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Executive Summary 
This report was funded by the Australian Government Department of Agriculture, Fisheries and 
Forestry Office of the Chief Veterinary Officer to provide an updated risk assessment on the 
likelihood of entry and establishment of HPAI in Australia via wild birds.  

Compared with previous risk assessments, the overall risk associated with HPAI in wild birds has 
increased and is considered HIGH with moderate uncertainty (see Tables 6 & 7).  This is based on a 
moderate increase in the likelihood of entry and exposure of HPAI with a significant increase in the 
consequence of HPAI incursions. The overall risk to poultry is considered MODERATE/HIGH with 
moderate uncertainty and the overall risk to wild mammals assessed as LOW with high uncertainty.  

These increased risk levels are associated with the following the likelihood of incursions: 

1) via long-distance migratory birds of the orders Charadriiformes (notably shorebirds) and 
Procellariformes (notably shearwaters) considered MODERATE with moderate uncertainty 
during the upcoming spring migratory period, 
OR 

2) via nomadic Anseriformes (waterfowl) within the Australo-Papuan region considered 
MODERATE with moderate uncertainty. The risk period being all year-round with frequent yet 
irregular movements of birds, driven by strong environmental conditions within the region 
(Ferenczi et al. 2016, Purnell 2022), with no apparent or consistent seasonal patterns in contrast 
to movements by long-distance migratory birds.  

Changes in risk factors compared with previous risk 
assessments are associated with the current high 
pathogenicity avian influenza (HPAI) H5N1 clade 
2.3.4.4b viruses which significantly differ from 
previous HPAI H5 viruses in their increased 
pathogenicity, replication and viral shedding in wild 
birds, increased avian and mammalian host range, 
increased persistence of virus in the environment and 
ability to spread via a wide range of avian species 
including both poultry and wild birds, in particular the 
ability of wild birds to directly infect poultry with HPAI 
viruses2. 

The number of HPAI H5N1 clade 2.3.4.4b outbreaks 
amongst wild birds and poultry in the northern 
hemisphere, Africa and South America over the past 
one and a half years is unprecedented. In wild birds 
this has involved an array of species across all major 
bird orders, resulting in wild bird deaths 2-3 orders of 
magnitude higher than ever seen before. A wide range of domestic and wild mammal species have 
also been affected, although in substantially lower numbers than birds. 

It is expected that the likelihood and associated risk of incursions into Australia will continue to 
remain at these levels for some time and potentially increase rather than diminish given continued 
virus evolution. If entry and establishment of HPAI H5N1 clade 2.3.4.4b occurs within wild birds and 
poultry, there are likely to be considerable consequences for wild birds and the poultry industry as 
seen in many currently affected countries. However, the frequency of HPAI incursions into Australia 
via wild birds may be lower compared with other continents due to multiple factors including the 

 
2 World Organisation for Animal Health (WOAH) infographic: https://www.woah.org/app/uploads/2023/06/avian-influenza-
understanding-new-dynamics-to-better-combat-the-disease.pdf 

The global avian influenza situation is 
dynamic and since this report was 

finalised (20 July 2023), HPAI emerged in 
the sub-Antarctic, thousands more wild 
birds and marine mammals have been 
infected, and a considerable number of 
scientific studies have been published 

addressing the ecology, evolution, 
virology, pathogenicity of this virus. As 

remaining knowledge gaps and 
uncertainties are being steadily 
addressed, sections of the risk 

assessment will be revised in due course, 
in particular the risk to marine mammals. 

 
A small number updates are annotated in 
GREEN FONT throughout the document, 

mainly as footnotes. 

https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
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species infected and potentially geographically isolated foci of arrival3. As a result, management of 
outbreaks may be more achievable in the Australian context if they are identified early, and 
appropriate mitigation measures implemented. 

This risk assessment may need to be revised on an ongoing basis given the rapidly evolving 
epidemiology, ecology, and evolution of HPAI H5N1 clade 2.3.4.4b viruses. As such, continued 
monitoring of the global situation and ongoing surveillance within Australia will be required. 

 
3 Migratory bird movements, in particular waterfowl, into North America are infrequent compared to movements between North America 
and South America. There were two introductions which subsequently established and spread in north America over a period of several 
months, whereas there were multiple introductions into South American over a much shorter timeframe (Alkie et el. 2022; Ariyama et al. 
2023). Migratory bird connectivity to Australia may present reduced frequency compared to North America scenario. NOTE: since 20 July 
2023, studies have now shown there were multiple introductions to North America (Ramey et al. 2023). 
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Overall risk question 
 

What is the risk (likelihood and consequence) of HPAI H5N1 clade 2.3.4.4b incursions into 
Australia via wild birds with establishment in wild birds, poultry, and/or wild mammals? 
 

Risk definitions 
 
Table 1. Likelihood Terminology (WHO et al. 2021) 

Probability level Definition 
Negligible Almost certain not to occur except in exceptional circumstances 
Low Unlikely to occur 
Moderate May occur 
High Likely to occur 

 
 
Table 2. Uncertainty Terminology (WHO et al. 2021) 

Uncertainty probability level Definition 
Very low Reliable data and information are available in sufficient quantity 

with extensive data and/or concrete information  
Low Reliable data and information is available but may be limited in 

quantity, or be variable; results based on expert consensus 
Moderate Some gaps in availability or reliability of data and information, or 

conflicting data; results based on limited consensus 
High Limited data or reliable information available; results based on 

educated guess 
Very high Lack of data or reliable information; results based on crude 

speculation only 
 
Event likelihood summary 
 
Table 3. HPAI H5N1 clade 2.3.4.4b overarching likelihood summary  

Event Likelihood Uncertainty 
HPAI virus incursions via wild birds:  

via movements along the East Asian-Australasian flyway  Moderate Moderate 
via movements within Australo-Papuan region Moderate Moderate 

HPAI virus exposure and establishment in resident wild birds Moderate/High4 Moderate 
HPAI virus exposure and establishment in poultry via wild 
birds 

Low/Moderate4 Moderate 

HPAI virus exposure and establishment in wild mammals via 
wild birds 

Low5 High 

 
  

 
4 Two likelihood levels are provided given substantially variable risk pathways.  For further details see Entry and Exposure Assessments in 
Tables 8 and 9 below. 
5 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), HPAI emerged in the sub-Antarctic, 
thousands more wild birds and marine mammals have been infected, and a considerable number of scientific studies have been published 
addressing the ecology, evolution, virology, pathogenicity of this virus. As remaining knowledge gaps and uncertainties are being steadily 
addressed, sections of the risk assessment will be revised in due course, in particular the risk to marine mammals.  



HPAI incursion risk assessment for Australia: Abridged Version | 14 December 2023 | 5 

Consequence summary 
 
Table 4. Consequence definitions 

Description Definition 
Insignificant No detectable conservation or welfare effects; effect unlikely to be 

recognised at any level within Australia. 
Very minor Local short-term population loss or economic impact, no significant 

ecosystem effect; OR mild animal welfare effects; effect is likely to be minor 
to directly affected parties 

Minor Some localised, reversible ecosystem impact; OR mild animal welfare effects; 
effect and significant to directly affected parties. 

Moderate Measurable long-term damage to populations and/or ecosystem, but little 
spread, no extinction; OR more significant animal welfare effects; effects 
significant within the region, with economic and social effect highly 
significant to directly affected parties; recognised on a national level. 

High Long-term irreversible ecosystem change, spreading beyond local area; OR 
significant animal welfare effects; effects highly significant within the region, 
with serious economic stability, societal values or social well-being limited to 
a given region; significant at the national level 

Catastrophic Widespread, long-term population loss affecting several species OR local 
extinction of a species, serious ecosystem effects; OR severe animal welfare 
effects; effect highly significant nationally, with economic stability, societal 
values or social well-being seriously affected; highly significant at the national 
level. 

