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Toxoplasmosis epidemic in a population of urbanised allied rock-
wallabies (Petrogale assimilis) on Magnetic Island (Yunbenun), North
Queensland

RO Bowater,a* B Gummow,a,b T Mackie,a AR Thompson,c DA Hayes,d K Goudkampe and JD Taylora

A mortality event involving 23 allied rock-wallabies (Petrogale
assimilis) displaying neurological signs and sudden death occurred in
late April to May 2021 in a suburban residential area directly adja-
cent to Magnetic Island National Park, on Magnetic Island
(Yunbenun), North Queensland, Australia. Three allied rock-wallabies
were submitted for necropsy, and in all three cases, the cause of
death was disseminated toxoplasmosis. This mortality event was
unusual because only a small, localised population of native wal-
labies inhabiting a periurban area on a tropical island in the Great
Barrier Reef World Heritage Area were affected. A disease investiga-
tion determined the outbreak was likely linked to the presence of
free-ranging feral and domesticated cats inhabiting the area. There
were no significant deaths of other wallabies or wildlife in the same
or other parts of Magnetic Island (Yunbenun) at the time of the out-
break. This is the first reported case of toxoplasmosis in allied rock-
wallabies (Petrogale assimilis), and this investigation highlights the
importance of protecting native wildlife species from an infectious
and potentially fatal parasitic disease.
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Toxoplasmosis is a zoonotic, opportunistic, parasitic, protozoan
disease, with a global distribution that affects humans and a
diversity of terrestrial and aquatic endothermic mammals and

birds.1–4 The disease is caused by an apicomplexan, intracellular,
coccidian parasite Toxoplasma gondii.1,2 The life cycle of T. gondii is
complex with both asexual and sexual reproductive stages.1,2,5 The sex-
ual life cycle of T. gondii is only completed in the definitive host, mem-
bers of the Felidae family which includes domestic and feral cats.1,2 The
asexual life stages can occur in a variety of endothermic intermediate
host species including horses, cows, pigs, sheep, goats, dogs, cats, marsu-
pials, birds, rodents, whales, dolphins, dugongs and sea otters.1–19

T. gondii has three different infectious stages including the motile

rapidly dividing tachyzoites, the slowly dividing bradyzoites within
tissue cysts and the sporozoites present in sporulated infective
oocysts.1,2,5 The definitive feline host, and intermediate hosts including
humans may become infected with T. gondii in various ways including
ingesting infectious sporulated oocysts in contaminated soil, food
or water or by ingesting tissue cysts in undercooked or raw infected
shellfish, meat or poultry.1,2,4,6

Epidemiologic evidence indicates that cats are essential in perpetua-
tion of the T. gondii life cycle, since T. gondii infection is rarely
documented or is absent in humans or animals residing in areas
devoid of cats.1,2,8 A single infected feral or domestic cat can inter-
mittently shed large numbers of oocysts via their faeces, contaminat-
ing the local environment.1,2,6,7 The prepatent period to infection
varies in the host and depends on the type of T. gondii infectious
stage ingested by the host, in cats ranging from three to 10 days after
ingesting tissue cysts; ≥18 days after ingesting oocysts and ≥13 days
after ingesting tachyzoites.1,2,5 Nearly all cats will shed oocysts after
ingesting tissue cysts within one to 21 days. The oocysts sporulate
within 1–3 weeks and then become infectious.1,2,5 The presumptive
mode of transmission for T. gondii in herbivorous marsupials such
as macropods is the ingestion of oocysts acquired during feeding on
contaminated pastures or grasses or drinking from a contaminated
water source.7

