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Schistosoma haematobium
Infection in the Opossum (Dideiphis marsupialis):

Involvement of the Urogenital System *
ROBERT E. KUNTZ,' BETTY JUNE MYERS 1 & ALLEN W. CHEEVER 2

Investigations of experimental schistosomiasis haematobia have suffered for want of
satisfactory mammals in which schistosome infections would establish host-parasite situa-
tions more or less comparable with those seen in man. As a consequence, mammals repre-
senting different major groups have been exposed to infection by Schistosoma haematobium
(Iran strain) to determine their potential use as models for more detailed investigations.
In preliminary studies, 8 Amercian opossums (Didelphis marsupialis) were exposed to 1000
or 2000 cercariae. Macroscopic involvement of the urogenital tract was noted in 3 animals,
one of which had a 1-cm fibrous plaque in the bladder. In another animal, multiple transi-
tional cell papillomas were present in the bladder and in one ureter.

Progress in investigations with the different schisto-
somiases has relied upon, and been closely associated
with, the infection and maintenance of mammals
under laboratory conditions. Basic studies have
been concerned, in part, with the evaluation of rep-
resentative animals to determine which species were
suitable for the multiple requirements in schisto-
somiasis research. Attention has been given to the
susceptibility of a long list of animals to infection
by Schistosoma mansoni, but less extensive investiga-
tions have been made with S. haematobium (Kuntz
& Malakatis, 1955a, 1955b; Kuntz, 1961; Wright
& Bennett, 1967a, 1967b).

Because of the growing concern about schisto-
somiasis haematobia, there have been renewed at-
tempts to find acceptable hosts for S. haematobium,
preferably mammals that would present host-para-
site situations somewhat comparable to those recog-
nized for man. Although many nonhuman primates

* This investigation was supported by the United States-
Japan Cooperative Medical Science Program administered
by the National Institute of Allergy and Infectious Diseases
of the National Institutes of Health, Department of Health,
Education, and Welfare, under grant 5 R22 AI-08207, with
partial support under grant 9-P06-RR 00451, also from the
National Institutes of Health.

I Division of Microbiology and Infectious Diseases,
Southwest Foundation for Research and Education, San
Antonio, Tex. 78228, USA.

2 Laboratory of Parasitic Diseases, National Institute of
Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, Md. 20014, USA.

have been critically evaluated in a search for model
systems (Jordan et al., 1967; Myers et al., 1970a,
1970b) other animals have not been overlooked
(Gear et al., 1966). The present report is concerned
with S. haematobium infection in the American
opossum, one of a series of vertebrates being charac-
terized for host-parasite relationships and suscepti-
bility patterns.

MATERIALS AND METHODS

Opossums (Didelphis marsupialis Linnaeus) used
in the present study were infected with the Iran
strain of S. haematobium maintained in Bulinus
truncatus rohlfsi (Clessin) from Ghana, West Africa.
The Syrian hamster (Mesocricetus auratus) has been
employed for several years as a definitive host to
provide eggs for maintenance of the parasite cycle.
Opossums captured in the vicinity of the South-

west Foundation, located in the suburbs of San
Antonio, Tex., USA, were anaesthetized with phen-
cyclidine. Cercariae, pooled from a number of
snails, were counted on coverslips which in turn
were placed on the shaved and washed skin of the
belly for 30 min. Hosts were fed principally Purina
Dog Chow. Samples of urine and faeces were col-
lected several times a week beginning about 50 days
after exposure. Urine sediments were examined for
eggs, while stool samples were examined by sedimen-
tation as well as by the Stoll technique (Stoll, 1923).
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Viscera were examined for parasites and patho-
logical changes shortly after death. When appro-
priate, the venous system was perfused (Radke et al.,
1961) to improve worm recovery. Squashes were
made of fresh tissues to determine the relative distri-
bution and abundance of eggs. After removal of
schistosomes and pathology samples, organs were
washed and weighed before tissue digestion. Most
tissues to be used for egg counts were frozen for
storage, but the urogenital system was fixed in
formalin for preliminary macroscopic study and
photography. Eggs were counted after digestion of
the tissues in 40% potassium hydroxide solution.
Frozen tissues were digested for 12-24 h at 40°C
and fixed tissues for 16-20 h at 56°C (Cheever, 1968).

