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Abstract

Purpose of Review Why around 5% of Trypanosoma cruzi—infected pregnant women transmit the parasite to their offspring
whereas 95% do not? Answers to this main question are needed in order to improve the programs aiming to control or eliminate
congenital Chagas disease (CCD), which has become an important global public health problem.

Recent Findings Turnover of syncitiotrophoblast as a new innate defense mechanism of placenta and analyses of transcriptomic
responses of placental genes and of new parasite DNA sequences have allowed a re-evaluation of the relationship between
parasite diversity, placental tropism, and CCD transmission.

Summary A synthetic view of the gradual interactions between the human placenta facing up the parasites present in the maternal
blood and the occurrence and severity of CCD is proposed. Further researches on the role of parasite molecular diversity,
maternal microbiomes, transfers of parasite and placenta exovesicles, and genetic features of infected mothers should improve
our understanding of such maternal-fetal complex relationship.

Keywords Congenital Chagas disease - Congenital infection with Trypanosoma cruzi - Trypanosoma cruzi—placentainteractions -
Maternal-fetal transmission of Trypanosoma cruzi - Maternal immune responses to Trypanosoma cruzi - Fetal/neonatal immune

responses to Trypanosoma cruzi

Introduction

Congenital Chagas disease (CCD), caused by maternal-fetal/
neonatal transmission of the parasite 7rypanosoma cruzi, is
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frequently a silent disease with potential long-term conse-
quences. It results from complex interactions between the par-
asite (virulence), the strengths and weaknesses of the placental
barrier and of maternal and fetal/neonatal immune responses
[1, 2ee, 3e¢]. The present review will focus on such interactions
highlighting mainly the central role of human placenta.

Congenital Chagas Disease at a Glance

CCD can arise in both acute and chronic phases of maternal
infection, be recurrent at each pregnancy (i.e., during all the
fertile period of woman life), and occur from one generation to
another. This pattern of transmission, leading to family clus-
tering of congenital transmission cases, facilitates uncon-
trolled spread of Chagas disease (CD) over time. So CCD
remains an important global and neglected public health prob-
lem [1, 2¢e, 3ee].

WHO estimates that 1,125,000 women in fertile age are
infected with 7. cruzi with an incidence of congenital infection
of 8668 cases/year in the 21 Latin American countries where
CD is currently endemic (with nearly 50% of CCD cases
grouped in Mexico, Argentina, and Colombia) [4]. Most cases
of congenital infection are derived from mothers infected by
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insect vectors since childhood by residing in endemic areas.
The mean maternal-fetal transmission rate in chronic CD (the
most frequent phase of infection) in Latin America is estimat-
ed to 4.7% [5]. Congenital transmission would be responsible
for 22.5% of new annual infections in countries having con-
trolled domestic vector infestation [4, 6]. Migrations of Latin
American people have promoted CD as a global disease, now
observed in non-endemic areas. Thereby, cases of CCD were
reported mainly in Spain, but also in Italy, Sweden,
Switzerland, USA, Canada, and Japan. The congenital route
is the main transmission mode of 7. cruzi in non-endemic
areas, over blood transfusions and organ transplantations
[2¢e, 7, 8]. Historically, CCD was associated with high levels
of neonatal morbidity and mortality, while nowadays it is clear
that most cases are asymptomatic. Some CCD cases can pres-
ent non-specific symptoms (fever, low birth weight, prematu-
rity, hepato-splenomegaly, pneumonitis, premature rupture of
membranes), as seen in other intrauterine or perinatal infec-
tions (like Toxoplasma gondii, Treponema pallidum, rubella
virus, cytomegalovirus, HIV, herpes simplex virus, and par-
vovirus infections). Sometimes, neonatal pejorative outcomes,
including neonatal death, can be observed, particularly in case
of acute or reactivated infections (as in maternal coinfection
with HIV) [2e¢].

Congenital 7. cruzi infection is an acute infection in new-
borns that can be efficiently treated with anti-parasitic therapy
before 1 year of age, which justifies the use of accurate and
sensitive laboratory diagnostic tools [9+¢]. When left untreated,
the infection can progress to chronic CD later in life (suscepti-
ble to induce myocardiopathy or digestive megaviscera) with a
drop in the cure rate. Moreover, untreated girls may transmit
the infection to their offspring when reaching reproductive age.

