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Pathogens may impair reproduction in association or
not with congenital infections. We have investigated
the effect of acute infection with Trypanosoma cruzi ,
the protozoan agent of Chagas’ disease in Latin Amer-
ica, on reproduction of mice. Although mating of
infected mice occurred at a normal rate, 80% of them
did not become gravid. In the few gravid infected
mice, implantation numbers were as in uninfected
control mice, but 28% of fetuses resorbed. Such infer-
tility and early fetal losses were significantly associ-
ated with high maternal parasitemia. The remaining
fetuses presented with reduced weights and all died
later in gestation or within 48 hours after birth. Sev-
eral organs of these fetuses were infiltrated by
polynuclear cells and presented ischemic necrosis
but did not harbor T. cruzi parasites, discarding con-
genital infection as the cause of mortality. However,
surprisingly, the deciduas were massively invaded by
T. cruzi parasites, harboring 125-fold more amasti-
gotes than the maternal heart or other placental tis-
sues. Parasites were significantly more numerous in
the placentas of dead fetuses. In addition, placentas
contained inflammatory infiltrates and displayed
ischemic necrosis, fibrin deposits, and vascular
thromboses. These results show that acute T. cruzi
infection totally impairs reproduction in mice
through inducing infertility or fetal-neonatal losses in
association with placental parasite invasion and isch-
emic necrosis. (Am J Pathol 2002, 161:673–680)

Reproductive failures, associated or not with congenital
infections, have been shown both in human and experi-
mental infections with viruses, bacteria, and protozoa.1,2

Besides direct effects of infection on placentas and fe-
tuses, poor pregnancy outcome might arise from distur-

bances in the complex biological processes tightly reg-
ulated by hormones and cytokines involved in mammal
reproduction.3–5 Indeed, proinflammatory/type 1 cyto-
kines such as tumor necrosis factor-� and interferon-�,
produced at high levels in response to some pathogens,
have been shown to be harmful for pregnancy.6,7

Information on the effect of infection with T. cruzi (the
protozoa agent of Latin American Chagas’ disease) on
pregnancy is scarce though, and according to the en-
demic area, such infection affects 3 to 51% of pregnant
women from which 2 to 10% congenitally transmit the
parasite.8,9 Some studies suggest that Chagas’ disease
might cause abortion or prematurity, whereas others fail
to show such a relation.9–11 Studies in experimental in-
fection might reinforce our knowledge of maternofetal
interactions in T. cruzi infection. Infertility and fetal growth
retardation, associated or not with congenital infection,
have been reported in chronic infection of mice.12,13 In
acute experimental infection, placental infection has been
reported without congenital transmission,14 despite the
high circulating level of parasites, known to release proin-
flammatory molecules15,16 and the systemic production
of cytokines potentially deleterious for pregnancy.17,18

The aim of the present work was to gain more insight
into the relation between acute T. cruzi infection and
gestation in mice, by studying the reproductive capacity,
the pregnancy outcome, and the histopathology of utero-
placental units (UPUs) and fetuses in relation to maternal
parasitic load. Our results show that acute infection totally
impairs reproduction in the mouse, inducing infertility or
fetal and perinatal losses, although congenital infection
was not not observed. Infertility and early fetal losses
were related to high maternal parasitemia, whereas mor-
tality in late gestation was associated with a massive
parasite invasion of the decidua and ischemic necrosis of
placenta and fetuses, but not with maternal parasitemia.
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Materials and Methods

Mice, T. cruzi Infection, and Mating

BALB/c mice were purchased from B&K Universal (Hull,
UK) and maintained in a conventional animal house. Two-
month-old females were infected by intraperitoneal or
subcutaneous (in the footpad) inoculation of 100 blood
trypomastigotes of the Tehuantepec strain of T. cruzi
maintained in our laboratory. Parasitemia was regularly
determined in tail blood as previously described.19 The
kinetics of parasitemia in gravid mice, which peaked
around day 28 after infection, was similar to that of non-
gravid mice, as previously described.17 The time course
of gestation in relation to the parasitemia of infected mice
is presented in Figure 1. To obtain pregnancies during
the ascending phase of parasitemia, female mice were
mated with uninfected males during days 7 to 10 after
infection. To obtain maximum fecundation rates at the
time of mating, females were maintained in anestrus be-
fore mating by keeping them for 2 weeks in a different
room from the males.12 To synchronize the menstrual
cycles at the time of mating, females infected 4 days
previously, and uninfected age-matched controls, were
placed for 2 days in cages in which the litter had been
impregnated with the odor of males (ie, cages having
contained males). On day 6 after infection in the after-
noon, one uninfected male was added, per cage contain-
ing two females, and the presence of a vaginal plug,
indicating that mating had occurred, was checked every
morning for 4 days. Females showing a vaginal plug
(VP�) were immediately separated from the males. The

