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This work evaluated the kinetics of events that occur in the placenta of Calomys callosus after Toxoplasma
gondii infection. Animals on the first day of pregnancy (dop) and virgin nonpregnant females were perorally
infected with 20 cysts of T. gondii strain ME49. After 100 days of infection, the virgin animals were mated and
received an additional 20 cysts on the first dop. The placentas and the embryos from both acutely and
chronically infected animals were analyzed up to day 20 of pregnancy by morphological and immunocytochem-
ical assays. Noninfected and infected animals exhibited placenta with normal morphology. From the seventh
dop and infection onwards, liver and spleen cells of the infected animals contained several parasitophorous
vacuoles. On the 13th day, the maternal blood present at the placental blood spaces contained 7. gondii-infected
leukocytes. Infected placental cells were only seen on the 15th dop, being the trophoblast giant cells, the first
cell type to contain signs of the parasite internalization, followed by labyrinth zone cells 24 h later and
spongiotrophoblast cells only after the 19th dop. Fetal liver and brain were infected by 7. gondii concomitantly
to the labyrinth cell infection. No signals of infection were observed on placentas and embryos from chronically
infected animals. Therefore, considering the sequence of events leading to the infection of the various organs,
it could be hypothesized that the placenta is infected later on during pregnancy, which may be related to the
defense roles played by this structure. However, trophoblast giant cells are unable to completely stop the
progression of T. gondii infection towards the fetal tissues. C. callosus was demonstrated to be a suitable

experimental model to study the dynamics of congenital toxoplasmosis.

Trophoblast cells belong to a subset of the embryonic cell
population and are directly involved in the process of embryo
implantation in the endometrium (13). After crossing the uter-
ine epithelial layer, the trophoblast rapidly spreads out both
mesometrially and antimesometrially at the endometrial
stroma, phagocytosing the remaining maternal cells to contact
and breach the maternal vasculature (3, 4, 13, 31). Particularly
in Calomys callosus, this phase is a very early and rapid event,
lasting approximately 12 h after the onset of implantation (15).
Always in direct contact with maternal blood, after day 9 of
pregnancy the polar trophoblast differentiates and together
with the mesometrial decidua initiates the placentation pro-
cess. The mature placenta completely isolates the maternal
from the fetal organism, plays different and pivotal roles for
embryo development such as nutrition and gas exchange, and
participates in the immunoregulation of the pregnancy (22). In
addition to being the natural barrier through which infection
has to cross to reach the fetal organism, the mature placenta
can exhibit mechanisms of defense which are partially or com-
pletely effective, depending on the pathogen characteristics
and immunological status of the maternal organism (10).

In the present study we explored the possibility of establish-
ing a model for congenital toxoplasmosis, in order to allow a
more comprehensive study of the invasion process of a parasite
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through the placental trophoblast layers and of the role of the
trophoblast as an embryo defense barrier.

Congenital toxoplasmosis has been described in the litera-
ture in a variety of experimental models (8, 17, 19, 27, 29).
However, it is not yet well known what the role of the implant-
ing trophoblast is in relation to the initial events leading to the
passage of Toxoplasma gondii from the maternal to embryonic
cell population.

In a previous study it was demonstrated that a highly virulent
strain of 7. gondii (RH) is able to infect trophoblast cells
during the early blastocyst-endometrial relationship (16).
However, the high virulence of this Toxoplasma strain killed
the animals before the embryo had been contaminated, thus
making it impossible to recognize the congenital pathway of
the infection.

In the present investigation we use a cystogenic strain of 7.
gondii (ME49) to study the kinetics of events that occur in the
placenta of C. callosus animals acutely or chronically infected.

MATERIALS AND METHODS

Animals. C. callosus of the Canabrava strain came from a resident colony
housed at the Institute of Tropical Medicine of Sdo Paulo. This colony was kindly
provided by Judith Kloetzel. The animals were kept on a 12-h light, 12-h dark
cycle in a temperature-controlled room (25 * 2°C) with food and water ad
libitum. Virgin females aged between 3 and 4 months were caged with males
overnight and checked daily as to the presence of a vaginal plug. The day on
which this sign was found was designated as the first day of pregnancy (dop).

