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Abstract

Disease surveillance programs and longitudinal studies are uncommon in wild bird
populations across the world. But many wild bird species are important sources of pathogens
that are of particular importance to animal and human health, for example, avian influenza

viruses.

This project included both active and passive surveillance in order to study the diseases and
pathogens (in particular avian influenza) in wild aquatic birds of north Queensland. A
three-year longitudinal study was conducted on wild aquatic birds at Billabong Sanctuary
from April 2007 to March 2010 while a two-year longitudinal study was performed at Green
Acres Lagoon (Cromarty), from December 2007 to 2009. Cross sectional studies were also
performed on wild aquatic birds at Cape York and on the Atherton Tableland between 2007
and 2009.

The objective of this project was to determine the level of avian influenza and Newcastle
disease viral RNA and avian influenza viral antibody, identify the associated potential risk
factors and determine the distribution of avian influenza and Newcastle disease viral subtypes
and their phylogenetic relationship with other isolates in Australia and overseas. This study
also aimed to identify causes of mortality in wild aquatic birds of north Queensland and

explore the connection between mortality in birds and avian influenza.

Birds were sampled quarterly at Billabong Sanctuary and Cromarty and sporadically on Cape
York and the Atherton Tableland. Birds were captured mostly using funnel traps. A total of
1,555 live birds were captured and this resulted in the collection of 1,522 serum samples,
1,458 cloacal and 1,368 oropharyngeal swab samples. Tissue samples were obtained from 42
sick and dead birds and 1,157 fresh faecal samples of wild aquatic birds were collected from
the environment surrounding water bodies. Samples were evaluated by serological, molecular,

bacteriological and histopathological examinations where necessary.

Overall avian influenza viral RNA prevalence was ~1.0% in the samples of wild aquatic birds
in north Queensland, whereas the avian influenza viral antibody prevalence was 11 times
higher. These findings make biological sense given the fact that avian influenza viral
shedding periods are relatively shorter than the presence of avian influenza viral antibodies in
the blood.



Multivariate regression analysis was performed to identify potential risk factors for avian
influenza antibody levels in wild aquatic birds. The odds ratio of being reactive for avian
influenza antibodies was 13.1 (95% Confidence interval 5.9-28.9) for Pacific black ducks
(53.7%) compared with plumed whistling ducks (10.1%) (Table 3.12; Chapter 3). This result
was also supported by the linear regression analysis (Chapter 3; Table 3.11). An identical
species pattern was identified in an unadjusted statistical analysis on the viral RNA data of

avian influenza (Chapter 4; Table 4.7).

The odds ratios of being reactive for avian influenza antibodies were 2.9 (95% Confidence
interval 1.3-6.6) for adult over < sub-adult ducks (Table 3.10; Chapter 3). A similar age
pattern was identified in the linear regression analysis (Table 3.9; Chapter 3). This age pattern
might be due to more exposure to infections because of more opportunity in addition to longer
lasting avian influenza antibodies in older ducks. A different age pattern was, however,
identified in unadjusted analysis using the molecular data (Chapter 3; Table 3.11). This
analysis indicated that immature birds were more commonly infected which may be due to
the fact that they have more frequent infections because they are immunologically naive
whereas adults are more resistant, particularly to viruses to which they may have previously

been exposed.

Avian influenza antibodies were at higher levels during warm wet weather (January-April)
compared with warm dry weather (September-December) in linear regression analysis
(Coefficient 8.3; 95% Confidence interval 3.0-13.6) (Chapter 3; Table 3.7). The warm wet
season might reduce the immune status of birds, thus making them more vulnerable to

infection which may in turn increase the levels of avian influenza antibodies.

The surveillance programs demonstrated the presence of low pathogenic avian influenza viral
subtypes H6 and H9 in samples collected from wild aquatic birds. One of the H6 viruses was
likely to have been newly introduced, probably through migratory species of birds such as the
sharptailed sandpiper. This migratory bird regularly travels between Australia and Asia.
Hence, there is a possibility of highly pathogenic avian influenza exotic viral subtypes such as
H5N1 being introduced into Australia. The second H6 virus had a matrix gene similar to
those found associated with Australian H7 subtypes. This would suggest an earlier
introduction of a H6 subtype which had an opportunity to reassort with local viruses. The low
pathogenic avian influenza viral subtype H9 had a matrix gene similar to that found in Asian
H9 viruses. Some H9 viruses have been shown to cause mortality in poultry elsewhere in the
world. This subtype has also been isolated from pigs and humans in different countries, which

indicates its pandemic potential.
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At the time that the H6 and H9 subtypes were detected in samples collected from wild birds in
north Queensland the serological study demonstrated periods of infection with H6 and H9

serotypes.

The serological study also demonstrated a constant circulation of H5 and sporadic circulation
of H7 subtypes in wild aquatic birds. These viruses are perhaps non-pathogenic as evident in
other studies elsewhere in Australia. However, these low pathogenic avian influenza viral

subtypes have potential to mutate to virulent types once introduced into commercial poultry.

Overall Newcastle disease viral RNA prevalence was 3.5% at the individual bird level which
indicates the presence of Newcastle disease viruses in wild bird populations in north
Queensland. The prevalence was significantly higher in plumed whistling ducks. Avirulent
Newecastle disease viruses (class-one and class-two Australian type) were identified in
samples collected from wild aquatic birds. This indicates that wild birds remain a reservoir of

paramyxoviruses that could be transmitted to domestic poultry.

A logistic regression model was performed to identify potential risk factors for the level of
Newcastle disease viral RNA prevalence in plumed whistling ducks. The odds of reactor
samples were 2.7 (95% Confidence interval 1.5-4.9) times more likely in younger than older
ducks (Chapter 5; Table 5.5). A similar age pattern of prevalence was observed in the study of
avian influenza. This age susceptibility to infection may be due to the fact that young birds

are immunologically naive.

Only univariate logistic analysis indicated birds caught in the warm wet season
(January-April) as being significantly associated with a higher prevalence of Newcastle
disease viral RNA. This result virtually correlates with an increase in the numbers of

immature birds at that time associated with the breeding season of adult birds.

The above identified risk factors will significantly contribute to the design of a targeted avian
influenza and Newcastle disease surveillance program in wild aquatic birds in northern

Australia by wildlife authorities.

Morbidity and mortality were sporadic and more commonly observed in chicks and juvenile
birds in April than other months of the year. Identified bacterial diseases that could be
attributable to causing bird mortality were colibacillosis, pasteurellosis and salmonellosis.
The investigation identified Salmonella enterica serotype virchow and Salmonella enterica

serotype hvittingfoss from dead bird samples of an Australian white ibis and two plumed
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whistling ducks, respectively. These serotypes have been identified as causing disease in
Australians and are therefore relevant to public health. No avian influenza viral RNA was
detected from any sick or dead birds by the molecular screening assay. There is an
opportunity for establishing a long term passive disease surveillance programme for wild

aquatic birds in north Queensland.

The project developed a reliable screening assay “competitive enzyme linked immunosorbent
assay” (designated as James Cook University-2) and this assay was used to detect avian
influenza viral antibodies from serum samples of wild aquatic birds. A semi-nested PCR
approach was designed and applied on direct field reactor samples for amplification and
sequencing of different avian influenza viral genes (matrix, haemagglutinin and non-structural
protein).

Overall findings therefore suggest that there is an opportunity for establishing a long term
active and passive surveillance program for monitoring pathogens and diseases of wild
aquatic birds in north Queensland, an important region in Australian biosecurity. This would
provide valuable information for risk assessment and mitigation and potentially have a

significant benefit for public health and the economy for the region and the nation.
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Chapter 1: General introduction

1.1. Introduction

Many wild bird species are potential reservoir sources of pathogens that are of particular
importance to human or animal health such as avian influenza viruses (AlIVs), Newcastle
disease viruses (NDVs), West Nile Virus, Kunjin virus (and other flaviviruses) and

Salmonella spp. Each of these pathogens with the exception of NDVs has significant zoonotic
potential and has caused illness and deaths in humans (Stallknecht and Shane, 1988; Mackenzie
et al., 1995; Alexander, 2000a; Craven et al., 2000; Delogu et al., 2003; Abulreesh et al., 2007).

1.1.1. Avian influenza

Avian influenza (Al) is a disease caused by influenza A type viruses belonging to the family
Orthomyxoviridae. Wild birds belonging to Anseriformes (such as ducks, geese and swans) and
Charadriiformes (such as gulls, terns and shorebirds) are thought to constitute the major natural
reservoir for AlVs (Webster et al., 1992; Olsen et al., 2006; Brown et al., 2007; Munster et al.,
2007). These wild aquatic birds (WABSs) harbour all known subtypes (haemagglutinin: H 1-16
and neuraminidase: N 1-9) of the AlVs (Krauss et al., 2004; Fouchier et al., 2005; Munster

et al., 2007).

Some subtypes of H5 and H7 cause highly pathogenic avian influenza (HPALI), with mortality
rates as high as 100%, and a drastic decline in poultry production (Alexander, 2000b).

All other viruses (14 H subtypes) cause low pathogenic avian influenza (LPAI) which is milder
and is predominantly a respiratory disease (Alexander, 2000b). Some of the LPAI subtypes have
jumped permanently into other species and caused mortality. They include HLN1 in humans
(Vaillant et al., 2009), HIN1 in swine (Forgie et al., 2011) and H3N8 in horses (Cowled et al.,
2009; Virmani et al., 2010; Wei et al., 2010).

1.1.1.1. Avian influenza viral subtype: Haemagglutinin-5

Recently HPAI H5N1 has caused disease outbreaks in domestic poultry across the world

(in particular, Asian countries). By September 2010 HPAI H5N1 had spread to 63 countries in
Asia, Europe and Africa. Between 2003 and 2010 the human death toll due to the H5N1 reached
299 (N=505 infected cases) (Anon, 2010b). Of the confirmed human cases and deaths,



Indonesia, a close neighbour of Australia, had the highest number of 168 and 139, respectively
(Figure 1.1) (Anon, 2010b).

One of the most important points in terms of immediate zoonotic risk from AIVs is that many of
those people who died of HPAI H5N1 had substantial direct contact with infected birds and also
indirect contact with the HSN1 contaminated water sources (such cases were observed in
Indonesia) (Jonathan Bell, personal communication). In addition there is no evidence that this
strain of influenza can spread directly from human to human (Martin et al., 2006). There is
worldwide concern that the HSN1 virus may evolve the capacity for human-to-human
transmission and may be responsible for a pandemic (Alexander, 2007) which highlights the
need to understand the epidemiology of AlVs in WAB:s.

Status as of 31 August 2010

Areas with confirmed human cases of HSM1 avian influenza since 2003 * Latest avaisble update

- =

Turkey
Cases: 12 - Azerbaijan
ty Deeatis: 4 “ . Cases:8
- Deaths: 5
e W : : China * ’
T * ] " Deer E
.

La People’s

-.C-::!:' 3 Pakistan g;:cr;li: Republic
Deaths: 2 e 3
Egypt Deatts: 1 Deaths: 2
Cases: 112 1 I
Deaths: 38 Bangladesh 2 Vied Mam
Cases: 1 5 Cases: 1189
Deaths: 0 .4 Deaths: 59
v 1 - i
Diiboutl o Myanma BT g
Case: 1 Casas: | L Casss 10
{ - Deaths: 0 Deathe:0 ') Deaths: &
Thatand W !
Mgerts ' Cases 5 N : £
Cases: 1 k - Deathe 17 e\ i Loy ®
Deaths: 1 “‘ r o EL
Cases: 168 v X
Deaths: 138
Country, area or territory y
Cases: cumulative number | [ 7 A
Desths: cumuiative number | | [ Areas with confirmed human cases | * Alldates rafer to onset of finess : 10 14

Figure 1.1 Countries reporting confirmed H5N1 human cases and fatalities from 2003 to 2010
(Anon, 2010b)

The first outbreak of the HPAI H5 subtype (H5N3) was recorded in wild birds in South Africa
in 1961 when approximately 1,600 common terns (Sterna hirundu) died (Alexander, 2000b).
After 40 years, the HPAI H5N1subtype was recovered from wild birds in Hong Kong in 2002
(Liu et al., 2005). The H5NZ1outbreak in wild migratory birds on Qinghai Lake in western China
in May 2005 posed serious concerns worldwide because Qinghai Lake is a major breeding site

for migratory birds whose flyways extend to south-east Asia, India, Siberia, Australia and



New Zealand (Chen et al., 2005; Lei et al., 2007; Wang et al., 2008). Since 2005, more HPAI
H5N1 outbreaks have occurred in wild birds of many different countries (Figure 1.2). In
Germany, an HPAI H5N1 outbreak occurred in wild birds in 2006 and again in 2007 (Globig

et al., 2009) and these outbreaks caused the deaths of mute (Cygnus olor) and whooper swans
(Cygnus cygnus). The H5N1 subtype has also been isolated from wild birds on Uvs-Nuur Lake
in western Siberia and Russia (June 2006) (Sharshov et al., 2010); in wild migratory birds in
Korea (2006) (Lee et al., 2008) and in Mongolia (June 2009) (Sharshov et al., 2010); wild birds
in Indonesia (Capua and Alexander, 2004; Stoops et al., 2009) and west Papua on the island of
New Guinea (part of Indonesia), which is close to Australia (McCallum et al., 2008). Although
Australia has not had any HPAI H5N1 outbreaks recorded in wild or domestic birds, there is the
potential for the introduction and transmission to humans or birds through wild migratory birds
using established migratory routes such as those that transit north Queensland (nQLD) on their
way south from New Guinea and south-east Asia. There is on-going debate whether severely

affected birds with HPAI H5N1 are capable of continuing migration and spreading viruses.

However, there is evidence that wild migratory birds infected with HPAI H5N1 are capable of
disseminating the virus over long distances (Chen et al., 2005) (please see below for more
details under Spread and Transmission). This finding is supported by experimental evidence that
some wild bird species infected with the H5SN1 survived and shed the virus without showing
clinical signs (Sturm-Ramirez et al., 2004). It is therefore important to conduct surveillance of
migratory and resident aquatic birds in nQLD in order to determine whether nQLD is free from
H5N1. It should assess the risk of introduction and transmission of HSN1 and for early
detection of any introduction and transmission in order to provide early warning of the

increased risk to commercial poultry owners and public health officials.

Both active and passive surveillance programs for Al can play an important role in the
development of programs to detect and respond to the introduction of HSN1. One of the aims of
this study is to assess the feasibility of conducting the required field surveillance. Highly
pathogenic avian influenza H5N1, in particular, has caused mortality events in wild birds and
has been detected by passive surveillance in other countries (Komar and Olsen, 2008; Globig

et al., 2009; Hesterberg et al., 2009; Willeberg et al., 2010).
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Figure 1.2 Countries reporting confirmed H5N1 in wild and domestic birds from 2003 to 2008

Low pathogenic H5 subtypes have been confirmed in Australian wild birds such as H5N2 in the
wedge-tailed shearwater (Downie et al., 1977), H5N2 in the Pacific black duck (PBD), H5N7 in
the red-necked stint (RNS) and H5N3 in the Australian shoveler (Haynes et al., 2009)

(Table 1.1). These LPAI H5 subtypes could pose a serious threat if introduced to Australian
commercial poultry and then allowed to transform into HPAI H5. In one instance, LPAI H5 was
identified in the turkey population in Italy during the spring of 1999 and only nine months later
it became HPAI H5 (Anon, 2006a). Another aim of this study is to assess the feasibility of
conducting surveillance for endemic viruses such as H5 and H7 (please see below) in WABSs in

nQLD that pose a risk to poultry.