Australian native marsupials, in particular the Macropodidae
(wallabies, kangaroos and pademelons), are highly susceptible to
toxoplasmosis.7,9–19 Various factors may influence the susceptibility
of marsupials to infection, including host immunosuppression, stress
and the virulence of local T. gondii strain types.7,9–19 Fatal cases of
toxoplasmosis have been documented in a wide range of marsupial
taxa, including koalas (family: Phascolarctidae), tree kangaroos
(family: Macropodidae), wombats (family: Vombatidae), quolls,
Tasmanian devils and antechinus (family: Dasyuridae), bandicoots
and bilbies (family: Thylacomyidae), potoroos and rat kangaroos
(family: Potoroidae) and many macropod species within the Family
Macropodidae, but not in allied rock-wallabies.7,9–19 In many cases
of fatal toxoplasmosis outbreaks in captive marsupials in zoos, feral
cats were reported frequenting the enclosures where the animals
were housed.7,10,13,16,17

Allied rock-wallabies (Petrogale assimilis) are listed on the IUCN
Red list of Threatened species as having a stable population.20 Allied
rock-wallabies are nocturnal and inhabit rocky outcrops, cliffs and
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boulder piles during the day to rest and prevent overheating.21 They
are generalist herbivores that emerge in the early evening to forage
on native grasses, forbs, occasional seeds, leaves and fruits of Ficus
spp.21,22 The mean home range of allied rock-wallabies studied on
pastoral lands is 0.12 km2, but the home range, diet and foraging
times vary according to seasonal changes in food availability
and environmental conditions.21–23 Threats identified to local
populations of allied rock-wallabies in north-eastern Queensland
include disease, predation from feral cats, foxes, dingos and native
habitat destruction from intensive pastoralisation.20,24 Feral cats
have been observed hunting, killing and eating allied rock-
wallabies and their young.24

Materials and methods

Disease investigation
A disease investigation was conducted on 22 July in response to mul-
tiple reports by concerned residents of Nelly Bay, Magnetic Island
(Yunbenun), North Queensland, of the death of 23 allied rock-wal-
labies during May 2021. The investigation followed the standard dis-
ease outbreak investigation steps followed by epidemiologists
investigating an epidemic and focused on establishing the cause of
deaths in allied rock-wallabies.25,26 Interviews were conducted with
five local community members living in western Nelly Bay, where
the wallaby deaths occurred. Detailed information on the date,
location and clinical signs shown by sick or dying allied rock-
wallabies before death was recorded by local community members
and was tabulated into an Excel spreadsheet. The investigation
team walked through and inspected the local suburban streets and
nearby bushland to identify water sources and habitats used by wal-
labies and for evidence of toxins, poisons or toxic plants. A case
definition was developed to focus the investigation and prevent
ambiguity about the problem being investigated. A case was defined
as an allied rock-wallaby found dead during May 2021 and/or that
showed neurological signs of disorientation and/or histopathology
evidence of interstitial pneumonia, nephritis and randomly distrib-
uted multifocal necrotising lesions.

Necropsy
Three dead allied rock-wallabies were necropsied; an adult female with
a joey in pouch on 15 May (Case A); a male on 26 May (Case B) and
a young female on 31 May (Case C) (Table 1). All carcasses (excluding
the joey that went into care but died 2 days later) were refrigerated on
Magnetic Island (Yunbenun), transported on ice by ferry to James
Cook University and necropsied within 24 h. No other wallabies were
necropsied due to autolysis of the carcasses.

Histology
Multiple organs and tissues were sampled variously from each
wallaby for histopathology including the brain, eyes, heart, lungs,
liver, kidney, spleen, adrenal gland, thyroid gland, lymph nodes,
tongue, oesophagus, stomach, pancreas, small and large intestine,
caecum, ovary, uterus, cervix, testes, prostate, bladder, skeletal mus-
cle and bone marrow. Organs and tissues were fixed in 10% buffered
neutral formalin for 48 h, then processed routinely for histology.
Paraffin-embedded tissues were sectioned at 5 μm and stained with

hematoxylin and eosin before histological evaluation. Special stains
done included periodic acid-Schiff (PAS).

