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Zoonotic Viruses of Flying Foxes in Australia
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Summary

Bats belong to the order Chiroptera and are divided into two suborders, Microchiroptera (microbats) and Megachiroptera
(megabats). In Australia, there are 13 species of megachiropterans in the genus Pteropus, 8 of which are flying foxes. Four
species of the flying foxes, grey-headed (P. poliocephalus), black (P. alecto), little red (P. scapulatus) and spectacled (P.
conspicillatus), seem to play an important role as reservoir hosts for important zoonotic viruses in spreading and establishing
infection in some species of animals including humans.

A few of the several novel viruses isolated from flying foxes in Australia in the 1990s, such as Hendra virus, Menangle
virus and Australian bat lyssavirus, are important as zoonotic pathogens. Hendra and Menangle viruses are characterised as
Paramyxoviridae. Hendra virus causes respiratory and neurological signs and often fatal illness in both horses and humans.
Menangle virus which caused fetal deaths in a piggery may cause a febrile, influenza-like illness in humans. The Australian bat
lyssavirus is considered to be a new species within the genus Lyssavirus and is most closely related to serotype 1 (classical
rabies) and serotype 5 (European bat lyssavirus 1). This virus causes neurological signs in bats and can cause a fatal human

illness.

Introduction

Bats have been recognised as an important reservoir host
for zoonotic viruses and as contributing to cross species

15250 1p Australia, several novel

infection by these viruses
viruses were discovered in the 1990s of which Hendra virus
(HeV), Menangle virus (MenV) and Australian Bat Lyssa-
virus (ABLV) have been proven to be, or are potentially,
significant from a zoonotic perspective®.

HeV and ABLV were isolated from flying foxes in

Australia'*?

. MenV has not been isolated from flying foxes
but neutralizing antibodies against MenV were detected

from flying foxes in colonies near a commercial piggery
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where a MenV outbreak occurred**?

. Microbiological and
epidemiological investigations indicate that flying foxes are
natural hosts and are highly likely to be reservoirs of these

viruses'®4449,

In this review, the clinical and epidemiolog-
ical features of HeV, MenV and ABLYV, including some very
recent information and the significance of flying foxes in

these viral infections, are discussed.
Australian flying foxes

Bats are probably the most abundant and diverse verte-
brates and found on all continents except Antarctica®. A
recent study reported that bats emerged approximately 50-
52 million years ago and have evolved relatively little when
compared with mammals of other taxa*”. Bats belong to the
order Chiroptera (meaning “hand winged”) and are divided
into two suborders, Microchiroptera (microbats) and Mega-
chiroptera (megabats)*”. Microbats are small, mainly insec-

tivorous bats, which navigate and feed using echolocation®.
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Megabats include flying foxes, tube-nosed fruit bats and
blossom bats are fruit- and nectar-eating bats which navigate
and find food principally by sight and smell*®.

Flying foxes, which are very long-lived for a mammal of

their size®*

, possess unique life styles. They often live in
large groups with high population densities called colonies or
camps, while the blossom bats and tube-nosed bats are more

12,22,40)

solitary animals They fly long distances at night in

search of food and may migrate at different times of the

11,40,46)

year Flying foxes also play a very important role in

pollination and seed dispersal of native forest species™ 3.
In Australia, there are 13 species of Megachiroptera in the

genus Pteropus, 8 of which are flying foxes?

. Four species of
flying foxes, the grey-headed (P. poliocephalus), black (P.
alecto), little red (P. scapulatus) and spectacled (P. con-
spicillatus), have been thought to play an important role in
the spread and establishment of infection of important
zoonotic viruses such as HeV, MenV and ABLV'!"*V,
These viruses can infect and persist in healthy flying foxes yet
are highly pathogenic for other animals including humans®”.
Although there are some similarities in immune responses,
such as immunoglobulin systems, between bats and other
mammals, their immune responses may differ from other
mammals because bats emerged early and have evolved rela-
tively little when compared with other mammals®®. While
only a little is known regarding the immune system of bats,
their unique life-style mentioned earlier and their potentially
different immune systems from other mammals may contrib-
ute to the bats being reservoir hosts of these pathogenic

viruses.
Hendra Virus

HeV (previously known as Equine morbillivirus : family
Paramyxoviridae, genus Henipavirus) is a rare, but potential-

ly fatal, zoonotic disease of horses and humans®.

Since
1994, nine HeV outbreaks have occurred. In the most recent
outbreak in 2008, five horses died or were euthanized and
two veterinary workers who attended at the affected property
were infected, resulting in death of one®™. More than 5000
animals, including a range of wildlife species, have been tested
for evidence of HeV infection. Only flying foxes showed any
evidence of infection and, of these, more than 45% of
sampled bats from all four species present in Australia
carried antibodies to HeV'¥. These and other studies suggest
that flying foxes are natural and reservoir hosts for HeV and

that spill-over to horses occurs as a rare event!> 273539

Although the actual route of infection between bats and
horses is still unknown, the virus has been isolated from the

D

urine of flying foxes®. HeV may be spread between horses

and between horses and humans via close contact, and previ-
ous cases suggest infection via mechanical transmission'*3”,
Currently, there is no evidence of HeV transmission directly
from flying foxes to humans. Studies have shown that other
species, including guinea pigs and cats, are susceptible to
experimental infection with HeV, but HeV infection of other
species is not known to occur naturaily®.