 
 
Table 5. Consequence of HPAI H5N1 clade 2.3.4.4b incursions via wild birds* 

Event Consequence Uncertainty 
Establishment within wild bird populations Catastrophic Moderate 
Establishment within poultry populations High Moderate 
Establishment within wild mammal populations Minor6 Moderate 

*Please refer to Table 13 for further consequence analysis 

  

 
6 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), HPAI emerged in the sub-Antarctic, 
thousands more wild birds and marine mammals have been infected, and a considerable number of scientific studies have been published 
addressing the ecology, evolution, virology, pathogenicity of this virus. As remaining knowledge gaps and uncertainties are being steadily 
addressed, sections of the risk assessment will be revised in due course, in particular the risk to marine mammals. 
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Risk summary 
 
Table 6. Risk estimation matrix (duplicated from Table 14) 

  Consequences of HPAI entry and establishment 

  Insignificant Very minor Minor Moderate High Catastrophic 

Likelihood of 
entry and 
exposure  

Negligible Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Very low risk 

Low Negligible 
risk 

Negligible 
risk 

Low risk# Low risk Moderate 
risk* 

High risk 

Moderate Negligible 
risk 

Very low 
risk 

Low risk Moderate 
risk 

High risk* High risk^ 

High Negligible 
risk 

Very low 
risk 

Low risk Moderate 
risk 

High risk Extreme risk 

^Risk for wild birds; *Risk for poultry; #Risk for wild mammals 

 
Table 7. Overall risk (likelihood and consequence) of HPAI H5N1 clade 2.3.4.4b incursions into 
Australia via wild birds 

Risk Risk level Uncertainty 
Risk of incursions and establishment in wild birds High risk Moderate 
Risk of entry and establishment within poultry Moderate/High risk Moderate 
Risk of entry and establishment with wild mammals Low risk High 
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Introduction 
 

The objective of this report is to evaluate changes in risk factors for currently circulating strains of 
high pathogenicity avian influenza (HPAI) worldwide to provide an updated risk assessment on the 
likelihood of entry, establishment and spread of HPAI in Australia via wild birds.  The risk assessment 
is in response to the accelerating global outbreaks of HPAI H5N1 of clade 2.3.4.4b since October 
2021. This panzootic is affecting wild birds, poultry and increasingly also wild mammals across all 
continents except Antarctica and Australia.  
 
The report reviews and assesses HPAI H5N1 clade 2.3.4.4b viruses to inform the risk (likelihood of 
incursions and subsequent consequence) to Australia. With respect to previous risk assessments, the 
review also identifies and discusses changes in the current circulating viruses at the molecular, 
ecological and host levels in relation to movements of long-distance migratory birds and wild birds 
within the Australo-Papuan region. Whilst the primary focus of the risk assessment is the role of wild 
birds in the potential introduction of HPAI H5N1 clade 2.3.4.4b to Australia, the potential 
consequence to wild birds, poultry and mammals is also assessed.  

Background7 
 
Avian influenza and current global outbreaks 
 
High pathogenicity avian influenza (HPAI; Influenza A virus, Family Orthomyxoviridae), or “bird flu”, 
is an infectious disease that causes severe illness and death in poultry and wild birds. HPAI can also 
cause disease in mammals, including rare cases in people. Since 2021, a new strain of HPAI, called 
HPAI H5N1 clade 2.3.4.4b, has caused significant illness and deaths in poultry and wild birds on all 
continents except Oceania. This strain of HPAI has not been detected in Australia.  
 
Most avian influenza viruses (AIV) are of low pathogenicity, and are commonly found amongst wild 
birds, notably waterfowl (Anseriformes) and shorebirds, terns and gulls (Charadriiformes). While the 
first descriptions of outbreaks of HPAI date back to the late 1800s, outbreaks occurred only rarely. 
Between 1955, when the virus was identified, and 2000, there were only 18 outbreaks reported 
globally (Swayne and Suarez 2000). The situation changed with the emergence of the 
goose/Guangdong (gs/GD) HPAI H5 lineage. Since 2005, this lineage has regularly led to outbreaks in 
both poultry and wild birds, mainly in Eurasia. A step-change evolutionary shift in this lineage in 
2014 (Lycett et al. 2019) resulted in more incursions into Africa in 2016 (Fusaro et al. 2019) and a 
spread to North America. Since October 2021, the intensity, geographic distribution, and number of 
wild bird species affected has radically changed (Figure 1) with 10489 reported outbreaks (i.e. 
notifications) of HPAI in wild birds and 8203 in poultry (domestic ducks, turkey, chickens etc) (data 
downloaded from World Animal Health Information System of the World Organisation for Animal 
Health, updated 17 November 2023)(World Organisation for Animal Health 2022). Outbreaks in wild 
birds have largely occurred in the Northern Hemisphere, involving over 335 different bird species, in 
many bird Orders (Figure 2) resulting in at least 70,601 reported wild bird deaths and probably many 
more (Klaassen and Wille 2023). In the vast majority of cases the outbreaks are caused by HPAI 
H5N1 with very few outbreaks of H5N8 or other H5Nx subtypes. Where tested, all H5 subtypes 
appear to belong to HPAI H5 clade 2.3.4.4b, except in Asia. Prior to October 2021, most HPAI cases 
involving wild birds were discovered in locations in relative proximity to intensive poultry production 

 
7 This background section is a significantly abridged. A comprehensive overview of the current HPAI H5N1 clade 2.3.4.4b global situation is 
available in the original document and should be consulted for further detailed information. 

https://wahis.woah.org/
https://wahis.woah.org/
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(see Figure 1, overlap of blue [poultry outbreaks] and red [wild bird outbreaks]). However, recent 
outbreaks in wild birds have also been observed in areas geographic distant to intensive poultry 
farming, e.g., the Arctic, Faroe Islands8. 

 
 

 
 
 
 

 
8 The global avian influenza situation is dynamic and since this report finalised (20 July 2023), HPAI has emerged in the sub-Antarctic. 
South Georgia and the Sandwich Island HPAI H5N1 detection in a brown skua report to WOAH: https://wahis.woah.org/#/in-
review/5313?reportId=163628&fromPage=event-dashboard-url 

Figure 1. Animation of the annual distribution of number of H5 and H7 HPAI cases (i.e. bird deaths per 1 degree latitude and 
longitude) in poultry (blue) and wild birds (red) starting 2005, illustrating the considerable increase in incidences from 2021 

to 2023. Animation can be found at https://vimeo.com/895709099?share=copy. Data from World Animal Health 
Information System. Note that, while very useful in depicting variations over time and space, the WAHIS data incompletely 

reflects to true scale of the panzootic amongst wild birds ((e.g. number dead per year; see text). This figure provides data up 
to 23 November 2023. 

https://vimeo.com/895709099?share=copy
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Hazard identification 
 
For the purposes of the risk assessment the hazard is HPAI H5N1 clade 2.3.4.4b. 
 
The scope has been limited to HPAI H5N1 clade 2.3.4.4b (hereafter referred to as HPAI unless 
otherwise specified) because it is the dominant, currently circulating clade worldwide causing 
significant morbidity and mortality in wild birds and poultry. There have also been an increasing 
number of spillover infections in mammals9 in addition to sporadic cases in humans. 
 
Risk assessment 
 
A rapid qualitative risk assessment approach was undertaken according to established guidelines 
(WHO et al. 2021). The terminology associated with likelihood and uncertainty is defined in Tables 1 
and 2. 
 
Scope 
 
The report uses data available up to 20 July 2023.  The risk assessment covers next 12 months until 
August 2024, noting a highest risk period from August 2023 until December 2023 which includes the 
annual spring wild bird migratory period.  
 
If the global prevalence of HPAI disease stays the same or increases, the likelihood of HPAI incursions 
via wild birds into Australia increases (e.g. there is a higher likelihood that the incursion will occur at 
a point in the future), noting the assumptions detailed below. 