Bacteriology
Fresh lung tissue was sampled aseptically from Case A on necropsy,
processed aseptically in a Biosafety Class II cabinet (ESCO), and
dilution streaked onto a variety of selective and enrichment agars
using standard microbiological procedures.27 Tissues were incubated
for up to 7 days at 37�C both anaerobically and aerobically. Repre-
sentative colonies were identified using morphological and biochem-
ical identification protocols for the bacteria.27

Immunohistochemistry
Paraffin-embedded blocks of lung tissues from all three allied rock-
wallabies were submitted for Toxoplasma gondii immunohistochem-
istry to the Animal Health Laboratory, DPIPWE, Launceston.
Paraffin-embedded blocks were sectioned at 3 μm and floated onto
Superfrost plus slides (Menzel Glaser, Braunschweig, Germany).
Tissue sections were dried and deparaffinised in xylene, then
rehydrated through graded alcohol to water. Endogenous peroxidase

Table 1. Estimated date of death and state of allied rock-wallaby
(Petrogale assimilis) carcasses found in Nelly Bay, Magnetic Island
(Yunbenun), North Queensland, in May 2021

Case number Date reported State of Carcase Estimated
date of death

1 02 May 21 Dead, few days 30 Apr 21

2 02 May 21 Dead, few days 30 Apr 21

3 03 May 21 Fresh 03 May 21

4 03 May 21 Fresh 03 May 21

5 03 May 21 Fresh 03 May 21

6 03 May 21 Fresh 03 May 21

7 06 May 21 Dead, few days 04 May 21

8 07 May 21 Dead, few days 05 May 21

9 08 May 21 Fresh 08 May 21

10 10 May 21 Dead, few days 08 May 21

12 11 May 21 Dead, few days 09 May 21

11 11 May 21 Decomposed 06 May 21

13 12 May 21 Dead, few days 10 May 21

16 12 May 21 Dead, few days 10 May 21

15 12 May 21 Dead, few days 10 May 21

14a 12 May 21 Witnessed dying 12 May 21

17 13 May 21 Fresh 13 May 21

18 14 May 21 Fresh 14 May 21

19 18 May 21 Dead, few days 16 May 21

20 20 May 21 Dead, few days 18 May 21

21 20 May 21 Dead, few days 18 May 21

22b 25 May 21 Witnessed dying 25 May 21

23c 31 May 21 Fresh 31 May 21

a Case A.
b Case B.
c Case C.

© 2024 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
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activity was quenched using 3% hydrogen peroxide (Ajax Finechem,
Sydney, Australia, 260) in methanol (Ajax, 723) for 30 min.
Detection of antibodies was achieved using the Mach1 Universal
HRP-Polymer kit (Biocare Medical, California, USA, M1U539L10)
rinsing with tris buffered saline (Biocare Medical, TWB945)
between all steps. A protein block was applied (Background
sniper, BB966L) for 10 min, and the primary antibody was
applied at room temperature for 30 min (Polyclonal Rabbit anti-
Toxoplasma gondii, obtained from Dr J.P. Dubey, USA). Universal
HRP-Polymer was applied for 30 mins. One drop of Betazoid
DAB chromogen 3,3-diaminobenzidine (BDB900G) was added to
1 ml of substrate buffer (DB900) and applied to tissue sections for
4 min, slides were rinsed in RO water, stained with Mayer’s
haematoxylin (AHM1 Australian Biostain) for 1 min, rinsed
with running tap water, blued in Scott’s Tap Water for 3 min
and then rinsed in running tap water. Tissue sections were
then dehydrated, cleared and mounted in CV mount (Leica,
046430011). Positive controls used were brain tissue sections
confirmed positive to T. gondii infection obtained from JP Dubey
with added primary antibody as previously outlined above.
Negative controls were the same sections but with omission of
the primary antibody and substitution with buffer solution.
All sections were viewed under light microscopy using an

Olympus BX41 microscope (Tokyo, Japan) and selected areas
were photographed using an Olympus digital camera (DP20).

