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What is avian influenza and what dangers does

it present for Australians and their birds?

BY RoB Heinsonn, Davip Rosuier anp Leo JoserH

A large flock of Wandering
Whistling-Cucks take to
the air at Lake Murray

in the \Western province
Papua-Mew Guinea.
Though plentiful the birds
proved difficult to capture
for research into potential
influenza pathways.

Phato by David Roshier

N 1997, SHOCK waves hit the world with the first
reported human farality to avian influenza, The outhreak
swept through the chicken farms and live bird markets of
Hong Kong, The same deadly strain reappeared in 2002
and has since devastated the poultry industry in large parts
of south-east Asia. Tn 2005, the virus struck migratory birds
at Qinghat Lake, China, where amongst other vicrims it
claimed an estimared 10 per cent of the global population
of Bar-headed Geese. Since then, similar outhreaks among
wild and domestic birds have been reported across Asia,
Europe, the Middle East, and several Aftican countries. By
June 2008, this deadly strain (H3MN1, see Box 1) had killed
members of mare than 60 bird specics, and 3835 cases of
human infection and 243 human dearhs had been reported
in 14 different countries. Consequently, health authorities in
many countrics have devised contingency plans in case ‘hird
flu' becomes transmittable from human o human, which
would greatly increase the risk of a pandemic.

Influenza pandemics are characterised by the
worldwide spread of novel steains for which most of the
human population lacks immunity. These pandemic
strains rypically drive previous strains of flu to extinetion
and cause heightened sickness and morality. Historical
records suggest that there have been 10 human influenza
pandemics in the last 250 vears. The last owo, in 1957

and 1968, invelved & combination of human and sea
aclapred influenza viruses, Although pigs have sbess
seemed a likely intermediary between birds and pesi
the apparenty recent direct leap of the virus fros St
human sugpests thar rearrangement into a humas SSase
can take place in humans themselves,

Whether the recent outbreak of the deadly H5N1 S
fu virus indicates that 2 human pandemic is immines
depends on 1 large rnge of facrors, all of which rdese s S
ecology of the viruses and their original bird hosts. passes
ularly how the viruses are spread. People living with (e
moving) infecred domestic birds appear w pose the grems
risk, but the potential role of migrarory birds o speest 85
viruses has also been in the spotlighe.

Understanding the virus and its hosts
Before getting carried away by visions of high-fying
sneczing birds, it is useful w consider the differens

forms in which the aviin influenza virus can occur. s
how icis spread. Tn birds, most types of flu virme 28
the digestive tract, not the respiratory system. Infecsed
birds shed the viruses through their freces rather dhas

via the large volumes of mucus we normally associse
with Hu_ There are many low pathogenic’ subrspes of
avian influenza (LPAI) which scem to cause linle S
1o wild birds, although other sub-types (sec Box 1 ca
become deadly if transmitted to domesticared basde The
switch from low to high parhogenic status is achiossssd S
modification of the part of the virus responsible
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The wetlands of the
Western Pravince of
Papua-Mew Guinea, &
staging area for waterbirds
which may migrate ta and
from Australia, Photo by
Reb Heinsohn

with the virus in countries thar have nor had ourbreaks
in their poultry, shows that wild birds can indeed be the
firse to carry hird flu to new areas. Among waterfowl,
Mallards, both domestic and wild, may be of particular
importance because they have been shown o carry
vircually all of the bird flu sub-types.

In search of ducks at
Lake Murray, Phato by
Rob Heinsohn

AWandering Whistling-Duck
captured at Lake Murray

in the Western pravince
Papua-New Guinea and fitted
with a transmitter to track its
movements, Photo by

Rob Heinsohn

Which wild birds are the natural reservoirs?

