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SUMMARY

Following the introduction of E. granulosus into Australia with domestic animals during European settlement, the parasite
quickly became established in the E. granulosus-naive native animals of the continent. The distribution of E. granulosus in
wildlife in Australia is restricted by rainfall, but nevertheless the parasite is currently widespread and highly prevalent in
many areas including numerous national parks and privately owned farms. The human population of Africa is rapidly
increasing resulting in ever more pressure on wild-life populations and habitat. National parks, reserves and conservation
areas now provide important tracts of preserved habitat for maintaining populations of wildlife that are also important in
the maintenance of E. granulosus. In some parts of Africa, hydatid-infected humans provide a source of E. granulosus
infection to wildlife definitive hosts. In many areas felids may also act as important definitive hosts for E. granulosus with
the parasite being maintained in a prey/predator relationship between lions and a range of intermediate hosts. Populations
of E. granulosus-infected wild-life both in Australia and Africa act as important reservoirs in perpetuating the transmission
of E. granulosus to both domestic animals and humans. In Australia, E. granulosus-infected wild-life is infiltrating urban
areas and currently represents a potentially important new public health problem.
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INTRODUCTION transmission pattern. The main reason for this was
the lack of suitable wild-life definitive hosts. Fol-
lowing about 30 years of strict hydatid control in
New Zealand and Tasmania, both are on the point
of declaring themselves to be ‘provisionally hydatid-

free’ (Middleton, 2002 ; Pharo, 2002). However, E.

granulosus became established on mainland Australia

Echinococcus granulosus is found worldwide. The
movement of domestic animals accompanying col-
onising Europeans has been largely responsible for
the cosmopolitan distribution of E. granulosus. As
with the other members of this genus, E. granulosus
requires carnivores and non-carnivores in a prey/
predator relationship to facilitate natural trans-
mission. The parasite has the capacity to infect both
wild and domestic hosts and may incorporate wild-
life and domestic animals, concurrently, in its

and the parasite is now widespread in wild-life
populations in many areas, maintaining an import-
ant reservoir for transmission to domestic animals
and humans. Most recent data regarding trans-
mission of E. granulosus in wild-life have been col-
lected in the eastern states (Victoria, New South
Wales and Queensland) together with some data
from Western Australia. Although E. granulosus is
present in northern Western Australia and South
Australia, no data are available from these regions

transmission pattern. Humans act as accidental in-
termediate hosts and all pathology resulting from
infection with E. granulosus in animals and humans
is associated with infection in the intermediate host.
This pathology may be severe and cause the death of

the intermediate host. . e . Lo
regarding wild-life involvement in transmission.

Most recently, a study of E. granulosus in cattle and
feral pigs in the Northern Territory (Small & Pinch,
2003) concludes wild-life is not involved in trans-
mission in that region of Australia.

There has been controversy regarding the intro-

ECHINOCOCCUS GRANULOSUS IN WILD-LIFE
IN AUSTRALIA

Echinococcus granulosus is the only species of the
genus FEchinococcus to have become established in
Australia and New Zealand. In New Zealand and
the Australian island state of T'asmania, E. granulosus
was previously widespread in domestic animals and
humans, but wild-life was never involved in the

duction of E. granulosus to mainland Australia.
Thompson & Kumaratilake (1985) suggested two
introductions, firstly with dingoes accompanying
migrating Aboriginals about 12000 years ago when
Australia was still connected to Asia but the land
bridge between the mainland and Tasmania had
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disappeared. The second introduction was during
European settlement. This double introduction of
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Fig. 1. Map of Australia indicating the regions where transmission of Echinoccus granulosus occurs. Black =regions where

transmission occurs most commonly in wild-life; hatched =regions where E. granulosus has been reported but mostly in

domestic animals; unhatched white (desert and Tasmania) =no transmission in wildlife or domestic animals.

E. granulosus was thought by Thompson to have led
to the establishment of separate strains of E. granu-
losus, one in wild-life and the other in domestic
animals. However, more recent data suggest dingoes
arrived on the Australian mainland, independently
of indigenous Aboriginals, as recently as 4000 to
5000 years ago aboard boats of Asian seafarers
(Corbett, 1995), and genetic differences between E.
granulosus of human, wild-life and domestic animal
origins have not been detected (Bowles, Van Knapen
& McManus, 1992; Hope ef al. 1992). It is now
generally accepted that E. granulosus was introduced
into Australia with domestic livestock and dogs in
the 1800s and the early 1900s during settlement, and
it is the common sheep strain that is found in wild-
life and domestic animals (Thompson & McManus,
2002).

