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 Immune Response to Trypanosoma cruzi Shed Acute Phase
Antigen in Children from an Endemic Area for Chagas’

Disease in Bolivia
Simone Frédérique Brenière/+, Nina Yaksic*, Jenny Telleria, Marie-France

Bosseno, François Noireau, Patrick Wincker**, Daniel Sanchez***

UMR ORSTOM/CNRS nº 9926: “Génétique Moléculaire des Parasites et des Vecteurs”, Casila Postal 9214, La
Paz, Bolivia  *Universidad Mayor de San Andres, Instituto Boliviano de Biología de Altura, La Paz, Bolivia

**Laboratório de Biologia Molecular e Doenças Endêmicas, Departamento de Bioquímica e Biologia Molecular,
Instituto Oswaldo Cruz, Rio de Janeiro, Brasil  ***Fundación Campomar, CONICET, Universidad de

Buenos Aires, Buenos Aires, Argentina

A field study of the immune response to the shed acute phase antigen (SAPA) of  Trypanosoma cruzi
was carried out in the locality of Mizque, Cochabamba department, Bolivia. Schoolchildren (266), with
an average of 8.6 ± 3.6 years, were surveyed for parasitological and serological diagnosis, as well as
antibodies directed against SAPA using the corresponding recombinant protein in ELISA. The antibod-
ies against SAPA were shown in 82% of patients presenting positive serological diagnosis (IgG specific
antibodies). The positive and negative predictive values were 0.88. Antibodies anti-SAPA were shown in
80.8% of the chagasic patients in the initial stage of the infection (positive IgM serology and/or positive
buffy coat (BC) test) and in 81.4% of the patients in the indeterminate stage of the infection (positive IgG
serology with negative BC and IgM tests). These results show that the anti-SAPA response is not only
present during the initial stage of the infection (few months) but extends some years after infection.
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Trypanosoma cruzi, the causative agent of
Chagas’ disease, is characterized by the occurrence
of distinct acute and chronic phases. Generally, the
acute phase is totally asymptomatic and subsides
spontaneously within two or three months. Then
the infection becomes latent with sub-patent para-
sitemia. Both phases are associated with a specific
humoral response allowing the serodiagnosis of
Chagas’ disease. During recent years, several T.
cruzi antigen genes have been cloned and used in
serodiagnosis (Moncayo & Luquetti 1990, Levin
et al. 1991, Cetron et al. 1992). The main objec-
tives were solving problems related to the exist-
ence of false positive diagnosis, detecting early
infections and establishing potential diagnosis in
distinguishing different stages of disease. Among
them, T. cruzi shed acute phase antigen (SAPA)
has been proposed for early diagnosis of Chagas’
disease (Affranchino et al. 1989, Frasch & Reyes
1990, Levin et al. 1991). According to Affranchino

et al. (1989) and Reyes et al. (1990) antibodies
against SAPA are mainly present in acute and con-
genital sera. The T. cruzi SAPA has major trans-
sialidase and neuraminidase enzymatic activities
located in the N-terminus of the protein (Parodi et
al. 1992, Campetella et al. 1992). Both enzymatic
activities are related to the transfer of sialic acid in
T. cruzi, and probably needed for T. cruzi internal-
ization in the host cell (Prioli et al. 1990,
Schenkman et al. 1991a,b). SAPA, anchored on
the parasite surface, is mainly expressed in the in-
fective (trypomastigote) stage of the parasite
(Affranchino et al. 1989). Furthermore, SAPA
molecule presents an antigenic domain, located in
the C-terminal part which is composed of amino
acid repeats (Parodi et al. 1992). Indeed, the SAPA
molecule supports an enzymatic activity, probably
relevant for parasite survival and an antigenic one,
which does not affect  the enzymatic activity, tar-
geting immune response of the host. In this study,
we  examine for the first time anti-SAPA response
among children living in a high endemic rural re-
gion for Chagas’ disease in Bolivia.

