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SPECIFIC CIRCULATING IMMUNE COMPLEXES IN ACUTE CHAGAS’ DISEASE

Ricardo CORRAL, Héctor FREILI] & Sail GRINSTEIN

SUMMARY

The presence of circulating immune complexes formed by IgM and IeG
(CIC-IgM and CIC-IgG) was investigated, using antigen-specific enzyme.immunoas-
says (ELISA), in 30 patients with acute Chagas’ disease who showed parasitemia
and inoculation chagoma. Control population consisted of patients with chronic
T. cruzi infection (30}, acute toxoplasmosis 10), leishmaniasis (8), rheumatoid
arthritis (3) and healthy individuals with negative serology for Chagas’ diseage
(30). Acute chagasic patients were 100% CIC-IgG and 96.66% CIC-IgM positive
whereas immunofluorescence tests yielded 90% and 86.66% of positivity for spe.
cific IgG and IgM antibodies, respectively. Chronic patients were 68% CIC-IgG
and 0% CIC-IgM positive, The 30 negative and the 21 cross-reaction controls pro-
ved negative for ELISA (CIC-IgM and CIC-IgG). The high sensitivity of ELISA
assays would allow early immunologic diagnosis, as well 'as prompt treatment, of
acute T, eruzi infection, thus eliminating the problem of the false-positive and
false-negative resuits which affects traditional methods for detection of circulat-

ing antibodies.
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INTRODUGCTION

Chagas’ disease or American trypanoso.
miasis, whose etiologic agent is Trypanosoma
cruzi, is one of the major health problems in
many areas of Latin America (MILES %), Diag-
nosis of human T. cruzi infection still offers
" difficulties, both for parasite and antibody de-
termination. Detection of specific immunoglo-
bulin M (IgM) antibodies is useful for the
difficulties, both for parasite and antibody de-
sites (DESMONTS et al. 12; CAMARGO & AMA-
TO NETO4). However, anti.-T. eruzi immuno-
glohulins are not found in this fraction in all
cases of human acute Chagas’ disease. Either
false-positive or false-negative reactivity is Ii-
kely, as has already been communicated for

this protozoan infection (SCHMUNIS et al. #);

The development of new techniques to impro-

ve the immuno-diagnosis of this parasitosis, as.
recommended by the World Health Organiza.
tion (WHO 3), would therefore be a great step.
forward.

The presence of antibody-bound antigens
has been described in bacterial, viral and pa.
rasitic diseases (MOHAMMED et al.?; STAG-
NO et al.®; LAMBERT et al.!). Circulating
immune complexes (CIC) have been demonstrat-
ed in serum from both animals and individuals:
infected with T. cruzi (CHAVES et al.é; MAR-
CIPAR et al. 2). CIC formed by IgM (CIC-IzM)
have been identified in chagasic patients dur-
ing the acute stage, by precipitation with po-
lyethyleneglycol and double diffusion (MAR-
TIN et al.2). We have recently reported de.
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tection, by enzyme-linked immunosorbent as-
say (ELISA), of CIC formed by immunoglobu-
lin G (CIC-IgG) in patients of different ages
with acufe and chronic Chagas' disease (KAHN
et al.18)}, We present here the results obtained
using this technique to detect CIC-IgM during
the acute stage of human T. cruzi infection.

MATERIAL: AND METHODS

T. cruzi antigen: it was prepared from the RA
strain of T. eruzi (GONZALEZ CAPPA et al.'%).

The epimastigotes 'were cultured in a bloodless

biphasic medium. The liquid phase contain-
ed brain heart infusion broth (Difco Labora-
tories, Detroit, Mich.) 28 g, glucose 10 g, liver
extract (Difco) 10 g and distilled water 1,000
ml. The solid phase consisted of brain heart in-
fusion broth (Difeo) 38 g and agar (Difco) 20 g.
Epimastigotes 'were harvested, washed three ti-
mes and centrifuged at 10,000 x g for 60 min
at 4°C. Soluble extracts of the packed orga-
nisms 'were prepared by lysis with distilled
water, freezing and thawing 10 times and so-
nicated by subjecting them to two 30 sec pul-
ses at 50 watts in an ice bath using a Sonifier
Cell Disruptor W 185 (Heat Systems-Ultraso-
nics, Inc, N.Y.). This RA antigen yielded 34
mg of protein per mil, as determined by the
LOWRY et al.2! method with hovine serum
albumin as the standard.