Since the opossum, as well as other animals
included in a broad investigation of experimental
schistosomiasis, had not previously been exposed to
this parasite, it was necessary in preliminary expo-
sures to employ arbitrary numbers of cercariae. In
the present study, 8 opossums were exposed to
1 000-2 000 cercariae each, and sacrificed at varying
periods from a few weeks to 1 year after infection.
All opossums were receptive to infection, and 3 of
the 8 hosts exhibited pathological involvement of the
urogenital system. Although detailed parasitological
observations are being made on a long series of
Didelphis, variable macroscopic lesions have focussed
attention on involvement of the urogenital system
in this host.

RESULTS

The recovery of schistosomes in this series of hosts
ranged from 3% to 45%. Parasitological informa-
tion, including worm recovery and distribution as
well as egg counts, for tissues in 3 of the hosts
studied, is presented in the accompanying table.
Adult worms occurred throughout the mesenteric cir-
culation, with the majority located around the lower
portion of the large intestine, in the pelvic plexus,
and closely associated with the urogenital system.
Only a few worms were found in the hepatic portal
veins near the liver. Two of the 8 opossums had
worms in the pancreatic venules, but evidence of
infection in the lungs was rare. Small numbers of
eggs were found at different sites along the intestine,
but most were deposited in the walls of the lower
colon, the rectum, and the urogenital system. Eggs
were passed with the urine of several opossums,
but none showed eggs in the faeces. Egg excretion
was followed in one opossum (0-8) for 8 weeks
prior to sacrifice (Fig. 1).

Macroscopic lesions were present in the uro-
genital system of 3 of the 8 opossums. In one host
(0-18), 18 weeks after exposure to 1 000 cercariae,
clouded areas were apparent in the ventral wall of
the formalin-filled, intact bladder when it was sub-
jected to intense transmitted light after removal
from the body. Subsequent examination of these
areas, after the bladder had been fixed in the inflated
condition, revealed scattered and irregularly shaped
slight thickenings of the bladder walls with patches
of haemorrhage on the inner surface. Schistosome
eggs were not found in the digested bladder if it
showed only recent haemorrhage without inflam-
matory reaction, nor were they found in histological
sections. There were no marked pathological changes
in other organs although 85 parasites were recovered.
Eggs, however, were detected in the pancreas and
especially in the walls of the large intestine in fresh
tissue squashes.
A more clear-cut shadow was cast by transmitted-

light examination of a lesion in the ventral wall of
the urinary bladder of a male opossum (0-4) exam-
ined 53 weeks after exposure to 2 000 cercariae. When
the bladder was opened, there was a discrete broad-
based plaque (10x 12 mm) elevated 1-2 mm above
the mucosal surface (Fig. 2). Macroscopically, the
plaque had a cauliflower-like surface with areas of
haemorrhage. There were a number of small low
oedematous haemorrhagic patches surrounding the
large plaque. On microscopic examination, the
mucosa of the bladder was slightly thickened, but
otherwise unremarkable. Numerous eggs, mostly
viable, were present in the greatly thickened sub-
mucosa, and a few calcified eggs were seen. Most
eggs were not surrounded by granulomas. The dif-
fuse inflammatory reaction consisted primarily of
eosinophils in some areas, while plasma cells pre-
dominated in others. Moderate oedema and rela-
tively marked fibrosis occurred throughout the prin-
cipal lesion as well as in the less prominently
involved areas elsewhere in the bladder wall. Diges-
tion with KOH of a part of the bladder revealed
the presence of 7650 eggs/g of tissue. Of the total
of 13 pairs of schistosomes from this host, 12 were
found in the veins on the surface of the bladder.
Other organ systems were not noticeably affected.
Examination of the urogenital system of a third

adult male opossum (0-8), 43 weeks after exposure
to 1 000 cercariae, showed much more prominent
involvement than in other hosts of the series. There
was marked enlargement of one ureter (Fig. 3), as
well as formation of polypoid lesions on the inner
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Schistosoma haematobium infection in 3 specimens of the American opossum