day of sighting a vaginal plug was denoted day 1 of
gestation (G1). The rare VP� mice that died during the
acute phase were excluded from the study, because their
gravid state was not known.

Determination of Viability or Time of Fetal Death

On gestation day 9 (G9), 17 (G17), or 19 (G19), some of
the females were sacrificed by cervical dislocation and
median laparotomy was performed. The existence of
pregnancy was noted and the uterus was opened by a
longitudinal incision at the anti-mesometrial side. For
each pregnant mouse killed at G9, the number of im-
plants was noted. For mice killed at G17 or G19, the
number of fetuses and resorptions (quite small implants
with no discernible fetus and placenta, corresponding to
embryos that died before G9.5, ie, before the complete
formation of a vascularized placenta20) were recorded,
fetuses and placentas were extracted and separately
weighed, and the status of fetuses was determined. Mac-
erated pale white fetuses, displaying stunted limb buds,
observed at G17 or G19, were considered to have been
dead for at least 1 week, ie, approximately at midgesta-
tion. At G19, the reddish-colored fetuses, displaying well-
defined limbs, were extracted from their amniotic envelop
as rapidly as possible to determine their viability by ob-
serving if movements were prompted by touching the
fetus with pliers. The absence of movement indicated that
the fetus had recently died. These fetuses are referred to
as “immobile.” Mice that were not killed during gestation
were allowed to deliver and their litter was directly num-
bered. Stillbirths were noted and the aspect of newborns
was recorded at birth and during the days after. They
were not weighed to avoid risk of cannibalism by the
mother because of manipulation of newborns.

Histological Studies

In some experiments, after the uterus has been opened
by a longitudinal incision, it was cut transversally be-
tween resorptions or fetuses to isolate them from each
other. Each resorption or fetus, with its UPU and the
adjacent uterine tissue, as well as some uterus from
infected nonpregnant mice, was processed for histolog-
ical examination. Briefly, each piece was immediately
fixed in 10% neutral buffered formalin solution (Sigma,
St. Louis, MO) for more than 24 hours, postfixed over-
night, and embedded in paraffin. Serial sections of 5-�m
thickness were dried at 60°C for 5 minutes and stained
either with hematoxylin and eosin (H&E) or with
Trichrome-Masson (for fibrosis detection) using classical
procedures (all reagents from Merck KGaA, Darmstadt,
Germany). Hearts of some infected gravid or not gravid-
nonmated females were also processed for histological
studies of tissular parasite burden after H&E staining.

Intracellular parasites were checked by microscopical
examination at a magnification of �400 of H&E-stained
sections, using a grid (Van Hopplynus, Brussels, Bel-
gium) to measure the section surface. The presence of
intracellular amastigotes in the decidua was confirmed

Figure 1. Time course of gestation in relation to the parasitemia of mice
acutely infected with T. cruzi. Female BALB/c mice were infected at day 0.
The black dotted line represents the parasitemia of gravid mice (n � 65,
geometric mean � SEM). They were mated from days 7 until 10 after
infection. Areas indicate important time points of gestation. According to the
day after infection at which the vaginal plug was observed, the first day of
gestation (G1, gray bars) occurred before circulating parasites were detect-
able, implantation (G4.5, dotted bars) took place at the beginning of the
parasitemic phase, the complete formation of the placenta (G9.5, oblique
lined bars) occurred during the ascending phase of the parasitemia, and
delivery (G20, horizontal lined bars) occurred at the peak of parasitemia.
Mated mice were either killed at G9, G17, or G19, or allowed to deliver.
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by transmission electron microscopy according to clas-
sical procedures. The search for congenital infection was
performed on the whole frontal section of fetuses (dead
or alive) and resorptions taken at G17 and G19. The
examination of UPU, taken at G9, G17, and G19 was
performed on midsagittal sections. The number of amas-
tigote nests/mm2 of tissue (one nest corresponds to one
or a small number of grouped infected cells) and the
average number of amastigotes per nest were quantified.