 
9 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), HPAI emerged in the sub-Antarctic, 
thousands more wild birds and marine mammals have been infected, and a considerable number of scientific studies have been published 
addressing the ecology, evolution, virology, pathogenicity of this virus. As remaining knowledge gaps and uncertainties are being steadily 
addressed, sections of the risk assessment will be revised in due course, in particular the risk to marine mammals. 

Figure 2. Total number of wild bird cases reported (stacked bars) and number of species involved (brown line) as a 
function of time (half yearly periods). The different colours denote the order to which the various species of birds 

belong. Data from World Animal Health Information System. From Klaassen and Wille (2023). 
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The more widespread and abundant the virus is, the greater the overall exposure and infection 
pressure is. Therefore, the risk should be regularly re-assessed to incorporate any significant changes 
in the epidemiology in the region or globally.  
 
Whilst the risk assessment does consider movement of virus via wild birds in terms of entry and 
establishment (within the area of arrival), spread of the virus within Australia (expansion of the 
geographical distribution) is not specifically addressed.  
 
The risk of human infection with HPAI viruses derived from wild birds and poultry has been deemed 
out of scope for this review. 
 
Assumptions 
 
Throughout the risk assessment process, a number of assumptions have been made including: 

• There are no significant changes in the pathogenicity and virulence of the currently 
circulating clades of HPAI. 

• Current biosecurity practices within Australian poultry establishments are maintained, 
including no vaccination of poultry with influenza vaccines. 

• There are no significant weather events (e.g. drought, floods, bushfires) which may alter 
migration patterns of wild birds. 

• There are no significant changes in the geographic distribution, abundance and host range of 
the currently circulating clades of HPAI.10 

  

 
10 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), HPAI emerged in the sub-Antarctic, and 
the host range has expanded. A considerable number of scientific studies have been published addressing the ecology, evolution, virology, 
pathogenicity of this virus. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment 
will be revised in due course, in particular the risk to marine mammals. 
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Entry Assessment 
 
Entry and exposure pathways via wild birds  
 

 
Figure 3.  Entry and exposure pathways via wild birds 

Risk question 1a:  What is the likelihood of a HPAI incursion by long-distance migratory wild birds 
via movements along the East Asian-Australasian flyway? 
 
Risk question 1b:  What is the likelihood of a HPAI incursion by wild birds via movements within 
the Australo-Papuan region? 
 
For the purpose of the risk assessment, entry is defined as the biological pathway/s of introduction 
of HPAI into Australia via wild birds. 
 
Factors considered when assessing the likelihood of entry include: 
1. Route of entry via wild birds: 

a. Detections of HPAI viruses within the East Asian-Australasian flyway outside of the 
Australo-Papuan region within both wild birds and poultry.  

b. Detections of HPAI viruses outside of Australia within the Australo-Papuan region in 
both wild birds and poultry. 

2. Exposure and susceptibility of migratory birds to infection with the virus. 
a. Exposure to HPAI viruses. 
b. Prior reports of HPAI infection in bird taxa overseas (bird taxa known to migrate to 

Australia in the same order/family/genus). 
c. Prior seroconversion of wild birds to other AIVs, including HPAI. 

3. Ability of wild birds to migrate whilst infected with the virus. 
a. The route of migration, including the distance to Australia and ability to ‘island hop’. 
b. The pathogenicity of the virus. 
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Overarching considerations 
HPAI H5N1 clade 2.3.4.4b viruses have an increased capability to infect and disperse with wild birds. 
Previous to clade 2.3.4.4b, the likelihood for HPAI viral maintenance in wild birds in isolation for a 
prolonged period of time was low. The ability of clade 2.3.4.4b to infect a greater range of potential 
wild bird species, not normally susceptible, broadens the sources of onward exposure and infection. 
This clade’s increased viral fitness is evidenced by the (multiple) entries, establishment and spread 
into North America (Alkie et al. 2022; Bevins et al. 2022; Ramey et al. 2023) and South America 
(Jimenez-Bluhm et al. 2023).   
 
The increased viral abundance, geographic distribution and host range increases the number of 
wild birds likely to be exposed to and subsequently infected with HPAI H5N1 clade 2.3.4.4b.  
 
Since October 2021, HPAI outbreaks have been and continue to be reported across the Asia-Pacific 
region (Figure 1). The likelihood of incursions via wild birds into Australia will be determined by the 
geographic area where HPAI is present in the Asian-Pacific region. For the purpose of this risk 
assessment, the biogeographically boundary (the Wallace line, Figure 3) will be used to distinguish 
entry via long-distance migratory bird movements along the East Asian-Australasian flyway versus 
via wild bird movements within the Australo-Papuan region. The majority of bird migration within 
the Australo-Papuan region is nomadic and confined to locations east of the Wallace line. There is 
minimal waterfowl (Anseriformes) movement across this line which has been thought to limit HPAI 
virus incursions from South-East Asia to Australia (East et al. 2008b). However, it should be noted 
that a small number of species have distributions which extend across this line, such as the Pacific 
Black duck (Anas superciliosa) and Spotted Whistling duck (Dendrocygna guttata) (Purnell 2022; 
Roshier et al. 2012). 
 
Although many studies on the factors contributing to successful entry, establishment and spread of 
pathogens into new environments tend to focus on pathogen traits and environmental conditions, 
increasing empirical and statistical evidence implicates propagule pressure (i.e., the number of 
introduction events multiplied by the number of individuals per introduction event) both temporally 
and spatially to be important (Simberloff 2009; Ogden et al. 2019). Thus, prevalence of outbreaks 
and virus circulation in neighbouring countries (particularly at key stopover sites for migratory birds) 
needs to be considered when assessing likelihood of entry into Australia, in addition to wild bird 
migration pathways and virus pathogenicity in wild birds (notably whether wild birds are able to 
migrate while infected). 
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Table 8. Likelihood of entry of HPAI via wild birds 
Risk factor Likelihood* Uncertainty* Rationale 
1a. HPAI virus incursions 
by long-distance 
migratory birds via 
movements along the 
East Asian-Australasian 
flyway  

  Risk is highest between August – December, the period during which long-distance migratory shorebirds arrive in 
Australia. 
 

- Indonesia has recently reported a detection of HPAI H5N1 clade 2.3.4.4b in domestic duck mortality event in South 
Kalimantan (west of the Wallace line) in April 2022 (https://wahis.woah.org/#/in-review/5041). Further detections 
reported from the same location in March 2023 (based on a single sequence deposited in GISAID11). 

- Previous entry risk assessments for Australia for HPAI clade 2 deemed the likelihood of entry to be low via 
movements along the East Asian-Australasian flyway, largely because of limited interchange of Anseriformes 
(waterfowl) species between Australia and Asia and the infrequent detection of AIVs in Charadriiformes (notably 
shorebirds) and other species that do migrate long distances along the flyway (Curran, 2012; Tracey et al. 2004; 
McCallum et al. 2008).  

- Some 40 species of shore-, sea- and land birds migrate from Asia to the Australo-Papuan region (Dingle 2004), 
comprising millions of individuals, annually migrating from predominantly Asia but also North America to Australia 
(McCallum et al. 2008). Millions of migratory birds thus use stopover sites in countries where 2.3.4.4b is endemic in 
poultry (although data on circulation in wild birds in these countries is limited). 

- The number of migratory shorebirds coming to Australia from outside Australo-Papua has decreased over the past 
decades (Clemens et al. 2016), however concurrently, more recent and detailed tracking studies have shown 
shorebirds to fly directly from East Asia to Australia during non-stop flights at speeds of around 1500 km/day (e.g. 
Lisovski et al. 2021). Thus, the distance between regions where HPAI H5N1 clade 2.3.4.4b is endemic and Australia 
can potentially be crossed by shorebirds within 1 – 4 days.  