Results

Epidemiology
During the period of 2 May until 31 May, a total of 23 allied rock-
wallaby deaths were recorded in western Nelly Bay, Magnetic Island
(Yunbenun) (Table 1). All dead wallabies were found along one crescent
with an exception of one wallaby found in a different street, but all were
found within a 500 m radius. Allied rock-wallabies Petrogale assimilis
were the only species reported affected during the outbreak. Wallaby car-
casses were classified as freshly dead, dead for a few days, or
decomposed, based on the level of decomposition observed by the local
residents (Table 1). Most dead wallabies were found on the front or back
lawns of residential properties or adjacent bushland of Magnetic Island
National Park. Although no records of gender were kept, clarification of
the information collected by community members and necropsies
established that males and female of all age classes were affected.

The colony of allied rock-wallabies in western Nelly Bay was esti-
mated by local ecologists to be around 30 before the disease out-
break, which would suggest the estimated mortality rate was

Figure 1. Frequency of deaths of allied rock-wallabies (Petrogale assimilis) grouped by 6-day periods in April to May 2021 from western Nelly Bay,
Magnetic Island (Yunbenun), North Queensland.

Table 2. Three allied rock-wallabies (Petrogale assimilis) necropsied from Nelly Bay, Magnetic Island (Yunbenun), North Queensland, Australia, in
May 2021

Case Date Sex Weight (kg) Clinical signs

A 15 May Female, adult, pouch young 4.2 Neurological

B 26 May Male, adult 4.2 Neurological

C 31 May Female, juvenile 1.7 Sudden death

Australian Veterinary Journal Volume 102 No 5, May 2024 © 2024 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
on behalf of Australian Veterinary Association.
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approximately 77% (23/30). During May, only three wallabies were
observed exhibiting clinical symptoms before death, giving a morbid-
ity rate of only 10% (3/30). The case fatality rate thus appeared to be
very high.

Temporal pattern of deaths. The deaths over the period of the
outbreak, when regrouped into 6-day periods, showed a sharp rise in
deaths within the first 6-day period of the outbreak, followed by a
plateau for another 6 days and then a decline (Figure 1). This tempo-
ral pattern of deaths conformed to a point source epidemic. It was
postulated the common source to be within 4 km of the urban streets
where deaths occurred.

Behaviour and feeding patterns. The local colony of allied rock
rock-wallabies was considered “urbanised” because of their observed
feeding behaviours and adaptation to human presence. Small groups
of one to five allied rock-wallabies were observed daily departing
their natural habitat of rocky outcrops in the surrounding National
Park in the early evenings, following a common pathway through
the bush behind residents’ properties, towards their common feeding
grounds largely consisting of grassed lawns at the front or back of
properties, gardens or native grasses in local bushland. Allied rock-
wallabies were observed grazing mainly on urban grassy lawns down
to the bare earth during dry periods. Allied rock-wallabies were fre-
quently observed drinking from backyard ponds and fountains in
the dry season and from the flowing tributaries of the local creek

following rainfall in late April 2021. Before the disease outbreak, the
creek was stagnant in March and most of April. A late wet season
rain event saw the tributaries flowing for a period of 24–36 h and
then reduced to only one main stagnant pool, that also received
water occasionally from a domestic sprinkler system. A feral cat
and free-roaming domestic cats were also observed by local resi-
dents to inhabit the same urban streets of western Nelly Bay and
nearby National Park where wallabies resided and were feeding.
One long-term resident reported that there has been a feral cat and
semistray cat problem on Magnetic Island (Yunbenun) for at least
21 years, with cats observed at many locations and congregating at
the landfill site in Picnic Bay located on the other side of the hill
from where the colony of allied rock-wallabies inhabited.

