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TOXOPLASMOSIS IN DASYURID MARSUPIALS

H. D. ATTWOOD, P. A. WOOLLEY and M. D. RICKARD, Department of Pathology,

University of Melbourne, Department of Zoology, La Trobe University,

School of Veterinary Science, University of Melbourne, Melbourne, Australia

Abstract: During a histopathologic survey of 240 dasyurid marsupials a high preva-
lence of infection of Toxoplasma gondii was found in eight of the nine species ex-
amined. Amongst the infected species, endemic infection in field animals was proved
in Dasyuroides byrnei, but there was also good evidence of laboratory infection
probably derived from raw sheep tissues in their diet. Infection was never demon-
strated in animals less than six months of age. The 21 A,zteclzinus sluartii examined
remained free from infection despite a lengthy stay in the laboratory and a similar
diet. This freedom from infection may indicate a particular resistance to Toxoplasma

infection by this species.

INTRODUCTION

Toxoplasmosis is a common infection
in man, domestic and free-living animals.
The prevalence of infection varies con-
siderably among different species and this
variation has been related, amongst other
things, to modes of feeding and climatic
conditions.”7’#{176}”#{176}’2’We have found histo-
logic toxoplasmosis to be prevalent in a

group of dasyurid marsupials whose re-
productive biology is being studied at
La Trobe University. The dasyurids are
a group of flesh- and insect-eating mar-

supials widely distributed throughout
Australia. Five of the nine species ex-
amined are found only in the more arid
regions.

An early analysis of the present topic
has been presented at a meeting of The
Royal College of Pathologists and pub-
lished in abstract form.1

ANIMALS AND METHODS

Animals

All animals found dead or killed are
submitted to a routine macroscopic and
microscopic examination. The species ex-

amined include Antecizinotnys spenceri,

A ntechzinus apicalis, A ,zieclzinus macdon-

nelle,zsis, A ntechinus stuartii, Dasycercus

cristicauda, Dasvuroides byrnei, Smi,z-

tizopsis crassicaudata, Smintizopsis lara-

piizta and Smitztlzopsis leitcopus. The ma-

jority of animals examined have been
either laboratory-reared or wild-caught
specimens maintained in the laboratory
for varying periods, but 17 D. byrnei, 3
A. stuartii and 7 S. leucopus were killed
immediately after capture in the field.
In the laboratory, animals were fed on

a diet of raw meat, including sheep’s
heart, liver and brain, and insects.’9The

number of each species examined is
shown in Table 1.

Histologic Examination

Tissues for histologic study were gen-

erally taken from the heart, both lungs,
at least one kidney and adrenal, stomach,
gut, spleen, pancreas and parapancreatic
node. The eyes of 3 D. hyr�zei were exa-
mined histologically. Tissue blocks were
fixed in formol-acetic alcohol for at
least 24 h and processed to paraffin wax.
The head was opened and immersed in
fixative for at least 24 h before removal
of the brain. In 109 animals the greater
part of the vertebral column with attach-
ed musculature was fixed as a block, de-
calcified in 5% trichloracetic acid or a
formic acid-sodium citrate mixture and
then cut transversely into multiple blocks
for histological study of the spinal cord.
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In 3 D. byrnei multiple blocks taken

from the cervical, dorsal and lumbosacral
segments of the cord were cut serially
and in two of these animals, the head,
following decalcification, was cut into
several blocks which were also cut serial-

ly.8

Paraffin sections were stained routine-
ly with hematoxylin and eosin. The fol-
lowing additional methods were used on
occasions: periodic-acid-Schiff, Giemsa,
Gordon and Sweet’s method for reticulin
and Alcian blue-Van Gieson.

Serologic Examination

Sera from 9 D. byrnei and 5 D. cris-
ticauda were examined for complement-
fixing antibodies to Toxoplasma gondii
and the same sera were later tested using

a modification of the Sabin-Feldman dye

test.2’�

Mouse Passage

An adult female D. byrnei was killed
and blood was collected from the pos-

terior vena cava. The brain was removed,

divided sagittally, and one half fixed in

10% neutral formalin for histologic ex-
amination. The other half was homo-
genised in normal saline and the homo-
genate used for the first mouse passage.

