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Abstract

The indirect agglutination test using gelatin particles (GPAT) was evaluated for tile routine
serodiagnosis of Chagas' disease by comparing theresults with Ihose of commercially available kits
of indirect hemagglutination and enzyme jinmunoassay. The sensitivity and specificity of the test
seemed satisfactory, producing strong positive antibody responses in allpatients' sera but notin t e
control subjects, The agglutination titers were also significantly higher in the GPAT than in the
hemagglutinationtestcompared. On the other hand, the cross-reactionswithotherparasiticinfections
including Leishmani@ infection were negligibly low. The GPAT seems to have great value for
laboratory diagnosis andscreening mass survey of Chagas disease, becauseofits rapid manipulation
without specialized equipment and preservation of antigen-particles for a long period.
Key words: serodiagnosis. Chagas' disease, Tryp@"OFomu cn, zi, gelatin particle agglutination test (GPAT)

American trypanosomiasis, Chagas' disease, is a
majorpublic health probleminruralareasofCentral
and South America. An acute phase of the disease is
characterized by high blood parasiteinia and exten-
SIve tissue parasitism. Following the acute phase,
however, the parasite inia usually subsides into a
chronic phase in which parasites persist at rarely
detectable levels. Thus, the detection of specific
antibodies is probably the best method for the iden-
tmcation of such a chronic infection.

There have been many attempts to develop prac-
ticalserologictectmiquesforthediagnosisofChagas'
disease. Most of these efforts have employed the
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complement fixation test (Fife and Kent, 1960;
perejra ej at. , 1980), indirect jinmunonuorescence
(Fife and Musche1,1959; Cainarg0,1966; Araujo
and Bansia, 1969; Cerisola at at. , 1970), indirect

hemagoluti-nation (Certsola, 1970; NGaland Miles,
1970; Kaganeia!., 1978; Schmunis era!., 1980) and
enzymatic assay (Spencer at at. , 1980). However,
the most reliable routine serologic test may be the
indirect agglutination, because of its relative sim-
PIicity and lack of requirements for special equip-
merit. The hemagglutination technique has been
successfully applied 10 the diagnosis of Chagas'
disease. The test, however, has some disadvantages

in the preservation of sensitized erythrocytes and in
the necessity to absorb natural antibodies to carrier
erythrocytes. Recently, the indirect agglutination
test using artificial gelatin particles has been suc-
CGssfully used for serodiagnosis of strongyloidiasis
and schistosomiasis (Sato and Ryumon, 1990; Salo
errr1. , 1991; Kobayashi oral. , 1994). In the applica-
lionforserodiaonosis ofChagas' disease, the agglu-
tination test is also recognized as sensitive and
reliable (Yamashiia errr1. , 1994).

In the present study, the authors further tried to
evaluate diagnostic efficacy of the particle aggluti-
nation test, in comparing the results with those of
commercially available kits of hemagglutination
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andenzymeimmunoassay whichhavebeenusedfor
the routine serodiagnosis of Chagas' disease.

Sei, a

Sera were obtained from 42 patients who were
diagnosed positive for Chagas* disease on the basis
of clinical and serological (indirect jinmuno-
fluorescence)evidences in University Hospital, State
University of Campinas (UNICAMP), SP, Brazil.
These include 9 patients in the in delenninate phase
of the disease, showing no symptom alitibutable to
T. ci. "zi infection, 17 with cardiopathy* 4 with
megadisease, and 9 with both cardiopathy and
megadisease. As acontr01,18 serafrompresumably
noninfected Brazilian adults with no known history
of the diseasewas used forthe study. Themcidence
of anti-T. cruzi antibody by the GPAT was deter-
mined on 144 serum samples from residents in
Macei6, A1agoas State, Brazil and on 100 samples
from patients with gastroenterologicaldisorders in
the"Gasirocenter", UNICAMP. To delemiinecross-
reaction with other parasitic infections, 186 serum
samples from patients with CIOnorchiasis sinensis in
Taiwan, opisthorchiasis viveTrini in Thailand,
hookwomi disease in Thailand, strongyloidiasis
stereoTalis in Japan and Thailand, schistosomiasis
mansoni in Brazil and Central Africa, and leish-
maniasis in Ecuador were also tested in the present
study.