The key to the transmission success of E. granu-
losus in wild-life on the Australian mainland was the
presence of naive populations of E. granulosus-
susceptible canid predators (dingoes) and prey
(macropod marsupials). The current distribution of
E. granulosus on mainland Australia is largely dic-
tated by rainfall. Optimal transmission of E. granu-
losus in Australia (Fig. 1) occurs in regions where
temperatures mainly remain below 30 °C and there
is rainfall of more than 25 mm/month for 6 months
of the year (Gemmell, 1958). The regions of main-
land Australia where E. granulosus occurs most
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commonly in wildlife is along the length of the Great
Dividing Range in Victoria, New South Wales and
Queensland (Banks, 1984; Jenkins & Morris, 1991 ;
Jenkins & Craig, 1992; Reichel, Lyford & Gasser,
1994; Grainger & Jenkins, 1996; Jenkins, 2002;
Jenkins & Morris, 2003) and in the hills around
Perth, Western Australia (Thompson et al. 1988).

The transmission of E. granulosus from intro-
duced domestic animals into wild-life was occurring
around the easily accessible grazing areas through-
out eastern Australia during the 1800s and early
1900s, mainly as a result of dingo predation on
sheep. Transmission of E. granulosus to wild-life in
the more remote areas of south eastern Australia
(Victoria and New South Wales) was greatly assisted
by the agricultural practice of transhumant grazing.
Transhumant grazing occurred widely in the alpine
areas of Victoria and New South Wales during the
1800s and 1900s and persisted for almost 150 years.
The practice consisted of moving large numbers of
sheep (and also cattle) in late spring to remote alpine
pastures where they remained for three to four
months before returning to the lower altitudes in late
Autumn. In the area of alpine New South Wales that
now constitutes the Kosciuszko National Park, more
than 200000 sheep and 17000 cattle were moved
annually into the area to graze (King, 1959). The last
of the leases permiting grazing of livestock in that
area was revoked in 1972.
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The presence of large numbers of sheep and sheep
dogs in these remote alpine areas expedited the trans-
mission of E. granulosus into dingo and macropodid
populations through dingoes scavenging sheep
carcasses and predating on live sheep and the
macropodids ingesting eggs of E. granulosus whilst
grazing. The prevalence of hydatid disease in sheep
in south-eastern Australia during the 1800s is not
known but between the 1920s and 1960s the preva-
lence ranged between 17:5% and 45-2% (Kumar-
atilake & Thompson, 1982). This high prevalence of
hydatid infection in sheep ensured a high probability
that dingoes eating sheep would be exposed to E.
granulosus. In addition, faeces from the dogs of the
drovers tending the sheep would have contaminated
the alpine pastures with eggs of E. granulosus be-
cause the prevalence of infection in sheep-dogs in
south eastern Australia between the 1920s and 1960s
ranged between 16°4% and 32-:2% (Kumaratilake &
Thompson, 1982).

The transmission pattern for E. granulosus in
wild-life in the eastern states and Western Australia
is maintained mainly through a predator/prey inter-
action between wild dogs (dingoes, Canis lupus dingo
(Corbett, 1995) and dingo/domestic dog hybrids),
less importantly foxes (Vulpes vulpes) (Jenkins &
Morris, 2003) and mainly macropodid marsupials
(Thompson et al. 1988; Jenkins & Morris 2003), but
also feral pigs (Sus scrofa) (Thompson et al. 1988;
Schantz et al. 1995; Jenkins & Morris, 2003) and
wombats (Vombatus ursinus) (Grainger & Jenkins,
1996). Observations in the field and data from ex-
perimental infection studies indicate that E. granu-
losus transmits easily between wild-life and domestic
animal hosts (Schantz et al. 1995; Grainger & Jen-
kins, 1996; Jenkins, unpublished data) and that E.
granulosus from wild-life origin is infective to hu-
mans (Thompson et al. 1987; Hope et al. 1992;
Taylor, 1993).

