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Trypanosoma cruzi Infection in B-Cell-Deficient Rats
ANA-MARIA RODRIGUEZ,`5 FERRUCIO SANTORO,lt DANIEL AFCHAIN,' HERVIA BAZIN,23 AND

ANDRI9 CAPRON'
Centre d'Immunologie et de Biologie Parasitaire1 and Service d'Immunologie Experimentale, 2 Institut
Pasteur, 59019 Lille Cedex, France, and the Experimental Immunology Unity, Faculty ofMedicine of

Louvain, Brussels 1200, Belgium3

The effect of neonatally initiated injections of anti-,u rabbit antiserum on
immunity of rats against Trypanosoma cruzi infection was investigated in vivo.
Anti-,u treatment resulted in a loss of immunoglobulin M (IgM) and IgG2a
synthesis and, subsequently, of antibody production. These rats so treated were
shown to be significantly more susceptible to the acute phase of the infection
than the control rats treated with normal rabbit serum, as measured by increased
parasitemia and mortality. These results indicate the essential role of antibodies,
probably in association with complement or effector cells or both, in immunity to
acute Chagas' disease.

Both humoral and cell-mediated immunity
have been shown to occur during infection with
Trypanosoma cruzi, the causative agent of Cha-
gas' disease (22, 24). In fact, the passive transfer
of specific anti-T. cruzi antibodies can protect
mice against an acute infection (8, 11, 16). More-
over, several in vitro antibody-mediated cyto-
toxic mechanisms against culture and blood-
stream forms of T. cruzi have been demon-
strated (1, 14, 10). Evidence for the occurrence
of cell-mediated immunity in Chagas' -disease
also has been provided in recent years. A variety
of immunosuppressive treatments, such as X-
irradiation (19), neonatal thymectomy (5, 23),
and the use of athymic (nu/nu) mice (10), re-
sulted in an exacerbation of experimental acute
Chagas' infection. Furthermore, the passive
transfer of spleen cells from T. cruzi-infected
mice has effectively protected normal recipients
against the infection (25). All of these findings
strongly suggest the involvement of antibodies,
probably in association with certain cellular pop-
ulations, in the control of T. cruzi infection.
However, no definitive conclusion on the role of
humoral immune response in in vivo situations
can be made at present.
The suppression of immunoglobulin synthesis

by neonatally initiated injection of anti-,t anti-
bodies in rats was reported recently (4). As in
chickens and mice, this treatment was demon-
strated to be effective on all the rat immuno-
globulin classes.
By taking advantage of this model, we have

studied comparatively the pattern of T. cruzi
infection in normal and immunoglobulin-de-
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University Medical Center, NY 10016.

pleted rats to evaluate in vivo the role of anti-
bodies in the control of the acute disease.

MATERIALS AND METHODS

Anti-s antiserum. The anti-i, antiserum was raised
in rabbits by immunization with purified monoclonal
rat IgM (IR 202 protein) emulsified in complete
Freund adjuvant, as previously described (4). Mye-
loma proteins were purified from ascite fluid by gel
filtration on AcA22 and AcA34 (LKB, Sweden), dieth-
ylaminoethyl chromatography, and zone electropho-
resis in agarose gels (3). Appropriate absorption of the
antiserum with germfree rat serum and the pseudo-
globulin fraction of normal rat serum provided its mo-
nospecificity. Antiserum and control normal rabbit
serum (NRS) were absorbed subsequently with liver
and kidney cells and then shown not to bind to rat
thymic cells by indirect immunofluorescence, using a
fluorescein isothiocyanate-conjugated goat antiserum
to rabbit IgG (Nordic Laboratories, Telburg, The
Netherlands) as developing reagent (4). Finally, both
the anti-u antiserum and NRS were dialyzed against
phosphate-buffered saline and sterilized by filtration
with a 0.22-,Im Millipore filter (Millipore Corp., Bed-
ford, Mass.).