Anti-T. cruzi antisermm: it was obtained from
two 2,500-3,000 g young male rabbits inoculated
by intramuscular route with 7.5 x 106 blood-
stream RA strain parasites, purified from
Rockland mice at the peak of parasitemia (se-
ven days post-infection). The rabbits were bled
20 days after receiving parasites and the sera
were inactivated for 30 min at 56°C. The im-
munoglobulin fraction was separated by preci-
pitation with ammonium sulfate (Sigma Che-
mical! Co., St. Louis, Mo.), 33% of saturation
(HERBERT et al.1%), and purified by immuno-
adsorption (AVRAMEAS & TERNYNCK 3) us-
ing RA antigen (see above). The rabbit anti-
T. cruzi immunoglocbulins used to coat the
ELISA plates were also absorbed 'with packed
guinea pig red blood cells (COSSIO et al.®) to
rule out the possibility of antibodies in this
preparation directed against any tissue anti-
gens present in the studied serz, liable to ren.
der false-positive results. The antiserum ‘was

centrifuged, filtered through a 0.45 szm pore
membrane (Millipore Corp., Bedford, Mass.)
and stored at -20°C until used. Specific antibo-
dies against T. eruzi were demonstrated in this

- preparation by indirect hemoagglutination test

(titre = 1:512),

Serologic tesis: the direct agglutination (DA)
(VATTUONE & YANOVSKY ), the indirect
hemoagglutination (IHA) (CERISOLA et al.5)
and the indirect immunofluorescence (IIF) AL-
VAREZ et al.!) tests (Laboratorios Polychaco,
Buenos Aires, Argentina), using anti-human
IgG and IgM antisera (Institute Pasteur, Fran-
ce}, were performed by standard procedures.

Rheumatoid fator: all ELISA CIC-IgM positive
sera were fested for the presene of rheuma-
toid fator by means of a latex slide aggluti-
nation test (Rapi-Tex RF kit, Behring Diag-
nostics, American Hoechst Corp., Somerville,
N.J.). Tested sera were diluted 1:20 in test
buffer, and one drop was mixed with one drop
of latex reagent on a slide, which was rocked
for two min and examined visually for aggluti-
nation.

ELISA for CIC detection: microtitre polystyre-
ne plates (Immulon 2, Dynatech Laboratories,
Alexandria, Va.) with 96 flat-bottomed wells
were coated with 200 xl of rabbit antiT. ernzi
immunogiobulin diluted in 6.1 M carbonate
buffer, pH 9.6, and incubated overnight at
4°C. The optimal coneentration of antiserum
used for coating the wells was 300 pg of total
protein per ml. The plates were washed three
times in phosphate buffered saline (PBS), pH
7.4, containing 05% Tween 20 (Sigma). Wells
were postcoated with 1% bovine serum albuy-
min (8igma) in PBS-Tween 20 and left at 37°C
during 45 min. After washing, 200 gl of serum
samples diluted in PBS-Tween 20 were added
to each well and incubated for one hour at
37°C. All samples were tested by duplicate. The
plates were washed again and 200 x1 of con-
jugate, goat antihuman IgM or IgG labelled
with alkaline phosphatase (Miles Laboratories,
Inc, Elkhart Ind.), diluted 1:1,000 in PBS-
Tween 20 were dispensed into each well. Opti-
mal dilution of conjugate was determined as
desecribed by VOLLER et al.® After 60 min
at 37°C and thorough washing, 200 u! of subs
trate (0.1% p-nitrophenyl phosphate (Sigma)
in diethanolamine buffer with 0.5 mM mag
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nesium chloride) were added followed by 50
#]1 of 3 M sodium hydroxide 30 min later. ELI-
SA 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 confrol samples.
All readings were made against a blank row
of wells receiving the above treatment, excepr
that human serum was replaced by PBS-
Tween 20. Positive controls were prepared by
mixing a fixed concentration (2.2 mg/ml of

purified anti-T. eruzi human IgG or IgM anti-

bodies (FILICE et al.13) with different dilu.
tions of RA antigen (originally 3.4 meg/ml),
thus obtaining immune complexes (IC) of va-
rying antigen-antibody ratic (PERNICE & SE-
DLACEK %). Artificially prepared IC were mi-
xed with 0.5 m! of normal human serum and
tested by ELISA, These controls were used in
dilutions ranging from 1:100 to 1:12.800 in PBS-
Tween 20. In addition, the same procedure was
~ repeated using purified TgM or IgG from non-
- chagasic patients in replacement of anti-T. cruzi
antibodies.