The prevalence of E. granulosus in wild dogs in
Australia is high (Schantz et al. 1995). Prevalence
levels ranging between 25% and 100% have been
found in Victoria and New South Wales (Reichel
et al. 1994; Grainger & Jenkins, 1996; Jenkins &
Morris, 2003) and between 76%—90% in northern
Queensland (Durie & Riek, 1952; Banks, 1984;
Baldock et al. 1985). The worm burdens of infected
wild dogs are commonly in excess of 10000 worms
but worm burdens greater than 50000 to 100000
worms occur regularly (Jenkins & Morris, 2003).
Unusually heavy burdens, in excess of 200000 and
300000 worms have been recorded (Jenkins &
Morris, 1991, 2003). Not all the worms are at the
same stage of maturation ensuring a continuous re-
lease of eggs into the environment. All recent preva-
lence and worm burden data for wild dogs clearly
indicate wild dogs represent the most important de-
finitive host in the transmission pattern of E. granu-
losus in Australia today, perpetuating transmission in
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wild-life and providing a source of infection to dom-
estic livestock and humans (Jenkins & Morris, 2003).

A developing situation in some urban areas in
Queensland concerns wild dogs entering outer
suburbs in search of food, raiding rubbish bins and
killing domestic pets in suburban gardens. Much of
this activity is occurring in recently established
suburbs that have encroached into established wild
dog territory. This phenomenon has not been re-
ported in New South Wales. The reason for wild
dogs not being seen in urban areas of New South
Wales is likely to be because it is predominantly a
sheep-rearing area where wild dogs have been ac-
tively suppressed from early settlement. Queensland
is much less densely settled, and the livestock in-
dustry centres on cattle. The large size of cattle
renders them relatively safe from wild dog attacks,
compared to sheep; consequently, wild dog control
has been less intense in Queensland than in New
South Wales and wild dogs are more numerous over
much of the state.

In a recent study of 26 wild dogs trapped in the
new suburbs of Townsville, 6 were infected with
E. granulosus (Copeman, personal communication).
Wild dogs have been reported entering the outer
suburbs of Brisbane (Sheil, personal communi-
cation) and venturing along bush corridors to within
6:5 km of the city centre (Goulet, personal com-
munication). The E. granulosus infection status of
wild dogs entering urban Brisbane is unknown;
however, it is likely that some are infected with FE.
granulosus. The continued encroachment of urban
development into bushland occupied by wild dogs
around many Queensland towns presents potentially
important new public health issues for local health
authorities in these areas.

The tendency for wild dogs to live in a defined
home range, either individually or as a pack, and for
displaced individuals to travel long distances in
search of new uncontested territory, have important
implications for the dispersal of E. granulosus eggs in
the bush and some urban areas. The home ranges of
wild dogs vary according to availability of prey and
the sex of the animal. They may be as small as 2 km?
but in eastern Australia their average size ranges
between 19 km? for females and 24 km? for males
(Corbett, 1995). When displaced from their home
range, wild dogs may travel long distances to find
new uncontested territory. Recent studies in south-
eastern New South Wales have shown wild dogs
commonly moving distances of 20—40 km with a few
individuals travelling between 60—80 km (Jenkins,
unpublished data). Echinococcus granulosus-infected
individuals, particularly those with heavy infections
will quickly contaminate their home range with
parasite eggs. In optimal conditions (cool, shaded,
damp areas), some eggs will remain viable in the
environment for about a year withstanding freezing
temperatures in winter (Sweatman & Williams,
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1963). Infected wild dogs moving long distances
may carry E. granulosus eggs into areas hitherto un-
contaminated.

