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Immunoglobulin G and M humoral response to recombinant protein B13 and glycoconjugate LPPG
Trypanosoma cruzilefined antigens was evaluated by ELISA in 18 patients in the acute phase of
Chagas disease, who were contaminated on the same occasion. LPPG showed 100% positivity detect
ing both IgM and IgG antibodies, while positivity of 55-65% was observed for B13. An epimastigote
alkaline extract (EPI) also showed high sensitivity for acute IgM (100%) and IgG (90%) antibodies.
However LPPG had better discriminatory reactivity since with EPI two patients showed negative 1gG
and several other sera presented OD values for IgG and IgM antibodies very close to the cutoff. Thus,
it is suggested that detection of IgM antibodies by LPPG may be used for diagnosis of the acute phase
of Chagas disease. An intense decline of IgG and IgM antibodies to the three antigens was observed i
response to anfl~ cruzichemotherapy in all acute phase patients. After treatment, six (30%) individu-
als maintained IgG positivity to EPI, LPPG, and B13 with lower reactivity than that measured at the
acute phase. For comparison, serology of a group of 22 patients in the chronic phase of Chagas
disease and also submitted to chemotherapy was determined. Positive IgM antibodies to EPI, LPPG
and B13 were detected in only 5-9% cases. In all chronic-phase patients IgG antibodies highly reactive
to the three antigens were present and no significant decrease resulted after benznidazole administra-
tion. These observations reinforce previous reports that treatment in the acute phase may reduce or
eliminate the parasite.
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Chagas disease, causedibypanosoma cruzi governmental health programs in few Latin
is a widespread illness in Latin America wheréAmerica countries. Less important mechanisms
16-18 million people (Moncayo 1993) are affectedof transmission are accidental laboratory contami-
The most important. cruzitransmission mecha- nation and organ transplantation from infective
nism to humans is throughout infected triatominesdonors. In this case, the problem is exacerbated
feces. The second most important route is blodoly the immunosuppressive therapy generally ad-
transfusion. Human migration from endemic arministered to the organ recipient.
eas to urban centers is providing a rising risk of In Brazil at least three reports suggéstruzi
transfusional Chagas disease in all Latin Americaiansmission by oral route. The first describes an
and in non-endemic countries. Congenital tranepidemic outbreak in Teutdnia with 17 persons
mission occurs most frequently by colonization ofnfected simultaneously, probably due to the in-
placenta by the parasite. The incidence of congergestion of contaminated meal with urine from in-
tal transmission varies according to different cirfected marsupials (Dias 1979). Another outbreak
cumstances and geographical situations. Atas observed in the State of Para where 4 persons
present, this problem is deserving the attention geem to have been infected through the ingestion
of food contaminated with triatomine excreta (Dias
1979). A third outbreak was reported in the State
lr\iPsEigl\D/eétli\lg;(;iogu\r/]vc?;g ;g?\lpgigeni |b§/ag§23:1$e erC;I\r;lbf Paraiba in the municipality of Catolé do Rocha

' ' » S'Mh October 1986, when 26 individuals acquired
£5,FLSP and UNOP Mot SankiiHO shecalsute Chagas diease most probably by cinang
cases sugar-cane juice cont_amlnated_ with feces Qf
Received 4 April triatomines or marsupial secretion (Shikanai-
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Acute phase in Chagas disease is charactek 1993). Data are compared with serology in a
ized by patent parasitemia which is followed by aroup of chronic chagasic patients before and af-
life-long chronic phase with subpatent parasitemiter chemotherapy.