Results

Acute Infection with T. cruzi Reduces Fecundity
of Mice in Relation to Maternal Parasitemia

As shown in Table 1, although the rates of mating (ap-
preciated by the frequency of vaginal plugs) were similar
in infected and uninfected mice, only 18 to 23% of in-
fected females developed a gestation as compared with
63 to 82% of the noninfected mice. The route of parasite
inoculation did not influence the results because no dif-
ference was observed in fecundity of mice receiving
parasites either intraperitoneally or subcutaneously. The
uterus of infected, mated but nongravid mice, collected 9
days after mating, ie, �4.5 days after implantation, pre-
sented a normal macroscopic aspect, similar to the

uterus of nonmated mice, without any trace of implanta-
tion scars (data not shown).

As shown in Figure 2, the higher the parasitemia of the
female, the higher was the proportion of infertile mice,
suggesting that the reduction of fecundity was related to
events associated with the maternal parasitic load.

Acute Infection with T. cruzi Induces Massive in
Utero and Neonatal Mortality in Mice

Although the numbers of implantations (the sum of re-
sorptions and fetuses) were similar in gravid infected and
uninfected animals (Table 2), a high proportion of em-
bryos and fetuses of infected mice died during gestation,
whereas the mortality rates were very low in noninfected
females. Indeed, as shown in Figure 3A, 28% of embryos
of infected dams resorbed in early gestation (before
G9.5, Figure 3C), 8% of fetuses died in midgestation
(macerated fetuses, Figure 3D), and 22% died in late
gestation (immobile fetuses seen at G19), resulting in a
cumulative mortality of 57% of fetuses at G19. In addition,
fetuses still alive at G19 (ie, mobile) displayed weights
strongly reduced by 40% as compared to those from
noninfected mice (Figure 3E and Figure 4). The weight of
corresponding placentas was only slightly diminished by
22% (Figure 4), without correlation with fetal weight re-
ductions, whereas in noninfected dams, fetal and placen-
tal weights were, as expected, significantly correlated
(P � 0.0006, n � 62). This indicates asymmetrical fetal
growth retardation.

As a result of such massive in utero mortality, the litter
size at delivery of infected dams was strongly reduced to

Figure 2. Proportion of T. cruzi acutely infected mice developing gestation
in relation to the parasitemia. The presence of pregnancy and the parasitemia
were determined 9 days after the occurrence of the vaginal plug. NI, age-
matched noninfected mated mice; n, cumulated numbers of mice in each
group. Results are expressed as means � SEM of eight experiences.

Table 1. Reproductive Capacity of T. cruzi Acutely Infected (I) and Uninfected (NI) Mice*

Exp. Parasite inoculation† Mouse infection n‡ % VP�§ % G�¶

1 i.p. I 24 70.8 17.6�

NI 16 68.8 81.8
2 s.c. I 37 81.1 23.3**

NI 23 82.6 78.9
3 s.c. I 30 76.7 21.7††

NI 20 80.0 62.5

*Representative results of three experiments amongst eight.
†i.p., intraperitoneal; s.c., subcutaneous route.
‡Number of mice allowed mating in each group.
§Proportion of mice presenting a vaginal plug (VP�).
¶Proportion of VP� mice developing gestation.
�P � 0.005, **P � 0.0005, ††P � 0.05, Student’s t-test, when compared to NI animals.

Table 2. Number of Implantations in T. cruzi Acutely
Infected (I) and Uninfected (NI) Mice

G* Mouse infection n
†

Implantations‡

9 I 13 7.00 � 0.58
NI 10 9.40 � 0.54

17 I 29 8.10 � 0.46
NI 20 7.55 � 0.37

19 I 8 7.63 � 0.60
NI 17 6.71 � 0.41

*Pregnant mice were killed at different time points of gestation (G9,
17, and 19).