1.1.1.2. Avian influenza viral subtype: Haemagglutinin-7

Australia has had five outbreaks of Al in commercial chickens (Table 1.2). All those outbreaks
have been caused by HPAI H7 subtypes, three of which occurred in Victoria (VIC) (1976, 1985
and 1992), one in Queensland (QLD) (1994) and one in New South Wales (NSW) (1997)
(Selleck et al., 2003; Westbury, 2003). These H7 subtypes are phylogenetically and
antigenically similar and have developed a distinct Australian lineage as compared with
overseas H7 isolates (Figure 1.3). Importantly, Australian H7 viruses not only retained the H
gene but they also retained all the other seven genes (Bulach et al., 2010) which is also
supportive of a much conserved Australian lineage. The fact that there has been no evidence for
introduction of H7 into Australia is rather interesting. It is therefore indicating that this virus is

circulating within Australian resident wild birds.
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Economically, the largest outbreak occurred in Tamworth, NSW in 1997, and led to the death or
destruction of over 310,000 birds and 1.2 million fertile eggs on six farms (Selleck et al., 2003).
Speculation about the source of the virus in each of the outbreaks has centred on wild birds. The
reason for this suspicion is that almost all LPAI subtypes in Australia have been found in
Australian wild birds (Table 1.1) (Downie and Laver, 1973; Downie et al., 1977; Mackenzie

et al., 1984; Mackenzie et al., 1985; Nestorowicz et al., 1987; Peroulis and O'Riley, 2004; Hurt
et al., 2006; Haynes et al., 2009; Hansbro et al., 2010). However, it may raise a question of why
only the H7 would transmit to Australian chickens. It possibly means that these viruses have a
cleavage site of amino acid sequence that only needs minimal change to become virulent after
introduction to chickens and hence readily detectable. The New Zealand experience also
suggests that these viruses are constantly being transmitted to domestic birds (Rawdon et al.,
2010). Viruses of low virulence could be readily transmitted and then eliminated in an all in, all

out management system and therefore not easily detected.

In addition, a precursor virus (IAU20463; Figure 1.3) of Australian HPAI H7 outbreaks was
identified in a domestic duck in 1975-76. This evidence suggested that the LPAI H7 subtype
might have been circulating in wild birds before introduction to domestic ducks and then into
commercial chickens. Moreover, the recently identified LPAI H7 isolates in wild ducks were
found to be antigenically similar to the previous HPAI H7 subtype (Figure 1.3) which caused
outbreaks in Australian poultry (Bulach et al., 2010). Therefore, the current H7 subtype in wild
birds is considered a potential source for the next HPAI H7 outbreak if introduced to resident
commercial poultry. Avian influenza surveillance of wild birds is therefore of the utmost
importance in determining the avian influenza viral (AlV) subtypes, with their genetic

characteristics, which are circulating in WABSs in Australia.



Table 1.1 Low pathogenic avian influenza virus isolates in Australian wild birds (1971-2007)

Isolate details

Scientific name of birds

Study site

References

Wedge-tailed shearwater/71/H6N5

Mutton bird (MB), Puffinus
pacificus chlororhynchus

Tyron Island, Great Barrier
Reef (GBR), QLD

(Downie and Laver, 1973)

Wedge-tailed shearwater/71/H6N2
and HEN1

MB, Puffinus pacificus
chlororhynchus

Tyron Island, GBR, QLD

(Downie et al., 1973)

Wedge-tailed shearwater/72/H6N5

MD, Puffinus pacificus
chlororhynchus

Tyron Island, GBR, QLD

(Downie et al., 1977)

Wedge-tailed shearwater/75/H5N2
and H3N6

MD, Puffinus pacificus
chlororhynchus

Tyron Island, GBR, QLD

(Downie et al., 1977)

H4N6, H5N2 and H11

Wedge-tailed MD, Puffinus pacificus Pelsart Island, WA (Mackenzie et al., 1984; Mackenzie
shearwater/77-79/H3N8 chlororhynchus etal., 1985)

Wedge-tailed MD, Puffinus pacificus Pelsart, WA (Mackenzie et al., 1985)
shearwater/77-79/H7N6 chlororhynchus

Pacific black duck/77-79/H3N8 and Anas superciliosa Perth, WA (Mackenzie et al., 1984; Mackenzie
H6N4 etal., 1985)

Pacific black duck/77-79/HEN5 Anas superciliosa Perth, WA (Mackenzie et al., 1985)

Pacific black duck/01-02/H3N2 Anas superciliosa Northern irrigation, VIC (Peroulis and O'Riley, 2004)
Pacific black duck/06/H1, HIN9, H4, | Anas superciliosa Orange, NSW (Haynes et al., 2009)

Pacific black duck/06/H3

Anas superciliosa

Caroona, NSW

(Haynes et al., 2009)

Pacific black duck/06/H4N6

Anas superciliosa

Barilla Bay, TAS

(Haynes et al., 2009)

Pacific black duck/06/H5

Anas superciliosa

Herdsman Lake, WA

(Haynes et al., 2009)

Pacific black duck/07/H5, H8 and H9

Anas superciliosa

Orange, NSW

(Haynes et al., 2009)

Pacific black duck/06/H6N8, H8 and
H12

Anas superciliosa

Jerilderie, NSW

(Haynes et al., 2009)

Pacific black duck/07/H7N2

Anas superciliosa

TeaTree, TAS

(Haynes et al., 2009)

Mallard hybrid/06/H3N8

A. superciliosa x platyrhynchos

Glenorchy, TAS

(Haynes et al., 2009)

Auwustralian shelduck/77-79/HIN9

Tadorna tadornoides

Rottnest Island, WA

(Mackenzie et al., 1984; Mackenzie
etal., 1985)

Auwustralian shelduck/77-79/H7N2

Tadorna tadornoides

Rottnest Island, WA

(Mackenzie et al., 1985)

Auwustralian shelduck/77-79/H7N9

Tadorna tadornoides

Rottnest Island, WA

(Mackenzie et al., 1985)

Eurasian coot/77-79/H6N2 Fulica atra Perth, WA (Mackenzie et al., 1984; Mackenzie
et al., 1985)

Grey teal/77-79/H4N4 Anas gibberifrons Moora, WA (Mackenzie et al., 1984; Mackenzie
et al., 1985)

Grey teal/77-79/H4N6 Anas gibberifrons Moora, WA (Mackenzie et al., 1985)

Grey teal/77-79/H6N4 Anas gibberifrons Moora, WA (Mackenzie et al., 1985)

Teal/01-02/H3N2

Anas gibberifrons

Northern irrigation, VIC

(Peroulis and O'Riley, 2004)

McCloud’s Morass, VIC

Grey teal/06/H7N6 Anas gibberifrons Werribee Estuary, VIC (Haynes et al., 2009)
Grey Teal/06/H3 Anas gracilis Morundah, NSW (Haynes et al., 2009)
Grey Teal/06/H3 Anas gracilis Tocumwal, NSW (Haynes et al., 2009)
Grey Teal/05/H3 Anas gracilis Tocumwal, NSW (Haynes et al., 2009)
Grey Teal/06/H7 and H8 Anas gracilis Jerilderie, NSW (Haynes et al., 2009)
Grey Teal/06/H7N6 Anas gracilis Werribee Estuary, VIC (Haynes et al., 2009)
Grey Teal/07/H8 Anas gracilis Orange, NSW (Haynes et al., 2009)
Grey Teal/06/H8 Anas gracilis Inverell, NSW (Haynes et al., 2009)
Grey Teal/06/H11IN9 Anas gracilis Waterhouse Lake, TAS (Haynes et al., 2009)
Chestnut Teal/06/H3 Anas castanea Gippsland region: (Haynes et al., 2009)

Chestnut Teal/06/H3 and H12

Anas castanea

Gippsland region: Lake
Watt, Victoria

(Haynes et al., 2009)

Pink-eared duck/teal/07/HANG

M.membranaceus/Anas spp.

Werribee Sanctuary, VIC

(Haynes et al., 2009)

Red-necked stint/77-79/H3N8

Calidris ruficollis

Perth, Bunbury, WA

(Mackenzie et al., 1985)

Red-necked stint/77-79/HANS Calidris ruficollis Perth, WA (Mackenzie et al., 1985)
Red-necked stint/77-79/H12N9 Calidris ruficollis Broome, WA (Mackenzie et al., 1985)
Red-necked stint/04/H4N8 Calidris ruficollis Newcastle, VIC (Hurt et al., 2006)

Red-necked stint/04/H4N8

Calidris ruficollis

Fullerton Cove, VIC

(Hurt et al., 2006)

Red-necked stint/04/H5N7

Calidris ruficollis

Box Beach, VIC

(Haynes et al., 2009)

Red-necked stint/05/H6

Calidris ruficollis

Port Phillip region, VIC

(Haynes et al., 2009)

Sharp-tailed sandpiper/04/H11N9

Calidris acuminata

Fullerton Cove, VIC

(Hurt et al., 2006)

Lesser noddy/77-79/H7N2 Anous tennirostris Pelsart, WA (Mackenzie et al., 1985)
Sooty tern/77-79/H7N6 Sterna fuscata Pelsart, WA (Mackenzie et al., 1985)
Starling/85/H7N7 (HPAI) Sturnus vulgaris Bendigo, VIC (Nestorowicz et al., 1987; Westbury,

2003)

Wood duck/01-02/H3N2

Chenonetta jubata

Northern irrigation, VIC

(Peroulis and O'Riley, 2004)

Wood duck/06/H1

Chenonetta jubata

Orange, NSW

(Haynes et al., 2009)

Auwustralian shoveler/06/H5N3

Anas rhynchotis

Gippsland region:
McCloud’s Morass, VIC

(Haynes et al., 2009)

Silver gull (chick)/06/H13N6

Larus novaehollandiae

Hobart, TAS

(Haynes et al., 2009)

QLD: Queensland, TAS: Tasmania; VIC: Victoria; WA: Western Australia; NSW: New South Wales; HPAI: Highly Pathogenic

Avian Influenza




Table 1.2 Avian influenza (subtype haemagglutinin-7) in domestic and wild birds in Australia
and New Zealand (1976-2007)

Isolate details GenBank Entries Pathogenicity | Study site References
Domestic chicken/75/H7N7 747199 Pathogenic VIC (Perdue et al., 1995)
Domestic duck/76/H7 1AU20463 Pathogenic VIC (Rohm et al., 1995)
Domestic chicken/76/H7N7 CY024786-CY 024793 Pathogenic Keysborough, (Turner, 1976; Alexander et al., 1978;
(eight genes) VIC Westbury et al., 1979; Westbury,
1989; Bashiruddin et al., 1992; Bulach
et al., 2010)
Domestic duck/76/H7N7 CY061602-CY 061609 Non-pathogenic Keysborough, (Turner, 1976; Alexander et al., 1978;
(eight genes) VIC Westbury et al., 1979; Westbury,
1989; Bashiruddin et al., 1992; Bulach
etal., 2010)
Starling/85/H7N7 CY024778-CY 024785 Pathogenic Bendigo, VIC (Barr et al., 1986; Forman et al., 1986;
(eight genes) Nestorowicz et al., 1987; Westbury,

1989; Morgan and Kelly, 1990;
Bulach et al., 2010)

Starling/85/H7N7 FLAHAASV Pathogenic VIC (Nestorowicz et al., 1987)
Domestic chicken/85/H7N7 CY025069-CY 025076 Pathogenic Bendigo, VIC (Barr et al., 1986; Forman et al., 1986;
(eight genes) Nestorowicz et al., 1987; Westbury,

1989; Morgan and Kelly, 1990;
Bulach et al., 2010)

Domestic chicken/85/H7N7 FLAHAACV Pathogenic VIC (Nestorowicz et al., 1987)
Domestic chicken/92/H7N3 CY025077-CY 025084 Pathogenic Bendigo, VIC (Selleck et al., 2003; Heine et al.,
(eight genes) 2007; Bulach et al., 2010)
Domestic chicken/92/H7N3 GU053079 Pathogenic VIC Only published in GenBank
Domestic chicken/92/H7N3 AF20227 Pathogenic VIC (Banks et al., 2000)
Domestic chicken/92/H7N3 CY025077 Pathogenic VIC Only published in GenBank
Domestic chicken/94/H7N3 CY022685-CY 022692 Pathogenic Brisbane, QLD (Westbury, 2003)
(eight genes)
Domestic chicken/95/H7N3 AF202231 Pathogenic QLD (Banks et al., 2000)
Domestic chicken/95/H7N3 GU053072 Pathogenic QLD Only published in GenBank
Domestic chicken/97/H7N4 CY022693-CY 022700 Pathogenic Tamworth, NSW (Selleck et al., 2003; Bulach et al.,
(eight genes) 2010)
Domestic chicken/97/H7N4 CY022701-CY 022708 Pathogenic Tamworth, NSW (Selleck et al., 2003)
(eight genes)
Domestic emu/97/H7N4 CY022709-CY 022716 Pathogenic Tamworth, NSW (Selleck et al., 2003)
(eight genes)
Domestic emu/ /97/H7TN4 GU053102 Pathogenic NSW Only published in GenBank
Domestic chicken/97/H7N4 AY 943924 Pathogenic NSW Only published in GenBank
Domestic chicken/97/H7N4 GU053094 Pathogenic NSW Only published in GenBank
Mallard/05/H7N7 CY061618-CY 061625 Non-pathogenic Piako River, NZ (Bulach et al., 2010)
(eight genes)
Grey teal/07/H7N6 CY061610-CY 061617 Non-pathogenic VIC (Haynes et al., 2009; Bulach et al.,
(eight genes) 2010)
Wild duck/07/H7N2 CY033161-CY 033168 Non-pathogenic TAS (Haynes et al., 2009; Bulach et al.,
(eight genes) 2010)

VIC: Victoria; QLD: Queensland; NSW: New South Wales; TAS: Tasmania; NZ: New Zealand
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Figure 1.3 Bootstrap consensus trees with 5,000 replications using the maximum likelihood

evolution method for avian influenza viral haemagglutinin gene-7 subtypes (nucleotide
position between 26 and 1,500 base pairs) (VIC-Victoria, QLD-Queensland, NSW-New

South Wales and TAS-Tasmania). This phylogenetic analysis has been performed, based

on available GenBank sequences of haemagglutinin-7 isolates in different avian species.



1.1.1.3. Avian influenza viral subtype: Haemagglutinin-9

The HIN2 is another subtype of real concern because it can adapt quickly to the domestic avian
species and acquire moderate pathogenic potential (Forrest and Webster, 2010). This subtype
caused disease outbreaks in chickens in a number of countries (in particular, Asian countries)
(Alexander, 2000b; Naeem et al., 2007; Igbal et al., 2009; Nagarajan et al., 2009) and poses a
threat to poultry industries. This subtype has recently been identified in Australian resident and
migratory birds during 2007-2008 (Haynes et al., 2009; Hansbro et al., 2010) which indicates
migratory birds are potentially capable of introducing exotic AIVs to Australia (Table 1.1).
Moreover, the H9 subtype has been recovered from pigs (Hong Kong, China and Indonesia)
(Ninomiya et al., 2002) and humans (Hong Kong) (Peiris et al., 1999; Riedel, 2006). Hence, its
ability to cross the taxonomic barrier into mammals highlights its potential threat. The threat of
spill-over of H9 from wild birds into domestic animals and humans is another reason to conduct
surveillance of AlVs in WABs in nQLD.