Parasites. Cysts of 7. gondii strain ME49 were obtained from brains of C.
callosus animals. Various groups of animals were perorally infected 45 days
earlier. The brains were removed, washed in sterile phosphate-buffered saline
(PBS; 0.01 M, pH 7.2), and homogenized with a syringe and a 25- by-8-gauge
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needle. The brain preparations were further washed by centrifugation at 1,000 X
g for 10 min in PBS.

Experimental infections. A total of 40 C. callosus animals were studied in the
present investigation. These animals were divided into six groups of five animals
for acute-phase infection and two groups of five animals for chronic-phase
infection.

Acute-phase studies. Seronegative virgin females of C. callosus for T. gondii at
the first dop were perorally infected with 20 cysts. These animals were sacrificed
from the 12th to 20th dop. Placentas and embryos, as well as blood samples, were
collected for morphological and serological analyses.

Chronic-phase studies. Virgin females were perorally infected with 20 cysts.
After 100 days of infection, the group of seropositive animals was mated and
divided into two groups. The females of the first group were killed on the 20th
dop. The females of the second group were reinfected at the first dop, with the
same procedure as carried out for the primary infection. These animals were
killed on the 20th dop and their placentas, embryos, and blood samples were
collected for morphological and serological analyses. Brains of some embryos
from both groups of animals were removed and homogenized. The cell suspen-
sions were obtained and inoculated by the intraperitoneal route into C. callosus
animals not yet infected with T. gondii. These animals were killed 30 days after
inoculation, and their livers and brains, as well as blood samples, were collected
for morphological and serological analyses.

Morphological and immunocytochemical studies. For the purpose of conven-
tional light microscopy, specimens were fixed by immersion with 10% parafor-
maldehyde in 0.1 M phosphate buffer (pH 7.0), dehydrated, and embedded in
paraffin or methacrylate resin. Sections were stained with toluidine blue or
submitted to cytochemical reactions for carbohydrates (periodic acid-Schiff
[PAS] stain) (20).

For ultrastructural studies, the material was fixed by immersion in 2.5% glu-
taraldehyde plus 0.5 M sucrose in 0.1 M phosphate buffer (pH 7.0), dehydrated
in ethanol, and embedded in Spurr resin. Ultrathin sections were stained with
lead citrate and uranyl acetate, and they were then observed in a JEOL CX II
electron microscope.

Immunolocalization of the parasites in paraffin sections placed on glass slides
was carried out in accordance with the following protocol: (i) the samples were
incubated for 10 min at room temperature with 5% acetic acid to block endog-
enous alkaline phosphatase; (ii) in order to block nonspecific binding sites, the
samples were also treated with 2% normal goat serum diluted in PBS with 0.05
M Tris, pH 7.4 (TBS) for 30 min at 37°C; (iii) the preparations were incubated
for 12 h at 4°C with rabbit anti-T. gondii serum. Negative controls were carried
out by replacement of the primary antibodies with normal rabbit serum. (iv) The
preparations were then rinsed in TBS and incubated with biotinylated goat
anti-rabbit immunoglobulin G (Sigma Chemical Co., St. Louis, Mo.) for 30 min
at 37°C. (v) The reaction signal was amplified by using the ABC system
(Biomeda, Foster City, Calif.), developed with fast red-naphthol (Sigma Chem-
ical Co.), and counterstained with Mayer’s hematoxylin.

ELISA and ELISA avidity. An enzyme-linked immunosorbent assay (ELISA)
was carried out with some modifications (21). Briefly, polystyrene microtiter
plates (Interlab, Sao Paulo, Brazil) were coated overnight at 4°C with soluble
antigen from the RH strain of 7. gondii at a protein concentration of 10 wg/ml in
sodium carbonate buffer (0.06 M, pH 9.6). The plates were washed three times
with PBS plus 0.1% Tween 20 (PBST) and incubated with serum samples of C.
callosus, in duplicate, diluted at 1:32 in PBST. After incubation for 45 min at
37°C, the plates were incubated with an immunoenzymatic conjugate consisting
of antibodies to gamma globulin from C. callosus linked to horseradish peroxi-
dase type VI (Sigma Chemical Co.). After new washes, the reaction was devel-
oped with a substrate solution consisting of hydrogen peroxide (0.04%) and
o-phenylenediamine (0.5 mg/ml) diluted in citrate-phosphate buffer (0.1 M, pH
5.0). After incubation for 15 min at room temperature, the reaction was stopped
with 2 N H,SO,. The absorbances were measured at 492 nm by using a plate
reader system (Titertek Multiskan Plus; Flow Laboratories, Geneva, Switzer-
land). The results were expressed by using the following ELISA index (EI)
formula: EI = [(ABS, — ABS,)/(ABS,, — ABS,)] X 100, where El is the ELISA
index, ABS, is the sample mean absorbance, ABS,, is the negative control mean
absorbance, and ABS,, is the positive control mean absorbance (35).