(Brener & Camargo 1982). The small number of MATERIALS AND METHODS

detected human acute cases and the short dura-

tion of this phase are obstacles for accurate clini- Human sera Group I: human sera were ob-
cal investigations at this stage of the disease. lined from 18 individuals who acquired Chagas
has been shown that specific chemotherapy afisease on the'same.occasmn in Catolé do Rocha
plied in the acute phase, leads in many cases (fdaraiba, Brazil) (Shikanai-Yasuda et al. 1991).
successful cure (Rassi & Luquetti 1992). Details of these patients are shown in Table I. All

Diagnosis of acute phase is main|y accomi.ndiVidua|S received benznidazole ina7 mg/kg/
plished by detection of the parasite either by diday schedule for children and 5 mg/kg/day for
rect blood examination or indirectly by xenodiag-2dults during 60 days (Shikanai-Yasuda et al.
nosis, hemoculture and inoculation in experimen1991). After chemotherapy, all patients showed
tal animals. Most of theses tests are time-consurfiegative xenodiagnosis as determined by a single
ing, show low and variable sensitivity and can only@pplication test. Sera were collected on the 54th
be done in specialized centers. day after contamination and three years after the

Antibodies, both IgG and IgM, can be detecte@nd of chemotherapy. Two additional individuals
in serum usually following the first clinical mani- (one male and one female) who acquired Chagas
festation of the acute phase bfcruziinfection. disease by accidental laboratory contamination
In the succeeding chronic phase, 1gG antibodiekere also sub_mltted to chemotherapy and included
are to be regularly found in serum (Camargo & the analysis. Group II: human sera were ob-
Amato Neto 1974, Schmuifiis et al.1978!ained from 22 patients in the chronic phase of
Matsumoto et al.1993). Chagas disease from Instituto Dante Pazzanese de

The antigens commonly used in serodiagnosfeardiologia (Sdo Paulo). The patients (15 males
of Chagas disease are fixed epimastigote forms 8pd 7 females), originary from different regions
a complex mixture of proteins and glycoconjugate8f Brazil, but presently living in non-endemic ar-
extracted from whole parasites (Camargo 1992§as, presented positive serology for Chagas dis-
In the last years, efforts have been made for devétase and 50% of them had positive xenodiagno-
opment of new diagnostic tests emp|oying puriSIS. Sgra were collected before treatment with
fied antigens, recombinant proteins or synthetifenznidazole (same protocol as above) and 2-7
peptides in order to make a more reproducible argars afterwards (Pereira et al. 1989). All patients
specific diagnosis of Chagas disease (Franco #&d negative xenodiagnosis after this period.
Silveira 1992). Group llI: the control group included 20 sera from