Host

No. 0-18 & No. 0-8 d No. 0-4 d
Location (1000 cercariae: 18 weeks)a (1000 cercariae: 43 weeks)a (2000 cercariae: 53 weeks)a

Egg distribution Worm Egg distribution Worm Egg distribution Worm

Per gram Per organ return Per gram Per organ return Per gram Per gram return

Lungs 0 0 0 2944 47100 1 pair ND ND 0

Liver 0 0 13 d 5 pairs 35 2250 152d ND ND 0

Hepatic portal - - 8 pairs - - 6 d 2 pairs - - 0

Pancreas 50 600 0 30 300 0 ND ND 0

Spleen 0 0 0 0 0 0 ND ND 0

Stomach 0 0 0 0 0 0 ND ND 0

S. intestine 442 8 400 3 pairs 222 5 775 0 ND ND 1 pair

L. intestine 3 653 62 100 20 pairs 873 9 600 0 ND ND 0

Caecum 40 200 0 67 200 1 d 2 pairs ND ND 0

Urogenital:

kidney 0 0 0 0 0 0 ND ND 0

ureter 0 0 0 3 129 c 4000 0 ND ND 0

u. bladder 0 0 0 13 625 212 000 10 d 40 pairs 7 650 15 300 12 pairs

genital d 0 0 0 0 0 0 ND ND 0

Total worm recovery 36 pairs 45 pairs 13 pairs
13 d! 169 &d

Total body egg count - 71 300 - _ 281 225 - _

Eggs/worm pair - 1 980 - 6 249 - - -

a No. of cercariae to which the host was exposed and duration of infection.
b ND = not done.
c Ureteral papilloma (Fig. 3).
d Testes, epididymis, associated connective tissue, etc.

surface of the urinary bladder (Fig. 4). A total of
259 schistosomes was removed from the host; 40 pairs
of worms were found in the venules associated pri-
marily with the left ureter and the left side of the
urinary bladder. The dorsal half of the bladder was
covered with moderately firm, dry polypoid excres-
cences, which were grey in the perfused, fixed
specimen. These lesions measured up to 4 x 8 mm
at the base and were elevated from 1 mm to 3 mm
All were broad-based except for a single 2 x 4 x 10mm
lesion in the trigone. This was connected to the blad-
der wall by a short stalk, 1 mm in diameter. On
microscopic examination, the large polyp and most
of the smaller lesions were found to be transitional
cell papillomas. The epithelium was hyperplastic,

and measured up to 200 [km in thickness. There
was focal squamous metaplasia. Nests of cells
extended into the oedematous stroma of the larger
lesion (Fig. 5). These may have been connected to
the surface growth, and there was no clear-cut
invasion. No metastases were found in numerous
sections of liver and lung.

Small clusters of eggs were present in the large
polyp. Numerous eggs occurred in the submucosa
of other lesions and generally were associated with
mucosal papillary growth (Fig. 6). Portions of the
bladder without eggs showed little or no tumour
growth. Digestions of fixed bladder with KOH
revealed the presence of 1 egg/g of tissue in the
noninvolved parts of the bladder, but 22 000 eggs/g
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in the tissue with prominent lesions. The mid-part
of the left ureter of this animal was greatly enlarged
(7 x 40 mm) beginning at a point approximately
30 mm below the uteropelvic junction, and con-
tained many papillomas. When opened, the dilated
ureter displayed multiple papillary projections (Fig. 7)
and sections showed moderate numbers of eggs in
papillary transitional cell tumours (Fig. 8). On diges-
tion, 3 100 eggs/g were found in the ureteral lesions,
but there were no eggs in samples from the unaffected
parts of the ureters. A minute area of pyelonephritis
was present in one kidney.
Although approximately 2 900 eggs/g were counted

in some parts of the lungs of opossum 0-8, there
were few eggs and granulomas in the small samples
examined histologically. Digests from other organs
of this host showed 35 eggs/g in the liver, 300 eggs/g
in the small intestine, and approximately 400 eggs/g
in the large intestine. These figures allow for an
estimate of 6 000 eggs per worm pair in the tissues
at the time of sacrifice.