Based on screening tests performed with negative and positive controls, the
value of 15 was established as the cutoff for the ELISA index. Thus, samples that
presented an EI above or equal to 15 were considered reactive samples.

The ELISA avidity assay was carried out as described above for the conven-
tional ELISA, except for a modification in the serial washing step after incuba-
tion with serum samples. This modification consisted of the addition of 6 M urea
to the diluent (PBST) for 10 min at room temperature, in parallel with micro-
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plates submitted to the conventional ELISA. The serum samples, as well as
positive and negative controls, were tested in quadruplicate at a dilution of 1:32.

The avidity index (AI) was the ratio between the absorbance (ABS) obtained
for the microplates washed with urea (U™) and the microplates washed without
urea (U7). The Al values were expressed in percentages, as described elsewhere
(9, 18), and calculated according to the following formula: Al = [ABS(U™")/
ABS(U7)] X 100.

RESULTS

Morphological and immunocytochemical studies of the
acute phase of T. gondii infection. Placentas of infected C.
callosus animals showed a normal appearance, containing basal
decidua, spongiotrophoblast cells, giant trophoblastic cells,
and a labyrinth zone (Fig. 1a).

On the 13th dop, leukocytes located in the maternal vascu-
lature exhibited parasitophorous vacuoles with 7. gondii in
their cytoplasm (Fig. 1b), although other organs such as the
liver and spleen were infected earlier, at the 7th dop. Figures
resembling discharge of parasites in the maternal vascular bed
could also be observed (Fig. 1c). Exclusively on the 15th dop,
steps of the invasion of the trophoblast giant cells by 7. gondii
could be identified (Fig. 1d and e). No other trophoblast cell
population presented signals of infection in this particular pe-
riod of the pregnancy (Fig. 2a).

Infection of labyrinth zone cells occurred on the 16th dop
(Fig. 2b) concomitantly with infection of the brain and liver,
and infected spongiotrophoblast cells were only observed close
to the end of pregnancy (19th dop) (Fig. 2c). In any of the
trophoblast cell populations, the parasites exhibited low reac-
tivity to a PAS reaction (Fig. 2d).

Signals of infection of fetal tissue by 7. gondii occurred
concomitantly with the infection of the labyrinth zone on the
16th dop. At this time of the pregnancy, 7. gondii infection
could be found in fetal reticulocytes (Fig. 2e) and liver and
brain (Fig. 2f and g).

The above-mentioned findings were consistently observed in
all animals from all groups in the acute-phase study.

Serological analysis of the acute phase of T. gondii infection.
The results concerning the EI of the antibody showed ELISA
indices higher than 15. Therefore, the animals were considered
positive for T. gondii. Furthermore, the Als were also very low
(24.39%). These results are depicted in Fig. 3a, in which an
acute phase of toxoplasmosis is characterized.

Serological, morphological, and immunocytochemical stud-
ies of the chronic phase of 7. gondii infection. (i) Serological
analysis before pregnancy. All animals that remained infected
with T. gondii for 100 days or more showed EIs higher than 15
and high Als (80.34%), characterizing a chronic phase of tox-
oplasmosis (Fig. 3b).

(i) Immunocytochemical study. All females after 100 days
of infection had cysts in their brains. Placentas and embryos
obtained from these females, however, did not show signals of
infection upon immunocytochemical assay. In the same man-
ner, placentas and embryos from females of the group that
received a second reinfection on day 1 of pregnancy, after 100
days of the primary infection, were not infected. The above-
mentioned findings were consistently observed in all animals
from both groups in the chronic-phase study.