Clinical signs
Three allied rock-wallabies were observed showing neurological
signs including ataxia, disorientation, “apparent” blindness, before
dying and necropsy (Cases A and B, Table 2). Two allied rock-
wallabies were reported with what was assumed to be impaired vision,
running into objects or trees, before dying (Case A and another allied
rock-wallaby not necropsied). Case B was observed for a few days
before dying with neurological signs including disoriented movements
hopping in a strange way across a resident’s backyard, trying to climb
up a mango tree, then reportedly “falling out of the tree”, moving
between two parked cars, lying down, then standing up suddenly,
before lying down and dying.

Gross pathology
Three allied rock-wallabies necropsied had variable body condition
ranging from poor to fair, all with bony prominences, and with mini-
mal subcutaneous and abdominal fat reserves. All three wallabies had
ectoparasites, each with five to 10 ticks on the inner ears and body
identified as Haemaphysalis bancrofti, and a few lice (unidentified).

Postmortem examination of all three wallabies showed consistent
gross lesions of the lungs, that were wet and heavy, aerated, failed to
collapse and were mottled pink to red in colour (Figure 2). There
were multifocal, randomly scattered, poorly defined, round to oval
white foci, ranging in size from 1 to 2 mm in diameter throughout
all lung lobes (Figure 2). The mesenteric lymph nodes were grossly
enlarged in all three wallabies. One wallaby had yellow-tinged mes-
enteric fat (Case A), and one had coning of the cerebellum (Case B).
The stomachs contents of all three wallabies consisted of macerated
grasses with low to moderate numbers of coiled nematodes. One
wallaby (Case A) had erythema of the pyloric gastric mucosa, and
one wallaby (Case B) had a very small amount of cracked grain in
the stomach. All three wallabies had well-formed faecal pellets in the
colon and rectum.

Histopathology, immunohistochemistry and bacteriology
Protozoal cysts, bradyzoites and tachyzoites resembling those of
Toxoplasma gondii were detected in multiple organs and tissues
from histological examination of tissue sections stained with
haematoxylin and eosin in all three allied rock-wallabies (Table 3,
Figure 3). Tissue cysts, bradyzoites or tachyzoites stained positive
with PAS. Tissue cysts of T. gondii are indistinguishable from Neosporum
caninum cysts by histopathology alone, but together with bradyzoites

Figure 2. Lungs from an allied rock-wallaby (Petrogale assimilis) with
severe, diffuse pulmonary congestion.

© 2024 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
on behalf of Australian Veterinary Association.
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and tachyzoites, were positively identified as T. gondii by immunohisto-
chemistry done on selected lung tissues from all three cases (Table 3,
Figure 4). There were randomly scattered small foci of multifocal necrosis
with a mild predominantly mononuclear cell infiltrate associated with the
presence of T. gondii cysts, bradyzoites or tachyzoites (Table 3, Figure 3).

All three wallabies had a diffuse interstitial pneumonia characterised by
alveolar thickening and congestion and with a mixed inflammatory cell
infiltrate dominated by mononuclear cells. The inflammatory infiltrate
extended into alveolar spaces, with areas of fibrin exudation and type II
pneumocyte proliferation. There were larger numbers of tissue cysts,

Table 3. Summary of histopathology from three allied rock-wallabies (Petrogale assimilis) infected with toxoplasmosis from Nelly Bay, Magnetic
Island (Yunbenun), North Queensland, Australia.

Tissuea Histopathology lesionsb Distribution Severity T. gondii cysts Tachyzoites bradyzooties

Lungc Interstitial pneumonia L, P, H Diffuse Severe + +

Heart Myocarditis MF Moderate + +

Brain Encephalitis MF Moderate + +

Eye Keratoconjunctivitis L, P, H MF Mild + +

Liver Cholangiohepatitis N, L MF Moderate + +

Spleen Splenitis, N MF to Co Moderate + +

Kidney Nephritis, ha, L MF Mild + �
Adrenal gland Adrenalitis, N, ha, L, H MF Mild–moderate + +

Thyroid gland (A, C) Thyroiditis, N, L, ha MF Moderate + +

Thymus (B, C) NAD � � � �
Bladder (A) NAD � � � �
Gastrointestinal tract Gastritis, E Diffuse Mild � +

