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Trypanosoma cruzi Infection in Offspring Born to Chagasic
C3H/He Mice
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This study reports the effects of Trypanosoma cruzi infection induced in C3H/He male and female
mice born to chagasic mice. An experimental model was established infecting female C3H/He mice with
a low virulent T. cruzi clone. In this model, mating, fertilization, pregnancy evolution and delivery was
carried out successfully. The offspring was infected at four, six and eigth weeks of age. The results
showed that the offspring born to chagasic mothers present decreased resistance to acquired T. cruzi
infection. This decreased resistance was expressed by higher levels of parasitaemia and higher mortal-
ity rates in offspring born to chagasic mothers than in controls. Age and sex were shown to be important
factors of this phenomenon. The results suggest that maternal immune system products can modulate the
immune response of the offspring.

Key words: maternal influence - decreased resistance - maternal-fetal relationship - Trypanosoma cruzi

This work was supported by grants from the Fundação
de Amparo à Pesquisa de Minas Gerais (FAPEMIG).
SMA is fellowship from the Conselho Nacional de
Desenvolvimento Científico e Tecnológico (CNPq).
+Corresponding author.  Fax: 55-44-222.2754
Received 7 July 1995
Accepted 7 December 1995

Human chagasic infection is widespread in
tropical and neotropical regions where there are
triatominae bugs, vertebrate reservoirs and  where
ecological conditions favor the dissemination of
Trypanosoma cruzi (Hoare 1972). Serological tests
have shown that the prevalence of chagasic hu-
man infection ranges from 0.43% in Georgia, USA
(PAHO 1970) to 74.2% in hyperendemic areas like
some in Argentina (Cichero et al. 1967). Among
pregnant women, it ranges from 2 to 51% in urban
areas (Passos 1960,  Espinal 1962, Azougue et al.
1985) and from 23 to 81% in endemic areas
(Barousse et al. 1978, Lugones et al. 1979,
Azougue et al. 1985). Due to these endemic char-
acteristics many individuals who acquired or are
at risk of acquiring Chagas’ disease certainly were
exposed to parasite antigens and/or to anti-T. cruzi
antibodies from their mothers during pregnancy
and breast-feeding.

Experimental Chagas’ disease in mice induce
a polyclonal activation of B and T lymphocytes
(Corsini & Costa 1981, D’Império Lima et al. 1985,
Minóprio et al. 1986 a,b). The transfer of maternal
antibodies, antigens, immune complex and
cytokines through placental or breast-feeding sig-
nificantly affects the offsprings’ immune system.
This phenomenon possibly results in a change of

idiotypic connectivity patterns in the developing
immune system (Wikler et al. 1980, Nisonoff et
al. 1983).

The present study reports the effects of T. cruzi
infection induced at different ages in male and fe-
male mice born to chagasic female mice using pa-
rameters involved in biological evaluation of ex-
perimental chagasic infection.

MATERIALS AND METHODS

Animals and mating - Male and female C3H/
He mice were used in the experiments. Eight week
old animals were used for mating and four, six and
eight week old animals were used for experimen-
tal evaluation. These animals were provided by the
Department of Parasitology, University of Minas
Gerais, Belo Horizonte, MG, Brasil. Females were
mated 75 days after T. cruzi infection. For mating
two to four females were housed in a cage con-
taining only one male. Animals were kept sepa-
rated until mating. Control groups were subject to
the same procedure.

T. cruzi infection - The female mice for the
mating were injected intraperitoneally with 500
bloodstream trypomastigotes from a clone of Y
strain, called YP1 (Araújo & Chiari 1988). In or-
der to determine the parasitaemia patterns and the
mortality rates, groups of animals born to infected
female mice mothers were inoculated with 5,000
trypomastigotes.

Birth evaluation - Birth date, litter size, weight
and survival rate were determined by a daily visit
to the animal room until weaning at four weeks.
Comparisons between infected and control groups
were made by the Student’s t test.

Congenital transmission - Four week old sur-
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viving animals born to chagasic mothers were bled
by orbital puncture on the weaning day and the
blood was cultured in two different tubes containg
3ml of liver infusion trypyose (LIT) medium
(Camargo 1964). Aliquots of 10 µl from each tube
were examined every 15 days up to 45 days after
inoculation. Mice born to control mothers were
bled in order to cause the same stress. In previous
experiments the efficiency of this method for para-
site detection was 93.3%.

T. cruzi infection evaluation - (a) Parasitaemia
- Groups of five to eight male or female mice, four,
six and eight week old, born to chagasic or control
mothers were used to determine the parasitaemia.
Parasitaemia curves were obtained by daily exami-
nation from 4 to 30 days after infection. The num-
ber of parasites was established by the Brener’s
technique (Brener 1962). Data shown are arithmetic
mean of the animals used in each group. Compari-
sons between parasitaemia obtained from mice
born to chagasic mothers and born to control groups
were made by the Student’s t test. (b) Mortality -
Groups of 6 to 13 animals born to chagasic or nor-
mal mothers were observed for 120 days after in-
oculation and their deaths registered daily. The
results were expressed in percentage of cumula-
tive mortality per sex/age during the observation
period. Results were compared by the Chi square
test.