Strengths and Weaknesses of the Placental Organ
Facing Pathogens

Whether fetal contamination with parasites coming from am-
niotic fluid or uterine wall and/or eventually by breast feeding
remains a possibility in acute or reactivated infection, these
routes are unlikely in the most frequent maternal chronic in-
fection [2¢]. Placenta is therefore the key fetal organ facing
the parasites present in the maternal blood within the
intervillous space and from which transmission depends on.
Such a route requires parasites to cross or skirt two main
placental lines of defense.

Chorionic villi of the human placenta floating in the mater-
nal intervillous blood are covered by the trophoblast (the first
placental line of defense). It is a lining epithelium formed by
two layers of cells: an outer layer called syncytiotrophoblast
(deprived of intercellular junctions) and an inner proliferative
and germinative layer termed cytotrophoblast. Trophoblast
cells also cover non-villous structures (e.g., the chorionic
plate) and migrate from the placenta into the uterine wall. To

a great degree, only the syncytiotrophoblast is interposed be-
tween maternal blood and fetal tissues, since the
cytotrophoblast cell number decreases during the gestation
period [10]. The trophoblast is separated from the fetal con-
nective tissue of the villous stroma that contains the fetal cap-
illaries by a basal membrane. The basal membrane and the
villous stroma are formed by a fibrinoid extracellular matrix
(ECM) composed mainly by fibronectin, collagen, and lami-
nin. Both constitute the second placental line of defense [10].
So, the trophoblast, the basal membrane, and the villous stro-
ma constitute a physical barrier to pathogens present in mater-
nal blood [11, 12] (Fig. 1). However, such placental barrier
displays some weaknesses since some areas are not covered
by trophoblast, such as the marginal zone joining the mem-
branes to the chorionic and basal plates. The latter is consti-
tuted with smooth muscle cells embedded in an ECM, but
only covered by a non-trophoblastic epithelium of both ma-
ternal and fetal origin [13, 14].

The placenta is also an active immunological organ able to
initiate an innate immune response. It can release pro-
inflammatory cytokines, chemokines, reactive oxygen and ni-
trogen intermediates (NO), and anti-microbial peptides [12,
15], through trophoblast-expressed Toll-like receptors
(TLRs) recognizing pathogen-associated molecular patterns
(PAMPs) [16, 17]. Another facet of the placental innate im-
mune response is the continuous turnover of the trophoblast
epithelium (and the subsequent fusion of cytotrophoblast),
resulting in the removing of attached pathogen to the superfi-
cial cell layer. This has been initially shown in 7. cruzi infec-
tion (see below) [3+, 18-20] and associated also to resistance
to viral infections [11].

Maternal-Fetal Transfers Relevant to T. cruzi Infection

Whether fetal 7. cruzi infection results primarily from the
transplacental transmission of parasites, transmission of other
molecules can also be relevant for the development of CCD,
through modulation of the fetal/neonatal immune responses
(maternal imprinting/priming; see below).

Blood Parasite Amounts in Mothers and Neonates

Parasitemia during pregnancy is a key factor for congen-
ital transmission. Although it slightly increases during
pregnancy (on second and third trimesters [21]), congen-
ital transmission rate is on average 4.7% during chronic
infection, occurring mainly in women displaying around
10-20 parasites (p)/mL (i.e., 10-20 times higher than in
non-transmitting women) [5, 22-27]. However, this trans-
mission rate jumps to 54% of reported cases of acute
infection [28, 29] and 100% in reactivated CD (in case
of coinfection with HIV), i.e., in pregnant women
displaying extremely high parasitemias [2°°, 30, 31].