Human palient: serum samples were collected
from 30 patients aged six months to 65 years
with acute Chagas’ disease, living in the central
and northeastern Argentina, a 'wellknown en-
demic area. All of them showed parasitemia,
directly detectable by microhematocrit proce-
dure (FREILIJ et al. ¥}, and inoculating chago-
ma, a portal of entry sign characterized by
painless unilateral
(WHO ), Samples were obtained between se-
ven and 18 days after the appearance of clini.
cal manifestations, and were filtered through
a 0.45 gm pore membrane {(Millipore) before
stored at -20°C until used. The control popula-
tion, living in the same endemic area, consist-
ed of: 15 adult and 15 pediatric cronic patients
with positive serology for Chagas’ disease (ti-
tres = 1:64 by DA and IHA tests); 18 children,
10 with acute toxoplasmosis and 8 with cuta-
neous (five) or visceral (three) leishmaniasis;
three patients with rheumatoid arthritis (po-
~ sitive for rheumatoid factor) and 30 healthy in-
dividuals, none of them with detectable anti.
bodieg against T. cruzi (iitres < 1:8 by DA and
THA tests).
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RESULTS

. Characterization of the assay: results of a re-

presentative experiment performed to characte-
rize the sensitivity of the ELISA tests for CIC
detection are shown in Fig. 1. In three sepsa-
rate trials, the test was able to detect artificial-
ly prepared IC at different dilutions ranging
from 1:100 o 1:3,200. Higher dilutions yielded
values of absorbance below the cutoff level of
the assay. Negative ELISA results were ob-
tained for IC prepared with non-specific IgM
between dilutions 1:400 and 1:12,800; low di-
lutions (1:100, 1:200) gave absorbance readings
slightly above the cutoff value. Similar results
were observed for artificially prepared IC for-
med by Ig&. Sera from five acute and five-
chronic chagasic patients were titrated ouf
to confirm that the dilution chosen for ELI-
SA tests (1:400 for CIC-IgC and 1:800 for
CIC-IgM) lay on the descending linear portion
of the dilution curve, in order to standardize
comparison, The assay specificity was evaluat-
ed using ELISA plates coated with normal
rabbit IgG in replacement of anti-T, cruzi an-
tibodies. Consistently negative results were
observed with both specific and non specific
artificially prepared IC at working dilutions.

Results of ELISA in sera: results for ELISA
(CIC-IgM and CICIgG) and IIF (IgM and
IgG) are shown in Table I. Out of 30 acute
chagasic patients, 29 (96.66% ) were CIC-IgM and
30 (100%) CIC-IgCG positive, whereas 27 (80%)
were ITF-IgG and 26 (86.66%) IIF.IgM positi-
ve {(titres == 1:16). None of the CICIgM posi-

. tive sera were positive for rheumatoid factor.

Positive CIC samples had net absorbance va-
lues exceeding the mean absorbance plus twice:
the standard control! sera error (Fig. 2). Sub-
sequent tests showed assay sensitivity was not
compromised by the arbitrary cutoff value cho-
sen. The 15 adult and the 15 pediatric patients
with chronic Chagas' disease 'were 63% CIC-
1gG and 0% CIC-IgM positive (data not shownj}.
The 30 negative and the 21 cross-reaction con-
trols 'were negative for ELISA (CIC-IgG and
CIC.IgM) showing the test was highly specific

DISCUSSION

Circulating immune- complexes formed by
specific IgM and IgG antibodies were demons-
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Fig. 2 — Distribution of ELISA-CIC vaiues {net absorbance
at 410 nm) in sera from ten patients with acute T. cruzi
infection (e) and ten non-chagasic controls [(9) N

trated in serum irom acute T. cruzi-infected pa-
tients by using an ELISA test developed in our
laboratory. This method was capable of de-
tecting artificially prepared IC from 1:100
through 1:3,200 dilutions. As low dilutions ten-
ded to give results of doubtful significance
over the cutoff level and led to problems with
non-specific reactions, they were discarded. Di.
lutions 1:400 for CIC-YgG and 1:800 for CIC-IgM
were chosen to perform ELISA tests for pro-
viding the best differences in absorbance read-
ings between specific and non-specific IC.

