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Trypanosoma cruzi infection in the Opossum Didelphis

marsupialis: Absence of Neonatal Transmission and Protection by
Maternal Antibodies in Experimental Infections

Ana M Jansen®, Fatima B Madeira, Maria P Deane

Laboratério de Biologia de Tripanosomatideos, Departamento de Protozoologia, Instituto Oswaldo Cruz,
Av. Brasil 4365, 21045-900 Rio de laneiro, RJ, Brasil

The high rate of natural Trypanosoma cmizi infection found in opossums does not always
correlate with appreciable densities of local triatomid populations. One alternative method which
might bypass the invertebrate vector is direct transmission from mother to offspring. This possibility
was investigated in five T. cruzi infected females and their litters (24 young). The influence of
maternal antibodies transferred via lactation, on the course of experimental infection, was also
examined., Our results show that neonatal fransmission is probably not responsible for the high rate

of natural T. cruzi infection among opossums.

In addition antibodies of maternal origin confer a partial protection to the voung. This was
demonstrated by the finding of a double prepatency period and 4,5 fold lower levels of circulating
parasites, in experimenlally infected pouch young from infected as compared to control uninfected
mothes. On the other hand, the duration of patent parasitemia was twice as long as that observed

in the control group.
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The opossum Didelphis marsupialis, one of
the most mportant and ancient silvatic reser-
voirs of Trypanosoma cruzi, 1s also considered
as a link between domestic and silvatic trans-
mission cycles, because of its ability to adapt to
human dwellings in deforested areas (Zeledon et
al, 1970, Barretto & Ribeiro 1979). Opossums
are omnivorous, feeding on eggs, fruits, small
vertebrates and tnsects,

Depending on the strain of the parasite, ex-
perimental infections can be permanent or con-
trolled and sometimes eliminated, 1n opossums
from an early age (Thomaz et al. 1984, Deane
et al. 1984). In addition, experimental infections
can often result i multiplication and differen-
tiation of the invertebrate epimastigote stage in
the Tumen of the scent glands (anal glands)
(Deane et al. 1984). The mechanisms underly-
ing this phenomenon arc not fully understood
although a correlation between high parasitemia
and invasion of the scent glands by the parasite
has been described (Jansen et al. 1991).

Natural infections tend to be stable and very
common, sometimes reaching very high rates
rates as to 100% (Rodrnigues & Mello 1942,
Guimaraes & Jansen 1943, McKeever & Gorman
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1958, Dcanc ct al. personal communication),
while infected scent glands seem to be uncom-
mon 1n naturally infected animals (Naiff et al.
1987, Steindel ¢t al. 1988, Fernandes et al. 1989).

Some aspects of the maintenance of the
silvatic life cycle of T. cruzi still require clari-
fication: in a study carried out on Jaguanum
[sland (Ramal de Mangaratiba, Rio de Janeiro),
90% of opossums were found to be infected
with 7. cruzi, no scent gland infection was ob-
served, rodents were scarce and only rare speci-
mens of Microtriatoma borbai were found
(Sibajev & Deane 1988).

Until quite recently marsupials were consid-
ered as “lower” mammals, an evolutionary link
between oviparous mammals and viviparous
placentals. However, it 1s now known that mar-
supials and placentals are closely related, and
that the principal difference between tham 1s in
reprodutive strategy. After a short gestation time,
(12-13 days for D. marsupialis) marsuptal young
are bom 1n an embryonic state, weighing only
0.01 to 0.05% of the maternal body weight, in
contrast to placental young which weigh 2.3 to
3.0%.

Marsupials are born without antibodies, these
are acquired in the first few hours after the
commencement of suckling (Hindes & Mizell
1976).

In general, a marsupial can be considered as
an immature placental that depends for its de-
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velopment on the incubation conditions of the
marsupial pouch and on breastfeeding.

Marsupials are amniotic, with a well devel-
oped yolk sac. During development, a kind of
chorionic-vitelline “placenta”, covered by an
avascular and cornified membrane, is formed.
The degree of interaction of a marsupial embryo
with maternal tissues is far less than that of a
placental embryo; however, there is a close re-
lationship between the mother and the young
during the long lactation period. During the first
53 days, young opossums remain permanently
connected to a breast nipple that extends to their
stomach. Thereafter, the young opossums, which
at this stage have differentiated mouths, begin
to release the nipple for short periods. Lactation
continues until about 100 days, with increasing
independence of the young.

