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Abstract

Purpose of Review Consumption of wild game meat is traditionally associated with rural, remote and poor areas around the
world, but there has been a recent rise in the consumption of wild game meat in urban and higher socio-economic regions
such as Australia. Along with its unique animal fauna, Australia has a wide diversity of feral animals, many of which are
hunted for food, although little is known about the levels of consumption of this meat across Australia. Corresponding with
this is the lack of information on the parasites within these animals, particularly those of potential zoonotic concern through
the consumption of raw or undercooked meat and organs. This review aimed to determine the level of knowledge of parasites
of feral animals regularly consumed in Australia.

Recent Findings Online databases were searched for publications on feral animals and their parasites. For the purpose of
this review, only protozoal and helminth parasites that infest the muscle and organ systems and are infective to humans upon
ingestion were considered as potential zoonotic parasites. A total of 5 records were found based on host and 27 based on
parasite, showing a lack of information available.

Summary Little information was available on the parasites of the major groups of feral animals hunted in Australia for food
(pigs, deer, rabbits and hares, and goats) as well as on the parasites themselves, except for sparganosis caused by the cestode
Spirometra erinaceieuropaei which has been widely reported in feral pigs. Sparganosis appears to be an underreported
disease in Australia, with only 8 confirmed cases, highlighting the need for education of medical practitioners, especially in
rural and remote areas, on the diagnosis of this infection.
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Introduction

Australia is well known for its unique animal fauna, but also
has at least 25 species of exotic mammals, both domestic
and wild [1]. A number of the domestic species escaped or
were deliberately released into the wild and are now living
as established feral populations, including pigs, goats, buf-
falo, camels and cattle. Although wild game meat is more
commonly eaten in many rural, remote and/or poor areas
around the world [2], there has been a recent increase in the
consumption of wild game meat in urban and higher socio-
economic regions [2-5] such as Australia. Wild game meat
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is considered rich in nutrients, low in fat and is usually sus-
tainably sourced [3, 6, 7] which, along with the environmen-
tal benefits of removing feral species from the environment,
has helped increase levels of consumption in Australia [3, 8].

Within Australia, however, the ecological impacts
associated with feral animals are often considered of
greater importance than the potential health risks via
consumption and/or association with those animals [3,
4, 9], even though some, such as feral pigs, are known to
be commonly infected with parasites [10]. Consumption
of wild game in Australia has altered substantially over
the last 250 years. Indigenous Australians have always
hunted and consumed wild (native) game and adapted to
the release of feral species with their inclusion in hunting
practices [3, 9]. Following their arrival in Australia,
early colonists were heavily reliant on wild game while
livestock became established and subsequently released
many of these (e.g. pigs) into the wild for hunting [3].
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However, over time, meat from wild animals became
“not socially acceptable” [11], especially following the
1930s Great Depression when wild-caught rabbits were
a major food item and were subsequently stigmatised
and associated with poverty [3]. Recent changes in
Australian society, especially the arrival of immigrants
and refugees from a wide variety of countries, many of
whom consider rabbit, for example, a delicacy, has led
to a return of rabbit meat to butchers in some areas [1,
3]. The different cultural traditions with different styles
of food preparation which may involve minimal or no
cooking of meat and/or organs [12] may, however, lead to
increased risks of zoonotic parasites, such as that reported
in parts of Europe in recent years [6, 7].

Zoonotic parasites and their associated diseases are
well known throughout many parts of the world, where
they are a major burden on public health and wellbeing
[13-16], although there are limited data on the specific
pathogens found in most wild game meat [5, 6]. Within
Australia, the study of parasites of wild animals has an
opportunistic and sporadic history, with the study of para-
sites of wildlife, in general, not perceived as being of
great social benefit and generally limited to those only
with potential impacts on livestock [17].