MATERIALS AND METHODS

Patients and sera - Sera were from children
(never treated for Chagas’ disease) living in Mizque
village located in a high endemic region of Bo-
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livia (Cochabamba department). The children av-
erage age was 8.6 ± 3.6 ranging from 2 to 15 years
old. None of these children presented clinical symp-
toms from acute phase illness and parasitemia was
individually established by examination of four
buffy coat (BC test) direct method (La Fuente et
al. 1984).

Serological diagnosis - It was determined by
four assays detecting specific IgG antibodies: he-
magglutination (HEMAVE test, Polychaco, Buenos
Aires, Argentine), immunofluorescence, and en-
zyme-linked immunosorbent assay (ELISA) per-
formed in two different laboratories, using anti-
gens obtained from epimastigote lysed forms. The
diagnosis was based on positivity or negativity of
three out of four tests. Moreover, specific IgM an-
tibodies were detected by ELISA technique.

Polymerase chain reaction  (PCR) diagnosis -
It was applied to 5 ml blood samples. The proce-
dure was according to a previously described
method (Wincker et al. 1994). Briefly, the blood
was mixed V/V in 6M guanidine hydrochloride/
200 mM EDTA buffer and boiled for 15 min. DNA
was extracted from 100 µl of the mixture and the
amplification performed as previously described
with oligonucleotide primers chosen to amplify the
hypervariable region of kDNA minicircles
(HVRm). PCR products were analyzed by elec-
trophoresis on a 2% agarose gel and visualized by
ethidium bromide staining.

Antibodies against SAPA - They were detected
by ELISA technique, using fusion glutathione S-
transferase/SAPA. This protein was produced in
pGEX expression vector after subcloning the Eco
RI fragment encoding the SAPA (clon #7) into the
Eco RI restriction site, and purified in one step on
a glutathione agarose column (Ibanez et al. 1987,
Smith & Johnson 1988, Affranchino et al. 1989).
Glutathione S-transferase (GST) was used as con-
trol for each sample at the same concentration than
SAPA. The ELISA plastic 96-well plates (CML,
Nemours, France), were coated with 100 µl of
SAPA (100 ng/ml) diluted in 0.1M carbonate-bi-
carbonate buffer (pH 9.6). Plates were incubated 1
hr at 37oC, washed 3 times with PBS/Tween 5%
buffer (PT buffer). Then the sensitized wells were
incubated in 5% milk PT buffer 1 hr at 37oC and
washed 3 times as above mentioned. Positive con-
trol, negative control and unknown serum samples
were dilute 1/100 in PT buffer containing 3% of
milk and 100 µl was add to each well. After 2 hr of
incubation at 37oC, wells were washed 3 times with
PT buffer. Then, 100 µl of peroxidase conjugate
(0.5 µg/ml, anti IgG (H+L) human labeled with
peroxidase, Bio Sys) PT buffer containing 3% of
milk were added and the plate incubated 1 hr at
37oC. After washing as described before, the en-

zyme reaction was carried out using 100 µl per
well of orthophenylenediamine as substrate solu-
tion  (orthophenylenediamine 500 µg/ml in citrate
buffer pH 5.5 and 10 µl of H2O2). After 20 min in
darkness at room temperature, the enzymatic reac-
tion was stopped by adding 50 µl/well of HCl 1N
solution. The values were determined with ELISA’s
reader (Titertek Multiscan) at 492 nm. Each test
was carried out in triplicate.

RESULTS

Positive absorbance SAPA limit determination
- To assess positive limit SAPA ELISA test, we
selected from the studied sample, 103 patients as
control population,  presenting negative BC, 4
negative IgG serology tests and negative PCR di-
agnosis, as well as absence of IgM specific anti-
bodies. For each sample, the SAPA absorbance was
determined by the difference between GST-SAPA
fusion protein and GST absorbances. Both values
were the absorbance average calculated from a trip-
licate. In all cases, absorbances of GST-SAPA were
higher than GST respective ones. The positive
SAPA test absorbance limit, lod was calculate ac-
cording to: lod = m + 2 δ with m = absorbance
average of SAPA and δ = standard deviation. The
lod value was 0.38 with m = 0.15 and δ = 0.11.

