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Background Avian influenza viruses (AlVs) are found worldwide
in numerous bird species, causing significant disease in gallina-
ceous poultry and occasionally other species. Surveillance of wild
bird reservoirs provides an opportunity to add to the understand-
ing of the epidemiology of AlVs.

Methods This study examined key findings from the National
Avian Influenza Wild Bird Surveillance Program over a 5-year
period (July 2007—June 2012), the main source of information on
AlVs circulating in Australia.

Results The overall proportion of birds that tested positive for
influenza A via PCR was 1.9+0.1%, with evidence of widespread
exposure of Australian wild birds to most low pathogenic avian
influenza (LPAI) subtypes (H1-13, H16). LPAI H5 subtypes were
found to be dominant and widespread during this 5-year period.

Conclusion Given Australia’s isolation, both geographically and
ecologically, it is important for Australia not to assume that the ep-
idemiology of AV from other geographic regions applies here. De-
spite all previous highly pathogenic avian influenza outbreaks in
Australian poultry being attributed to H7 subtypes, widespread de-
tection of H5 subtypes in wild birds may represent an ongoing risk
to the Australian poultry industry.
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vian influenza viruses (AIVs) are found worldwide in

numerous bird species and can cause significant disease

in gallinaceous poultry and occasionally infect a range of
other species, including humans." Classification of AIVs is based on
the serological subtypes of the viral surface glycoproteins, with
16 haemagglutinin (HA; H1-16) and 9 neuraminidase (NA; N1-9)
subtypes recognised in birds." Of global concern is the capacity of
ALV subtypes H5 and H7 to mutate from low pathogenic (LPAI) into
the highly pathogenic (HPAI) forms that have caused substantial
losses in poultry” and wildlife.* Furthermore, serious public health
implications have arisen from avian-to-human transmission of
specific AIV subtypes (i.e. H5, H7, H9 and H10), mainly from domes-
tic birds." These concerns are highlighted by regular HPAI H5N1
outbreaks since 2003 in Asia that spread to other continents, affecting
humans and domestic and wild birds.®> Furthermore, recent LPAI
H7N9- and LPAI HI10NS8-associated human
occurred in China.” The role of wild bird reservoirs in the epidemiol-
ogy of AIVs continues to gain the attention of public health,
agricultural and wildlife agencies globally, with surveillance targeting

mortalities have

the main natural host reservoirs of the avian orders Anseriformes

and Charadriiformes.*~*

The majority of Anseriformes in Australia are non-migratory,
unlike in the northern hemisphere, but instead are nomadic within
the Australo-Papuan region, with movements largely determined by
the presence of flooding and ephemeral wetlands.”” In contrast, 3
million Charadriiformes make annual trans-hemispheric migrations
via HPAI H5N1-endemic south-east Asian countries to spend their
non-breeding season in Australia.* Therefore, many of the findings
regarding AIV ecology, molecular phylogenetics and spread in Asia,
Europe or North America may not be relevant to Australia.®'® For
this reason, Australian surveillance of wild bird reservoirs, both
migratory (Charadriiformes) and nomadic (Anseriformes), is neces-
sary to further our understanding of AIVs on the island continent
and to assess and manage the risk to both animals and humans.
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Prior to 2005, Australian wild bird AIV studies had detected a range
of LPAI subtypes (H1-6, H11, H12, H15);'""" however, geographic
and temporal coverage was limited and sampling was not well coor-
dinated. In 2006, Australia established the National Avian Influenza
Wild Bird Surveillance Program (The Program) to facilitate collabo-
ration between a range of government and non-government organi-
sations to promote coordination of information to inform the
national picture. The Program includes: (i) pathogen-specific, risk-
based surveillance via convenience sampling of apparently healthy,
live and hunter-killed wild birds; and (ii) enhanced passive surveil-
lance via investigation of significant, unexplained morbidity and
mortality events in wild birds. Here we provide some key findings
from the national wild bird AIV aggregated data generated from
pathogen-specific, risk-based surveillance over a 5-year period
(July 2007-June 2012).