Currently, very little is published on the endemic LPAI viruses circulating in WABs in nQLD.
There are two main routes for migratory birds into Australia, via Timor to the Northern
Territory/Western Australia region and via Papua New Guinea (PNG) to Cape York. Whilst the
Timor axis is being monitored, the PNG-Cape York axis is poorly monitored. The Australian
Quarantine Inspection Service has been responsible for some sporadic sampling in the region
but there has been no systematic study (Jonathan Lee, personal communication). Therefore, this
epidemiological study, including active and passive surveillance will provide essential
information about the state of Al in the northern part of Australia. This study will also create

longitudinal comparisons and identify trends of Al in aquatic birds of this region.

1.1.1.4. Introduction of avian influenza viruses to Australia

There appears to be evidence of the introduction of viruses to Australia from migratory birds.
For instance, the H4AN8 and H11N9 subtypes were isolated in RNS and sharp-tailed sandpiper
(STS), respectively and the origin of these viruses was Asia (Hurt et al., 2006). However, the
probability of transferring these viruses, carried through migratory birds to Australian resident
wild birds has not yet been examined. Therefore, there is an opportunity to determine the
possibility of introduced AlVs transferring to the local wild bird population in the current

surveillance study.



1.1.1.5. Evolutionary changes of avian influenza viruses

Emerging novel AlVs through reassortment of genes can easily occur in wild birds. This is
because individual birds within the AIV reservoir community are frequently infected with
multiple subtypes, generating numerous gene reassortment events and a continuous generation
of a nearly endless array of new viruses that could then potentially cross taxonomic barriers
(Morens et al., 2009). Previously, a hybrid Australian tern isolate of H2N5 evolved through
gene reassortment between viruses of Eurasian and American lineages in free flying birds in
nature (Kishida et al., 2008).

This hybrid virus obtained the matrix (M) gene from the American isolates, and the other seven
genes of the AIV from Eurasian isolates. Likewise, intercontinental reassortment of viruses was
observed in wild ducks, shorebirds and gulls in Canada (Widjaja et al., 2004) and in northern
pintails in Alaska (Dugan et al., 2008; Koehler et al., 2008; Ramey et al., 2010a; Ramey et al.,
2010b). Some earlier experimental studies reported that infections with two HPAI strains can
reassort to a virus of low pathogenicity in chickens (Rott et al., 1979), and infections with two
LPAI strains can yield a highly virulent virus in mice (Scholtissek et al., 1979; Vallbracht et al.,
1980).

Evolutionary transformation of AlVs in wild birds can also occur due to accumulated mutations
of different genes of AlIVs over time, resulting in a substantial degree of antigenic drift away
from the original AlVs. This mechanism can lead to a distinct subtype of AlVs which have the
potential to cause additional mortality. For instance, the 1957 and 1968 human pandemic strains
of influenza A both contained drifted H genes originally derived from the 1918 pandemic virus
(Taubenberger and Morens, 2006). Study of these two pandemic strains demonstrated that the
gradual accumulation of mutation can be antigenically significant. In some cases, it may
eventually give rise to an antigenically distinct H subtype as seen with the new, 16" H subtype
(Fouchier et al., 2005).

Therefore, it is important to study the evolutionary changes of AlVs as they represent the
potential for increased virulence in domestic animals and humans. The first step in this process
is to characterise current viruses and their evolutionary history. Therefore, this study aimed to
conduct an initial investigation into the diversity and origins of AlIVs in nQLD. The study
focussed on nQLD because of the region’s potential to be a source of novel viruses and because

little work had been conducted in this region compared with the rest of Australia and overseas.
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1.1.1.6. Spread and transmission

Migration, ranging from short local to intercontinental movement is a common strategy for
birds occupying seasonal habitats. Many Anseriformes and Charadriiformes travel a long
distance (Hoyo et al., 1996, cited in Olsen et al. (2006)). Therefore, they can distribute AlVs
between countries or even continents. Birds in one specific breeding area usually follow the
same migratory flyways (the east Asian-Australia flyway from eastern Siberia-south to eastern

Asia and Australia).

However, there are exceptions. Some birds differ from these common practices (Hoyo et al.,
1996, Kam, et al., 2004, cited in Olsen et al. (2006)). During migration, birds stop over at
different non-specific areas to recharge themselves before reaching the main destination.
Consequently, virus-infected birds can transmit their pathogens to resident or other migratory
populations which in turn spread the viruses to new areas. However, the transmission of viruses
and their geographical spread depends on the ecology of the migrating hosts

(Alerstam and Lindstrom, 1990, cited in Olsen et al. (2006)). Many species stopover at
favourable feeding or resting sites where consequently there is a high density of resident and
migratory birds. Such places may be important for transmission of AlVs between wild and

captive birds and between species (Olsen et al., 2006).

Waders in the Charadriidae and Scolopacidae families are well suited to either marine or
freshwater wetland areas and often live side-by-side with ducks (Piersma and Oikos, 1997,
cited in Olsen et al. (2006)), which can create a favourable environment for transmission of
AlVs.

Avian influenza viruses remain infectious in lake water at 22C for four days and at 0°C for
more than 30 days. The high AIV prevalence in birds living in aquatic environments may be due
in part to efficient transmission through the faecal-oral route via surface water as LPAI viruses
preferentially infect cells lining the intestinal tract and are excreted in high concentrations in
their faeces (Webster et al., 1978; Webster et al., 1992).

The transmission of the viruses between avian hosts is not well understood but there are various
potential routes. A faecal-oral route is one of the most generally assumed routes, but infection
via aerosols and perhaps even cloacal drinking may occur (Fouchier and Munster, 2009). Large
bodies of water such as lakes that serve as resting places for WABs may also play a role in
transmission (Horimoto and Kawaoka, 2001) because all birds shed viruses in faeces (De Jong
et al., 2000; Webster, 2002; Sturm-Ramirez et al., 2005).
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Low pathogenic AlVs have previously been isolated from different species of Charadriiformes
which regularly travel between Asia and Australia. These bird species were ruddy turnstone
(Arenaria interpres), red knot (Calidris canutus), RNS (Calidris ruficollis), common tern
(Sterna hirundo), sooty tern (Sterna fuscata), bar tailed godwit (Limosa lapponica) and STS
(Calidris acuminate) (Tracey et al., 2004). Importantly, Charadriiformes can congregate in
extremely large concentrations on coastal floodplains and wetlands (Morton et al., 1993), where
they regularly interact with Australian resident Anseriformes (Morton, 1990). In contrast,
Australian Anseriformes are mostly predominantly resident in Australia and only a few species
migrate a short distance to neighbouring countries such as PNG. Therefore, the risk to Australia
appears to be in the association between Charadriiformes which potentially harbour overseas
AlVs, and resident Anseriformes. These Anseriformes such as wild ducks could potentially
spread viruses to domestic free range poultry or commercial poultry as they disperse from
coastal areas to inland sites within Australia. Therefore, this study aimed to target surveillance
towards Australian Anseriformes as they pose the greatest risk in terms of subsequent spread

and spill-over of both exotic and endemic AlVs in Australia.

1.1.1.7. Prevalence

Avian influenza viral and antibody prevalence have previously been estimated in wild birds in

many countries.

In Australia various studies have demonstrated a wide variation in AlV and antibody
prevalence. A low AlV prevalence of 0.5-1.0% was reported by some studies (Downie and
Laver, 1973; Mackenzie et al., 1984; Peroulis and O'Riley, 2004; Haynes et al., 2009). There is
one report of AlV prevalence of 5.8% in migratory shorebirds in Australia (Hurt et al., 2006).
However, AlV antibody prevalence of 11-19% was estimated in Australian wild birds, which
was relatively higher than those of AlV prevalence (Haynes et al., 2009; Curran, 2010; Tracey,
2010).

Countries where studies report low AlV prevalence in wild birds include Argentina (0.4%)
(Pereda et al., 2008), Ireland (1.2%) (Raleigh et al., 2009), Europe (~2.1-3.8%) (Munster et al.,
2006; Munster et al., 2009) and Germany (4.2%) (Suss et al., 1994).

Countries reporting relatively higher AIV antibody prevalence in wild birds include Pakistan
(10%) (Khawaja et al., 2005), Alaska (28%) (Heard et al., 2008), New Zealand (33%)
(Stanislawek et al., 2002) and Italy (11-45%) (De Marco et al., 2003a; De Marco et al., 2003b;
De Marco et al., 2005).
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Overall results, therefore suggest that AlVs commonly occur in global wild bird populations
which indicates a likely hazard to animal and human health. Although some Australian studies
have documented AlV and AlV antibody prevalence in wild bird population, very little attempt
has been made to estimate the burden of Al in endemic resident WABs of nQLD. Hence, it was
important to conduct a systematic longitudinal study to measure the level of Al status in WABs
of nQLD which may help policy makers assess the need for future surveillance programs in
WABsS of northern Australia.

1.1.1.8. Potential risk factors

An appropriate risk factor analysis for AIV and antibody prevalence in wild birds has rarely
been performed. A number of studies, however, have attempted to explore potential factors
associated with AlV or antibody prevalence using crude univariate or meta data analysis or
purely theoretical mathematical modelling. Results of some of those studies are presented

below.

Mallard ducks (Anas platyrhynchos) and or pintail (Anas acuta) were the more commonly
affected species with AlVs than other Anseriformes in Alberta (29-34% versus 8.0-15%)
(Hinshaw et al., 1980b) and southeast Sweden (12% versus 0.5%) (Wallensten et al., 2007).
Mallards along with other feral ducks (A. platyrhynchos, A. Penelope, A. crecca, A. acuta,
Clangula hymalis and Melanitta fusca) had higher AlV prevalence than other Anseriformes and
non-Anserifomes in Germany (8.7% versus 3.8% versus 0.3%) (Suss et al., 1994). These results
were supported by many Al serological studies in different countries (Wood et al., 1985;
Stallknecht and Shane, 1988; Ito and Kawaoka, 2000; Stanislawek et al., 2002; De Marco et al.,
2003b; Hua et al., 2005; Neumann and Kawaoka, 2006; Heard et al., 2008; Nishiura et al.,
2009; Obon et al., 2009). Dabbling ducks such as Pacific black ducks (PBDs)

(Anas superciliosa) were more commonly affected with AlIVs (3.1%) than other Anseriformes
such as plumed whistling ducks (PWDs), wandering whistling ducks (WWDs), Australian
shelducks (ASDs) and black swan (BS) (0.7-0.9%) in Australia (Tracey, 2010). These results
were further supported by other Australian wild bird studies (Mackenzie et al., 1984; Peroulis
and O'Riley, 2004). These studies also found that PBDs were a frequently affected species.
Pacific black ducks and mallard ducks are likely to differ little in their susceptibility and
transmission of AlVs (Tracey, 2010).

Avian influenza viral prevalence was observed to be higher in juvenile (18-60%) than mature
WABS (4-27%) in Alberta (Hinshaw et al., 1980b). A similar age pattern of AlV prevalence
was estimated in WABS in Siberia (Okazaki et al., 2000), in North America (Munster et al.,
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2007), Alaska (Ip et al., 2008), northern Europe (Wallensten et al., 2007) and New Zealand
(Stanislawek et al., 2002). The higher AlV prevalence in young birds may be due to the fact that
they are immunologically naive whereas adults are more resistant, particularly to viruses to
which they may have previously been exposed (Webster et al., 1992). By contrast, Al\V
antibody prevalence was reported to be higher in adult coats (Italy) and chickens (Bangladesh)
than juveniles (De Marco et al., 2003b; Nooruddin et al., 2006), which may be due to the fact
that adult birds might have more exposure time to infection and had a longer lasting AlV

antibody.

Gender differences in AlV prevalence were observed earlier, where the prevalence was higher
in females than male WABSs (Runstadler et al., 2007; Ip et al., 2008). It is therefore, speculated
that female birds could be immunologically suppressed during the breeding period due to the

obvious stress of laying eggs and post-laying stressors and these conditions might have caused

birds to be infected more frequently.

An Australian study recorded a higher AlV ribonucleic acid (RNA) prevalence in autumn
(March-May) (3.2%) than any other season (1.8-2.7%) which may correspond to an increased
number of young birds at that time of year (Hansbro et al., 2010). However, studies in Eurasia
and North America estimated AlV prevalence at less than 10% (spring and summer) to between
10-60% just before and during the autumn migration (Krauss et al., 2004; Olsen et al., 2006;
Munster et al., 2007; Wallensten et al., 2007). Possible explanations for seasonal variation in
prevalence is thought to be driven by the influx and aggregation of naive juvenile birds

following breeding and prior to (and during) migration (Webster et al., 1992).

To identify a robust set of potential factors associated with AlV or antibody prevalence a

long term systematic study is required to have sufficient sample size along with accurate
measurement of different factors such as bird demographics, spatial, temporal and
environmental variables. A higher antibody prevalence compared to AlV prevalence, as
observed in the literature, will ensure increased ability to detect risk factors in serological data
compared to AlV prevalence data. Therefore, an Al sero-prevalence study is also deemed
necessary for an effective risk factor analysis to develop Al surveillance programs in WABs of
northern Australia and poultry and public health management plans. For example, a targeted
cost-effective surveillance program can be set up if such a risk factor analysis has identified
particular bird species, suitable season and appropriate locations for increased risk of AlV
infections. The influence of the identified risk factors on increasing the potential interaction
between wild bird species and domestic or commercial poultry or humans can be used to

develop effective risk minimisation strategies and bio-security measures.
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1.1.1.9. Avian influenza sero-dynamism

Understanding the epidemiology of AlVs among wild birds is still in the early stage (Nishiura
et al., 2009) and relies on many assumptions regarding the immune response to AlV infection in
birds. It is poorly understood how long previously infected birds remain immune in field
conditions and remain immune from re-infection by homologous and heterologous AlV
subtypes (Fereidouni et al., 2010a). Few studies, to best knowledge, have assessed the
immunostatus or sero-conversion of AlV antibodies in the wild under typical field conditions
(De Marco et al., 2003b; De Marco et al., 2005; Fereidouni et al., 2009; Fereidouni et al.,
2010a). Hence, it is important as one of the aims of this study to investigate Al serology on
capture-mark-recapture WABs of nQLD to answer some of the questions about Al

sero-dynamism.

Although some studies have previously determined a range of H serotypes in Australian wild
birds through Al serological studies (Downie and Laver, 1973; Haynes et al., 2009; Curran,
2010), there is no such investigation in WABs of nQLD. Therefore, the determination of the
distribution of H serotypes in WABSs of nQLD is one the aims of this study.

The following literature review about the Newcastle disease (ND) and causes of wild bird

mortality is briefly presented as these two studies are a spinoff the main Al study.

1.1.2. Newcastle disease

Newcastle disease is a disease of domestic poultry and wild birds, caused by NDVs belonging
to the family of Paramyxoviridae (Mayo, 2002). Newcastle disease is one of the most
devastating diseases of poultry due to enormous economic losses from high mortality; either
directly due to the disease or slaughter for disease control (Alexander, 2001a). Wild aquatic
birds are recognized as important reservoirs of NDVs and may act as vectors for the transfer of
wild viruses to domestic poultry, eventually causing outbreak of disease and economic loss
(Alexander, 1995; Stanislawek et al., 2002; Kim et al., 2007a; Jindal et al., 2009a). Virulent
NDVs are known to cause high mortality in wild birds including high mortality in juvenile
double crested cormorants (Phalacrocorax auritus) in North America (Glaser et al., 1999),
cormorants, pelicans and ring billed gulls (Larus delawarensis) in western Canada (Wobeser

et al., 1993) and in teal (Anas crecca) in Iran (Bozorgmehri-Fard and Keyvanfar, 1979).
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Two classes of NDVs are recognised worldwide. The class-one type viruses are predominantly
isolated from wildlife and nine genotypes have been described (Wu et al., 2011). The class-two
type viruses have been responsible for most of the outbreaks of ND in domestic poultry and the
genetic lineages have been referred to as 1 to 5e (Aldous et al., 2003; Aldous et al., 2010) or | to
VIl (Lomniczi et al., 1998). The class-two genotype-one viruses represented by V4-QLD,
XZ-32-07 China and Ulster 67 are associated with aquatic birds worldwide (Czegledi et al.,
2006; Kim et al., 2007a; Mia Kim et al., 2008; Aldous et al., 2010; Wu et al., 2011). With the
exception of NDVs isolated from an outbreak in the 1930s all Australian class-two NDVs
detected in wild birds and poultry have been classified as genotype-one viruses

(Figure 5.3; Chapter 5). A brief history of Australian ND outbreaks with wild bird connections

is given below.