The most widespread wild-life intermediate hosts
for E. granulosus in eastern Australia include three
species of macropodid marsupial, eastern grey
kangaroos (Macropus giganteus), red-necked wall-
abies (Macropus rufogriseus) and swamp wallabies
(Wallabia bicolor), wombats (Vombatus ursinus) and
feral pigs (Sus scrofa). Of all intermediate host
species examined in eastern Australia, the highest
prevalence of infection (up to 65-5%) and the highest
cyst fertility has been found in swamp wallabies
(Durie & Riek, 1952; Jenkins & Morris, 2003).
Swamp wallabies are a favoured food item of wild
dogs (Coman, 1972; Newsome et al. 1983 ; Robert-
shaw & Harden, 1985, 1986). The site of predilec-
tion of the metacestodes of E. granulosus in wallabies,
kangaroos and wombats is the lungs, which may
render infected hosts more susceptible to predation
through compromised lung function (Thompson
et al. 1988 ; Jenkins & Morris, 1991). Durie and Riek
(1952) reported catching a sick red-necked wallaby
by hand; this wallaby was later found infected with
a large lung cyst that the authors believed to be the
cause of the incapacity of this animal. Johnson,
Spear & Beveridge (1998) reported deaths of
Queensland rock wallabies and nailtail wallabies due
to pulmonary hydatidosis. In Canada, wolves catch a
disproportionately large number of moose infected
with pulmonary hydatidosis (Mech, 1966).

Swamp wallabies occur commonly throughout the
area of eastern Australia associated with the Divid-
ing Range (Strahan, 1998). They are a favoured
dietary item of wild dogs, they are highly susceptible
to hydatidosis and hydatid-infected individuals are
more susceptible to predation by wild dogs. For
these reasons, swamp wallabies are pivotal in the
successful transmission of E. granulosus in wild-life
in much of eastern Australia. However, their im-
portance as an intermediate host for E. granulosus
may vary in some local areas. South of Charters
Towers, North Queensland, where swamp wallabies
were rare, Banks (1984) found a high prevalence of
hydatid infection (22%) in black-striped wallabies
(Macropus dorsalis) and remains of black-striped
wallabies were seen commonly in stomach contents
from dingoes trapped in the same area. In south east
Queensland, Durie & Riek (1952) reported a preva-
lence of 25% infection in swamp wallabies. Other
species of macropodid marsupial also involved in the
transmission of E. granulosus in Queensland include
the bridled nailtail wallaby (Onychogalea fraenata)
(Johnson et al. 1998; Turn & Smales, 2001), rock
wallabies (Petrogale persephone, P. mareeba) (John-
son et al. 1998), red-necked wallaby (Macropus
rufogriseus), whiptail wallaby (M. parryi) (Durie &
Riek, 1952) and pademelons (Thylogale stigmatica)
(Griffith et al. 2000).
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A novel transmission pattern has been reported
for E. granulosus in Western Australia. In water
catchment and forestry areas outside Perth, FE.
granulosus has recently established in the wild-life
(Thompson et al. 1988). The intermediate hosts are
feral pigs and western grey kangaroos (Macropus
fuliginosus). This focus of transmission is of interest
because it may have been initiated through E. granu-
losus-infected domestic pig hunting dogs from the
eastern states. Since there are only small numbers of
dingoes in the area, it is likely E. granulosus trans-
mission is being perpetuated by dogs of local pig
hunters infected through being fed the offal of lo-
cally shot kangaroos (Thompson et al. 1988). Preva-
lence rates of hydatidosis in the kangaroos and feral
pigs were reported as 29% and 46%, respectively,
with fertile cysts containing living protoscoleces
occurring in all infected kangaroos but in almost
none of the feral pigs examined. A single fertile cyst
with living protoscoleces was removed from one pig.

Hydatidosis has only been reported in wombats in
Victoria (Grainger & Jenkins, 1996) despite many
wombats having been examined in New South
Wales from areas where E. granulosus is prevalent in
the wild dog population (Spratt, personal com-
munication). Wombats should be considered as an
intermediate host but only of minor importance.

The introduction of rabbits (Oryctolagus cunni-
culus) and foxes (Vulpes vulpes) into Australia for
recreational hunting and the establishment of feral
pig (Sus scrofa) and feral cat (Felis domesticus) popu-
lations in the bush added a range of potential new
hosts into the wild-life transmission pattern.

