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SUMMARY

In an attempt to find a better T. eruzi antigen and possible immunological
markers for the diagnosis of different clinical forms of Chagas’disease, amastigote
and trypomastigote antigens obtained from immunosuppressed mice infected with
T. cruzi (Y strain) were assessed in comparison with conventional epimastigote
antigens. A total of 506 serum samples from patients with acute and with chronic
(indeterminate, cardiac and digestive) forms, from nonchagasic infections, and from
healthy individuals were assayed in immunofluorescence (IF) tests, to search for
1gG, IgM and IgA antibodies. Amastigote proved to be the most convenient antigen
for our purposes, providing higher relative efficiency indexes of 0.948, 0.871 and
0.914 for IgG, IgM and IgA IF tests, respectively. Anti-amastigote antibodies presen-
ted higher geometric mean titers (GMT) than anti-trypomastigote and anti-epimas-
tigote. Anti-amastigote IgG antibodies were found in all forms of Chagas’disease,
and predominantly IgA antibodies, in chronic digestive and in acute forms, as well
as IgM antibodies, in latter forms. Thus, tests with amastigote antigen could be
helpful for screening chagasic infections in blood banks. Practical and economical
aspects in obtaining amastigotes as here described speak in favour of its use in
developing countries, since those from other sources require more complex system
of substruction, specialized personnel or equipment.

KEY WORDS: T. cruzi infections; IgG, IgM and IgA antibodies; Amastigote, Trypo-
mastigote and Epimastigote.

INTRODUCTION

In areas in which Chagas’disease is endemic,
the prevalence of chronic infections is high, and
because of low parasitemia in such infections,
the diagnosis is made mostly based on serolo-
gicaldata. To the moment, T. cruziepimastigote

is utilized widely as antigen in conventional sero-
logical tests®. In recent review on assessment of
different trypanosome antigens for diagnostic
purpose, the reports about epimastigote antigen
exceeded strikingly in number (84%) over other
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parasite life cycle stage antigens, as trypomas-
tigote (9%) and amastigote (7%)'%. Some serolo-
gical tests are also capable to provide certain
information about the clinical forms of Chagas’
disease, since a close positive correlation bet-
ween the acute form and IgM anti-epimastigote
was seen, as well as, the chronic digestive form
and anti-amastigote IgA antibodies!® '°. Anti-
genic difference between life cycle stage of T.
cruzi are known'5, but trypomastigote and
amastigote from vertebrate host seem to be mo-
re sensitive and adequate for the study of humo-
ral immune response in chagasic patients® % 16
than axenic epimastigote.

However, a better comparative study of
amastigote, trypomastigote and epimastigote
antigens for the diagnosis of chagasic infections
was not done before. Therefore, this aspect was
further explored here, as well as, an attempt to
find other immunological markers for different
forms of Chagas’disease (acute and chronic inde-
terminate, cardiac and digestive) was made, as-
sociating the findings on IgG, IgM and IgA anti-
bodies with those clinical forms and with refer-
red three life cycle stages of T. cruzi antigens,
in the immunofluorescence test.

MATERIAL AND METHODS

Serum samples: Serum samples were collec-
ted from 506 individuals, 225 of which had Cha-
gas’disease, 121 of which had nonrelated infec-
tions or autoimmune disease, and 160 of which
were clinically healthy. Chagasic patients inclu-
ded 36 with acute, 128 with chronic indetermi-
nate, 31 with cardiac and 30 with digestive forms.
All the acute infections were parasitologically
confirmed by direct microscopic examinations
of blood samples or xenodiagnosis. Chronic ca-
ses were classified according to clinical, electro-
cardiographic and radiological criteria. The in-
determinate forms included patients with no cli-
nical symptoms of the disease and a normal or
only slightly abnormal electrocardiogram. The
cardiac form patients had cardiomyopathy with
cardiac insufficiency, cardiomegaly, and an ab-
normal electrocardiogram. The digestive forms
included patients with radiographically detec-
ted digestive abnormalities. In 11 of the 30 cases
in this group, cardiac disease was also present.