Outbreaks of illness and death from diseases caused
by contaminated food are a constant threat but often go
unrecognized, unreported or not investigated until they
are a major visible public health or economic issue [18].
Australia (and its neighbouring countries in the Western
Pacific) has a very low global burden of foodborne dis-
eases [18] based on the available literature. The increased
utilisation of feral game meat includes the potential risk
of infection through the handling and butchering of the
animal, as well as from the consumption of raw or poorly
cooked meat and organs [2, 5, 19, 20]. Wildlife Health
Australia listed various disease risks from feral animals
in Australia, with feral pigs harbouring the majority of
risks, but only the cestode Spirometra was listed as a risk
able to be transmitted by the consumption of meat [21],
although the Victorian Government stated that the dis-
eases and pathogens of feral animals could present a food
safety risk unless mitigating procedures were adopted and
implemented [22]. However, recent research on zoonotic
parasites in seafood in Australia has shown underreport-
ing of human infections due to a combination of poor
diagnostic techniques and lack of knowledge among mem-
bers of the public as well as medical practitioners [23].

The aim of this review is to identify what was known
with regard to parasites of feral animals that are regu-
larly consumed in Australia and any parasites that may be
transmitted via consumption of their meat and/or organs
to determine levels of potential risk.

Literature Review
Methodology

The four major feral animal types that are commonly
consumed in Australia are pigs (Sus scrofa), deer (Cer-
vus elaphus, Cervus timorensis, Cervus unicolor, Dama
dama, Axis axis and Axis porcinus), rabbits (Oryctolagus
cuniculus) and hares (Lepus capensis), and goats (Capra
hircus). Although the meat of other feral animals, such
as camels (Camelus dromedarius) [24] and water buffalo
(Bubalus bubalis) [25], are also consumed in Australia,
this is generally within limited community groups and
were not considered within this review. For the purpose
of this review, only protozoal and helminth parasites that
infest the muscle and organ (e.g. heart, liver and kidney)
systems and are infective to humans upon ingestion were
considered as potential zoonotic parasites.

A review of publications on feral animals and their
parasites was conducted using online databases (CAB,
PubMed and Web of Science); a search of the disease
reporting database, ProMed, did not return any results.
The Boolean search phrase used included the host infor-
mation (“pig OR Sus OR Suidae”; “deer OR Cervus OR
Dama OR Axis OR Cervidae”; “rabbit OR hare OR Oryc-
tolagus OR Lepus OR Leporidae”; “goat OR Capra OR
Bovidae”) in combination with “AND zoono* (to cover
zoonosis, zoonoses and zoonotic) AND parasit* (to cover
parasite, parasitism and parasitic) AND Australia AND
food”. The PRISMA guidelines were followed to remove
duplicate records and records that could not be retrieved
(Online Resource 1A-D). Of the remaining records eligible
for assessment, records that did not report Australian feral
animals were then excluded. Finally, the remaining records
were read to assess their content for inclusion. This was
conducted individually by host species group.

A subsequent review of publications on zoonotic par-
asites in Australia was conducted using the same three
online databases. The five most important meat-borne
zoonotic parasites around the world are Toxoplasma gon-
dii, Sarcocystis spp., Trichinella spp., Spirometra spp. and
Taenia spp. [18, 26]; recent research conducted by our
laboratory has also reported infections of the zoonotic
pentastome, Linguatula serrata, in Australia [27]. The
Boolean search phrase used included the parasite or dis-
ease name (“Sarcocyst*” (to cover Sarcocystis and sarco-
cystiosis); “Toxoplasm™*” (to cover Toxoplasma and toxo-
plasmosis); “Spirometra OR Spargan*” (to cover spargana,
sparganid and sparganosis); “Trichin*” (to cover Trich-
inella and trichinosis); “Taenia OR cysticer*” (to cover
cyticercus and cyticercosis); “Linguatula OR pentastom™*”
(to cover pentastome, pentasomid and pentastomiasis))
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in combination with “AND Australia AND feral”. The
PRISMA guidelines were followed as outlined above indi-
vidually by parasite type (Online Resource 1E-I).

