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IMMUNOLOGY OF CHAGAS' DISEASE 
CIRCULATING ANTIGENS IN MICE EXPERIMENT ALL V 

INFECTED WITH TRYPANOSOMA CRUZ! 

Fausto G. ARAUJO (1) 

SUMMARY 

Mice acutely infected with TrypaTWsoma cruzi have in their plasma circulating 
antigens ( exoantigens) produced by the parasite. These antigens are capable of 
reacting against serum of mice chronically infected with T. cruzi in the complement 
fixation and counterimmunoelectrophoresis tests but not in the haemagglutination 
test. Absorption of the chronic serum with culture forms of T. cruzi completely 
removed the antibody which reacts against the circulating antigens. Serum from 
humaus chronically infected with T. cruzi also reacted against the circulating anti
gens which suggests that these antigens are also produced in human infections. 

LNTRODUCTION 

Soluble antigens of parasite origin in 
the blood of the host have been described 
in several infections by protozoa and hel
miths 1,. a, ·1, s, 1·2, 13, 14, 120, •26. The first re-
port of soluble antigens in infections with 
trypanosomes was made by WEITZ 26 in the 
serum of rats infected with TrypaTWsoma bru
·cei. This Author called such substances "exo
antigens" in view of their immunogenic pro
perties and absence of toxicity. ln South 
American Trypanosomiasis caused by Trypa
nosoma cruzi, soluble antigens have been 
demonstrated in supernatant of liquid me
dium in which trypanosomes were cultivat
ed '25

, and in the serum of infected rats 24
• 

This last finding however has been awaiting 
confirmation. · 

The present report describes the presence 
of soluble antigens in the plasma of mice 
infected with T. cruzi, thus confirming and 
extending the observations of the latter 
Authors '24 • 

MATERIAL AND METHODS 

Trypanosoma cruzi - Mice infected with 
strains Y and Fl of T. cruzi were einployed. 
Strain Y was described by SILVA & Nus
SENZWEIG 23 and Fl, isolated from a natu
rally infected Triatoma infestans, was studied 
by BRENER 4

• Both strains are virulent for 
mice and present an interesting peculiarity 
regarding blood stream forms. ln strain Y 
the blood stream forms at the peak of para
sitemia are almost totaly represented by 
slender trypanosomes whereas in strain Fl 
they are mostly stout. The significance of 
this Ínorphological variation has not been 
elucidated yet 5

• Plasma of acutely infected 
and serum of chronic animais parasitized 
with strain Y were used. From mice infected 
with the Fl strain only plasma of acute 
animais was employed. 

Pl(J)sma ftom acutely ·inf ected mice 
Mice infected with both strains were bled 
7 days after infection when parasitemia is 
approximately 5 x 104 trypanosomes per mm3

• 

Both strains are maintained in our labora-

Trabalho realizado dentro do convênio existente entre a UFMG -e o Centro de Pesquisas 
"Renê Rachou", FIOCRUZ, INERu e com auxí!i~ do Conselho Nacional de Pesquisas. 

(1) Departamento de Zoologia e Parasitologia, Instituto de Ciências Biológicas da Universidade 
Federal de Minas Gerais, Belo Horizonte, Brasil. 
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tory through passage into mice performed 
weekly. Blood was collected with heparin 
or citrate, and immediately centrifuged at 
1,000 rpm for 5 minutes in a refrigerated 
centrifuge. The supernatant was carefully 
removed and centrifuged at 15,000 rpm for 
30 minutes at 4°C to sediment trypanosomes. 
After this procedure the supernate was fil
tered through a millipore filter (pore size 
O. 2 .µ) . Plasma was concentrated 5 times 
using Aquacide ( Calbiochem, San Diego, 
Calif. ) , dialyzed agairist PBS, centrifuged, 
and kept frozen at-20C. An aliquot of this 
material was used to precipitate the gamma 
globulins using a 33 % saturated ammonium 
sulphate solution. The gamma globulins and 
the supernate from the precipitation pro
cedure were dialyzed with distilled water. 
Removal of the gamma globulins was de
termined through immunoelectrophoresis. 

Serum from chronically infected mice -
Chronically infected mice were bled without 
anticoagulant. Serum was separated by cen
trifugation, filtered through millipore filter 
and stored at-20C. Infection in these mice 
was of at least 3 months duration. Some 
had · been reinfected with organisms from 
the sarne strain. Parasitemia was very low 
or absent in these animals. 