@ Springer



174

Curr Trop Med Rep (2020) 7:172-182

VS BM CTB STB
2d line 1stline

Fig. 1 Strengths and weaknesses of the placental organ. The placenta is
composed of a maternal side facing the uterus and the fetal side where the
umbilical cord (UC) emerges from the chorionic plate (CP). At the
marginal region of the placenta, the amniotic membrane (AM) joints
the CP and the basal plate (BP). The placental barrier is located at the
chorionic villi, where the first line of defense against pathogens is formed
by the syncytiotrophoblast (STB), the superficial layer of the trophoblast
in direct contact with the maternal blood (MB) and the cytotrophoblast
(CTB), the germinative basal layer of this epithelium. The trophoblast
undergoes a continuous epithelial turnover (TTO), where the CTB

On the other side, parasitemias at birth (umbilical cord) can
be lower, similar or higher than in mothers (up to over 60,000
p/mL). In some cases, parasites are more easily detectable
weeks or months after birth. Neonatal parasitic loads increase
up to 1-3 months after birth, before decreasing as infection
enters in the chronic phase. Indeed, morbidity and mortality of
CCD are associated with the highest neonatal parasitemias
[2e, 26, 32, 33].

Transfer of Maternal 1gG Antibodies

The transplacental transfer of maternal IgG through the recep-
tors for the Fc portion of immunoglobulins (FcRn) expressed
on trophoblast [34, 35] occurs in CD (with levels and reper-
toire of 7. cruzi—specific-antibodies similar to those of their
mothers) as in other infections [36-38]. Such transferred an-
tibodies can persist up to 89 months after birth [9ee, 33, 39].
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proliferates, then fuses into the STB (dashed cell limits) and apoptotic
knots (AK) are released into the MB. The second line of defense is
formed by the basal membrane (BM) that separates the trophoblast
from the underlining villous stroma (VS), i.e., the fetal connective
tissue that contains the fetal blood vessels (FBV). However, the
marginal zone (MZ), located where CP and BP joints, constitutes a
weakness of the placenta defenses, since the MZ is only covered by a
non-trophoblastic epithelium of both maternal and fetal origin and is
formed by smooth muscle cells embedded in extracellular matrix

Transfer of Other Bio-Relevant Molecules

Parasitic-circulating antigens (excreted and secreted),
parasitic-breakdown molecules with pro-inflammatory activi-
ty, and/or antigen surrogates (such as antibody idiotypes) are
likely transferred through the placenta, as suggested in human
and experimental infections with 7. cruzi [37, 40, 41].

This is probably also the case for parasitic-breakdown
DNA [42—44]. Indeed, transmission of circulating cell-free
DNA, as well as transmission of maternal cells
(microchimerism) to fetuses is known to occur in normal preg-
nancy and such cells can persist into adulthood [45, 46].
T. cruzi infection in pregnant women stimulates the produc-
tion of pro-inflammatory cytokines [47], whose IL-6 can be
transferred to fetus [48]. All these molecules and antibodies
can modulate the fetal/neonatal responses to transmitted
parasites.
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Interactions Between T. cruzi and Human Placenta
Ex Vivo/In Vitro Interactions Between T. cruzi and Placenta

Ex vivo studies show the inhibiting role of placental
subfractions on trypomastigote infectivity [49] and the slow
multiplication of parasites in villous explants and their killing
by NO produced by placental cells [50, 51], arguing for an
activation of placental innate defenses in the presence of a
limited amount of parasites. Indeed, in such experiments of
ex vivo infection of placental explants, only few parasite an-
tigens and DNA can be detected [50-52] and the typical
amastigote nests are not observed. Other studies show that
low concentrations of parasites incubated with placental ex-
plants or a trophoblastic cell line (BeWo®) induce a cell pro-
liferation, followed by cell differentiation and finally cell
death by forming apoptotic knots, related to the epithelial
turnover of the syncytiotrophoblast clearing parasites out of
the placental environment [3es, 18-20, 53]. The placental
TLR-2 and caspase 8 activity are involved in the 7. cruzi—
induced epithelial turnover of trophoblast [54, 55]. In addi-
tion, 7. cruzi induces a significant increase in TLR-2 and
TLR-4 protein expression and of pro-inflammatory cytokines
in ex vivo infected placental explants [54]. It has been also
shown that parasites increase placenta-derived exosomes in
human placental explants [3¢, 56], but their role remains to
be investigated (see below).

