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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-



ARAVJO. F'. G . l m m u nOIOJO' o f Ch~~,:cus· d i.scnse. J - Cir<'ula.ling a.ntlg~ni:i ln mtl'C (':<J)crl• 
ffi('nlnlly infe<·\t.'<I wlth T,.NIJ«noso11w rru .:I, Ret•. ltt11tt, Mrd. trop. ,(;.,1o J>t1ul<J J3:433-,,139.1976. 

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.~ 
:-:oure<.· oí antihody. T lw rt·:-iull:,; oí th<" CE 
tc·~t ;.irt• :-:ho,\'ll in Fig u1·1·~ l . 2. :3, ~- and 5. 
At 1('(1:--1 ouc- wc•II ~ta i1wd and onc cliííui-l' 
p rcc·ipiti11 lirn:::- \\1tn· c·ll·arly ,·i~ihk· ht>IWt't'n 
llu- \\dl.:; \\ hl'rc plat-ma Y alhl ~rum Y w,·n· 
a 1.lplil'tl ( Fig. l ) . \"'\'lwo pfos:m.l F l rPad t·d 
with ~••ru m Y at lf'a.~, two prf'c•ipiliu li11C'~ 
ÍOrnlf•d ( fi,r. 2) . 'rhi~ "a..:; uolt:d "ith all 
1 hnl('~w~ oí plusuw F l cmplO}'t'd i n thi:-­

:--1 udy. J•la~nm from normal mice clicl not 
yipld a11 y prcdpitiu l inE' when run ;.1gain:-:I 
:-t·nim Y I F'ig. :1,) . Anti~en p repared hr 
rupl uring c·ithel' c-uhurf' o r hloo1I organisms 
!,!iWt' a broad nnd lhk k p rrdpilin linc· wheo 
li'i::lnl llf?OÍn i:-l :,;cru1n Y (Fi~. :3), Ah!-iorplion 
uí $L• n 1111 Y wilh parknl c ullun · íonns of 
ll1e Y :-t ra in 1·omplt·1cly removNI tlw an li • 
hocly whic·h n·arlnl \\1llh lht.· c:ir1·ula1 ing 
Unligt•n.:; ( Fig .. J,j. A human se rum from (l 

pa1i,•nL k11own to lw clu onicaJly parw;ilizt••I 
with 7'. <·rn:;; r(•actt>d with plasma o( mir·•· 
arutr lr inf1•c·lc(l with hoth 1lw 1:-1 aml ) 

py py 
,. 

'. 
\.J 

-
C5 , s 

}~lg. 1 - Ct: tf'~t. P-reclpllln lin es betwl'en well!t 
c-ontainln::e 111asma (PY) or ml<'e ncu te1y lnfe<'led 
nnd .serum ( CS) or mil-o chronicaJJy ínfene<l 
Wllh 'P. ,-r11.:i t1lral n Y. ln ali (lgurc,•,; l hC <.fUhu(IP 

w('II h,; :1 1, ~he 1011. 

'PFl. 

J 

cs. 

Fig" 2 - CE ttsl. P~cipitln lincs betwcen wclls 
t-OntatninK plasma (PFJ.> of miCf> :wutely lnfec-ted 
wlth ·r. f'nt::I straln F l {11HI ~crum ,C'S) o r mlN" 

1'11ronh•11l1~• ln[êc••l('d \\'lth T. ,·r 11 : ; :,;tr,,ln )'. 

N A 

·' 

F ig, 3 CE trst. Plasma from normal ml<-4"­
(N) tesl ed Qj{Air'I.St se1.-um ot ml<"e chl'Onlcally 
intecl ('d wilh T . crn:i stra1n Y (CS) . WC'll A 
r-ont:\ll'I~ nn t1gen J>rejlnrecl rrom dti:tru1HC'd ttillun.' 

torms or 'J'. n •u~,. ns - cs. 



ARAUJO. V . e; . [mnHln<JI0gy 1)( Chag_n,,; dlW;-1~(• , Cir<Ulaling u ntlgcns ln mh:c CXIJ<'l' 
rr:cnl<~IIY 1nr.-tl.<'d wllh T ry;ll'o1QR(>111 <'1, cru,:·i. He11. l t1ffl . Med. tn)tJ. s,;,, Pti11lo Ht:433•-439. 197 

strain~ o[ T. cru.:.i ~howin::? a prc•cipilin Une 
which allhoug h f.tinL •·ould hl' t'tt.!'\ily uotrd 
( Fiit. S t. 

