
Contents lists available at ScienceDirect

Parasitology International

journal homepage: www.elsevier.com/locate/parint

Comparative ex vivo infection with Trypanosoma cruzi and Toxoplasma gondii
of human, canine and ovine placenta: Analysis of tissue damage and
infection efficiency
Ana Liempia, Christian Castilloa, Lisvaneth Medinaa, Norbel Galantib, Juan Diego Mayac,
Victor Hugo Parraguezd, Ulrike Kemmerlinga,⁎

a Programa de Anatomía y Biología del Desarrollo, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile, Santiago, Chile
b Programa de Biología Celular y Molecular, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile, Santiago, Chile
c Programa de Farmacología Molecular y Clínica, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile, Santiago, Chile
dDepartamento de Ciencias Biológicas Animales, Facultad de Ciencias Veterinarias y Pecuarias, Universidad de Chile, Santiago, Chile

A R T I C L E I N F O

Keywords:
Trypanosoma cruzi
Toxoplasma gondii
Mammalian placental barriers
Infection

A B S T R A C T

Trypanosoma cruzi, the causative agent of Chagas disease, and Toxoplasma gondii, which is responsible for
Toxoplasmosis, are two parasites that cause significant protozoan zoonoses and consequently important eco-
nomic losses in human, companion animals and livestock. For the congenital transmission to occur, both
parasites must cross the barrier present in the mammalian placenta, which differs between species. Particularly,
hemochorial, endotheliochorial and epitheliochorial placental barriers are present, respectively, in human, dog
and sheep. The type of placental barrier has been associated with the probability of transmission of pathogens. In
this study, we used experimental placental ex vivo infection models of T. cruzi and T. gondii in the above-men-
tioned mammals in order to study tissue alterations and to compare infection efficiency. Here, we infected
placental term explants from human, dog and sheep and analyzed tissue damage by standard histological and
histochemical methods. Comparative infection efficiency was determined by quantitative PCR. Both parasites
are able to infect the different placental explants; however, more T. gondii parasites were detected, and T. gondii
causes a more severe tissue damage in human and canine explants than T. cruzi. The histopathological changes
observed in ovine placenta explants were similar in presence of both parasites. We conclude that the infection
efficiency of T. gondii is higher, compared to T. cruzi, during the ex vivo infection of human, canine and ovine
placental explants.
In addition, the ex vivo infection of mammalian placental explants constitutes an interesting experimental

approach to study part of the infection mechanisms as well as host responses during congenital infection of both
parasites.

1. Introduction

Trypanosoma cruzi (T. cruzi), the causative agent of Chagas disease,
and Toxoplasma gondii (T. gondii), which is responsible for
Toxoplasmosis, are two parasites that cause significant protozoan zoo-
noses [1,2] and consequently critical economic losses in human, com-
panion animals and livestock [3–6]. Chagas disease is a devastating but
neglected health problem in Latin America, but it is present in other
non-endemic countries due to extensive global migration and con-
genital transmission [7]. On the other hand, T. gondii is one of the most
successful parasites on Earth that is responsible for the infection of
more than one billion people worldwide [8,9].

For the congenital transmission to occur, both parasites must cross
the barrier present in the mammalian placenta [7,10,11]. In eutherian
mammals, the placenta is a transitory organ that invades the maternal
uterus to provide nutrition and gas exchange for the developing fetus
and ensures adequate growth and development of the conceptus while
supporting pregnancy-related changes in maternal physiological sys-
tems. The chorioallantoic is the main placenta in mammals during
middle to late gestation and develops from the endometrium of the
uterus and the trophoblast of the embryo. According to the extent of
trophoblast invasion into the uterus, placentation is classified into he-
mochorial (highly invasive), endotheliochorial (moderate invasive) or
epitheliochorial (low invasive) [10,12]. The human placenta is
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hemochorial and is formed by a fetal portion, which originates from the
chorion frondosum, and a maternal portion, or basal decidua, which
develops from the endometrium. The functional units are the floating
chorionic villi, that are formed by the trophoblast (a bi-stratified epi-
thelium composed by syncytiotrophoblast and cytotrophoblast) and the
villous stroma. The trophoblast comes into contact with maternal blood
in the intervillous space and is delimited by a basal membrane from the
villous stroma, which is the fetal connective tissue containing the fetal
capillaries.
Therefore, the trophoblast, basal membranes, villous stroma and