By contrast, high concentrations of parasites induce mas-
sive destruction of the trophoblast during ex vivo infection of
placental explants [52]. During infection, 7. cruzi calreticulin,
expressed on the parasite surface, acts as virulence factor since
it binds maternal classical complement component C1q that
recognizes human calreticulin in placenta. The interaction of
human and parasite calreticulin with C1q facilitates the para-
site infection [57, 58]. Placental alkaline phosphatase is also
used by the parasite to facilitate the infection [59]. During
invasion, 7. cruzi also induces a dis-assembly of actin
cytosqueleton in the trophoblast [60] and modulates several
signal transduction pathways, including the ERK1/2 MAPK
(Mitogen activated protein kinases) and PLC-vy
(Phospholipase C-gamma) pathways [61]. In addition,
T. cruzi can activate placental matrix metalloproteinases
(MMP-2 and MMP-9) which favors placental barrier degra-
dation [62, 63].

Histopathologic Studies of Placentas from T. cruzi-Infected
Versus Uninfected Neonates

In past studies of placentas of severe and mortal cases of CCD
(rarely observed today), a severe placentitis/villitis occurs with
large areas of trophoblast destruction and necrosis.
Amastigote parasites are found in villous trophoblast and stro-
mal cells [64, 65]. Immunohistochemical studies show

important inflammatory responses in such placentas, with in-
filtrates mainly composed of CD68+ macrophages, CD8+ T
lymphocytes and few natural killer (NK) cells, and an intense
production of TNF-x [66].

In placentas of live neonates suffering mild congenital
T. cruzi infection (frequent today), villitis is much less marked
or not observed (despite some degree of reorganization of
extracellular matrix). Parasites are not or hardly identified in
the chorionic villi. Necrosis and lysis associated with infiltra-
tion of neutrophils and lymphocytes are more frequently de-
tected in chorionic plate and membranes surrounding the fetus
(chorioamnionitis) and umbilical cord (funisitis) [66, 67].
Similar results were found by using immunohistochemical
and histochemical methods, showing slight destruction of
the trophoblast and villous stroma, selective disorganization
of the basal lamina, and disorganization of collagen I in the
villous stroma [63, 66]. In serial biopsies performed in 19
placentas from infected live Bolivian newborns, an unexpect-
ed high density of parasites was observed at the level of mar-
ginal zone, joining the membranes to the chorionic and basal
plates, with gradually decreasing densities in the chorionic
plate and distant membranes. Infection of amniotic cells could
be observed (likely occurring by contiguity with the mem-
brane chorion) [2+, 68]. However, the release of parasites into
amniotic fluid seems a rather rare event, suggesting that am-
niotic fluid is probably not contributing to parasite transmis-
sion to the fetus (see above) and not helpful for diagnosing
congenital infection [69].

Histopathology of placentas of uninfected neonates born to
infected mothers is similar to that of control newborns of
uninfected mothers, or displays slight inflammation without
lymphocyte infiltration [28].

Some Keys to Understand How T. cruzi-Placenta
Interactions Lead to CCD

Role of Parasitic Diversity in the T. cruzi-Placenta Interactions

Based on different molecular approaches, 7. cruzi has been
classified into seven phylogenetic lineages, so-called discrete
typing units (DTUs) named Tcl to TcVI plus the lately added
TcBat [70, 71]. Five T. cruzi DTUs (Tcl, Tcll, Tclll, TcV, and
TcVI) and associations of them (coinfections) were identified
in human cases of congenital infection. The DTU TcV has
been reported in 80 to 100% of congenital cases in
Argentina, Bolivia, Southern Brazil, Chile, and Paraguay
[23, 43, 72-79]. The distribution of DTUs identified in con-
genital cases is similar to that found in the local population
[72, 74, 78]. The same DTUs are generally detected in
mothers and their infected newborns, as well as in congenital-
ly infected twins or siblings born in consecutive gestations
[23, 74].
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So, using the current molecular markers of 7. cruzi DTUs,
there is no clear evidence of a relationship between DTUs and
congenital infection in humans. However, various parasite
populations can belong to each DTU. Indeed, using phyloge-
netic analysis of other specific sequences (e.g., the mini-exon
intergenic region of 7. cruzi DNA), a strong association could
be observed between parasite haplotypes and congenital in-
fection of newborns [80]. Besides, fingerprinting of minicircle
signatures of natural parasite populations detected in placental
tissues and peripheral blood of 7. cruzi—infected pregnant
women showed minicircle fragments in placental portions
not detectable in blood, suggesting placental tropism of para-
site clones [75, 81]. These observations all together open the
door to a re-evaluation of possible relationship between para-
site diversity, placental tropism, and CCD transmission.