†Number of mice/group.
‡Number of implantations/mouse (mean � SEM).
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3.57 � 1.31, whereas it was 5.97 � 0.36 for uninfected
mice (P � 0.01). Moreover, 25% of the litter of infected
dams were stillbirths (versus 3% for uninfected mice)
(Figure 3B). Although the remaining newborns were not
weighed for avoiding manipulations that could enhance
maternal cannibalism, they were clearly smaller than con-
trols, and finally eaten by their mothers 24 to 48 hours
after birth (Figure 3B).

Because the infertility of infected mice was associated
with the maternal parasite burden (see above), we also
sought for a relation between maternal parasitemia and
the rate of resorptions and fetal death. We found that the
proportion of resorptions (occurring in early gestation
between days 5 to 9 of gestation) in infected mice was
significantly and positively correlated with the concurrent
maternal parasitemia (measured at day 14 after infection;
n � 38, r � 0.448, P � 0.05). However, there was no

relation between the proportion of fetuses that died later
during gestation (macerated and immobile fetuses) and
the maternal parasitemia measured at days 21 and 24
after infection.

Fetal Mortality in Late Gestation of Mice Acutely
Infected with T. cruzi Is Associated with
Parasite Invasion of UPUs without Fetal
Infection

To address the question of the role of parasite in the fetal
mortality, we sought for intracellular amastigotes in fetal
tissues of infected dams, by careful microscopic exami-
nation of histological sections of fetuses collected either
at G17 (70 nonmacerated fetuses, 8 macerated fetuses,
and 13 resorptions) or at G19 (9 mobile, 10 immobile and
8 macerated fetuses). Amastigote nests were never ob-
served in such fetuses, excluding the congenital trans-
mission of parasites as a cause of the massive mortality
of fetuses.

Because parasites in the UPU might affect the local
maternofetal exchanges, we also sought for amastigotes
in the UPU surrounding resorptions and fetuses at G9,
G17, and G19. Whereas intracellular parasites were
never seen at G9 of gestation, they were found in the UPU
at G17 and G19. T. cruzi amastigote nests were mainly
localized in the decidua (Figure 5, A and B), but some
were also observed in chorioamniotic membrane (Figure
5D), in the spongy zone (Figure 5E), and more rarely in
cells at the junction between the labyrinthine and the

Figure 3. Gestational and perinatal mortality in acutely T. cruzi-infected mice. T. cruzi-infected (filled bars) or uninfected (open bars) mice were either killed
at days 17 or 19 of gestation (A) or allowed to deliver (B), and mortality of the progeny was recorded. The mortality occurring in early gestation corresponded
to resorptions, that of midgestation to macerated fetuses, and that of late gestation to immobile fetuses seen at G19. The perinatal mortality comprises stillbirths
and newborns that were eaten by their mothers 24 to 48 hours after birth. Results are expressed as mean � SEM of n dams per group. C: The arrow indicates
a resorption. D: Macerated fetus and its placenta. E: Alive fetuses with their placenta at G19, from an infected (left) and an uninfected (right) mouse, showing
growth retardation in the fetus of infected dam.

Figure 4. Weights of alive fetuses and their placentas from T. cruzi acutely
infected mice at day 19 of gestation. Fetuses and placentas were rapidly
extracted from pregnant infected (filled bars; n � 15) and noninfected
(open bars; n � 62) mice killed at G19. Asterisks indicate significant
differences between both groups (P � 0.005, Student’s t-test).
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spongy zone, ie, at the maternal side of the labyrinthine.
Parasites were not seen in the internal, fetal side, of the
labyrinthine.

Amastigotes were also occasionally found in the myo-
metrial part of the uterus at G17 or G19, but not at G9,
whereas parasites have not been found in the uterus of
nongravid mice (data not shown).