In this study we present the evaluation of IgMhe blood bank of Hospital das Clinicas (Sdo Paulo)
antibodies significance for the serological diagWith negative serological reactions to Chagas dis-
nosis of the acute phase of Chagas disease. ®@se. Sera were inactivated aPG@or 30 min
investigated the IgM and 1gG appearance in @and stored in 50% glycerol at ZD. _
group of individuals contaminated with cruzi Antigens-Epimastigote forms of. cruzi(Y
in a festive reunion in Catolé do Rocha and thos#rain) grown in liver infusion tryptose (LIT) me-
who developed the acute phase. All individualgium were lysed with 0.3 N NaOH overnight at
were submitted to specific treatment with4°C with stirring. After neutralization (pH 7.2)
benznidazole, as described in the original repoWith 0.3 N'HCI, 2 mM phenylmethylsulfonylfluo-
which also presents the clinical characteristics dfde was added and the homogenate was centri-
these patients (Shikanai-Yasuda et al. 1991). Thigged at 12,000 g for 1 min. The supernatant, de-
group shows extremely interesting and unique fe&ominated EPI (Lissaldo et al. 1994), was stored
tures since it constitutes a homogeneous sampé -7PC. The recombinant B13. cruziprotein
in reference to the date and route of contamindused toB-galactosidase was obtained and puri-
tion (possibly with the same strain(s)Bfcruz);  fied as previously described (Gruber & Zingales
chronology of appearance of the acute phase aA893). Lipopeptidophosphoglycan (LPPG) was
application of the same chemotherapeutic protdurified from epimastigote forms by the butanol
col. For the serological evaluation we used an amethod (Lederkremer et al. 1990). Protein was
kaline epimastigote extract (Lissaldo et al. 1994yeasured by a Lowry modified method (Hartree
and two purified antigens: a recombinant proteint972). Neutral sugars were determined by the phe-
denominated B13 (Gruber & Zingales 1993) andol-sulfuric acid method (Dubois et al. 1956).
aT. cruziglycoconjugate LPPG (lipopeptidophos- _ Enzyme-linked immunosorbent assay (ELISA)
phoglycan) (Lederkremer et al. 1990, Zingales et Plates (Nunc, PolySorp, Roskilde, Denmark)
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TABLE |
Individual characteristics and acute phase clinical and laboratorial data of patients (n=18) from Catolé do Rocha
No. Sex Age Incubation Fever ECG XE CML ELISA (OD)
(M/F) (years) period period (€3] (%) EPI LPPG B13
(days) (days) IgM  1gG IgM IgG IgM IgG
1 F 44 9 32 RBB - 32 59 54 60 .80 .40 1.16
2 M 9 21 16 N nd 26 .58 46 1.16 1.08 .28 .19
3 M 47 16 28 DVP + inc 94 61 140 142 .16 .82
4 M 38 19 5 nd nd* inc 48 45 77 143 .23 .07
5 M 53 14 16 RBB + inc 51 112 130 210 .10 .13
6 M 25 14 15 N + inc .38 .43 1.16 .94 .08 .38
7 M 12 13 33 APC + inc 84 35 132 .72 24 34
8 F 13 14 5 N + inc 48 .29 114 .70 41 .22
9 F 18 14 7 N nd inc .78 .63 156 .60 .25 .32
10 M 24 7 25 N -* 14 24 49 101 .60 .15 .23
11 F 22 17 25 nd + inc .56 .25 1.00 1.00 .12 1.00
12 M 64 14 7 N + inc 40 92 110 175 .09 .69
13 M 46 13 >40 RBB -* inc 46 83 .81 .80 .26 .60
14 F 45 14 >30 N +* inc 53 45 .89 1.02 .16 .87
15 F 43 12 45 N + inc 76 .19 1.18 .61 .78 .17
16 F 20 21 35 N + inc 71 .06 136 .25 .25 .09
17 F 8 14 15 N - inc 25 .30 120 .60 .10 .14
18 F 37 14 15 nd nd inc 35 26 .8 40 .26 .28
Cutoff 20 .20 25 .20 .20 .20

ECG: electrocardiographic study; RBB: right bundle block; DVP: disturbance of ventricular repolarization; APC:
atrial premature complexes; N: normal; XE: xenodiagnosis; (*) patients under specific treatment with benznidazole;
CML: complement-mediated lysis. ELISA (OD): enzyme-linked immunosobent assay (optical density); nd: not
determined; inc: inconclusive.

were alternatively coated with: 300 ng protein/welperformed at least twice and on different days in
of EPI; 50 ng protein/well of B13 recombinantduplicates for each serum dilution.

protein or 100 ng hexose equivalent/well of LPPG. Statistical analysis Samples recorded OD
B13 and LPPG were dissolved in PBS, pH 7.2vere analyzed by Statgraphi®s5.1 (Statistical
EPI was solubilized in carbonate-bicarbonaté&raphic Corp. 1991) Software. The cutoff of each
buffer 0.05M, pH 9.6. The ideal concentration ofeaction was calculated as the mean OD of twenty
each antigen at different serum dilutions was esion-chagasic sera plus 3SD. Comparison between
tablished from saturation curves. After antigertests and samples was performed analyzing all
incubation for 2 hr at € and for 18 hr at%, groups by multifactor analysis of variance
plates were blocked with 5% defatted milk (Nestlé]JANOVA), with Bonferroni test. Data are ex-

in PBS-Tween 20 (0.05%) for 1 hr at room tempressed as the mean OD and the significance of
perature. Reactivity was measured incubating SBe difference was considered when the probabil-
pl of coded sera diluted in 1% defatted milk-PBSity of equality was lower than 0.05 (Gardner &
Tween 20 for 1 hr at 3C. Serum dilutions are Altman 1986).