Anti-T. cruzi IgM antibodies could not be
found in four of our patients with acute Cha-
gas’ disease. Several causes of either false-po-
sitive -or false-negative reactivity in specific

TABLE I
Comparison between ELISA (CIC-IgM and CIC-IgG)* and
IIF (IgM and IgG)** on sera from 30 patients with acute
T. ernzi infection

Patient Age Antibody titre ELISA
N.e IIF-IgM  IIF-IgG  CICIgM  CIC-IgG
1 6 months 1:16 1.128 + +
2 7 months 1:16 1:128 + -}
3 & tnonths 1:16 1:64 -+ +
2 8 months 1:32 1-64 + +
5 10 months 1:16 1:64 + +
6 11 months 1:16 1:128 + +
7 1 'year <1:16 <(1:16 — —+
8 1 vear 1:16 1:128 + +
9 1 year 1:16 1-64 + —+
10 2 years 1:32. 1:256 + -+
11 2 years 1:16 1:32 + -
12 3 years <1:16 <1:16 -+ +
13 4 years 1:256 1:1024 -+ +
14 4 years 1:16 1:3% -4 -+
15 5 years 1:16 1:64 -+ +
16 7 years 116 1:64 + -
17 10 vears - 1:32 1:64 + +-
18 10 years 1:16 1:32 + +
19 11 years 1:256 1:256 4 +
20 12 years 1:16 1:128 + -+
2 13 years <1:16 <1:16 + +
22 13 years 1:16 1:128 -+ -+
23 15 years 1:15 1:64 +. +
24 18 years 1:64 1:256 - —+
25 22 ‘'vears 1:16 1:32 + -+
26 26 years <1:16 1:16 =+ 4
v 26 years 1:32 1:64 -+ <
28 32 years 1:32 1:128 -+ +
20 44 years 1:16 1:32 - +
30 65 years 1:16 1:64 + 4=

* Enzyme-livked immunosorbent assay for detection of
specific circulating immune complexes formed by immu-
noglobulin M and immunoglobulin G, respectively,

** Indireet immunoflucrescence test for speciflc immuno-
globulin M and immunoglobulin & antibodies, respecti-
vely.

IgM detection have been described; for exam-
ple, rheumatoid factor (HYDE ef all?), immu.
suppresion (FREILIJ, unpublished), sera eollect.
ed a relatively short time after infection and
competition by IgG excess (PYNDIAH et al. 7).

‘The formation of CIC-IgM may be another rea-

son for the lack of positivity of IgF-IgM in
certain cases during the early acute phase of
Chagas” disease. In our series, only 86.66%
were ITF-IgM positive and all but one presented
CIC-IgM. The reason for this single negative
ELISA result is not clear. Specific IgM could
not be detected by standard methods (IIF,
ELISA, solid-phase IgM assay, DA 'with and
without Z-mercaptoethanol) at different cen
tres, and no follow-up was available for this
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patient. All acute patients were CIC-IgG posi-
tive, as well as 68% of chronic cases, indicat-
ing that CIC-IgG are present not only during
the acufe phase of Chagas’ disease. CIC.IgM
were not found in chronic chagasic patients
and may be considered as immunologic mar-
kers of acute T. cruzi infection.

Out of our 30 acute patients, three (cases
Nr 7, 12 and 21) exhibited no detectable anti-
ther by IIF nor by DA and IHA performed at
different laboratories (data not shown). Two
other patients not included in our work behav-
ed likewise. One of them, studied during 1979,
had & congenital immuno suppressive disease
with a history of periodic blood transfusions
He underwent surgery because of an endocra-
neal hypertensive syndrome compatible with a
tumoral mass, and amastigote nests were seen
at histology. The other case, a congenitally
infected newborn from Chaco, Argentina, re-
ported by DE STORNTI et alil, had unremitt-
ing severe paragitemia. Neither of them present-
ed detectable antibodies to T. eruzi for at
‘least six months post-infection. One of our acu-
te patients (case N~ 26) had negative IIF IgM
and low IIF-IgG antibody titres. When hefero-
geneous populations are studied, considerable
individual variation can be observed. There-
fore, negative TgM antibody results at an early
stage of the disease must be considered with
caution (COSSIO et al.®).

MARTIN et al.2? have demonstrated, by
precipitation with polyethyleneglycol and doo-
ble diffusion, that IgM is the main immono-
globulin in CIC from acute T. cruzi-infected
patients, particularly in the first 15 days of
clinical evolution. The results obtained by the-

se investigators using Clg binding test show

only 70% of acute CIC positive patients. The.
refore, the ELISA assays seem more suitable,
as they are simpler to perform, show nigher
sensitivity and regquire no radioactive material.