Materials and methods

Between 2007 and 2012, timing and locations targeted for surveillance
were determined by participating agencies (see author affiliations) in
seven states and territories (Figure 1) and were chosen based on:
(i) close interaction between migratory Charadriiformes and resident
Anserifomes species; (ii) populations with previous evidence of AIVs;
and (iii) close proximity to poultry farms and/or human popula-
tions™'®!” to maximise efficiency and relevance. Surveillance activi-
ties were pathogen-specific and risk-based as defined by Hoinville
et al."® Samples were collected specifically for the purpose of testing

Darwin

for AIVs. To further maximise surveillance efficiency, sampling fo-
cused on waterbird populations, which, based on their ecology and
possibly physiology, are particularly prone to AIV infection.”®

For virological analysis, oropharyngeal, cloacal or fresh faecal envi-
ronmental swabs were collected from individual wild birds. Swabs
were tested using pan influenza A real-time reverse transcription
polymerase chain reaction (rRT-PCR) assays targeting the matrix
gene."” All influenza A-positive samples were further tested using
specific rRT-PCRs for influenza A H5 and H7 viruses.'” Whenever
possible, positive samples were subjected to virus culture in embryo-
nated chicken eggs and further molecular analysis (e.g. subtyping
PCR and DNA sequencing, and/or microarray subtyping), with all
H5- and H7-positive samples characterised and confirmed at the
CSIRO Australian Animal Health Laboratory.'”'® Serum samples
were collected from wild birds and tested for antibodies to the influ-
enza A virus nucleoprotein using a blocking ELISA (b-ELISA).'**
All sampling of wild birds was approved by the relevant institutional
animal ethics committees in each state/territory (details available on

request).

Statistical analysis

The proportion of birds positive for AIV was defined as the number
of positives for influenza A genome or antibody, respectively, divided
by the total number of birds from which swabs or sera were
collected. One bird is equal to one swab or serum sample. If an
individual bird was sampled using both cloacal and oropharyngeal
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swabs (=7% of samples), these were considered as one bird/swab
sample for calculations. If swabs were pooled for analysis, a positive
pool was taken as most likely to represent one positive. Confidence
intervals were provided to show variability within the subpopulation
studied, rather than for the total population of wild birds, and
calculated as if a random sample had been taken from the
subpopulation.

Binomial generalised linear models were fitted in Program R*! to test
the effects of year (2007-2012), state/territory (n = 7) and interactions
on the proportion of birds rRT-PCR-positive for influenza A. The
same approach was used to test the effects of taxonomic order
(Anseriformes, Charadriiformes, other) and year, and taxonomic
order and sample type (cloacal/oropharyngeal and faecal environ-
mental). Stepwise regression was performed to remove non-
significant terms (P >0.05) sequentially. Analyses were conducted
separately for the proportion of birds positive for influenza A genome
and antibodies.

Results

Between July 2007 and June 2012, 50,684 swabs and 8387 serum
samples were collected (Figure 2, Table S1). Approximately 73% of
swabs (71% of sera) were collected from Anseriformes, 26% (21%
of sera) from Charadriiformes and 1-2% (8% of sera) from other bird
orders (Table 1).

The overall proportion of birds that tested positive for influenza A
virus was 1.940.1% (n=>50,684), with a total of 988 birds rRT-
PCR-positive for influenza A virus (Table 2). The overall proportion
of birds that tested positive for influenza A antibodies was 22.4 + 1.0%
(n=8387), with 1881 bird sera b-ELISA positive for influenza A

(Table 3). No differences were found between the proportion of
birds rRT-PCR-positive for influenza A or the virus isolation rate
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B Victoria (swabs = 11,377; sera =709)
® South Australia (swabs = 7,910; sera = 1,243)
B Northern Territory (swabs = 1,706; sera = 462)

in cloacal/oropharyngeal compared with faecal environmental sam-
ples (Table 1).