Australia has previously experienced virulent ND outbreaks in poultry between 1930 and 2002
(Westbury, 2001; Kattenbelt et al., 2006b). The first appearance of a ND outbreak due to
virulent ND virus was in Inverloch (a small seaside village) followed by various suburbs of
Melbourne, VIC in 1930. Similar outbreaks reappeared in VIC in 1932 (Johnstone, 1933;
Albiston and Gorrie, 1942). The class-two and genotype-three viruses may have been
responsible for the 1930s outbreak. The source of the virus for these outbreaks was not
determined but it is presumed to have been an imported virus. However, wild bird sources

cannot be ignored.

Although the next 35 years (since 1933) were free of virulent ND outbreaks (Geering, 1985),
avirulent ND virus (designated as strain VV4) was confirmed in chickens near Brisbane, QLD in
1966 (Simmons, 1967) and soon after, evidence of infection was reported in most states
(Anon, 1966). A large number of additional isolates of NDVs have been made from Australian
poultry or wild birds since 1966, and evidence has been presented that many of these were
avirulent (Westbury, 1979), possibly resembling the QLD V4 strain isolated from chickens in
1966 such as I-2 virus or a group of virus isolates related to the European duck Newcastle
disease viral (NDV) isolate MC110 taken from wild birds (Spalatin et al., 1976; Kim et al.,
1978; Alexander et al., 1986; Hodder et al., 1994; Spradbrow et al., 1995). These viruses were
the class-two and genotype-one (Figure 5.3; Chapter 5). This is consistent with these viruses

having originated in wild birds.

After an absence of virulent ND outbreak for 66 years, the second Australian virulent ND
outbreak in chickens occurred at Dean Park in NSW in 1998 (Gould et al., 2001; Westbury,
2001). It also appeared that the molecular characteristics of the virulent neurotropic Dean Park
isolate were almost identical to a low-pathogenicity virus first isolated from birds at Peat’s

Ridge on the central coast in 1988 (Kirkland, 2000; Westbury, 2001). The third outbreak
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occurred at Mangrove Mountain in NSW in 1999 (Kirkland, 2000) followed by the fourth at
Tamworth in NSW in 2001 (Westbury, 2001) and the fifth at Meredith in VVIC in 2002
(Kattenbelt et al., 2006b). These viruses were all class-two and genotype-one and wild birds

were a possible source.

Molecular analysis of the NDV strains from the recent outbreaks suggest that an avirulent
precursor of the virulent NDVs identified at each respective outbreak may have mutated to a
virulent form to cause the ND outbreaks from 1998 to 2002 in Australia (Kirkland, 2000; Gould
et al., 2001; Westbury, 2001). This conclusion has been supported by evidence from sporadic
screening of wild birds during or after the ND outbreaks which failed to identify virulent strains
in the wild birds. However, avirulent NDV isolates such as strain V4 and AVRL32 were
obtained from teals (N=322 wild birds) in VIC, Australia, at this time

(Peroulis and O’Riley, 2004). These results were supported by other studies on Australian wild
birds (Alexander, 2001a). Therefore, it has been suggested that wild birds may act as a reservoir
of avirulent NDVs and transmit these viruses to domestic species (Hinshaw et al., 1980b).
Previous evidence for this mutation to virulence has been reported from Ireland where avirulent
NDVs (class one-type) in WABs were demonstrated to have mutated to virulence in chickens
(Alexander, 1995).

In 2006, the testing of an ibis in Australia that died of unknown causes resulted in the isolation
and identification of an avirulent NDV isolate (Ibrahim Diallo, Department of Employment,
Economic Development and Innovation, QLD). This NDV isolate belonging to a class-one virus
is different to the more widespread and well-described QLD V4-isolate (class-two)

(Simmons, 1967). This finding suggests that there is circulation of class-one and class-two
NDVs in Australian wild bird populations which is supported by Gould et al. (2001), Kattenbelt
et al. (2006a) and Kattenbelt et al. (2006Db).

Some sporadic cross sectional studies have documented the serological and virological
frequency of various strains of NDVs in Australian wild birds (Mackenzie et al., 1985; Garnett
and Flanagan, 1989). However, comprehensive studies on estimating prevalence of NDVs in
wild birds and identification of risk factors associated with ND prevalence in Australian wild
birds have not been attempted. Therefore, it is important to conduct a systematic longitudinal
study on WABSs in nQLD to determine the level of NDV RNA prevalence, the associated risk
factors and to understand the molecular epidemiology of ND and identify potential threats to

domestic poultry in Australia.
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1.1.3. Bacterial diseases

Wild avian species are also reservoirs of bacterial pathogens that are of importance to public or
animal health, for instance species of Campylobacter and Salmonella, and toxin-producing

strains of Escherichia coli (Abulreesh et al., 2007).

Salmonellosis (Salmonella typhimurium DT40) and colibacillosis (Escherichia coli 086) caused
the mortality of wild birds (family-Fringillidae) in the United Kingdom (UK) (Pennycott et al.,
1998). Similarly, salmonellosis (Salmonella spp.) caused wild bird mortality in the United
States of America (USA) (Brand et al., 1988; Newman et al., 2007) and Norway (Refsum et al.,
2002). In New Zealand, a major outbreak of salmonellosis (Typhimurium DT160) occurred
during winter and the spring months of 2000 which caused extensive mortality in passerines
(Notimystis cincta) (Alley et al., 2002). This serotype was also confirmed in humans. Zoonotic
and livestock significant pathogens such as Salmonella spp., NDVs, AlVs and flaviviruses have
been reported in Australian ibis (Threskiornis molucca) (Epstein et al., 2006). No attempt has
been made to investigate zoonotic potential pathogens of WABSs in nQLD. Hence, there is a real

opportunity to investigate the zoonotic potential pathogens of WABs in nQLD.

Avian cholera (Pasteurella multocida) and or avian botulism (Clostridium botulinum Type E)
were identified as major causes of sea duck (Mergini) mortality in North America (Skerratt

et al., 2005), WABs in the USA (Newman et al., 2007), common eider ducks in the Eastern
USA (avian cholera) (Gershman et al., 1964) and wild birds in the USA

(avian botulism C. botulinum Type C) (Brand et al., 1988). Pasteurella multocida was also
isolated from the liver of a pelican found dead during a ND outbreak in western Canada in 1990
(Wobeser et al., 1993).

1.1.4. Trauma

Trauma due to collisions has also been responsible for sea duck mortality in North America
(Skerratt et al., 2005), wild birds (Fringillidae) in UK (Pennycott et al., 1998) and wild birds
(such as Passeriformes and Cuculiformes) in Ecuador (Gottdenker et al., 2008). Similarly,
Savidge et al. (1992) describe trauma (vehicular and predation) as the most common causes of

death of avifauna from Guam.
There is no comprehensive report on common causes of mortality in WABs in nQLD, Australia.

Identifying significant causes of morbidity and mortality in WABs through passive surveillance

is therefore a real opportunity to collect useful information within this study.
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Passive surveillance is also useful and cost effective to investigate exotic or emerging or
zoonotically important diseases such as Al in dead wild birds, and is a genuine back-up of an
active HPAI H5N1 surveillance program. The HPAI H5N1 has caused mortality events in wild
birds and has been detected by passive surveillance in other countries (Komar and Olsen, 2008;
Globig et al., 2009; Hesterberg et al., 2009; Willeberg et al., 2010).

1.1.5. Conclusion

The above discussion has identified the gap in knowledge regarding biosecurity risks posed by
WABS in nQLD. It is unknown whether exotic HPAI or LPAI viruses and virulent or avirulent
NDVs are being introduced to northern Australian resident wild birds through migratory birds
using nQLD migratory routes. It has also been undetermined whether endemic LPAI viruses or
avirulent NDVs have transformed into pathogenic viruses through an evolutionary process in
resident wild bird populations in nQLD. Whether novel AlVs or NDVs occur in nQLD resident
wild birds through intercontinental reassortment has also not been established. There is a
shortage of scientific scrutiny whether HPAI H7 or virulent NDVs, which caused previous
outbreaks in Australian commercial poultry, are maintained in wild bird populations in northern
Australia. It was therefore, considered opportune to conduct a systematic molecular

epidemiological study of Al and ND in WABS in northern Australia.

The Al and ND burden with their sub-type specific distribution as well as their associated risk
factors has not been determined in WABSs of nQLD through a systematic longitudinal study.

Hence, a study was essential to assess those diseases along with their associated risk factors.

No attempt has been made to investigate causes of mortality of WABSs in nQLD and explore the
connection between the mortality of birds and HPAI viruses (such as H5, H7). No investigation
has been performed to investigate potentially zoonotic bacterial pathogens such as

Salmonella spp. in WABS of this region. The above scenario therefore led to a passive
surveillance program to identify common causes of mortality in WABs of nQLD as another

aspect of this study.

Moreover, the suitability of surveillance programs (both active and passive) for wild bird
pathogens has rarely been tested in nQLD although this area is replete with wetlands,

considered as a natural habitat for WABs and also an important entry point for migratory birds.

The above gaps in scientific knowledge of important wild bird pathogens, including those with
zoonotic potential, highlight the need for conducting comprehensive epidemiological studies

incorporating active and passive surveillance programs on these important pathogens in WABS
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of nQLD. In view of these needs a three-year systematic longitudinal study was therefore

conducted in WABs of nQLD with the following specific aims.

1.2.

Aims of the research project

1.1.6. Specific aims of this project

To measure the sero-prevalence of Al in WABs in nQLD.

To identify the risk factors associated with the level of AlV antibodies in WABs in
nQLD and determine the distribution of AlV serotypes in WABSs in nQLD.

To measure the AIV RNA prevalence and determine the distribution of AlV subtypes in
WABsS in nQLD.

To relate the viruses in WABs in nQLD to other viruses in Australia and overseas.

To estimate the prevalence of NDV RNA and the associated risk factors.

To determine the classes of NDVs in WABs in nQLD and relate them to other NDVs in
Australia and overseas.

To identify common causes of mortality in WABSs in nQLD and explore the connection

between mortality in birds and AlIVs in nQLD.

1.1.7. Anticipated outcomes

1.

Identify the importance of a surveillance program for wild bird pathogens (in particular
AlVs) in WABSs in nQLD and accordingly recommend a surveillance system.
Determine the causes of mortality of WABs and identify pathogens that may be a risk to
communities and/or biodiversity.

Identify risk factors associated with causes of mortality of WABs and important
pathogens (in particular AlVs).

Make recommendations for a surveillance system and a risk management plan for wild
bird diseases that may spill-over to domestic animals and people and/or affect

biodiversity.

20



1.3. Structure of thesis

The thesis includes seven chapters along with appendices. Chapters 2-7 were prepared with the
aim of being published in scientific journals. Consequently, some minor repetition is
unavoidable. Chapter 1 presented the general introduction focusing briefly on the important
features of wild aquatic bird diseases to justify the main aims of this study. More background
information was included in each respective chapter where required. The reference style of each
chapter follows the current James Cook University (JCU) thesis guidelines. The topics covered

in this study and the associated chapters and appendices are arranged as follows.

1.3.1. Evaluation and development of a serological assay for avian influenza (Chapter 2)

The Australian Animal Health Laboratory (AAHL) developed a competitive enzyme-linked
immunosorbent assay (CELISA) to investigate equine influenza viral antibodies from horse sera
in Australia (Selleck, 2007b). This assay was then adopted for detecting AlV antibodies in
chickens followed by wild bird sera in Australia without rigorous testing of its efficacy to detect
AlV antibodies in wild bird sera. Therefore, it was necessary to validate this assay with wild
bird sera before applying it to the present sero-surveillance program in WABS in nQLD. This
chapter includes an equivalence study between the AAHL original cELISA (now designated as
AAHL-1) and the modified version of this assay (AAHL-2, JCU-1 and JCU-2), an analytical
sensitivity study for these cELISAs and a longitudinal study of the effect of a post-coating on
AIlV antigen stability in CELISA plates.

1.3.2. Sero-epidemiology of avian influenza (Chapter 3)

Limited sero-epidemiological studies have been conducted in WABs mainly due to the
difficulty in collecting serum samples, the lack of reliable serological assays and some
reservation about undertaking investigations due to the belief that production of specific
antibodies is weak or delayed, compared to chickens (Kida et al., 1980; Suarez and
Schultz-Cherry, 2000; De Marco et al., 2003b; Stallknecht and Brown, 2008). Only sporadic
cross sectional studies have been conducted on the serology of Al in Australia (Downie et al.,
1977; Senne, 2003; Haynes et al., 2009). Therefore, a systematic longitudinal
sero-epidemiological study of Al in WABs in nQLD was conducted. This chapter presents the
results of seroprevalence of Al, the risk factor analysis for the level of AlV antibodies from sera
of WABS and sero-dynamism in sera of capture-mark-recapture WABS. The patterns of

distribution of H serotypes according to species and time were presented in this chapter.
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1.3.3. Molecular epidemiology of avian influenza (Chapter 4)

This chapter delivers information about the prevalence of AIV RNA and the distribution of AlV
subtypes with their genetic analysis. The phylogenetic analysis on different genes of AlV
subtypes was performed to identify endemic and exotic AlV subtypes and any evolutionary
changes in those subtypes in Australian wild birds. This analysis indicated the recent
introduction of exotic AlVs to Australian resident birds through migratory birds. This study also

identified suitable samples for a future Al surveillance program in WABSs in nQLD.

1.3.4. Monitoring of wild aquatic birds for Newcastle disease (Chapter 5)

This chapter displays the results of the NDV investigation in WABSs in nQLD which was a
spinoff study from the main Al study. This study explored the prevalence of NDV RNA and the
associated risk factors and identified the phylogenetic relationship between the NDVs
determined in this study and other viruses in Australia and overseas. It also indicates the

possible threat of wild NDVs to Australian domestic or commercial poultry.

1.3.5. Causes of mortality of wild aquatic birds (Chapter 6)

This chapter provides information about common causes (infectious and non-infectious) of wild
bird mortality in nQLD through a passive surveillance program. Importantly, bird mortality was
not found to be associated with HPAI H5N1. The public health importance of Salmonella spp

was also reported in this chapter.

1.3.6. Importance of surveillance programs for wild bird diseases (Chapter 7)

This chapter presents discussion on the implications of the integrated results from the whole
body of work (Chapter 2-6). The implications for domestic animal and public health are
discussed including risk management. This chapter also highlights the importance of future
surveillance programs along with recommendations concerning wild bird diseases in regards to

animal and public health benefits.
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1.3.7. Appendices in brief

Appendices include supplementary tables (Chapter 6) and published and accepted articles and

abstracts. A list of poster and oral presentations are also given as appendices.

