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JOURNAL OF The main transmission route of Trypanosoma cruzi is by triatomine bugs. However,
EXPERIMENTAL T. cruzi is also transmitted through blood transfusion, organ transplantation, inges-
PATHOLOGY tion of contaminated food or fluids, or is congenital. Sexual transmission, although

suggested since the discovery of Chagas’ disease, has remained unproven. Sexual
transmission would require T. cruzi to be located at the testes and ovaries. Here we
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Trypanosoma cruzi, a flagellated protozoan, is the aetiological 2007a, 2007b). Trypanosoma cruzi is mainly transmitted
agent of Chagas’ disease, the most important parasitic through blood-feeding triatomine bugs, but can also occur
disease of the Americas. Traditionally confined to Latin congenitally (Dorn et al., 2007; Giirtler et al., 2003), through
America, Chagas’ disease is becoming an important health blood transfusion (Young ef al., 2007) or organ transplanta-
issue in the United States and Europe (Tarleton et al., tion (Centers for Disease Control and Prevention, 2006),
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and through the ingestion of contaminated food or fluids
(Benchimol Barbosa, 2006). It is estimated that 18 million
people are chronically infected with the parasite and about
100 million are at risk of infection in 21 countries in Latin
America - about 25% of the region’s population (No
authors listed 2006 apud Tarleton et al., 2007a, 2007b).
Trypanosoma cruzi is a very polymorphic parasite and dif-
ferences in infectivity and biological characteristics among
the strains have been described (Andrade and Magalhies,
1997; Devera et al., 2002; Teixeira et al., 2006). This para-
site can invade several organs and tissues whose involve-
ment may contribute to the establishment of the disease
(Calabrese et al., 1994; Lenzi et al., 1996; Teixeira et al.,
2006); however, little is known about the effect of T. cruzi
infection in the reproductive tract (Teixeira et al., 2006).

Since the first report of testis infection by T. cruzi
(Vianna, 1911), the colonization of the urogenital system by
the parasite has been observed several times in different
experimental models. However, more studies are needed to
elucidate this issue. Gongalves da Costa et al. (1986)
described the colonization of several structures of the uro-
genital system in susceptible newborn and 15 days old OF1
mice, both infected with either Y or CL T. cruzi strains.
A high density of parasites was observed in the ovaries and
testis. In the male reproductive system, interstitial cells and
tunica albuginea of seminiferous tubules were largely colo-
nized by the parasite. Lenzi et al. (19965 1998), using inbred
BALB/c mice, described the presence of T. cruzi CL strain
in the vagina, uterus, oviduct, in the theca layer of the
ovary, mesovary, clitoris and mammary glands, epididymis,
testicular Leydig cells, preputial glands and skin, penis,
testicular albuginea, epididymis, vas deferens, seminal vesi-
cles, prostate, coagulative, bulbi uretral and uretral glands.
Carvalho et al. (1991) using the Bolivia strain of T. cruzi
found parasites in the lumen of seminiferous tubules and
mixed with spermatozoa in the lumen of the epididymal
duct of infected mice.

The seminiferous epithelium is encircled by tunica propria
(basement membrane and wall formed by type I collagenous
fibres, contractile myoid cells, lymph, and lymphatic endo-
thelium) (Siu and Cheng, 2004). Myoid cells are responsible
for the rhythmic contractile activity that propels non-motile
sperm to rete testis. The space among the seminiferous
tubules is occupied by blood vessels, lymphatic sinusoids,
macrophages, fibroblasts, aggregates of Leydig cells and
extracellular matrix components (Skinner et al., 1985).

The extracellular matrix (ECM) consists of fibrous pro-
teins (collagens and elastin) and amorphous components.
Several isotypes of collagens, genetically distinct, have been
described, and occur in different connectives tissues (Von
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der Mark et al., 1976). The Picrosirius-polarization method
is a specific histochemical procedure for collagen detection
in tissue sections (Montes, 1996). This procedure is also use-
ful for studying differential distribution of distinct collagen
types in routinely fixed, paraffin-embedded organs.

Specific interactions between parasites and extracellular
matrix components are an important mechanism in the dis-
semination of Chagas’ disease. These recent observations of
matrix abnormalities in experimental Chagas’ disease and
the possibility that parasites may have enzymatic activities
that could affect interstitial connective tissue directly (Factor
et al., 1993), led us to study morphologic alterations of
extracellular matrix in acute murine T. cruzi infection.

In the present work, we used outbred Swiss mice acutely
infected with the CL strain of T. cruzi in order to investigate
the interaction between parasite and myoid cells, as well as
the alterations produced by the infection on the fibrous com-
ponents of the extracellular matrix of the testis. Our results
suggest a role for infected myoid cells in the possible sexual
transmission of T. cruzi.