Birds in werlands and agquatic environments, ducks,
geese, and swans (Anseriformes), and gulls, rerns and
waders {Charadriiformes). especially. appear to form
the major natural reservoir of bird Hu viruses. The firsc
recorded isolaton of an influenza virus from a wild bird

wias from a Common Tern in 1961, The virus, in this

Box 1: Avian influenza

To many pecple bird flu (avian influenza) conjures up images of thousands of chickens being
slaughtered to stop the spread of the disease, Others imagine high-flying, sneezing birds
shedding an aerosal of infected droplets on a helpless human population. As an infectious and
potentially deadly disease, it pushes our buttons and has at times been grossly over-hyped by
the media,

The reality is that avian influenza circulates every year through domestic and wild birds,
just as human flu circulates in human populations. It is caused by Type A strains of the influenza
wirus, which can infect birds, humans and a range of other mammals. |t is divided into sub-types
d_ub‘ib-!d by combinations of the protains H (haemagglutinin) and N {neuraminidase) haemag-
glutinin allows the virus to attach to the surface of a cell, whereas neuraminidase allows it to
be released into the cefl. At present there are 16 known H sub-types and 9 N sub-types. Human
fiu is based on a small number of sub-tjlpies {mostly H1, H2, and H3, and N1 and N2}, but bird flu
can involve all of H1 to H16 and N1 to N9,

The two previous influenza pandemics resulted from reassartment (exchanging of genes)
between human and bird-adapted viruses. The 1957 pandamic invalved the avian HZN2
virus and the human HIN1 virus, and In the 1968 pandemic there was reassortment between
the avian H3Nx virus and the human H2NZ virus. it was originally thought that the viral
reassortment took place in plgs because avian influenza viruses usually have trouble replicating
in humans, whereas plos have receptors. furbu‘lh bird and human flu. However, the recent cases
of HSN1 and HEN2 avian influenza virus in humans suggest that reassortment can take place in
humars without the need for any intermediate host.

In wild birds, the H and N sub-types appear to be stable, but they can mutate and have the
pr.m!ntlat for rapid replication and severa disease when they infect chickens and turkeys. But
most strains of bird flu are not virulent—these are referred to as low-pathenogenic influenza
{LPAI). The low virulence of these types probably reflects a long co-evolution during which the
viruses were selected not to destroy their hosts, The highly pathogenic (HPAI) varieties are not
maintained for long in wild bird populations, This reflects the unfavourable conditions for such
highly virulent diseases; for example, the low density of hosts (because of fatalities) and strong
competition from LPAls. To date, wild birds have only been known to contract two of the highly
pathogenic forms of bird flu (the current H5N1 virus and H5N3 in Common Terns).

Flu viruses in wild hirﬂs{umlly LPAl}are m'npm'tanlhamnf their potantial to Infect
poultry and humans. They are most likely to mutate into deadly forms when poultry Is kept
in large, closely packed populations, as in south-east Asla. Buring outbreaks of HRAI among
poultry the situation becomes mare difficult when the virus acguires the capacity to remain
Inactive In some Individuals. These healthy carriers can spread the virus over lang periods and
over large distances, which is currently the situation in south-sast Asia, where some domestic
ducks are healthy carriers, whereas chickens and turkeys always suffer higher mortality.

The economic losses to the pmﬂw industry have been staggering, but there h also the
pmsuh:lrtyﬂm if humans become infected by both human and avian strains, a new lethal
sub-typs with pandemic qualities may emerge. -

Althuugh Australia has already had five nuthmaks of bird flu in its poultry (in 19786,

1285, 1992, 1934, and 1997, including the sub-types H7NT, HTN3, and H7N4), we have not yet
enceuritered the lethal H5N1 found in sauth-east Asia. The nearest known outbraak of HSN1
was in poultry at Timika in south-western New Guinea (West Papua, Indonesia) in August 2006,

case (HIN3), was responsible for an ourbreak in South
Africa where as [ease 1300 terns died.

Most gull species breed in crowded colonies in which
guick infection via the large amounts of fascal marerial
seemns the most likely route to repeared infection. This
differs from most dabbling ducks in which pairs breed
separately bur congregate in large numbers during moult
and migration, Tnterestingly, flu vieuses in gulls and terns
appear 10 be genetically distinet from those in ducks, and
less likely to cross the divide into humans, By concrase, the
flus viruses of ducks and waders appear to be quite similar,
to the extent that waders probably play an important
rolc in their rransmission to other species. Importandy,
waders seem to have their highest infection rates during
esting thar they can carry flu

the spring migration sugg;

viruses long distances. This link berween the two BLOLpS
may explain the ultimate connection between wild birds,
domestic poultry and humans. Waders rravel the furthest
of the migrating birds bur rarely come in close contace
with humans, although they do share wetlind habicar with
waterfowl, Wild ducks also move large distances, and in
rurn are more likely to spend dme with domesne ducks in
agricultural areas, Thus, an otherwise immaobile strain of
flu virus can make its way to poultry and humans almost
anywhere in the world.