Role of Maternal Immunological and Genetic Factors
in the Development of CCD

Maternal immunity is likely a factor limiting transmission of
infections in fetus/neonate. 7. cruzi—specific IgG antibodies
play a protective role by favoring the clearance of circulating
parasites through activated phagocytes expressing FcR, like-
wise contributing to limiting parasitemia.

Analyses of innate immune defenses in pregnant women
show that monocytes from transmitting women display a less
activated phenotype and release less TNF-« as compared with
non-transmitting subjects [82—85]. As expected, infected
pregnant women display an adaptive response to parasites
with higher blood cell production and circulating levels of
IFN-y than in non-infected ones [22, 47, 84]. However, T
cells from those transmitting 7. cruzi to their fetuses produce
three times less IFN-y than cells from non-transmitting wom-
en, which probably contributes to increase their parasitemia
[22]. Altogether, such results indicate that (i) women transmit-
ting congenital infection present some defect of their innate
and adaptive immune responses; (ii) such defect mainly relies
on a lower capacity to produce IFN-y in response to 7. cruzi.

Moreover, a strong maternal innate immune response is
associated with the absence of congenital transmission in
non-transmitting infected women [47]. The fact that around
95% of chronically infected pregnant women do not transmit
parasites to their fetuses suggests that the physiological im-
mune environment of pregnancy is likely not contributing to
the immune defect of transmitting women. The pro-
inflammatory environment occurring at different stages of
gestation [86] might rather re-boost the innate responses dur-
ing chronic infection to keep infected women away from con-
genital transmission.

The role of maternal genetic factors in favoring parasite
transmission remains to explore. Indeed, the familial cluster-
ing of congenital cases (see above), as well as the persistence
after delivery of the defective capacity of IFN-y response to
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parasites in transmitting mothers [22], suggests that some
mothers might display a “transmitter” phenotype/genotype.

Role of Fetal/Neonatal Inmunological and Genetic Factors
in the Development of CCD

The development of CCD depends on the following: (i) the
amount of parasites transmitted from the mothers (see above);
(i1) the capacity of the infecting parasite strain(s) to invade and
multiply into cells/tissues (virulence; see above) and/or to lim-
it the efficiency of immune responses in fetuses/neonates [1,
3ee]; (iii) the local placental immune responses [3e¢, 19]; (iv)
the time allowed for parasite multiplication from the transmis-
sion time point during pregnancy [76]; and, finally, (v) the
amplitude of the own individual fetal/neonatal innate and/or
adaptive immune responses against parasites, modulated ac-
cording to the maternal imprinting/priming (reviewed in [1]).

Indeed, comparative studies in infected and non-infected
neonates of 7. cruzi—infected mothers indicate that (as for
the mothers) congenitally infected neonates display weak in-
nate immune responses [83, 85, 87, 88], but are able to mount
T cell responses, mainly based on CD8+ cells with cytotoxic
activities and producing IFN-y (type 1 immune response)
[89]. However, such adaptive response seems partially able
to control parasitic load, but insufficient, to completely cure
the congenital infection. The cell capacity of infected neonates
to produce IFN-y determines their parasitic load and the sub-
sequent severity of CCD [1, 2e, 32].

The role of fetal/neonatal genetic factors in the develop-
ment of CCD, as for mothers remains to be explored.
However, if genetic factors derived from mothers (as, e.g.,
“transmitter” genotype) are involved, they might have differ-
ent effects, since half of the genetic background of newborns
was also derived from their fathers.

Placental Transcriptomic Responses to T. cruzi

Global transcriptomic analysis by RNA sequencing in pla-
centas from non-transmitting infected women versus non-
infected mothers shows that parasite infection induces an up-
regulation of genes related to inflammation and a downregu-
lation of the anti-inflammatory cytokine IL-38 gene [90].
Moreover, a microarray-based transcriptomics study carried
out in ex vivo infected human placental explants corroborates
most data obtained by RNA sequencing in whole placentas
[91¢]. These findings are in line with the changes observed in
the immune responses of non-transmitting infected women
described above.