However, several problems remain unsolved
before the true potential of these new serolo-

gic markers can be fully evaluated. To start.

with, as far as specificity is concerned, cross-
reaction controls where CIC were negative
- could only rule out toxoplasmosis and leish-
maniasis. T. rangeli, T. brucei or P. falcipa-
rum, though not endemic in our area (D’ALES-

30

SANDRO & DEL PRADO), should also be
studied for cross-reacting with T'. cruzi in these
tests. Sera from three patients with rheuma-
toid arthritis (positive for rheumatoid factor)
factor) did not interfere in the test, Furthermo-
re, it is notworthy that although the absorban-
ce values are quantitatively measured, the
tests must be only considered as guantitative
because they depend on many uncertain fac.
tors, such as the number of free antigenic sites
available for the first (plate-bound) antibody
combined with the antigen.

The release of antigens by trypanosomes is
or the number and class of immunoglobulins
one possible mechanism by which the parasiies
could evade the host’s immune response. T. erie
zi antigens, continuously or intermitfently re-
leaged into circulation, bind to and inactivate
specific antibodies, lowering the immune res-
ponse (KAHN et al. ). Thus, trypanosomes
could escape from the active humoral and cel
Iular response, thereby persisting in the blood-
stream ,ARAUJO et al.2).

The possible pathogenic role of CIC in
Chagas’ disease remains unclear. CIC were
found deposited in animal tissues resulting in
tissue damage upon further reaction with plas-
ma factors and cells through hypersensitivity
phenomena. “In vivo” formation of CIC, par-
ticularly those formed in antibody excess, may
activate the complement system and increase
vascular permeability (CHAVES et al.7). This
latter outcome could also be related to the
appearance of edema, a clinical manifestation
detection of the whole parasite (eg. xenodiag-
observed in the acute stage of T. eruzi infec-
tion RASSI®), However, the presence in se-
rum of IC is not necessarily accompanied by
a pathologic process (LAMBERT et al. 2).

The development of specific, sensitive and
reliable techniques to demonstrate the known
presence of free and antibody-bound circulat-
ing parasite antigens in American trypanoso-
miasis (MARCIPAR et al.2; KAHN et al.l;
ARAUJO et al.2), is an important step towards
improving diagnosis and a betfer understand-
ing of the natural evolution of this complex
disease. While antibody serology merely pro-
vides an indirect proof of infection, our ELISA
tests for CIC detection allow the immunologic
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demonstration of parasite-specific antigen in
the host, and could be considered akin to the
classical parasitologic diagnosis hased on the
detection of the whole parasite (e.g. xenodiag-
nosis, Strout’s method, fresh blocd observa.
tion). '

- Our resulis show that FLISA (CIC-1gM),
together with the microhematocrit procedurs
for parasite concentration, may represent s po-
werful combination of tests to assure the sim-
Ple and inexpensive detection of acute Chagas’
disease.

ACENOWLEDGEMENTS

This work was supported by grant 3-P-81-
0014-03 from the IDRC (International Develop-
ment Research Centre), Canada.

RESUMEN

Complejos inmunes circulantes especificos en
pacientes con enfermedad de Chagas aguda

Se investigd la presencia de complejos in
-munes circulantes formados por IgM e IgG
_(C_IC-IgM ¥ CIC-IgG), utilizando enzimoinmu-
noensayos ELISA) antigenoc-especificos, en 30
pacientes con enfermedad de Chagas aguda que
presentaban parasitemia y chagoma de inocu-
Iacién. ILa poblacién control estaba formada
por pacientes con infeccién crénica por T. eruzi
(30}, toxoplasmosis aguda (10), leishmaniasis

(8), artritis reumatoidea (3) e individuos sanos _

con serologia negativa para Chagas (30). Los
pacientes chagdsicos agudos fueron 100% CIC-
IgG ¥ 86,66% CIC.IgM positivos;, mientras que
las pruebas de inmunofluorescencia para anti-
cuerpos especificos de tipo IgC e IgM mostra-
ron 90% y 86,66% de positividad, respectiva-
mente. Los pacientes cronicos fueron 68% CIC-
IgG y 0% CIC-IgM positivos. Bl resto de los
- controles arrojaron resultados negativos por
ELISA CIC-IgM y CIC-IgG). La alta sensibili-
dad del ELISA permitirfa un diagndstico inmu-
noldgico temprano, como asi también un tra-
tamiento inmediato, de la infeccin aguda por
T. eruzi, eliminando asi el problema de resul-
tados falsos-positivos y falsos-negativos que
afecta a los métodos tradicionales para detec-
cién de anticuerpos circulantes.
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