Small numbers of eggs and granulomas were
observed in the livers of opossums, and one dis-
played slight fibrosis of small portal tracts. Sections
of small intestine examined showed no lesions that
could be clearly related to schistosome infection.
However, there was submucosal fibrosis of the colon
in most animals, the degree of fibrosis being in
proportion to the number of eggs present. A thin
hyaline eosinophilic layer of material (Hoeppli phe-
nomenon) occurred around many eggs in the intes-
tinal submucosa as well as in the urinary bladder.
This eosinophilic layer was closely applied to the
egg in a concentric fashion rather than appearing
as the characteristic corona.

DISCUSSION

Basic studies on the biology of S. haematobium
infections have been somewhat thwarted for want
of suitable models in which the parasite would
produce pathophysiological situations comparable
to those experienced by man. Some rodents may
be suitable hosts for maintenance of the parasite
cycle in the laboratory, but it is only on rare occa-
sions that these animals or other lower vertebrates
develop pathological lesions of the urogenital system.
In the past, susceptibility studies (Kuntz & Mala-
katis, 1955a, 1955b) have been conducted to evaluate
the use of different animals for investigations in

experimental schistosomiasis haematobia, but more
recently there has been an impetus for consideration
of different nonhuman primates.

Successful infection of the American opossum,
passage of eggs in the urine, and varied pathological
involvement of the urogenital system of several
individuals suggest the use of this host for more
detailed and critical study. The occurrence of tu-
mours of the bladder and ureter in a single infected
opossum obviously does not establish a causal rela-
tion between S. haematobium infection and tumour
formation. The close association of the papillary
adenomas of the bladder and ureter with the eggs
suggests that the tumours occur in response to the
eggs, but it is also possible that the schistosomes
may have migrated to pre-existing tumours because
of their vascularity. Sherwood et al. (1969) reported
papillary tumours of the bladder in 1 of 90 Didelphis
virginianus (=D. marsupialis) examined at autopsy.
One papilloma and one carcinoma of the bladder
were found in 268 D. marsupialis examined at the
Philadelphia Zoological Gardens (personal commu-
nication, Dr R. L. Snyder).1

Fairley (1920) described the appearance of papil-
lomas of the bladder in grivet monkeys 3 months
after exposure, or about 5 weeks after the inception
of oviposition. The " papilloma" illustrated, how-
ever, is clearly an inflammatory polyp rather than
a neoplasm. Impressive pathological alteration of
urinary bladder has recently been reported in other
nonhuman primates (Jordan et al., 1967; Vogel,
1967; Myers et al., 1970a; Myers et al., 1970b;
Sadun et al., 1970). However, there seems to have
been no association of neoplasms of the bladder or
ureter with experimental S. haematobium infection.
The submucosal lesions around eggs in the bladder
of opossums, particularly those in animal 0-4 (Fig. 2),
are similar to the fibrous plaques seen in chimpan-
zees infected with S. haematobium (Sadun et al., 1970).
The studies on whether the opossum can be recom-

mended as a suitable host for the varied aspects of
experimental schistosomiasis are far from complete,
and our material is not adequate to warrant a detailed
comparison of the pathology in this animal with that
in other vertebrates which have been infected with
S. haematobium. In some respects, however, schisto-
some infection in the opossum is unique and merits
further investigation.