Lagomorphs have rarely been reported as nat-
urally infected intermediate hosts for E. granulosus.
In Argentina, European hares (Lepus europeus) act
as the intermediate host for E. granulosus occurring
in the South American red fox (Dusicyon culpaeus)
(Schantz, Lord & De Zalveleta, 1972). Rabbits occur
in large numbers throughout much of Australia and
are important prey items for foxes and wild dogs.
Occasional reports of hydatid infection in wild
Australian rabbits have appeared in the literature
(Johnson, 1909; Sweet, 1909), but these reports
could have been descriptions of metacestodes of
Taenia serialis (Ross, 1926; Gemmell, 1959 ; Kumar-
atilake & Thompson, 1982). A single study (Jenkins
& Thompson, 1995) demonstrated wild-caught
Australian rabbits are susceptible to infection with
E. granulosus. Despite the lack of confirmed reports
of hydatid-infected wild rabbits the topic of rabbits
as intermediate hosts for E. granulosus in Australia
remains unresolved.

Feral horses (FEquus caballus) and feral goats
(Capra hircus) occur in many parts of Australia but
there have been no reports of horses or goats na-
turally infected with hydatid cysts, except for a re-
port of infection in two feral goats in Western
Australia (Thompson, personal communication).
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Experimental infections of feral goats and domestic
angora goats with eggs, obtained from an E. granu-
losus-infected dingo, failed to produce infection in
the feral goats but all angora goats were heavily in-
fected (Jenkins, unpublished data). These few data
suggest feral goats to be of minor importance in the
transmission of E. granulosus in Australia and horses
to be of no importance at all.

Feral pigs are numerous in much of Australia but
are absent in the arid areas of central Australia. Hy-
datid infection in feral pigs is common, ranging be-
tween 9% and 49% in New South Wales (Jenkins &
Morris, 2003), 46% in Western Australia (Thomp-
son et al. 1988) and 31 % to 40% in Queensland. Cyst
fertility was 15% to 22% in the New South Wales
study but ranged between 9-4% and 70-1% in
northern Queensland (Banks, 1984 ; Lidetu, 1992).

Wild dogs prey on pigs (Newsome et al. 1983) but
mainly pigs less than one year old because the older
pigs are usually too big and strong for the wild dogs
to subdue. However, wild dogs will scavenge car-
casses or remains of larger pigs left in the bush by
hunters. The preference of wild dogs for young pigs
and the small number of adult pigs with viable pro-
toscoleces in fertile cysts indicates that the contri-
bution of feral pigs to the transmission of E.
granulosus in much of Australia is minimal but in
some areas of tropical Queensland where the cyst
fertility is high (70-1%) pigs may have a more im-
portant role in transmission than is currently rea-
lised (Lidetu, 1992).

Foxes occur in all parts of Australia except the
tropical north. Foxes infected with E. granulosus
have been found in widely separated populations
in south eastern Australia (Obendorf, Matheson &
Thompson, 1989; Jenkins & Craig, 1992; Grainger
& Jenkins, 1996; Jenkins & Morris, 2003). However,
usually only a few individuals in each population are
infected but there are some areas of south-eastern
Australia where the prevalence may be as high as
46% (Jenkins & Morris, 2003). The worm burdens
in infected foxes are usually less than 50 worms so
that the contribution of foxes to the contamination of
the bush with eggs of E. granulosus, compared with
wild dogs, is minimal. However, a single report by
Reichel et al. (1994) described worm burdens of
several thousand worms in each of two foxes from
Victoria. Should these unusual results be seen in
foxes from other areas, it may be necessary to re-
consider the importance of foxes in the transmission
of E. granulosus in the bush.

Under certain circumstances the few eggs dis-
tributed by E. granulosus-infected foxes may of more
importance than is currently realised. In urban situ-
ations, particularly in the vicinity of popular barbe-
cue and picnic sites (places infected foxes may visit
to scavenge food scraps), the area can become heav-
ily contaminated with fox faeces constituting a po-
tential public health threat (Jenkins & Craig, 1992).
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Feral cats occur commonly in the bush of
Australia but none has been found naturally infected
with E. granulosus and attempts to infect cats exper-
imentally with protoscoleces of sheep or macropod
origin have been unsuccessful (Jenkins, unpublished
data). Therefore, cats should not be considered as an
additional wild-life definitive host for E. granulosus
in Australia.