A totalof 121 patients with non-related infec-
tions were studied: 10 with clinically active rubel-
la; 20 with malaria with patent parasitemia; 19
with acute toxoplasmosis; 10 of different age
groups and from areas not endemic for Chagas’
disease with clinically active Kala-azar; 12 with
mucocutaneous leishmaniasis; 10 with recent sy-
philis; 32 with connective tissue diseases, inclu-
ding 16 with antinuclear antibodies and 16 with
high-titer rheumatoid factors, and 8 with Pem-
phigus foleaceus. Of the clinically healthy indivi-
duals, 100 were selected in an endemic area for
Chagas’disease, and 60 were blood bank donors.
Negative serology [Complement fixation, IF and
indirect hemagglutination (HA) tests] for Cha-
gas’disease was seen in all nonchagasic indivi-
duals, except for a few of the patients with Kala-
azar. Patients with other diseases had positive
results for their respective serodiagnosis.

Serum samples were obtained from venous
blood and kept at —20°C until use.

Serological tests for Chagas’disease: All se-
ra were assessed in complement fixation, IF for
IgG antibody (IgG IF) and indirect HA (IHA)
tests for Chagas'disease as described previous-
lyS. Serum samples from chagasic patients were
also tested by an enzyme-linked immunosorbent
assay for IgG antibodies?®. Also, IF for IgM anti-
body (IgM IF) and polysaccharide ITHA tests
were carried out to reveal IgM antibodies in acute
cases!®. To avoid interference of rheumatoid fac-
tors in the IgM IF test, we pretreated the serum
samples, which were positive in a rheumatoid
factor latex agglutination test (Behringwerke A.
G.), with aggregated human gamma-globulin?..
In the IF tests, the anti-IgA (a chain specific),
IgM (u chain specific) and IgG (8 chain specific)
fluorescent conjugate were used. All the IF test
results were scored arbitrarily from 4+ to 1+
and doubtful or weak fluorescence considered
as negative.

Parasite antigens: Parasite antigens were
prepared from various T. eruzi life cycle stages.
Epimastigotes antigens were obtained as descri-
bed previously®. Blood stream trypomastigotes
were collected from immunosuppressed mice,
inoculated with trypanosome, on day 7 post in-
fection, as reported!®, and processed as for epi-
mastigote®. Intracellular amastigotes were ta-
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ken from liver and spleen of infected mice, puri-
fied by two-step discontinuous gradient centrifu-
gation as described previously! and also proces-
sed as described for epimastigotes®.

For the evaluation of each of studied anti-
gens, diagnostic performance indexes were esti-
mated in terms of relative sensitivity, specificity
and efficiency according to GALEN & GAMBI-
NO! and the cutoffs taken at their highest effi-
ciency indexes. To calculate geometric mean ti-
ters (GMT) of IgG, IgM and IgA antibodies and
standard deviations (sd), the titers (T) were
transformed to log, (log, 0,4T) according to
WHITE?.

RESULTS

Serum samples from chagasic patients were
all reactive in the enzyme-linked immuno-
sorbent assay and most were reactive in the
three other conventional tests, IgG IF, IHA and
complement fixation, or at least in two of these.
The 36 serum samples from patients with acute
Chagas’'disease werereactive in both IgM IF and
polysaccharide THA tests, or in one of these, as
well. Samples from patients with other diseases
were non-reactive, except 2 cases of Kala-azar

and 5 from healthy individuals, in which the ti-
ters were low (= 80).

To define possible immunological marker
for different forms of Chagas’disease, as well as
to verify the better antigen for diagnostic purpo-
se, cutoff titers were established for each test
to distinguish, with highest efficiency, each form
of Chagas’disease from other forms of the same
disease, other infections, and normal indivi-
duals. Group of patients with acute forms were
studied independently from the group with chro-
nic digestive forms in IgA IF test. For the study
of former group, the latter was not included, and
conversely, for the study of latter group, the for-
mer was excluded, since, although acute infec-
tions have IgA-reactive antibodies, they can be
distinguished from patients with other Chagas’
disease, because they have anti-t. cruzi IgM anti-
bodies in their sera.

