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Histopathological Study of Experimental and Natural
Infections by Trypanosoma cruzi in Didelphis marsupialis
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Didelphis marsupialis, the most important sylvatic reservoir of Trypanosoma cruzi, can also main-
tainintheir anal scent glandsthe multiplicativeformsonly describedin theintestinal tract of triatomine
bugs. A study of 21 experimentally and 10 naturally infected opossumswith T. cruzi was undertakenin
order to establish the histopathol ogical pattern under different conditions.

Our results showed that the inflammation was predominantly lymphomacrophagic and more severe
inthe naturally infected animals but never asintense asthosedescribedin Chagas' diseaseor in other

animal models.

The parasitismin both groups was always mild with very scarce amastigote nests in the tissues. In
the experimentally infected animals, theinflammation was directly related to the presence of amastigotes

nests.

Four 24 days-old animals, still in embryonic stage, showed multiple amastigotes nests and moder ate
inflammatory reactions, but even so they survived longer and presented |ess severelesions than experi-

mentally infected adult mice.

Parasites werefoundin smooth, cardiac and/or predominantly striated muscles, aswell as in nerve
cells. Differing fromthe experimentally infected opossums parasitismin the naturally infected animals
predominated in the heart, esophagus and stomach. Parasitism of the scent glands did not affect the
histopathol ogical pattern observed in extraglandular tissues.
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Marsupials of the genus Didel phis are consid-
ered the most important natural reservoir of
Trypanosoma cruz. The first case of natural in-
fection by T. cruz in marsupials was reported by
Rabertson (1929) in D. marsupialis. Further stud-
ies have confirmed the importance of this reser-
voir showing levels of natural infection ranging
from 17 to 100% (Rodrigues & Mello 1942,
Guimarées & Jansen 1943, McKeever & Gorman
1958, Herrera & Urdaneta-Morales 1992, Travi et
al. 1994).

Studying natural infections, Zeledon et al.
(1970) found only 19 infected out of 100 opos-
sums, detecting few but typical amastigotesin sec-
tions of the heart, esophagus, small and large in-
testine and skeletal muscle. Petana (1969) observed
only very few and small amastigote nests in the
heart muscle of one naturally infected opossum.
Brito and Deane (1966) examined 8 opossums, and
athough only 1 had amastigotes in the stomach,
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they observed interstitial inflammatory reactions
in the heart, stomach and intestinein all of them.
Barr et al. (1991) examining 48 opossums, ob-
served myocarditis in 22, athough only 6 exhib-
ited amastigotes nestsin the heart and in thetongue.
These authors did not mention inflammatory reac-
tionsrelated to T. cruz in other sitesintheanimal.
More recently Herrera and Urdaneta-Morales
(1992) observed only few parasitesin the heart of
2 naturally infected opossums.

Parasitological studies (Deane et al.1984a,
Jansen et al. 1985, Jansen et al. 1991) of opossums
experimentally infected with T. cruz showed that
sincevery young, opossumsresist to experimental
infections with high inocula and that two types of
infection could occur: (1) apparently self-cured,
where the results of sub-inoculation (in mice), xe-
nodiagnosis and hemoculture became negative
within afew weeks after inoculation, and the im-
munofluorescent antibody test (IFAT) was always
positive at low titers and no invasion of the scent
glands could be observed; (2) infection where the
parasites were often intermittently recovered
through xenodiagnosis and/or hemoculture, after
many months; IFAT was persistently positive at
high titers and most of the animal s presented para-
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sites in the scent glands. These differences were
considered by Deane et al. (1984a,b) asrelated to
theT. cruzi-strain, since: Y straininoculationsre-
sulted inthefirst and F or sylvan-isolatesinocul a-
tions resulted in the second pattern of infec-
tion. An important aspect of the T. cruz-opos-
sum interaction is the cycle of the parasite in the
opossum’ s scent glandswhere, T. cruz showssimi-
lar evolutional forms as in the triatomid bugs
(Deaneet al. 19844, Lenzi et a. 1984, Deaneet al.
1986). Several authors have confirmed the occur-
rence of epimastigotes and trypomastigotesin the
scent glands of naturally infected opossums (Naiff
et al. 1986, Steindel et al.1987, Fernandes et al.
1989). The passage of T. cruz antigens through
the glandular epithelium to blood circulation,
stimulating antibody production, was observed by
Jansen et al. (1988), however the histopathol ogical
consequences of this event in extraglandular tis-
sueswas still unknown. Despite several works de-
scribing natural infection of opossums there are
only a few focusing on the histopathological as-
pects. We undertook our study at this point in or-
der to describe histopathol ogical findings of natu-
rally and experimentally infected opossums with
laboratory appraised T. cruzi-strains under differ-
ent conditions.