The long period of close association between
mother and offsprings could perhaps explain the
high rate of natural infection found in opos-
sums. For this reason we decided to evaluate the
importance of neonatal 7. cruzi transmission in
D. marsupialis, as well as to examine the role of
matemnal antibodies transmitted to pouch young
during lactation on the course of experimental
infection,

MATERIALS AND METHODS

Animals — Five adult female opossums and
their litters a total of 24 specimens were used in
the study. One of the adult females, reared in
captivity from birth, was experimentally infected
with metacyclic forms obtained from scent glands
when her litter was ten days old. The others,
caught 1n the wild, were naturally infected, as
detected by routine tests previously described
(Deane & Jansen 1990).

Durning the period of observation the adult fe-
males presented subpatent infections, detectable
by hemocultures, with no parasitism of the scent
glands. Total serum Ig titers, determined by an
indirect immunofluorescent test (IFAT) described
elsewhere (Jansen et al. 1985) remained high.

Evaluation of the influence of antibodies of
maternal origin on the course of experimental
infection — In order to evaluate the effect of an-
tibodies of maternal origin on the course of infec-
tion in young opossums, a litter of five animals
from an experimentally infected female were
infected with metacyclic forms of T, cruzi from
LIT medmm, soon after weaning. A control litter
from a laboratory reared female was experimen-
tally infected with the same inoculum.

The follow-up of young included examina-
tion of at least two hemocultures in NNN me-

dium with a LIT overlay every 15th day during
two months, xenodiagnosis with 30 Rhodnius
neglectus nymphs, microscopical examination of
scent glands contents obtained by manual squeez-
ing, and IFAT for Ig, IgM and 1gG anti-T. cruzi
antibodies.

Titration of Ig levels in milk of lactating
temales was done trough IFAT as already de-
scribed for serum in this model host (Jansen et
al. 1985).

The fluorescein isothiocyanate conjugate of
goat anti-opossum heavy chains m and g was
kindly supplied by Dr Maria Helena da Silva,
Instituto de Microbiclogia, UFRJ.

The antigens for all IFATS were prepared
with the F strain epimastigotes from cultures, as
previously described (Jansen et al. 1985).

The parasite strain used was G-49 (L.]), iso-
lated from a naturally infected opossum cap-
tured 1in Miguel Pereira, State of Rio de Janeiro,
in August 1982, Since that time, the strain has
been maintained in our laboratory by means of
cyclical passages through opossum-triatomid-LIT
medium,

Purnified LIT metacyclic forms for the inocu-
lations were obtained by passage through of a
nylon-wool column (Pinho et al. 1991). Two
hundred metacyclic forms/g body weight were
injected subcutaneously into each animal.

Adult animals were individually caged and
fed on dog food, eggs and fresh fruits. Pouch
young were maintained in the same way, after
weaning, at about 120 days.

RESULTS

Neonatal transmission of 7. cruzi was not
observed to occur in the animals comprising the
present study., All hemocultures and xenodiag-
nosecs were negative, and no invasion of scent
glands by the parasite took place.
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Fig. I: serological and parasitological follow up in a litter
of newborn opossums, from a naturally Trypanosoma cruzi
infected female, before and after weaning. Each point rep-
resents the individual values for an animal. IgG antibodies
were detected by an indirect immunofluorescence test.
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Fig. 3: Ig antibodies and patent parasitemia after expeni-
mental infection with Trypanosoma cruzi, in a hitter of
seven opossums from an uninfected, laboratory reared
Didelphis marsupialis female. Each point represents the
mean values for the litter and the curves were plotted as
log 2 of the dilution titers. The horizontal line in paralel
with the abscissa, corresponds to the 1:20 dilution, above
what the reaction was considered positive,

Titres of matemal 72 cruzi antibodies begin to
decline in young opossum sera from the 30th
day after weaning. Figs 1 and 2 show the follow
up of two of the litters studied.