- LPAI viruses are known to occasionally arrive in Australia via migratory wild birds from overseas (Bhatta et al. 2020; 
Hoque et al. 2015; Hoye et al. 2021; Hurt et al. 2006; Kishida et al. 2008; Vijaykrishna et al. 2013; Wille et al. 2022), 
which subsequently circulate and some eventually going extinct. Within Australia, LPAI virus sequences forming 
distinct Australian lineages (Bulach et al. 2010; Hansbro et al. 2010; Hoye et al. 2021; Wille et al. 2022).  

- Australian wild bird AIV studies to date demonstrate that LPAI detections in migratory shorebirds occur 
predominantly in autumn and winter (pre-departure from Australia), as opposed to in the Australian spring in 
newly arrived birds (Curran 2012; Curran et al. 2014; Hansbro et al. 2010; Hoye et al. 2021, Wille et al. 2023a). 

- Charadriiformes (notably shorebirds) are known hosts to LPAI viruses globally and within Australia (e.g. Curran et 
al. 2013; Hansbro et al. 2010; Haynes et al. 2009; Grillo et al. 2015; Olsen et al. 2006; Wille et al. 2022) and have 
been considered candidates for HPAI entry to Australia (East et al. 2008a).  

- Spread by migratory Procellariformes (notably seabirds) was previously deemed negligible based on low AIV 
prevalence typically detected (Tracey et al. 2004, Wille et al. 2023a) and the fact they rarely make landfall. 
However, Procellariformes have been poorly surveyed for AIV over the last three decades (Lang et al. 2016), 

Exposure & infection 
of migratory 
Charadriiformes via 
East-Asian-
Australasian flyway  

High Very low 

Exposure and infection 
of migratory 
Procellariformes via 
East-Asian-
Australasian flyway 

Moderate Moderate 

Ability of 
Charadriiformes to 
migrate whilst infected 
with HPAI virus. 

Moderate Moderate 

Ability of 
Procellariformes to 
migrate whilst infected 
with HPAI virus. 

Moderate Moderate 

 
11 GISAID, the Global Initiative on Sharing All Influenza Data. 

https://wahis.woah.org/#/in-review/5041
https://gisaid.org/
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therefore it is not possible to make inferences on their role as reservoirs for LPAI or their putative role in 
movement of HPAI. Note, the 1st detection of LPAI in healthy wild birds was in wedge-tailed shearwaters in 
Australia (Downie and Laver 1973).  

- There is increasing evidence for infection by HPAI H5N1 2.3.4.4b in migratory birds, particularly Charadriiformes 
(notably shorebirds) and Procellariformes (notably seabirds) (WAHIS WOAH data; Fig. 2), which have also been 
implicated in long-distance dispersal (Caliendo et al. 2022b; Yang et al. 2023) 

- Evidence of HPAI infection in Procellariformes include Southern (Macronectes giganteus) and Northern giant 
petrels (Macronectes halli) and a sooty shearwater (Ardenna grisea) in Chile and South Africa (FAO 2023) and 
short-tailed shearwater (Puffinus tenuirostris) in Alaska, USA in September 2023 (Department of Environmental 
Conservation, Alaska, 2023) 

- A number of experimental studies demonstrate some shorebirds are able to tolerate infection with HPAI H5 
(Reperant et al. 2011), particularly if previously exposed to LPAI H5 (Hall et al. 2013). 

- Migratory shorebirds have also been shown to be exposed and infected with HPAI H5 (including clade 2.3.4.4) 
while on migration to Australia (Curran et al. 2014; Wille et al. 2019). However, currently no evidence these 
migratory birds are carrying infectious HPAI H5Nx clade 2.3.4.4 viruses when they arrive in Australia. 

- Sampling of recently arrived migratory sea- and shorebirds (250 samples from short-tailed shearwaters (Puffinus 
tenuirostris) taken shortly after arrival from the northern Pacific region in the last week of September 2022); 500 
samples from a variety of shorebird species 0-3 months after arrival from East Asia to NW Australia; 75 samples 
from Ruddy Turnstones (Arenaria interpres) caught on King Island, Tasmania in the first half of December), has 
revealed no evidence of infections with HPAI (Wille and Klaassen 2023). Serological testing also revealed that none 
of the birds sampled had experienced recent exposure to HPAI 2.3.4.4b (Wille and Klaassen 2023).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.fao.org/animal-health/situation-updates/global-aiv-with-zoonotic-potential/bird-species-affected-by-h5nx-hpai/en


HPAI incursion risk assessment for Australia: Abridged Version | 14 December 2023 | 15 

Risk factor Likelihood* Uncertainty* Rationale 
1b. HPAI incursion by wild 
birds via movements 
within Australo-Papuan 
region  

  - No reports of HPAI H5N1 2.3.4.4b within the Australo-Papuan region to date in poultry nor wild birds.  
- Indonesia comprises states both within and outside of the Australo-Papuan region (e.g. the Wallace line cuts 

through Indonesia). Poultry production in Indonesia has increased (Statistica 2023). HPAI H5N1 2.3.4.4b has been 
detected in South Kalimantan, Indonesia, outside of the Australo-Papuan region. 

- Poultry are an increasing source of protein in New Guinea (Kohun et al. 2015; Nurhasan et al. 2022). 
- Long distance migratory wild birds (shorebirds) do stop on the island of New Guinea during migrations (Lisovski et 

al. 2021). Frequent yet irregular movements of ducks, geese, and other waterbirds movements of migratory and 
nomadic birds occur within the Australo-Papuan region (Roshier et al; McCallum et al. 2008; East et al 2008b). The 
range of some populations of Australian waterfowl extends to the archipelagos of SE Asia, including species that 
are highly dispersive within Australia (Pacific Black Duck: Anas superciliosa, Grey Teal: Anas gracilis and Wandering 
Whistling Duck: Dendrocygna arcuata). However, significant temporal, spatial and research gaps preclude a full 
understanding of bird movements between Australia and the islands to the north (Purnell 2022). 

- Movement and phylogenetic studies show migratory (waterfowl) birds have a role in spread of HPAI H5N8 virus 
clade 2.3.4.4 across Eurasia (Zhang et al. 2023; Teitelbaum et al., 2023). Recent tracking studies in China show 
Mallards (Anas platyrhynchos) are capable of flying hundreds of kilometres while infected with HPAI H5N8 clade 
2.3.4.4b virus (Lv et al. 2022).  

- One study on HPAI H5N1 2.3.4.4b pathogenicity in wild birds (Spackman et al. 2023) found 58% of ducks were sub-
clinically infected and 65% of Mallard ducks shed virus cloacally for 14 days  (considerably longer than what is 
normally found in ducks infected with other AIVs); suggesting increased potential for superspreading by some 
individuals (Lloyd-Smith et al. 2005). Other experimental infections studies (as of 20 July 2023) with HPAI H5Nx 
2.3.4.4b viruses include: one study 8/8 common teal were infected with H5N6 2.3.4.4b virus, shed viruses for a 
prolonged period, via the trachea more than the cloaca, without displaying distinctive clinical signs (Tanikawa et al. 
2021), and another study using H5N8, in which 6 of 7 mallards, naturally pre-exposed to LPAI viruses, recovered 
completely after initial mild clinical signs, with virus shedding reduced in the seropositive mallards compared to 
seronegative mallards (Koethe et al. 2020). However, multiple studies also indicate high pathogenicity and 
increased waterbird adaption of clade 2.3.4.4b viruses (Banyard et al. 2022; Caliendo et al. 2022a; Grund et al. 
2018; James et al. 2023) 

- Detection of Eurasian HPAI H5N1 in apparently healthy hunter-harvested wild ducks in USA indicates potential for 
active infection and shedding without obvious clinical signs (Bevins et al. 2022; USDA et al. 2016). Telemetry data 
from a single HPAI infected wild lesser scaup (Aythya affinis; a diving duck) suggest this bird may have been 
shedding virus for some period prior to death, with opportunities for direct bird-to-bird or environmental 
transmission (Prosser et al. 2022). 