HeV infection of horses and humans has occurred in two
forms?3,

1. Respiratory HeV characterized by :
Peracute or acute illness
Dull, depressed
Inappetant
Dark mucus membrane, slow capillary refill
Frothy nasal discharge
Facial edema
Reduced gut sound, colicy
Body temperatare > 40.0°C
Elevated heart rate (> 90 beats/minute)
Periodic recumbency
Rapid deterioration
2. Neurological HeV characterized by :
Mild focal neurological signs, including muscle twitching
Ataxia
Head tilt, facial nerve paralysis
Loss of vision
Change in temperament (aggression)
Neurological signs may resolve.

Sudden onset of neurological signs was observed in the
most recent outbreak in 2008, while it was primarily respira-
tory signs that were seen in previous outbreaks. Although
the reason for variance in clinical signs is not clearly under-
stood, it is reasonable to consider that a major factor is
underlying damage to the vascular endothelium and ensuing
vasculitis caused by the virus. This is because the virus utilizes
a cell surface glycoprotein, ephrin B2, as a cell receptor and
it presents on a wide variety of cells, especiaily vascular
endothelial cells®.

HeV has been identified in bats in all areas of Australia as
well as Papua New Guinea where bats reside™. Nipah virus,
a paramyxovirus close to HeV, seems to be present in South-

5,37,44)

east Asia extending into Indonesia . There may be trans-

itional strains between Papua New Guinea and Indonesia.



Genetic information suggests that HeV is an ancient virus
and has long circulated in the natural hosts, flying foxes?"”. Tt
has not been clarified why HeV is maintained for such a long
period in the flying foxes. In addition, the main pieces of the
jigsaw puzzle that are missing relate to what factors cause
the virus to spill from bats at some times and not others, and
this is one of the key research areas at the moment. These
factors may include ecological changes, nutritional stress,
climatic stress and the reproductive cycle. The occurrence of
periodic epidemics of HeV in flying fox populations should

also be investigated.
Menangle virus

MenV classified in the family Paramyxoviridae, genus
Rubulavirus, was first isolated from stillborn piglets at a
commercial piggery in Menangle, Australia in 1997*. Sero-
logical evidence of infection by the virus was found in pigs at

3040 Two work-

the piggery and at two associated piggeries
ers at the piggery where the virus was first isolated and
grey-headed flying foxes in two colonies in the vicinity of the
piggery also showed neutralising antibodies against MenV53”,
It was confirmed that Pteropus spp. from elsewhere in Aus-
tralia has the antibodies*”.

Pregnant sows occasionally aborted their litters and in
piglets, congenital malformations, such as brachygnathia,
arthrogryposis and kyphosis, were often observed®?. Patho-
logical studies showed that all or part of the brain and spinal
cord was often absent. In the brains and spinal cords that
had formed, nonsuppurative inflammation and malacotic
changes were evident. In some piglets, nonsuppurative myo-

44 The two work-

carditis and hepatitis were also observe
ers who were seropositive for MenV produced an influenza-
like illness with a high temperature and non-pruritic measles-
like rash®. They had not, however, had any direct exposure
to flying foxes.

To date, isolation of the virus from flying foxes has been
unsuccessful. However, immunohistochemistry and electron
microscopy have shown that paramyxovirus-like virions
labelled with antibodies to Menangle virus from convalescent
sows were observed in the faeces of flying foxes in the colony

near the affected piggery®.
Australian Bat Lyssavirus

A new lyssavirus was isolated in eastern Australia in
1996%.

headed and spectacled flying foxes) and one species of insec-

Four species of fruit bat (black, little Red, grey-

13(1) 30-39. 2009

tivorous bat (yellow-bellied sheath-tail bat (Saccolaimus
Aaviventris)) were confirmed as carrying this virus®. While
clarification of the genotype of the virus is still proceeding, it
is considered to be a new species within the family
Rhabdoviridae, genus Lyssavirus and most closely related to
serotype 1 (classical rabies) and serotype 5 (European bat

)#30  Mice studies at the Centres for Disease

lyssavirus 1
Control and Prevention, Atlanta, USA®* have demonstrated
that human and animal rabies vaccines are cross-protective
against the Australian lyssavirus, now referred to as ABLV.
The demonstration of pathogenicity of ABLV in humans
through the deaths of two Queensland women in 1996" and
1998% as a result of infection by the virus has led to
recommendations for use of rabies vaccines to protect people
occupationally exposed to the virus, and as a post-exposure
treatment for humans bitten or scratched by the bats®®.
Infection with ABLV has not been demonstrated in other
native or domestic animals.