Matemal anti T. cruzi antibodies transmitted
during lactation conferred a partial protection
on pouch young. Inoculated pouch young from
infected mothers displayed a double prepatency
period 1n relation to the control group; in addi-

TABLE

Trypanosoma cruzi infection in the opossum Didelphis marsupialis: parasitological and serological data on
experimentally infected newly-weaned infants from normal and infected females. Inocula: 200 metacyclic
forms/body weight subcutaneously

Parasites in

P ' ] ‘otal Ig
arasitemia scent glands Total ig
Pr;é:_?;zm Parasites E:::r?’]z‘ }_( duration Animals Time x T‘i_lttw
(days) at peak/ml (days) (weeks) (+)/Total {weeks) peak
7 newly-weaned infants
(120 days) normal female 13.5  29x10° 27 7 7/7 4.6 21280
3 newly-weaned infants
(120 days) infected female 284  6.5x10° 50 14 /5 9 1:640
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tion peak levels of circulating parasites were 4,5
fold lower. The onset of patent parasitemia was
coincident with the drop of Ig anti T. cruzi an-
tibodies of maternal origin and the drop in the
number of circulating parasites, with the rise of
spectfic Ig antibodies from offsprings. The pa-
tency of parasitemia however was twice as long
in offsprings from infected mother than in the
control group (Table).

All animals of the two groups but one, from
the infected mother, presented parasites in scent
glands close to the parasitemic peak and this
parasitism was confirmed at necropsy of most of

animals of the two groups several months after

(Table, kig. 1).
DISCUSSION

Our results strongly suggest that the high
natural 7" cruzi infection rates observed for the
opossum D. marsupialis are not due to neonatal
transmission. On the contrary, infected mothers
transferred to their pouch young, significant
amounts of specific IgG antibodies which con-
ferred a partial protection against experimental
infections.

Congenital transmission of T. cruzi in pla-
cental laboratory hosts does occur, although
relatively rarely (Miles 1972). Congenital trans-
mission in humans is also considered uncom-
mon, although in certain areas it can be an
important route of infection (Bittencourt 1967,
Bittencourt & Gomes 1967, Howard & Rubio
1968, Miles 1972, Bittencourt et al. 1985, 1988.
Bittencourt 1992, Zaidenberg & Segovia 1993).

In D). marsupialis we observed no cases of
congenital transmission; indeed, the short gesta-
tion time and the characteristic maternal-embry-
onic barrier ocurring in marsupials makes this
route of contamination very improbable.

Reports of the transmission of T. cruzi into
the milk of different placental species are scarce:
though Diske and Krampitz (1971} demonstrated
the presence of trypanosomes in the milk of
infected mice, but not the transmission of the
infection to sucklings. In humans, it was demon-
strated that transmission through breast feeding
rarely occurs even in the acute phase of the
disease, unless there were nipple bleeding
(Bittencourt et al. 1988).

In spite of the close physical contact and
length of lactation in didelphids, we did not
obseve any T. cruzi transmission during this
period. Although protection conferred by spe-
cific antibodies of maternal origin ensured to
the weaned young a significantly longer prepatent
period and 4.5 fold lower peak levels of circu-
lating parasites, the patent parasitemia persisted

for twice as long. The longer patent period seems
to be a peculiar trait of this model host, and in
nature 1t could be one of the factors accounting
for its high eficiency as a reservoir,

The invasion of scent glands of the two
experimentally infected litters observed close to
the time of peak parasitemia reinforces our pre-
vious observations with regard to the correlation
between parasitism of this site and a high blood-
stream parasite population. The single animal
whose scent glands were not colonized by T.
cruzi suggests that additional, as yet uncharac-
terized factors are also involved in this process.

Protection through lactation is well known in
parasitic diseases. )

Immune and non immune anti-parasitic agents
involved 1n protection against entero protozoan
parasites have been described in human milk
(Gillin et al. 1983).

Protection against trypanosomatids of the
brucei group via lactation has been described in
ungulates (Stephen 1966, Whitelaw & Jordt
1985) 1n addition, an antt T. b. rhodesiense ac-
tivity has been observed in colostrum of animal
and human origin (Mulla et al. 1985).

Marsupials are born after a very short gesta-
tion period and with only the vital physiological
functions. The immunological tncompetence
phase, before the maturation of the immune sys-
tem takes place, occurs in the marsupial pouch.
Very little is known about the immune and non
immune mechanisms which protect the newborn
in this condition: the transmission of maternal
antibodies 1s probably one of the most impor-
tant, although other as yet unidentified factors may
also be transferred during lactation.