fetal capillary endothelium form the human placental barrier (Fig. 1A)
[7,10]. The canine placenta is endotheliochorial, and three zones can be
identified: labyrinth, junctional and glandular. The placental barrier is
located in the labyrinth zone and consists of maternal endothelium,
interstitial lamina, trophoblast, individual or conjoint basal membrane
as well as the endothelium of the fetal vessels, which deeply indent the
trophoblast (Fig. 1B) [10,12,13]. The interstitial lamina is a noncellular
layer that surrounds the maternal vessels and is equivalent in ultra-
structure and molecular composition to the basal membrane of the
maternal endothelium [13]. The ovine placenta is epitheliochorial, and
the fetal component is formed by the fusion of the avascular chorion
and the vascular allantois. The placental barrier is composed by six
tissue layers: maternal capillary endothelium, maternal endometrial
connective tissue, maternal endometrial epithelium, trophoblast,
chorionic connective tissue and fetal endothelium (Fig. 1C) [13,14].
The different tissues that form the different placental barriers are
summarized in Table 1.
The type of placental barrier has been associated with the prob-

ability of transmission of pathogens [15]. Interestingly, the congenital
transmission rate of T. cruzi in human (≈ 1–12%) and dog (10%) is low
[7,16]. There is no information available about the congenital trans-
mission rate in sheep. In contrast, the transmission rate for T. gondii is
high in humans (≈50–70%) [17], and this form of infection is a sig-
nificant cause of reproductive failure in sheep [18]. There are very
scarce data in the literature about the congenital transmission rate for
T. gondii in dogs [19]. However, the seroprevalence is high (≈ 30%)
[20], suggesting that there could be a significant probability of con-
genital transmission as well as in human and sheep.
Placental tissue explants, particularly those from human, have been

widely used in biomedical studies, including infection with both para-
sites [21–23]. However, there are no comparative studies regarding the

infection of both parasites in different types of placenta. In spite that
the ex vivo infection condition are not the same than in vivo, i. e. during
congenital infection the parasites reach the placental barriers through
the maternal circulatory system, it constitutes an interesting tool to
study some of the infection mechanisms parasites as well as local pla-
cental responses [23,24]. Here we show histopathological analysis,
collagen histochemistry and parasite DNA quantification in ex vivo in-
fected human, canine and ovine placental explants with T. cruzi and T.
gondii. Both parasites are able to infect the different placental explants
and cause severe tissue damage, but the ex vivo infection efficiency of T.
gondii is higher.

2. Materials and methods

2.1. Cell cultures

VERO cells (ATCC® CCL-81) were grown in RPMI medium supple-
mented with 5% fetal bovine serum (FBS) and antibiotics (penicillin-
streptomycin). Human foreskin fibroblasts (HFF) (ATCC® SCRC-1041)
were grown in Dulbecco's modified Eagle medium (DMEM) supple-
mented with 10% FBS and antibiotics. Both cell cultures were main-
tained at 37 °C in a humidified atmosphere with 5% CO2 and with a
replacement of the culture medium every 24–48 h [21].

Fig. 1. Human, canine and ovine placental barriers: (A) The human placental barrier is formed by the trophoblast (a two layered epithelium: cytotrophoblast and
syncytiotrophoblast), basal membranes, villous stroma and fetal capillary endothelium. (B) The canine placental barrier is located in the labyrinth zone and consists
of the maternal endothelium, interstitial lamina, trophoblast, basal membranes and endothelium of the fetal capillaries. (C) The ovine placental barrier is composed
of six tissue layers: maternal capillary endothelium, maternal endometrial connective tissue, maternal endometrial epithelium, trophoblast, chorionic connective
tissue and fetal endothelium. MB: Maternal blood; ST: Syncytiotrophoblast; CT: cytotrophoblast; BM: basal membrane; Te: trophectoderm; Cy, cytotrophoblast; FB:
fetal blood; FV: fetal vessel; En: endometrium; IL, interstitial lamina; MV: maternal vessel. The tissues that form the different placental barriers are summarized in
Table 1.

Table 1
Tissues that form the different anatomical barriers in human, canine and ovine
placenta.