Based on overseas and limited Australian experiences, it is
assumed that lyssaviruses are transmitted by contamination
with infected saliva of a fresh wound, usually a bite or scratch
(sometimes very small). A recent study® showed that lyssa-
virus was detected in the salivary glands of both S.
faviventris and Pteropus spp., although it has not been a
consistent finding in animals tested to date. There have been
recent observations in the United States of human rabies

cases without known bites'®.

Although infectivity is lost
when the virus is treated with proteolytic enzymes, because it
can survive for up to 24 hours in saliva in temperate climates,
aerosol dispersal of saliva containing the virus has been
considered a possible route of infection®.

The incubation period of lyssaviruses is assumed to be
similar to classical rabies. For rabies, the incubation period
is generally 4 to 8 weeks in the natural host, but can vary
from 4 days to 6 months or more. Affected bats have usually
been found on the ground or low in a tree and have been
unwilling or unable to fly. When approached, these animals
appear either depressed or show abnormal aggressive behavi-
our. Some animals appear partially paralysed or have a fine
tremor. A change of voice has also been reported'”. As
clinical signs are so variable, lyssavirus infection should be
considered when handling any sick bat. Lead poisoning,
parasitic encephalitis and other unknown causes of encepha-
litis have been identified in bats with nervous signs similar to
those seen in lyssavirus affected bats. Only two human cases

have been recorded as showing clinical signs similar to those
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of rabies"* . Clinical signs of ABLV infection might also
appear similar to those of any disease that causes neurologi-
cal signs, such as depression, ataxia, convulsions or paralysis.

In terms of the histopathology, there is usually a non-
suppurative meningoencephalomyelitis, the severity and
Most

infected brains exhibit perivascular lymphocytic cuffs, gli-

extent of lesions of which are extremely variable.

osis, meningitis, neuronal degeneration and intracytoplasmic
vacuolation, and about half have some neurones with in-
tracytoplasmic eosinophilic inclusions consistent with Negri
bodies.

spinal cord so far examined®*>.

Non-suppurative myelitis was present in the only

Maintenance cycles of ABLV in bats have not yet been
clarified. However, as all species of Pteropus lead a commu-
nal life and camps often reach up to tens of thousands or
even hundreds of thousands bats, transmission between the
natural hosts within the same camp may be a primary factor.
Interestingly, however, the other identified reservoir host,
the yellow-bellied sheath-tailed bat, tends to be solitary when
roosting, although small groups of two to six have been seen.
The spatially heterogeneous population of bats may also

contribute to the circulation of the virus in the natural hosts.

Other viruses relating to
Australian flying foxes

The first bat reovirus (Nelson Bay virus : family Reoviridae,
genus Orthoreovirus) was isolated from a flying fox in Aus-
tralia in 1968'”. In 1999, a new reovirus, Pulau virus (family
Reoviridae, genus Orthoreovirus), was isolated from a flying
fox on Tioman island, Malaysia. Pulau virus was shown to

)

be closely related to Nelson Bay virus”. Serological investi-

gation suggests that Pulau virus is capable of infecting

’. Tt has not been clarified if either of these viruses

humans®
causes disease in humans or animals,

In 2007, Melaka virus was isolated from a human in
Malaysia. The patient was suffering from a fever and an
acute respiratory illness. This virus was shown to be capable

of human-to human spread®.
Discussion

We are witnessing the emergence of viruses from bats
which can have a significant impact on the health of a
number of animal species, including humans. This phenom-
enon is occurring not only in Australia, but also in other
countries where pteropid bats are found. Encroachment of

animals and humans into bat habitats has led to a spillover of

viruses from the natural host. Pteropid bats have a wide

distribution with significant overlap of ranges. It can be
expected that more new viruses will be discovered in the
future as more natural habitat is destroyed for farming and
other human activities.

Researching diseases of wildlife is complex and challeng-
ing because of the uncontrolled nature of wildlife popula-
tions (particularly highly mobile species such as bats). Until
we have more knowledge regarding the spillover mechanism
of viruses from the natural host, separation of domestic
animals from wildlife is one of the few recommendations that
can be made to reduce the likelihood of future infections.

Although more effort is required to obtain base data
concerning the ecology and disease status of pteropid popu-
lations, Australia has been the focus of work carried out so
far and the indications are that outbreaks similar to those
referred to in this paper could occur in other countries as
more natural habitat is modified for human occupation. For
example, the southern islands of Japan are home to two
species of flying fox - the Bonin flying fox (P. pselaphon) and
the Ryukyu flying fox (P. dasymallus), which is one of the
world’s most northerly flying foxes. What do we know about
these bats? Have any serological surveys been taken?

The effects of climate change on the behavior of wildlife
are another factor which may affect the distribution of flying
foxes. One certain fact that we should remember is that
there is a propensity for these animals to carry known and
unknown viruses which can easily spill over into humans and

other animals, particularly when their habitat is disturbed.
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