Four epidemiological articles on household ducks in Bangladesh were published during the
PhD, which were included as appendices. These published works were, however, not directly
linked to my PhD on wild bird diseases in WABs in Australia. However, similar methodologies
(active and passive surveillance programs) were employed to generate data for both cases.
Moreover, similar epidemiological data analysis techniques were applied in both instances.

Therefore, these publications were indirectly relevant to my PhD on WABs in Australia.
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Chapter 2: Development and evaluation of a competitive
enzyme-linked immunosorbent assay for immune responses to

avian influenza

2.1. Introduction

Enzyme-linked immunosorbent assay (ELISA) is a biochemical technique used mainly in
immunology to detect the presence of an antibody or an antigen in a sample. Enzyme-linked
immunosorbent assay is a simple and highly sensitive method of analysis that allows for
simultaneous and rapid quantification of a large number of samples. The assay is based on the
specific recognition of the target compound (analyte/antigen) by antibodies which bind to the
compound. The antigen-antibody complex is detected and measured with the aid of an
enzyme-labelled antibody or antigen. Upon addition of a non-coloured chromogen the enzyme
produces a coloured reaction where the colour intensity is directly or inversely proportional to

the concentration of the analyte in the sample.

Many different configurations of enzyme-linked immunosorbent assays (ELISAS) are used in
serology but all follow the same basic principles. Antigen-antibody complexes are formed, and
an enzyme-labelled secondary antibody is added. This conjugate-secondary antibody is specific

for the antigen or antibody, which depends on the ELISA platform used.

Indirect ELISAs (iELISAS) were the first technique to detect AlV antibodies in poultry flocks
(Snyder et al., 1985; Abraham et al., 1988; Adair et al., 1989). The iELISA requires
species-specific conjugated antibodies; therefore a different conjugated antibody is needed for

each host species tested. The intensity of colour increases with the titre of antibody.

Competitive ELISAs (CELISAS) are not species-specific like iIELISAs. The test antibody
competes with an indicator antibody. Frequently, this is a monoclonal antibody (MAb) which is
used, regardless of the species being tested (Katz et al., 1995; Shafer et al., 1998; Starick et al.,
2006). The intensity of the colour decreases with the increasing titre of test antibody and the

result is expressed as percentage inhibition.

In regards to other tests used to detect AlV antibodies, a CELISA was more sensitive and
specific than the agar gel immunodiffusion (AGID) test (Katz et al., 1995; Shafer et al., 1998),
and as sensitive and specific as the haemagglutination inhibition (HI) test (Katz et al., 1995;

Shafer et al., 1998; Jeong et al., 2010). A cELISA was more sensitive and specific than Hl
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(Starick et al., 2006; Song et al., 2009; Marche and van den Berg, 2010; Perez-Ramirez et al.,
2010). A cELISA was also able to detect antibodies at an earlier stage of infection compared
with the AGID and HI tests (Zhou et al., 1998). When a MAD is used as the indicator antibody
the assay can be epitope specific. The choice of a MAD that will react with an epitope common
to all isolates of influenza A virus allows this assay to detect all immune responses to influenza

A in a wide variety of species.

In general, cELISA used in this study relies on competition between test serum antibodies and a
MAD for binding to an epitope on the influenza A virus nucleoprotein that is conserved in all
influenza A viruses. Bound MAD is detected by an anti-mouse immunoglobulin antibody
conjugated to horseradish peroxidase and quantified by the addition of the chromogen such as 3,
3’ 5, 5’-Tetramethylbenzidine (TMB) and substrate (H,0,). The action of the peroxidase on the
H.0, generates oxygen ions that oxidize the chromogen to produce a blue colour (TMB) or a
green colour if 2, 2’-Azino-bis: 3-Benzthiazoline-6-Sulphonic Acid (ABTS) is used. Addition of
stop solution to TMB (sulphuric acid: H,S0, or phosphoric acid: H3P0,) then halts the colour
development and converts the blue colour into yellow. The absorbance is read on a plate reader
and the percentage inhibition calculated in comparison to the absorbance obtained for a MAb
control. 2, 2’-Azino-bis: 3-Benzthiazoline-6-Sulphonic Acid can be allowed to reach a plateau
and a stop solution therefore is not required. The percentage inhibition of the binding of the

MAD is proportional to the antibody concentration in the test serum.

The AAHL is a central Al referral laboratory. This lab developed a cELISA (now designated as
AAHL-1) in order to detect equine influenza viral antibodies from horse sera in Australia
(Selleck, 2007b). This assay was then adopted for the detection of AlV antibodies in chickens,
followed by wild bird sera, in Australia without a rigorous testing for its ability to detect AlV

antibodies using bird sera.

As part of a common agreement, the AAHL provided its protocol (AAHL-1) and necessary
reagents to screen AlV antibodies in serum samples from WABS in the present Al surveillance
program in northern Australia. As a starting point the AAHL-1 configuration was used without
any modification to screen AlV antibodies from 411 field serum samples from WABSs and this
assay showed low and variable optical density (OD) values for the MAb control (no
pre-exposure to polyclonal antibodies, 0% inhibition). In some instances, the OD values for the
MADb did not meet the minimum quality control OD value of 0.8 (Selleck, 2007b). It was
demonstrated that the concentrations of the AIV antigen, MAb and conjugate as described by
Selleck (2007b) were suboptimal and responsible for the low OD of the MAb.
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In addition, the mean percentage inhibition between duplicate wells exceeded +10% which also
did not meet quality guidelines (Selleck, 2007b). The use of TMB as a chromogen with a short
incubation period (e.g. five minutes according to AAHL-1) can increase background noise,

variability between duplicate analyses and possibly generate false positive or negative results.

It was therefore necessary to modify the assay to ensure adequate sensitivity, repeatability and
reliability for the analysis of all samples collected in the present Al surveillance program.
Reagent concentrations were optimised to obtain OD values (close to 2) for the MAb control
(double the recommended reagent concentrations) and ABTS was used as an alternative
chromogen to potentially increase reliability. The chromogen ABTS resulted in slower colour
development and less background staining potentially reducing variability. An additional step of
using post-coating was included to have more stable AlV antigen on plates with the aim of
avoiding non specific results and facilitating long term storage and reduced between-run

variability.

In order to assess the effects of modifications on sensitivity and reliability of AlV antibody
detection, to ensure the modified assays were suitable for use in the surveillance study, the
AAHL-1(Selleck, 2007b) technique was compared with the modified technigques, with and
without post coating (referred to as JCU-1 and JCU-2, respectively).

A total of 240 sera were obtained from wild PWDs (Dendrocygna eytoni) and analysed using
the three different versions of the assay. Concurrently, a subset of 160 sera was analysed using
the AAHL-1 technique with double the recommended reagent dilutions (now indicated as
AAHL-2) and the other three assays.

A separate sensitivity study for four assays (AAHL-1 and 2 and JCU-1 and 2) was performed on
the diluted positive field PWD sera to compare analytical sensitivity of these assays. These field

sera were initially screened by the JCU-2 assay.

The longitudinal stability of the AIV antigen following post-coating was assessed to determine
if storage of large batches of plates was feasible in order to obtain more consistent results
between sample batches. No serum sample was used for this experiment as this study wanted to

determine only AlV antigen stability on the plates.
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2.2. Materials and methods

2.2.1. Sera

Plumed whistling ducks were caught by the JCU avian influenza team led by Md. Ahasanul
Hoque (a PhD student) from December 2007 to December 2009 at Billabong Sanctuary (19°22’
S and 146°54' E) and Green Acres Lagoon (19°34' S and 147°90" E), located south of
Townsville, Australia. Whole blood samples (0.5-3 ml, less than one percent of body weight)
were drawn aseptically from wing veins. The samples were transferred immediately to sterile 15
ml plastic tubes. Blood samples were refrigerated within five hours of sampling. After over-
night storage the samples were returned to room temperature (22°C) before centrifugation at
317 g for 10 minutes. Supernatant was decanted, transferred to a 1.5 ml microcentrifuge tube

and centrifuged at 2,348 g for two minutes and stored at -20°C until analysed.

2.2.2. Competitive enzyme-linked immunosorbent assay

Four cELISAs were assessed under an equivalence study that included AAHL-1

(Selleck, 2007b) and three modified versions designated as AAHL-2, JCU-1 and JCU-2. Details
of reagents and consumables used are provided in Table 2.1. U-bottom micraotitre plates and
H3P0, (stop solution) were used instead of the AAHL suggested Nunc Maxisorp plates and
H,S0, for this study. Modifications are described in section of 2.2.2.1.
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Table 2.1 Reagents, plates and controls with their sources for the competitive enzyme-linked

immunosorbent assay

Items

Compositions

Sources

Antigen

Recombinant AIV antigen is prepared from
yeast expressing a recombinant long form
of the influenza A nucleoprotein molecule.
Yeast cells are transfected with the plasmid
and the antigen prepared by sonication of
the yeast cells. The cell debris is removed
by centrifugation and the supernatant stored
at -20°C in aliquots of appropriate volume.

Australian Laboratory
Services, AAHL, Geelong,
Victoria 3320, Australia

Coating buffer

Sodium bi-carbonate (3.1 ml), sodium
carbonate (1.4 ml) and distilled water
(1,000 ml), pH-8.4

TropBio Pty Ltd, JCU

Post-coating buffer

Proprietary

TropBio, Cat. No. 05-004-05

Wash buffer

Tris-technical grade-MP Biomedicals,
sodium chloride-AR grade

(Crown scientific), di-sodium salt-ethylene
diamine tetra acetate (EDTA)-AR grade,
Pronelis, Tween 20 (Sigma)

TropBio

Serum diluents

Tris-MP Biomedicals, sodium chloride,
di-sodium salt-EDTA, casein, Tween 20,
bromophenol blue-BioRad in ten buffer,
distilled water

TropBio

Antibody

AIlV nucleoprotein mouse monoclonal
antibody

AAHL

Conjugate

Goat anti-mouse 1gG (H+L)
(Horseradish peroxidase) HRP conjugate

Blotting grade, Cat. No.
170-6516, Bio-Red
Laboratories Pty Ltd, Regents
Park, NSW

Jackson goat anti-mouse immunoglobulin
HRPO conjugate

Code #115-035-146, AAHL

Chromogen and
substrate solution

2, 2’-Azino-bis: 3-Benzthiazoline-6-
Sulphonic Acid (ABTS) peroxidase
substrate

KPL, Gaithersburg, MD
20878, USA, 301.948.7755,
product code: 50-66-06

3, 3’ 5, 5’-Tetramethylbenzidine (TMB)

TMB Microwell peroxidase
substrate system, KPL,
Cat. No. 50-76-00

Stop solution

1 M Hz;PO,
Add 16.9 ml of concentrated H;PO,to
250 ml of distilled water

James Cook University

Positive and
negative control sera

Chicken sera

AAHL

Negative control
sera

Hen and rooster sera

James Cook University

CELISA plate

U-bottom microtitre plate

Cooke Microtitre System
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2.2.2.1. Procedures of competitive enzyme-linked immunosorbent assay

1. The recombinant AlV antigen was diluted at a rate of 1 in 800 (for AAHL-1) or 1 in 400
(for the AHHL-2 and JCU assays) in coating buffer and 50 pil was loaded into each well
of a round (U) bottom 96-well-microtitre plate. The plate was covered and incubated
overnight at 4°C for AAHL-1 and 2 and JCU-1 and at air conditioned room temperature
(22°C) for JCU-2 in a sealed humidified box.

2. One of the following steps was then followed: for the AAHL-1 and 2 and JCU-1 assays,
the diluted coating buffer was removed and the wells were washed using wash buffer
with the aid of a squeeze bottle. Washing consisted of four, five-second rinses, with
complete emptying of wells between rinses. After washing, the plate was inverted and
tapped on a paper towel to remove any residual wash buffer. The plates were covered
with lids immediately after washing to prevent drying; for the JCU-2, the diluted coating
buffer was removed and 100 pl of post-coating buffer was dispensed into each well and
kept in a humid box for two hours. After incubation, the residual coating buffer was
removed and the plate was trap dried with a paper towel and incubated at 37°C for two

hours.

3. Each test serum was diluted at a rate of 1 in 10 with serum diluent. Dilutions were made

in a 96-wells transfer plate to facilitate mixing.

4, Positive controls (AAHL) were diluted in serum diluents at a rate of 1 in 50 and 1 in 500,
whereas the negative control (AAHL and JCU) was diluted at 1 in 10.

5. For the equivalence study, test sera and controls (positive, negative and conjugate) were
tested in duplicate, whereas four wells were used for the MAb control. A volume of 50 pul
of diluted test serum and all controls were transferred from the dilution plate to the
antigen coated plate as described below (Table 2.2). The plate was covered immediately

with a lid and incubated at room temperature (22°C) for an hour.

6. Nucleoprotein mouse MAb was diluted at 1 in 800 (for AAHL-1) or 1 in 400 (for the
AAHL-2 and JCU assays) in serum diluent and 50 pl added to all wells immediately after
the serum incubation step except for the wells specified for the conjugate control wells.
The plate was covered and incubated for an hour at room temperature (22°C) and the

plate was then washed as described in step 2.
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7.

Jackson goat anti-mouse immunoglobulin HRPO conjugate for AAHL-1 and 2 and goat
anti-mouse 1gG (H+L) HRP conjugate for the JCU assays were diluted at a rate of 1 in

2,000 (AAHL-1) and 1 in 1,000 (AAHL-2 and JCU assays) in serum diluent just prior to
addition to the plate and 50 pl of diluted conjugate was dispensed to each well. A lid was

put on the plate and incubated at room temperature (22°C) for an hour.

During the conjugate incubation, the substrate buffer TMB for the AAHL assays and
ABTS for the JCU assays were removed from the fridge and left on the bench for 45-60
minutes before use. At the end of the conjugate incubation, the plate was washed as
previously described at the end of conjugate incubation. A volume of 100 pl of substrate
buffer was dispensed to each well of the plate. After the addition of TMB, the plate was
incubated for 10 minutes at room temperature (22°C) followed by the addition of 100 pl
of stop solution (1 M H3;PO,) to each well. The OD of the reactions was read, within five
minutes of adding the stopping reagent using an ELISA reader (Multiskan EX,
Labsystems Pathtech) at 450 and 650 nm. At the end of one hour incubation with the
ABTS substrate solution, the OD of the reactions was read at 414 and 492 nm using an
ELISA reader (Multiskan Ascent Pathtech, Thermo Electron Corporation).

The results were expressed as a percentage inhibition relative to the OD of the MAb
control using the following formula: 100-(100*(OD test serum mean+OD MADb control
mean)). The calculation was performed using the Microsoft (MS) excel 2003 program.

The plate designed for the assay has been presented in Table 2.2.