RESULTS

Offspring survival, birth rate and birth weigh -
The ideal model of maternal-fetal versus T. cruzi
infection was developed by infecting female mice
groups via i.p. with differents inocula of a virulent
and a non virulent clone of Y strain. Five hundred
blood trypomastigotes of YP1 clone in C3H/He
female mice were considered the ideal combina-
tion. Fertilization, pregnancy evolution and deliv-
ery were normally carried out. Three hundred and
sixty seven and 346 births from 44 chagasic and
38 control mice mothers, respectively, were used
to evaluate offspring survival, birth rate and birth
weight. The mean of total birth per female was
8.40±4.73 to chagasic mothers compared to
9.11±3.77 of control mothers (p>0.05). The mean
size of the litter obtained from chagasic mice moth-
ers was  5.43±1.5 compared to 5.78±1.82 of the
control mothers (p>0.05). The number of surviv-
ing and dead mice born to chagasic mice mothers
were 175 (47.68%) and 192 (52.31%), respectively.
These results were not significantly different from
180 surviving (52.02%) and 166 (47.98%) dead
offsping born to control mice mothers (p>0.05).
The weight of male mice born to chagasic mice
mothers (13.06±1.76g) was significantly lower than
that seen for male mice born to controls

(16.52±1.27g) (p<0.001). On the other hand, there
was no significant difference in the weight of fe-
males born to chagasic animals as compared to the
ones born to controls (13.03g±2.04g  versus
15.16g±1.71g, p>0.05).

Congenital transmission evaluation - A total
of 169 hemocultures were done, 71 for male and
98 for female. The congenital transmission rate was
1.18% (2/169). The positive hemocultures were
observed in the female group.

Evaluation of T. cruzi infection in offsprings -
(a) Parasitaemia curves - Parasitaemia curves ob-
tained after the infection of four, six and eight week
old mice born to chagasic and control mothers are
shown in the Fig. Four week old female mice born
to chagasic mothers displayed lower parasitaemia
levels than those born to controls (p<0.05) (Fig.
1B). Similar results were obtained with 4 week old
male born to chagasic mothers up to the 15th day
after infection (p<0.05) (Fig. 1A) . After this day
the parasitaemia was not different for both male
born to chagasic mothers and control ones. Six
week old male mice born to chagasic mothers dis-
played higher parasitaemia curves than those from
the control group (p<0.05) (Fig. 1C). In contrast,
the parasitaemia curves displayed by six week old
female mice born to chagasic mothers were not sig-
nificantly different from those of the control group
(p>0.05) (Fig. 1D). Eight week old female mice
born to chagasic mothers clearly displayed higher
parasitaemia curves than those observed in infected
animals born to control group at the same age
(p<0.05) (Fig. 1F). The parasitaemia curves dis-
played by eight week old male mice born to
chagasic mothers were not significantly different
from those obtained to eight week old male mice
born to control mothers (p>0.05) (Fig. 1E).  (b)
Mortality rates (Table) - Mortality rates between
four week old females born to chagasic mothers
(50%) and their controls (90%) were significantly
different (p<0.05). There were no significant dif-
ferences in the mortality rates of four week old
males born to chagasic mothers (83.3%) and those
born to control mothers (83.3%) (p>0.05). Mor-
tality rates observed in six week old females
(62.5%) and males (81.8%) born to chagasic
mother were not significantly different from those
observed in female (66.7%) and male (69.2%) born
to control mother with the same age (p>0.05). Al-
though we observed significant differences in mor-
tality rates between eight weeks females born to
chagasic mothers (37.5%) and eight week females
born to controls (0%) (p<0.05) this difference was
not observed in the male group. The mortality rate
for eight weeks old males born to chagasic moth-
ers and for males born to controls were 85.7% and
62.5%, respectively (p>0.05).
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 Parasitaemia curves during Trypanosoma cruzi infection in C3H/He female and male mice born to chagasic (BCM) or control
(BNM) mothers. A and B refer to four weeks old animals; C and D to six weeks old animals and E and F to eight weeks old
animals. Parasitaemia are expressed as mean of 6-13 animals. Interruption of the parasitemia curve before day 30 indicates that
the mice has died. Standart error is represented by I.
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DISCUSSION

In this study important aspects of maternal-fe-
tal relationship in Chagas’ disease were demon-
strated. Preliminary experiments had been per-
formed in order to determine the ideal T. cruzi strain
and inoculum size. As a result of the preliminary
experiments, an ideal model of maternal-fetal ver-
sus T. cruzi infection was developed. As observed
in natural conditions, mating, fertilization, preg-
nancy evolution and delivery were carried out suc-
cessfully in our experimental model. Congenital
transmission detected by hemoculture was 1.18%
(2/169). In previous experiments we have shown
that the positivity of this parasitological diagnos-
tic technique was 93.3%. Other serological meth-
ods could produce doubtful results since
circulanting antigens, immune complexes and off-
spring idiotypic sensitization with mother’s anti-
bodies have been described in Chagas’ disease
(Araújo 1976, Gottlieb 1981, Moreti et al. 1985,
Gazzinelli et al. 1988).