specified in Results. After six washes with PBS- Complement-mediated lysis (CMLlthe assay
Tween 20, peroxidase-conjugated goat anti-humamas done as described (Umezawa et al. 1993).
IgG or IgM (Sigma) was added at dilutions of RESULTS

1:6,000 and 1:5,000, respectively, for 1 hr 37
The substrates 0.05%,8, ando-phenyle- Table | shows the individual characteristics of
nediamine (0.4 mg/ml) were added and the reaghe 18 acute phase chagasic patients from Catolé
tion was allowed to develop in the dark for 30 mirflo Rocha as well as data on the time of manifesta-
at room temperature. The reaction was stopped [_glyn of acute phase symptoms and period of fever.
the addition of 4 N HCI. The optical density (OD) The electrocardiographic study in 15 patients per-
was measured at 492 nm in a Multiskan platéormed from the 33rd to the 55th day of illness
reader (Ti'[er'[ek7 F|OW) In all tests non-Chagasi.@a\./el normal results for 10 individuals. F_Ourtee_n
sera (Group |||) were included. Experiments Wer@leldU&'S were submitted once to xenodlagnOS|s
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and ten (71.4%) were positive. Two of the four TABLE Il

xenodiagnosis negative patients were already un-Reactivity of IgM and IgG antibodies from sera of
der specific treatment when the test was appliedacute (Group I, n=20) and chronic (Group Il, n=22)
(Table 1). Serological evaluation of these patientschagasic patients and control individuals (Group Il
was initially done by indirect immunofluorescence n=20) to EPI, LPPG and B13 antigens before and

(IIF) tests with sera collected 54 days after con- after chemotherapy

tamination. IgM antibodies were negative in twoantibodies EPI LPPG B13
individuals while IgG antibodies were detected in Mtsd % Mzsd % Misd %
all patients (data not shown). Lytic antibodies WeTR oup I- IgM

detected in only three patients and in very low lev- before .55+.20 100 1.12+.25 100 .24+.20 55

els. Inconclusive results were obtained for the other after .14+.09 20 .31+25 30 .05+03 O
individuals since their sera promoted directroup - 1gG

trypomastigote lysis in the absence of complement before .49+.26 90 .95+.29 100 .41+.36 65
or in the presence of heat-inactivated complement after .23+.15 45 .28+.23 45 .19+.13 30

(Table ). Group II- IgM
Levels of IgM antibodies to B13 recombinant before .16+.12 5 .10+.06 9 .14+11 9
protein, to LPPG glycoconjugate and to an after .22+15 27 .13+12 23 .20+10 15

; ; ; Group II- 1gG
epimastigote alkaline extract (EPI) were deter before 1.23+.26 100 1.34+.20 100 1.43+.65 100