Table 1indicates sensitivity, specificity, and
efficiency indexes for selected cutoffs. In general,
IF tests with amastigote antigens provided hi-
gher efficiency values, followed by tests with try-
pomastigote, except in IgM IF test.

TABLE 1
Diagnostic performance indexes of IF tests for IgG, IgM and IgA antibodies with T. eruzi amastigote,
trypomastigote and epimastigote antigens in patients with acute and with chronic indeterminate,
cardiac and digestive forms of Chagas’disease

IF  Clinical Cutoff
Test Form Antigen Sensitivity Specificity Efficiency Titer
(log,)
IgeG Acute Amastigote 0.938 0.952 0.946 8
and Chronic Trypomastigote 0.871 0.882 0.877 5
Epimastigote 0.804 0.974 0.897 5
IgM Acute Amastigote 0.861 0.872 0.871 9
Trypomastigote 0.889 0.463 0.518 5
Epimastigote 0.861 0.839 0.842 6
IgA Acute Amastigote 0.611 0.913 0.868 10
Trypomastigote 0.472 0.778 0.733 3
Epimastigote 0.194 0.662 0.593 1
IgA Chronic Amastigote 0.923 0.913 0.914 10
Digestive Trypomastigote 0.192 0.778 0.712 3
Epimastigote 0.038 0.662 0.592 1
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Table 2, 3 and 4 present the reactivities for
serum samples from patients in the several
groups studied in relation to the established cu-
toffs for IgG, IgM and IgA IF tests, respectively.

In IgG IF test with epimastigote, poor re-
sults (37%) were obtained with serum samples
from digestive forms of Chagas’disease. In acute
chagasic infections, positivity was high for IgM
IF test with any of three studied antigens. Also
in serum samples from indeterminate forms, po-
sitivities of 23%, 45% and 32% were seen for IgM
IF test with amastigote, trypomastigote and epi-
mastigote antigens, respectively.

In IgA IF test with amastigote, positivity
was high in digestive form and in acute infection.
However in indeterminate forms, positivity of
21% was observed, and in cardiac forms, 16%.
Higher nonspecific reactivities are seen in IgG

and IgM IF tests with trypomastigote and in
IgA IF with trypomastigote and epimastigote.

Asillustrated in table 5, anti-amastigote IgG,
IgM and IgA antibodies presented higher GMT
in relation to anti-trypomastigote and anti-epi-
mastigote. Titers of anti-amastigotes IgG anti-
bodies ranged from 64 x 10 to 20 x 10%; of IgM
antibodies, from 12 x 10% to 20 x 10° and of IgA
antibodies in sera either from acute or digestive
forms, from 25 x 10? to 26 x 105,

DISCUSSION

In the present study, two aspects were inves-
tigated: the first dealing with T. eruzi antigens
(amastigote, trypomastigote and epimastigote)
which might provide better diagnostic perfor-
mance, in a comparative study by IF test, and
the second, with immunological markers for dif-

TABLE 2
Positivity in IF tests for IgG antibodies with amastigote, trypomastigote and epimastigote antigens
in serum samples from chagasic (225) and nonchagasic patients (272)

N¢ Positive Sera (%)