The hosts
Pigs

A total of 39 records were found across the three databases;
following assessment, 8 records remained. Of these eight
records, only one specifically dealt with zoonotic parasites
of Australian wildlife [28]. Spratt [28] listed sparganosis
(caused by Spirometra erinaceieuropaei), pentastomiasis
(caused by pentastomes of the genera Armillifer and Lin-
guatula) and toxoplasmosis (caused by 7. gondii) as poten-
tial zoonotic parasites but did not list any known cases of
infection. Kelly [29] reviewed potential zoonotic parasites
in Australia, referring to sparganosis being of importance
where feral pigs were fattened for human consumption with
a high prevalence of infection in many areas. Taenia solium
and Trichinella spiralis were also listed as potential problems
but both, despite widespread global distributions, were not
endemic in Australia [29]. Sporadic reports of T. solium in
pigs (as Cysticercus cellulosae) at slaughter had been made,
while human infections in Australia with 7. spiralis were
usually acquired from imported pork products [29]. The
remaining records primarily dealt with reviews of trichinel-
losis and listed the few reports of Trichinella spp. previously
reported in wildlife in Australia, with no human infections
[30-32]. VanderWaal and Deen [33] provided information
on the changing epidemiology of a variety of infectious dis-
eases of swine worldwide, concentrating on farmed animals.
Of the 40 pathogens identified, only 3 were zoonotic para-
sites transmitted via consumption of infected meat or organs:
Trichinella spp., T. solium and T. gondii [33].

Deer

As only two records were obtained using the full search
phrase, and both were deemed unsuitable, “food” was
removed and the search re-run. A total of 23 records were
obtained using this shortened search phrase; however, fol-
lowing assessment, no records were deemed suitable for
inclusion.

Goats

A total of 26 records were found across the three databases;
following assessment, 2 records remained. Both dealt with
infections within production animals [34, 35], rather than
feral goats, but given that large numbers of feral goats are
“domesticated” to become rangeland goats for future meat
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production, they were considered relevant to this review.
A 34% antibody level in the population (in the State of
South Australia) for Sarcocystis spp., which is a potential
zoonotic parasite transmitted by ingestion of infected meat,
was found in one study [34]. Echinoccocus and Fasciola
were listed as potential zoonotic risks [35], but infection
with both does not involve the consumption of infected
goat meat. The only other zoonotic parasite mentioned was
Trichinella and its absence from Australia [35].

Rabbits and Hares

As only three records were obtained using the full search
phrase, of which two were deemed unsuitable and the
third was unobtainable, “food” was removed and the
search re-run. A total of 48 records were obtained using
this shortened search phrase; following assessment, 2
records remained. Eight rabbits and a single European
hare (as well as a feral pig and goat, but this reference
did not appear in those searches) were examined for lar-
val stages of the zoonotic pentastomid Linguatula ser-
rata; none was infected [27]. The health impacts of feral
mammals on humans were reviewed, including poten-
tial zoonotic parasites where hares were infected with
Toxoplasma, but no specific details of the geographical
location were provided [1].

The Parasites
Trichinella

A total of 8 records were obtained for infection with Trich-
inella in Australian feral animals; following assessment,
three records remained, all of which were general reviews
of Trichinella [32] or pig-borne diseases in general [4, 36].
Although the known zoonotic species, Trichinella spiralis,
has yet to be reported from Australia, both 7. pseudospiralis
and T. papuae have been reported from various mammals,
although only T. papuae was reported from pigs, but not
from mainland Australia [32].

Previous reports of human infections within Australia by
nematodes within muscle tissues were initially diagnosed as
T. pseudospiralis [30]. However, this has been shown to be a
misidentification, with Haycocknema perplexum the actual
parasite [37]. This parasite has only been reported from Aus-
tralia (either in northern Queensland or Tasmania) with 13
known cases, all with an unknown source of infection [37].
Each case had some association with wildlife, but not all
consumed wild game meat, although this has not been ruled
out as a potential risk factor [37].



