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Complete Immunization against Trypanosoma cruzi
Verified in Individual Mice by Complement-Mediated Lysis

Laura E Gémez’, Julio R Nasser, Miguel A Basombrio
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Experimental systems to assay immunity agadingbanosoma cruziisually demonstrate partial
resistance without excluding the establishment of sub-patent infections in protected animals. To test
whether Swiss mice immunized with attenuated parasites might develop complete resistance agains
virulent T. cruzi experiments were performed involving challenge with low numbers of parasites,
enhancement of local inflammation and the combination of natural and acquired resistance. Absence
of infection was established after repeated negative parasitological tests (including xenodiagnosis and
hemoculture), and lack of lytic antibody was tested by complement mediated lysis. Immunization with
107 attenuated epimastigotes conferred protection against the development of high levels of parasitemia
after challenge with Tulahuen strain, but was unable to reduce the number of infected animals. How-
ever, when a strong, delayed-type hypersensitivity reaction was triggered at the site of infection by
injecting a mixture of virulent and attenuat@dcruzi a significant proportion of immunized animals
remained totally free of virulent infection. The same result was obtained when the immunization ex-
periment was performed in four month old Swiss mice, displaying a relatively high natural resistance
and challenged with wild, vector-borne parasites. These experiments demonstrate that complete resis-
tance against. cruzican be obtained in a significant proportion of animals, under conditions which
replicate natural, vector delivered infection by the parasite.
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Chagas’ disease, causedlibypanosoma cruzi munity” after immunization with non viable vac-
presents three main clinical forms: acute, inageines or, at least, “complete immunity” against a
parent and chronic. The parasite can be detectedcond infection, which we define here as the ab-
in blood during the acute stage, but in the resence of any positive parasitological test or sero-
maining stages, parasitemia is usually low antbgical evidence of infection after an infective
diagnosis is established by detecting specifichallenge, in individual mice (not groups) pre-
antibodies using various techniques. Spontanenmunized with attenuated vaccines.
ous cure with negative serology has been ob- The success of experimental vaccination
served, but only on rare occasions (Brener &gainstl. cruzibecomes highly questionable when
Plessman Camargo 1982, WHO 1991). protection is verified with highly sensitive meth-

Immunologic protection against experimen-ods (Brener & Plessman Camargo 1982,
tal T. cruziinfection has been achieved with sevKierszenbaum 1989). Mc Hardy and Elphick
eral experimental vaccines, (for review se€1980) demonstrated that infection with small
Kierszenbaum 1989) including, more recentlydoses, such as might be introduced after a
parasite synthetic peptide (Bua et al. 1991). Astaiatomid bite (2 to 100 parasites) infect vacci-
result of vaccination, significant reductions havenated and control mice equally well, a fact con-
been obtained in parasitemia level (Andrews dirmed in our laboratory (Basombrio et al. 1989).
al. 1985, McHardy & Elphick 1980), pathology = Among the humoral responsesTocruziin-
(Kierszenbaum 1989) and transmission to vectofection, antibodies that can lyse bloodstream
(Basombrio et al. 1993). Stronger effects of prarypomastigotes in the presence of complement are
tection would be the achievement of “sterile im-generated (Krettli & Brener 1982). These lytic