The proportion of birds that were rRT-PCR-positive for influenza
A varied significantly with year (z=2.967, P =0.003), state/territory
(z=—4.856, P < 0.001) and their interaction (z=-—2.391, P < 0.001).
The proportion of birds that were rRT-PCR-positive for influenza
A was greater in 2010-2011 (3.0+0.4%, n=8621) and 2011-2012
(3.1£0.4%, n=9636) than in other years (1.340.1%, n=232,427).
The proportion of birds that were rRT-PCR-positive for influenza A
was greater in Victoria (3.1 £ 0.3%, n=11,377) and New South Wales
(2.7 £0.3%, n=12,962) than in the other states/territories (1.1 +0.1%,
n=26,345). The proportion of birds that were rRT-PCR-positive for
influenza A was significantly greater in Anseriformes (2.5+0.2%,
n=36,885; P < 0.001, z=—45.8) than in Charadriiformes (0.6 £ 0.1%,
n=12,988) and other species (0.5 +0.5%, n=811).

Further molecular analysis was attempted on 20 AIV isolates and
85% (n=834) of rRT-PCR positives. Subtyping was successful for
53% (n=442) of positive samples and all HA subtypes were identi-
fied, except H14 and H15 (Fig. 3). HPAL H5 or H7 viruses were
not detected in any sample. A total of 94 LPAI H5 subtypes were
detected in five states (New South Wales, South Australia, Tasmania,
Victoria and Western Australia) and 17 LPAI H7 subtypes were
detected in three states (New South Wales, South Australia, Victoria)

(Figure 3).

Discussion

The surveillance of Australian wild birds through The Program
continues to contribute to the understanding of AIV epidemiology,
provides valuable information concerning circulating AIV subtypes
in wild birds and maintains sampling and diagnostic capability. Spe-
cifically, Australian wild bird AIV surveillance provides the principle

S Swab*
2 ol - *. Number of swabs and serum samples col-

lected from Australian wild birds for avian influenza
surveillance (July 2007-June 2012). One bird is
equal to one swab or serum sample. If an individual
bird was sampled using both cloacal and oro-
pharyngeal swabs (approximately 7% of samples),
these were considered as one bird/swab sample
for calculations (see Table S1).

2011-2012
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Comparison of the proportion of wild birds positive for influenza A virus® by sample type and Order

Sample type Anseriformes Charadriiformes Other® All bird orders
Faecal environmental® 23+40.2% 0.4+0.2% 49 + 4.4% 2.0+1.5%
(n=28,253) (n=6299) (n=100) (n=34,652)
Cloacal/oropharyngeal 3.0+ 0.4% 0.7 +0.2% 0+0.3% 1.9+0.2%
(n=8632) (n=6689) (n=711) (n=16,032)
Total 25+0.2% 06+0.1% 0.5+ 0.5% 1.9+0.1%
(n=36,885) (n=12,988) (n=811) (n=50,684)

“Calculated as the number of birds positive for influenza A virus on PCR and/or virus isolation divided by the total number of birds sampled
+95% confidence intervals. n, number of swabs collected from wild birds or the environment. One bird is equal to one swab or serum sam-
ple. If an individual bird was sampled using both cloacal and oropharyngeal swabs (approximately 7% of samples), these were considered as
one bird/swab sample for calculations. If swabs were pooled for analysis, a positive pool is taken as most likely to represent one positive.
bncludes Ciconiiformes, Gruiformes, Pelecaniformes and Procellariiformes.

“Faecal environmental swabs collected from Anseriformes/Charadriiformes at locations where small numbers of other bird species may have

been present.

A i . " - & e 2
Ciconiiformes were identified as the most likely source of all four influenza A-positive faecal environmental samples.