Current Clinical Microbiology Reports (2023) 10:66-73

69

Linguatula

Only three reports were obtained discussing infection with
Linguatula serrata in feral animals [27, 38, 39]. After docu-
menting the widespread occurrence of L. serrata in wild
dogs and foxes in the highlands of southern Australia, but
not being able to find infection within a range of potential
intermediate hosts, including rabbits, hares and pigs [27],
intermediate stages were subsequently found in the liver and
lung tissues of rabbits [39] and the mesenteric lymph node
of a feral goat (identified as Linguatula sp.; 38).

Spirometra (Sparganosis)

A total of 34 records were obtained for infection with
Spirometra erinacei/erinaceieuropaei or sparganosis in feral
animals in Australia; following assessment, 8 remained for
inclusion. The majority of the references excluded were
detailing the infection of Spirometra in definitive hosts
(cats, foxes and wild dogs) without mention of hunted feral
animals as prey items [40—44]. The remaining records all
detailed sparganosis infection in feral pigs, with specific
mention of potential human health risks from consumption.

Sparganosis in feral pigs occurs along the eastern edge
of Australia (from tropical north Queensland to Victoria)
[45—47]. Given that the distributions of foxes, wild dogs and
feral cats overlap with pigs across most of their distribution,
it is likely that spargana could occur in feral pigs wherever
they are found in Australia. Indeed, carcasses of feral pigs
were commonly condemned at abattoirs due to infection
with spargana [10, 48]. Rates of condemnation were usually
over 50%, but this differed between geographical location
and year, with infection levels of spargana in adult feral sows
corresponding with good seasonal conditions [49]. Standard
meat inspection procedures, however, often failed to find
spargana in deep muscles which would lead to an under-
reporting of infection levels [49].

The initial report of spargana in the muscle of feral pigs
that had been caught and kept to be fattened for later slaugh-
ter was documented in further detail by Bearup [48] in a
description of the life cycle. Spargana were most commonly
found under the perinoneum of the abdominal wall and dia-
phragm but were also found in the connective tissue between
muscles in almost every region of the body [45, 48].

Despite these high levels of infection in feral pigs, only
8 cases of human sparganosis have so far been reported in
Australia, which is most likely due to misdiagnosis of infec-
tion [50]. Most cases reported in Australia are subcutane-
ous sparganosis in Australian-born people who have never
travelled overseas [48, 50]. These cases were most likely
acquired through the consumption of infected copepods
(first intermediate hosts) in unfiltered water; however, one
case reported consumption of wild pigs and rabbits [50].

Subcutaneous infections generally present as a small tumour
or lump, which are often misdiagnosed [45, 48, 50] until
excised and identified [50]. An experimental infection pro-
duced oedema and erythema accompanied by chills and
fever caused by the migration of spargana [48]. Worldwide,
cerebrospinal sparganosis is the most common infection,
accounting for approximately 25% of all cases; the only
report of cerebral sparganosis in Australia was from an East
Timor refugee [50].

Spargana left in situ in a pig carcass for 24 h at room
temperature were viable and infective to dogs and cats and
could remain viable for up to 14 days in a domestic refrig-
erator [45]. Freezing at— 8 °C for 24 h [45] or cooking at
a temperature of at least 80 °C for a few minutes [49] was
considered sufficient to kill sparagana in tissues. Infection in
people in Australia is likely to be low risk due to most Aus-
tralians cooking pig meat thoroughly, although “immigrants
from some European countries are accustomed to eating raw
pork in various dishes” and would be more susceptible to
infection [45].

Sparganosis is likely an under-recognised zoonotic dis-
ease in the Australian population and, as all the native Aus-
tralian cases occurred in rural settings, this highlighted the
need for rural and remote health practitioners to be aware of
this disease [50].

Taenia solium

A total of 32 records were obtained for Taenia infection;
following assessment, 1 remained for inclusion which did
not include T solium as a parasite of feral pigs in Australia
[49]. Most of the references that were obtained dealt with
other species of Taenia that utilise dogs and cats as defini-
tive hosts.