antibodies can be detected with the complement
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1982, Galvéo et al. 1993). the left hind footpad. One week later, a triggering
Lytic antibodies are not equally effective in kill- inoculum of the same size was given in the right
ing all strains or clones at cruzi(Krettli & Brener  hind footpad. After 20 min and 4, 18, 24, 48, and
1976, Murfin & Kuhn 1988), and CML should 72 hr, swelling of the right hind footpad was mea-
not be, therefore, useful to exclude infection bgured with a caliper. In selected cases, animals were
such parasites. For example in our laboratorijlled 24 hr post-challenge and the right hind foot-
CML does not exclude attenuated infections by pads were fixed in 10% formalin. Decalcified and
low virulence strain (TCC). However, this tech-paraffin-embedded sections were stained with he-
nigue is, in our hands, a good tool to excludmatoxylin-eosin and studied histopathologically.
infection with virulentT. cruziof the Tulahuen Fresh blood mounts10 ul of tail vein blood
strain or local wild isolates. was collected into heparinized capillary tubes and
In this work, we studied whether completeplaced between a microscope slide and coverslip,
immunity against Tulahuen and wildcruzipara- counting the parasites in 100 microscopic fields
sites, can be induced by prior injection of the TC@480 Xx).
strain. To obtain convincing evidence for the lack Microhematocrit Three capillary tubes, each
of residual infection by the virulent challengefilled with 50 ul of blood were centrifuged at
after exhausting the parasitological determina®500 x g for 2 min and cut at the parasite-enriched
tions, we used the CML technique. This studyeukocyte interphase, which was then examined
allowed us to identify three possible factors demicroscopically.
termining complete immunity in a discrete pro- Xenodiagnosis Ten 2nd or 3rd instaF.
portion of animals: a high level of natural hostinfestansfasted for a month were allowed to feed
resistance, the vectorial origin of infecting paraen each penthotal-anesthesized mouse for 15 min
sites and the development of a strong delayed tyjrethe dark. Thirty and 60 days later, a pool of bug
hypersensitivity reaction at the site of infection.feces diluted in 10 pl of LIT medium was exam-
ined microscopically for the presence of parasites.
) MATERIALS AN_D METHODS Hemoculture- Blood (0.2 ml) was collected
‘Animals- All experiments were performed with sterile heparinized Pasteur pipettes from the
using outbred Swiss mice raised at our breedingil tip of mice, seeded into 75 mm of length and
facility. Both sexes were used, but were not mixed mm of diameter glass tubes containing 1.8 ml of
in any given experiment. Animals were 30 to 6Gomplete LIT medium and incubated at 28°C.
days old at the begining of the experiments. After 15, 30, 45 and 60 days, the presence of
Parasites- Culture forms off. cruzi (TCC) motile parasites was established using an inverted
were used as sensitizing antigen and as  trigg&fiicroscope.
ing antigen in delayed type hypersensitivity reac- CML technique- Tulahuen bloodstream
tions. The TCC subli_ne .Of Tulahudén cruziun- _trypomastigotes were obtained from h|gh|y
derwent attenuation in virulence and pathogenigarasitemic Balb/c mice which had been immu-
ity after more than 17 years of continuous pasiosuppressed with a dose of 350 mg/kg cyclophos-
sage in culture (Basombrio et al. 1982). Culturgshamide (LABINCA S.A., Buenos Aires) 24 hr
were grown in Liver Infusion Tryptose (LIT) me- pefore infection. After isolating the parasites by
dium supplemented with 10% fetal bovine serungifferential centrifugation at 150 x g for 20 min
(GENsa) decomplemented at 68°C for 60 mingllowed by an incubation at 37°C during 4 hr;
20 pg hemin (Sigma), 100 IU of penicillinthey were washed three times at 3000 x g for 6
and 100 pg streptomycin perml. min, in minimum essential medium Eagle plus
To challenge the mice we used either nont% inactivated fetal bovine serum (MEM-FBS)
attenuated Tulahuen strain or wild isolatesTof and incubated for 30 min in human normal fresh
cruzi. The former strain was maintained by MOousS€erum. Test sera decomp|emented at 56°C for 30
to mouse passages of infected blood. The wilghin, were diluted 1:2 in MEM-FBS, mixed with
isolates were obtained frofiriatoma infestans a Suspension of 5x%0nl washed trypomastigotes
bugs colonizing a guinea pig yard (Basombrio eind incubated for 30 min at 37°C. The samples
al. 1987). The feces of infected bugs were diluteglere then separated into two 50 ul aliquots (A
in LIT medium as to obtain the desired concenand B) and kept in an ice bath until 50 pl of hu-
tration of metacyclic trypomastigotes in the inocuman normal fresh serum was added to aliquot
lum. Contaminating epimastigotes were nop and 50 pl of human heat inactivated serum to
counted. o o aliquot B. After mixing and incubating at 37°C
Delayed type hypersensitivity reactiordice  for 60 min, the samples were transferred to an ice
were sensitized by injection of 30 pl of TCC sushath until motile parasites were counted micro-
pension in saline (YOTCC epimastigotes), into scopically using a hemocytometer to calculate the
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percent of lysis. More than 80% lysis was considnuch lower than in the controls (Fig. 1). How-
ered a positive result, indicating infection byever, an exhaustive search for parasites in eight
Tulahuen or wildT. cruzi Less than 20% lysis fresh blood mounts (day 15 to 49) and one xeno-
was taken as negative result. Only 1 of 132 andgliagnosis (day 57), revealed that such resistance
mals fell between 20 and 80% lysis and wawas not complete, since the low challenge doses
considered positive. had infected the same proportion of immunized
Statistical analysis Delayed type hypersensitiv- and control mice.
ity results were evaluated with Mann-Whitney “U” .