Materials and Methods

as those originally described by Sato and Ryumon
(1990) for strongyloidiasis and applied torchagas'
disease by Yamashita at o1. (1994). Briefly, the
particles were treated with 0,001% tannic acid solu-
lion for 30 min at room temperature. The tamed
particles were then sensitized with T. cruzi antigens
by mixing equal volumes of 3% panicle suspension
and 200 11glml T. cruzi antigen for I hr at room
temperature. After washing, the antigen-particles
were finally suspended at I% in I% BSA-PBS for

For the estimation of agglutination liters, a
microtiter technique using a plastic microplate with
U-bottomed wells was used. One drop (25 1/1) of the
antigen-particle suspension was mixed in the wells
with an equal volumeof test serum diluted in aserial
2-fold dilution. The particles were allowed to settie
for 31rr and the settling panems at the bottom were
read. The antibody liters were determined as the
highest serum dilution giving a positive agglutina-
tion pattern. The sera which showed positive re-
an onses in dilution of I : 16 or more were considered
to be antibody positive,

use.

Antigen of T. ci. Mat
Antigen extracts were prepared from T. c, '"zi

epimastigotes cultured in a liquid medium. The
same antigen previously prepared as follows by
Yamashita at at. (1994) was used in the present
study, Freshly washed epimasiigotes were disinte-
grated by ultrasonicaiion in PBS containing I%
Triton-X, I inM phenylmethylsulfonylf!uoride and
10% glycerol. After centrifuging all0,000 xg for I
hr, the stipematant fluid was used as antigen.

Gemtin particle agglutination test (GPAT)
The test was performed with artificial gelatin

particles coated with the above antigens. The pad-
cles were kindly supplied by Fujirebio Inc. (Tokyo,
Japan). The procedures for the GPAT was the same

Indri. eat hemaggl"finalion jest (IHAT)
The inAT kits 'for Chagas' disease using fixed

erythrocytes sensitized with T. cruzi antigen was
purchased from Polychaco SAI. C. (HAI Chagas:
BUGnos Aires, Argentina) and Wiener Lab.
(Chagaiest HAl: Rosarlo, Argentina). The proce-
dures to estimate agglutination liters were almost
the same as those of the above GPAT, although
serum diluent coniaining 1.0% 2-mercaptoett}and
(2-ME) was used in the case of IHAT to martivate
natural antibodies of IgM class to the carrier 61yth-
rocytes. According to the instrument manual of the
kit, serum samples which showed agglutination
patterns in serum dilution of over 1:16 were inlet
preted to be positive.

Enzyme jinm""oarsuy (EIA)
ABBOTT Chagas enzyme Immunoassay

(ABBOTT Laboratory, Sao Paulo, SP, Bran") was
used as follows in the present study, The serum
samples were incubated with a T. c, 'uzi antigen-
coated polystyrene bead in wells of a reaction tray
at 30C for 30 min, After washing, peroxidase
conjugated goat anti-human IgG was added to the



bead in each well and incubated similarly. The bead
was then transferred to an assay tube and substrate
(0-phenylenediamine) solution was added to the
bead. Following the incubation of the bead and
substrate, the antibody levels were detennined by
measuring specti'ophotometrtcally the absorbance
value of color which developed in proportion to the
amount of antibody bound to antigen on the bead,
The specimens with absorbancevalues of more than
the cutoff value (0,500 at 429 rim) which were
calculated according to the positive and negative
control values were considered to be positive for
antibodies to T. cruzi

Additional two EIA kits from Wiener Lab. and

Polychaco S. A. I, C. , Argentina, were also compared
in their results with the GPAT. The tests were

pertonned using a microplaie, according to the
instrument manuals for the kits.

Results

Frequencies of GPAT titersin42 patients and18
uninfected controls are shown in Fig. I. All patients
showed positive agglutination response in serum
dilution of 1:32 or more, whereas negative results

were demonstrated at the lowest serum dilution of
1:8 in all of the control subjects. Log2 reciprocal
litersinthepaiientsrangedfrom 5 to 19, them ajoTity
showing from 9 to 15. On the basis of OUT criteria
titer (log2 reciprocal titer of 4) for the positive
antibodyresponse, it was delemiined that the GPAT
was positive for all of the patients but negative for
the control subjects.