Therefore, 18 outbred Swiss Webster (SW) mice, all males
and aging from 4 to 6 weeks old, were obtained from
CECAL-FIOCRUZ and divided in two groups: group 1 (G1)
comprised six mice which were kept non-infected as a nega-
tive control and group 2 (G2) comprised 12 mice that were
all infected. During the experiments, all mice were main-
tained in Pavilhdo Carlos Chagas facilities under controlled
temperature, receiving food and water ad libitum. All proce-
dures were in accordance with local ethic committee under
the number P252/05.

For mice infection, the CL strain of T. cruzi was used. This
strain was first isolated from a naturally infected Triatoma
infestans, which was collected in a house in Rio Grande do
Sul, Brazil (Brener and Chiari, 1963). The parasites were
then maintained by serial passages in Swiss Webster mice
every 14 days at the Laboratory of Immunomodulation and
Protozoology, Oswaldo Cruz Institute. In the present work,
blood trypomastigotes were collected from the blood of
infected mice and purified chromatography in DEAE—cellu-
lose (Sousa, 1983). Purified parasites were diluted in PBS to a
concentration of 10* trypomastigotes in 0.2 ml and injected
intraperitoneally (i.p.) in each. The experimental G2 was
divided in two subgroups of six mice each: subgroup 1
to verify the parasitaemia and kinetics of mortality and
subgroup 2 for histopathological studies.

Parasitaemia was determined microscopically by inspec-
tion of blood smears. Five microlitres of blood was collected
from the tail vein of each of the six mice and placed under a
22 x 22 mm coverslip. Parasites were counted on 50 fields
under a light microscope and this figure was then converted
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to the number of parasites per ml of blood. The number of
parasites/ml was estimated daily as described by Pizzi
(1957) until 50% of mice died. The same six mice were
checked daily until the 20th day after infection. Mortality
rate was recorded by cumulative percentage of six animals.

For histopathological study, six mice from each group
(infected and non-infected) were killed 14 days post-
infection (d.p.i.). The reproductive systems were removed
and fixed in paraformaldehyde 4% in PBS 0.01 M, pH 7.45,
4 °C for 72 h. Tissue samples were taken for identification
of genital anatomic structures and routinely processed for
paraffin embedding in an Automatic Tissue Processor (Leica
TP1020, Germany) and Paraffin Embedding Station (Micron
AP280, Germany). Five micrometres thick semi-serial sec-
tions was obtained in Rotary Microtome (Micron HM360,
Germany). Sections were stained using different methods as
indicated: haematoxylin—eosin (H&E), Shorr modified by
Carvalho (Carvalho, personal communication 2003),
Lennert’s Giemsa, Picro-Sirius red (Direct Red 80, Aldrich
Milwaukee, WI, USA) and Gordon and Sweet’s method for
reticular fibres. For elastic fibres we stained tissue with
Weigert’s resorcin—fuchsin method. Cell types were scored
based on their morphologic features analysed in Zeiss
Axioplan 2 light microscope. Fragments of different organs
were also routinely analysed for analysis tissue invasion
pattern of T. cruzi CL strain.

All results presented in this paper are representative of
three independent experiments that gave essentially the same
results.

Parasitaemia revealed circulating parasites as early as
8 d.p.i. in mice inoculated i.p. with 10* bloodstream trypo-
mastigotes of T. cruzi CL strain. The evolution of parasitaemia
was characterized by an exponential increase in the number
of trypomastigotes. The highest level of parasitaemia (more
than 107 parasites/mm? of blood) was observed 19 d.p.i.

Clinical signs of infections were detected in the second
week after inoculum and mice started to die within 16 d.p.i.
The surviving mice were severely sick and presented
cachexia. Mean survival time of infected animals was
18.33 days (0/6) = 0.7 (number of survivors/number of
total mice) + SEM.

Histopathological findings revealed the presence of T. cruzi
nests in the lamina propria (Figure 1a) and in myoid cells
(Figure 1b) at 14 d.p.i. Myoid cells are stained orange by the
modified Shorr method, providing a better contrast between
myoid cells and surrounding tissue. Trypanosoma cruzi
amastigotes are observed in the cytoplasm of myoid cells
(Figure 1e, f) and surrounding basal compartment of a Sertoli
cell (Figure 1f). We observed dissociation of collagen fibres
near seminiferous tubules (Figure 1a, e~h) and vasculitis in the

layer of the testis albuginea (data not shown). Histochemical
analysis for fibres with silver affinity shows an intimate
relationship between type III collagen and parasite nests
(Figure 1c). Traditionally used for demonstration of fibres
from the elastic system, the Weigert stain with prior oxidation
by oxone, showed no alterations in the intertubular conjunc-
tive tissue (Figure 1d). Picrosirius red staining showed a reduc-
tion of type I collagen, which might be due to enzymatic
activity produced by the parasite, and enhancement of type III
collagen, especially around parasite nests. In addition, appear-
ance of neoformed type I collagen was observed, suggesting
tissue to repair activity after type I collagen degradation by
the parasite (Figure 1g, transmitted light and Figure 1h, polari-
zed light). Furthermore, scrotum skin showed dissociation of
collagen fibres and the presence of T. cruzi amastigotes,
mainly near sebaceous glands and within hair erector muscles
(data not shown).