No significant differences could be observed
in the litter size and in the total number of mice
born to chagasic mothers versus control group. No
significant differences were observed in mortality
rates between offspring born to chagasic and those
born to controls until four weeks of age, when the
animals were weaned. However, four weeks old
males born to chagasic mothers weighed signifi-
cantly less than males born to controls. This effect
has been reported previously in a model using
BALB/c mice infected with the Tehuantepec strain
for the study of maternal-fetal relationship (Carlier
et al. 1987 a,b) and indicate that chronic infection
has no influence on mouse reproductive capacity,
but it can cause male abnormal growth.

Our results clearly show that offspring born to
chagasic mothers present decreased resistance to
acquired T. cruzi infection after four weeks of age.
This decreased resistance was expressed by higher
levels of parasitaemia and higher mortality rates.

TABLE

Mortality rates during Trypanosoma cruzi infection in C3H/He female and male mice born to chagasic (BCM) or
to normal mother (BNM)

Age at the Male Female
time of BCM BNM BCM BNM

infection
(weeks) nº/Na % nº/N % nº/N % nº/N %

4 5/6 83.3 5/6 83.3 6/12 50b 9/10 90
6 9/11 81.1 9/13 69.2 5/8 62.5 4/6 66.7
8 6/7 85.7 5/8 62.5 3/8 37.5b 0/9 0

a: number of dead mice/total of animals;  b: p<0.05

Age was shown to be a crucial factor of this
phenomenon. In murine T. cruzi infection, the
maternal influence is a dynamic process: in four
week old mice it has a protective effect, in six week
old mice it has an unclear effect and in eight week
old mice the decreased resistance is clearly dem-
onstrated.

Sex was also shown to be important. Although
both sexes were probably exposed to the same
maternal influence, females seem to control more
effectively the decreased resistance. These find-
ings are in agreement with classic literature data
that showed that males are more susceptible to T.
cruzi infection than females (Hauschka 1947,
Rivera-Vanderpas et al. 1983). We have observed
that even in four week old mice, when maternal
anti-T. cruzi antibodies could still be detected at
protective levels, males were less resistant. Four
week old females born to chagasic mice mothers
displayed lower levels of parasitaemia and lower
mortality rates than the control group. On the other
hand, four week old males only manage to control
the parasitaemia up to the 15th day after infection.
The decreased resistance is clear in eight weeks
old animals. Eight week old females born to in-
fected mothers displayed, both a high parasitaemia
and a significantly higher mortality rate. This ef-
fect was not so evident in male mice, probably
because of their high susceptibility to T. cruzi in-
fection and also because of the high susceptibility
of C3H/He mice strain itself (Trischmann et al.
1978). In fact it seems to be necessary to detect the
decreased resistance an ideal combination of the
inoculum size, the virulence of the parasite strain
and the susceptibility of the mice strain to T. cruzi
infection. Carlier et al. (1992) showed that in
BALB/c males the phenomenon is more evident
than in BALB/c female when 100 blood
trypomastigotes/animal of Tehuantepec strain were
used. In this last group the decreased resistance is
more clearly shown when the inoculum is increased



215Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 91(2),Mar./Apr.  1996

to 10.000 trypomastigotes/animal. Experiments
with a highly virulent strain (100% mortality rate)
could not demonstrate the phenomenon (unpub-
lished data). These results are important as most T.
cruzi strains isolated in nature have low virulence
to mouse models in experimental infections
(Schlemper Jr. 1982).

The mechanism of such an interesting phenom-
enon is unknown. Many authors (Lewert &
Mandlowitz 1969, Yamagushi et al. 1983,
Watanabe et al. 1984, Haque et al. 1988, Dresser
1990, Koblasa et al. 1990, Suzuki & Kobayashi
1990, Telemo et al. 1991, Carlier et al. 1992), us-
ing different models, have suggested that antigens
or maternal immune system products transferred
by both placental and suckling routes could modu-
late the immune response of the offspring when
their mothers had been challenged. Although fur-
ther studies are still necessary to determine if this
phenomenon also occurs in human Chagas’ dis-
ease, we must keep in mind this possibility when
working in endemic areas.
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