Diagnostic value of SAPA test - The study in-
cluded 266 patients documented by BC test, IgG
serological and PCR diagnosis, specific IgM and
SAPA antibodies (Table I). The children lived in a
very high endemic region for Chagas’ disease as
evidenced by a prevalence of 41.3% of positive
IgG serology (110/266).

First, we examined the anti-SAPA response
according to the serology established by the de-
tection of IgG specific antibodies. Table II sum-
marizes the diagnosis performance of the SAPA
test. Antibodies anti-SAPA were shown in 38.3%
of the studied individuals. The sensitivity and speci-
ficity were high (0.88 and 0.92 respectively). The
predictive values were satisfactory to propose this
test as complementary serological method of di-
agnosis in children. Among the 156 individuals
presenting a negative IgG serology, 14 were posi-
tive for at least one of the following techniques:
BC, PCR and IgM serology; only three patients
showed associated antibodies anti-SAPA .

The second point analyzed is the early diag-
nostic value of SAPA recombinant protein. We ar-
bitrarily classified the individuals in conformity to
the tests performed in the study (Table I). The pa-
tients presenting a positive BC or IgG antibodies
were considered as chagasic. The clinical status of
the chagasic patients was based on the direct de-
tection of the parasites (BC) or the IgM serology.
Table III sumarized the clasification of the 266
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patients. We did not observe significant differences
in the SAPA test between the initial and indeter-
minate stages (X2 = 0.005, p>0.05).

Moreover, we observed only 6.3% of positive
anti-SAPA test in the non chagasic group. This
population presented a negative parasitological
diagnosis including PCR highly sensitive technique
and negative serological diagnosis, associated with
absence of specific IgM antibodies which are first
synthesized in recent infection.

One year later, we analyzed 11 patients per-
taining to non chagasic (7) or suspected (4) groups,
who had at the first control positive or negative
SAPA test. All patients with positive SAPA test
(4) developed positive IgG serology. Among the 7
patients with negative SAPA test, 4 showed posi-
tive IgG  antibodies for Chagas’ disease. These
rates of seroconversion were not significantly dif-
ferent in the two groups of positive and negative
SAPA test (X2 = 0.35, p>0.05).

TABLE I

Number of positive and negative children from a high endemic area in Bolivia tested by  parasitological and
serological tests for Chagas’ disease.  Status of the patients

IgG + and IgG + and IgG - and IgG - and
PCR + PCR - PCR + PCR -

Anti-SAPA test  +               -  +               -  +               -  +               -

BC + and IgM +  2               0  0               0  1               0  0               0
 Initial stage  Initial stage  Initial stage  Initial stage

BC + and IgM -  4               3  0               0  0               0  0               1
 Initial stage  Initial stage  Initial stage  Initial stage

BC - and IgM +  11               1  3               0  0               0  2               9
 Initial stage  Initial stage  Suspected  Suspected

BC - and IgM -  68              13  2              3  0               1       9               133
  Indeterminate stage   Indeterminate stage  Suspected     Non chagasic

SAPA = shed acute phase antigen; IgG = immunoglobulins G; PCR = polymerase chain reaction; BC = buffy coat;
IgM = immunoglobulins M

TABLE II

Diagnosis performance of the shed acute phase
antigen (SAPA) based on IgG serology

SAPA

Positive 102
Negative 164
True positive 90
True negative 144
Sensitivity 0.82
Specificity 0.92
Observed agreement 0.88
Predictive positive value 0.88
Predictive negative value 0.88

positive, negative: numbers of children presenting posi-
tive or negative anti-SAPA
IgG: immunoglobulins G

TABLE III

Anti-SAPA antibodies response in patients of different  status regarding to Chagas’ disease

Status of patients

Chagasic Non chagasic Suspected

Initial Indeterminate
stage stage

Anti-SAPA + 21 (80.8%) 70 (81.4%) 9 (6.3%) 2 (16.7%)
Anti-SAPA - 5 16 133 10

Total 26 86 142 12

See Table I for definition of the status of the patients; SAPA: shed acute phase antigen
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Consequently, the patients presenting positive
SAPA test and negative IgG serology should be
considered as false positives.