test and rates of infection with Fisher’s exact te: & ; A A
RESULTS B I\ ey

Correlation between lytic antibodies detectiol % ax / \ i e

by CML and parasitological tests detecting lov & ! "-,

T. cruziinfection- Several experiments were per £ 2 i |

formed, where CML and parasitological test = / d

(fresh blood mount, microhematocrit and xenod 2 ** ! 1

agnosis or hemoculture) were applied to mice il 5 : ! Y

fected with virulenfT. cruzi Each of these meth- 2|/ "-._1 -

ods was applied several times to each mouse,d | [ , .1 __J,-_i_ g A e T

ing the acute phase of infection. Most of thesear = b 2 " ) L 4

FAE BFTESR CHELLEAGD

mals (132/143) had been injected with thresho...

infective doses 10 to 100 parasites. The load @fg. 1: infection rates and level of parasitemia in Swiss female

infection obtained was classified in four gradesnice challenged with 0.5 infective doseSiypanosoma cruzi

according to the sensitivity of the diagnostid10 trypomastigotes into the right hind footpad). Bars indicate

method necessary for detection (Table [). Thige standarderror.

lack of CML closely correlated (p < &) with

negative parasitological tests. CML was the most o . ) ,

sensitive method to detect low grade infections.  !dentification of infection-free animals after
Failure to induce complete resistance againsghallenge athe site of delayed type hypersensi-

low doses of. cruzi - An immunization-challenge tivity reaction- In order to induce an enhanced
experiment was performed where 45 day-old micdelayed type hypersensitivity reaction at the site
were primed with 10TCC in the left hind ofln]‘ectlon, experiments were p.erformed in which
footpad and challenged with virulent Tulahuerf Mixture of 16 TCC and 10 virulent Tulahuen
trypomastigotes in the right hind footpad. Thig?lood trypomastigotes was used as the challenge
challenge dose was adjusted to a threshold of ifloculum using mice primed as described above.
fectivity (10 Tulahuen trypomastigotes) that would! he Sensitized mice developed a strong and typi-
infect about half of the control mice. The averagé&@l delayed type hypersensitivity reaction, evi-

levels of parasitemia in the immunized group werél€nced by significant footpad swelling, which
reached a maximum 18-24 hr post inoculation and

disappeared after 3-4 days (Table II). Histologi-

TABLEI cally, the swollen footpads showed edema and
Comparison of different methods to detect residual infiltration of lymphocytes and macrophages. The
infection by Trypanosoma cruzi presence of systemi€. cruzi infection was stud-

Result of ied with progressively sensitive methods in these

Gradé parasitological test CML/totdl % (+) animals: fresh blood mounts were carried out be-
FBM  MH X/H tween day 10 and 30 after challenge. Microhe-
matocrit, xenodiagnosis and hemoculture were

I + + + 33/34 97 performed before day 60. CML was studied after
Il - + + 5/5 100 day 90. In most control animals, fresh bloods
n - - + 717 100 mounts were enough to detect infection. Search
v ; ; } 2/97 o> for circulating parasites with microhematocrit and
xenodiagnosis in the control groups slightly in-
a: grades |, II, lll and 1V, indicate different degrees ofcregased the detection of infected animals, which

parasitemia.b: no. of mice with lytic antibodies/total was close to 100% and was not further increased
mice studied. Abreviations: FBM = fresh blood mountby hemoculture and CML determinations. In con-
MH = microhematocrit; X = xenodiagnosis; H =trast, a significant proportion (59%) of immunized
hemoculture; CML = complement mediated lysis. mice was completely resistant to infection in
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most experiments, as shown by negative, repeated To further demonstrate the role of locally
parasitological results with all methods, includenhanced delayed type hypersensitivity reaction
ing the absence of lytic antibodies 3-6 months afa the induction of total resistance, mice were

ter challenge (Fig. 2; Table II). challenged with virulent trypomastigotes, mixed
or not with delayed type hypersensitivity inducing
o S ERFECTEN LG, BOURBLL KIPE) TCC epimastigotes (Fig. 3). This procedure