On another side, in placentas from seropositive women, the
genes encoding kisspeptin and human chorionic gonadotro-
phin (hCG) were downregulated with respect to those collect-
ed from non-infected women [90¢]. Low serum levels of these
proteins have been linked to preeclampsia and intrauterine
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growth constraint and are markers of miscarriage. Low ex-
pression levels of kisspeptin gene are associated to recurrent
pregnancy loss. In contrast, the gene encoding neurokinin B
(NKB), expressed by syncytiotrophoblasts was upregulated in
placentas from CD mothers [90¢]; the over-expression of this
protein has been also associated with preeclampsia by de-
creasing blood flow to the placenta and increasing vasocon-
strictor substances in the endometrium. Interestingly,
kisspeptin and NKB play a key role in the placental expression
of hCG in response to estradiol [92].

Furthermore, single nucleotide mutations (SNPs) in the
placental genes for the disintegrin and metalloproteinases
ADAMI12 and MMP?2 are associated to the susceptibility to
congenital infection with 7. cruzi [93]. Whether such muta-
tions in placental genes are sufficiently frequent to contribute
to parasite transmission remains to be determined.

Further Possible Keys Remaining to Explore

The role of the placenta microbiome [94] in the transmission
of congenital infection deserves further investigations, as well
as the immunomodulating role of the maternal vaginal and gut
microbiomes, which are normally transmitted to the infant
[95]. Particularly, the gut microbiota induces the production
of anti-Gal antibodies, which are lytic for 7. cruzi and suscep-
tible to contribute to inflammatory reactions in CD [96]. A
cesarean section instead of a vaginal delivery prevents the
transmission of the maternal vaginal and gut microbiota. The
effect of the mode of delivery in modulating infection control
after birth and the severity of CCD remains to explore.

T. cruzi, as other cells, can release extracellular vesicles so-
called exovesicles [97-99]. Such exovesicles contain trans-
sialidase, cruzipain, and immature mucin-associated surface
proteins. They can alter host cell functions and interfere with
the host immune responses [100]. The placenta is also known
to produce exovesicles related to maternal-placental-fetal
communications and resistance to some infections [101,
102]. The role of such exovesicles in modulating the interac-
tions between the parasite 7. cruzi, the placenta, and CCD
remains to investigate.

Synthetic and Interpretative Approach of T. cruzi
Interactions with Placenta and the Occurrence of CCD

Based on the observations mentioned above, we can depict
four main scenarios of interactions between the parasite and
the placenta, considering the importance of placental lesions
and the occurrence of transmission.

1. Huge parasite loads in the intervillous space overflow the
placental defenses, leading to infection and rupture of the
placental anatomic barrier. This results in the transmission
of large quantities of free trypomastigotes, as well as of

amastigote-infected cells and to severe and mortal CCD.
In such situation, the placental innate defenses are strong-
ly activated. The placental inflammation (placentitis) is
sorely marked and has pathological instead of protective
effects (inflammatory/cytokinic storm), with the substan-
tial release of TNF-« contributing to the rupture of the
trophoblast and villous stroma, as well as to fetal and
neonatal mortality [103]. The high local production of
other inflammatory mediators, such as reactive oxygen
species, NO, and peroxynitrite, has deleterious effects
on placental vascularization [104]. This is probably what
occurred in the observations of abortions, stillbirths, or
alive neonates with severe CCD born to women
displaying particularly high parasitemias, or in case of
acute or reactivated infection during pregnancy.

In the presence of moderate parasite amounts in the
intervillous space, the placental innate defenses are acti-
vated. However, such activation remains limited, since
T. cruzi, being partially deficient in strong PAMPs
[105], can hardly stimulate the TLRs expressed on the
trophoblast [16, 54]. The placental barrier is not broken
off and its activation is sufficient enough to prevent the
trophoblast crossing. The parasite population present into
the intervillous space can infect the epithelial cells of the
marginal zone deprived of trophoblast (see above; [13]).
T. cruzi can bind to ECM molecules such as glycosami-
noglycans, fibronectin, and laminin, using surface mole-
cules such as gp85 and gp83 [106, 107] and disorganize
the placental ECM thanks to several proteases such as
cruzipain, able to destroy collagen I. This facilitates the
parasite motility in the tissue and its entrance into other
cells [52, 63]. Parasites surviving the mesenchymal sec-
ond placental line of defense can easily spread by succes-
sive infections of fibroblasts, myofibroblasts, and macro-
phages (Hofbauer cells) within the chorion. They finally
infect myocytes and endothelial cells lining fetal vessels
embedded in chorionic plate or umbilical cord, and gain
access to the fetal circulation [1, 2¢¢, 68]. Additionally, the
infection spreading in membranes surrounding the fetus
induces their embrittlement, leading to their premature
rupture and premature birth, which can be observed in
these cases (see above). This situation likely corresponds
to the common mild congenital 7. cruzi infections ob-
served in the 4.7% of live newboms of chronically infect-
ed women [5]