MATERIALSAND METHODS

The host - Opossums, identified as D.
marsupialis, were: (a) specimens conceived, born
and reared in captivity and, (b) specimenstrapped
in Jaguanum Island, State of Rio de Janeiro, south-
east Brazil.

The parasite- T. cruz strains used for experi-
mental infectionswere: () Y, isolated, from ahu-
man patient (Silva& Nussenzweig 1953) and (b)
opossums strains G-N and G-49, isolated from
naturally infected D. marsupialis in the Amazon
region (Y oshida 1983) and in Rio de Janeiro (iso-
lated in our laboratory 1985), respectively.

Among opossums trapped in the field, 10
were infected with T. cruz, 3 with T. (Mega-
trypanum) freitasi and 3 werefree of trypanosome
infection.

Inoculations - The animals were subcutane-
ously (SC) inoculated with bloodstream
trypomastigotes (BST) from maintenance mice, or
with metacyclic trypomastigotes from triatomine
bugs. Inocula were adjusted on the basis of num-
ber of 5x 10 3 parasites per gram of body-weight
for 24 and 45 days-old opossums and 2 x 10 3 para-
sites per gram of body-weight for the others.

Follow-up - Experimentally or naturally in-
fected opossums have been followed with parasi-
tological and/or serological tests made at monthly
or bi-monthly intervalsfor periods which covered

more than one year for some naturally infected
animals.

Parasitological diagnosis- It wasbased on: (a)
direct blood examination of fresh preparation dur-
ing the acute phase; (b) hemoculturein NNN me-
dium examined through a period of one to three
months.

Serology was done on blood samples obtained
by vein (femoral or caudal) or heart puncture and
the sera were tested by immunoflourescent anti-
body test (IFAT) described by Jansen et d. (1985).

Necropsy - The animals were killed by intra-
muscular injection of Ketalar and chloroform in-
halation. Tissues sampleswere fixed in formalin-
Millonig (Carson et al. 1973) and paraffin sections
stained with hematoxilin and eosin (H& E). At least
one section of the following tissues was examined
fromall theanimals: tongue, tonsils, thyroid, lymph
nodes, lung, heart, esophagus, stomach, liver,
spleen, diaphragm muscle, small and large intes-
tines, skeletal muscle, bone marrow of different
places, pancreas, eyes, brain, cerebellum, skin, ears,
galbladder, bladder, marsupia pouch, epiploon,
mesentery, bulbourethral glands, hypophysis, spi-
nal chord, kidney, genital tractsand scent glands.
The opossums were killed very young, when still
attached to their mother teats, had the whole body
processed.

RESULTS

Most of the examined animals presented few
amastigotes in small, rare and dispersed nests |o-
calized mainly in skeletal muscle. Theinflamma-
tory reactions were congtituted predominantly of
lymphocytes and macrophages. In experimentally
infected animalsthe parasites were randomly dis-
tributed with mild inflammatory reactions. On the
contrary, in the naturally infected opossums the
nests of amastigotes were preferentially located in
the digestive tract and heart with moreintensein-
flammation and occasional tissue destruction.

Tablel showsthe histopathological lesionsin
newborn opossums: in the 45 days old animals
inoculated withY strain, the parasiteswere lim-
ited to the central nervous system associated with
a mild inflammatory reaction (Fig. 1), differing
from 24 days old opossumsin which the parasites
were randomly dispersed in striated muscles with
lymphocytes and macrophages only rarely associ-
ated (Fig. 2).

On the other hand, no parasites or inflamma-
tory reaction were identified in several sections
taken from 2 animalsinoculated with Y strainwhen
they were 80 days old and killed after 8 months.
Parasitological follow up of this group resulted as
expected in only small numbers of trypomastigotes
appearing irregularly in the fresh blood samples
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for 3-4 weeks, after which also the hemocultures
became negative. No invasion of the scent glands
were detected in fresh preparations of the scent
glands content. The total immunoglobulins titers
oscillated between 1:40-1:80.

A different picture could be observed in ani-
mals inoculated with the opossum G-N strain at
thesame agein whichwe found small amastigote
nestsdistributed in striated musclefibersand scent
glands.