5 nized controls, remained completely free of viru-
lent infection, as demonstrated by all methods,

B comrnor B AENAITIZED including absence of lytic antibodies.
Selection of naturally resistant mice showing

Fig. 2: immunization-challenge experiments agains : PR ; .
Trypanosoma cruzTCC pre-immunized (,n=28) or Con_tcom_plete; immunization against vector- borhe
trol Swiss female mice ( , n=12) were challenged with 167UZi - Eighteen, 4 month old mice received three

Tulahuen strain trypomastigotes admixed td TCC epi- immunizing subcutaneous inocula of 2 ¥ TCC
mastigotes. Allimmunized mice developed strong delayed typgt weekly intervals. A week later they were chal-
hypersensitivity reactions at the site of infection (not shown). Inrenged together with 20 naive controls with 25
fection was diagnosed with methods of progressive sensitivity(}ector_’bome wildT. cruzimetacyclic trypomas-

Fresh Blood Mount (FBM), Microhematocrit (MH), Xenodiag- _. . . . :
nosis (X) and Complement-Mediated Lysis (CML). tigotes in the right hind footpad. Two determina-

showed that when a low number of infective para-
o sites was injected alone, the use of progressively

sensitive diagnostic methods revealed systemic
B | infection in all control or preimmunized mice. In

contrast, when the infective parasites were mixed
an with 107 attenuated parasites and a strong delayed

type hypersensitivity reaction occurred at the site
) of challenge, a significant proportion (40%) of

preimmunized mice, as compared to non immu-

s i E L 11

TABLE Il

Selection of mice with complete immunity to a ldwpanosoma cruzthallenge by enhancing DTH reactions
at the site of infectich

Cumulated number of mice with Infected/
positive diagnosftotal mice Total
Exp. Sex  Group DTH FBM MH X H CML  (final
No. result)
1 F S 1.4440.021****f 2/5 2/5 2/5 - - 2/5
(pilot) C  0.44+0.05 5/5 - - - - 5/5
2 F S 1.24+0.07**** 17/20  17/20 17/20 17/20 17/20  17/20
C  0.42+0.02 13/15  13/15 13/15 13/15 13/15 13/15
3 F S 1.1140.09%*** 2/28 2/28 2/28 2/28 2/28  2/28****
C 0.27+0.04 7111 9/11 11/11 - - 11/11
4 M S 1.20£0.06**** 24/51  31/51 32/51 32/51  32/51  32/51**
C 0.46x0.04 9/10 10/10 - - - 10/10
5 F S 1.40+0.08**** 7119 - 12/19 12/19 12/19 12/19***
C 0.18+0.02 20/20 - - - - 20/20
6 F S 1.46+0.05%*** 10/45 - 12/45  12/45  13/45 13/45%**
C  0.30+0.05 5/5 - - - - 5/5

a: mice were immunized with Z0TCC in the left hind footpad. One week later, immunized and control animals
were challenged with 10 blood trypomastigotes of Tulahuen strain (except in experiment No. 5, which was
challenged with 150 vector-borne metacyclic trypomastigotes), mixed ihs¥#ine with 1 TCC into the right