Pancreas Pancreatitis MF Mild + +

Skeletal muscle Myositis, N MF Moderate + �
Mesenteric lymph nodes Lymphadenitis F, N, ha F to MF Moderate to marked + +

Paracloacal gland (A) NAD � � � �
Testis (B) NAD � � � �
a Tissues were examined from all three wallabies unless otherwise specified (cases for which tissues were only examined are in brackets).
b Histological lesions detected.
c Lungs positive by immunohistochemistry for T. gondii antigens.
Co, Coalescing; E, eosinophilic; H, histiocytic; Ha, haemorrhagic; L, lymphocytic; MF, multifocal; N, necrotising; NAD, no abnormalities detected;
P, plasmocytic; +, detected; � not detected.

Figure 3. Photomicrograph showing Toxoplasma gondii tissue cysts in
the myocardium (arrows) with myonecrosis (star) and a mild mixed
inflammatory response in an allied rock-wallaby (Petrogale assimilis).
H&E stain. Scalebar, 50 μm.

Figure 4. Numerous Toxoplasma gondii cysts (arrows) in lung paren-
chyma of an allied rock-wallaby (Petrogale assimilis). Peroxidase label-
ling, formalin-fixed paraffin-embedded, polyclonal rabbit anti-T. gondii.
Scalebar, 30 μm.

Australian Veterinary Journal Volume 102 No 5, May 2024 © 2024 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
on behalf of Australian Veterinary Association.
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bradyzoites and tachyzoites detected in the lungs of cases A and B and
fewer cysts bradyzoites and tachyzoites in case C. All three wallabies had
a nonsuppurative encephalitis with astrocytosis and gliosis in the
cerebrum and cerebellum associated with randomly scattered tachyzoites,
tissue cysts with rare perivascular cuffing. Intranuclear inclusion bodies
were also detected by light microscopy in the kidney proximal tubule epi-
thelial cells of all three wallabies but were not associated with T. gondii
cysts or with inflammation.

No aerobic or anaerobic bacteria were cultured from the heart, lungs
or kidneys, and PCR was negative for Chlamydia species.

Discussion

The cause of death of the allied rock-wallabies was determined as
toxoplasmosis based on clinical signs, gross pathology, histopathol-
ogy and immunohistochemistry specific for T. gondii antigens. The
disease investigation established that allied rock-wallabies died
acutely after showing neurological signs of disorientation and had
histopathological evidence of disseminated toxoplasmosis. The
pathology lesions observed in the allied rock-wallabies were similar
to those lesions previously described in other marsupials infected
with T. gondii. Numerous T. gondii tachyzoites and bradyzoites were
disseminated throughout the brain, heart, lungs, liver, spleen,
kidneys, adrenal glands, mesenteric and bronchial lymph nodes,
and skeletal muscle in association with multifocal, necrotising
lesions.7,18,28–30 There was no pathology indicative of an intoxication
as was initially suspected by local residents. The intranuclear inclu-
sion bodies in the kidney proximal tubule epithelial cells were
unrelated to T. gondii infection and have previously described in
healthy macropods as incidental findings.31

Australian marsupials infected with toxoplasmosis can manifest with a
range of clinical signs including diarrhoea, dyspnoea, coughing, blind-
ness, ataxia disorientation, incoordination or other neurological signs,
lymphadenopathy, pyrexia, anorexia and sudden death.7,9–18,28–30 In
acute infections, T. gondii infective stages replicate in cells in various
organs and tissues, including the brain, heart, lungs, liver, kidney,
spleen, pancreas, adrenal gland, lymph nodes and skeletal muscle. The
process of replication of the bradyzoites in multiple organs and tissues,
with the subsequent release of tachyzoites, causes localised and wide-
spread tissue necrosis, resulting in disseminated toxoplasmosis that
can be fatal.1,2,5,10,29 In this case, the dying wallabies seen by residents
displayed neurological symptoms including ataxia, disorientation,
unusual behaviour and prostration similar to clinical signs shown by
other acutely infected marsupials where T. gondii has disseminated to
the central nervous system.1,2,7,9,10,13–18,28–30 The clinical signs vary,
depending on the hosts’ immune factors, the location of tissue cysts
and other infective stages, the course of the infection and the T. gondii
strain type.7,14–18