Although Rowlands and Dudley (1969) did not
observe the transfer of antibodies during lactation
of D. virginiana, the phenomenon was described
in a later publication by Hindes and Mizell (1976).
The importance of transmission of antibodies to
newborn marsupials via lactation was corroborated
in Monodelphis domestica(Samples et al. 1986),
Setonix brachyuris (Yadav 1971), Trichosurus
vulpecula (Yadav & Eadie 1973), and Macropus
robustus (Deane & Cooper 1984).

Our observations indicate that, in experimen-
tally infected pouch young, parasitemia becomes
patent only after levels of antibodies of maternal
origin begin to decline. This leads us to suggest
that, 1n nature, D. marsupialis maternal antibod-
ies may serve to protect pouch young during the
period of maturation of intrinsic mechanisms
involved in the control of T. cruzi infection.

ACKNOWLEDGEMENT

To Alcidineia Ivo for technical help.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 8%1), jan./mar. 1994 45

REFERENCES

Barretto MP, Ribeirc RD 1979, Reserviatorios silvestres’

do Trypanosoma (Schizetrypanum) cruzi. Chagas,
1909. Rev Inst Adolfo Lutz 39: 25-35.

Bittencourt AL 1967. Transmissdo congénita da doenga
de Chagas. (Gaz Med Bahia 67: 39-64,

Bittencourt AL 1992. Possible nsk factors for vertical
transmission of Chagas’ discase. Rev Inst Med trop
Sdo Paulo 34: 403-408.

Bittencourt AL, Gomes MC 1967, Gestagoes sucessivas de
uma paciente chagasica com a ocorréncia de casos de
transmissao congénita da doenga. Gaz Med Bahia 67:
166-172,

Bittencourt AL, Mota E, Ribeiro Filho R, Fernandes LG,
Almeida PRC, Sherlock I, Maguire J, Piesman J, Todd
CW 1985, Incidence of congenital Chagas’ disease in
Bahia, Brazil. J Trop Pediat 31: 242-248.

Bittencourt AL, Sadigursky M, da Silva AA, Meneses
CAS, Marianettt MMM, Guerra SC, Sherlock | 1988.
Evaluation of Chagas® disease transmission through
breast-fecding. Mem Inst Oswalde Cruz 83: 37-39.

Deane EM, Cooper DW 1984, Immunology of pouch
young marsupials. [ - Levels of immunoglobulin trans-
ferrin and albumin in the blood and milk of euros and
wallaroos (hill kangaroos) Macropus robustus
(Marsupiaha). Dev Comp Inmmuncl 8: 863-876.

Deane MP, Jansen AM 1990. Developmental stages of
Trypanosoma (Megatrypanum) freitasi Rego,
Magalhaes e Siqueira, 1957, in the opossum Didelphis
marsupialis (Marsupialia, Didelphidae). J Protozoo!
37: 44-47.

Deane MP, Jansen AM, Lenzi HL 988 Trypanosoma
cruzi. veriebrate and invertebrate cycles in the same
mammal host the opossum Didelphis marsupialis. Mem
Inst Oswaldo Cruz 83: 273.275,

Deane MP. Jansen AM, Mangia RHR, Lenzi HL 1984, A
study of experimental infections of the opossum
Didelphis marsupialis. X1 Reunido Anual de Pesquisa
Basica em Doenga de Chagas, Caxambu MG, BI-39.

Disko R, Krampitz HE 1971. Das Auftreten von
Irypanosoma cruzi in der Milch infizierter Mause.
Zeit Tropen Parasitol 22: 57-66.

Gillin FD, Reiner DS, Wang CS 1983, Human malk kilis
parasitic protozoa. Sei 22/ 1290-1291.

Fernandes AJ, Dhotaiuti L., [as JCP, Romanha A, Chian
E 1989. infecgao natural das glandulas anais de gamba
(Didelphis marsupialis) pelo Trypanesoma cruzi no
municipio de Bambui-MG. Mem Inst Oswaldo Cruz 84:
87-93.

Guimaraes FN, Jansen G 1943, Novo transimissor silvestre

~do Trypanosoma (Schizotrypanum) cruzi. Mem Inst
Oswaldo Cruz 38: 437-441.

Hindes RD, Mizell M 1976, The origin of immunoglobu-
lins tn opossum embryos. Develop Biol 53: 49-61.

Howard J, Rubio M 1968, Congenital Chaga's disease. |
- Chinical and epidemiological study of thirty cases.
Bel Chil Parasitol 23: 107-112.