D I SCUSSIO N 

Thc datn prcstnled ckmonstrate that T. 
,·ru:.i l'f' l(•a~<'~ ci rculaling antig('lh; i l'X()anti­
gt·n:--} i11 10 t lw liloocl o í mice acut..·ly info(.·lr<-1 
with 1lw p1;1ri1sl lf'. Thc c-irc:ulating antlg<•ns 
wr-rc clemvnslrfllf•d by oomplement fixolion 
and c:ou nteri m11nmo1.,1t•cLropllOrC$i~. P laswn 
of acuh·ly inkcted mice arHl tht> ~11 pernala111 
of an ,unmon ium sulpht1lc~ 1.ri·c·cipilation of 
t111 a li 1p101 oí 1his samc phunm1. IJolh fixc.·d 
c·omph·nwnl i " prc~sencf' o[ :;('nun Jrom a 
pal ic'nl known lo he parasitized by T. cru;;i. 
T lw gumrml gJvhHl ins ohtained in thc prc• 
1•ipilution proc·<'c..11.,rL' di .] not íix complt>fllt•nl, 
uor cl ic1 pla:--mo. o í un iufC'cte-tl mice. Both 
~uh~lanct·~ g i\'in~ u po~11 1vc c·ompll'm<•ul 
fi xa1 ion n·;wtcd at n·lat i \'1•lr hi~h clilut ion 

.,.., 
o 

S'IA 

u. 

---.. 

- • 

F'lg-. •l - CE tC$l.. P'x as ln previous- tif[U):C$. 
S \'.' = CS :1$ in 1H'Cvious f1glln"$. SYA ... Sérum 
ot mic(i chron icuHy i n rected with T . cnu:l slrain 
Y a hsort)cid wlth cutt,u re (orms o( the i.amc n a­
rnslte. Bel.tom wctb [ill('(L tn th(' sarne way M 

thu ll)I' wcl Is. 

py PFI 

Stl 

FIJ{. !S - CE tesl - PY and PFL fl~ ln E'lg~. 
and 2. SH ji; i,erum rrnm a humnn p atlent knov 

t,o he i'hl·OOi('-" IJ)! 1tl(e('t('(I w i1h T. cru;; i • 

which shows that the concentration of anl 
gcn iu them was appreciahle. Of inten 
i!-- 1.lw fact that thc soluble nntigl'ns nrc pr 
s:ent in th(' supcnHtlanL o[ the prccipi latÍt 
ptocedurc. ln Afr ican t rypanosomcs iL h 
l1el'n rt por1cd that tht-:. exoantigens are ::i 

s0<·iatcd 10 !-c .. rum proteins other than 1· 
gamma glohulins i-0. -::: • The present resu· 
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' 
of T. fow(si.. 

Exoan1igc11s:: i·lth('1' failec.l 10 ~ensitize r 
n.·11:-. for 1lie h<'maggluti1lution tr-.st Ol' t 
Sf•n.siliz('d ed is werc not able to rcact wi 
hl'magglutina ting antihodies. J n some S) 

ICms thf>.Sl' antihodies are clif-ferent from t 
c·omp1emenl fixing ones. thus it is possil 
1hat t>xoaotigen:-: a r<' unable 10 react wi 
1hcm ah hough rcnc·l ing with complemc 
fix intz im 1nu11oglol ,uli 11:;.. 

lt has J,c...,, r<•po,-ted íor Aírica1t tl'Yf 
H0$0n1es 1hat <'XOànl igens are usnall f prese 
in thc serum of an imals in ,\•hicll thrre 
a fulminat ing parasilemiá. Ho,\'CVCJ.\ tl 
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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 

437 



ARAUJO, F. G. - Immunology of Chagas·' disease. I - Circulating antigens ih mice experi-
mentally infected with TriJPanosorna cruzi. Rev. Inst. Med. trop. São Paulo 18·:433-439, 1976. 

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. 

ACKNOWLEDGEMENTS 

To Dr. Z. Brener for useful discussion and 
suggestions, and to Dr. J. S . Remington for 
reviewing the manuscript. 

REFERENCES 

1. ADLER, S. - Immunology of leishmaniasis. 
Israel J. Med. Se. 1:9-13, 1965. 

2. ALLSOPP, B.A.; NJOGU, A. R. & HUM­
PHRYES, K. C. - Nature and location 
of Trypanosorna brucei subgroup exoantigen 
and its relationship to 4s antigen. Exptl. 
Parasitol. 29:271-284, 1971. 

3. BA'WDEN, M. P. & WELLER, T. H. -
Schistosorna rnansoni circulating antigen: 
detection by complement fixation in sera · 
from infect-ed hams-ters and mice. Arner. J. 
Trop. Med. & Hyg. 23:1077-1084, 1974. 

438 

4. BRENER, Z. - Comparative studies of dif­
ferent strains of Trypanosorna cruzi. A nn. 
Trop. Med. & Parasitol. 59:19-26, 1965. 

5. BRENER, Z. - Biology of Trypanosorna 
cruzi. Ann. Rev. Microbial. 27:347-382, 1973. 

6. CAMPBELL, D. H.; GARVEY, J. S.; 
CREMER, N. & SUSSDORFF, D. H. 
Methods in I1n,nunology. 2nd ed. New York, 
W. A. Benjamin, Inc., 1970. 