Tissues Type of placental barrier

Maternal tissues Hemochorial
(Human)

Endotheliochorial
(Canine)

Epitheliochorial
(Ovine)

Endothelium − + +
Connective tissue − − +
Epithelium − − +

Fetal tissues
Trophoblast/

Trophoectoderm
+ + +

Connective tissue + + +
Endothelium + + +
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2.2. Parasite culture and harvesting

T. cruzi: Semi-confluent VERO cells were incubated with epimasti-
gotes of T. cruzi (Ypsilon strain) harvested in the late stationary phase.
Trypomastigotes also present in that culture invade VERO cells and
replicate intracellularly as amastigotes. After 72 h, amastigotes trans-
form back into trypomastigotes which lyse the host cells. Infective
trypomastigotes were recovered in the supernatant by low-speed cen-
trifugation (500 xg). T. gondii: Semi-confluent HFF cells were infected
with T. gondii RH tachyzoites (kindly provided by Dr. Sergio Angel, IIB-
INTECH, CONICET-UNSAM, Chascomús, Buenos Aires, Argentina) at a
multiplicity of infection of 3 to 5 parasites per cell. After 40 h of in-
fection, infected cells were washed and monolayers were scraped from
the flasks and passed through 20-, 23-, and 25-gauge needles. Infective
tachyzoites were purified from host cell debris with a 3.0-μm Isopore
filter (Merck Millipore) [21,25].

2.3. Placental explant cultures and parasite infection

Human, canine and ovine term placentas were obtained from
pregnancies with normal fetuses. Exclusion criteria were maternal, fetal
or placental pathologies. Maternal blood from the placentas was ana-
lyzed for the presence of anti-T. cruzi and anti-T. gondii antibodies by
rapid IgG/IgM ELISA detection kits according to the manufacturer's
instructions. Human, canine and ovine placentas were obtained from
“Hospital San José, Servicio de Salud Metropolitano Norte”, Santiago;
“Red de Atención Veterinaria, Universidad de Chile (RAV)” and
“Estación Experimental Germán Greve Silva de la Facultad de Ciencias
Agronómicas, Universidad de Chile”, respectively. The respective ethics
committees gave their approval (N° 041–2011, human placenta; N°
16–2016, animal placentas). The organs were collected in cold, sterile,
saline-buffered solution (PBS) and processed no more than 30–60 min
after delivery. Human placenta explants (HPE) were obtained from the
central part of the placental cotyledon, and maternal and fetal surfaces
of each placenta were discarded in order to obtain explants that contain
the free floating chorionic villi [23]. Canine placenta explants (CPE)
were obtained from the labyrinth zone of the canine placenta. Re-
garding the ovine placenta explants (OPE), it is important to point out
that the explants were obtained from the fetal cotyledon of the sheep
placentome, which therefore lacked the maternal caruncle. The isolated
tissues were washed with PBS to remove blood, cut in approximately
0.5 cm3 pieces and co-cultured with T. cruzi trypomastigotes or T. gondii
tachyzoites (1 × 105/ml) in 24-well plates of RPMI culture media
supplemented with inactivated FBS (10%) and antibiotics for 24 h.
Additionally, CPE and OPE were co-cultured for 2, 6 and 12 h (Sup-
plementary Fig. 1), and reproductible tissue alterations were evident at
24 h of incubation. All experiments were performed in triplicate in at
least three different placentas of each specie.

2.4. DNA amplification by real-time PCR

Genomic DNA was extracted from the placental tissue with the
Wizard Genomic DNA Purification Kit (Promega®) according to the
manufacturer's instructions and quantified by QUBIT Fluorometric
System (Invitrogen®). Before DNA extraction, the different explants
were washed, at least ten times in order to assure the elimination of
parasites in the culture media or attached to the placentas. For ampli-
fication parasite DNA, specific pairs of primers were used. Thus, for T.
cruzi DNA detection, a 182 bp sequence of satellite DNA was amplified
by using TCZ primers: TCZ-F 5’-GCTCTTGCCCACAMGGGTGC-3′ and
TCZ-R 5’-CAAGCAGCGGATAGTTCAGG-3′ [26]; for T. gondii DNA de-
tection, a 98 bp sequence of the T. gondii B1 gene was amplified by
using TOXO-F:5´-AGCGTTCGTCCTCAACTATCGATTG-3′ and TOXO-
R:5´-TCCCCTCTGCTCGCGAAAAGT-3 primers [27]. Each reaction mix
contained 200 nM of each primer (forward and reverse), 1 ng of DNA
from samples, 12.5 μL of SensiMix® SYBR Green Master Mix (Bioline®)