mined by ELISA in 20 acute phase chagasic (APC)
patients: 18 from Catolé do Rocha (Table I) and after 1.20+.31100 1.18+.28 100 1.10+.50 100
two individuals accidentally contaminated with theSroup lll-IgM .08+.04 0 .11+05 0 .10+.03 0
Y strain of T. cruzi The serum dilutions used for IgG_.05+.05 0 .09+04 5 .09+04 0
each target antigen were previously established Ipata were obtained by ELISA and expressed as the mean of
cross-titration in order to give the best discrimi-OD + standard deviation (Msd). The percentage (%) indi-
natory results. These dilutions are: 1:200 for EPEates positive individuals. Serum dilutions: 1:200 for EPI,
1:100 for LPPG and 1:50 for B13 protein. 1:100 for LPPG and 1:50 for B13
IgM reactivity data in Fig. and Tables | and Il
indicate positivity of 100% for the APC serachagasic (CPC) patients from Instituto Dante
(Group I, n=20) with EPI and LPPG and of 55%Pazzanese de Cardiologia (Sdo Paulo) was ana-
with recombinant B13 protein. Analysis of thelyzed before and after specific chemotherapy
mean OD, based on 95% confidence intervals, wg§&roup 11). Serological data are summarized in
significant for the three antigens (Fig.). The highTable II. IgM positivity for the three antigens was
est reactivity was displayed by LPPG (Table Il)detected in 5-9% pre-therapeutic individuals and
Sera at 1:100 dilution gave a mean OD for EPI 0f00% of IgG antibodies was observed in samples
.65+.20 (data not shown). collected before and after chemotherapy, with high
Analysis of 1gG reactivity in APC sera (Group reactivity to the three antigens. It was verified that
[, n=20) is summarized in Table II. The positivity CPC patients submitted to chemotherapy present
of 20 pre-therapeutic patients was 90% for EPIgG mean OD values approximately three times
100% for LPPG and 65% for B13. In this caséigher than those displayed by the six patients of
also, reactivity to LPPG was the highest. AnalysiSroup | who maintained positive serology after
of variance was significant between LPPG and ERIhemotherapy. The confidence intervals showed
or LPPG and B13 (data not shown). no statistical difference between pre- and pos-
IgM reactivity was assessed three years aftéherapy IgG reactivity to the three antigens (data
chemotherapy of Group | patients and results areot shown).
shown in Fig. where individual serum samples are
linked by transversal lines. Data for the two acci- DISCUSSION
dentally contaminated patients are indicated with An intense and early humoral response against
asterisks. A clear decline of IgM antibodies wa$.PPG of both IgM and IgG antibodies is observed
observed in all patients, but positivity in low titersin all acute phase patients from Catolé do Rocha,
was observed in 20% of the individuals for EPRs well as in the two individuals who acquired
and 30% for LPPG (Table I1). Chagas disease by accidental laboratory contami-
IgG analysis of Group I-treated patients (Tabl@ation. The high antigenicity of LPPG can be as-
1) showed a positivity of 45% to EPI (.36+.13)cribed to the parasite membrane location of this
and LPPG (.48+.20) and 30% to B13 (.36+.10)glycoconjugate and to the presence of
Six patients (No. 1, 3, 7, 9, 12, 14 in Table 1) regalactofuranose in this molecule (Lederkremer et
mained positive to the three antigens. al. 1980, Golgher et al. 1993). In fact, galactose
For comparison, a group of 22 chronic phas# the furanoic configuration is a rare carbohy-
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Distribution of IgM antibodies in sera of 20 patients with adugg@anosoma cruamfection (Group I) by ELISA. Serum dilutions:
1:200 for EPI; 1:100 for LPPG and 1:50 for B13 antigens. Asterisks indicate the two patients with accidental laboratonaeontami
tion. OD values were registered in acute ph@aitd three years after treatmekjt @rrows indicate the cutoff values. Bars show the
95% confidence intervals for factor means (Bonferroni test).

drate in nature, not represented in glycoconjugat&éevated indices of cure (Rassi & Luquetti 1992).
from vertebrates (Colli 1992). Previous reports Comparison of acute phase antibody reactivity
showed IgG antibodies to galactofuranose in seF% EPI and LPPG (Tables |, 11) indicates that the
of chronic chagasic patients (Schnaidman et kaline extract of epimastigotes is also a good