7. COX, H. W.; MILAR, R. & PATTERSON, 
S. - Serologic cross reactions of serum 
antigens associated with acute Plasrnodi1,rn• 
and Babesia infections. Anier. J. Trop. Med. 
& Hyg. 17:13-18, 1968. 

8. D'ALESSANDRO, P. - Trypanosorna lewisi: 
Production of exoantigens during infection 
in the rat. Exper. Parasitol. 32:149-164, 
1972. 

9. DAVIDSON, L. & 'WELLS, B. B. - Olinical 
Diagnosis by Laboratory Methods. 13th edi­
tion. Philade!phia, 'W. B. Saunders Co., 1965. 

10. DESO'WITZ, R. S. - African Trypanoso­
nies. Ininiunity to Parasitic Aninials. Vai. 2. 
Ed. G. J. Jackson, R. Herman & I. Singer. 
New York, Appleton Century Crofts, 1970. 

11. DZBENSKI, T. H. - Exoantigen of Try­
panosorna cruzi in vivo. Tropen.rned. Para­
sito!. 25: 485-491, 1974. 

12. GILL, B. S. - Properties of soluble antigen 
of Trypanosorna evansi. J. Gen. Microbial. 

38:357-361, 1965. 

13. GOLD, R.; ROSEM, F. S. ,& WELLER, T. 
H. - A S'.[)ecific circulating antigen in 
hamsters infected with Schistosonia nian­
soni. Arne1·. J. Trop. Med. & Hyg. 18: 
545-552, 1969 . 

14. GRAY, A. R. - Soluble antigens of Try­
panosonia vivax and of other trypanosomes. 
I.rnrnunology 4:253-261, 1961. 

15. GRAY, A. R. - Antig-enic variation in 
clones of Trypanosonia brucei. Ann. Trop. 
Med. & Parasitol. 59:27-36, 1965. 

16. GRAY, A. R. - Antigen variation. The 
African Trypanosorniasis. Ed. H. 'W. Mul­
Iigan. New York, Willey-Interscience, 1970. 

17. HERBERT, W. J. & LUMSDEN, W. H. R. 
- Single dose vaccination of mice against 
experimental infection with Trypanoso,na 
brucei. J. Med. Microbial. 1:23-32, 1968. 

18. KRUPP, I. M. - Comparison of counterim­
munoelectrophoresis with other serologic 

•tests in the diagnosis of amebiasis. Anier. 
J. Trop. Med. Hyg. 23:27-30, 1974. 



ARAUJO, F. G. - Immunology of Chagas' 
mentally infected with Trypanosoma cruzi. 

19. LUMSDEN, 'W-, H. R: - Immune response 
to Hemoprotozoa. I Trypanosomes. 
Immunity to Animal Parasites. Ed. E. J. L. 
Soulsby. New York, Academic Press, 1972. 

20. McGRECOR, I. A.; TURNER, M. w.; 
1WILLIAMS, K. & HALL, P. - Soluble 
antigens in the blood of african patients 
with severe Plasmodiiim falciparum mala­
ria. Lancet 1: 881-884, 1968. 

21. PIZZI, T. ~ Inmunologia de la enfermedad 
de Chagas: Estado actual de! problema. 
Bol. O fie. Sanit. Panamer. 51: 450-464, 1961. 

22. SEED, J. R. - Antigens and antigenic 
variability of the African trypanosomes. 
J. Protozool. 21:639-646, 1974. 

23. SILVA, L. H. P. & NUSSENZWEIG, V. -
Sobre uma cêpa de Trypanosoma cruzi alta­
mente virulenta para o camundongo branco. 
Folia Clin. Biol. (São Paulo) 20:191-207, 
1953. 

disease. I - Circulating antigens in mice experi­
Rev. Insf. Med. trop. São Paulo 18:433-439, 1976. 

24. SIQUEIRA, A. F. ; FERRIOLLI, F. & CAR­
VALHEIRO, J. R. - Um antígeno solúvel 
presente no sôro de ratos infectados com 
Trypanosoma cruzi. Rev. Inst. Med. trop. 
São Paulo 8:148, 1966. 

25. TARRANT, C. J.; FIFE, E. H. & ANDER­
SON, R. I. - Sorological characteristics 
and general chemical nature of the in vitro 
exoantigens of T. cruzi. J. Parasitol. 51: 
227-285, 1965. 

26. WEITZ, B. - A sol uble protective antigen 
of Trypanosoma bruoei. Nature (London) 
185:788-789, 1960. 

27. WEITZ, B. - The \antigenicity of some 
African Trypanosomes. Imm·unity to Pro­
tozoa. Ed. P. C. C. Garnham. Oxford, 
Blackwell Scientific Publications, 1963. 

Recebido para publicação em 11/8/1975. 

439 