Decidua Is a Privileged Site for Parasite
Multiplication

Microscopic examination of UPU sections showed that, at
G17, parasites were much more numerous in the decidua
than in the other placental tissues (data not shown). It is

Figure 5. Histopathology of placenta from mice acutely infected with T. cruzi. A–C: Decidua at G17; arrows show parasite nests (A), amastigotes (B), and
inflammatory infiltrates (C). D: Chorioamniotic membrane at G17; the long arrow indicates a parasite nest and the short arrows show a microabscess rich in
polynuclear cells. E: Spongy zone at G17; arrows show amastigotes in a large cell. F: Labyrinthine at G19 showing necrotic cells with a pale nucleus (black
arrows) and a thrombus constituted of fibrin and blood cells with black nucleus (white arrow). H&E stain; original magnifications: �1000 (A, D, E); �400 (C,
F). Transmission electron microscopy; original magnification, �50,000 (B).
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worth noting that the decidual amastigote burden (num-
ber of amastigote nests multiplied by number of amasti-
gotes/nest) was at this time a mean 125 times higher than in
the maternal cardiac tissue (Figure 6A). The number of
nests was slightly higher in the edges than in the central part
of the decidua (21.03 � 0.90 versus 18.35 � 1.31 nests/
mm2 respectively; n � 31, P � 0.05). Interestingly, anal-
ysis of amastigote nest density in the total UPU in relation
to fetal mortality showed a significant increase from alive
to dead fetuses, at G17 as well as G19 (Figure 6B).

Dead Fetuses and Their Placentas Suffer
Massive Ischemic Necrosis in Late Gestation of
Acutely Infected Mice

No abnormalities could be seen in the microarchitecture
of the placenta at G9. By contrast, at G17, microab-
scesses rich in polynuclear cells and containing few lym-
phocytes were observed in deciduas, in the area be-
tween spongiotrophoblasts and the labyrinth, and in the
placental membranes of all dead fetuses (Figure 5, C and
D). Microabscesses were not necessarily located close
to infected cells. Fibrin deposits were not found in these
placentas, even with the special Trichrome-Masson stain-
ing. At G19, such inflammatory infiltrates were associated
with ischemic necrosis, numerous fibrin deposits, and
vascular thromboses (Figure 5F).

Sections of fetuses were also carefully examined at
G17 and G19. Inflammatory infiltrates containing neutro-
phils were seen in the liver, digestive tract, and bladder,
also associated with ischemic necrosis (data not shown).
At G19, the pathology was more pronounced in macer-
ated than in immobile fetuses (recently dead). In fetuses
still alive at G19, no obvious histological abnormalities
were found.

Discussion

This work clearly shows acute T. cruzi infection prevents
reproduction in mice, in line with previously reported
harmful effects on fertility and pregnancy observed in
other experimental infections, as for instance leishmani-
asis,21 toxoplasmosis,22 and bartonellosis.23 In acute
murine T. cruzi infection, we show infertility and early fetal
death to be related to maternal parasitemia, whereas
later fetal and neonatal mortality was associated with
massive parasite invasion of decidua and ischemic ne-
crosis of placentas and fetuses.

A lot of mated females infected with T. cruzi did not
become gravid and did not show implantation scars,
suggesting that the reproductive failure occurred before
implantation. The reasons of such infertility are primarily
unknown. However, it likely did not result from impaired
mating or ovulation because mating occurred at similar
rates in infected and noninfected mice, and the female
mouse only copulates during estrus.24 Harmful effects of
maternal infection affected the uterus on the whole, ren-
dering it totally unreceptive to any implantation. We may
hypothesize that disturbances of the uterine cytokinic/
hormonal network would be responsible for infertility. Be-
cause intracellular amastigotes were not found in the
uterus of infected nongravid mice, such harmful effects
could not result from local infection. By contrast, they may
have been triggered by systemic events, such as a
strong inflammatory response. Our observation that infer-
tility was associated with the highest maternal para-
sitemia argues for a systemic effect of acute infection.
Indeed, such high parasitemia is associated with the
release in blood of circulating cytokines such as interfer-
on-� and tumor necrosis factor-�17,25 known to be harm-
ful for pregnancy,6 and also likely results in the shedding
of potent proinflammatory parasitic molecules.26 Such
maternal systemic inflammatory response might also
contribute to induce resorptions, because a similar cor-
relation was also observed between their proportion and
the maternal parasitemia, and parasites were absent in
the UPU at this early step of gestation.