and H20 for a total of 25 μL. Amplification was performed in an ABI
Prism 7300 sequence detector (Applied Biosystems®). The cycling
programs were as follows: T. cruzi: This consisted of a first step at 20 °C
for 2 min, a denaturation step at 95 °C for 10 min and 40 amplification
cycles of 95 °C (15 s), 60 °C (15 s) and 72 °C (30 s). Finally, a dis-
sociation stage was added ranging from 60 to 95 °C [28]. T. gondii: This
consisted of a first step at 50 °C for 2 min, a denaturation step at 95 °C
for 10 min and 40 amplification cycles of 90 °C (15 s), 60 °C (15 s) and
72 °C (30 s) following a dissociation stage ranging from 60 to 95 °C
[27]. Standard calibration curves for determining the number of T. cruzi
and T. gondii parasites per DNA detection were performed (Supple-
mentary Fig. 2). Data was expressed as number of parasites/100 ng of
tissue DNA [21,28–30].

2.5. Histological and histochemical techniques

The different placental explants were fixed in 10% formaldehyde in
0.1 M of phosphate buffer (pH 7.3) for 24 h, then dehydrated in alcohol,
clarified in xylene, embedded in paraffin and sectioned at 5 μm.
Paraffin histological sections were stained with hematoxylin-eosin for
routine histological analysis and with picrosirius red–hematoxylin for
collagen histochemistry. Then, ten fields were selected randomly from
each sample. The histopathological damage and collagen histochem-
istry was scored [31] as described in Table 2. .

2.6. Statistics

All experiments were performed in triplicate in at least 3 placentas
from each specie. Results are expressed as means± S.D. The sig-
nificance of differences was evaluated using Student's t-test for paired
data or by ANOVA followed by Dunnett's post-test.

3. Results

3.1. Trypanosoma cruzi and Toxoplasma gondii infect human, canine and
ovine placental explants

HPE, CPE and OPE were each co-incubated with 105 T. cruzi try-
pomastigotes or T. gondii tachyzoites for 24 h. T. cruzi (Fig. 2A) and T.
gondii (Fig. 2B) parasite DNA can be detected in each of the different
placental explants. Regarding T. cruzi, in HPE, an average of
68.4 ± 19.3 parasites/tissue were detected, which is significantly
higher than the number of parasites identified in canine [15.3 ± 5.6
(p≤ .0001)] or ovine [52.4 ± 9.9 (p≤ .05)] placentas (Fig. 2A). The
number of T. gondii parasites detected in the different placental explants
were higher (over 100 parasites/tissue) than in those with T. cruzi (less
than 100 parasites/tissue). In HPE, we detected an average of
346.6 ± 30.2 T. gondii parasites/tissue, which is significantly lower

Table 2
Scores for the analysis of the histopathological damage and collagen dis-
organization.

Score Histopathological damage Collagen disorganization

1 Attached trophoblast/trophoectoderm
Intact fetal connective tissue

Strong collagen birefringence

2 Slight trophoblast/trophoectoderm
detachment and/or fetal connective
tissue disorganization

Moderate collagen birefringence

3 Almost complete detachment of
trophoblast/trophoectoderm
detachment and/or fetal connective
tissue disorganization

Low collagen birefringence

4 Complete detachment of the
trophoblast/trophoectoderm and
disorganization or destruction of the
fetal connective tissue

Absence of collagen birefringence
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than the parasites detected in canine [455.0 ± 36.9 (p ≤ .05)] and
higher than in ovine [146.8 ± 68.5 (p ≤ .001)] (Fig. 2B).
The difference between parasites detected in canine and ovine

placentas were also significant for T. cruzi and T. gondii (both,
p ≤ .0001). Fig. 3 shows the analysis of the amount of parasite
equivalences between T. cruzi and T. gondii. Thus, the differences were
statistically significant for HPE (p ≤ .0001) (Fig. 3A), CPE (p ≤ .0001)
(Fig. 3B) and OPE (p ≤ .01) (Fig. 3C).