Jansen AM, Leon LL, Machado GM, da Silva MH, Souza-
Ledo SM, Deane MP 1991, Trypanosoma cruzi in the
opossum Didelphis marsupialis: Parasitological and
serological follow up of the acute infection. Exp
Parasitol 79: 46-56,

Jansen AM, Moriearty PL. Castro BG, Deane MP 1985.
Trypanosoma cruzi in the opossum Didelphis marsu-
pialis. An indirect fluorescent antibody test for diag-

nosis and follow up of natural and experimental in-
fections. Trans R Soc Trop Med Hyg 79: 474-477.

Mc Keever S, Gorman L 1958. Ocurrence of a Trypa-
nosoma cruzi like organism in some mammals from
Southestern Georgia and Northwestern Florida. J
Parasitol 44: 583-589.

Miles MA 1972, Trypanosoma cruzi milk transmission of
infection and immunity from mother to young. Para-
sitology 65: 1-9.

Mulla AF, Rickman LR, Chembe EE 1983, The effects of

mammalian milk/colostrum upon Trypanosoma brucei
rhodesiense. Ann Soc Belge Med Trop 65: 199-205.

Naiff RD, Naiff MF, Barrett TV, Arias JR 1987,
Trypanosoma cruzi nas glandulas anais do Didelphis
marsupialis: primeiro registro de infecgoes naturais,
Anais do X Congresso da Sociedade Brasileira de
Parasitologia. Res. 165: 234,

Pinho RT, Dutra HS, Giovane de Simone 8, Pontes de
Carvalho 199]. A glass wool based method for puri-
fying Trypanosoma cruzi tripomastigotes and partial
characterization of specific glass adherent surface
peptide. Acta Trop 30: 29-38.

Rodrigues BA, Mello GB 1942, Contribuigao ao estudo
da tnpanosomiase amencana. Mem fnst Oswaldo Cruz
37:77-94,

Rowlands DT, Dudley M 1969. The development of se-
rum proleins and humoral immunity in opossum “em-
bryos”. Immunol 17: 969-975.

Samples NK, Vanderberg JL, Stone WH 1986, Passively
acquired immunity in the newborn of a marsumal
(Monodelphis domestica). Am J Rep [mmunol
Microbiol 11: 94.97,

Sibajev A, Deane MP 1988. Microtriatoma borbai Lent &
Wydgodzinsky. 1979: additions to the knowledge on
its distribution and biclogy. Mem Inst Oswaldo Cruz
83 Suppl I: 186.

Steindel M, Scholz A, Toma HK, Sclemper BR 1988.
Prescnce of Trypanosoma cruzi in the anal glands of

naturally infected opossum (Didelphis marsupialis).
Mem Inst Oswaldo Cruz 79: 513-515.

Stephen LE 1966. Observations on the resistance of West
African N'dama and Zebu cattle to tripanosomiasis
following challenge by wild Glossina morsitans from
an early age, An Trop Med Parasitol 60: 230-246.

Thomaz N, Jansen AM, Deane MP 1984, Trypanosoma
cruzi. The complement-mediated lysis (CoMI) in ex-
penmentally infected opossum Didelphis marsupialis.
Anais da XI Reuniao Anual de Pesquisa Basica em
Doenga de Chagas, Caxambu, MG, (1-48).

Whitelaw DD, Jordt T 1985. Colostral transfer of antibod-
1es lo Trypanesoma brucei in goats. Ann Soc Belge de
Med Trop 65: 199-203.

Yadav M 1971. The transmission of antibodies across the
gut of pouch young marsupials. fmmunol 21: 839-851.

Yadav M, Eadie M 1973, Passage of maternal immuno-
globuhins to the pouch young of a marsupial Setonix
brachiurus. Aust J Zool 21: 171-181.

Zaidenberg M, Segovia A 1993, Enfermedad de Chagas
congenita en la ciudad de Salta, Argentina. Rev Inst
Med. trop Sdo Pawlo 35: 35-43.

Zeledon R, Solono G, Saenzs G, Swatswelder JC 1970.
Wild reservoir of Trypanosoma (Schizotrypanum) cruzi
with special mention of the opossum Didelphis
marsupiafis, and its role in the eprdemiology of Chagas
disease in an endemnic area of Costa Rica. J Parasito!

56: 38-47.