Proportion of wild birds positive for influenza A virus in Australia (July 2007-June 2012)*

State/Territory 2007-08" 2008-09° 2009-10° 2010-11" 2011-12° Overall (2007-12)
NSW 2.1+0.5% 3.2+0.6% 13+04% 26+0.7% 6.4+ 1.4% 2.7+03%
NT 0+1.1% 0+0.6% 0+2.1% 0.7 +1.8% 0.5+ 0.5% 0.4 +0.3%
QLD 1.3+0.9% 0.9+ 0.5% 0.77 +0.4% 0.5+0.3% 2.1+0.7% 1.140.2%
SA 0.4+0.3% 0.7 +0.4% 0.6 +0.4% 19+0.9% 3.9+1.1% 1240.2%
TAS NA 0.3+0.5% 0+0.2% 13+0.8% 1.341.0% 0.7 +0.3%
VIC 1.340.4% 0.9+0.4% 3.0+£0.7% 9.1 +1.4% 3.6+0.8% 3.1+03%
WA 0.1+0.2% 23+0.9% 0.5+0.7% 0.2 +0.6% 2.7+0.9% 13+0.3%
Overall 1.140.2% 1.6+0.2% 1.2+0.2% 3.0+0.4% 3.1+0.4% 1.9+0.1%

“Calculated as the number of birds positive for influenza A virus on PCR and/or virus isolation divided by the total number of birds sampled
+95% confidence intervals. One bird is equal to one swab or serum sample. If an individual bird was sampled using both cloacal and oropha-
ryngeal swabs (approximately 7% of samples), these were considered as one bird sample for calculations. If swabs were pooled for analysis, a

positive pool is taken as most likely to represent one positive.
A year runs from 1 July until 30 June in the next year.

NSW, New South Wales; NT, Northern Territory; QLD, Queensland; SA, South Australia; TAS, Tasmania; VIC, Victoria; WA, Western Australia; NA,

not applicable.

source of AIV detections and sequence data to allow monitoring of
HA and NA gene primer target sequence variability. This monitoring
reduces the possibility of AIV detection failure, which could result

22 and

from tests based solely on non-Australian AIV strains,
provides confidence that the tests in use will detect contemporary
strains of AIVs2"? especially H5/H7, in Australia. These outputs
provide valuable support for contingency planning and preparedness

for response and management.

Although the present results showed widespread exposure of
Australian wild birds, with the overall proportion of birds that were
rRT-PCR-positive for influenza A being 1.9 + 0.1%, longitudinal sur-
veillance shows that AIV detections fluctuate temporally and geo-
graphically and justifies future analyses to explore in more detail the
spatial and temporal trends, as well as environmental and species-
specific variables.

Australian Veterinary Journal Volume 93, No 11, November 2015

The variability of AIVs detected between years and state to state in
this study aligns with results of previous Australian studies.'®'”®
Although analysis of the proportion of birds positive for influenza
aggregated dataset is overall
trends, there are inherent biases (e.g. specific locations and time
periods were not taken into account; datasets were not balanced;
and pathogen-specific, risk-based surveillance can increase the
likelihood of AIV detection”) and therefore our ability to interpret
these trends is limited. Further analysis could explore differences

A based on an useful for

between species, functional groups and seasons as well as climatic
and rainfall zones.

Overall, no differences were found between the proportion of birds
that were rRT-PCR-positive for influenza A or the virus isolation rate
in cloacal/oropharyngeal compared with faecal environmental sam-
ples. This is in contrast to previous studies, which found higher

© 2015 Australian Veterinary Association



Proportion of wild birds positive for influenza A antibodies (July 2007-June 2012)*

State/Territory 2007-08" 2008-09" 2009-10° 2010-11° 2011-12° Overall (2007-12)
NSW 26+ 14.5% 0+33% NA NA NA 11.9+6.7%
NT 373+9.0% 1241.6% 25+6.9% NA NA 152+36%
QLD 10.6 +2.6% 127 £23% 19.7 £2.9% NA NA 147 +£15%
SA NA NA NA 6.6+2.2% 17.443.1% 126 +2.0%
TAS NA NA NA NA NA NA

vIC 0456% NA 0+17.9% 39.248.6% 449+ 6.1% 403+47%
WA 33.5+3.0% 23.443.6% 27.8+43% 233453% 30.7+6.2% 29.2+1.8%
Overall 27.042.1% 147 £ 1.7% 222+23% 17.842.5% 28.8+2.8% 224+1.0%

“Calculated as the number of birds positive for influenza A antibodies on blocking ELISA divided by the total number of sera collected +95%

confidence intervals. One bird is equal to one swab or serum sample.