Toxoplasma gondii

A total of 73 records were obtained for 7. gondii infec-
tion; following assessment, 3 remained for inclusion. The
majority of records that were excluded were only reporting
prevalence of infection in feral cats in different regions of
Australia, mostly showing high prevalence of infection in
areas where cat populations are high [51, 52]. The records
that did mention feral animals that are consumed by humans
all had negative results for the presence of 7. gondii and/or
its antibodies, although for most studies, numbers of exam-
ined animals were usually low, and the study took place in
a single geographical location. Rabbits were found to be
uninfected in Western Australia (n=157) [53] and Queens-
land (n=4) [54], while fallow deer (n=2) and feral goats
(n=5) were also uninfected in Tasmania and Queensland,
respectively [55].
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Sarcocystis

A total of 17 records were obtained for Sarcocystis in feral
animals in Australia; following assessment, 9 remained for
inclusion. The majority of these references did not refer
to feral game for consumption but were detailing preva-
lence of infection in definitive hosts (primarily cats) which
presents information on risk of infection in local animals
exposed to infective stages [44, 56—60]. A survey of feral
goats slaughtered at abattoirs in South Australia found that
there were a significant proportion of the goats, from all
regions in South Australia, infected with the microscopic
sarcocysts in a variety of tissues, including skeletal mus-
cles [61]. Although the cost of Sarcocystis infection to the
production animal industry is large (almost AU$2 million
annually from carcass condemnation and meat trimming),
no human infections have yet been reported [60]. As there
are a number of species of Sarcocystis that infect animals
in Australia, it is possible that none is pathogenic to people;
however, only one study appears to have tested this hypoth-
esis [62]. Human volunteers were fed either microscopic or
macroscopic Sarcocystis cysts collected from sheep muscle,
but all tested negative for infection after 60 days [62]. In
comparison, macroscopic cysts were found to infect cats,
and microscopic cysts were found to infect dogs and foxes
after the same time period [62]. Areas with high cat densities
correlate to areas with high levels of infection in production
animals [59, 60]; however, there has been no corresponding
survey of wildlife in these areas to determine impacts of cat
density on levels of infection.

Conclusions

There are currently large gaps in the knowledge regarding
zoonotic parasites in feral game meat and offal in Australia
due to insufficient surveillance of wild animals [1, 14, 17,
63]. This partial and fragmentary knowledge of the potential
impacts of consuming introduced and feral animals on human
health prevents a proper evaluation of the potential risks and
the identification of priorities for managing and preventing
them to be undertaken [1]. Changes in the environment and
livestock production processes present new risks for the emer-
gence of parasitic zoonoses [13, 15, 32, 36, 63]. Globaliza-
tion of food supply, increased international travel, increase
of population of highly susceptible persons and changes in
culinary habits have led to increased diagnoses of food-borne
parasitic diseases worldwide [1, 18, 26, 63].

Although there are several wild animals, both native and
introduced, that are regularly harvested, either recreation-
ally or commercially, for consumption in both domestic
and international markets, little is known about the levels
of wildlife harvesting in Australia [8]. Environmental and
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welfare concerns regarding production animal practices and
the ecological benefits of the removal of feral animals from
the environment are large reasons that have helped increase
levels of consumption of feral game in some areas of Aus-
tralia [3, 8]. Confusingly, each state and territory within
Australia has different regulations depending on the “sta-
tus” of the animal in question. For example, in Victoria,
feral deer are recognised as “game” species and are subject
to harvest monitoring by the Victorian State Government,
whereas other feral mammals, such as pigs, goats and rab-
bits, are considered as “pests” and are thus not monitored as
stringently [8]. Although there are quite strict regulations for
the export of feral game meat, with required levels of formal
meat inspection, there are fewer restrictions on the move-
ment and consumption of feral game meat within Australia,
where it may be banned from sale but can be given away [4].
As such, families and friends of recreational hunters are the
people most likely to consume feral game meat on a regu-
lar basis [6, 7]. The processing of carcasses, which usually
occurs in the field (20% of surveyed hunters in Spain; [7])
or under home conditions can lead to an increased risk of
infection due to the time elapsed between animal death and
butchering as well as the conditions of dressing and cooling
impacting meat health [7, 46].