Table I shows the comparative results belween
GPATandthe other tests, inAT andEIA, whichare

currently used for the routine setodiagnosis of
Chagas' disease. Although allpatients' serashowed
positive antibody response in the GPAT, there were
few false-negative results in kits from Wiener Lab.
and Polychaco SAI, C, As to the control subjects,
15 serum samples showed positive agglutination
responsein dilution of 1:16 ormoreinttiePolychaco
kit. TheirtiteTs, however, wereexu'emery low, show-
ing that 11 out of the 15 samples were positive in
only 1:16 of serumdiluiionin the presence of2-^jin.
On the other hand, when the kit from Wiener Lab.
was tested, 17 out of the 60 samples tested produced
non-specific agglutination response of nori-sensi-
Iized erythrocytes in serum dilution of 1:8. It was
necessary for these samples to be absorbed with
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Fig. I Percent frequency distributions of agglutination titers with the antigen-coated gelatin particles in 42 patients with
Chagas' disease {^) andin 18 uninfecied controls (1.1) in Brazil.
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Table I Comparative results among GPAT, inAT and EIA for Chagas
disease obtained by testing sera from 42 patients with Chagas
disease and 18 uninfected controls in Binzil

Setological test

GPAT

inAT

Wiener Lab. cohagatest Iru)
Polychaco (HAT Chagas)

EIA

ABBOTT (Chagas EIA)
Wiener Lab. (Chagatest EUSA)
Polychaco (BIOZlun-Ch)

non-sensitized erythrocytes before estimation of
their antibody titers. The agglutination patterns of
these IHAT and the GPAT in a patient and a control
subject are shown in Fig. 2.1n the case of EIA, all
patients' sera yielded a positive response in all the
three tests but none of the control subjects gave

positive responses, resulting in complete agreement
with the GPAT.

Fig. 3 represents the correlation of GPAT liters
and In AT liters on the patients. A significant corre-
Iation was found between the liters by the two tests.
The IHAT titers, however, were generally lower
than those of the GPAT (Fig. 4). The mean titer of
the GPATwas ashigh asiwotimes that of themAT
from Wiener Lab. On the other hand, when coinpar-

ing GPATandEIA (Fig, 5), there was nosignificant
correlation between the twotesis, In the caseof EIA,
however, serum samples from 16 patients showed
an absorbance value over The upper limit of the
me asurable range of 2.0. Excluding the over range
values, the correlation coefficientwas0.4/6(P<0.05,
n=24).

Fig. 6 represents a comparison of GPAT anti.
body titers in diff^'rent clinical fortns of Chagas
disease. The antibodylevels werequiiehighinthese
patients, but there was no significant difference in
mean antibody levels among the clinical fonns.

The reactivity of sera from patients with other

I

No. positive case (%)

Patients (in=42) Coriumls tm=18)

*Eleven positive sera showed agglutination liters of only log24 and the
remaining4sera showed litersoflog25 andlog26inthepresenceof1% 2-ME
(see Fig. 3)

42 ( 100)

36 (867)
41 (97.6)

o( co

42 ( 100)
42 ( 100)
42 ( loon

o( co

15 (833)*

on co
o( co

on co

parasitic infections, when tested by the GPAT, is
shown in Table 2. The patients with parasitic infoc-
tions other than schistosomiasis and leishrhaniasis
did not show any positive response in the GPAT for
Chagas' disease. In the cases of schistosomiasis, 7
out of 53 Brazilian patients reacted in the GPAT
showing 1082reciprocaltiterofover6, whereas none
of the Africanpatients showed cross-reaction. When
22 samples from patients with leishmaniasis were
tested, the positive response with low titer of log24
or log25 was only observed in 5 patients.

The GPAT was pertonned on 1/4 sera from
Brazilian residents of Macei6, A1agoas Stale and on
100 samples from patients with any gastro-
entero10gical disorders (Table 3). The positive rates
were 7.0% in residents in Macei6 where Chagas'
disease is endemic and 4.0% in patients in the
"Gastrocenier" of UNICAMP. Among the 8 per
sons positive in the GPAT in Macei6,2 persons
were negative in the ABBOTT EIA. In the
"Castrocenter" 4 patients were positive in each test,
but one patient was negative with the others show-
ing the concordance of 98.0%. Unfortunately,
thesepositivecases could notbeexaminedto obtain
any parasitological information related to T. CIMzi
infection.

,
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Fig. 2 Comparison of aggluiination patterns onhe GPATwith commercial IHAT kits from Wiener Lab. an o yc aco
in sera from a patient and a control subject. The highest agglutination response was observed in the in e p '$
serum. On the o1her hand, equivocalIy POSiiive panems were observed in control wells with non-sensitize eryi rocy us
from Wiener Lab. A weak positive pattern was also observed in controlserum wiih sensitized eryihrocyies torn o y
SAIC kirin the presence of 2-ME.
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Discussion

The purpose of this study was 10 compare the
sensitivity and the specificity of the GPAT with
those of the other ordinary serologic tests for the
diagnosis of Chagas' disease.