Is Australia threatened by its migratory
connections to the norch?

LPAT viruses have been isolared from artleast 105 wild
bird specics, from 26 different families, some of which
migrare to and from Australia (see Box 2). In considering
the relevance of bird migration in the Australian region,
some useful perspective comes from consideration of the
hiageographical importance of Wallace's Line, This is che
line thar demarcates the Eurasian and Avstralo-Papuan
biogeographical realms, a5 Alfred Russell Wallace realised
in the 19th cenrury. Tt reflects the largely independent
evolutionary histories of the two regions. Much Australo-
Papuan bird migration is cast of Wallaces Line and chus
within the region iself. No migratory warerfowl are
known to cross Wallace’s Line with any regulariny: Some
hirds do migrare to Wallacea, the region abour Wallace's
Line, although, notably, no warerfowl are known to
migrare berween Australia and Wallacea.

Ohur scant knowledge of Australian warerfowl
movements is cause for concern. Australo-Papuan
waterfowl are among the birds that move berween
Australia and the island of New Guinea, where outbreaks
have occurred in West Papua, so it s crirical char we
imprave knowledge of our northern connections {Box
2). Of as much concern are the roughly chree million
shorebirds, from 35 species, thae regularly migrace across
Wallaces Line to Australia each year along the East-Asian
Ausrralasian flyway from as far away as northern Siberia
and Alacka. Some of the larger species fly thousands
of kilometres in single ‘hops’ {e.g. from Australia w
the Yellow Sea in China) while others have important




stopovers in the region enroute, The importance of
this flyway becomes clear when one considers thagat
least some of the destinations and stopovers include
countries thar have had confirmed HPAT outhrezks. On
arrival in Australia many waders congregate on coastal
floodplains and wetlands and interact with Australian
duck populations,

Unlike their cousins from the northern hemisphere,
Australian ducks do not undertake predicrable seasonal
movements. Instead, many populations move in
direcr response to floading and droughr, which oceur
irregularly, Several specics. such as Grey Teal, are
nonetheless very wide-ranging and travel well bevond our
northern borders. Magpie Geese, Wandering and Plumed
Whistling-Duck, Radjah Shelduck, Green Pygmy-Geese
and Pacific Black Duck all occur on che floodplains of
southern MNew Guinea, Documenting their movemenes
bath beyond our shores and within the conrinent
is essential for understanding their potential role in
rransmitting bird flu and other viruses. An imparant
example of this can be seen with recent resules from
satellite tracking of ducks in New Guinea, Wichin a few
weeks, a pair of Wandering Whistling-Ducks caprured
and released ar Lake Murray in the Western provings
Papua-New Guinea in August 2007 travelled hundreds
of kilometres into West Papua (Tndonesia), where the
nearest ourbreak of HIN1 to Australia occurred,

Ulrimarely, wild birds will conrinue to traverse the
"lDl‘lL‘ Wi 111[‘.\ ‘B OLr |'| L1miAn 11{_"¢|J.|j1 CONCErns. Blrd ]n‘lgi ifl[:l]'l
is one of the wonders of the narural world and huge sums
of money are spent o encourage the preservation of key
breeding, stopover and migration habitats for many species.
However, birds, like all animals, carry microbes and same
of these become virulent and deadly to poultry. Humans
are occasionally infected by a small number of these discases
when they live closely with domestic stock.

In summing up the threar from wild birds, wo Ley
facts should be remembered. Firse, most of the global 5prc:1d
of H3N1 can be raced o human made of bird products,
rather than wild bird migration, Second, modern crowd-
epidemic diseases like influenza only mke off once they
have mutated into new forms for which we do not already
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Box 2: Linderstancfmg our northern connections

Australia has expanded its survelllance effort for avian ;Inﬂu:enza through |nmu|¢umng of
wild birds and investigating wild bird disease events. A wide variety of low pathogenic avian:
influenza subtypes have been identified within Australia. However, in 13 disease investigations -
Invu!vmg waterfowl no hlghl_n.r pa'l.‘l'l:rgml: Influenza virus was found. Instead botulism was
identified as the most common cause of these disease outhreaks.