Three pairs of Toxoplasma-free mice
were bled from the orbital sinus 2 days

before passage. Pairs were inoculated
with 0.2 ml of brain homogenate either

orally, subcutaneously or intraperitoneal-
ly. Thirty-five days later blood samples

were taken and the animals killed by
decapitation. The brain from each mouse
was divided sagittally and half fixed in

10% neutral formalin. The other portions
were pooled and homogenised for use in

a second passage.

Three more pairs of mice, previously
bled, were inoculated as before with the
second homogenate and 35 days later

were bled, killed and their brains fixed

for histologic examination. Paraffin sec-
tions from all the fixed brains were
stained with haematoxylin and eosin.

All samples of sera were stored at
-20 C until submitted to the Sabin-
Feldman dye testing.

TABLE 1. Prevalence of Toxoplasma Infection in Various Species of Dasyurid Marsupials Ob-

tained from the Field, or Maintained or Reared in the Laboratory.

Field Maintained Reared %

Aizteclzinomys spenceri

Antecizinus apicalis

Antecizinus macdonnellensis

9/12

2/3

5/9

3/6

4/5

75

56

64

Antecizinus stuartii

Dasycercus cristicauda

Dasyuroidesbyrnei

Snzintlzopsis crassicaudaza

Snzitztbzopsis larapinta

Stnintbzopsis leucopus

0/3

4/17

0/7

0/16

21/32

25/25

2/2

1/2

8/10

0/2

13/ 19#{174}

23/65#{174}

2/S#{174}

0

67

49

57

50

47

Total 4/27 73/111 45/ 102 51

(1) Includes 5 pouch young from 2 litters.

(13 Includes 36 pouch young from 7 litters.

#{174}Includes 3 pouch young from 1 litter.
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RESULTS

Toxoplasma Cysts

The identification of a protozoal cyst

(Fig. 1) in one or more tissues was the

only criterion of infection. Using this
criterion 51% of all the dasyurids ex-
amined were infected, but the prevalence

of infection varied greatly among spe-
cies (Table 1). As inflammation or
granulomata without associated cysts
were not by themselves accepted, these
prevalences must be minimal.

The characteristic tissue cyst was gen-

erally round, with a capsule demonstra-
ble by silver impregnation and a diame-
ter which varied between 50 and 120

pm. The cyst was never divided by septa
although a double infection of a single
cell or infection of adjacent cells might
very occasionally produce an apparent
septation. On staining with the periodic-
acid-Schiff technique the fuchsinophilia

of the cytoplasm of individual organisms
brilliantly highlights the cysts (Fig. 2)
and facilitates identification of individual

organisms. The organisms in the cysts
stained well with Giemsa and were con-

sistently Gram negative, unlike the uni-
form blue staining shown by Nosema

cttnicuhi.”�

Free organisms in the paraffin sections

were crescentic or cigar-shaped and 3 pm

long by 1 pm wide.

Cysts were never recognised in any ani-

mals less than 6 months of age.

Serologic Examination

The serologic findings are given in

Table 2 together with the relevant his-

tologic findings. In general there was a

close relationship between high sero-

logic titres and histologic evidence of an

inflammatory reaction to Toxoplasma.

FIGURE 1. Toxoplasma cyst occupying the

greater part of an anterior horn cell. H. &

E. X 450.

-�

-

FIGURE 2. Dorsal root ganglion with many

ganglion cells parasitised by fuchsinophil
Toxoplasma cysts.P.A.S. X 80.
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* Cysts identified in all specimens unless otherwise stated. All sera were negative to the comple-
ment fixation test.

Biologic Examination

The brain, spinal cord, voluntary mus-
cle and lung from the single D. byrnei

used for the mouse passage experiment
contained cysts similar to those seen in
other animals in the series and the serum

gave a positive dye test. Mice used for
passage experiments gave uniformly ne-
gative dye test titres before passage and
gave titres greater than 1:16 before they
were killed. Histologic examination of
brains from mice showed cysts similar to
those from dasyurids.