In case of low parasite amounts in intervillous blood, there
is neither parasite transmission, nor disruption of the pla-
cental barrier. The placental innate inflammatory response
is either not or scarcely activated, whereas the trophoblast
turnover contributes to impairing parasite transmission.
This might concern the 95% of chronically infected preg-
nant women displaying low parasitemias and delivering
uninfected newbormns. (Fig. 2)
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Fig. 2 Interactions between 7. cruzi and placenta and occurrence of
congenital infection. A detailed description of the different 7. cruzi—
placenta interactions is given in the manuscript’s text. Briefly: (i) huge
parasitemia in maternal blood of intervillous spaces overflow the
placental defenses, break up the trophoblast, and induce severe and
mortal CCD; (ii) moderate parasite amounts in the intervillous space
infect the epithelial cells of the marginal zone deprived of trophoblast
and induce mild congenital 7. cruzi infections; (iii) low parasite

4. Transmission of parasites (trypomastigotes as well as
amastigote-infected cells) occurs at delivery, when pla-
cental breaches/tears appear naturally with labor contrac-
tions. This route, which can be avoided by cesarean de-
livery, is used for transmission of HIV-infected
leucocytes [108]. It is independent of the activation of
placental innate defenses. The percentage of congenital
infection due to this transmission mode remains to be
determined. However, the reported data [24] and those
in our possession (Carlier et al., unpublished data) do
not show significant differences comparing transmission
rates in vaginal and cesarean deliveries. This indicates
that, likely, most transmissions occur before childbirth,
but does not exclude possible later additional transmission
during labor.

Another speculative/theoretical possibility (difficult to ob-
jectify) might concern self-cured slight congenital infection in
neonates having developed sufficiently strong immune
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amounts in intervillous blood are eliminated by the trophoblast
turnover, impairing parasite transmission. AC amniotic cavity, AK
apoptotic knot, AM amniotic membrane, BM basal membrane, BP
basal plate, CP chorionic plate, CTB cytotrophoblast, FBV fetal blood
vessels, MB maternal blood, MZ marginal zone, STB
syncytiotrophoblast, TLR Toll-like receptor, TTO trophoblast turnover,
UC umbilical cord, VS villous stroma

responses to kill parasites previously transferred through the
placenta.

Conclusions

Altogether, the data presented herein contribute to answer the
main question mentioned in the introduction: why around 5%
of T. cruzi—infected pregnant women transmit the parasite to
their fetus/neonate whereas 95% do not? Indeed, they indicate
the following: (i) the central role of the human placenta to
control the transfer of parasites from the pregnant women to
their fetuses and that of the immune responses in pregnant
women to limit the maternal parasitemia to levels compatible
with the defense capacity of placenta, which likely occurs in
almost 95% of infected pregnant women not transmitting par-
asites to their fetuses; (ii) that most cases of congenital trans-
mission of parasites observed nowadays (around 5%) results
from an escape of low levels of parasites profiting from a
placental weakness at the level of marginal zone deprived of
syncitiotrophoblast to invade fetuses; (iii) a very little
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proportion of CCD likely results from huge maternal
parasitemia out of control by the immune responses of
mothers and placental defenses, as in case of acute or
reactivated maternal infection; (iv) the severity of CCD main-
ly depends on the capacity of fetal/neonatal immune responses
to control parasite multiplication, which is nowhere near as
weak as previously thought, and likely explain that most cases
of congenital 7. cruzi infection are asymptomatic.
Nevertheless, such considerations have to be completed with
new investigations on parameters which might modify such
maternal-fetal complex relationship (parasite molecular diver-
sity, maternal microbiomes, exovesicles and host genetics) in
order to improve the programs aiming to control or eliminate
CCD.
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