Complement fixation test (CF) - This 
test was performed according to previously 
described methods 9 • Concentrated and non
concentrated whole plasma, precipitated 
gamma globulins, and supernate from the 
ammonium sulphate precipitated plasma were 
employed as a source of antigen. AH were 
inactivated for 60 minutes at 56°C just prior 
to the reaction and tested undiluted, 1 :5, 
1: 10, 1 :20, 1 :40, 1 :80 and 1: 160. Plasma 
of normal mice was used as control. Sera 
from humans known to be parasitized with 
T. cruzi were used as a source of antibody. 
Recommended controls for this test were 
used routinely. 

Hemagglutination test (HA) - This test 
was performed using a modification of the 
technique described by CAMPBELL et al. 6

• 

Antigen to sensitize human erythrocytes of 
the O Rh negative group was concentrated 
plasma and supernate from the ammonium 
sulphate precipitation. 
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Counte,immunoeleçtrophoresis (CE) - A 
modification of the technique described for 
amoebiasis was employed 18

, 2. 5 x 7. 5 cm 
microscope slides were covered with 3 ml 
of 0.8% agarose (Merck Co.) in 0.05 M 
veronal buffer, pH 8. 6. The sarne buffer 
was used in the electrophoresis chamber. 
W ells were usually 4 mm diameter and 6 mm 
apart. Serum from chronically infected mice 
was applied into the anode well and plasma 
of acutely infected mice into the cathode 
well. Electrophoresis was performed for a 
period of 90 minutes at room temperature 
employing 5 Volts/cm2 with a Shandon SAE 
2161 power unit. After the test the slides 
were washed 4 days with saline and distilled 
water, dried, and stained with Ponceau's 
stain. 

Absorption o/ serum - To remove anti
body against circulating antigen from serum 
of chronically infected mice · an aliquot of 
this serum was absorbed with packed live 
culture forms of T. cruzi for 60 minutes at 
room temperature followed by an overnight 
stay at 4ºC. After absorption the serum was 
centrifuged at high speed and the super
natant used in the counterimmunoelectropho
resis test. 

RESULTS 

Complement fixation - Gamma globulin 
as antigen did not fix complement at any 
dilution whereas the supernatant did up to 
a dilution of 1 :80. Both Y and Fl concen
trated plasma fiJÇed complement even when 
diluted 1 :80. When non concentrated plas
ma was employed the test yielded positive 
results at a lower dilution. Plasma from 
uninfected mice usually did not fix com
plement; however in a few tests some sam- · 
ples gave positive fixation when tested 
undiluted. 

Haemagglutin(J)tÍon - The sarne substances 
used as antigens in the CF test were used 
to sensitize erythrocytes for the HA test. 
However the HA tests were consistently 
negative. Antigen prepared from culture 
forms of T. cruzi was used as control with 
good results. 

Counterimmunoelectrophoresis - ln this 
test concentrated and non-concentrated plas-
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ma of rnic·c• ac·uh•l y inÍ<'<'l<•cl wit h hot h ~lroini-l 
oí 1'. cru;i , ,•c r r Ui-t"cl U5 $0Ul'('l' of d rt ukLl• 
jug ant i~en. Scrum í rom mit·c.· chsouicall~ 
infrct<~cl with the Y st raio was (•mployed a.~ 
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sugge!-t that 1his Oiro may JJe lhe cas.t~ f 
T. cru:.i. Also th<' migrnlion lO\,•nnls i' 
a11ocle noted in lhe CE H'".!:-t agrees wlth t' 
n·1.>0rt o( D 'ALESSA';DRO 8 for C'XMtntig C' 
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present in animais with a low parasitemia 
but absent in animais with a massive infect
ion 10

• In the present report antigen was 
demonstrated in the blood of animals with 
a high parasitemia which most probably 
would result in death of the animais. No 
antigen was demonstrated in the plasma of 
mice infected chronically. 