However, T. cruzi amastigotes were present later in the
placenta of acutely infected mice, in agreement with a
previous study.14 An original observation of our work
concerns the massive invasion of decidua by T. cruzi
amastigotes. The route of parasite entry is likely hemato-
gen because amastigotes were scarce in the myome-
trium part of the uterus, limiting the possibility of invasion
from myometrium to decidua. The occurrence of such
invasion between G9 and G17 is likely related to: 1) the
timing of placenta formation, which is completely vascu-
larized at G9.5; 2) the increase of maternal parasitemia;
and 3) the local release of pregnancy-associated type 2
cytokines and transforming growth factor-�,5 antagoniz-
ing the type 1 response susceptible to control local intra-
cellular parasite multiplication. Additionally, transforming
growth factor-�, might favor the entry of trypomastigotes
into host cells by activating the signaling pathway of
transforming growth factor-�R required for parasite inva-

Figure 6. Parasite burden in maternal tissues in late gestation. T. cruzi-
infected mice were killed at G17 (open bars) or G19 (filled bars), and
intracellular parasites were counted in tissue sections. The state of fetuses
from which placentas were obtained is indicated as follows: Mac., macerated
(pale white fetuses displaying stunted limb buds); Non mac., nonmacerated
(reddish-colored fetuses with well-defined limbs); Imm., immobile reddish-
colored fetuses; Mob., mobile, alive, reddish-colored fetuses. Results are
expressed as mean � SEM of n samples per group. Asterisks indicate
significant differences between the indicated groups (P � 0.05, Student’s
t-test). ND, not determined.
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sion.27 The 125-fold higher parasite burden seen in de-
cidua as compared to the heart, where there is neither
type 2 imbalance nor transforming growth factor-� pro-
duction, also supports this hypothesis.

The absence of congenital infection in fetuses, despite
the presence of numerous intracellular parasites in the
placenta and in maternal blood, points to the efficacy of
the placental trophoblastic layer to block the passage of
parasites from mother to fetuses, in accordance with
previous observations.14,28 The mechanisms by which
the trophoblastic layer prevents fetal infection is poorly
understood, although it has been suggested that lysoso-
mal enzymes might limit T. cruzi spreading.29,30

Fetal death in late gestation of infected dams is asso-
ciated with inflammatory infiltrates with neutrophils and
ischemic necrosis in several organs, showing that multi-
ple organ failure has occurred. In the absence of fetal
infection, the possibility of the transmission to fetuses of
potent proinflammatory parasitic molecules15,26 or cyto-
kines17,31,32 shed in maternal blood might deserve con-
sideration as a cause of multiple organ failure.33 How-
ever, this mechanism is probably not predominant
because no correlation was observed between maternal
parasitemia and the proportion of fetal losses. By con-
trast, placental damage, likely worsened by the local
immune response generated by the presence of para-
sites, might drastically limit the maternofetal exchanges,
leading to fetal death, as strongly suggested by the as-
sociation between fetal death and placental parasite bur-
den. The asymmetrical fetal growth retardation (ie, higher
weight reduction in fetuses as compared to placentas)
that we have observed in infected dams argues still more
for the existence of placental dysfunctions. Indeed,
asymmetrical fetal weight loss might arise from impaired
placental glucose transport, known to be regulated by
cytokines and to be crucial for fetal development.34 More
importantly, the ischemic necrosis, leukocyte infiltration,
fibrin deposits, and vascular thrombosis certainly reduce
blood flow in the placenta, leading to fetal growth retar-
dation, hypoxia, and finally death. It is worth noting that
such placental lesions are strongly similar to those re-
cently described in the placenta of abortogenic female
CBA mice mated with male DBA/2 mice. In that model,
the lesions resulted from the increased local expression
of a particular prothrombinase, the Fgl2,35,36 on activa-
tion by interferon-� and tumor necrosis factor-�, two cy-
tokines known to be triggered by T. cruzi infection.17,18,32

Moreover, the massive infiltration of placenta with poly-
morphonuclear cells, observed in our experiment, also
suggests a possible involvement of complement activa-
tion by parasites37 at the maternofetal interface as a
cause of fetal demise, as recently reported.38

In conclusion, T. cruzi acute infection deeply impairs
the reproductive capacity of mice, compromising implan-
tation and favoring placental invasion by parasites and
damages, leading to fetal growth retardation and death in
the absence of congenital infection. Such results might
stimulate investigations on the effects of T. cruzi infection
on human reproduction.
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