Animals serologically negative for 7. gondii, which received
brain homogenates of embryos obtained from females that
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FIG. 1. (a) Photomicrograph of a 21-day placenta from C. callosus, showing the labyrinth area (L), the region of giant trophoblastic cells
(arrowhead), spongiotrophoblasts (asterisk) and decidua (d). Bar, 1.57 wm. (b) Photomicrograph of the neutrophil containing 7. gondii after 13
days of infection, assayed by immunohistochemistry using alkaline phosphatase (arrow). Bar, 4.61 pm. (c) Electromicrograph of 7. gondii cells at
the materno-placental interface, after 14 days of infection, showing a group of parasites ([J) at the maternal blood vessel. Bar, 1.85 pm. (d)
Electromicrograph of T. gondii (P) cells attached at the surface of giant trophoblastic cells (T). Bar, 0.71 wm. (e) Electromicrograph of 7. gondii
(P) cells partially internalized in a giant trophoblastic cell (T) after the 15th dop and infection. Bar, 0.71 pm.
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FIG. 2. Photomicrographs showing the kinetics of infection of the trophoblastic cell populations from placentas of C. callosus and fetal tissues.
(a) Rupture of a giant trophoblastic cell (T) by 7. gondii (asterisk) after the 15th dop and infection. Bar, 11 um. (b) Presence of 7. gondii (arrow)
in the region of labyrinth after the 16th dop. Bar, 11 um. (c) Presence of T. gondii (arrow) in a spongiotrophoblast at the 19th dop. Bar, 11 pwm.
(d) T. gondii inside a giant trophoblastic cell at the 20th dop, showing that the parasite was unstained by PAS (arrow). Bar, 11 pm. (e)
Electromicrograph from a fetal blood vessel in the labyrinth region at the 20th dop, showing the presence of T. gondii (asterisk) inside a reticulocyte
(). Bar, 1.30 pm. (f) Fetal nervous tissue containing 7. gondii stained by alkaline phosphatase substrate in the immunohistochemistry assay (arrow)
at the 16th dop. Bar, 11 wm. (g) Fetal liver containing 7. gondii inside a hepatocyte stained by alkaline phosphatase substrate in the immuno-
histochemistry assay (arrow). Bar, 48 pm.
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FIG. 3. (a) Acute phase of infection by 7. gondii in C. callosus;
shown are means of EI and Al values for antibodies in C. callosus from
the 15th to 20th dop and inoculation with 7. gondii strain ME49. (b)
Chronic phase of infection by 7. gondii in C. callosus; shown are Els
and Als for antibodies in C. callosus after 100 days of infection with T.
gondii strain ME49 and before pregnancy (100/0); after 120 days of
infection and the 20th dop (120/20); and after 120 days of infection and
the 20th dop with also reinfection with 20 cysts of 7. gondii strain
MEA49 (120/20%).

received a second infection on the first dop also did not show
signs of infection in the liver. The serum analysis of these
animals revealed Els lower than 15, indicating that there was
not congenital transmission to those embryos.

Serological analysis after pregnancy. As shown in Fig. 3b,
the serum analysis presented EIs higher than 15 and high Als
at 120 days of infection and the 20th dop. Very similar results
were also observed in the females reinoculated 100 days after
the primary infection with 20 cysts of T. gondii and analyzed at
the 20th dop. Serum samples from these animals exhibited Els
higher than 15 and high Als (Fig. 3b).

DISCUSSION

Experimental models of congenital toxoplasmosis have been
described in the literature since the early 1950s (2, 8, 17, 19, 23,
26, 27). However, there is no information concerning the ki-
netics of events leading to the understanding of how 7. gondii
tachyzoites reach the fetal tissues. In addition, no data describ-
ing the role played by trophoblast cells interacting with the

TROPHOBLASTS IN A CONGENITAL MODEL OF TOXOPLASMOSIS 7093

parasites in the placenta from infected mothers have been
published.