A year runs from 1 July until 30 June in the next year.

NSW, New South Wales; NT, Northern Territory; QLD, Queensland; SA, South Australia; TAS, Tasmania; VIC, Victoria; WA, Western Australia; NA,

not applicable.
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prevalence in cloacal/oropharyngeal samples.'®*” The ability to fur-
ther subtype rRT-PCR-positive samples also did not differ with sam-
ple type (=47% of rRT-PCR-positives from cloacal/oropharyngeal
samples subtyped vs approximately 56% of rRT-PCR-positive from
faecal environmental samples subtyped). Given faecal environmental
samples are less expensive and logistically easier to collect,'® our
study supports their continued use for wild bird AIV surveillance
in Australia where broad-scale wild bird surveillance is logistically
challenging,” while continuing to take into account the limitations
associated with using this sample type (e.g. species identification).

Successful subtyping in this study showed exposure of Australian
wild birds to most LPAI subtypes (H1-13, H16). Although not
detected in this study, H15 was detected in Australian wild birds
prior to 2005.** Prior to 2007, LPAI H5 had been detected in
Queensland"® and LPAI H7 in Tasmania."” Qur new data show that
LPAI H5 subtypes are a predominant and widespread subtype,
and may therefore represent a risk to the poultry industrj.f,zu despite

© 2015 Australian Veterinary Association

H10 H11 H12 H13 H14 HI15* Hle**

. Number of Australian wild bird avian
influenza virus (AIV) subtype detections (July
2007-June 2012). For three real-time reverse tran-
scription polymerase chain (rRT-PCR)-positives,
two subtypes were detected and confirmed via
sequencing and/or successful wvirus isolation
(combination detected were: H5/H7 (pooled sam-
ple), H5/H10 (pooled sample), H6/H9 (individual
cloacal sample) with both subtype detections
included in each subtype count in the histogram).
For five rRT-PCR-positives, two presumptive sub-
types were detected; however, further testing
could not confirm a final subtype (combinations
detected were: H1/H4; H3/H5; H3/H6; He/H16;
H8/H12). The subtypes from these five rRT-
PCR positives were not included in the subtype
count in the histogram. *H15 was detected in

5 Australian wild birds prior to 2005."* **All sam-
ples positive for H16 were faecal environmental
swabs collected from Anseriformes at locations
where small numbers of other bird species may
have been present.

all previous Australian HPAI incidents in poultry being attributed
to H7.2%

Phylogenetic analysis of the HA genes show that Australian AIVs typ-
ically form separate sub-clades of the Eurasian AIV linca,‘cge.z"1 However,
recent analysis of H10 AIVs detected in Australia since 2010 show that
their HA genes are derived from North American-lineage ATVs™
which adds to the limited evidence of virus introductions from North
America.'' This molecular epidemiology and phylogenetic analysis
highlights the value of Australian wild bird surveillance in enhancing
the global understanding of AIV distribution and dispersal.***

Although HPAI H5NI remains endemic in many neighbouring
Asian countries, risk analyses indicate a low likelihood of AIVs
being introduced into Australia via migratory birds.**** Our data show
a low frequency of AIVs in these birds soon after their arrival.”®
However, recent wild bird population genetic studies show New Guinea
to be the source of Anseriformes populations in northern Australia™

Australian Veterinary Journal Volume 93, No 11, November 2015
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and the recent introduction and establishment of an H10 AIV reassortant

virus with a North American HA gene emphasises the need to remain
vigilant to the further incursion of exotic AIVs into Australia.
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