Although only one out of the 10 opossumsin-
oculated with G-49 strain presented parasitesin the
tissues (Fig. 3), the duration of the chronicinfec-
tion did not determine the severity of the lesions.

Indeed, opossumsinoculated with thisstrain at 80
daysold and killed between 5 and 12 months after
inoculation exhibited almost the same
histopathological pattern (Tablell).

Two opossums experimentally infected with the
G-49 strain  and killed in the acute phase (one
month) displayed alarge number of parasite nests
dispersed throughout several tissues (data not
shown). Both animals presented patent parasitemia
- up to 1 x10° flagellates/ml and parasites in the
scent glands.

The histopathological findingsweresimilar in
the animals with or without parasitesin the scent
glands(Tablell).

TABLE |

Histopathologic lesions related to age in four and two (24 and 45 days old respectively) opossums inoculated
subcutaneously with Y strain of Trypanosoma cruz - 5 x 103 blood forms per gram of body weight

Number of Duration of the
opossums infection at Presence of parasites Histopathology
examined the necropsy
4 10 to 20 days Numerous amastigote nests Parasitic foci with few
randomly dispersed in associated lymphocytes
striated muscles and macrophages
2 2 months Small number of amastigote Focal perivascular

nests dispersed in central
nervous system

lymphocyte reactions and
nodules of glia proliferation

TABLE Il

Histopathologic follow-up of 10 pouch young opossums (@80 days) inoculated subcutaneously with a
Trypanosoma cruz isolate (G-49) from a naturally infected opossum Didelphis marsupialis - 2 x 108 metacyclic
forms per gram of body-weight

Opossum Duration of infection Presence of parasites Histopathology
no. a necropsy (months)
1 5 Abdominal wall, tongue, Mild interstitia inflammatory
heart, cranial muscle reactions in heart and tongue
2 6 - Scarse areas of inflammatory
reaction in heart and brain
3 7 Scent glands Scarse inflammatory
reaction in skeletal muscles
4 10 Scent glands -
5 10 - -
6 10 Scent glands -
7 11 Scent glands Scarse inflammatory
reaction in heart
8 11 Scent glands -
9 12 - Scarse inflammatory
reaction in skeleta muscle
10 12 Scent glands -

(-) No parasites observed or no significant histopathologic lesions.
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Fig. 1: comparative histopathologic lesions of opossums (Didelphis marsupialis) inoculated with the Y strain of Trypanosoma
cruz at 45 (A,B) and 24 (C,D) days of age, respectively. The animals inoculated at 45 days old showed nests of amastigotes in
the brain, infecting neuron cells (A) and producing nodules of glia proliferation (B), while the infected ones at 24 days of age
presented nests of amastigotes randomly dispersed in striated and smooth muscular fibers in different places of the animal body
(C, D) (H&E - A: x 3250, B and C: x 800, D: x 320).
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Fig. 2: nests of amastigotes in opossums experimentally infected with G-N strain at 80 days old. A very little nest in perifolicular
cell of the skin (A) and a large one in the diaphragm muscle with little inflammatory reaction (B) (H&E - A: x 640 and B: x 310).

Only 4 out of 10 naturally infected opossums
showed amastigotesin thetissues. The heart, ssom-
ach and esophagus were involved in 2 of them,
bladder and ureter in 1. Inflammatory reaction was
focal, without fibrosis and directly related to the
intensity of tissue parasitism which was usually
light and more concentrated in the heart and di-
gestivetract (Fig. 4, Tablelll).

In the heart there was focal and interstitial
myocarditis, mainly in atria involving the
subendothelial layer. Inasingle casetherewasin-
flammation in intramural ganglion. In the stom-
achtheinfiltrateinvaded the Auerbach plexusand

muscular layers.

A similar inflammatory reaction pattern lower
in intensity was observed in the six T. cruz in-
fected animals with no detectable tissue parasit-
ism (Fig. 4).

Besidesthenaturd infection by T. cruz, all the
opossums harbored different species of helmints
aswell as protozoa, bacteriaand fungi.

All the naturally infected animals presented
subpatent parasitemias, positive hemoculturesand
no parasite in the scent glands. The serological ti-
ters (IFAT) in these animals oscillated between
1:80-1:160.
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Fig. 3: nests of amastigotes in muscular fibers of opossums infected with G-49 strain. A small nest of amastigotes in smooth
muscle of the esophagus (A) and a disrupted nest of amastigotes invaded by inflammatory cells in the tongue (B) (H&E - A: x

500 and B: x 640).