Table 2.2 The plate designed for the competitive enzyme-linked immunosorbent assay

1 | 2 3475 6 7 8 9 | 10 | 11 | 12
A | Conjugate control S1 |S1]| S9 S9 | S17 | S17 | S25 | S25 | S33 | S33
B | MAD control S2 | S2 | S10 | S10 | S18 | S18 | S26 | S26 | S34 | S34
C | MADb control S3 | S3 | S11 | S11 | S19 | S19 | S27 | S27 | S35 | S35
D | AAHL Positive control (1 in 50) S4 | S4 | S12 | S12 | S20 | S20 | S28 | S28 | S36 | S36
E | AAHL Positive control (1 in 500) S5 | S5 | S13 | S13 | S21 | S21 | S29 | S29 | S37 | S37
F | AAHL negative control (1 in 10) S6 | S6 | S14 | S14 | S22 | S22 | S30 | S30 | S38 | S38
G | JCU neg control (hen) (1 in 10) S7 | S7 | S15 | S15 | S23 | S23 | S31 | S31 | S39 | S39
H | JCU neg control (rooster) (1 in 10) S8 | S8 | S16 | S16 | S24 | S24 | S32 | S32 | S40 | S40

S: Serum; neg: Negative
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2.2.3. Equivalence study

The study required 230 samples based on the formula below. It incorporated permitted
differences between equivalent tests, their variance and levels of acceptable type 1 and 2 error:
[2%(Z, +Zp) **SD?]+8” (Noordhuizen et al., 1997) where, a=1.96 (2-tailed), p=1.28 (2-tailed),
SD*=the variance (.02),  (permitted difference) =0.04. Variance estimates were obtained from
previous serology results. The permitted level of difference was +10% between wells within a
plate (Selleck, 2007b). Therefore, it was conservatively assumed + 4% permitted difference

between assays for sample size calculation.

Two hundred and forty serum samples were randomly selected from 500 samples that were
initially screened by JCU-2 for the equivalence study comparing AAHL-1, JCU-1 and JCU-2. A
random number table was used to choose the samples. One hundred and sixty of the analysed

serum samples were also concurrently tested using AAHL-2.

2.2.4. Analytical sensitivity study

Two pooled plumed whistling duck (PWD) sera samples were made to test the analytical
sensitivity of assays AAHL-1 and 2 and JCU-1 and 2: one from 10 individual positive sera
samples, each with 80-96% inhibition and one from 10 individual negative sera samples, each
with 10% inhibition. The positive and negative sera were randomly selected from 15 positive

and 120 negative sera as previously assessed by JCU-2.

A pooled serum sample was then diluted at 1 in 10 with serum diluent before making a dilution
series of each. The following eight dilutions, based on the results of two small prior experiments
were tested: 1 is to O (positive: negative) (0% dilution, undiluted positive pooled sera), 1 is to
0.5 (33%, mixed positive-negative pool), 1 is to 1 (50%), 1 is to 2 (67%), 1 is to 3 (75%), 1 is to
4 (80%), 1isto 8 (89%) and 0 is to 1 (100%, undiluted negative pooled sera).

Ten replications per dilution using the four assays were used. For quality assurance, the AAHL
positive chicken serum was used at the dilutions of 1 in 50, 1 in 500 and 1 in 5,000, each
consisting of two replications, and negative serum was used at the dilution of 1 in 10 and 1 in
100, each consisting of one replication. In addition, four conjugate and four MAb controls were
included. The first two columns (16 wells) of U-bottom ELISA micro-titre plates were used for
all the controls and the remaining 10 columns (80 wells) were used for the test samples. The

sensitivity testing was performed concurrently for each assay.
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2.2.5. The longitudinal effect of a post-coating buffer on avian influenza viral antigen stability

in plates

Eight wells of 10 U-bottom microtitre plates were prepared, as previously described, and the
plates were stored at 4°C until testing. The plate coating was as described for the JCU-2 assay
(step 1-2). The test procedure was as described for the JCU-2 assay (step 6-8). The only
exception was that serum diluents were dispensed at 50 pl per well instead of using test or
control sera. The first two wells of a column of a plate were allocated for the conjugate controls
and the remaining six wells for the MAb controls. Individual plates were tested at 0, 1, 2, 4, 7,
14, 28, 60, 79 and 214 days after preparation. The OD values for each plate were read at 414

and 492 nm (Multiskan Ascent Pathtech, Thermo Electron Corporation).

2.2.6. Statistical analysis

2.2.6.1. Equivalence study

Data obtained were entered in the MS Excel-2003 program, coded and sorted and then exported
into STATA ™ 11.0 (Stata Corporation, College Station, TX) for analysis. Data were cross-

checked for validity and consistency.

An acceptable difference in percentage inhibition between wells within a plate was set 10%, as
indicated by Selleck (2007b). The average percentage inhibition of an individual sample was
calculated. For equivalence testing the mean difference in percentage inhibitions (MDPI) with
their corresponding 95% confidence intervals (Cls) calculated using normal approximation
method between the assays was calculated. For the equivalence experiment (N=240), the results
were compared between the following paired assays: AAHL-1 versus JCU-1; AAHL-1 versus
JCU-2; JCU-1 versus JCU-2. For a subset of the results (N=160), all four tests including
AAHL-2 were compared. The assays were considered equivalent when the 95% Cls of the

difference in average inhibition was within £ 5%.

Categories of negative and positive for AlV antibodies were used as a binary response variable.
Sera that produced < 40% inhibition were negative and sera that produced > 40% inhibition
were positive (Selleck, 2007b). In addition, a study has found that the percent inhibition values
for AIV antibody negative control sera ranged from 0-27% using cELISA for a range of bird
species, further supporting the need for a threshold of > 40% inhibition (Starick et al., 2006).
Two by two tables were constructed to compare the number of positive and negative results
obtained for each assay, in pair-wise comparisons. McNemar tests were performed to compare

the proportions of two discordant pairs in each table as a qualitative measure of equivalence.
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The results were expressed and interpreted as a difference between the discordant paired

proportions with the p value and 95% Cls.

The MAD control results between the assays were also compared using the Wilcoxon rank sum
test (unpaired test) followed by a median test (unpaired test). The results were expressed as

mean and median OD values with the p values.

2.2.6.2. Analytical sensitivity study

For the sensitivity study a dilution series of pooled PWD sera were tested. A descriptive statistic
was carried out on the mean percentage inhibition in relation to different dilutions of serum

samples and the results were presented in a line graph.

In the dilution series there were categories: 0% dilution (undiluted positive pooled sera),
33-89% (mixed positive-negative sera) and 100% (undiluted negative pooled sera). Therefore,
three linear models were fitted. For the 0% dilution, the one-way analysis of variance (ANOVA)
(Model-A) was performed on the mean percentage inhibition between assays. For the 33-89%
dilutions, two-way ANOVA (Model-B) was performed on the mean percentage inhibition for
the variables of assay and dilution factors. For the 100% dilution, once again the

one-way ANOVA (Model-C) was used on mean percentage inhibition between assays.

Contrasts were carried out to determine the differences between cELISA types within each
dilution of 0 and 100% and to explain the interaction between dilutions (33-89%) and cELISA

types on mean percentage inhibition.

2.2.6.3. The longitudinal effect of a post-coating buffer on avian influenza viral antigen

stability in plates

In the post-coating buffer experiment, the OD values of paired wells were used to calculate
mean OD values. To test for differences in mean OD of the MAb, a one-way ANOVA was
used. The results were expressed as a mean, 95% confidence interval (CI) (normal

approximation method) and p value.
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2.3. Results

2.3.1. Equivalence study

2.3.1.1. Mean difference in percentage inhibition between the assays

The 95% Cls of the difference in percentage inhibition between the modified versions of
CELISAs JCU 1 and 2 (N=240) were 4.5-7.2% (Table 2.3) and therefore it is ambiguous
whether the assays are equivalent given that a difference + 5% was regarded as acceptable. The
results for AAHL-1 and JCU-1 were similar having a 95% CI of 4.8-6.8, therefore, also
ambiguous with regard to equivalence. The CI for differences between the AAHL-1 assay and
JCU-2 assay were greater than the allowable range of £+ 5% (9.8-13.3%) and the assays were

therefore not quantitatively equivalent.

Table 2.3 Differences in mean percentage inhibition for pair-wise comparisons between the
Australian Animal Health Laboratory-1, James Cook University-1 and James Cook

University-2 assays in the analysis of plumed whistling duck sera (N=240)

Assay Mean | Min-Max | Comparative assays | Mean difference | 95% CI of MD
(MD)
AAHL-1 27.9 -10-99 AAHL-1 versus JCU-1 5.8 4.8-6.8
JCU-1 22.1 -7-98 AAHL-1 versus JCU-2 11.6 9.8-13.3
JCU-2 16.3 -19-98 JCU-1 versus JCU-2 5.8 4.5-7.2

Min: Minimum; Max: Maximum; CI: Confidence Interval

When only 160 samples were tested, incorporating the testing of AAHL-2, the data showed no
guantitative difference between the AAHL-2 and JCU assays. The 95% ClIs were 1.2-3.8 for the
AAHL-2 versus JCU-1; -0.02-0.5 for AAHL-2 versus JCU-2; 1.4-4.1 for JCU-1 versus JCU-2.

However, the Cls were higher than the acceptable limit + 5% when the results were compared
between the AAHL-1 and the other assays (5.6-8.9 for AAHL-1 versus AAHL-2; 3.6-5.9 for
AAHL-1 versus JCU-1 and 5.8-9.2 for AAHL-1 versus JCU-2).

2.3.1.2. Qualitative analysis of percentage inhibition between the assays

Qualitative analysis of the results showed significant differences between AAHL-1 and JCU-1
and between AAHL-1 and JCU-2 assays, but no difference between the JCU assays based on
the McNemar test (Table 2.4-2.6) (N=240). However, the criterion for equivalence was again

assumed to be within £ 5%, in this case the proportion of discordant pairs. Therefore, it was
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ambiguous whether AAHL-1 and JCU-1 and AAHL-1 and JCU-2 assays were equivalent as the
95% CI of the differences overlapped with 5%.

When a subset of the samples was analysed, incorporating the testing of AAHL-2, the results

showed no difference in the number of positive sera determined between all pair-wise

comparisons except between AAHL-1 and JCU-1 (-0.06-0.01) which was again ambiguously

equivalent at a 5% level.

Table 2.4 The assessment of agreement between Australian Animal Health Laboratory-1 and

James Cook University-1 assays in the proportions of samples in the categories of> 40%

inhibition (positive) and < 40% inhibition (negative)

Assay AAHL-1 Difference between the 95% CI p (Exact)
discordant paired proportions (McNemar test)

JCU-1 | >40% | < 40% | Total

>40% 30 2 32

<40% 13 195 208 -0.05 -0.08 - -0.01 0.007

Total 43 197 240

AAHL: Australian Animal Health Laboratory; JCU: James Cook University; Cl: Confidence Interval

Table 2.5 The assessment of agreement between Australian Animal Health Laboratory-1 and

James Cook University-2 assays in the proportions of samples in the categories of> 40%

inhibition (positive) and < 40% inhibition (negative)

Assay AAHL-1 Difference between the 95% CI p (Exact)
discordant paired proportions (McNemar test)

JCU-2 | 240% | < 40% Total

>40% 28 1 29

<40% 15 196 211 -0.06 -0.09 - -0.02 <0.001

Total 43 197 240

AAHL: Australian Animal Health Laboratory; JCU: James Cook University; Cl: Confidence Interval

Table 2.6 The assessment of agreement between James Cook University-1 and James Cook

University-2 assays in the proportions of samples in the categories of> 40% inhibition

(positive) and < 40% inhibition (negative)

Assay JCU-1 Difference between the 95% CI p (Exact)
discordant paired proportions (McNemar test)

JCU-2 | 240% | < 40% Total

>40% 27 2 29

<40% 5 206 211 -0.01 -0.04 - 0.01 0.453

Total 32 208 240

CI: Confidence Interval; JCU: James Cook University
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2.3.1.3.

Comparison of monoclonal antibody controls

The OD values obtained for the MADb controls differed significantly between the AAHL-1 and
JCU-1 and the AAHL-1 and JCU-2, but there were no significant differences between the JCU
assays (Table 2.7) (N=240). When a subset of the samples were analysed (N=160),

incorporating the testing of AAHL-2, the OD values obtained for the MADb controls also differed

significantly between the AAHL-1 and other assays, but were statistically equal between the
AAHL-2 and JCU assays (Table 2.8).

Table 2.7 Comparative optical density values for the monoclonal antibody control (n=12)

Assay Mean | Median Range Comparative assays p p (Continuity
(Wilcoxon rank corrected)
sum test) (Median test)
AAHL-1 0.9 0.8 0.6-1.4 AAHL-1 versus JCU-1 <0.001 <0.001
JCU-1 1.9 2.0 1.2-2.3 AAHL-1 versus JCU-2 <0.001 <0.001
JCU-2 1.8 1.8 1.2-2.1 JCU-1 versus JCU-2 0.133 0.414

Table 2.8 Comparative optical density values for the monoclonal antibody in the assays (n=8)

Assay Mean | Median Range Comparative assays p p (Continuity
(Wilcoxon rank corrected)

sum test) (Median test)
AAHL-1 0.7 0.7 0.6-0.9 AAHL-1 versus AAHL-2 <0.001 <0.001
AAHL-1 versus JCU-1 <0.001 <0.001
AAHL-2 2.1 2.0 1.9-2.3 AAHL-1 versus JCU-2 <0.001 <0.001
JCU-1 1.8 1.9 1.2-2.3 AAHL-2 versus JCU-1 0.528 0.617
AAHL-2 versus JCU-2 0.015 0.134
JCU-2 1.9 1.9 1.7-21 JCU-1 versus JCU-2 0.793 0.617
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2.3.2. Analytical sensitivity study

2.3.2.1. Descriptive results of sensitivity testing

The results of the mean percentage inhibition in relation to different dilution of serum samples

are presented in Figure 2.1.
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Figure 2.1 The results of the sensitivity testing for the four competitive enzyme-linked
immunosorbent assays, Australian Animal Health Laboratory-1 and 2 and James Cook

University-1 and 2 showing the mean percentage inhibition versus percentage dilution

2.3.2.2. Model-A one-way analysis of variance testing on mean percentage inhibition with

0% dilution (undiluted positive pooled sera)

The one-way ANOVA testing between cELISA types for mean percentage inhibition values of
the undiluted positive PWD sera showed significant differences among the assays (p<0.001).
The predicted means (95% Cls) for the assays were as follows: AAHL-1 95.6% (94.1-97.2),
AAHL-2 89.1% (87.6-90.6), JCU-1 89.5% (88-91.1) and JCU-2 90.2% (88.7-91.7).

Post hoc analysis showed that there was no significant difference between the AAHL-2, JCU-1

and the JCU-2 assays (p<0.420). The AAHL-1 assay, however, produced a higher mean

percentage inhibition for the pooled positive sera compared to the other assays (p<0.001).

37



2.3.2.3. Model-B two-way analysis of variance testing on mean percentage inhibition with

33-89% dilutions

The two-way ANOVA testing on mean percentage inhibition for the variables of assay and
dilution factor (33-89%, mixed positive-negative pool) found a significant interaction effect
between the cELISA types and the dilution factor (p=0.018). The AAHL-2, JCU-1 and JCU-2
assays were not significantly different at 33%, 80% and 89% (p>0.05) dilutions, however, the
AAHL-1 assay gave significantly higher percentage inhibitions than the other assays (p<0.001)
at all dilutions (Table 2.9).

The AAHL-2 and JCU-1 assays were not significantly different at 50%, 67% and 75% dilutions
(p>0.21), but the JCU-2 assay differed significantly from them (p<0.04) at these dilutions.

