since the urine concentration procedure increases the
chances of demonstrating the presence of parasite antigens
undetectable by ELISA-CAg in diluted serum.
The detection of T. cruzi SAg in urine from infected

patients offers certain new advantages. First, it promises to
be of diagnostic value; all patients with acute and congeni-
tally acquired disease were positive by the ELISA for
antigens in urine before the onset of treatment with
parasiticidal drugs. At the same time, all of them showed
parasitemia detectable by at least one of the parasitologic
tests already described. Second, samples are obtained in a
simple and painless way, without the need to take blood
samples. Venipuncture under field conditions requires
skilled technicians and expensive materials and poses a
significant risk to the patient (28). Another characteristic of
the assay is its specificity; no cross-reactivity was found with
the controls employed.

During the course of specific treatment, whenever para-
sitemia became negative, antigens could not be detected in
the urine in most of these patients (data not shown). This
correlation suggests that SAg could be helpful in evaluating
the susceptibility of the parasite to drug treatment (10).

During the setting up of our ELISA test we found that it
was necessary to concentrate urine samples to improve
sensitivity, since antigens could not be demonstrated in
untreated urine specimens. The use of a Minicon concentra-
tor was only partly satisfactory; the best results were ob-
tained with the ethanol precipitation technique (10-fold con-
centration), suggesting that the parasite antigens eliminated
in urine were mainly glycoproteins (25). This was confirmed
by lectin affinity chromatography and two-dimensional poly-
acrylamide gel electrophoresis under equilibrium conditions.
Glycoprotein 1 (80 kilodaltons, pI 6 to 6.5) resembles the
surface glycoprotein described previously by Andrews et al.
(1) and by Lanar and Manning (20). Glycoprotein 2 (55
kilodaltons, pI 6.5 to 7) may correspond to tubulin or another
internal component of trypomastigote or amastigote forms.
Satellite spots were observed for this glycoprotein in our
system. The possible modification in vivo responsible for the
charge heterogeneity could be sialylation and phosphoryla-
tion (5), as described for African trypanosomiasis. Both
glycoproteins contain mannose or glucose or both, since
they are retained by concanavalin A-Sepharose columns.
We believe that ELISA for T. cruzi SAg detection and the

MH procedure represent a powerful combination of tests to
confirm early diagnosis of Chagas' disease and are particu-
larly useful in acute and congenital cases where conflictive
serology is frequently observed. Further studies are required
to ensure a better identification and understanding of these
new infection markers. The production of monoclonal anti-
bodies directed to fully characterized T. cruzi antigens
eliminated in urine may improve assay sensitivity and allow
a more accurate diagnosis of this protozoan infection to be
achieved.
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