This outbreak was unusual because only a small population of allied
rock-wallabies in a periurban environment were affected, despite
other populations of allied rock-wallabies and agile wallabies residing
in other nearby urban areas of Nelly Bay, Magnetic Island
(Yunbenun) and in the wider ranges of Magnetic Island National
Park. There were no significant deaths of other wildlife in the local
area or elsewhere on Magnetic Island (Yunbenun) during the disease

outbreak or after it subsided, despite the known susceptibility of
macropods and other marsupials to T. gondii.7 It is unknown why
the allied rock-wallabies were susceptible to toxoplasmosis, but host
immunosuppression, stress, and virulence factors of different T.
gondii strain types have been postulated to influence the susceptibil-
ity of Australian marsupials to infection with T. gondii.7,13–18 Can-
field (1990) proposed that evolution, genetics and ecology may play
a role in the susceptibility of Australian native marsupials to T.
gondii infection, since cats were not present in Australia before Euro-
pean settlement, over 254 years ago. This seems a plausible hypothe-
sis, since Australian native fauna may have insufficient exposure
time to T. gondii, within the evolutionary time scale, to evolve natu-
ral immunity against T. gondii.28 It is also possible a highly virulent
strain of T. gondii infected the wallabies although strain type was not
elucidated from this study.

The epidemiological findings from this disease investigation
supported the pathology findings of toxoplasmosis caused by the
apicomplexan protozoan parasite T. gondii. The allied rock-wallabies
appeared highly susceptible to T. gondii infection, with 23 rock-
wallabies dying over a period of 32 days. The case fatality rate was
high, suggesting a highly virulent disease was the cause of death, with
all age classes affected. The disease outbreak was localised to a small
suburban area of western Nelly Bay, which supports a hypothesis of
a common point source of infection occurring within 4 km of where
all wallaby deaths occurred. This area is also within the mean home
range of foraging for allied rock-wallabies.23 The temporal epidemic
pattern also suggested a common point source and that the disease
was unlikely to have been infectious and spread by direct contact
between wallabies as there was no build-up of cases typical of a
propagating epidemic pattern. The known susceptibility of wallabies
to T. gondii would explain the high case fatality rate. The most likely
source for the T. gondii is a shedding cat. Previous studies have
shown that oocysts shed from an infected feral or domestic cat are
the main source of infection for herbivorous, ground-dwelling
marsupials such as wallabies and kangaroos.9–19 Epidemiologic
evidence from other studies support that cats are essential in perpet-
uation of the T. gondii life cycle, since T. gondii infection is rare or
absent in areas devoid of cats.2,8 Environmental contamination with
T. gondii oocysts from excreta of infected domestic or feral cats
was therefore suspected as the main source of infection for the
herbivorous, ground-dwelling allied rock-wallabies.

Typical common sources where multiple wallabies could have been
exposed at the same time in this study included a contaminated
common food source used by the wallabies, such as the grassed
lawns in the local urban area or a contaminated water source such as
the stagnant water pool in the area. Of note was that all three
necropsied wallabies contained macerated lawn grasses making up
the bulk of their stomach contents. Although the exact source of T.
gondii could not be identified from our study, felids were identified
as potentially contributing to environmental loading of oocysts in
the urban area of western Nelly Bay where the toxoplasmosis out-
break occurred. There were multiple, domestic, free-ranging cats
owned by local residents in the local area and feral cats were
observed in the neighbourhood leading up to the mortality event.
One domestic cat was identified by residents as living in close prox-
imity to the mortality event and was seen roaming night and day.