Opossums naturally infected with T. freitasi as
well as the uninfected ones displayed some non-
specific lesions - probably due to the presence of
other parasites such as helminths and bacteriathat
were observed in most of animals.

DISCUSSION

Opossum probably startsto resist to infections
with Y strain fromthe 45th day of lifeon sinceall
24 days old inoculated animals died in contrast
to the survival of the older ones (Deane et a.
1984c).

Although the opossums acquire immunol ogi-
cal maturity from the 80th day of age on (Block
1964), younger animals (45 days old), were able
to control the infection by T. cruzi (Deane et a.
1984c), suggesting that other mechanisms, prob-
ably nonspecific, areinvolved in the efficient con-
trol of theinfection as also suggested by Jansen et
al. (1991), at least in animals at this age. Indeed,
when 2 pouch young opossums (@0 days) were
inoculated subcutaneously with 2 x 103 blood
forms of Y strain per gram of body weight, and
killed at 8 month after infection, parasitesand tis-
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Fig. 4: histopathologic lesions of opossums naturaly infected. Diffuse inflammatory reaction in the muscle of the leg (A) and in
the smooth muscle of the gastric wall with involvement  of Auerbach plexus (B) (H&E - A: x 200 and B: x 350).

sue lesions were not detected. Only few parasites N strain resulted in high parasitemia up to 1x107
and a mild inflammatory reaction in the central  parasites/ml and heavily parasitized scent glands.
nervous system was observed in the 45 days old  The monthly hemocultures done during the
infected opossums necropsed 2 months after the  subpatent period were consistently positive in the
inoculationwith Y straintrypomastigote (Tablel).  G-N inoculated animals, contrasting to those in-
The parasitological follow-up correlated en-  oculated withthe Y strain (data not shown).
tirely with the histopathol ogical findings depend- Itisknown that T. cruz antigens passthrough
ing also on the inoculated strain. Opossums ex-  the scent glands wall to the blood (Jansen et al.
perimentally infected with Y strain displayed a  1988). However, thefact that several animalswith
short period of patent parasitemiawith rare posi-  heavily parasitized scent glands did not show or
tive fresh blood examinationsand no scent glands  presented only scarseinflammatory reactionsin the
parasitism. Onthecontrary, theinfectionswith G-  tissues suggests that these circulating antigens do
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TABLE Il
Histopathologic lesions of 10 opossums (Didelphis marsupialis) naturaly infected with Trypanosoma cruz

Opossum no. Presence of parasites Histopathology

1 Bladder and ureter Moderate lymphomacrophagic
interstitia inflammatory reaction in the heart

2 Stomach, esophagus and heart Intense inflammatory reaction
in the gastric nervous plexus

3 Esophagus Intense inflammatory reaction in the
esophagus, stomach and heart

4 Heart and stomach Intense inflammatory reaction with neural
lesions in the heart, stomach and mild
reaction in the esophagus

5 - Mild inflammatory reaction in the
diaphragm, esophagus and heart

6 - Mild inflammatory reaction in the heart,
tongue and kidney

7 - Intense inflammatory reaction in the salivary
glands, diaphragm, intestine and heart

8 - Mild inflammatory reaction in the salivary
glands, stomach, heart and kidney

9 - Mild inflammatory reaction in the bladder,
intestine, tongue, heart and kidney

10 - Mild inflammatory in the heart and tongue

(-) No parasite observed or no significant histopathologic lesions.

not cause an increasein theinflammatory reactions
asit could be expected. Until now, itisunknown if
theglandular T. cruz derived antigensexert stimu-
lating or suppressive effects on the immune sys-
tem, interfering on the host responses.

The opossums naturally infected with another
trypanosomatid - T. freitasi - presented no lesions
atall.

Comparing opossums naturally infected by T.
cruzi with the experimentally infected ones, the
former exhibited moreintense inflammatory reac-
tions in tissues and a tendency for parasitism to
occur in the heart and digestive tract. The pattern
of inflammatory reactionsin both groupswas quali-
tatively similar, composed of macrophages and
lymphocytes with occasional small numbers of
eosinophilsand/or plasmacells.

Parasitism in the digestive system by T. cruz
in natural infections of opossums was already ob-
served (Brito & Deane 1966, Zeledon 1970, Barr
etal. 1991). Brito and Deane (1966) suggested that
it probably could occur through oral infections.
Although thishypothesiscan betrue, T. cruz para-

sitesin the digestive system can a so occur follow-
ing other infection route asit could be observedin
some of the subcutaneously inoculated animals.