Trypanosoma cruzi can invade and proliferate in almost
all vertebrate host cell types. In experimental models, several
authors have observed that different T. cruzi strains present
various tissue tropisms (Bice and Zeledon, 1970; Melo and
Brener, 1978). The CL strain is described as a myotropic
strain, which preferentially infects heart and skeletal muscle
(Melo and Brener, 1978). However, Gongalves da Costa
et al. (1986) and Lenzi et al. (1996) described the T. cruzi
CL strain is ubiquitous in its infectivity spreading over
diverse tissues and anatomical structures. In the present
work, we demonstrated that T. cruzi CL strain may also
infect myoid cells in testis, which, in light of our knowledge,
has not yet been described in the literature.

Myoid cells are responsible for the rhythmic contractile
activity that propels non-motile sperm to rete testis (Skinner
et al., 1985). According to Vianna (1911), in the guinea pig
model, Gongalves da Costa et al. (1986) and Calabrese et al.
(1994), in a murine model, T. cruzi can reach the sperm
through the seminiferous tubules, epididymis and genital
annexa. Teixeira et al. (1970, 2006) described the presence of
amastigote nests in seminiferous tubes of the human testis.
Unlike us, who observed a marked parasitism in testis, Carv-
alho et al. (1991) observed that parasitism was less marked in
testis itself than in adjoining ducts and structures. There was
no further analysis of the cell types infected by T. cruzi in
these tissues. Our study suggests that myoid cells are the main
targets of T. cruzi infection in the testis. The general structure
of the testis was preserved in infected animals, confirming the
results of Carvalho et al. (1991).

Lenzi et al. (1998) observed that the CL strain of T. cruzi
has a preference for cells expressing contractile proteins, e.g.
the muscular layer of reproductive organs. Our data show
infection of intertubular myoid cells that also contain
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Figure 1 Histopathological analysis of
Swiss mice testis, 14 days after infection
with Trypanosoma cruzi, CL strain. (a)
Nests of T. cruzi amastigotes (arrows)
are observed in the intertubular connec-
tive tissue near the blood-testis barrier.
Dissociation of collagen fibres near
seminiferous tubers are also seen (arrow
head), (haematoxylin—eosin); (b) nests of
T. cruzi are observed within myoid cells
(arrow) (Lennert’s Giemsa); (c) histo-
chemical analysis for fibres with silver
affinity puts in evidence an intimate
relationship between type III collagen and
parasite nests (arrow) (Gordon and
Sweet’s methods contrasted with eosin);
(d) intertubular connective tissue in
which are seen a T. cruzi nest (arrow)
and non-modified elastic fibres (arrow
head) (Weigert’s resorcin—fucsin after
oxone, oxidation counterstained with
orange G); (e) intertubular connective
tissue presenting collagen dissociation
(arrow head) and parasitized myoid cell
(arrow) (modified Shorr); (f) amastigote
nest in a myoid cell cytoplasm (arrow)
(modified Shorr); (g) intertubular
connective tissue presenting parasite nest
(arrow) and type I collagen dissociation
(arrow head) (Picrosirius Red,
non-polarized light), (h) intertubular
connective tissue showing type III
collagen supporting the parasite nest
(green) (arrow), type I typical collagen
(orange and red) and neoformed type I
collagen (yellow) (Picrosirius Red,
polarized light). All scale bars = 50 um,
except for B and F in which scale

bars = 20 pum.

contractile proteins and therefore, are in agreement with Lenzi
et al. (1998).

In the present study, we suggest that parasite migration to
the seminal fluid can occur by myoid cell contraction and
rupture, which leads to liberation of amastigotes into the
seminiferous ducts.

Specific interactions between parasites and extracellular
matrix components are an important mechanism in Chagas’
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disease dissemination. Observations of ECM abnormalities
in experimental Chagas’ disease, and the possibility that the
parasite may have enzymatic activities that could directly
affect the interstitial connective tissue (Factor et al., 1993),
led us to study the morphologic alterations in the ECM of
acute T. cruzi infection. Indeed, binding between extracellu-
lar matrix proteins and T. cruzi receptors has been described
as a significant step in this phenomenon (Santana er al.,
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1997). It is important to report that Magalhies-Santos et al.
(2004), working with Calomys callosus, did not observe an
increase of collagen deposits in damaged tissues.

Taken together, our findings demonstrates that T. cruzi CL
strain can colonize different cells, including myoid cells,
which could have a pivotal role in the sexual transmission of
this protozoan. Nattan Larrier (1921) hypothesized that Cha-
gas’ disease could be transmitted by sexual route due to the
liberation of amastigotes in the seminal fluid; our findings
support this idea. Furthermore, we also have showed that
fibrous extracellular matrix components play an active role
during infection, since type III collagen sustains parasite nests.
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