Table 2.9 Predicted means (95% Confidence intervals using normal approximation method) of

the interaction between assays and dilution factors

Dilutions AAHL-1 AAHL-2 JCU1 JCU-2
33% 90.9 (87.5-94.4) | 79.1(75.7-82.6) | 80.4(76.9-83.8) | 83.9(80.5-87.4)
50% 83.0 (79.6-86.4) | 67.4(64.0-70.9) | 67.3(63.9-70.8) | 74.2(70.8-77.7)
67% 70.4 (66.9-73.8) | 49.5(46.0-52.9) | 52.6 (49.1-56.0) | 55.6 (52.1-59.0)
75% 60.2 (56.8-63.7) | 38.2 (34.7-41.6) | 40.4(37.0-43.9) | 44.6 (41.1-48.0)
80% 58.2 (54.7-61.6) | 33.1(29.7-36.5) | 37.5(34.0-40.9) | 38.9(35.5-42.4)
89% 41.3(37.8-44.7) | 20.2(16.8-23.6) | 21.0(17.5-24.4) | 23.0(19.6-26.4)

AAHL: Australian Animal Health Laboratory; JCU: James Cook University

2.3.2.4.

100% dilution (undiluted negative pooled sera)

Model-C one-way analysis of variance testing on mean percentage inhibition with

The one-way ANOVA testing on the mean percentage inhibition values of the undiluted

negative PWD sera in different cELISA types showed significant differences between all assays

(p<0.001). The predicted means (95% CIs) were as follows: AAHL-1 11.5% (9.2-13.8),
AAHL-2 7.4% (5.1-9.7), JCU-1 -3.4% (-5.7- -1.1) and JCU-2 2.5% (0.2-4.9). Post hoc analysis

also showed significant differences between the assays (p<0.015).
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2.3.3. The longitudinal effect of a post-coating buffer on the stability of avian influenza viral

antigen in plates

There was no difference in the mean OD values for the MAb over eight time points and a 60
day period (p>0.05), however there was a difference in OD values over 10 time points and a 214
day period (p<0.001) (Table 2.10).

Table 2.10 Mean optical density values for the monoclonal antibodies during a 214 day period

in the post-coating buffer experiment

Day Mean OD 95% ClI
0 1.8 1.6-1.9
1 1.9 1.8-2.0
2 1.9 1.9-2.0
4 1.9 1.8-2.0
7 1.9 1.7-2.0
14 2.0 1.9-2.2
28 1.9 1.9-2.0
60 1.8 1.6-2.0
79 1.8 1.7-1.9
214 15 1.4-1.6

ClI: Confidence Interval; OD: Optical density

2.4. Discussion

The AIV cELISAs used in this study did not perform equally in the quantitative detection of
AIlV antibodies in the sera of PWDs. Unequivocal differences were measured between AAHL-1
and JCU-2 where the AAHL-1 assay produced a higher mean % inhibition value in the analysis
of 240 serum samples. Higher percentage inhibition values for AAHL-1 over the other assays

were also evident in the sensitivity testing.

The discrepancy of the results between the AAHL-1 and either of the JCU techniques
corresponds to the use of different reagent dilutions (antigen, antibody and conjugate) along
with the types of chromogen (TMB or ABTS) used in the assays. The JCU assays used reagent
dilutions optimised for OD (close to 2) for the MAb control, having twice the concentration of
antigen and MAD as the AAHL-1 assay. Reduced levels of antigen and MAD in the AAHL-1
procedure would increase the percentage inhibition values for a given serum sample in
comparison to other assays by reducing the amount of MADb available to compete with

antibodies in the test sera, thus increasing the difference in OD between the MAb control and
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that obtained for the test sera. The higher percentage inhibition values observed for AAHL-1 are
probably indicative of increased sensitivity although the overall quality of the AAHL-1 cELISA
can be considered in doubt due to unacceptable OD values (< 0.8) for the MAb control

(Selleck, 2007D).

The OD values for the MAb controls in the JCU assays were satisfactory

(median OD close to 2). However, it appears that when the same reagent dilutions are used
(AAHL-2) all three assays have equal performances for practical purposes. In regards to
guantitative differences between the assays the analytical sensitivity testing also showed a
higher sensitivity for AAHL-1 assay over others but this assay once again failed to meet the test
quality guideline of 0.8 OD value for MAb control (data are not presented). Analytical
sensitivity of the other assays (AAHL-2, JCU-1 and JCU-2) appeared to be identical with
satisfactory OD values for the MAb controls (Figure 2.1 and Table 2.9). Moreover, these
modified assays showed an adequate relative sensitivity compared to AAHL-1 to detect AlV
antibodies field sera for practical purposes as differences were not unambiguously more than
5% (Table 2.4-2.6).

The study to investigate the longitudinal effect of a post-coating buffer treatment on AIV
antigens in cELISA plates demonstrated antigen stability in plates at satisfactory level over a
214 day period. This result clearly indicated the benefit of using the post-coating buffer where a
large number of plates can be prepared and stored, minimising variation between batches of

plates. Therefore, the addition of the post-coating step to cELISAs appears to be beneficial.

Overall results in this study indicated the modified assays (in particular JCU-2) were potentially
more reliable, and of adequate relative sensitivity compared to AAHL-1, in the detection of AV
antibodies in wild bird sera. Storage of post-coated plates, to be used between sample batches,
would be beneficial in obtaining more consistent results within future longitudinal studies. The
JCU assay was therefore applied to the analysis of wild aquatic bird sera in the Al surveillance

program.

Moreover, it was the first comprehensive attempt (to author’s best knowledge) in improving the
AAHL cELISA using wild bird sera in Australia. Adequate time and resources were not
available to test various combinations of reagent concentrations and modified versions and
therefore a single combination of reagent concentrations optimised for an OD of 2 for the MAb
control, was chosen for testing. Further optimization of antigen and MAb concentrations should
also be considered to increase the sensitivity of a modified assay, compared to JCU-2, while

maintaining acceptable OD values for the MAD control. In addition, the performance of these
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versions of CELISAs needs to be compared with commercially available cELISAs to determine

their absolute and relative sensitivity and specificity.
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Chapter 3: Sero-epidemiology of avian influenza in wild

aquatic birds in north Queensland

3.1. Introduction

Avian influenza is a disease caused by influenza A type viruses belonging to the family
Orthomyxoviridae. This disease was first identified in Italy over 100 years ago
(Alexander, 2003). Influenza viruses have been reported in more than 90 species of birds
(Alexander, 2000b).

Ducks and other aquatic birds are the recognized reservoir of AlVs and harbour all known
subtypes of these viruses (16 H and 9 N types in different combinations). Wild aquatic birds
such as shorebirds, carry the LPAI viruses, but at a much lower frequency than other WABs
(Alexander, 2000b). The widely distributed influenza virus pool observed in migratory aquatic
birds is suggested to be the host reservoir for influenza viruses that cause outbreaks in domestic
poultry (Hinshaw et al., 1980a; Hinshaw et al., 1980b).

Avian influenza viruses can be divided into two distinct classes. The very virulent viruses cause
HPAI, in which mortality may be as high as 100% and cause a drastic decline in poultry
production. This group of viruses is comprised mainly of subtypes H5 and H7, although not all
viruses of these subtypes cause HPAI associated diseases. All other viruses (14 H subtypes)
cause LPAI which is a milder, primarily respiratory disease. However, LPAI may be

exacerbated by other infections or environmental conditions (Alexander, 2000b).

Transmission of Al to humans through close contact with poultry or other birds occurs rarely
and only with some subtypes of AlVs. However, some reports have shown evidence of the
direct transmission of influenza viruses (for instance H5SN1 and HONZ2) from birds to humans
since 1996 (Kurtz et al., 1996; Peiris et al., 1999). By March 2010 HPAI H5N1 had spread to
63 countries in Asia, Europe and Africa and the human death toll due to the H5N1 was 286
(N=476) between 2003 and 2010 (Anon, 2010a). Of the confirmed human cases and deaths,
Indonesia, a close neighbour of Australia, has the highest number of cases (163) and deaths
(135) (Anon, 2010a). There is worldwide concern that the HPAI HSN1 may evolve the capacity
for human-to-human transmission and the potential emergence of a pandemic

(Alexander, 2007).

42



When epidemics of Al of both HPAI and LPAI viruses occur in domestic species, it is
frequently hypothesized that the initial introduction was a virus of low pathogenicity originating
from free-living birds. Then, in some instances, a period of circulation among reared birds may
have allowed the change of the H5 and H7 subtype strains to HPAI viruses (Alexander and
Brown, 2000).

Awustralia has had five outbreaks of Al in commercial chickens. All those outbreaks have been
caused by the HPAI H7 subtype of which three occurred in VIC (1976, 1985 and 1992), one in
QLD (1994) and one in NSW (1997) (Selleck et al., 2003; Westbury, 2003). In four of the five
Al outbreaks, there was a presumptive association with WABs (Westbury, 2003). In at least two
of the five Australian outbreaks of HPAI, surface drinking water contaminated with aquatic bird
faeces was suspected to be the source of infection (Selleck et al., 2003; Westbury, 2003).
Economically, the largest outbreak occurred in Tamworth, NSW in 1997, and led to the death or
destruction of over 310,000 birds and 1.2 million fertile eggs on six farms (Selleck et al., 2003).
In many outbreaks of Al in Australia and overseas, the mechanism of introduction of infection
into poultry flocks has not been determined; however, direct and indirect contact between
WABS (e.g. ducks and geese) and poultry is regarded as an important entry pathway for Al
(Anon, 2008b). In addition HPAI viruses are currently circulating in poultry and wild birds with
intermittent infection of humans in countries neighbouring Australia like Indonesia and

Vietnam.

Although extensive surveillance of AlVs in ducks and shorebirds in North America has been
undertaken (Hanson et al., 2003; Krauss et al., 2004), there is limited up-to-date information
available for Eurasia, Africa, South America and Oceania, and only for a restricted humber of
bird species (Suss et al., 1994; Okazaki et al., 2000; De Marco et al., 2003a; De Marco et al.,
2003b; Fouchier et al., 2003).

Limited Al serological studies have been conducted in WABs, mainly due to the difficulty in
collecting serum samples, lack of reliable serological assays, and some reluctance to undertake
investigations due to the belief that production of specific antibodies is weak or delayed in
WADBs as compared to chickens (Kida et al., 1980; Suarez and Schultz-Cherry, 2000; De Marco
et al., 2003b; Stallknecht and Brown, 2008). Studies to determine risk factors for the AlV
antibodies in WABSs are not very common; however several cross sectional studies have
determined species specific prevalence in Alaska, USA (Heard et al., 2008), New Zealand
(Stanislawek et al., 2002), China (Hua et al., 2005), Italy (De Marco et al., 2003b), the United
Arab Emirates (Obon et al., 2009) and California (Charlton, 2000).
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Sporadic cross sectional studies have been conducted on the serology of Al in Australia
(Downie et al., 1977; Senne, 2003; Haynes et al., 2009), but longitudinal studies with the aim of
estimating seroprevalence and exploring risk factors for increased AlV antibodies and new
infection (as indicated by seroconversions in capture-mark-recapture studies) have not been
done. The determination of the full set of H serotypes and patterns of occurrence over time have
also rarely been investigated in WABS in Australia. Therefore, a three-year systematic
longitudinal study was conducted in nQLD from April 2007 on WABs to understand the
epidemiology of Al and identify potential factors associated with the presence of AlV

antibodies.

3.2. Materials and methods

3.2.1. Study sites and sampling

Epidemiological studies were conducted on WABs from the wetlands of four different study
sites of nQLD. Sites were chosen based on their proximity to migratory routes, ease of access,
the presence of resident WABs and generally a large bird population. A three-year longitudinal
study was performed on WABs at Billabong Sanctuary (19°22’ S and 146°54’ E), 20 km south
of Townsville, between April 2007 and March 2010 and a two-year study was performed at
Green Acres Lagoon (Cromarty) (19°34' S and 147°90" E), 80 km south of Townsville, between
December 2007 and 2009. Sporadic cross sectional studies were also carried out on Cape York
and the Atherton Tableland between 2007 and 2009. Cape York had eight subsites: Big Red
Lily Lagoon, Rutland Plains (RP) (15°59’ S and 141°65’ E); Bullock Lagoon, RP (15°69’ S and
141°65' E); Cabbage Tree Creek, RP (15°59’ S and 141°69’ E); Unnamed Lagoon, Kenchering
outstation, south of Aurukun (13°87’ S and 141°67' E); Home Lagoon, RP (15°64’ S and 141°
67' E); RP homestead (15°64’ S and 141°84' E); Stirling station, Kurumba (17°18' S and 141°
65’ E) and Ti Tree outstation, south of Aurukun (13°98’ S and 141°67’ E). Atherton Tableland
had two sites: a poultry abattoir dam at Mareeba (16°58' S and 145°24' E) and a duck farm at
Mount Molloy (16°40' S and 145°19' E).

Longitudinal studies required 138 birds to be sampled per quarter of each year. Accordingly,
1,656 samples were needed for a three-year study at Billabong Sanctuary and 1,104 samples for
a two-year study at Green Acres Lagoon. The following formula was applied to calculate
sample size assuming a 100% sensitivity and specificity: N= (Z,” *SD?)/L* (Noordhuizen et al.,
1997). Ten percent expected point prevalence, based on the preliminary data analysis and
literature (Haynes et al., 2009) and an infinite bird population were assumed. N is the sample

size; Z equals 1.96 at 95% confidence level; SD? (variance) equals 0.09; L (absolute precision)
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equals 0.05. The variance was calculated as follows: P* (1-P), where P is the expected point
prevalence (0.10).
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Figure 3.1 Map showing different sampling sites in north Queensland
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Birds were sampled quarterly (September-December: Warm dry, January-April: Warm wet and
May-August: Cool dry) at Billabong Sanctuary and Green Acres Lagoon in order to study
temporal pattern of avian influenza, and sporadically on Cape York and the Atherton Tableland.
However, sampling birds, in some instances, were not strictly followed as per time frame due to
unavailability of bird population for the longitudinal study. Funnel trapping was mostly used to
catch birds at all study sites except Cape York under ethics approval no A 1,175 (Animal
Welfare Ethics Committee, JCU). Birds on Cape York were trapped and sampled by mist nets
and a net launcher and sampled with the collaboration of Dr David Roshier (Ecologist) of
Charles Sturt University, NSW (Currently, School of Life and Environmental Sciences, Deakin
University, Waurn Ponds Campus, VIC 3217) under ethics approval number (WISP04524607).
Birds were sampled on the Atherton Tableland with the assistance of the staff of Biosecurity
Queensland, a service of the Department of Employment, Economic Development and
Innovation (DEEDI).

Captured birds were transferred to soft cloth holding bags (pillow cases) for processing. Whole
blood samples (0.5-3 ml, less than one percent body weight) were drawn aseptically from wing

veins with sterile nontoxic nonpyrogenic syringes (3-5 ml, Terumo) and needle (25 %

or
22 ¥ Terumo). A new needle and syringe was used for each bird. Once blood was collected,
pressure was applied to the wound until bleeding stopped, usually around 30 seconds. The
samples were transferred immediately to the sterile 15 ml plastic tubes with lids (Sarstedt). Each
tube was labelled with a unique identity number. Blood samples were transferred to the
Virology laboratory at the School of Veterinary and Biomedical Sciences, JCU, within five
hours of sampling. Cloacal and oropharyngeal swabs of each bird were taken for the study of Al
and NDVs (Chapter 4 and 5). Prior to release, birds were banded using appropriately sized
identification bands. Handling and banding methodology were applied as specified by the
Australian Bird and Bat Banding scheme (http://www.deh.gov.au/bidiversity/science/abbbs).

Birds were only recaptured at two sites (Billabong Sanctuary and Green Acres Lagoon).