1 Penrose Research Laboratory, Philadelphia Zoological
Gardens, Philadelphia, Pa., USA.
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Fig. 1. Eggs passed with urine from opossum (0-8)
exposed to 1 000 cercariae of Schistosoma haema-
tobium.
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Fig. 2. Elevated and haemorrhagic plaque in bladder
wall of opossum (0-4).



Fig. 3. Urogenital system (dorsal view) of
opossum (0-8) showing dilated ureter.

Fig. 4. Inner surface of dorsal wall of urinary bladder
showing polypoid excrescenses with stalked polyp
in the trigone of opossum (0-8).



Fig. 5. Large polypoid lesion from bladder trigone with nests of transitional cells
extending into the oedematous submucosa.
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Fig. 6. Small polypoid lesion in bladder: no eggs and little mucosal reaction
is present in the area at extreme left. Haematoxylin and eosin: x 60.
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Fig. 7. Numerous papillary projections on inner surface
of dilated portion (7 x 40 mm) of ureter, opossum (0-8).

Fig. 8. Photomicrograph of ureteral lesion (see fig. 3 and 4)
with moderate numbers of eggs in papillary tumours.
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RESUME

INFECTION A SCHISTOSOMA HAEMA TOBIUM CHEZ L'OPOSSUM (DIDELPHIS MARSUPIALIS):
LESIONS DU SYSTfiME URO-GtNITAL

L'etude de l'infection a Schistosoma haematobiumn serait
tres facilitee si l'on disposait, comme modeles experi-
mentaux, de mammiferes presentant des relations para-
site-h6te definitif comparables a celles observees chez
1'homme. Les presentes recherches ont porte sur l'opos-
sum d'Amerique. Huit de ces animaux ont e exposes
chacun a 1000-2000 cercaires de S. haematobium et
sacrifies apres des delais allant de quelques semaines a
un an. Les schistosomes etaient entretenus sur Bulinus
truncatuis rohlfsi; des hamsters fournissaient les oeufs
necessaires au maintien du cycle evolutif.
Tous les opossums se sont montres receptifs a l'infec-

tion, et 3 d'entre eux ont presente des lesions macro-
scopiques du systeme uro-genital. Chez l'un, 18 semaines
apres 1'exposition a 1000 cercaires, on notait un epaissis-
sement irregulier de la paroi vesicale, avec des plages
hemorragiques. Les autres organes n'etaient guere atteints,
malgre la presence chez l'h6te de 85 schistosomes adultes
et d'ceufs dans le pancreas et la paroi du gros intestin.
Chez le 2e animal, sacrifie 53 semaines apres l'infec-

tion, la muqueuse vesicale montrait une plaque isolee,
surelevee de 1-2 mm, avec des zones hemorragiques.
De nombreux ceufs etaient observes dans la sous-

muqueuse epaissie, mais sans reaction granulomateuse
notable. Douze paires de vers adultes ont ete recueillies
dans les veines superficielles de la vessie. La digestion
par l'hydroxyde de potassium d'une portion de l'organe
a montre la presence de 7650 ceufs par gramme de tissu.

Les lesions uro-genitales etaient beaucoup plus mar-
quees chez le 3e opossum expose, 43 semaines aupara-
vant, a 1000 cercaires. Les veinules proches de l'uretere
gauche hebergaient 40 paires de schistosomes adultes.
L'organe etait fortement dilate, avec de nombreuses
tumeurs papillaires contenant des quantites moderees
d'ceufs. Apres digestion par le KOH, on a recolte
3100 ceufs par gramme de tissu ureteral. La region pos-
terieure de la vessie etait couverte d'excroissances poly-
poides presentant generalement une structure de type pa-
pillaire. La digestion du tissu vesical a montre la presence
de 1 aeuf par gramme dans les regions indemnes et de
22 000 aeufs par gramme dans les zones les plus atteintes.

Les possibilites d'utiliser l'opossum comme modele
pour l'etude de la schistosomiase a S. haemnatobium sont
loin d'avoir e completement explorees. A maints egards,
l'infection, chez cet hote, presente des aspects tres parti-
culiers justifiant de nouvelles recherches.
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