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disease as a possible cause of mass

mortality and mass abortion in bats in

Australia and overseas 4-6.  There are also

reports of mortality events in flying foxes

on several Pacific islands that are

temporally associated with outbreaks of

disease in humans or domestic animals 6,7.

While such associations are suspicious, a

clear causal link between infectious

disease and bat population declines has

yet to be established.  Structured

epidemiologic investigations of future

outbreaks will help to address this.  

The potential efficiency of many bat

species as disseminator hosts of

mammalian viruses has been previously

noted, and is demonstrated by the

spectrum of flaviviruses, alphaviruses,

rhabdoviruses, arenaviruses, reoviruses,

and paramyxoviruses identified in bats 8.

While many bat-borne viruses are

important to public health the

epidemiological significance of bats in the

maintenance and transmission of

infection has, with the notable exception

of lyssaviruses, often been unclear.  

Recently emerged viruses
Over the last 10 years, four previously

unknown zoonotic viruses have emerged

from bats in the Australasian region:

Hendra virus, Australian bat lyssavirus,

and Menangle virus in Australian bats; and

Nipah virus, in a number of southeast

Asian bat species (see Figure 1).

Hendra virus was first described in

September 1994 in Australia, in an

outbreak investigation of acute

respiratory disease in a racing stable in

the city of Brisbane 9.  Twenty horses and

two humans were infected, 14 horses and

one human fatally.  In a further two

identified foci of infection, in August 1994

(retrospectively diagnosed) and January

1999, a further three horses and one

human were fatally infected 10,11.  Most

recently, in 2004, in two apparently

separate, but spatially and temporally

clustered spillovers, a further two horses

were fatally infected and a human case

non-fatally infected.  All human cases have

been attributed to exposure to infected

horses.  Hendra virus is a novel member

of the family Paramyxoviridae, and has

been allocated to the new genus

Henipavirus.  Epidemiological studies

support flying foxes (Pteropus spp.) being

the natural host of the virus 12.  The mode

of transmission to horses is unknown.  

In October 1996, a fatal rabies-like disease

in a Queensland bat carer was attributed to

Australian bat lyssavirus (ABLV) 13.  ABLV

had been first described only six months

earlier in a black flying fox (Pteropus

alecto) 14.  Evidence of ABLV infection has
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Introduction
Bats have a long and intimate association

with viral diseases.  There may be much

to be learned from examining the disease

ecology in this group of animals which

would be to the benefit of humans,

domestic animals and other wildlife

species.

The status of bats and viral
disease 

Bats (Order Chiroptera) account for over

20% of all known species with over 1,100

species in 18 families.  Until recently the

families were grouped into two

suborders, the Megachiroptera (Old

World Fruit Bats) and Microchiroptera,

but recent work shows the

Microchiroptera to be paraphylectic with

several families of insectivorous bats

being more closely related to the Old

World Fruit Bats than to other

insectivorous bat families 1.  Bats, the only

truly volant (flying) mammals, play a

pivotal role in maintenance of biodiversity

in the ecosystems where they occur,

being important insect predators,

pollinators and seed dispersers 1,2.

Many bat species are threatened with

extinction.  The 1999 Action Plan for

Australian Bats identified 36 species as

threatened in Australia alone, primarily

due to habitat loss and roost disturbance2.

The Action Plan also identified disease as

a threatening process in flying foxes.

Many bat species have a limited capacity

to recover post-decline due to biological

features such as relative longevity, late

sexual maturity, seasonal breeding and

low fecundity 3.  Populations that become

reduced in size and genetic diversity are

likely to remain vulnerable for long

periods and, hence, be more susceptible

to disease threats 4.

Various authors have suggested infectious

Volant viruses: a concern to bats, humans
and other animals
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subsequently been found in insectivorous

bats 15 and exposure in the above human

case was retrospectively attributed to a bite

from a yellow-bellied sheathtail-bat

(Saccolaimus flaviventris) 16.  A second

fatal human case of ABLV occurred in

December 1998, attributed to a bite from a

black flying fox 16 ABLV has strong

serotypic, antigenic and sequence

similarities to classical rabies virus, which is

absent from Australia, but is

phylogenetically distinct 17.  The extensive

spatial and taxonomic occurrence of ABLV

antigen and/or anti-ABLV antibody

suggests that ABLV is endemic in Australian

mega- and microchiropteran populations

(Field HE; unpublished data).

Menangle virus was first described in June

1997 in the investigation of an outbreak of

reproductive disease in a New South

Wales piggery 18.  Two piggery workers

were subsequently found to have high

neutralising antibody titres to Menangle

virus.  At the time of the outbreak, both

workers suffered a severe febrile illness

that was retrospectively attributed to

infection with the virus, with exposure

possibly resulting from contact with

infected pig body fluids during assisted

farrowings or autopsies 19.  Serological and

epidemiological evidence suggests that

flying foxes are the natural host of

Menangle virus (Field HE; unpublished

data).  Antigen has been identified in the

faeces of flying foxes suggesting direct

contact with faeces as a possible mode of

transmission from flying foxes to pigs.  