Signs of Infection

Despite the presence of numerous cysts

and often widespread evidence of an
inflammatory response in several organs

TABLE 2. Serologic and Histologic Findings.

the majority of animals showed no out-
ward evidence of infection.

Three D. byrnei and 1 S. leucopus

showed clouding of the cornea or lens
of one or both eyes. The eyes of the 3
D. byrnei examined showed a destruc-
tive retinochoroiditis quite consistent with
Toxoplasma infection. In one there was
also a chronic iridocyclitis with a secon-
dary cortical cataract.

Of the 240 animals examined, 13 (7
D. byrnei, 5 D. cristicauda and 1 A. api-

calis) had difficulty in walking and drag-
ged one or both hind limbs. The spinal

cord from all these animals showed his-
tologic evidence of a meningo-myelitis
with Toxoplasma cysts often replacing
anterior horn cells (Fig. 1). An addi-
tional 36 animals (7 D. cristicauda, 27

Dye Test
Animal Titres Histologic Findings’

Dasytiroides byrnei:

Female 61 1024 Meningitis. Focal myocarditis.

83 256 No cysts. Focal calcification myocardium.

9 64 Cerebral cyst only.

20 64 Granulomatous encephalitis and myocarditis.

Male 135 512 Cerebral meningitis: granulomatous myelitis.

19 256 No cysts. Cerebrovascular cuffing.

18 16 No cysts.

76 4 Cerebellar granuloma.

78 Not done Granulomatous meningomyelitis.

Dasycercus cristicauda:

Female 69 256 Focal myelitis and myocarditis.

Male 27 8192 Encephalomyelitis. Focal myocarditis.

66 4096 Granulomatous encephalitis and myocarditis.

73 1024 Granulomatous encephalitis and myocarditis.

69 256 Focal myelitis and myocarditis.
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D. byrnei and 2 S. leucopus) had histo-
logic evidence of meningo-myelitis with-
out apparent weakness of the hind limbs.

Microscopically, streak-like calcifica-
tion of the heart was obvious in 4 D.
byrnei all of which had myocardial toxo-
plasmosis.

Histopathologic Sites of Infection

Amongst the eight infected species the
total prevalence of infection was 56%;
brain (42%) and spinal cord (53%)
were most frequently involved. The heart

(38%) and lungs (18%) were also com-
monly involved, but liver (4%), pan-
creas (3%) and spleen (1 %) were un-
usual sites for cysts. The kidney was
never the site of cysts although one cyst
was seen in the musculature of a ureter
in the region of the pelvi-ureteric junc-
tion in a S. crassicaudata.

Other sites of infection were strap
muscle on the neck, pericranial and para-
vertebral muscles, muscle coats of the

stomach, oesophagus and urinary blad-
der. In the pericranial and paravertebral
muscles there were associated inflamma-
tory changes, but in the other areas cysts
were isolated and without associated re-
active changes.

In the brain, cysts were seen in all
lobes of the cerebrum, the cerebellum
and brain stem. Although local conglo-
merates were found in individual animals
there was no preferential site. Cysts were
seen in a trigeminal ganglion of a D.

,byrnei which also had a cyst in the
choroid plexus of a lateral ventricle.

Cysts were widely distributed in both
grey and white matter of the spinal cord,
but most frequently involved the large

anterior horn cells (Fig. 1). In 3 D.

byrnei a serial section study of the root

areas from cervical, dorsal and lumbar
blocks was made. Roots were certainly
involved occasionally, but the surprising
finding was the very heavy infection of

the spinal ganglia (Fig. 2) with not only
multiple cysts in each ganglion but, on

occasion, two cysts in a single ganglion
cell. In one of these animals the dorsal

root ganglia were the only site of in-
fection of the cord; no cysts were seen
in the other 2248 sections of the cord.

Although cysts, without an associated

reaction, were the only evidence of in-

fection of the central nervous system in
a few animals, in the majority a menin-
gitis or perivascular cuffing with lympho-

cytes was also present. Animals most
severely affected showed a severe men-
ingo-encephalomyelitis with a radiculitis

and ganglionitis. In such animals there
were scattered granulomata mainly con-
sisting of spherical aggregates of mono-

nuclear cells including plasma cells. How-
ever, multiple cysts could be present with-
out any granulomata.