. . N¢ of
Diagnosis Serum
Amastigote Trypomastigote Epimastigote
CHAGAS’ DISEASE:
Acute: 36 32 (89%) 28 (78%) 21 (58%)
Chronic:
Indeterminate 128 119 (93%) 116 (91%) 120 (94%)
Cardiac 31 30 (97%) 26 (84%) 29 (94%)
Digestive 30 30 (100%) 26 (87%) 11 (37%)
OTHER DISEASE:
Acute rubella 10 0 (0%) 2 (20%) 0 (0%)
Acute toxoplasmosis 10 0 (0%) 4 (40%) 0 (0%)
Malaria 20 1 (5%) 3 (15%) 0 (0%)
Kala-azar 10 0 (0%) 1 (10%) 2 (20%)
Mucocutaneous
leishmaniasis 12 0 (0%) 2 (17%) 0 (0%)
Syphilis 10 0 (0%) 2 (20%) 0 (0%)
Connective
tissue disease 32 3 (9%) 0 (0%) 0 (0%)
Pemphigus foleaceus 8 0 (0%) 3 (38%) 0 (0%)
CLINICALLY HEALTHY:
Blood donors 60 4 (T%) 6 (10%) 0 (0%)
Individuals from
endemic areas of
Chagas’disease 100 5 (5%) 9 (9%) 5 (5%)
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TABLE 3
Positivity in IF tests for IgM antibodies with amastigote, trypomastigote and epimastigote antigens
in serum samples from chagasic (149) and nonchagasic patients (129)

N° Positive Sera (%)

Diagnosis N of
Serum Amastigote Trypomastigote Epimastigote

CHAGAS’ DISEASE:
Acute: 36 31 (86%) 32 (89%) 31 (86%)
Chronic:
Indeterminate 56 13 (23%) 25 (45%) 18 (32%)
Cardiac 31 0 (0%) 9 (29%) 4 (13%)
Digestive 26 2 (8%) 8 (31%) 3 (12%)
OTHER DISEASE:
Acute rubella - 10 0 (0%) 9 (90%) 0 (0%)
Acute toxoplasmosis 19 4 (21%) 12 (63%) 3 (16%)
Malaria 10 1 (10%) 8 (80%) 0 (0%)
Kala-azar 10 0 (0%) 3 (30%) 1 (10%)
Mucocutaneous
leishmaniasis 10 2 (20%) 10 (100%) 0 (0%)
Syphilis 10 1 (10%) 10 (100%) 5 (560%)
Connective
tissue disease 10 0 (0%) 2 (20%) 0 (0%)
CLINICALLY HEALTHY:
Blood donors 30 2 (71%) 17 (57%) 2 (7%)
Individuals from
endemic areas of
Chagas’disease 20 6 (30%) 17 (85%) 3 (15%)

ferent clinical forms of Chagas’disease (acute
and chronic indeterminate, cardiac and diges-
tive forms).

Thus, higher diagnostic performance inde-
xes were obtained for IgG, IgM and IgA IF tests
with amastigote antigens, in the study of diffe-
rent clinical forms of Chagas’disease, in relation
to the tests with trypomastigote and epimas-
tigote. Amastigote antigens as prepared here
from T. cruzi infected mice were not evaluated
before in serological tests for diagnostic purpose.

Cutoff titers vary according to the type of
antigen and panel of sera selected from popula-
tions for the standardization of tests. Inasmuch
as in this work many nonrelated infections were
included, the cutoff titers are in general higher
in comparison with those reported. Thus, the
cutoff for IgG IF with amastigote stipulated here
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is higher than those reported for tests with amas-
tigote from cell cultures® % 22 and with amas-
tigote of skeletal muscle sections from infected
mouse with T, eruzi'®. Also, in the same test with
trypomastigote and epimastigote, the titers ta-
ken as cutoffs are higher than those reported*
3.5.20.22 Even in IgM IF test with epimastigote,
the cutofftiteris slightely higher than that deter-
mined before!®. Nevertheless, in IgA IF with amas-
tigote, the cutoff titer used is similarto that sta-
blished in the previous work'?.

Titers of anti-amastigote IgG, IgM and IgA
antibodies in sera from group of patients studied
are also higher, as well as their GMT. In general,
the anti-amastigote IgG antibody titers varied
in similar range to the titers of anti-amastigote
of skeletal muscle sections from infected mou-
sel’. These high reactivity of antibody to amas-
tigote antigen was verified to be specific with
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TABLE 4
Positivity in IF tests for IgA antibodies with amastigote, trypomastigote and epimastigote antigens
in serum samples from chagasic (149) and nonchagasic patients (120)

N°¢ Positive Sera (%)