Nipah virus was first described in March

1999 in the investigation of an outbreak of

disease in pigs and humans in Malaysia.

In the course of the outbreak, 265

humans were infected, 105 fatally 20.

Infected pigs were identified as the

primary source of human infection and

over one million pigs were culled to

control the outbreak.  Wildlife

surveillance identified the Malayan flying

fox (Pteropus vampyrus) and island flying

fox (Pteropus hypomelanus) as probable

natural hosts of Nipah virus 21.

Subsequent studies have also found

serological evidence of infection in Lyle’s

flying fox (Pteropus lylei) in Cambodia 22.

Nipah virus has strong serological and

sequence similarities to Hendra virus, and

is the second member of the genus

Henipavirus 23.  Recent reports from

Bangladesh of the first person-to-person

transmission of Nipah virus highlight the

potential for apparent change in viral

transmission dynamics and the urgent

need for detailed study of bat viral

ecology and increased understanding of

spillover mechanisms 24.

Disease ecology and spillover
mechanisms

A question that remains to be answered is

why these zoonotic bat borne viruses

have emerged at this point in time.

Although it has yet to be established, it

has been hypothesised that changes in

flying fox ecology are driving disease

emergence in these species 12.  Flying

foxes are particularly vulnerable to habitat

Fig 1. Map of Australia showing distribution of Australia’s flying fox species and

locations and dates of identified bat viral spillover events.  

Figure 2. Authors AB left and HF right anaesthetise a spectacled flying fox

(Pteropus conspicillatus) for Hendra virus surveillance.  (Photo courtesy

of Dr Jack Shield, Queensland Department of Primary Industries and

Fisheries).

Cairns – HeV spillovers 1999 and 2004

Townsville – HeV spillover 2004

Mackay – HeV spillover 1994
– ABLV spillover 1996

Rockhampton – ABLV spillover 1996

Brisbane – HeV spillover 1994

Sydney – MenV spillover 1997

Key:
*Horizontal hatching = P. alecto
Verical hatching = P. poliocephalus
Solid black = P. conspicillatus
Broken line = southern inland limit of
P. scapulatus

*Adapted from Hall and Richards (2000).
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loss or modification due to the ephemeral

nature of their food resources 25.  Land use

change has resulted in population

decline, population concentration during

resource scarcity, distributional changes

and urbanisation of flying fox populations

throughout the Old World Tropics 5,7,25.

These processes could lead to emergence

either by changes in viral dynamics or by

increased contact with domestic animals

and humans.  We are currently

conducting mathematical and simulation

modelling along with temporal

distribution studies to examine these

hypotheses.

Another factor that may facilitate the role

of bats as reservoirs of zoonotic diseases

is their taxonomic status.  Bats are

placental mammals, ie, belong to the

same subclass (Eutheria) as humans and

most domestic animals and are hence

more likely to host pathogens that can

cross these species barriers than many

other wildlife species.  

Epidemiological models, supported by

empirical studies, show host density and

population size are strongly linked to the

spread and diversity of directly

transmitted pathogens 26.  A large

population size is required to meet

threshold conditions for pathogen

establishment 27 and to generate sufficient

susceptible individuals, through births or

immigration, to allow pathogen

persistence.  Many colonial species of bats

meet these criteria, with colony sizes

frequently ranging from thousands to

millions.  

For pathogens with a short duration of

infectiousness, followed by lifelong

immunity (putative characteristics of

Hendra and Nipah viruses 28), persistence

in a population can be problematic.  The

disease spreads so quickly, and

individuals recover so quickly that even a

large population may not be able to

generate enough susceptibles to avoid

viral extinction 29.  However, spatially

heterogeneous populations with

asynchronous dynamics may promote

viral persistence due to a ‘rescue effect’

where infected populations seed

susceptible populations ‘rescuing’ the

virus from extinction.  In this case, the

complex spatial dynamics of bats, a

consequence of a highly nomadic lifestyle

tracking patchily distributed food

resources, may promote persistence.

Concluding comments
To fully understand the factors that drive

disease emergence we must attempt to

understand these viruses and their hosts

at a range of spatial scales.  Currently we

know a considerable amount about the

molecular biology of the viruses

discussed 17,30, very little about the

interaction between the viruses and their

hosts 28,31, and even less about the biology

of the viruses at the level of the host

population 12.  More studies at larger

spatial scales are required to fill in the

gaps in the understanding of disease

emergence.  