The sensitivity of the present GPAT was signifi-
cantly higher than that of IHAT in which few cases
produced false-negative results and their mean titer
value was extremely low compared to that of the
GPAT. On the other hand, the sensitivity did not
differ from that of the EIA when the overallrates of
positive reactions among patients sera clinica"y
diagnosed to be Chagas' disease were compared;
in sera of 42 patients with Chagas' disease, positive
antibody responses were demonstrated in all of
them by Ihe GPAT and EIA. When each test was
evaluated for specificiiy by testing sera from indi-

o
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o

.

.

.

.

.

.

o

vinuals presumed to be normal, the results coin-
PIGiely agreed by riot giving any false-positive reac-
lions in each test, with the exception of the IHAT kit
from Polychaco SAIC which caused non-specific
weak responses in many samples.

In comparison of GPAT and IHAT responses,
the liters of GPAT were well correlated with those

of InnT, althoughiheapplicationofthepairedt-test
to the data showed that the geometric mean liter of
reactions in the GPAT was significantly higher than
that of reactions in Ihe IHAT. The different aggluti-
nation responses in the two tests were probably due
to the different antigenic activity of each antigen-
particle preparation used. The lower titers in the
IHAT might have contributed to the false-negative
results produced in a few cases.

On the other hand, a weak but significant corre-
Ianon was alsb observed between GPAT and EIA
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patients with Chagas' disease. Reciprocal Log2 GPAT
liters were plotted against The Polychaco IHAT liters.

.

.

^, an
^

^

.

^
a.
^

^

5

Y = 0.65x + 5.57
r = 0.51 p < 0,001
n = 42

^ 15
a-
C. 5

';^, 20
^

^

..

e3
^

^
^
^

,.
=
^

=
^

10

P <0.01

.

.

< 15

.

.

5

.~O

^

. .

.

^

>2.01.51.0

AB^^IT EIA value Inn 4921ml
Fig. 5 A scalier diagram of GPAT and EIA values and

correlation between the Iwo tests perlonned on the same
patients in Fig. 2. The GPAT liters a. ,og2) were plotted
against ABBOTT EIA values.

~.

o

.".

.

. .O

00

.

co~".

.

.

.

10 co",~

. 00

,
.

.-.---.

.,

^

.

PCO. 01

.

0.5

co.

.

.

.

^".

v = o. 93x + To. 46

o. 15

n= 42

o.

A 20

.

o

o

5

ai
o
^

^

^

.

3

Polychano MAT WiBner IHATGPAT

Fig. 4 Comparison of agglutination litersin the GPATand
inAT. The GPAT liters were compared with those of
Iwo commercial THAT kits from Wiener Lab. and
Polychaco SAIC. Vertical line represents meantSD
P: Patients; C; Controls

*"

..

^

o000

coo

<
a.

8,888,888

15

P

.

<. 9

"..

^"

"".

0.00.

.^

co

C

hS.

^

,, I^I I
.

.

^,

.

.

P

to

...

.

C

~~ ,^,,

.

.

P

5

C

co

DC

Clinical form

Fig. 6 Comparison of the GPATliters belween fourclini-
cal fom, s with Chagas' disease. Vertical line represents
meantSD.

A:Indelerrninated; B: Cardiopathy; a Megadisease; D:
Cardiopathy and megadisease

..

.

^

.

coo

A B

.



Table 2

Type of infection

Reactivity in other parasitic infections tested by the GPAT for Chagas' disease

CIOnoTchiasis sinensis (Taiwan)
Opisthorchiasis viveirini Cmalland)
Opisthorchiasis &

hookwonn disease orhailand)
Hookwonn disease umailand)
Strongyloidiasis stereoralis (Japan)
Strongyloidiasis (Thailand)
Strongyloidiasis &

Dpisihorchiasis onailand)
Schis, OSomiasis mansoni(Africa)
Schistosomiasis &

hookworm disease (Africa)
Schistosomiasis (Brazil)

Titer (log2)
in Chagas GPAT

Leishmaniasis (Ecuador)

^3

$3

Locality where sera were collected was parenthesized

^3

53

53

^3

No. serum

tested

Table 3 Incidenceofanti-T. crustan, ibodyby GPATandABBOTTEIA forChagas' disease
in sera from two groups of Brazilian adults
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^3

^3

24

20

Subjects

^3

^3

6

7

8

9

<3

4

5

12

4

20

8

Residents in

Macei6

Patients in
"Gustrocenter"

12

4

No. exam.