Demographic data (species, age and gender), body weight, selected body measurements

(wing, tarsus, toe, bill, head, knob and body length) and body characteristics were also taken.
The ages of sampled birds were determined based on the selected criteria described by Marchant
and Higgins (1998). Sex was identified by cloacal plier examination. Body weight was taken
with a portable balance (OCS-5A, Hayes; maximum weighing: 10 Kg and minimum weighing
100 g).
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3.2.2. Sample processing and analysis

Blood samples were placed at 4°C within four hours for overnight storage. The next morning the
samples were returned to room temperature at 22°C before spinning down at 317 g for 10
minutes. Supernatant was transferred to a 1.5 ml microcentrifuge tube and spun at 2,348 g for
two minutes and stored at -20°C until analysis. Samples were analysed within six months of
freezing.

This study used the cELISA described by Selleck (2007b) and modified by Hoque et al

(now designated as JCU-2 cELISA) to detect AlV antibodies (details in Chapter 2). The results
analyses using JCU-2 were expressed as a percentage inhibition relative to the OD of the MADb
control using the following formula: 100-(100*(OD test serum mean=OD MAD control mean)).

The calculation was performed using MS Excel 2003.

3.2.3. Haemagglutination inhibition assay

Serum samples that reacted in the cELISA (> mean 40% inhibition) were further assessed by the
HI test using a panel of AlV antigens to determine the distribution of AlV serotypes infecting
birds. This assay was carried out as per the protocol described by Selleck (2007a), with minor
adjustments to the plate incubation period and the amount of AlV antigen used for back
titration. Before the HI tests, cELISA reactor and control serum samples were treated with the
10% washed chicken red blood cells (CRBC) to remove non specific haemagglutination (HA),
according to the protocols described by Selleck (2007a). Eighteen sera (16 test and two negative
chicken sera) were treated per batch. A volume of 25 ul of serum was added to 175 ul CRBC
for each sample in a 1.5 ml microcentrifuge tube, then mixed well and incubated for 45 minutes

at air-conditioned room temperature (22°C).

All treated samples in the tubes were then intermittently shaken to resuspend cells during
incubation. After incubation, tubes were spun at 2,000 g for five minutes and supernatant was
transferred to the dilution plate, and temporarily stored at 4°C before testing. The HI antibody
titres were evaluated using the 11 reference inactivated AlV antigens provided by AAHL

(Table 3.1). The HI titre was expressed as log, of the reciprocal of the highest serum dilution.
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Table 3.1 Avian influenza viral antigens used for haemagglutination inhibition testing

H type AlV antigen Source details
H1 HIN9 Shelduck/Western Australia/1757/1978
H3 H3N8 Black duck/Western Australia/699/1978
H4 HAN4 Grey teal/Western Australia/1840/1979
H5 H5N1 Chicken/Vietnam/8/2004
H6 H6N5 Shearwater/Australia/1975
H7 H7N6 Grey teal/Victoria/512/2007
H9 HIN?2 Turkey/Wisconsin/1966
Hi11 H11N9 Tern/Australia/1975
H12 H12N9 Red-necked stint/Western Australia/5745/1984
H13 H13N6 Gull/Maryland/704/1977
H15 H15N9 Shelduck/Western Australia/1762/1979

The HI assay was performed as follows:

1. Eighteen serum samples (16 test and two negative control chicken serum samples) were
run per round bottom microtitre plate, nine sera for each half. The last three columns of
each plate were allocated for cell controls (six wells) and back titration (21 wells)

(see the layout template Table 3.2).

2. A volume of 25 pl of 1x Phosphate Buffer Saline (1xPBS) was added to all wells of a
round bottom microtitre plate except the wells for cell controls and back titration. A

volume of 50 ul of 1x PBS was dispensed for cell controls and back titration.

3. A volume of 25 pl of serum was dispensed to the well designated for each test serum
followed by mixing and removal of 25 pl for addition to the next well in the dilution
series (four dilutions). After completion of the serial dilution 25 ul of solution was

discarded from the last well in the series.

4. A volume of 25 pl of the known AIV antigen preparation (diluted in 1x PBS to contain
four haemagglutination units (HAU) as determined by the antigen titration) was added to
each test serum well. A total of 50 ul of antigen preparation was added to the first three
selected wells for back titration, mixed, and serially diluted through the addition of 50 pl
to the subsequent well in the series (total of three wells) with 50 pl of diluted product

discarded from the last wells.

5. The plate was then incubated for 45 minutes in an air conditioned room (22°C). After
incubation, 50 ul of 0.5% CRBC was added to each well and the plate was again
incubated for an hour at 4°C to allow CRBC to settle.
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6. The plate was read by tilting to 70° so that non-agglutinated cells stream to the bottom of

the well. No agglutination was recorded as a positive result since the antibodies in the

sera inactivated the antigen thus inhibiting agglutination.

7. The HI assay was acceptable when the negative control sera in the plate showed a

complete HA, no HA in cell control wells where the cells ran when the plate was tilted

and the HA titre was four HAU in back titration.

8. Sera that were inhibited at dilutions of 1:16 or greater against four HAU of antigen were

considered positive for the antibody.

Table 3.2 The plate layout designed for the haemagglutination inhibition assay

1 2 3 4 5 6 7 8 9 10 | 11 | 12
A (First half) TS1| TS2 | TS3 | TS4 | TS5 | TS6 | TS7 | TS8 | NS1 | CC | CC | CC
B SD | SD SD SD SD SD SD SD | SD |CC|CC|CC
Cc SD | SD SD SD SD SD SD SD | SD |CC|CC|CC
D SD | SD SD SD SD SD SD SD | SD | BT | BT | BT
E (Second half) | TS9 | TS10 | TS11 | TS12 | TS13 | TS14 | TS15 | TS16 | NS2 | SD | SD | SD
F SD | SD SD SD SD SD SD SD | SD | SD | SD | SD
G SD | SD SD SD SD SD SD SD | SD | SD | SD | SD
H SD | SD SD SD SD SD SD SD | SD | SD | SD | SD

BT: Back titration;

CC: Cell control; NS: Negative control serum; SD: Serial dilution; TS: Test serum

3.2.4. Statistical analysis

Field and laboratory data were stored in the MS-2003 spread sheet. Data were exported into

STATA/SE ™ 11.0 (StataCorp, 4905, Lakeway Drive, College station, Texas 77845, USA) for

checking data integrity and performing an epidemiological analysis. Descriptive statistics were

performed to express individual results of each category as a frequency percentage and 95% Cls

where applicable.

3.2.4.1.

Risk factor analysis

Both linear and logistic models were applied to the percentage inhibition data to detect any

association between AlV antibody levels and year of sampling, season, location, species, age,

weight and sex.
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3.2.4.2. Linear model

Mean percentage inhibition data were analysed using one-way ANOVA for categorical factors
and Spearman’s rank tests for continuous factors to identify factors for inclusion into linear
models. Factors were selected for inclusion in the model according to the identification of
significant univariate analyses (p <0.20) or according to a subjective decision to include
biologically interesting factors. The model was manually constructed by forward-selection
applying the maximum likelihood estimation procedure (Dohoo et al., 2003) and the statistical
significance of the contribution of individual predictors (or group of predictors) was determined.
Wald’s test and the likelihood ratio test (LRT) were used to accomplish this, as described by
(Dohoo et al., 2003). Interaction was assessed between factors by constructing two-interaction
product terms for the significant main effect factors in the model, forcing them into the model
and examining changes in the coefficients and p values of the main effects. The presence of
confounding factors was investigated by removing one of the variables and assessing changes in
the coefficient. A coefficient change of more than 10% was considered to indicate the presence
of confounding variables. Variance inflation factors (VIF) for the factors were examined to
diagnose collinearity and identify highly correlated factors for avoiding a duplication of effects.
The VIF value of more than 10 indicates serious collinearity (Dohoo et al., 2003). The
Cook-Weisberg test was used to examine the homogeneity of variance and whether the overall
data fitted the model. The results were presented for each adjusted factor as a coefficient, p

value and 95% CI assuming normal approximation.

3.2.4.3. Logistic model

Categories of negative and positive for AlV antibody were used as a binary response variable.
Sera that produced < 40% inhibition were negative and sera that produced > 40% inhibition
were positive (Selleck, 2007b). In addition, a study has found that the percentage inhibition
values for AlV antibody negative control sera ranged from 0-27% using cELISA for a range of
bird species, further supporting the need for a threshold of > 40% inhibition (Starick et al.,
2006).

Chi-square tests were performed to assess unconditional relationships between the same set of
factors that were used for the one-way ANOVA testing and between the binary categories of
mean percentage inhibition. Factors with significant 42 results (p<0.20) and those used for the

linear models were selected for the logistic analysis.
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Selection of the most parsimonious model was performed by the same procedure as described
for the linear model. Interaction and confounding were assessed between factors using the LRT
in a similar procedure as discussed for the linear model analysis. Collinearity was tested
between categorical factors using the 2-tailed p value by the %2 test. Two factors were
considered to be collinear if the p value was <0.05. The model was then assessed for
goodness-of-fit using the Hosmer-Lemeshow test, while predictive ability was determined using
the receiver operating characteristic (ROC) curve (Dohoo et al., 2003). The results were

presented for each adjusted predictor variable as an odds ratio (OR), p-value and 95% CI.

3.3. Results

3.3.1. Samples collected

From April 2007 to March 2010, 1,522 serum samples from 1,555 live birds captured at four
study sites were collected (Table 3.3). Anseriformes were more frequently captured (1,526) than
non-anserifomes (29). The samples were collected at the following sites: 741 serum samples at
Billabong Sanctuary from April 2007 to March 2010, 604 serum samples at Green Acres
Lagoon from December 2007 to December 2009, 143 serum samples at Cape York from July to
September 2008 and from June to September 2009 and 34 serum samples on the Atherton
Tableland in July 2008 and November 2009 (Table 3.3 and 3.4).

Two hundred and four birds were recaptured (one to five recaptures per individual, a mean
recapture rate of two) over the study period, with 114 (15.3%) from Billabong Sanctuary and 90
(14.8%) from Green Acres Lagoon consisting of 176 PWDs, 15 PBDs, nine magpie geese
(MGs), two Australian shelduck (ASD), one BS and one dusky moorhen (DM). An additional

295 serum samples were collected from those recaptured birds.

Distribution of serum samples and cELISA reactors, by species and site and time, are also
presented in Table 3.3 and 3.4.
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Table 3.3 Captured wild aquatic birds with their corresponding number of serum samples and
competitive enzyme-linked immunosorbent assay reactors (+), north Queensland
(from April 2007 to March 2010)

Common name Scientific name (Order) No of No of serum % Reactor
birds samples (+) (95% ClI)
Plumed whistling duck Dendrocygna eytoni (Anseriforme) 1,233 1,209 (90) 7.4% (5.9-8.9)
Magpie goose Anseranas semipalmata (Anseriforme) 119 119 (7) 5.9% (2.3-11.7)
Pacific black duck Anas superciliosa (Anseriforme) 114 114 (53) 46.5% (37.2-55.8)
Burdekin duck Tadora radjah (Anseriforme) 15 13 (3) 23.1% (5.0-53.8)
Wandering whistling duck | Dendrocygna arcuata (Anseriforme) 10 8(1) 12.5% (0.3-52.6)
Muscovy duck Cairina moschata (Anseriforme) 10 10 (0) 0% (0-30.8)
Green pygmy goose Nettapus pulchellus (Anseriforme) 7 4 (0) 0% (0-60.2)
Australian white ibis Threskiornis molucca (Anseriforme) 7 7Q12) 14.3% (0.3-57.8)
Grey teal Anas gracilis (Anseriforme) 4 4 (0) 0% (0-60.2)
Hardhead Aytha australis (Anseriforme) 3 2 (0) 0% (0-84.1)
Australian shelduck Tadorna tadornoides (Anseriforme) 2 2(2) 100% (15.8-100)
Black swan Cygnus atratus (Anseriforme) 1 1(1) 100% (2.5-100)
Domestic goose Anser anser subsp. domesticus (Anseriforme) 1 1(0) 0% (0-97.5)
Dusky moorhen Gallinula tenebrosa (Gruiforme) 20 20 (0) 0% (0-16.8)
Torresian crow Corvus orru (Passeriforme) 3 3(0) 0% (0-70.7)
Bush stone curlew Burhinus grallarius (Charadriiforme) 3 3(1) 33.3% (0.8-90.5)
Nankeen night heron Nycticorax caledonicus (Ciconiiforme) 1 1(0) 0% (0-97.5)
White faced heron Egretta novaehollandiae (Ciconiiforme) 1 -
Pied imperial pigeon Ducula bicolour (Galliciforme) 1 1(0) 0% (0-97.5)
Total 1,555 1522 (159) 10.5% (8.9-12.0)
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Table 3.4 Numbers of sampled wild aquatic birds and their corresponding number of serum

samples and competitive enzyme-linked immunosorbent assay reactors (+) by site and
month, north Queensland (from April 2007 to March 2010) (- No trapping done)

Time No of serum sample tested (+)

Billabong Sanctuary | Cromarty | Cape York Atherton Total % Total reactor

Tableland (95% ClI)

Apr 2007 6(2) - - - 6(2) 33.3% (4.3-77.7)
May 2007 4(1) - - - 4(1) 25% (0.6-80.5)
Jun 2007 19 (1) - 29 (1) - 48 (2) 4.2% (0.5-14.2)
Jul 2007 27 (5) - - - 27 (5) 18.5% (6.3-38%)
Aug 2007 11 (1) - - - 11 (1) 9.1% (0.22-41.2)
Sep 2007 19 (2) - - - 19 (2) 10.5% (1.3-33.1)
Oct 2007 73(3) - - - 73(3) 4.1% (0.8-11.5)
Nov 2007 8(1) - - - 8(1) 12.5% (0.3-52.6)
Dec 2007 24 (3) 7(0) - - 31(3) 9.7% (2.0-25.7)
Jan 2008 0 11(2) - - 11(2) 18.2% (2.2-51.7)
Feb 2008 29 (4) 38(1) - - 67 (5) 7.5% (2.4-16.5)
Mar 2008 15(1) 64 (8) - - 79 (9) 11.4% (5.3-20.5)
Apr 2008 5(0) 42 (2) - - 47 (2) 4.3% (0.5-14.5)
May 2008 11 (1) 0 - - 11 (1) 9.1% (0.2-41.2)
Jun 2008 38(1) 0 - - 38(1) 2.6% (0.06-13.8)
Jul 2008 24 (3) 0 35(5) 20 (1) 79 (9) 11.4% (5.3-20.5)
Aug 2008 42 (12) 0 - - 42 (12) 28.6% (15.7-44.5)
Sep 2008 0 26 (4) 36 (6) - 62 (10) 16.1% (8.0-27.6)
Oct 2008 35(5) 12 (4) - - 47 (9) 19.2% (9.1-32)
Nov 2008 11 (0) 7(0) - 14 (1) 32(1) 3.1% (0.8-90.5)
Dec 2008 0 0 - - 0
Jan 2009 5(1) 0 - - 5(1) 20% (0.5-71.6)
Feb 2009 1(0) 0 - - 1(0) 0% (0-97.5)
Mar 2009 46 (6) 63(2) - - 109 (8) 7.3% (3.2-13.9)
Apr 2009 65 (3) 53(2) - - 118 (5) 4.2% (1.3-9.6)
May 2009 21 (3) 15(1) - - 36 (4) 11.1% (3.1-26)
Jun 2009 44 (2) 51 (1) 43 (3) - 138 (6) 4.4% (1.6-9.2)
Jul 2009 16 (0) 0 - - 16 (0) 0% (0-20.5)
Aug 2009 12 (2) 0 - - 12 (2) 16.7% (2-48.4)
Sep 2009 30 (5) 11 (4) - - 41(9) 22% (10.5-37.6)
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