Infection of the myocardium was most
frequently seen as isolated cysts without
reaction in the substance of the left ven-

tricle. On occasion, an interstitial myo-
carditis with involvement of the epicar-

dium in the region of the atria was seen.
Calcification of necrotic fibres or cysts
was an infrequent finding. In 2 S. leu-

coptis and 1 S. crassicaudata partly or-
ganised thrombi lined much of the endo-
cardium of the left atrium of hearts
showing a focal necrotising pancarditis.

Infection of the lung was most fre-
quently seen as a cyst bulging from the
wall of an alveolus. No characteristic type
of pneumonia was identified with the
cysts although isolated organisms were
seen in otherwise typical examples of
“chronic murine pneumonitis”.15

Cysts or isolated organisms were oc-
casionally seen within Kupffer cells in
the liver. Many organisms were seen in
the liver of 2 A. macdonnellensis which
died with leukaemia.2

In 78 adrenals examined 21 (27%)
were infected. In 6 animals (1 A. apica-

lis, 1 5. crassicaudata and 4 S. leucopus)

this was associated with a necrotising in-
flammation and considerable destruction

of the gland.

As Toxoplasma cysts were identified
in 4 of the 17 D. byrnei killed imme-
diately after capture the infection is not
merely of laboratory origin.
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DISCUSSION

The infection of dasyurid marsupials
now reported has been proved morpho-
logically, serologically and by animal
transfer to be due to T. gondii. The ne-
gative results of the complement-fixation

tests remain unexplained. Cook and Pope5
have reported positive complement-fixa-

tion tests in a number of marsupials,
including grey and red kangaroos, brush-

tailed and ring-tailed possums and both
short-nosed and long-nosed bandicoots.

Toxoplasma previously has been recog-

nised in the following dasyurids-Phas-

cogale tapoatafa by Cook and Pope6 and
in Antechinus swainsoni and A. minimus

by Munday” who also gives an excellent

review of serologic and histologic in-
vestigations into a range of marsupials.

The present report is the first histopatho-

logic survey of dasyurids in which the
living animals also have been studied and

correlations thereby made. The preva-
lence of infection, although high, is not

dissimilar to that reported by previous
investigators of toxoplasmosis. The iso-

lation rate might have been increased if
the pepsin hydrochloric acid digestion of
the diaphragm method had been used as
described by Jacobs et a!.” and advocated
by Munday.’9 The diaphragm, in fact,
was rarely examined during this survey;
likely this deficiency was offset by the
multiplicity of tissues examined from
each animal.

The distribution of cysts in the organs
is similar to that described in many other
surveys in that brain, spinal cord, heart

and lungs were most frequently involved.
Renal infection, absent from this series

and generally thought to be rare with
Toxoplasma,Sw has been reported in
swine”9 and in the Rottnest quokka, Se-
tonix brachyurus.1’

Weakness in the hind limbs seen in our
animals was at first thought to be due
to vitamin E deficiency, which is known

to cause this symptom in the Rottnest
quokka.” However, the skeletal muscles
showed a denervation atrophy rather than
a dystrophy and this appearance led to

the examination of the spinal cords. His-
tologic evidence of a meningo-myelitis
frequently associated with an anterior
poliomyelitis and posterior root gangli-
onitis are adequate reasons for the de-
nervation atrophy and limb weakness.
Involvement of the spinal cord is infre-
quently mentioned in the literature prob-
ably because of the technical difficulties
in examining the spinal cord from small
animals.