ALLSOPP, NJoGu ,& Hul\IPHREYS 2 could 
not detect exoantigens of T. brucei in plasma 
collected right after bleeding the animais. 
The antigen was demonstrated only after 
the blood was allowed to stand for at least 
15 minutes before centrifugation. They 
concluded that the exoantigen is not con
tinuously secreted in vivo but rather is a 
surface antigen that is released in vitro 
because of changed environmental conditions. 
In the present report the antigens were 
demonstrated in plasma processed as quickly 
as possible. However, in the centrifuging 
procedures to prepare plasma free of red 
cells and trypanosomes at least 40 minutes 
were spent. AII centrifugations were done 
at 4°C but it is possible that soluble antigens 
are released even under this condition. In 
one experiment infected blood was allowed 
to stand at room temperature for 30 minutes 
before separating the plasma. The antigen 
dilution in the CF test and the pattern and 
density of the precipitin line in the CE 
test yielded by this plasma was similar to 
the ones produced by quickly collected plas
ma. If the findings of ALLSOPP et ai. 2 for 
T. brucei were to be applyed to T. cruzi one 
would expect that at least the titer of the 
antigen in the CF test would be higher since 
these Authors report increasing amounts of 
antigen being released while the infected 
blood is standing unprocessed. The absorp
tion experirnents showed that when serurn Y 
was absorbed with packed culture forms the 
antibody which reacts with antigen present 
in the plasma was totally removed. This 
suggests that culture forrns have antigens 
similar to the ones found in plasma. 

The pattern and distribution of the prn
cipitin lines between plasma Y and plasma 
Fl when reacting against serurn Y are clearly 
different. 

Parasitemia in mice infected with the Fl 
strain yields an ascending curve and the 

predorninant trypanosomes are stout although 
a few slender forrns are also present 4 • The 
2 lines then may represent antigens released 
by the 2 morphological forms. On the other 
hand parasitemia in mice infected with the 
Y strain shows two peaks, one around the 
fifth and another around the eight day of 
infection 4

• It is possible that the 2 peaks 
of parasitemia may represent antigenic va
nat10n. This is widely known to occur in 
African trypanosomes 15

, 
16

, 
22 but so far has 

not been described in infections with T. cruzi. · 

The functions of the exoantigen have not 
yet been defined. Rats and mice can be 
irnrnunized by repeated injection of exoanti
gens of T. brucei, over a period of severa! . 
weeks. Such mice are protected against in
fection with the homologous antigenic type 
of this trypanosomes 19

• Exoantigen may 
also enhance an infection with trypanosomes 
when it is added to the trypanosome suspension 
j ust prior to inoculation into mice. This 
effect is proportional to the concenfration 
of exoantigen added 127

• This sarne property 
is also suggested for circulating antigens 
present in serum of rats parasitized with 
T. cruzi '24

• 

An interesting observation is that serum 
from a human patient chronically parasitized 
with T. cruzi also yielded a precipitin line 
when reacting in the CE test with plasma 
of mice acutely infected with the sarne pa
rasite. It is possible them that the release 
of exoantigens also occurs in humans. Or 
this may be the expression of a similar 
antigen released by the tissue forms which 
parasitize infected individuais permanently. 
Since there is abundant evidence of hyper
sensitivity phenomena in the pathology of 
Chagas' disease 21 it is quite possible that 
soluble antigens may play a role in these 
allergic rnanifestations. 

Since this paper was written we carne 
across the report by DzBENSKI 11 on exoanti
gens of T. cruzi. This Author also describes 
the presence of exoantigens in plasma of 
mice infected with the Sonya strain of T. 
cruzi. The antigens were demonstrated 
through diffusion in agar, immunoelectro
phoresis and immunochromatography. As 
source of antibody he employed serum of 
rats and rabbits immunized with plasma of 
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infected mice. He also reports that the exo
antigens have a molecular weight of over 
70,000 and contains carbohydrates. W ork 
in progress in our laboratory appears to 
co.nfirm these findings, however we do not 
have enough data yet. 

RESUMO 

Imunologia da Doença de Chagas. I - Antí
genos circulantes em camundongos experi

mentalmente infectados com o T. cruzi 

Antígenos circulantes estão presentes em 
plasma de camundongos com infecção aguda 
por T. cruzi, cepas Y e Fl. Esses antígenos 
foram demonstrados através das reações de 
fixação do complemento e imunoeletroforese 
reversa. São encontrados no plasma total e 
no sobrenadante de uma precipitação do 
plasma com sulfato de amônio. Epimastigo
tas de cultura de T. cruzi absorveram total
mente os anticorpos presentes no soro de 
animais infectados cronicamente com o T. 
cruzi, os quais reagiram contra os antígenos 
circulantes. Soro de um paciente humano, 
comprovadamente parasitado pelo T. cruzi, 
também reagiu contra os antígenos circulan
tes. É provável que tais antígenos estejam 
presentes em indivíduos com infecção aguda 
pelo T. cruzi e que sejam responsáveis por 
manifestações de hipersensibilidade descrita~ 
na doença de Chagas humana. 
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