Rats and suppression protocol. Male and female
axenic neonate rats born to completely inbred parental
Fischer rats were obtained under sterile conditions
and maintained in sterile, plastic isolators (La Calhene,
Paris) during all the experiments. A total of 17 neonate
rats divided into two groups was used in this work.
Neonates of the first group (8 rats, 6 females and 2
males) were injected by the intraperitoneal route ev-
ery other day, from day 0 to day 12, and three times
a week, from day 12 to day 60 (anti-ti-treated rats).
The dosage was 0.2 ml of anti-rat u-chain for each
injection during the first 12 days and 0.3 ml afterwards.
A total of 26 injections was administered. Neonates of
the second group (nine rats, five females and four
males) were treated with NRS under the same exper-
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imental conditions with the same protocol and dosage
of injection as described above.

T. cuzi infection. The Tehuantepec strain of T.
cruzi was maintained by serial passages of infected
blood in male Fischer rats by the method previously
described in mice (18). Bloodstream forms of typo-
mastigotes were obtained from the blood of injected
Fischer rats after they were bled by cardiac puncture.
The blood was mixed with heparin and diluted in
Alsever solution to have 1 x 10' trypomastigotes per

mL Infection was performed by intraperitoneal injec-
tion of 1.0 ml of the dilution. All steps of rat infection
were done under sterile conditions: the room was
disinfected, the materials used for obtaining infective
trypomastigotes were sterilized, and infection was

done in a laminar flow hood. The rats were maintained
in sterile, plastic isolators during all the experiments.

Injections of both anti-it and NRS were continued
in both groups for 2 weeks after infection. All of the
rats were individually bled through the retro-orbital
sinus every week to check only parasitemia and every
2 weeks to perform all of the other tests.

Parasitemia To determine parasitemias, 5.0 id of
blood was taken from each infected rat with a hepa-
rinized pipette and placed on smears. The parasites
were counted immediately by microscopic examina-

tion. Sixty fields were counted, and the results were
converted and expressed in trypomastigotes per cubic
millimeter by the method described by Pizzi and Pra-
ger (18) and Brenner (6).
Measurement of serum IgM and IgG2a. Serum

IgM and IgG2a concentrations were determined by
single radial immunodiffusion (4). IgM and IgG2a
standards were LOU/C monoclonal purified proteins
of the same subclass but different from those used for
raising the antisera, which were obtained as previously
described by Bazin et al. (2).

Passive hemagglutination. Formolized sheep
erythrocytes, sensitized with a soluble antigen extract
of T. cruzi epimastigotes, were used for the passive
hemagglutination test, with glutaraldehyde as a cou-
pling agent. Results were expressed as the reciprocal
of highest dilution (titer) giving specific agglutination.
Complement studies. Levels of C4 and of com-

ponents of the alternative complement pathway in rat
serum were determined on hemolytic plates, as de-
scribed by Lachmann and Hobart (13). These assays
measure complement by a single radial diffusion tech-
nique in which the zone of hemolysis represents the

endpoint. C4 levels were determined by allowing whole
rat serum to diffuse into agarose, incorporating sensi-
tized sheep erythrocytes and C4-deficient guinea pig
serum (colony maintained at the Institut Pasteur) in
complement fixation diluent (Oxoid Ltd., London,
England).

Total alternative pathway activity was measured by
allowing whole rat serum to diffuse into agarose, in-
corporating unsensitized guinea pig erythrocytes in a

diluent containing 10 mM ethylene glycol-bis(,B-ami-
noethyl ether)-N,N-tetraacetic acid and 7 mM mag-

nesium. This diluent allows the agarose to activate the
alternative pathway, with consequent bystander lysis
of the guinea pig erythrocytes.

Statistical evaluation Results were analyzed by
Student's t test and the two-way analysis of variance.