3.2. Toxoplasma gondii caused more severe tissue damage in human
placental explants than Trypanosoma cruzi

HPE were co-incubated with 105 T. cruzi trypomastigotes or with T.
gondii tachyzoites for 24 h. Both parasites showed detachment and
destruction of the trophoblast (Fig. 4 BeC, arrows) compared to control
non-infected explants (Fig. 4 A). However, only T. gondii-incubated
explants showed chorionic villi with complete detachment of the tro-
phoblast (Fig. 4 C). The score of the histopathological damage in-
creased, respectively, from 1.24 ± 0.25 (non-infected samples) to
2.89 ± 0.64 and 3.41 ± 0.35 (p ≤ .0001) in T. cruzi and T. gondii-
infected samples (Fig. 4D). The tissue damage was significantly higher
in T. gondii infected HPE (p≤ .001). Collagen histochemistry (Fig. 4 E-
H) showed severe disorganization of collagen I () in parasite incubated
explants (Fig. 4 E-F asterisk) compared to the control samples (Fig. 4 D).
Thus, the score of collagen disorganization increases from 1.23 ± 0.05
to 2.98 ± 0.49 (T. cruzi infected samples) and 3.80 ± 0.16 (T. gondii

infected explants) (p ≤ .0001). Similarly, to the observed tissue da-
mage, the collagen I disorganization was significantly higher in T. gondii
infected samples (p ≤ .0001) (Fig. 4 H).
Graphs show the quantification of the histopathological damage (D)

and collagen I disintegration (H). All values, which are presented as
mean ± S.D., correspond to at least 3 independent experiments per-
formed in triplicate. *** p < .001, ****p < .0001.

3.3. Toxoplasma gondii caused more severe tissue damage in canine
placental explants than Trypanosoma cruzi

CPE were co-incubated with 105 T. cruzi trypomastigotes or T. gondii
tachyzoites for 24 h. CPE incubated with both parasites showed a sig-
nificant tissue damage (scores: T. cruzi: 2.25 ± 0.42; T. gondii:
3.40 ± 0.45, p ≤ .0001) as evidenced by the destruction of the tro-
phoblast (Fig. 5 BeC, arrows) compared to control non-infected ex-
plants (Fig. 5 A, score for histopathological damage: 1.25 ± 0.04).
However, the T. gondii-induced damage was significantly higher (Fig. 5
D, p ≤ .0001) than the induced by T. cruzi. In T. gondii infected sam-
ples, areas with complete detachment of the trophoblast (Fig. 5 C, ar-
rows) as well as disorganization of the fetal connective tissue was evi-
dent (Fig. 5 C, asterisk). Collagen histochemistry (Fig. 5 E-H) showed a
similar significant damage in samples incubated each of both parasites
(scores: T. cruzi: 2.37 ± 0.41; T. gondii: 2.48 ± 0.58, p ≤ .0001) as
evidenced by a partial loss of collagen I birefringence (Fig. 5 E-F as-
terisk). .

Fig. 2. Trypanosoma cruzi and Toxoplasma gondii infected human, canine and ovine placental explants: HPE, CPE and OPE were each co-incubated with 105 T. cruzi
trypomastigotes (A) or T. gondii tachyzoites (B) for 24 h. Data was expressed as number parasites/100 ng of tissue DNA and analyzed analyzed by ANOVA followed by
Dunnett's post-test. All values, given as the means± S.D., correspond to at least 3 independent experiments performed in triplicate.* p < .05, *** p < .001,
****p < .0001.

Fig. 3. More Toxoplasma gondii parasites were detected in human, canine and ovine placental explants than Trypanosoma cruzi: HPE (A), CPE (B) and OPE (C) were
each co-incubated with 105 T. cruzi trypomastigotes or T. gondii tachyzoites for 24 h. Data was expressed as the as number parasites/100 ng of tissue DNA and
analyzed by Student's t-test for paired data. All values, which are presented as mean ± S.D., correspond to at least 3 independent experiments performed in
triplicate. *** p < .001, ****p < .0001.
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Graphs show the quantification of the histopathological damage (D)
and collagen I disintegration (H). All values, which are presented as
mean ± S.D., correspond to at least 3 independent experiments per-
formed in triplicate. ****p < .0001.