In our understanding, severa factors contrib-
uteto explain the more intense inflammatory reac-
tionsin natural infections, such asthe characteris-
tics of the strain, schedule of infection and/or the
occurrence of polyparasitism. This may possibly
play avery important rolein the modulation of the
inflammatory reactions. The frequent presence of
other parasites (like helminths and bacteria) inthe
organism of the animals could cause a more se-
vere immune response due to superimposition of
immunological reactions stimulated by different
agents. Favoring thishypothesisisthefact that all
theanimals, caught in thewild and heavily infected
by helminths and other parasites, presented more
pronounced histopathol ogic lesions than those ani-
mals born in the laboratory.

It was reported that the opossum is able to set
up ahumoral responseto T. cruz antigens and that
the levels of serum specific antibodies is depen-
dent on the strain of parasite (Jansen et al. 1985).
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It was also reported by Jansen et al. (1991) that the
G-49 strain caused higher level s of immunoglobu-
lins and parasitemia compared to G-327, both be-
ing of sylvatic origin and isolated from naturally
infected opossums.

The Y strain, on the other hand, is known to
present low levels of infection and immunoglobu-
lins in the opossums (Jansen et al. 1985), and in
some cases the animal s rid themselves of the para-
sites(Thomaz et al. 1984). We observed that the Y
strain displays correl ated histopathol ogical behav-
ior in agreement with parasitological conditions.
For instance, when the opossums were close to 80
days-old and the immune system had become ma-
ture, neither inflammatory reactions nor parasites
in tissues were detected. Otherwise, opossumsin-
oculated with G-N strain in the same age group
presented several amastigotes nests and light tis-
sue inflammation.

When we studied animals inoculated with Y
strain at 45 and 24 days, we observed several
amastigotes nests in tissues and scattered inflam-
matory focuses. Even so, the opossums had alonger
survival period compared to mice, as observed by
Deane et al. (1984c). These results indicate that
young opossums, even when they were immuno-
logically immature, they were capable of setting
up inflammatory responses sufficient to control the
infection. When the animal reached immunologi-
cal maturity close to 80 days of age, they acquired
capability to control the infection. Tissue parasit-
ism decreased and amastigotes nestswere no longer
observed.

The results obtained with the G-49 strain
showed that only the animal killed 5 months after
inoculation presented tissue parasitism. Thisdata,
together with that of natural infection (where
amastigotes were found only in 4 of the 10 exam-
ined opossums), suggest that sometimes the opos-
sums can control the infection by decreasing the
number of parasite foci in tissue and subsequent
inflammatory reactions.

On the other hand, due to differences of the
strain characteristics and the size of inoculum, the
opossums do not always control the colonization
of the tissue by the parasite. The parasites can re-
main in the tissues for along time, with very lim-
ited inflammatory reactions, as we could observe
in animalsinfected with the G-N strain.

T. cruz isavery heterogenous species; conse-
quently, theinfection by this parasite may be very
complex, depending on the host and parasite fac-
tors.

Our observations on the behavior of T. cruz in
the D. marsupialis indicate that even those natu-
rally infected animals showing more severeinflam-
matory reactions did not present a pronounced

histopathol ogical changes as observed in Chagas
disease, and in T. cruzi infected mice and dogs
(Andrade & Carvalho 1969, Aluja 1985, Andrade
& Sadigursky 1987, Molina & Kierszenbaum
1988).

The size of the inoculum, in some way, may
modul ate the parasite dispersion in the host body.
Jansen et al. (1991), have shown that T. cruzi may
or may not reach the opossums’ scent glands de-
pending on the levels of parasitemia induced by
the size of theinoculum. Thisfact can explain why
our naturally infected opossums did not present
anal scent glands infection, though some isolates
when obtained from the glands and inoculated in
others (Jansen et al.1991), were capable of further
glandular colonization. In experimental conditions
higher parasitemia was induced by larger inocu-
lum than that observed in natural infections.

Deane et a. (1984a), observed that opossums
select different sub-populations from T.cruz. Our
study shows that this selection is correlated to
histopathol ogical findings.

This paper presentsfor thefirst time adetailed
histopathological study of D. marsupialisharbor-
ing simultaneously the two multiplicative life
cyclesof T. cruz: amastigote multiplicationin the
tissuesand triatomine vector-like cyclein the scent
glands.
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