Hundreds of bat species have co-evolved

with a wide range of viruses over

millennia, and it is likely that the bats have

evolved various mechanisms to cope with

the presence of such pathogens.  What is

not known is how the dynamics of these

pathogens may change in response to

anthropogenic induced changes to bat

ecology.  As the pressure on bat

populations increases, will bats become

vulnerable to previously harmless

pathogens?  Will humans and domestic

animals be increasingly exposed to bat

viruses?  Multidisciplinary research efforts

are needed to understand these complex

ecological interactions and prevent

further emergence of bat borne infectious

diseases.
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David M Spratt
CSIRO Sustainable Ecosystems

GPO Box 2284

Canberra ACT 2602

Tel: (02) 6242 1648

Fax: (02) 6242 1705

E-mail: dave.spratt@csiro.au

Angiostrongyliasis is a neurological

disease caused by the rat lungworm,

Angiostrongylus cantonensis, one of the

most catholic nematode parasites of

vertebrates.  Infection has occurred

accidentally in humans, a broad spectrum

of eutherian and marsupial mammals, and

recently in birds 1,2.

In February 1998, A. cantonensis
infection was diagnosed in a captive-bred

yellow-tailed black cockatoo in Brisbane 2.

Between December 2000 and May 2002,

A.. cantonensis infection was diagnosed

in two free-living tawny frogmouths in the

Sydney area 2.  Subsequently, in the period

March to June 2004, a disease affecting

the central nervous system of frogmouths

became apparent in the northern suburbs

of Sydney.  Birds were weak, unable to

perch or fly and often unable to right

themselves (Figure 1).  Angiostrongylus
cantonensis was recovered from or

observed in histological sections of the

brains and spinal cords of 13 of 22 tawny

frogmouths necropsied, the birds serving

as virtual biosentinels for the occurrence

of this parasite in the suburban

environment.  

Infection has occurred in captive

kangaroo, wallaby, rock wallaby and

bettong species, and in brushtail and

ringtail possums 1.  Captive and wild flying

foxes suspected of lyssavirus infection,

some exhibiting neurological signs, also

have been shown to be infected with A.
cantonensis 1,3.

This parasite is now well recognised as

the primary cause of eosinophilic

meningoencephalitis in humans in an

expanding area of the world 1.  It has a

wide geographic distribution throughout

much of Southeast Asia, Melanesia and

Polynesia, has established a foothold in

Africa, India, the Caribbean and most

recently the southeastern USA, and is

extending its range in eastern Australia 1

(Stokes and Spratt).  The life cycle of what

was thought to be A. cantonensis was

studied in Brisbane at a time when it was

not generally known to be a wildlife or

human pathogen 4.  Many years later it was

demonstrated that two species of

Angiostrongylus occurred in rats in

Brisbane and that the original life cycle

studies were not of A. cantonensis but

rather of a new but closely related

species, A. mackerrasae 5,6.  

Angiostrongylus mackerrasae occurs in

the pulmonary arteries and more rarely

the right side of the heart of Australian

native bush rats in Queensland and

swamp rats in Tasmania.  Angiostrongylus
cantonensis occurs in introduced black

rats and Norway rats and co-occurs with

A. mackerrasae in Norway rats in

Brisbane 5,6.  Angiostrongylus cantonensis
was not found in individual black rats at

Glenreagh (near Grafton) in 1994,

Hoskinstown in 1977, Milton in 1977,

Buckenboura State Forest (near Mogo) in

1986 and Broulee in 1980.  Neither

species of Angiostrongylus were seen in

bush rats, swamp rats nor black rats

during parasitological studies in

temperate forests 30-45 km south of Eden

during 1977 to 1991 (Spratt).  However, A.
cantonensis has been detected

increasingly in Sydney 2,3 and in 2004 was

found in black rats as far south as Jervis

Bay (Stokes and Spratt).

Angiostrongylus cantonensis undergoes

an obligatory migration through parts of

the central nervous system and brain en

route to its definitive site in the

pulmonary arteries and right heart of

many species of rats 3,5.  Eggs are

deposited into the blood and lodge as

emboli in smaller vessels of the lungs,

where they embryonate.  Hatched larvae

are passed up the bronchial escalator,

swallowed and passed out in the faeces.

Terrestrial, aquatic and amphibious

gastropods (snails, slugs and semi-slugs)

foraging on rat faeces containing first-

stage larvae serve as intermediate hosts,

in which there is obligatory development

from late first to third stage larva 3,5.  A

range of other animals serve as paratenic

or ‘transport’ hosts (land planaria, crabs,

frogs, toads, fresh-water shrimp and fish,

marine fish and sea snakes) in which no

further development of larvae occurs 7-10.

Animals and humans become infected

through ingestion of intermediate or

paratenic hosts.  In Australia, humans are

likely to acquire infection by ingesting

tissues of raw 11 or undercooked

intermediate or paratenic hosts.  This is

likely to occur most frequently by the

ingestion of salad materials, especially

lettuce, contaminated with small

gastropods or their slime containing

infective, third-stage larvae which have

Figure 1. Tawny frogmouth infected with Angiostrongylus cantonensis and unable

to right itself.