In this study we present the results from experiments show-
ing the serial events in different compartments of the placentas
from C. callosus animals infected with the ME-49 strain of T.
gondii. Our data demonstrated that the infection of the pla-
centa starts with giant trophoblastic cells, at the 15th dop,
followed by cells from the labyrinth at dop 16 and spongiotro-
phoblasts at dop 19.

These findings are anatomically comprehensive and have
also been found in other congenital infection models (1, 5, 34).
The progression of chlamydial infection in the mouse placenta
shows that the first cell population to be affected is the decidua
and neutrophils located at the limit of the maternal and fetal
tissues. On the embryonic side, the first fetal invaded area is
the giant trophoblastic cell layer (5). In a similar manner, other
intracellular pathogens, such as Coxiella burnetti and Brucella
abortus, also preferentially first invade this cell population (1,
34).

In rodents, at least two points seem to explain these findings.
First, the boundary region between the fetal and maternal
placenta is characterized by the presence of a low number of
macrophages and T cells, making this region more susceptible
to pathogen infections (25). Furthermore, the giant cells of the
junctional zone of the placenta form a mesh which receives the
maternal blood directly from the uterine vessels (38). The
blood goes through the spaces of this mesh before reaching the
labyrinth zone for molecular exchange.

As already described by Fadul et al. (14), T. gondii is sys-
temically spread through maternal leukocytes and, when these
cells are lysed at the maternal-fetal interface, the parasites may
infect the giant trophoblastic cells. The labyrinth area is the
main region of exchange of nutrients between maternal and
fetal blood and, therefore, once infected by pathogens there is
no difficulty for the pathogens to reach the fetal tissues. This
hypothesis is compatible with our experimental model, since a
concurrence between the infection of the labyrinth area and
the fetal tissues was observed. However, the infection of the
labyrinth area started only after the infection of the giant
trophoblastic cells. The spreading of the parasites toward fetal
tissues occurred very quickly right after the infection of the
labyrinth zone. Probably cells from an erythrocytic lineage also
contribute to carry the parasites to fetal tissues, as described by
Tanabe et al. (32).

Concerning the late infection of the spongiotrophoblast, one
could hypothesize that this phenomenon was due to the pres-
ence of a wide layer of giant trophoblast cells protecting those
maternal blood cells. However, the rationale for a late infec-
tion of the spongiotrophoblast remains unclear and deserves
more investigation, considering that these cells present endo-
crine and stock functions (7, 24, 30). Therefore, considering
the sequence of events leading to the infection of the various
organs, it could be hypothesized that the placenta is infected
later on during pregnancy, which may be related to the defense
roles played by this structure.

The serological evaluation of 7. gondii infection in relation
to its time of occurrence is very important to define the acute
phase, considering that it is in this phase that the major prob-
lems of congenital infection in humans and experimental mod-
els occur.
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Determination of the low avidity of immunoglobulin G an-
tibodies to 7. gondii is a very useful tool for evaluating acute
infection, reflecting the degree of maturation of these mole-
cules during the immune response (6). Our results clearly
demonstrate that congenital transmission only occurs when the
antibodies present have low avidity, and these findings were
correlated with the acute phase of infection, when the parasites
inside the giant trophoblasts were unstained by PAS, charac-
terizing the presence of tachyzoites (12).

Among the experimental models, rats, unlike mice, are good
animals for the study of congenital toxoplasmosis. Similarly as
occurs in humans, chronically infected pregnant rats protect
their fetuses from congenital infection (23, 26, 33, 37), even
though it was found that the occurrence of a low percentage of
congenital transmission of 7. gondii occurs during the chronic
phase of maternal infection (11). Our results showed that all
females in the chronic phase of infection, which were moni-
tored by the presence of PAS-positive cerebral cysts and high-
avidity antibodies to 7. gondii, did not transmit the infection to
their fetuses.

Although the macaque model is considered the closest
model to human congenital toxoplasmosis (28, 36), there are
many restrictions to working with primates and, therefore, the
search for alternative experimental models to study congenital
toxoplasmosis is very useful. Taken together, the results pre-
sented herein demonstrate that C. callosus is an appropriate
experimental model to study the dynamics of congenital toxo-
plasmosis that occurs in humans and in a wide range of mam-
mals.
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