It is apparent from this review that there is little informa-
tion available on the parasites of most of the feral animals
regularly consumed in Australia. And, for those that do
have information, most is out-dated in terms of their cur-
rent distributions and potential risks. Rabbits and hares were
relatively well studied for parasites as potential biological
control agents [17], and feral pigs have had sporadic and
generally localised reports of parasites [47], but there has
been no systematic survey of pigs in areas of hunting in
recent years, although the risk of introduction of diseases
such as African Swine Fever has led to an increased interest
in diseases of feral pigs [64, 65]. Feral deer and goats have
had very limited studies with respect to parasite infections,
although deer are increasingly hunted for game meat [8] and
goats are routinely captured for consumption either domes-
tically or internationally [38]. Priority needs to be directed
towards systematic surveys of these animals, in collabora-
tion with local hunter and pest control groups, to determine
zoonotic parasite risk from consumption of meat, especially
if undercooked.

Although the range of known zoonotic parasites identified
from feral animals in Australia is low, this does not pre-
clude risks of infection from the consumption of feral game
meat. The presence of the zoonotic pentastome, L. serrata,
was considered rare until recent work showed high levels of
infection in definitive hosts in south-eastern Australia [27],
an area of high populations of hunters of feral game. Thus,
it should not be assumed that lack of information equates to
a lack of infection as many wildlife species have not been
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systematically surveyed for parasites across large areas of
Australia.

There are a number of known zoonotic parasites that
do not yet appear to be endemic in Australia, including T.
solium and species of Trichinella, although they are endemic
in neighbouring countries [66]. There are various reports
of T. solium being introduced to Australia via immigrants,
but it has never established [67]. Trichinella papuae has
been reported from feral pigs on islands in the Torres Strait
between Australia and Papua New Guinea [32]; travel
between these islands and the Australian mainland is not
well regulated, and the risk of introduction to mainland Aus-
tralia remains constant. Stringent border control preventing
the illegal importation of meat [68] and increased aware-
ness of these parasites and their associated diseases [50] are
needed to prevent their introduction to Australia.

Similar to the pleas regarding seafood, education is needed
with respect to potential zoonotic parasites in feral animals
consumed for food in Australia [23]. Hunters and consumers
need to be aware of safe meat hygiene and potential risks, and
medical practitioners need to be educated about meat-borne
parasitic diseases for diagnosis of possible infections. The
Game Hunters Association of Australia and the Australian
Deer Association, for example, run courses for recreational
hunters which includes break down of carcasses as well as
meat care. However, Government-level public health author-
ities should increase interest in topics regarding consump-
tion of feral game meat and provide formal training in good
hygiene practices during all steps of feral game meat prepara-
tion and handling [7]. In addition, diagnostic tests and labora-
tory personnel need to be educated for accurate diagnosis and
identification of these parasites. Infection with 7. gondii is
often under-diagnosed and underreported, although there are
some indications that it is more common in remote Indigenous
communities [60]. Toxoplasma gondii is common and widely
distributed among Australian native fauna, isolated from over
25 species of native mammals and birds with prevalence rang-
ing from 40 to 100% and a number of different strains [15];
infection levels in feral wildlife remains unknown.

An increased consumption of feral game meat in Aus-
tralia has exacerbated the zoonotic potential of parasites of
wildlife [8, 28]. In Spain, hunters of game animals must
have a veterinary inspection of their meat if they are selling
it, but they do not yet require one for self-consumption [7].
Traditional post mortem inspection techniques in Australian
abattoirs were adapted from techniques developed in Europe
and North America to control important zoonotic diseases
including taeniasis and trichinosis [69]. However, consider-
able improvement in animal health status among production
animals has led to eradication of many of these significant
zoonoses within production animals, leading to modifica-
tions in post-mortem inspection techniques [69]. However,

these may need to be reintroduced for examination of feral
game meat carcasses.
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