Amang the birds that potentially could bring highly pathagenic (HPAI) varieties of avian
influgnza to Aush*alia (see table) we know most about the origins and migration of the many
waders that visit our shores each summer, However, waterfowl are the natural rus-Erumr'Fnr
avian influgnza and we understand considerably fess about their [ikely origins and movements
n our mgmn In 2007 the authors commenced a project to investigate movement and connec-
tivityn bird populations either side of Tarres Strait.and the Arafura Sea.

Over the next faw years we will be collecting blood and feather samples from waterfowl
at sites up the west coast of Cape York, In Papua New Guinea, and across the Top End, as well
using the resources of the Australian National Wildlife Collection in Canberra and colleagues in
Indanesla, Genatic markers, stabla !Sﬂm_FE and trace elements will be used to assign individuals
1o pﬂpulnﬂnns and infer the n:u|"|n|a|r|:lmrrt].|I between them. In the first instance, our target Spl!d&i
are Grey Teal, Pacific Black Duck, - Wandering Whistling-Duck, and Magpie Goose. The first
twio species are widespread across Australia, New Gulnea and Indonesia, whereas Wandaring
Whistling-Ducks are a vagile tropical spa:nes.ﬂm Magpie Goose fs a coastal species that is
dispersive in the dry season, including to New Guinea. In time the analyses will be extended to
lowland forest species such as Rainbow Bee-gater, Pied Imperlal-Pigeon and Metallic Starling that
migrate annually from the forests of New Guinea to mainland Australia ta breed.

We have also fitted satellite transmitters on Wandering Whistling-Duck to uh,ruenle dlrll:tly
the nature and extent of movement in this non-obligate migrant. The birds ware trapped and
releasad with transmitters at Lake Murray in the Western Province of Papua New Guinea, The
transmitters are solar powered, weigh just 12 gand have an upemt!mar life of several years,
We are hopeful of getting mevement data for the next two years or more, The mavements
of the tagged Wandering Whistling-Ducks can be followed by downioading a data file, for
viamng with Google Earth, at: http://csusap.csu.adu.au/- ~droshier/wanderers.png html.

Bird groups with potential to carry avian influenza {AI} That Is, groups which have
some members that move between Australian and Asia and have been shown to
carry avian influenza somewhere in the warld

Waterfow| (du

s and geese) Common
Turnstones/sandpipers/phalaropes/plovers (shorebirdsfwaders) Oecasional
Gulls/terns Occasional
Shearwaters/petrels Rare
Cormarants Rare
Herons/Bittarns Rare
Ibises Rare
Figeans/doves Extremely rare
Bee-eatars Extremely rare
Starlings Extremely rare

.ﬂdapu:ff:um'l‘ramy L%, Woods, B, Roshier, ., West, Poand Saunders, G.R. (2004). The role of wild blrdsin the
transmbssion of ayian knflusnza for Austratia: an ecological poTspactlie. Er 108: 709-124,

have immunity: When this happens, as it has repearedly in
our past, it is person-to-person contact thar really marrers,
Crowd diseases like influenza A spread like wildfire through
large populations, and in the modern era are more likely
to arrive with a sneezing person on a jumbo jet than in the
fagoes or phlegem of a high flving duck.
Ros Heinsonw, Fermer Schoo! of Environment and
Society, Auseralfan National Lniver sity, Davin Rosmer,
Institure of Land, Wister & Society, Charles Stare Ulntiversizy,
and Leo Joseen, Australian National Wildlife Collection,
CSIRO Swstainable Fq.ln RS, dre cuﬂz:bnmm.fg oH
the praject Worthern Connections—>Movement @I“B:ri
betwreen Awstralia and its Near Novthern Neighbanurs. This
rerearch is funded by: the Awseralian Research Conncil:
the Department of the Envivanment and Water Resonrces:
Agriculisive, Forestry and Fisheries Auseralia: and the
Australian Quarantine Inspection Service,

Left: David Roshiar, with
transmitters at the ready,
and local assistants at
Lake Murray. Phote by
Reb Heinsohn

Prospective postgraduates interested in the dynamics af
tropical bird populations, migration or papulation genetics
should contacr David Roshier (droshier@ciu.ed.an) or
Rol Heinioln (Robere, Heinsobn@ani edu.au),
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