RESULTS

Immunoglobulin levels. Uitters of newborn
axenic rats were injected by the intraperitoneal
route with either sterile anti-, or NRS by the
schedule described above. The rats were bled at
week 0 (1 day before infection) and every 2
weeks after infection with T. cruzi. Levels of
IgM and IgG2a are shown in Table 1. Significant
increases of these immunoglobulins were ob-
served in NRS-treated rats during the course of
the infection (P < 0.001). In anti-u treated rats,
no detectable levels of IgM and IgG2a could be
observed, within the limits of our experimental
conditions, either 1 day before infection or in
weeks 2, 4, or 6 after T. cruzi infection.
Antibodies. Specific anti-T. cruzi antibodies

were investigated by the passive hemagglutina-
tion test with T. cruzi-sensitized sheep erythro-
cytes in both the anti-I,- and NRS-treated rats
described above. The rats were also classified
according to sex (Fig. 1). Significant titers of
anti-T. cruzi antibodies were observed 2 weeks
after infection in NRS-treated male rats. At this
same period, only one NRS-treated female rat
showed a weak titer of anti-T. cruzi antibodies.
However, 4 weeks after infection, all of the NRS-
treated female rats were positive by the hem-
agglutination test. By contrast, in the anti-,u-

TABLE 1. Comparison ofIgM and IgG2a levels in NRS- and anti-jt-treated rats at different weeks after
infection with T. Cruzi

Animal treatment Immunoglobulin level (mg/ml) at following week after infection: P value"
group 0 2 4 6

IgM
NRS 0.31 ± 0.25 2.37 ± 1.16 3.06 ± 1.14 4.22 ± 0.18 <0.001
anti-IL 0 0 0 0

IgG2a
NRS 0 0.44 ± 0.94 2.04 ± 0.92 3.98 ± 0.55 <0.001
anti-IL 0 0 0 0

aResults are expressed as geometric means ± standard deviation.
bP value is between NRS- and anti-it treated rats (student's t test after analysis of variance).
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FIG. 2. Levels ofC4 and ofthe alternative comple-
ment pathway measured on hemolytic plates during
infection with T. cruzi of control (NRS)- and anti-si-
treated rats.

disappeared, in our experimental animals, at
week 7 after infection. In this case, all the NRS-
treated female rats survived, at least, until week
18 of infection, the end of these observations.
Whereas in the female anti-,u-treated rats, the
parasitemia appeared earlier (3 weeks after in-
fection) than that noticed in NRS-treated rats
(Fig. 3). The female anti-,u-treated rats devel-
oped high parasitemias and died at week 6 after
infection. These rats so treated were shown to
be significantly more susceptible to the acute
phase of infection than were the control rats.

In the anti-,u-treated rats (females and males),
parasitemia appeared earlier (3 weeks after in-
fection) than that noticed in NRS-treated rats
(male and female) (Fig. 3). Furthermore, all of
the anti-,u treated rats developed high parasit-
emias and died at week 5 or 6 after infection.
Also, in this case, female rats, which died around
week 6, appeared more resistant than did anti-
,i-treated male rats.

DISCUSSION
The present results demonstrated the neces-

sity for B-cell effector mechanisms, probably
involving antibodies, for resistance against acute
Chagas' disease. In fact, the B-cell-deficient rats
were hypersusceptible to T. cruzi infection in
comparison with the natural susceptibility ofthe

treated rats (male and female), even with undi-
luted sera, the hemagglutination reaction was
negative (Fig. 1).
Complement levels. Levels of C4 and of the

whole alternative complement pathway were in-
vestigated by the hemolytic plate assay in all
sera of anti-,u- and NRS-treated rats at weeks 0,
2, 4, and 6 after T. cruzi infection. Results are
expressed as the percentage of C4 or alternative
complement pathway as compared with the re-
spective levels obtained with untreated Fischer
nornal rats (Fig. 2). Infection of NRS-treated
rats was followed by a significant decrease of
both the C4 and alternative complement path-
way levels (P< 0.001). The same decrease in the
alternative complement pathway level was also
observed with anti-,u treated rats during the
course of infection. By contrast, there was no
change in C4 levels after T. cruzi infection in
anti-jr-treated rats.
Parasitemia and mortality. The number of

trypomastigotes per cubic millimeter of blood
was evaluated by microscopic examination (Fig.
3). For parasitemia, the NRS- and anti-,I-treated
rats also were separated by sex.