© 2024 The Authors. Australian Veterinary Journal published by John Wiley & Sons Australia, Ltd
on behalf of Australian Veterinary Association.
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A couple of weeks before the mortality event the cat went missing
and returned home several days later.

The presence of feral and domestic cats, the only known definitive
host for the parasite T. gondii, on Magnetic Island (Yunbenun), of
which 78% is National Park, is of concern as many wildlife and bird
species inhabit the island, including several marsupials at risk of infec-
tion.7,32 Marsupials species are known to be highly susceptible to toxo-
plasmosis and those at particular risk of T. gondii infection on
Magnetic Island include a closed population of 800 koalas
(Phascolarctos cinereus) listed as “vulnerable to extinction” under the
IUCN Red List of threatened species 2023, the northern quoll
(Dasyurus hallucatus) listed as “endangered”, agile wallabies (Nota-
macropus agilis), short-beaked echidnas (Tachyglossus aculeatus),
brushtail possums (Trichosurus vulpecula) and many species of native
rodents.7,20,32 A single infected cat may shed billions of infective T.
gondii oocysts in their faeces into the local environment, contaminat-
ing lawns, creeks, water reservoirs, soil, gardens, school playgrounds,
parks, sandpits, oceanic waters or anywhere where cats routinely defe-
cate.1,2,6,7,25–27 T. gondii oocysts are environmentally resistant in tropi-
cal island climates and can remain viable for up to 24 months,
surviving well in irrigated grassed lawns, soils, community parklands
and in warm freshwater and oceanic tropical waters.1,2,7,25–27

The OIE estimates approximately 30% of the global human popula-
tion are currently asymptomatically infected with T. gondii with clin-
ical illness uncommon but with symptoms that may mimic other
illnesses such as the flu, Lyme disease, Q fever or mumps.1,33–38 After
the outbreak of toxoplasmosis in allied rock-wallabies, a woman liv-
ing on Magnetic Island (Yunbenun) became ill and tested seroposi-
tive for T. gondii with an abnormally high titre. The woman
reported clinical symptoms of chronic fatigue, lymphadenopathy,
myalgia and headaches for several months before a medical diagnosis
was made (anonymous, personal communication). It is unknown
where the woman contracted toxoplasmosis, but it raised concerns
among residents regarding the zoonotic risk of toxoplasmosis to
humans. Given the human population on Magnetic Island
(Yunbenun) is around 2540 with women of reproductive age and
>60% of the population over 50 years old, this was of concern since
pregnant women, the elderly and immune compromised persons are
at increased risk of serious medical complications after zoonotic
infection with T. gondii.1,2,33–38

During the disease investigation, the Magnetic Island (Yunbenun)
community expressed considerable concerns regarding the risk of
potential infection of domestic animals or humans with T. gondii.
Owners of domestic animals were encouraged to comply with local
council animal laws, by confining domestic dogs and cats indoors or
to their yards to minimise hunting or scavenging of infected live or
dead wallaby carcases potentially containing infective T. gondii tissue
cysts and to reduce the risk of ingestion of environmental material
potentially contaminated with T. gondii oocysts in the local area
where the disease outbreak occurred. Feeding of raw kangaroo meat
or offal to domestic cats was also discouraged since this practice is
an identified risk factor for acquiring T. gondii infection in domestic
cats in Australia.39 The community group were advised to reduce the
risk of human exposure to T. gondii by following the current
Queensland Public Health guidelines for T. gondii and the OIE

recommendations.1,38 The local community was encouraged to
report all sightings of feral or wandering domestic cats to their local
Council. Prompt removal of feral cats and the control of wandering
domestic cats on Magnetic Island (Yunbenun) is likely to minimise
the potential spread of T. gondii, reducing the risk of future out-
breaks in the local wildlife populations, domestic animals on the
island or zoonotic parasitic transmission to humans.
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