3.4. Toxoplasma gondii and Trypanosoma cruzi induce similar tissue
damage in ovine placental explants

OPE were co-incubated with 105 T. cruzi trypomastigotes or T. gondii
tachyzoites for 24 h. OPE incubated with both parasites showed severe
destruction and detachment of the trophectoderm (Fig. 6 BeC, arrows)

Fig. 4. Toxoplasma gondii caused more severe tissue damage in human placental explants than Trypanosoma cruzi: HPE were co-incubated with 105 T. cruzi trypo-
mastigotes (B, E) or T. gondii tachyzoites (C, F) for 24 h. HPE incubated with both parasites showed destruction of the trophoblast (BeC, arrows) compared to control
non-infected explants (A). T. gondii-induced damage was more evident, showing a complete detachment of the trophoblast (C, arrows) as well as disorganization of
the fetal connective tissue (C, asterisk). Collagen histochemistry (E-G) showed a partial loss of collagen I birefringence in CPE incubated presence of each parasite (F-
G asterisk) compared to the control samples (E), indicating disorganization of collagen I. Explants were processed for routine histological techniques and stained with
hematoxylin-eosin (A-C) or picro-sirius red (E-G). Bar scale: 25 μm. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)

Fig. 5. Toxoplasma gondii caused more severe tissue damage in canine placental explants than Trypanosoma cruzi: CPE were co-incubated with 105 T. cruzi trypo-
mastigotes (B, E) or T. gondii tachyzoites (C, F) for 24 h. CPE incubated with both parasites showed destruction of the trophoblast (BeC, arrows) compared to control
non-infected explants (A). T. gondii-induced damage was more evident, showing a complete detachment of the trophoblast (C, arrows) as well as disorganization of
the fetal connective tissue (C, asterisk). Collagen histochemistry (E-G) showed a partial loss of collagen I birefringence in CPE incubated presence of each parasite (F-
G asterisk) compared to the control samples (E), indicating disorganization of collagen I. Explants were processed for routine histological techniques and stained with
hematoxylin-eosin (A-C) or picro-sirius red (E-G). Bar scale: 25 μm. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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compared to control non-infected explants (Fig. 6 A). The score of
histopathological damage increased, respectively, from 1.36 ± 0.31
(non-infected samples) to 3.65 ± 0.21and 3.73 ± 0.15 (p≤ .0001) in
T. cruzi and T. gondii-infected samples (Fig. 6D). However, collagen
histochemistry did not show significant alterations in collagen I orga-
nization; thus, control as well as parasite-incubated explants showed
similar birefringence (Fig. 6 E-H).
Graphs show the quantification of the histopathological damage (D)

and collagen I disintegration (H). All values, which are presented as
mean ± S.D., correspond to at least 3 independent experiments per-
formed in triplicate., ****p < .0001.

4. Discussion

The interaction between hosts and pathogens, including parasites, is
the most critical factor in determining the success of an infection. Host-
parasite interaction includes invasion of the host through primary
barriers, such as the placental barrier, evasion of host defenses, pa-
thogen replication in the host and immunological capacity of the host to
control or eliminate the pathogen [32].
The primary function of the placenta is to act as an interface be-

tween the mother and the developing embryo/fetus. The placenta
performs many important functions throughout gestation including
anchoring the developing fetus to the uterine wall, mediating maternal
immune tolerance, metabolic exchange, hormone synthesis and
forming a barrier against xenobiotics and pathogens [7,12]. Different
animal species present a diversity of placental invasiveness, and
therefore there is also variation in the morphology of these organs
[12,15]. Considering that the complexity of the placental barriers in-
creases from human (hemochorial) to ovine (epitheliochorial), it could
be assumed that the parasites cross the hemochorial barrier more easily
than the others. Moreover, it has been proposed that in the hemochorial
placenta, where the trophoblast is in direct contact with maternal
blood, the placental infection and therefore the transmission to the
fetus is facilitated. However, the same hemochorial barrier favors the
transfer of maternal antibodies to the fetus, and in less invasive pla-
centas, a greater variety of pathogens is observed [15]. Our results
show that both T. cruzi and T. gondii are able to infect human, canine