. . Ne° of
Diagnosis Serum . )
Amastigote Trypomastigote Epimastigote
CHAGAS’ DISEASE:
Acute: 36 22 (81%) 17 (47%) T (19%)
Chronic:
Indeterminate 56 12 (21%) T (13%) 15 (27%)
Cardiac 31 5 (16%) 1 (3%) 10 (32%)
Digestive 26 24 (92%) 5 (19%) 1 (4%)
OTHER DISEASE:
Acute rubella 10 0 (0%) 2 (20%) 0 (0%)
Acute toxoplasmosis 10 0 (0%) 2 (20%) 1 (10%)
Malaria 10 0 (0%) 0 (0%) 0 (0%)
Kala-azar 10 0 (0%) 0 (0%) 1 (10%)
Mucocutaneous
leishmaniasis 10 0 (0%) T (70%) 0 (0%)
Syphilis 10 0 (0%) 9 (90%) 10 (100%)
Connective
tissue disease 10 0 (0%) 3 (30%) 4 (40%)
CLINICALLY HEALTHY:
Blood donors 30 0 (0%) 11 (37%) 26 (87%)
Individuals from
endemic areas of
Chagas’disease 20 1 (5%) 4 (20%) 3 (15%)
TABLE 5

Geometric mean titers (GMT) and standard deviations (sd), estimated for anti-amastigote, anti-try-

pomastigote and anti-epimastigote antibodies from patients with acute (A) and chronie indeter-

minate (CI), cardiac (CC) and digestive (CD) forms of Chagas’disease, in IF tests for IgG, IgM
and IgA antibodies

Log, GMT (sd)

IF i
test Antigen Chagas’s disease N(;Efce};iigoajw
A CI CcC CD

IgG Amastigote 11.3 (4.0) 11.4 (2.5) 11.1 (2.4) 11.9 (2.5) 44 (2.0)
Trypomastigote 6.7 (2.8) 6.9 (1.9) 6.1 (2.0) 7.0 (2.2) 2.1 (1.9)
Epimastigote 4.9 (1.7 7.2 (1.5) 6.8 (1.3) 4.0 (2.6) 1.8 (1.4)

IgM Amastigote 12.6 (4.4) 6.2 (3.5) 45 (2.4) 5.7 (3.0) 6.1 (2.7
Trypomastigote 7.4 (2.7) 3.5 (2.9) 2.7 (3.1) 2.8 (2.7) 54 (2.3)
Epimastigote 7.2 (1.6) 3.3 3.0 2.2 (2.6) 2.7 (2.3) 3.0 2.3)

IgA Amastigote 104 (4.1) 7.3 (271 7.7 (1.9) 12.6 (3.8) 3.5 (2.2)
Trypomastigote 3.2 (3.0 1.2 (1.6) 0.7 (0.5) 1.3 (2.0 2.0 (2.0)
Epimastigote 1.2 (1.8) 1.2 (1.8) 14 (1.8) 0.5 (0.1) 1.3 (1.4)
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no interference of mouse tissue components in
our previous work*?.

In IgG IF test with amastigote antigens, po-
sitivities found for different forms of Chagas’di-
sease are all higher, whereas in test with conven-
tional epimastigote, the positivity was low only
for digestive form of Chagas’disease. Hence mis-
leading diagnoses of Chagas’disease among pa-
tients with digestive impairment seem to be fre-
quent in endemic areas.

The sensitivity of IgG IF test with trypomas-
tigotes was lower than that reported by SA-
DUN?, but its specificity laid within the values
obtained by some investigators® 2.

Positive correlation between the acute form
of Chagas’disease and IgM antibodies to amasti-
gote, to trypomastigote and to epimastigote we-
re found, and these findings were expected, since
anti-epimastigote IgM antibodies were detected
previously®® in acute infections. The relevant fin-
ding however was the detection of IgA antibo-
dies to amastigote antigens, in analogous way
to those non-related acute infections, in which
this class of specific antibodies are demonstra-
ted to have pathogenic significance and diag-
nostic value® > 18 Positivities in IgM and IgA
IF tests should be improved in acute chagasic
infections seeing that in several negative cases,
the antibodies are possibly present in low titers,
similarly to IgM antibodies in acute toxoplas-
mosis!”. Therefore, we are trying now to remove
IgG antibodies which might be interfering, by
mean of well known procedures’ to enhance the
reactivities of IgM and IgA antibodies in IF tests.