Note: Overarching likelihood changes to HIGH if HPAI H5N1 2.3.4.4b is detected within the Australo-Papuan region, 
with the risk period being all year-round with frequent yet irregular movements of birds within the region with no 
seasonal patterns. 

Exposure & infection 
of nomadic waterfowl 
within the Australo-
Papuan region 

Low Moderate 

Ability of nomadic 
waterfowl to ‘island-
hop’ and migrate 
whilst infected with 
HPAI virus. 

High Low 

*See Table 1 for likelihood terminology definitions. 
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Summary 
 
Risk question 1a:  What is the likelihood of a HPAI incursion by long-distance migratory wild birds 
via movements along the East Asian-Australasian flyway? 
 
This question assesses the likelihood of wild migratory birds being infected outside the Australo-
Papuan region and arriving in the Australo-Papuan region or Australia still infected and infectious.  
Overall, the likelihood has been assessed as MODERATE with moderate uncertainty. 
 
Risk question 1b:  What is the likelihood of a HPAI incursion by wild birds via movements within 
the Australo-Papuan region? 
 
This question assesses the likelihood that wild migratory birds are infected in the Australo-Papuan 
region, outside of Australia but south of the Wallace line and arrive in Australia still infected and 
infectious with no reports of HPAI H5N1 2.3.4.4b within the region.  Overall, the likelihood has 
been assessed as MODERATE with moderate uncertainty.  Noting that the likelihood will increase 
to HIGH if HPAI H5N1 is reported in the Australo-Papuan region. 
 
Compared with previous risk assessments the likelihood of HPAI incursions into Australia has 
increased as a result of the new clade of H5N1 2.3.4.4b producing significant changes in the 
ecology of HPAI with respect to wild birds.    
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Exposure Assessment 
 
For the purposes of this risk assessment, exposure is defined as the first opportunity for transmission 
of the virus within Australia, and establishment is defined as subsequent perpetuation of the virus 
within a resident animal population (e.g., single or multiple poultry flocks or wild bird nesting sites) 
(COAG, 2019).  Exposure may lead to subsequent establishment of the virus and spread within 
Australia pathways for exposure are shown in Figure 3. Exposure to HPAI could occur via one or 
multiple migratory wild birds following arrival in Australia or via one or multiple resident wild birds 
following establishment in resident wild bird populations, noting a key epidemiological feature 
associated with current outbreaks in poultry overseas, is the ability of wild birds to directly infect 
poultry with HPAI viruses12. 
 
Factors considered when assessing the likelihood of exposure and establishment include: 

1. The pathway of introduction. 
2. The number of exposure events including contact rates and transmission probabilities 

between infected and susceptible animals. 
3. The species susceptibility to infection. 
4. Distribution of susceptible populations (e.g., poultry). 
5. Survival in the environment. 

 
Overarching considerations 
 
The number of exposure events may be somewhat informed by sequence analysis of LPAI viruses 
that indicate that incursions of AIVs into Australia occur, but are infrequent (Kishida et al 2008, 
Vijaykrishna et al 2013, Wille et al 2022). However, the current 2.3.4.4b clade has the potential to 
increase the number of incursions given the high viral loads in the countries of origin of the 
migratory birds. 
 
Both specific mutations as well as gene segment reassortment in AIVs can result in changes to the 
virus’ infectivity, pathogenicity and host immune response, manifested in the tissue tropism of the 
virus and changes in viral shedding. The end result can be a HPAI virus that is more or less 
evolutionarily “fit”. High rates of reassortment in 2.3.4.4 H5Nx viruses (including 2.3.4.4b H5N1) 
have been observed (Bi et al. 2016; Kandeil et al. 2022; Xie et al. 2023), with a substantial fitness 
advantage currently observed with H5N1 2.3.4.4b viruses. Based on a review of the literature, 
comprehensive profiles to explain the virus’ fitness and pathogenicity in domestic and wild birds 
have yet to be developed13. However of the studies of HPAI H5N1 2.3.4.4b virus fitness and 
pathogenicity that have recently become available (Spackman et al. 2023; Vigeveno et al. 2020; 
Grund et al. 2018), Grund et al. (2018) and Leyson et al (2021) have revealed increased virulence, 
pathogenicity and higher viral shedding of H5N8 2.3.4.4b virus in ducks compared to the H5N8 
2.3.4.4a virus. Based on experimental data (Kandeil et al. 2022; Scheibner et al. 2022; Vigeveno et al. 
2020), there is also evidence that subsequent reassortment will have a substantial impact on the 
phenotype of these viruses (e.g. virulence and pathology), with further studies still exploring this in 
both birds and mammal models (Kandeil et al. 2022; Kobasa et al. 2023).  
 

 
12 World Organisation for Animal Health (WOAH) infographic: https://www.woah.org/app/uploads/2023/06/avian-influenza-
understanding-new-dynamics-to-better-combat-the-disease.pdf 
13 A considerable number of scientific studies continue to be published addressing the ecology, evolution, virology, pathogenicity, and 
infectivity of this virus. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will 
be revised in due course. 
 

https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
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Whilst virulence and pathogenicity will influence ability for onward transmission, the current 
increased ability to infect a wide range of wild bird species, results in more frequent presentation of 
infection, and therefore greater opportunities for onward transmission. The susceptibility of the wild 
bird species to infection may also impact exposure and establishment.  
 
Distribution of waterfowl may also impact the likelihood of exposure and establishment. For 
example, due to extensive rainfall over the past three years, waterfowl are spread out over large 
parts of the country, resulting in low densities and limited chances for the development of an 
epizootic in wild birds following entry of HPAI into Australia (cf. Ferenczi et al. 2021).  
 
Survival in the environment 
 
Whilst there are limited studies examining the persistence of H5N1 clade 2.3.4.4b viruses in the 
environment, data from the UK indicated from the current HPAI H5N8 clade (2020/21) may persist 
for 50% longer at 4oC and 40% longer at 20oC than previous H5N8 viruses from 2016/17 (DEFRA 
2021). Longer survival of the virus in the environment, particularly in water bodies (Furness et al., 
2023) promotes greater exposure for the same level of shedding from each bird, resulting in a 
greater observed host range.  Higher viral shedding by waterbirds and increased numbers of infected 
carcasses may lead to increased environmental contamination (EPIC 2023; Grund et al., 2018). 
Studies from Australia suggest decreased temperatures in southern Australia may increase virus 
survival times compared with northern Australia (Curran 2012; Dalziel et al. 2016; DEFRA 2022). 
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Risk question 2: What is the likelihood of HPAI exposure and establishment in wild birds in Australia? 
 
The exposure assessment examines the risk pathways associated with infected migratory birds (e.g. long-distance migratory birds or nomadic 
waterfowl) infecting resident wild birds with subsequent transmission between resident wild birds within Australia. 
 
Table 9: Likelihood of HPAI exposure and establishment in resident wild birds in Australia given two pathways of introduction. 

Risk Pathway Likelihood  Uncertainty Rationale 
via long distance 
migratory birds’ 
movements along 
the East-Asian-
Australasian 
flyway 

Moderate Moderate - The first landing point for the vast majority of migratory species is in the northern states and territories, in particular 
around the coastline, particularly in the north and north-west, although some species also land with southern states (East 
et al. 2008a; https://vwsg.org.au/waders/geolocator-studies/). 

- RAMSAR wetlands, significant shorebird areas and the Important Wetland Areas for migratory shorebirds (including 
arrival sites) are areas where resident waterfowl occur (BirdLife Australia 2020; East et al. 2008a; Tracey 2005; Warner et 
al. 2006).  