and ovine placental explants and that the amount parasite/tissue in the
tissue is not related to the complexity of the placental barrier. Thus,
there are fewer parasites/tissue present in OPE than in HPE in spite of
the fact that our OPE lacks the maternal caruncle; contrarily, more T.
gondii DNA can be found in CPE than in HPE and OPE (Fig. 2). However,
comparing the amount of each parasites/tissue, T. gondii is always more
infective than T. cruzi, since the amount of parasites/tissue is higher in
the three different placental explants (Fig. 3). Considering that a lower
amount of parasite DNA was found in the OPE, in spite of lacking the
maternal part of the placentome, some specific and not yet identified
defense mechanisms of the fetal part might be present. Both parasites
damage the placental barrier, and in HPE, CPE and OPE, the tropho-
blast/trophectoderm is destroyed (Figs. 4-6). We have previously
shown that T. cruzi induces trophoblast destruction and detachment in
HPE in a parasite-concentration dependent manner [23] and that host
matrix metalloproteases (MMPs) are involved in this process [28]. Be-
sides, both parasites secrete proteases (e.g., cysteine proteases) that
contribute to the cell and tissue invasion [33]. Interestingly, in OPE, the
parasite-induced collagen I destruction was less severe than in HPE or
CPE (Fig. 6). Collagen I constitute a basic component of the tri-di-
mensional network of the extracellular matrix (ECM) and is formed by
different types of collagen and elastic fibers, proteoglycans and glyco-
proteins. If the “basic skeleton” of the ECM is destroyed, the normal
conformation of the ECM is disorganized, a condition which may fa-
cilitate the mobilization of the parasite inside the tissue to its target.
Additionally, it has been proposed that ECM alterations produced by
pathogens not only promote its motility in tissues and its entrance into
cells but also alter the presence of cytokines and chemokines, which in
turn permits to modulate and escape both the inflammatory response
and the immune response [23,34]. The individual components of the
ECM probably vary in the connective tissue of different species, ex-
plaining at least partially the differences in collagen I disorganization in
HPE, CPE and OPE.
On the other hand, several studies have shown that the placenta

elicits effective defense mechanisms against a great variety of patho-
gens [7,35–37]. For instance, we have previously proposed that in the
human placenta, the trophoblast epithelial turnover can be considered
as a local defense mechanism against T. cruzi [7,38]. Moreover, in

Fig. 6. Toxoplasma gondii and Trypanosoma cruzi induced similar tissue damage in ovine placental explants: OPE were co-incubated with 105 T. cruzi trypomastigotes
(B, E) or T. gondii tachyzoites (C, F) for 24 h. OPE incubated with both parasites showed severe destruction and detachment of the trophectoderm (BeC, arrows)
compared to control non-infected explants (A). However, collagen histochemistry did not show significant alterations in collagen I organization (E-H). Placental
tissue samples were processed for routine histological techniques and stained with hematoxylin-eosin (A-C) or picro-sirius red (E-G). Bar scale: 25 μm. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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human placenta, T. cruzi induces a specific pro-inflammatory cytokine
profile in HPE in comparison to T. gondii that only increases the im-
munomodulatory interleukin-8 secretion in the explants [21]. Other
studies show that human placental cells present different susceptibility
to T. gondii [39] and T. cruzi [40], being syncytiotrophoblasts (super-
ficial trophoblast cell layer) that are more resistant to infection than
cytotrophoblasts (trophoblast germinal layer) [39–41]. The parasite-
induced destruction of the trophoblast eliminates the parasite-resistant
cells and might therefore allow the invasion of parasite-susceptible cells
and ECM. The trophoblast expresses small cationic antimicrobial pep-
tides (AMP), such as defensins [42], which have been described to have
parasiticidal activity against both parasites in other tissues [43,44]. The
ovine trophoblast also expresses small cationic AMP, particularly ca-
thelicidins antimicrobial peptides that present activity against other
abortifacient organisms, such as Waddlia chondrophila [45].
The systemic response of the different animal species should also be

considered. T. cruzi can be transmitted congenitally in the acute as well
as in the chronic phase of the disease [46]. Interestingly, in human and
dog, T. gondii is mainly transmitted in the acute phase of infection
[17,47], but in sheep, the parasite is also transmitted in chronically
infected animals [48]. In our experimental models, the systemic re-
sponse cannot be studied and the parasites does not reach the placental
barrier through the maternal circulatory system. However, the ex vivo
infection of placental explants constitutes excellent tools, not only for
studying the mechanism of congenital infection but also for under-
standing the invasion process in placental tissues.

5. Conclusion

We conclude that the infection efficiency of T. gondii is higher,
compared to T. cruzi, during the ex vivo infection of human, canine and
ovine placental explants.
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