Trypomastigotes rather than epimastigotes
gave higher nonspecific results in IgM and in
IgA IF tests, possibly by ubiquitous antigenic
determinants common to Treponema pallidum,
Leishmania sp amastigotes, and other microor-
ganisms, but absent from T. cruzi amastigotes.

As verified previously ', anti-amastigote IgA
antibodies correlated closely with chronic diges-
tive forms of Chagas’disease, and these might
be an early serological signal of mucosa lesions
when revealed in chronic disease, in the absence
from IgM antibodies. In 12 patients with indeter-
minate forms, IgA antibodies were found, and
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-7 of these had also IgM antibodies. It is possible
they were still in acute phase of infection with
no defined symptoms and, due to their positivity
in conventional serology, were considered as in-
determinate forms. These 12 cases were all from
Mambai (GO), an endemic area for Chagas’di-
sease, where light infections can not be ruled
out. As to the remainders 5, as well as 5 from
cardiac forms in which IgA antibodies were
found, with no IgM, have to be closely monitored
to investigate whether the disease will progress
with the onset of digestive disturbances.

In brief, the amastigote proved to be more
sensitive antigen to detect IgG, IgM and IgA
antibodies from different forms of Chagas’disea-
se and this would be helpful for screening chaga-
sic infections in blood banks. As to the immuno-
logical markers, IgA antibodies suggest to be
correlated with acute infections along with IgM
antibodies.

Amastigote as here obtained is more conve-
nient and less costly for developing countries, sin-
ceinmostlaboratories which produces their own
antigens has animal quarter facilities rather
than specialized personnel and substruction for
cell culture, or then equipment such as cryostat
to provide tissue sections of infected animal with
T. cruzi as antigenic substrate.

RESUMO

Doenca de Chagas: anticorpos IgG, IgM e IgA

contra antigenos de amastigota, tripomastigota

e epimastigota de T. cruzi em formas agudas
e em diferentes formas cronicas da doenca.

Com ointudito de se aperfeicoar o diagnéstico
sorologico das diferentes formas clinicas da
doenca de Chagas, foram estudados antigenos
de formas amastigota e tripomastigota, obtidas
de camundongos imunossuprimidos infectados
com cepa Y de T. cruzi, em comparag¢io com
o de epimastigota convencionalmente utilizado.
Um total de 506 amostras de soro de pacientes
chagasicos com formas aguda e crénicas (inde-
terminada, cardiaca e digestiva), de individuos
com infeccdes nio relacionadas e de individuos
sadios foi analisado por reacdo de imunofluo-
rescéncia, para deteccao de anticorpos IgG, IgM
e IgA. O antigeno de amastigota apresentou os
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mais altosindices de eficiéncia relativa em testes
de IF IgG (0,946), IF IgM (0,871) e IF IgA (0,914),
mostrando ser mais conveniente para a finali-
dade proposta. Anticorpos anti-amastigota
apresentaram médias geométricas de titulos
mais altas que anti-tripomastigota e anti-epi-
mastigota. Anticorpos IgG anti-amastigota- fo-
ram encontrados em todas as formas clinicas
da doenca de Chagas, e anticorpos IgA foram
encontrados predominantemente em formas
cronicas digestivas e em formas agudas, além
de anticorpos IgM nestas Gltimas formas. Por-
tanto, testes com antigeno amastigota poderiam
serlteis para a triagem de individuos chagésicos
em bancos de sangue. Aspectos praticos e econo-
micos na obtencido de amastigotas, conforme
descrito neste trabalho favorecem seu uso em
paises em desenvolvimento, ja que o antigeno
obtido por meio de outras fontes requer uma
infraestrutura mais complexa, equipamentos e
pessoal especializados.
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