In the male NRS-treated rats, parasites were

detected only 4 weeks after infection. In the
male anti-,u-treated rats, parasitemia appeared
earlier (3 weeks after infection) (Fig. 3). After
this time, all of the NRS and anti-is-treated male
rats developed high parasitemias and died
around week 5 of infection.

In the female NRS-treated rats, parasites were
detected only 4 weeks after infection. These rats
showed only a weak transient parasitemia, which
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FIG. 3. Geometric meanparasitemia in control (NRS)- and anti-gu-treated rats during the course ofinfection
with 104 trypomastigotes of T. cruzi.

control rats. Anuimals used in this study were
maintained in an axenic status, and any other
external influence, except the specific treatment,
was excluded. The only difference between the
two groups of aniimals used was the presence of
anti-AL antibodies. Thus, the injection of anti-,u
antibodies to deplete B-cells was an isolated
action, and only B-cell-dependent mechanisms
were abolished. If the suppression of immuno-
globulin synthesis is now well documented, no
effect has ever been observed on T-cell immu-
nity in mice (15).
The efficiency of anti-,u treatment for immu-

noglobulin suppression in rats was excellent
since, within the limits of the technique used, no
detectable levels of IgM and IgG2a could be
found (Table 1). This was in agreement with
previously reported results (3, 4). In addition,
failure to find any anti-T. cruzi hemagglutinat-
ing antibodies during the course of infection
suggested strongly the lack of antibody-produc-
ing capacity in anti-it-treated rats. Finally, the
stability of C4 levels during the infection of B-
cell-deficient rats in comparison with the de-
crease observed in control rats, allowed us to

suggest that the classical complement pathway
was activated by the antibodies, probably in a
complexed form, appearing in T. cruzi-infected,
NRS-treated rats.
The alternative complement pathway was

consumed in both groups of rats infected with
T. cruzi (Fig. 2). These results suggest that the
alternative complement pathway is also acti-
vated in vivo during the course of acute Chagas'
disease. Moreover, this activation does not re-
quire the presence of immunoglobulins, since
after the infection of anti-i,-treated rats, a signif-
icant decrease of the alternative complement
pathway was also observed. Thus, activation of
complement during T. cruzi infection appears to
occur by both pathways. Nevertheless, only ac-
tivation of the classical complement pathway
involves the presence of antibodies. All of these
data should be related to the activation of both
complement pathways in vitro by bloodstream
forms of T. cruzi (21).
A large increase of IgM and IgG2a levels was

found during infection of NRS-treated rats.
These same increases were previously reported
in mice infected with T. cruzi (7). These immu-
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noglobulins were, moreover, associated with the
appearance of anti-T. cruzi antibodies in the
same rats (Fig. 1). When these animals were
separated by sex, anti-T. cruzi antibodies were
found, at high levels in male rats, before their
detection in female rats. However, there was no
significant difference in levels of IgM and IgG2a
between male and female rats. As male rats
appeared much more susceptible to infection
than female rats (Fig. 3), one could suggest that
these agglutinating antibodies which appear
later in male rats (2 weeks after infection) are
not involved directly in the control of the infec-
tion, even if we cannot be sure of the role of
these antibodies in female rats. Other factors,
probably also linked to the sex, appear to play
an important role in the control of T. cruzi
infection. In previous studies with mice, the
influence of the sex in susceptibility to this dis-
ease also was reported (17).
The role of antibodie in the control of acute

T. cruzi infection has been suggested by a num-
ber of workers in the last few years (11, 16, 20).
In this study, B-cell-deficient rats presented a
high susceptibility to this infection. In mice ge-
netically selected for low antibody responsive-
ness, it was also shown that there is a particular
susceptibility to acute Chagas' disease (9). The
interpretation of these findings is that B lym-
phocytes, and especially their produced antibod-
ies, are essential in the expression of immunity
against infection with T. cruzi. If the involve-
ment of antibodies in this immunity is likely, the
mechanism(s) underlying the mode of anti-try-
panosome action remains to be elucidated. Pos-
sibly, complement (12, 21) and effector cells (1,
14, 20) should collaborate with antibodies in
killing T. cruzi in vivo.
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