The prevalence of infection with Toxo-

plasma seems to vary with age and vary-
ing resistance in the host.7’9 Serologically,
in man and swine, the frequency of Toxo-

plasma antibodies increases with age.’#{176}”'
Intra-uterine transmission of Toxoplasma

is well documented in man,’ occurs fre-
quently in sheep, but rarely in cattle
even if grazing the same pasture.14”9 Intra-

uterine transfer does not appear to oc-

cur in dasyurids. In our series, 44 pouch
young (36 D. byrnei, S D. cristicauda and
3 S. crassicaudata ranging from 1-81
days of age) were examined and none

showed any histologic evidence of toxo-
plasmosis, although cysts are said to
form as early as 5-7 days after infec-
tion.18 Eight of the 9 mothers had Toxo-
plasma cysts. S. crassicaudata are depen-
dent on their mothers for ten weeks: D.

byrnei and D. cristicauda are dependent
on their mothers for up to 4 months.8#{176}
When the numbers of pouch young are
removed from the data given in Table 1
the prevalence of infection in adult ani-
mals is greatly increased (D. byrnei: 52/
71 (73%);D.cristicauda: 34/46 (74%);
S. crassicaudata: 4/4 (100%) ).

An alteration in the resistance of the
host seems to influence the incidence of
toxoplasmosis. In man, toxoplasmosis has
been associated with immunosuppression

after renal transplantation” and has been
superimposed on neoplastic conditions,
such as Hodgkin’s disease of lymph
nodes.” In the dog, there is a known

association between canine distemper and
toxoplasmosis.”9 In our infected da-
syurids the widest dissemination of free
organisms was seen in 2 A. ,nacdonnel-

lensis with lukaemia.’
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The failure to find cysts in A. stuartii
is unexplained. Eighteen of these ani-
mals had been kept in the laboratory
from 1 to 19 months and fed the same
diet as the other species. Their ages
ranged from 3 months to approximately
2 years. The histologic survey was as ex-
tensive as in any other group, but no
serologic studies were conducted. One
laboratory-reared male did show a tran-
sient stiffness of the hind limbs, but the
brain and spinal cord of this animal
showed no evidence of inflammation or
of Toxoplasma cysts. The only abnormal-
ity found in this animal was a viral
prostatitis. Factors in individual suscep-
tibility and host resistance have been
very well reviewed.”

There is also good evidence that the
prevalence of toxoplasmosis varies with
climatic conditions and that a cold moist
climate is associated with a high preva-
lence of serologic reactors in animal
populations.” Cook and Pope could find
no evidence of infection in the 239 ani-
mals they tested from areas with an an-
nual rainfall less than 62.5 cm and sug-
gested that Toxoplasma was relatively
uncommon west of the Dividing Range
in Australia. Of the animals we exa-
mined, A. stuartii, A. apicalis and S.

leucopus are found in areas where the
average annual rainfall is 55 cm or more,
while the remaining species, with the ex-
ception of S. crassicaudata, are all con-
fined to the more arid regions of Aus-
tralia, where the average rainfall is less
than 25 cm. S. crassicaudata is found in
both high and low rainfall areas, but
the animals examined were from arid
zone stock. The 17 D. byrnei killed on

Acknowledgements

capture were trapped on Sandringham
Station, Queensland, in an arid region
west of the Dividing Range. Toxoplasma

cysts were found in four of these ani-
mals, a prevalence lower than in our lab-
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tion with T. gondii may be less in arid
regions, but there can be no doubt that
toxoplasmosis still occurs in native ani-
mals from such areas.

Although endemic infection in field
animals has been proved in D. byrnei,

the absence of infection in other field
animals and the high prevalence of in-
fection in nearly all species maintained
and reared in the laboratory strongly sug-

gests that infection within the laboratory
occurs. Their diet included raw sheep’s
heart and brain, a likely source for lab-
oratory infection. Histologic sampling of
13 sheep’s heart showed a myocarditis
in all, Sarcocystis in 11, but no Toxo-

plasma cysts. Five sheep’s brain showed
neither cysts nor inflammation. However,
as 24% of Victorian sheep give positive
dye tests and cysts can be isolated from
25% of Tasmanian sheep’s diaphragms”
it would seem highly unlikely that any
animal maintained on our laboratory diet
for any length of time could escape
being fed Toxoplasma tissue cysts.

The absence of toxoplasmosis in A.

stuartii maintained on the same diet in
the laboratory for up to 19 months is
all the more puzzling. This species ap-

pears to be resistent to infection by T.

gondii.
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