Wild dogs are important in the transmission of E.
granulosus to domestic livestock. Locations in south
eastern Australia of particular importance for the
transmission of E. granulosus from wild dogs to
sheep occur along the interface of Crown Land
(national parks and state forests) and grazing land
(Grainger & Jenkins, 1996). Wild dogs are attracted
to these areas to predate on sheep and at the same
time they contaminate the pastures with eggs of E.
granulosus. Echinococcus granulosus is also transmitted
to cattle from wild dogs. Cattle are commonly grazed
in rougher pasture and scrub, unsuitable for grazing
sheep. Cattle may also be grazed in these areas in
preference to sheep because of the high numbers of
wild dogs resident in the area. Hydatid infection in
cattle has been reported from all states in Australia
and it is thought that cattle are mainly infected from
hydatid-infected wild dogs. Cattle have a minor role
in the transmission of E. granulosus in Australia as
adult cattle are too big to be predated on by wild
dogs and cyst fertility in cattle is commonly less than
1% (Kumaratilake & Thompson, 1982 ; Banks, 1984).

The role of flies in the transmission of eggs of
E. granulosus from wild dog or fox faeces to potential
wildlife and domestic animal intermediate hosts and
humans has yet to be fully assessed. Coprophagus
flies occur in large numbers in the bush in Australia
and in New Zealand they have been shown capable
of ingesting eggs of taeniid cestodes and these eggs
retained their infectivity during passage through the
flies (Lawson & Gemmell, 1983).

Human hydatid disease still occurs regularly in
Australia but under-reporting is a major problem
leading to official figures under representing the true
situation (Jenkins & Power, 1996). Data collected
by the National Hospital Morbidity Database,
Australian Institute of Health and Welfare (ATHW)
recorded 89, 84, 85 new cases of human hydatidosis,
nationally, in 19967, 1997-8 and 1998-9, respect-
ively (AIHW, unpublished data). In view of the
amount of infection found in wild-life it is not un-
reasonable to speculate that a proportion of human
cases occurring in Australia are derived from wild
dogs. Directly linking cases of human hydatidosis to
contact with wild-life is difficult. There is a long
latent period from the time of infection to the time of
diagnosis and human cyst material is genetically
indistinguishable from E. granulosus cyst and adult
worm tissue from wild-life (Hope et al. 1992). In two
cases of human hydatidosis investigated in Queens-
land (Hope et al. 1992) one person had had contact
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for 9 years with domestic dogs fed offal from mac-
ropodids, whereas the other had had contact with a
wild-caught dingo pup five years previously. Re-
ports of human hydatidosis associated with wild-life
in Australia are rare. They include a case thought to
have occurred via domestic dogs fed offal of kan-
garoos (Thompson et al. 1987), a dingo trapper who
was thought to have become infected through
handling the carcasses of dingoes infected with E.
granulosus (Taylor, 1993), there are anecdotal re-
ports of hydatid infection in dingo trappers from
eastern Victoria (Coman, 1972) and a ranger of the
New South Wales National Parks and Wildlife
Service became infected following several years of
collecting dingo scats for diet analysis (Jenkins,
unpublished data).

Echinococcus granulosus is a parasite of potential
major public health importance that is widespread
and largely ignored in Australia. Australian wild-life
acts as an important reservoir for the parasite, pro-
viding a constant potential source of infection for
humans and domestic animals. Direct physical con-
tact between wild dogs and foxes and humans is rare,
but contact with faeces of wild dogs and foxes (con-
taining the infective eggs of E. granulosus) is much
more likely, since wild dogs and foxes frequently
defecate on bush tracks and around picnic and camp-
ing sites. The increasing numbers of Australians and
overseas visitors to Australian national parks, fre-
quented by wild dogs and foxes, and the encroach-
ment of urban development into established wild
dog home ranges is exposing more and more people
to the risk of infection with E. granulosus. This
situation should be of concern to Australian health
authorities.

ECHINOCOCCUS SPP.IN WILD-LIFE IN AFRICA

Before the introduction of livestock to Africa, some
10000 years ago, wild-life cycles of E. granulosus are
likely to have been maintained through predator—
prey transmission cycles involving the major wild
carnivore species and numerous species of wild her-
bivores. Until fifty years ago such cycles may have
occurred throughout much of the over 10 million sq.
km. of sub-Saharan Africa. However, with the rap-
idly increasing human population, which has en-
croached inexorably into wild-life habitats, the areas
inhabited by wild-life in Africa are shrinking and
becoming isolated islands comprising protected game
conservation areas, game reserves and National
Parks. Concurrent with habitat loss is the decreasing
numbers of wild animals, particularly carnivores, in
many countries. Despite these changes, Africa still
contains the greatest variety and abundance of wild-
life on Earth and many of the conserved areas are
large, facilitating predator—prey cycles of Echino-
coccus spp. to persist. The evidence that such cycles
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exist in many sub-Saharan countries is compelling
and detailed below.