DISCUSSION

The aim of this study was to assess the suit-
ability of cloned recombinant SAPA for diagnosis
of a children population living in a high endemic
area in Bolivia. Moreover, we tested the discrep-
ancies’ value of the test between initial and later
stages of Chagas’ infection. The study was sup-
ported by two parasitological diagnoses (BC and
PCR) and some serological tests: four to detect IgG
antibodies and one for IgM. The diagnosis value
index, evaluated on the entire population and based
on conventional diagnosis (tests that detect the
specific IgG response) was high: the sensitivity is
0.88 and specificity 0.92. Moreover, the results
were unexpected according to previous reports
considering the anti-SAPA immune response as
specific of the acute stage of the infection
(Affranchino et al. 1989, Frasch & Reyes 1990,
Reyes et al. 1990, Levin et al. 1991, Vergara et al.
1991). Nevertheless, such a population composed
only of children of an endemic region had never
been studied. Moreover, we standardized for the
first time the ELISA technique to the detection of
antibodies against SAPA using the purified recom-
binant protein, instead of phage dot array immu-
noassays.

The population under study included children
in different stages of the infection. Acute stage of
the infection is commonly defined by the presence
of circulating trypomastigotes detected by micro-
scopical examination. This criterion is fully risky
as we did not observe in this children population
any case presenting high level of circulating para-
sites. The microscopic detection is difficult and
depends on the observer. The primary immune re-
sponse in the acute phase are IgM antibodies. Nev-
ertheless, when patients present only IgM antibod-
ies with absence of circulating parasites assessed
by direct examination and by PCR, and show ab-
sence of IgG response, it is difficult to corroborate
the infection.

In the initial stage group, we included children
with positive BC and/or positive specific IgM an-
tibodies associated with IgG antibodies. The re-
sults of SAPA test did not demonstrate significant
difference between the group of initial infection
and the other chagasic patients. Therefore, 80.8%
of patients in the initial phase of infection showed
positive SAPA test. Moreover, if we considered
the patients with positive BC (11 patients), we ob-
served 63.6% of them with positive SAPA test. It
is worth noting that previous reports referred to
small groups of acute cases, and the reactivity per-

centages ranged from 60% to 93% according to
the patients’ samples (Affranchino et al. 1989,
Levin et al. 1991). Within the indeterminate group,
the high prevalence of positive anti-SAPA test was
unexpected (81.4%). Others reported in chronic
patients contrasting percentages ranging from 10%
to 66%, but the clinical status (pathology) of these
patients is not always documented and these groups
are mainly composed by adult patients
(Affranchino et al. 1989, Levin et al. 1991, Vergara
et al. 1991). Our chosen group is probably
constitued in its  majority by asymptomatic patients,
because the pathology mainly appears many years
or decades later after the initial phase. Thus, these
patients were classified as pertaining to the inde-
terminate form.

The SAPA molecule is composed by two do-
mains, one enzymatic and another antigenic and is
mainly expressed in trypomastigote forms. T. cruzi
is an intracellular parasite which multiplies inside
mammalian host cells. After several intracellular
divisions, the amastigote forms of the parasite dif-
ferentiate into trypomastigotes which invade other
cells. The neuraminidase and trans-sialidase ac-
tivities mainly beared by SAPA molecule are im-
plicated in the invasion of the parasite. Here, we
evidenced high level of SAPA antibodies in a ru-
ral chagasic population of children. During the first
years of the infection, there are probably many
trypomastigote forms associated to an intense cell
invasion. This may induce high antibody produc-
tion. Thus, the intracellular parasite multiplication
phase is probably not limited to the acute phase
(2-3 month), but extends during several years af-
ter the initial infection. The anti-SAPA response
could be a marker of active infection. Afterward,
in the chronic infection stage, circulating parasites
are absent or scarce. The parasite intracellular
multiplication should be reduced and, as a conse-
quence, anti-SAPA response diminished. To verify
the above hypothesis, a follow-up of the anti-SAPA
response in an adult population from the same en-
demic region is in course.
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