1986, Golgher et al. 1993, Zingales et al. 1993 ‘.;’“glet .antifgéan for It__’.Oth Ith ar;]d I?GM Hoy\k/)e\éer,
' ; - ’ nalysis of data in Fig. shows that IgM antibodies
:?%ta g]feslgmeda'r?titgfdsi;usdy dsilﬁgg;a:é thta; Sazi rom some sera gave OD values for ELISA with

alactofuranose-containing LPPG could be of u EPI close to the cutoff value. In contrast, for LPPG
gala 9 ' USfhe sera with lowest reactivity have OD values at
to diagnose Chagas acute phase. For definitiyg s o times the value of the cutoff for this an-
conclusion, a more representative sample of aculgay This indicates that LPPG has a better dis-
sera has to be analyzed. If the above observatig minatory reactivity for IgM than EPI. As an
is confirmed, then measurement of IgM antibodyqitional ‘advantage of LPPG over EPI, the use
ies to LPPG could be applied for diagnosis of acugs 5 purified antigen would allow more reproduc-
phase in conjunction or substitution of parasitople results in serological assays. Furthermore,
logical detection, obtained by procedures whicl PpG can be easily and reproducibly purified with
last 30-60 days. As a clear advantage, the eathygh yield from epimastigote forms of several
diagnosis of acute phase would determine the ingtrains ofT. cruzi(Golgher et al. 1993).

mediate application of specific chemotherapy with ~ A great individual variation in the IgM and
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IgG reactivity to LPPG (and EPI) was observed itibodies (“lytic antibodies”) that lyse trypomas-
acute phase patients from Catolé do Rocha (Takiigotes by a complement-mediated reaction (CML)
I, Fig.). Such behavior does not correlate with thehow a progressive decrease in chagasic patients
sex or age of the patient or with clinical data (Tablsubmitted to successful therapy (Krettli et al. 1982,
). Assuming that most probably the 18 individu-Galvéo et al. 1993). As a consequence it has been
als of this group were infected by the sameruzi  proposed that negativation of lytic antibodies could
strain(s), the results favor the hypothesis that dibe considered a criterion of cure. In the present
ferences in antibody reactivity are dependent ostudy, CML reaction was performed in sera from
host genetic factors. Alternatively, it could be conGroup | patients before and after chemotherapy.
ceived that patients were contaminated with difTable | shows that only three ACP patients from
ferent doses of parasites. Catolé do Rocha have lytic antibodies which pro-
Recombinant protein B13 shows high specimote very low percentage of parasite lysis. In the
ficity and sensitivity for IgG antibodies in chronic remaining sera direct lysis of trypomastigotes in
chagasic patients (Table II), confirming previoughe absence of complement was observed. These
observations (Gruber & Zingales 1993, Zingalesesults are coincident with previous report indi-
et al. 1993). Data in the present study indicate thagting that antibodies from acute chagasic patients
B13 protein should not be used for acute-phadgse parasite blood forms independently from the
serologic diagnosis since a sensitivity of only 55elassic or alternative complement pathways
65% for both IgM and IgG antibodies was observe{lGazzinelli et al. 1990). Measurement of lytic an-
(Table ). tibodies in Group | patients three years after che-
All patients of Group | submitted to chemo-motherapy gave inconclusive results since a large
therapy show an intense decline of IgM and Ig@ariation in the percentage of trypomastigote ly-
antibodies to the target antigens when assays@ was observed in the patients’ sera and even in
three years after treatment (Table Il). A naturalhe same serum sample when the reaction was
disappearance of IgM reactivity to totalperformed on different days (data not shown).
epimastigotes has been observed when moSimilar observations were reported by one of us
chagasic patients enter the chronic phasfer chronic chagasic patients (Pereira et al. 1989).
(Primavera et al. 1990). In the present study it iSherefore, in our hands, lytic antibodies could not
observed that 30% (6/20) of the ACP individualde used in assessing treatment efficacy in chagasic
show persistent IgG reactivity to EPI, LPPG angbatients from Catolé do Rocha. This reinforces the
B13 after chemotherapy. However this reactivityneed of sensitive and direct parasitological diag-
is lower than that measured before treatment (Tabtesis with DNA probes.
II) or when compared with data of CPC patients
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