The first wild intermediate hosts were reported in
Africa in 1962 (Verster, 1962) who recorded hydatid
cysts in the Cape molerat (Georynchus capensis),
warthog (Phacochoerus aethiopicus) and wildebeest
(Connochaetes taurinus). Since then, 19 species of
wild herbivores culled in and around National Parks
and game conservation areas have been identified
post mortem to be infected with hydatid cysts (Mac-
pherson & Wachira, 1997). The most commonly
reported wild intermediate host species are also the
usual prey of lions and include warthog, wildebeest,
zebra (Equus burchelli), buffalo (Syncerus caffer),
impala (Aepyceros melampus), hippopotamus (Hip-
popotamus amphibious) and giraffe (Giraffa spp.)
(Macpherson & Wachira, 1997). Cysts are generally
fertile in the wild intermediate host species.

A number of wild carnivore genera including,
canidae, felidae and hyenidae have been found to
have adult Echinococcus spp. worms (Macpherson,
1986 ; Macpherson & Wachira, 1997). Golden (Canis
adustus) (Macpherson & Karstad, 1981) and silver-
backed jackals (Canis mesomelas) (Nelson & Rausch,
1963; Verster & Collins, 1966; Troncy & Graber,
1969; Eugster, 1978 ; Macpherson et al. 1983) have
been found infected in sub-Saharan Africa. Silver-
backed jackals have also been successfully exper-
imentally infected with protoscoleces taken from
cysts removed from human patients (Macpherson
et al. 1983). As scavengers they have opportunities of
becoming infected from kills made by larger car-
nivores. Cape hunting dogs (Lycaon pictus) are now
endangered throughout most of their range but his-
torically have been found infected in South Africa
(Ortlepp, 1937; Verster & Collins, 1966) and Kenya
(Nelson & Rausch, 1963). Their limited distribution
today means they will play a very minor role, if any,
in the transmission of E. granulosus. The Cape silver
fox (Vulpes chama) (Verster & Collins, 1966) has
been found to be naturally infected with Echino-
coccus spp. but is difficult to infect experimentally
(Verster, 1965). As their natural diet comprises in-
sects and small mammals and their geographical
range is very small, it is unlikely they have any im-
portance as a definitive host for E. granulosus.

A relatively large number of spotted (Crocutae
crocutae), striped (Hyaena hyaena) and brown (H.
brunnea) hyenas have been examined (Macpherson
et al. 1983). But only a few lightly infected indi-
viduals have been found infected with E. granulosus.
These were reported in Kenya (Nelson & Rausch,
1963; Schwabe, 1969) and South Africa (Young,
1975). Spotted hyena were not susceptible to exper-
imental infection, whereas larval material from the
same source was highly infective to dogs and silver
backed jackals (Macpherson et al. 1983). Hyenas
probably only play a minor role in the trans-
mission of the parasite and further studies on the
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species of parasite found in hyenas need to be
carried out.