hind footpad. b: DTH = delayed-type hypersensitivity. Footpad swelling (mm) 24 hr after inoculation, mean
+ standard error.c: mice recorded as positive in a given column include those recorded as positive in previous
columns. Abreviations: Exp.= experiment; S = sensitized; C = control; FBM = fresh blood mount; MH =
microhematocrit; X =xenodiagnosis; H = hemoculture; CML = complement mediatedllygis0.09; **p<0.05;
***p<0.01; ****p<0.001.
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% IKFESTED MIEE [CLMULATIVE) 1994). Previous failure to demonstrate sterile or
i ‘| | ] “| "B complete immunity td@. cruzichallenge (McHardy
i I'Hl L | & Elphick 1980, reviewed in Kierszenbaum 1989,
B & Basombrio et al. 1989) were connected with the
: 1 capacity of this parasite to establish very low
i levels of infection and with the low sensitivity of
% the detection methods. We have attempted to sur-
s mount this problem by using the CML technique.
& The study of lytic antibodies seems to be the most
i convincing approach to address the demonstration
i, & 3 ol of absence of infection By cruzi(Krettli & Brener
conrea - Te— 1982), when the infecting strains or isolates are
BN o cotads B o et i good inducers of this type of antibody. Such is the
Fig. 3: immunization-challenge experiments agdingtanosoma Ca-'se with the Tulahuen and wild isolates usgd N
cruzi. Infection of Swiss female mice by 150 insect-borne, Wild this work. O_n the O,the,r hand, the TCC organisms
cruzimetacyclic trypomastigotes in control (, n=5) or TCC-We Used for immunization do not appear to be good
preimmunized ( , n=20) Swiss male mice. In parallel, simultanducers of lytic antibodies, even in parasitologi-
neous group of mice, the challenge inoculum was admixeq \_Ni_tta"y proven infections (unpublished observations).
10 epimastigotes and a strong delayed type hypersensitviyhgrefore, our procedure does not demonstrate
reaction (not shown) developed at the site of infection. Thismo-, —. ~ "~ ~ = [ - . . .
dality of challenge infected all control mice ( , n=20) but Wa§terlle 'mml'!n'ty in the 'mmumzeq anlma[s, but it
totally resisted (p=0.002) by 40% of immunized mice (  does establish a complete, acquired resistance, at
n=20). Systemic infection was studied sequentially by Fresthe skin level, against the virulent parasites used
Blood Mounts (FBM), Xenodiagnosis (X), Hemoculture (H) andfor challenge, in a significant number of animals.
Complement Mediated Lysis (CML). When TCC-immunized and control mice were
challenged with threshold doses of infecting para-
s, the levels of parasitemia were sharply lower
the immunized group, although the propor-
ion of infected mice was comparable in both
roups. This indicates that the effects of immuni-
ation “are expressed at a stage of infection later
an invasion”, confirming the original notion of

|5

tions (fresh blood mounts, studied on day 15 an?ite
microhematocrit on day 17 p.i.), showed infectiori
in all controls and in 3/18 immunized mice. Be-
tween days 21 and 42 p.i., the remaining, appaﬁJ
ently not infected mice of the immunized grou

were subjected to parasitemia determinations i ¢ Hardy and Elphick (1980). This led us to

three additional fresh blood mounts, on h p in the d .
microhematocrit, hemoculture and xenodiagnosis/lther concentrate efforts in the demonstration
of complete resistance using two approaches: en-

with 30 nymphs per mouse. CML tests were pe@! CO! S
formed after day 90. As a result of these stutlies 1@ncing the delayed type hypersensitivity reac-

cruzi infection was demonstrated in seven addiion at the subcutaneous level and testing the
tional immunized mice (Table 1ll), but eight of effects of immunization in animals in which natu-

these animals (42%) remained free of detectabl@! resistance td. cruziwas already strong. In the

infection (p=0.00089). first approach, the_1701(_) mixture of attenuated
and virulent parasites induced a typical delayed
DISCUSSION type hypersensitivity reaction. This reaction was

Acquired immunological resistance againsnever seen, at least macroscopically, in mice chal-
protozoan parasites is seldom complete, eithlanged with V|ru_lent parasites alone. The fa|lure_
in natural orin experimental infections (Anderse®f several parasitologic methods to detect systemic

TABLE llI
Proportion of aged Swiss male mice, displaying complete immunization agaipahosoma cruzi
Cumulated number of mice with Infected/

positive diagnosis/total mice Total

Group Fresh blood Micro- Xeno- Hemo- CML (final
mount hematocrit diagnosis culture resultp