- Whilst the number of long-distance migratory shorebirds coming to Australia from outside Australo-Papua has decreased 
over the past decades (Clemens et al. 2016), for the 37 listed migratory shorebird species, numbers arriving each year in 
spring are in the order of 8.5 million (Hansen et al. 2016; Hansen et al. 2022; Runge et al. 2017)  and detailed tracking 
studies have shown shorebirds to fly directly from East Asia to Australia during non-stop flights at speeds of around 1500 
km/day (e.g. Lisovski et al. 2021). In 2022, a bar-tailed godwit (shorebird) completed a non-stop 11-day migration of 8,425 
miles from Alaska to Tasmania14. 

- The origin of many of these species is the northern hemisphere in which HPAI outbreaks are numerous and ongoing and 
all species of wild birds are likely to be susceptible to infection.   

- Phylogenetic data from (Wille et al. 2022) demonstrate that LPAI detection in shorebirds in Australia is followed by 
lineage extinction in LPAI, however it is unclear whether this will also be the case for HPAI. 

- Data from (Hicks et al. 2023) show few transition events between shorebirds and ducks, relative to transition events 
between different duck species. 

- Based on Australian LPAI studies there is a chance the virus may go extinct following the first detection/introduction 
(Wille et al. 2022) and/or may not be transmitted from shorebirds to ducks (Hicks et al. 2023).  

- Previous studies assessed the risk of establishment of H5N1 HPAI clade 2 (via transfer of from migratory shorebirds to 
native waterfowl) as moderate in the vicinity of Broome in the Kimberley region of Western Australia (East et al. 2008a), 
noting HPAI H5N1 clade 2.3.4.4b viruses risk factors significantly differ from previous HPAI H5 viruses. 

 
14 USGS News 3rd November 2023: https://www.usgs.gov/centers/alaska-science-center/news/juvenile-bar-tailed-godwit-b6-sets-world-record  

https://vwsg.org.au/waders/geolocator-studies/
https://www.usgs.gov/centers/alaska-science-center/news/juvenile-bar-tailed-godwit-b6-sets-world-record


HPAI incursion risk assessment for Australia: Abridged Version | 14 December 2023 | 20 

- Temperature and environmental conditions may be less suitable for virus survival in the environment in northern 
Australia, despite limited data suggesting increased survival times for the 2.3.4.4b clade (Curran 2012; Dalziel et al. 2016; 
DEFRA 2022). 

via nomadic 
waterfowl 
movements 
within Australo-
Papuan region 

High  Low - The first landing point for nomadic waterfowl species is likely to be in the northern states and territories 
(https://vwsg.org.au/waders/geolocator-studies/). 

- Movements of these species within the Australo-Papuan region are frequent yet irregular (Roshier et al; McCallum et al. 
2008; East et al 2008b). 

- Native waterfowl are currently widely dispersed across Australia due to high rainfall, this situation is likely to change.  
During the imminent El Nino, ephemeral wetlands dry out, when waterfowl and other waterbirds start concentrating in 
permanent wetlands, including dams on farms, followed by an increased risk of spillovers into poultry (Klaassen et al. 2011; 
Ferenczi et al. 2021). 

- Temperature and environmental conditions may be less suitable for virus survival in the environment in northern Australia, 
despite limited data suggesting increased survival times for the 2.3.4.4b clade (Curran 2012; Dalziel et al. 2016; DEFRA 2022 

- Data from (Hicks et al. 2023) show many transition events of LPAI between duck species. 
- Phylogenetic data from (Wille et al. 2022) do not show any evidence lineage extinction if detected in ducks (compared to 

extinction of shorebird incursions).  
 

 
Summary 

Risk question 2: What is the likelihood of HPAI exposure and establishment in wild birds in Australia? 
Compared with previous risk assessments, the likelihood of exposure and establishment within wild birds in Australia has increased as a result of the potential 
alternative pathway via nomadic waterfowl movements and the ability of HPAI H5N1 clade 2.3.4.4b to infect a wide range of migratory wild bird species. 

Overall, the likelihood of exposure and establishment of resident populations of wild birds in Australia to HPAI H5N1 clade 2.3.4.4b following entry via wild bird 
pathway is assessed as MODERATE/HIGH with moderate uncertainty. 
 

 

https://vwsg.org.au/waders/geolocator-studies/
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Risk question 3: What is the likelihood of HPAI exposure and establishment in poultry? 
 
The exposure assessment examines the risk pathways associated with infected migratory birds 
(e.g. long-distance migratory birds or nomadic waterfowl) infecting single or multiple poultry 
flocks with subsequent transmission within a poultry system (e.g. single farm). 
 
A key change in the epidemiology associated with current H5N1 outbreaks in poultry is the ability of 
wild birds to directly infect poultry with HPAI viruses 
(https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-
better-combat-the-disease.pdf). Evidence using molecular sequence analysis suggests 83 percent of 
HPAI 2.3.4.4b outbreaks on commercial chicken farms in South Africa were due to wild bird 
introductions or movement from the contaminated environment into the operations (Abolnik et al. 
2023). In the USA, at least 84 percent of analysed HPAI detections in poultry were consistent with 
independent wild bird introductions and in Sweden sequenced viruses detected in poultry and 
captive birds clustered phylogenetically with the sequences detected in wild birds (Grant et al. 2022; 
USDA 2022). Previously, typical infection pathways in Australia involved exposure to wild bird LPAI 
viruses and subsequent mutation to HPAI within poultry flocks. If HPAI H5N1 clade 2.3.4.4b enters 
Australia, the direct route of HPAI infection via wild birds increases the risk of exposure and 
subsequent establishment within poultry systems. In addition, high viral shedding of clade 2.3.4.4b 
viruses means that there is the potential for greater environmental contamination. Poultry are highly 
susceptible to clade 2.3.4.4b viruses with high mortalities and variable rates of transmissibility (Kwon 
et al. 2023). 
 
There is potential for contact between wild birds and poultry in Australia. This is evidenced by 
camera trapping studies on poultry farms (Scott et al. 2018a).  Of consideration is that there have 
been eight HPAI outbreaks in Australian poultry, and in all instances, viruses evolved from Australian 
wild bird LPAI viruses, demonstrating contact between poultry and wild birds. However, the 
frequency of spillover events is probably much higher than the number of HPAI outbreaks suggest; 
exactly how often, when and where AIV spillovers from wild birds into poultry systems take place, is 
unknown. Studies considering LPAI viruses in wild birds in Australia, assessed the probability of a first 
LPAI virus exposure to a chicken in an Australian commercial chicken farms from one wild bird at any 
point in time is extremely low (Scott et al, 2018b). The contact rates will also be dependent on the 
production system (e.g. cage, barn, free-range) and poultry type (e.g. duck, chicken, turkey) as well 
as level of biosecurity applied. 
 
Whilst waterfowl are currently widely dispersed across Australia due to high rainfall, this situation is 
likely to change.  During the imminent El Nino, ephemeral wetlands dry out, when waterfowl and 
other waterbirds start concentrating in permanent wetlands, including dams on farms, followed by 
an increased risk of spillovers into poultry (Klaassen et al. 2011; Ferenczi et al. 2021). 
 
However, despite these factors, it is likely that subsequent management decisions (e.g. movement 
restrictions, housing orders, and rapid depopulation) will significantly mitigate the risk of 
establishment within the poultry population as has recently been seen in Japan 
(https://www.woah.org/app/uploads/2022/07/2022-06-japan-self-d-hpai.pdf)15. 
 
 
 
 

 
15 HPAI H5N1 has since re-occurred in Japan, with formal notification to WOAH in November 2023: Japan - High pathogenicity avian 
influenza viruses (poultry) (Inf. with) - Immediate notification: https://wahis.woah.org/#/in-
review/5360?reportId=164121&fromPage=event-dashboard-url  

https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
https://www.woah.org/app/uploads/2023/06/avian-influenza-understanding-new-dynamics-to-better-combat-the-disease.pdf
https://www.woah.org/app/uploads/2022/07/2022-06-japan-self-d-hpai.pdf
https://wahis.woah.org/#/in-review/5360?reportId=164121&fromPage=event-dashboard-url
https://wahis.woah.org/#/in-review/5360?reportId=164121&fromPage=event-dashboard-url
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Table 10. Likelihood of HPAI exposure and establishment in poultry.  