Lions (Panthera leo) have been found to be
infected with Echinococcus spp. in a number of
sub-Saharan countries including South Africa
(Ortlepp 1937; Verster & Collins, 1966; Young,
1975), the Central African Republic (Graber &
Thal, 1980) in East Africa (Dinnik & Sachs, 1972)
including Tanzania (Rodgers, 1974) and Kenya
(Eugster, 1978 ; Muchemi, 1982). The first record of
wild carnivores as definitive hosts of E. granulosus
infections in Africa was made by Ortlepp (1937). The
discovery of Echinococcus adults in a lion prompted
Ortlepp (1937) to describe a new species for this
host, E. felidis. Ortlepp justified the designation
of a new species for the parasite in this host based
on morphological differences of the strobilar stage
between E. felidis and E. granulosus and the fact
that this cestode does not normally infect felidae
(Thompson, 1979). The new species was invalidated
by Rausch & Nelson (1963), but later redesignated
as the subspecies E. granulosus felidis by Verster
(1965). This subspecies was again dismissed by
Rausch (1967) as no wild intermediate hosts and
thus no ecological separation could be identified for
it. However, since the late 1960s evidence has been
accumulating that demonstrates that wild-life cycles
of Echinococcus do exist between lions and their prey
species in certain areas, such as National Parks,
where dogs and domestic livestock are excluded.
The invalidation of E. g. felidis by Rausch (1967) on
the basis that no wild intermediate hosts had been
reported no longer applies and it has been suggested
(Macpherson, 1986) that the form of E. granulosus in
the lion and its prey species be regarded as a distinct
strain in which the lion is the definitive host and
zebra, wildebeest, warthog, buffalo, hippopotamus
and occasionally other antelope act as intermediate
hosts. It is known that experimental infection of
lions with material from zebra has resulted in suc-
cessful infections (Young, 1975) but further studies
are required on the molecular biology, epidemi-
ology, host specificity, biochemical and physiologi-
cal nature of the parasite in the lion.

The introduction of commercial game ranching,
mainly in Zimbabwe, South Africa, Botswana and to
a lesser extent Kenya, whereby wild herbivores are
ranched provide opportunities for dogs, which are
found around the abattoirs, to be exposed to hydatid
cysts from wild intermediate hosts. It is uncertain
whether wild-life Echinococcus spp. protoscoleces are
infective to dogs. Graber & Thal (1980) were unable
to infect beagles with protoscoleces of warthog and
bush-pig origin. On the other hand dogs infected
with domestic strains of E. granulosus may also con-
taminate the grasslands and rangelands that live-
stock and wild-life share, particularly in East Africa.
In this region the extensive animal husbandry prac-
tices of the transhumant and nomadic pastoralists
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result in domestic and wild animals sharing the same
habitat, facilitating the transmission of a large num-
ber of parasitic infections including E. granulosus
(Macpherson, 1994). Non-human primates (ba-
boons, Papio cynocephalus) have been successfully
experimentally infected with E. granulosus eggs from
dogs infected with protoscoleces from domestic
intermediate host species (Macpherson, Else &
Suleman, 1986).

The zoonotic potential of the wild-life strain is
limited due to the few opportunities for transmission
of the parasite from wild carnivores to people. The
nomadic Turkana people of north-west Kenya oc-
casionally eat wild carnivores, such as jackals and
hyenas, and the handling of these animals coupled to
poor hygiene, along with the high E. granulosus in-
fection rates in jackals and lack of knowledge about
the disease, may expose the Turkana to infection
from wild carnivores (Macpherson et al. 1983).
Many nomadic peoples do not bury their dead and
human cadavers may provide a source of infection
for scavenging wild carnivores (Macpherson, 1983).
Certainly protoscoleces from cysts removed from
Turkana patients have been found to be infective to
silver-backed jackals (Macpherson et al. 1983). A
rather unique active role in the life cycle of Echino-
coccus spp. may occur in the Turkana, particularly
since they have very fertile hydatid cysts, have a high
incidence of the disease and cysts would be available
on occasion to wild and domestic definitive hosts
(Macpherson, 1983).

The existence of wild definitive and intermediate
hosts living largely with no contact with domestic
hosts in a number of National Parks in Central, East
and southern Africa suggests that wild-life cycles of
Echinococcus spp. exist in such areas. Data suggest
that wild-life cycles occur in the Queen Elizabeth
National Park in Uganda (Woodford & Sachs, 1973),
the Maasai Mara Game Reserve and surrounding
rangelands in Kenya (Eugster, 1978; Macpherson
et al. 1983), the Serengeti National Park and the
Selous Game Reserve in Tanzania (Sachs & Sachs,
1968; Rodgers, 1974), the Central African Republic
(Graber & Thal, 1980) and the Kruger National
Park in South Africa (Basson et al. 1970; Young,
1975 ; Boomker, Anthonissen & Horek, 1989) and in
the Etosha National Park in Namibia (Krecek et al.
1990). The strain or species of the parasite circulat-
ing in wild-life in Africa still requires elucidation as
does its public health significance.
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