Immunized 3/18 7/18 10/18 10/18 10/18 10/18
Control 17/20 20/20 - - - 20/20

a: statistic significance for rates of infection was evaluated with Fisher's exact test (p=0.00089)
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infection plus the absence of lytic antibodies in avhen the lack of Iytic antibodies would indicate
significant proportion of immunized-challengedcomplete protection. However, the results were
animals suggested that the infecting parasites wepesitive for lytic antibodies. Thus, the overall re-
in such cases totally eliminated at the site of insults of this survey indicated that the exclusion of
fection. This modality of challenge does not refow levels of parasitism by lack of Iytic antibod-
flect the normal conditions of vectorial infec-ies had never revealed the success of
tion by T. cruziand would thus not constitute aimmunoprotection.

model of vaccination applicable to conditions of |n previous field studies using guinea pigs,
natural infection. In the second approach, whicve observed that a partial resistance, apparent
seems more relevant to natufalcruziinfection, with methods of low sensitivity, is easier to dem-
we tested the combined effects of natural angnstrate than complete protection. Lack of infec-
acquired resistance against vector-borne parasit¢ion was not demonstrated serologically
Four-month-old Swiss mice are at a time of theifasombrio 1990). In another field study per-
life when natural resistance 0 cruziis highest formed in dogs (Basombrio et al. 1993) the ex-
(Basombrio & Arredes 1987). Using these animalgysion of infected animals proceeded a step fur-
we could demonstrate that low doses of vectqher py including serological data.

borne, wildT. cruziinjected at the footpad, and = |gentification of infected mice by CML showed
which were 100% infective for control animals ofi, this work to be a useful and sensitive diagnos-
the same age and sex, were completely elimiz method, since more advanced procedures, such
nated at the site of infection in a significankg polimerase Chain Reaction, are not yet avail-
proportion of immunized mice. able in all laboratories.

A survey of 66 published studies on experi- theqe results evidence that a significant num-
ber of immunized mice can totally reject an other-

: ical ; : h.%ise infectiousT. cruzichallenge. They can not
complete immunological protection against thigys 4ributed to the use of TCC parasites as im-

parasite had neveir been dqemonsm?teiunogen, since these most often elicit a partial
(Kierszenbaum 1989). In most studies, immunizeg,qisiance. Total resistance at the skin level is a

animals were challenged with large infective in+ t, perhaps minor, among other, more appar-
ocula and the ensuing parasitemias were measwp ,components of ir,nmunity o cru,zi lts dem-
with methods which not always detected very lowy .

X h ¢ infecti stration in individual animals seemed in this
levels of parasites. Such type of infections cong,qy 1o be associated with a particular set of ex-
trast with natural parasitism bl cruzi which

its f | b ¢ b perimental conditions, not often combined in pre-
results from low numbers of vector-bore paray;, s experimental studies, such as threshold chal-

sites penetrating epithelia and which require MOMRnqe. local delaved tvpe hypersensitivity reaction
sensitive methods for detection. Only 14 of th no? ,high natu¥al Kgst rye?sistance. T¥1is set of

66 studies included methods of higherds.’ensmv?t)éxperimental conditions, however particular, is by
than fresh blood mount (e.g., xenodiagnosigy, means  irrelevant to the usual way of trans-

hemoculture and sub-inoculation) and none Qfjission ofT. cruzi from its insect vector to its
t_hem used s_erolog|ca! methOds to e;xclude 'nfei‘féservoirs, including the human host.

tion, as practiced by clinicians on patients (Galvao

et al. 1993). Two of these studies deserve a special ACKNOWLEDGMENTS
comment in this context, because both used the To Dr Sylvio C Gongalves da Costa for teaching us
CML technique and, in one of them, parasitologidelayed type hypersensitivity procedures. To Delfor
cal results suggest total protection. Andrews et T\'Iejandro Uncos and Federico Ramos for their excel-
(1985) immunized A/Snell mice with three dosesS"t technical support.