Risk factor Likelihood Uncertainty Rationale 
Co-location of wild birds and 
poultry in northern Australia 
 

Low Moderate - The first landing point for the vast majority 
of migratory species is in the northern states 
and territories, in particular around the 
coastline, particularly in the north and 
north-west, although some species also land 
with southern states (East et al. 2008a; 
https://vwsg.org.au/waders/geolocator-
studies/). 

- There is frequent yet irregular movement of 
waterfowl driven by strong environmental 
conditions within the region (Ferenczi et al. 
2016), with no apparent or consistent 
seasonal patterns in contrast to movements 
by long-distance migratory birds.  

- There are a limited number of poultry 
properties in these areas, reducing 
opportunities for exposure of poultry (OCVO 
2010; East et al. 2008a, 2008b).   

Co-location of wild birds and 
poultry in southern Australia 

Moderate Moderate - Some long-distance migratory birds land 
directly within southern states and 
territories from overseas to a lesser extent 
during the spring migratory period.  

- Whilst East et al. 2008 noted low risk to 
southern states via nomadic waterfowl this 
assessment was based on HPAI H5 clade 2 
viruses. Waterfowl can move significant 
distances. Detailed assessment of this 
pathway was not assessed for clade 2.3.4.4b 
viruses, given limited current understanding. 

- Whilst there are fewer wild bird landing 
sites within southern states, this risk factor 
may be countered by the increased poultry 
and poultry property density in these states. 
Major chicken meat, chicken layer, duck, 
turkey, ratite and game bird farms in 
Australia are based in Southern Australia 
(OCVO 2010). 

 

https://vwsg.org.au/waders/geolocator-studies/
https://vwsg.org.au/waders/geolocator-studies/
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Summary 

Risk question 3: What is the likelihood of HPAI exposure and establishment in poultry? 

Compared with previous risk assessments the risk to poultry has increased despite strong poultry 
biosecurity, as the broad species susceptibility of HPAI H5N1 clade 2.3.4.4b increases the 
likelihood of an infected wild bird visiting a poultry premises, however uncertainty is high.  

Overall, the probability of HPAI H5N1 clade 2.3.4.4b entering Australia via a migratory bird with 
exposure and establishment in poultry is assessed LOW/MODERATE with moderate uncertainty 
dependent on the location of poultry within Australia. 
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Risk question 4: What is the risk of HPAI exposure and establishment in mammals? 
 
The exposure assessment examines the risk pathways associated with infected migratory birds 
(e.g. long-distance migratory birds or nomadic waterfowl) infecting single or multiple resident wild 
mammals with subsequent transmission between wild mammals. 
 
While risk assessments deem 2.3.4.4 viruses to have low human pandemic potential (WHO 2022), 
there is concern over the ever-increasing list of mammalian hosts that have been infected with 
2.3.4.4b H5N1 viruses (Chestakova et al. 2023). Multiple spillover events into a wide range of 
mammals from wild birds have been documented overseas, particularly in species that predate or 
scavenge on infected birds, such as carnivores (FAO 2023; Elsmo et al. 2023). 
 
While wild mammals are considered dead-end hosts, viruses isolated from a large number of 
mammals had a range of critical mutations facilitating mammalian infection (e.g. PB2 E627K) (Alkie 
et al. 2023; Bordes et al. 2023; Elsmo et al. 2023; Vreman et al. 2023). Of substantially greater 
concern are the several mass-mortality events in mammals16, with suggestion, although no direct 
evidence, of mammal-to-mammal transmission (e.g., Aguero et al. 2023; Gamarra-Toledo et al. 
2023; Puryear et al. 2023), and subsequent confirmation of direct mammal-to-mammal transmission 
in experimental challenge studies (Aguero et al. 2023). Obviously, there is great need for ongoing 
monitoring of H5N1 clade 2.3.4.4b viruses for adaptive mutations in mammals in view of the 
potential pandemic risk for humans. 
 
Contact rates between wild birds and mammals may be somewhat lower in Australia compared with 
other continents due to fewer species of predatory and scavenging mammals, in particular in the 
north of Australia, noting assessment of species abundance, densities, as well as carcass 
decomposition and inter-species interactions requires further consideration (Feral Scan; Newsome 
and Barton 2023). The contact rates will also be dependent on the scale of outbreaks in wild birds, 
which will affect the density of contaminated carcasses in the environment.  
 

Summary 

Risk question 4: What is the risk of HPAI exposure and establishment in mammals?  

Compared with previous risk assessments the risk of HPAI exposure in wild mammals has 
increased, however despite the broad species susceptibility and pathogenicity of HPAI H5N1 
clade 2.3.4.4b, sustained mammal-to-mammal transmission within wild populations has not yet 
been confirmed and establishment has not been observed overseas.   

 
The likelihood of exposure and establishment of HPAI within wild mammal populations is 
assessed as LOW with high uncertainty.17  
 

 

 
16 This now spanning more than 20 000 individuals, with affected mammals mostly species that predate or scavenge on infected birds or 
live in close proximity to infected birds (e.g. marine mammals (Breed et al. 2023; Gamarra-Toledo et al. 2023; FAO 2023; Ulloa et al. 2023; 
Wille et al. 2023). Species include foxes, seals and sea-lions, dolphins, bears, felids, opossums, coatis and mustelids including wild otters 
and farmed American Mink (Agüero et al., 2023). A list of mammalian species affected by H5Nx HPAI (excluding laboratory animals and 
humans) is currently maintained by the FAO (2023). 
17 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), thousands more marine mammals have 
been infected. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will be revised 
in due course, in particular exposure and consequence assessment for marine mammals. 
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Estimation of the likelihood of entry and exposure 
 
Table 11 provides a matrix for combining the likelihood of entry of HPAI via wild birds and the 
likelihood of exposure to give an overall likelihood estimate. 
 
Table 11: Matrix for combining entry and exposure 

    Likelihood of entry 

   Negligible 
 

Low Moderate High 

Likelihood of 
exposure and 
establishment 

Negligible Negligible Negligible Low Low 

Low Negligible Low Low Moderate 

Moderate Low Low Moderate Moderate 

High Low Moderate Moderate High 

 
 
Summary 

The overall likelihood of entry, exposure and establishment of HPAI in wild birds is assessed as 
MODERATE (with moderate uncertainty). 

The overall likelihood of entry, exposure and establishment of HPAI via wild birds in poultry is 
assessed as LOW/MODERATE (with moderate uncertainty). 

The overall likelihood of entry, exposure and establishment of HPAI via wild birds in mammals is 
assessed as LOW (with high uncertainty).18 

 
 
 
 
 
  

 
18 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), thousands more marine mammals have 
been infected. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will be revised 
in due course, in particular exposure and consequence assessment for marine mammals. 
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Consequence analysis 
 
Table 12. Consequence definitions 

Description Definition 
Insignificant No detectable conservation or welfare effects; effect unlikely to be recognised at any 

level within Australia. 
Very minor Local short-term population loss or economic impact, no significant ecosystem effect; 

OR mild animal welfare effects; effect is likely to be minor to directly affected parties 
Minor Some localised, reversible ecosystem impact; OR mild animal welfare effects; effect 

and significant to directly affected parties. 
Moderate Measurable long-term damage to populations and/or ecosystem, but little spread, no 

extinction; OR more significant animal welfare effects; effects significant within the 
region, with economic and social effect highly significant to directly affected parties; 
recognised on a national level. 

High Long-term irreversible ecosystem change, spreading beyond local area; OR significant 
animal welfare effects; effects highly significant within the region, with serious 
economic stability, societal values or social well-being limited to a given region; 
significant at the national level 

Catastrophic Widespread, long-term population loss affecting several species OR local extinction 
of a species, serious ecosystem effects; OR severe animal welfare effects; effect 
highly significant nationally, with economic stability, societal values or social well-
being seriously affected; highly significant at the national level. 