*Patients with gastroenterologicaldisordersin "Gustrocenter', State University of Campinas
(UNICAMP), Brazil

Liters, when serum samples with unmeasurable EIA
value over 2.0 were excluded. In addition to the
probable difference in antigenic activity of antigen
preparations used, the assay system is very different
in these tests, For example, the responses in IgG and
IgM classes can be detected by the GPAT but the
EIA detects only IgG response, Nevertheless, the
results were well consistent in both tests.

7

46

4

17

4

1/4

No. positive (%) by

GPAT

100*

8 (70)

ABBOTT EIA

4 (4.0)

6 (53)

Concordance

4 (40)

98.2%

Sera from patients with other parasitic infections
were also examined by the GPAT to determine the
specificity of the rest. Strong positive responses
were observed among few patients with
schistosomiasis in Brazil. The positive responses,
however, wereunlikelytobecross-reaction because
them ajority of other Brazilian patients did not show
such a positive response and also because none of

98.0%



244

the Africanpatients wholivein nonendemic areafor
Chagas' disease reacted in the GPAT. The positive
responses in these patients were suspected to be due
to mixed letshm@"i@ infection. The weak cross-
reactive positive reactions also occurred in sera
from few patients with leishmaniasis in Ecuador.
The responses, however, were negligibly low in the
GPAT. The sera from patients with various other
parasitic infections showed no particular pattern
that would suggest consistent cross-reactivity. Tile
cross-reactions in sera from leishmaniasis patients
seem 10 correlate with the antigen preparation used
rather than the assay itself. By using a purified
specific antigen, the cross-reaction can be expected
to decrease (Cannargo and Rebonat0,1969).

TheresultsherepresentedindicatethattheGPAT
can thus be recommended as areliable setologictest
for Chagas' disease, as has already been suggested
by Yamashita at o1. (1994). The indirect aggluiina-
liontesiisiechnicallysimple roperfonn, requires no
specialized equipment and/or facility, and can be
completed within a few minutes. Therefore, the test
using antigen-coated erythrocytes has been used for
routine serodiagnosisofChagas* diseaseinordinary
laboratories in South America. The test, however,
suffered initially from the unstable and variable
nature of the antigen-coated erythrocytes. Thenin-
itedperiodof storageofantigen-carrier particles has
imposed some practical limitations on thense of the
test for routine serodiagnosis and several attempts
have been made to improve the stability and storage
life of the carrier particles, including the use offixed
erythrocytes (Cainargo at a!., 1971; Hoshino-
Shimizu eta!., 1978; Camargoeta1. , 1973) andinert
artificial particles (Pellegrino and Katz, 1970). In
the present study, recently developed artificial
spherical particles were used as the antigen carrier.
Because the particles are nori-antigenic, they can be
used without prior absorption of test serum or addi-
tion of 2-ME in diluted serum, which are essential to

preventanotispecificresponsebyanaturalantibody
in' the case of IHAT. Moreover, the particles are
c616red and therefore convenient for reading the
settling pattern, compared to the other artificial
particles, such as latex beads. The particles can also
belyophilizedwithoutvisiblemorphologicalchange
andthesensitizedparricles can bestoredlyophilized
for long periods. without detectable loss of activity.

Thus, the indirect agglutination test using gelatin
particles can be applicable not only in parallel test-
ing with any other examinations for the diagnosis of
T. cruziinfectionbutalsoin ascreeningfieldsurvey,

The studywasperfonnedunderajointlapan/Brazilmedi-
calcoopeTation project at the GasttoenterologicalDiagnosis
and Research Center of CampinasUniversity, Brazil. and was
supported by the Japan International Cooperation Agency
(JICA). The authors are grateful 10 ProfessorM. Tsuji, Kyorin
University Schoolof Medicine and Professor Y. Hashiguchi,
KochiMedicalSchool, forkindlyprovidingserum samples of
schistosomiasis and letshmariiasis patients. We also wish to
express our thanks to Mr. T. Fujino, FujiTebio Inc. for supply-
ing gelatin particles
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