of 8-methoxypsoralen and U.V. light-treated, cul- REFERENCES

ture trypomastigotes and challenged them witAndersen RM 1994. Mathematical studies of parasite
blood trypomastigotes. While all control mice de- infection and immunityScience 2641884-1886.
veloped parasitemia and died, allimmunized mic&ndrews NW, Alves MJM, Schumacher RI, Colli W
“survived with negative parasitemia (checked 1985.Trypanosoma cruziProtection in mice im-
daily) and absence of tissue lesions”. However, the Munized with 8-Methoxypsoralen inactivated
immunized group presented lytic antibodies botly Stéﬁgm)as,wt"gOfggg%(g%grog)%isgmZ%g%fi’gl' pri
b('afore and after'challtlange, a r('asult not conS|sten? vention of the natural infection of guinea pigs with
with absence of infection. Rodriguez et al. (1983) 4 illed parasite vaccin€xp Parasitol 71:1-8.

applied the CML technique to immunized-chal-Basombrio MA, Arredes H 1987. Long term immuno-
lenged rats 90 days after challenge, i.e., at a time logical response induced by attenuaf&gpano-



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 97(1), Jan./Feb. 1996 61

soma cruzin mice.J Parasitol 73:236-238. ease: a 10 years follow up studyans R Soc
Basombrio MA, Arredes H, Uncos DA, Rossi R, Trop Med Hyg 87220-223.

Alvarez E 1987. Field trial of vaccination againstKierszenbaum F 1989. Chagas’ disease, p.173-195. In

American Trypanosomiasis (Chagas disease) in FY Liew. Vaccination strategies of tropical dis-

domestic guinea pig&m J Trop MedHyg 37:57- easesCRC Press, Inc., Boca Raton, Florida.

62. Krettli A, Brener Z 1976. Protective effects of spe-
Basombrio MA, Besuschio S, Cossio P 1982. Side ef- cific antibodies inTrypanosoma crugnfections.J

fects of immunization with live attenuated Immunol 116:755-760.

Trypanosoma cruzin mice and rabbitsinfect Krettli AU, Brener Z 1982. Resistance against

Immun 36:342-350. Trypanosoma cruzassociated to anti-living

Basombrio MA, Mora MC, Segura MA 1989. Proteccion  trypomastigote antibodies. Immunol 128:2009-
inmunolégica contra la enfermedad de Chagas. 2012.
Efectos independientes sobre infeccion, disemindrettli AU, Cangado JR, Brener Z 1982. Effect of spe-
cion y lesiones pdfrypanosoma cruzMedicina cific chemotherapy on the levels of lytic antibod-
(Buenos Airesy9: 191-196. ies in Chagas diseasfans R Soc Trop Med Hyg
Basombrio MA, Segura MA, Mora MC, Gdmez L 1993.  76: 334-340.
Field trial of vaccination against American McHardy N, Elphick JP 1980. Persistence of
Trypanosomiasis (Chagas disease) in dégs.J parasitaemia in vaccinated mice challenged with
Trop Med Hyg 49143-151. very low numbers offrypanosoma cruziTrans R
Brener Z, Plessman Camargo E 1982. Perspectives of Soc Trop Med Hyg 7470-671.
vaccination in Chagas disead®ontif Acad Sci Murfin DJ, Kuhn RE 1988. Relative resistance of Brazil
(Scripta Varia) 47:145-168. strain trypomastigote forms @fypanosoma cruzi
Bua J, Bontempi E, Levin M, Orn A, Velasco D, Moreno  to in vitro antibody-dependent complement-medi-
M, Levi-Yeyati P, Engstrom A, Segura E, Ruiz A ated lysisJ Parasitol 74:1046-1050.
1991. Trypanosoma cruzicellular and antibody Rodriguez AM, Afchain D, Rivera-Vandepras MT,
response against the parasite in mice immunized Bazin H, Capron A 1983. Inmunoproteccion de ratas
with a 19-amino acid synthetic peptidExp por epimastigotes cultivados @igypanosoma cruzi
Parasitol 72:54-62. Medicina(Buenos Airesy3: 383-390.
Galvdo LMC, Nunes RMB, Cang¢ado JR, Brener ZWHO 1991. Control of Chagas Disease. Report of a
Krettli AU 1993. Lytic antibody titre as a means  WHO Expert Committe. World Health Organiza-
of assessing cure after treatment of Chagas dis- tion, Technical Report Series 811. Geneva p. 47.



62  Complete Immunization against T. cruzi * LE Gémez et al.