 
Table 13. Consequence assessment of HPAI H5N1 incursions via wild birds 

Event Consequence Uncertainty Impacts 
Establishment 
of HPAI within 
wild bird 
populations 

Catastrophic Moderate - Animal welfare 
- Species dependent impacts to conservation status 

(CMS FAO Scientific Taskforce 2023; Pearce-Higgins et 
al. 2023, NatureScotland 2023, Harvey et al. 2023). 

- Based on evidence from overseas, there is potential 
for widespread, long-term population loss affecting 
several species (e.g. > 2 species) or local extinction of 
a species. 

- Indirect ecological effects, for example, mortality of 
one species may open reproductive or foraging 
opportunities for others or alter predation 
rates.  Such effects may be positive or negative. In 
Australia, this may favour invasive species. 

- Accumulation effect or age-related mortality risk 
resulting in populations not recovering their numbers 
fully from outbreaks. 

- Note: Australia has a number of unique endemic 
fauna not found elsewhere, therefore impacts may 
differ. The Australian black swan has recently been 
determined to be highly susceptible (Karawita et al. 
2023).  

- Environmental impacts associated with increased 
dead bird carcasses   

- Social and cultural impacts (including indigenous 
communities) 
 

From Oct 2021-April 2023, over 335 species wild birds 
have been impacted in 8403 reported wild bird outbreaks 
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reported to WOAH globally (Figure 1 &2), some of them 
endangered (e.g. endangered Californian condors 
(National Park Service 2023)). 
 
In multiple outbreaks the scale of mortality has been 
extremely high often involving deaths of 100s, 1,000s or 
10,000s of individuals with significant proportions of birds, 
resulting mortality globally estimated to be in the millions 
(Klaassen & Wille 2023; CMS FAO Scientific Taskforce 
2023). Examples include ~30% UK breeding population of 
roseate terns, great skua and gannet mortalities of global 
significance (DEFRA 2023)19. 

Establishment 
of HPAI within 
poultry 
populations 

High Moderate - Animal welfare 
- Trade implications 
- Economic impact 
- Food supply 
- Increased risk of human exposure 

An outbreak scenario in Australia will be unlike previous 
eight HPAI outbreaks, due to the changes to the 
epidemiology of HPAI H5N1 2.3.4.4b and ability of wild 
birds to directly infect poultry (Swayne et al. 2023).  

Establishment 
of HPAI within 
wild mammal 
populations 

Minor20 Moderate - Animal welfare 
- Species dependent impacts to conservation status  
- Environmental impacts associated with increased 

dead mammal carcasses 
- Social and cultural impacts 

An increasing diversity of mammalian species are being 
affected by disease (24 carnivore species, four species of 
marine mammal and some evidence in domestic pigs and 
wild boar), including mass mortality events in North and 
South America (Harvey et al. 2023, Swayne et al. 2023, 
Leguia et al. 2023, Puryear et al. 2023). 

 
19 The scale of HPAI outbreaks is unprecedented in wild birds, with mass mortality events causing population level effects for several 
waterbird species (Wille et al. 2023). 
20 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), thousands more marine mammals have 
been infected. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will be revised 
in due course, in particular exposure and consequence assessment for marine mammals (FAO 2023; Gamarra-Toledo et al. 2023; Ulloa et 
al. 2023; Wille et al. 2023). 

https://www.nps.gov/orgs/1207/highly-pathogenic-avian-influenza-confirmed-as-cause-of-three-california-condor-mortalities-in-arizona.htm
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Summary 

Extrapolating from global outbreaks of HPAI H5N1 clade 2.3.4.4b, there are likely to be significant 
consequences associated with incursion and establishment of HPAI in Australia via wild birds given 
a moderate likelihood of incursions. However, the frequency of HPAI incursions into Australia via 
wild birds may be significantly lower compared with other continents and as a result, containment 
of outbreaks may be more achievable in the Australian context if they are identified early.  

If establishment of the disease occurs within Australian wild birds there are likely to be substantial 
welfare, conservation, social and economic impacts across multiple sectors including the poultry 
sector. Consequences to wild birds are assessed as CATASTROPHIC with moderate uncertainty, 
consequences to poultry are assessed as HIGH with moderate uncertainty and consequences to 
wild mammals are assessed as MINOR with moderate uncertainty.21 

 
 
Risk estimation 
 

The risk estimation matrix combines the likelihood of entry and establishment of HPAI from Table 12 
with the consequences of establishment as outlined in Table 15.  This provides an overall estimation 
of the risk to wild birds, poultry and wild mammals. 

Table 14. Risk estimation matrix 

  Consequences of HPAI entry and establishment 

  Insignificant Very minor Minor Moderate High Catastrophic 

Likelihood of 
entry and 
exposure 

Negligible Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Negligible 
risk 

Very low risk 

Low Negligible 
risk 

Negligible 
risk 

Low risk# Low risk Moderate 
risk* 

High risk 

Moderate Negligible 
risk 

Very low 
risk 

Low risk Moderate 
risk 

High risk* High risk^ 

High Negligible 
risk 

Very low 
risk 

Low risk Moderate 
risk 

High risk Extreme risk 

^Risk for wild birds; *Risk for poultry; #Risk for wild mammals 

 
21 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), thousands more marine mammals have 
been infected. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will be revised 
in due course, in particular exposure and consequence assessment for marine mammals. 
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Summary 
 
According to the risk estimation matrix, the overall risk estimates indicate that there is a HIGH risk 
associated with HPAI H5N1 clade 2.3.4.4b incursions and establishment into Australia for wild 
birds (with moderate uncertainty), a MODERATE/HIGH risk for poultry (with moderate 
uncertainty) and a LOW risk for wild mammals (with high uncertainty).22  

 
Uncertainties 
 
There are a number of factors which limit interpretation of risk throughout this assessment.  In 
particular,  global under-reporting of wild bird cases, delays in reporting and reporting bias 
associated with increased reporting in areas of high human population density hamper the up-to-
date assessment of risk of incursions via wild bird pathways. 
 
There are few detailed animal studies involving the current H5N1 clade 2.3.4.4b virus at this point in 
time which limits a detailed assessment of some virological factors such as species susceptibility, 
minimum infective dose, shedding and virus stability.  In particular, the role of species in close 
proximity to poultry farms such as common mynahs, sparrows and pigeons is unclear.  
 
There are also few studies which directly assess the ability of wild bird species to migrate whilst 
infected with the current HPAI H5N1 clade, in particular long-distance shorebirds and species 
relevant to the Australian context.  In addition, the effect of HPAI on the behaviour and movement 
of wild birds is unclear but in some seabird cases it is suggested that there may be increased long-
distance spread (Jeglinski et al. 2023).  We also have limited data on the ability of wild birds to 
migrate across the Wallace line into the Australo-Papuan region whilst infected with HPAI viruses 
and the risk posed by illegal poultry movement in this region.  
 
Up to date Australian poultry demographic data is not readily accessible which has limited the ability 
to undertake spatial analysis of overlapping wild bird and poultry production sites. 
 
It is also worth noting that a number of countries in the Asia-Pacific region rely on vaccines to 
control HPAI, and HPAI is endemic in many flocks. The use of vaccination may result in large viral 
loads of HPAI in poultry without evidence of clinical disease (i.e silent spread), leading to the 
absence of detections and notifications, particularly if adequate surveillance systems are not in place 
(Gobbo et al. 2022).  
  

 
22 The global avian influenza situation is dynamic and since this report was finalised (20 July 2023), thousands more marine mammals have 
been infected. As remaining knowledge gaps and uncertainties are being steadily addressed, sections of the risk assessment will be revised 
in due course, in particular exposure and consequence assessment for marine mammals. 
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