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Abstract To investigate the prevalence of influenza
viruses in feral water birds in the Southern Hemisphere,
fecal samples of terns were collected on Heron Island,
Australia, in December 2004. Six H2NS5 influenza viruses
were isolated. This is the first report of the isolation of the
H2 subtype from shore birds in Australia. Phylogenetic
analysis revealed that the M gene belonged to the Ameri-
can lineage of avian influenza viruses and the other genes
belonged to the Eurasian lineages, indicating that genetic
reassortment occurs between viruses of Eurasian and
American lineages in free flying birds in nature.

Keywords Australia - H2N5 subtype - Influenza virus -
Phylogenetic analysis - Surveillance - Tern

Introduction

Influenza viruses have two surface glycoproteins, hemag-
glutinin (HA) and neuraminidase (NA), and are divided
into HI ~ 16 and N1 ~ 9 subtypes based on their anti-
genic specificity [1-5]. All subtypes of nonpathogenic
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influenza viruses have been isolated from feral water birds
such as the Anseriformes (particularly ducks, geese, and
swans) and Charadriiformes (particularly gulls, terns, and
waders) [6]. Many Anseriformes and Charadriiformes are
known to perform regular long-distance migrations [7],
thereby potentially distributing nonpathogenic viruses
between countries or even continents.

Since 2003, H5N1 highly pathogenic avian influenza
(HPAI) viruses related to the viruses in Hong Kong during
1997 [8] have emerged and now appear to be endemic in
many countries through southeast Asia, the Far east, and
Africa [8-10]. A/chicken/Yamaguchi/7/04 (H5N1) isolated
in Japan grows in multiple organs of ducks lacking overt
signs and sheds from the infected ducks for approximately
one week [11], although some H5N1 strains cause signif-
icant disease in several species of waterfowl [11-13]. If
ducks infected with HSN1 do not show any signs of dis-
ease, as is the case with infections of A/chicken/
Yamaguchi/7/04 (H5N1), it would be difficult to detect
infections early on, paving the way for the transmission of
HPAI viruses. Therefore, it cannot be ruled out that
migratory birds transmit HPAI viruses.

To provide information on the precursor genes of future
pandemic influenza viruses, we have been conducting
virological surveillance of avian influenza since 1977 in the
Northern hemisphere, namely, Alaska, Siberia, Russia,
Mongolia, China, Taiwan, and Japan [5, 14-17]. However,
information on the epidemiology of influenza in feral birds
in the Southern hemisphere is not readily available.
Therefore, in the present study, surveillance was carried
out in Australia to investigate the prevalence of influenza
viruses in feral water birds. Fecal samples were collected
from terns on Herron Island in December 2004 and six
H2NS strains were isolated. These viruses were phyloge-
netically analyzed.
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Materials and methods
Isolation and identification of viruses

We collected 1,413 fecal pellets dropped by terns on vinyl
sheets spread under the trees where they sat at 30 different
points on Heron Island, Australia, every morning and
afternoon for 5 days in December 2004. The fecal samples
were kept cool at 4°C until assayed. Each sample was
suspended in phosphate buffer saline containing antibiotics
and centrifuged. The supernatant was inoculated into the
allantoic cavities of two 10-day-old chicken embryos and
incubated for 48 h at 35°C. The allantoic fluid was col-
lected and tested for hemagglutinating activity. The
subtype of each virus isolate was determined with standard
hemagglutination-inhibition (HI) and neuraminidase-inhi-
bition (NI) tests using specific antisera to reference strains
of influenza virus [17].

Viruses

In addition to the isolates from the fecal samples of terns in
Australia, we used A/duck/Hong Kong/174/77 (HANS), A/
duck/Hong Kong/668/79 (H4NS), A/duck/Hokkaido/1058/
01 (H4NS), A/duck/Hong Kong/943/80 (H6NS5), A/
chicken/Taiwan/4801/90 (H6NS), A/duck/Hong Kong/934/
80 (H10NS), A/duck/Mongolia/149/03 (H10NS), A/duck/
Hokkaido/24/04 (H10NS), A/duck/Hong Kong/862/80
(H12N5), A/duck/Hokkaido/66/01 (H12N5), and A/duck/
Hokkaido/88/01 (H12N5) from our repository as reference
strains of N5 for phylogenetic analysis.

Extraction of RNA and RT-PCR

Viral RNA was extracted from infectious allantoic fluids
with Trizol LS reagent (Invitrogen, USA) and reverse-
transcribed using oligonucleotide universal primers of
influenza virus genes, Uni 12: 5-AGC AAA AGC AGG-3’
and M-MLYV Reverse Transcriptase (Invitrogen, USA). The
RT-reaction was performed at 42°C for 60 min. The cDNA
was amplified by polymerase chain reaction (PCR) with
GoTaq® DNA Polymerase (Promega, USA) according to
the protocol provided. The amplification program consisted
of a 2-min period at 95°C followed by 35 cycles of 95°C
for 30 s, 55°C for 30 s, and 72°C for 2 min. The program
ended with one cycle at 72°C for 5 min. The products were
purified using a Minielute Gel extraction kit (Qiagen, USA)
according to the manufacturer’s directions. The primer sets
used for HA and NA were designed by Hoffmann et al.
[18]. The genes of internal proteins were amplified using
the primer sets designed by Liu et al. [19].

Sequencing and phylogenetic analysis

The purified PCR products were then sequenced using the
primers described above and a CEQ dye terminal cycle
sequence quick start kit (Beckman Coulter, USA) and a
CEQ 2000 automatic sequencer (Beckman Coulter, USA).
Multiple sequence alignments were made with Clustal W
(http://clustalw.ddbj.nig.ac.jp/top-j.html). The phyloge-
netic trees were generated with the Phylip program by the
neighbor-joining method. The robustness of the groupings
was tested by bootstrap resampling. The neighbor-joining
trees with 1000 replicates were used in the bootstrap.
The phylogenetic trees were drawn using TreeView (http://
taxonomy.zoology.gla.ac.uk/rod/treeview.html). In addi-
tion to the strains described above, the nucleotide sequence
data for influenza virus genes in the DNA Data Bank were
used for phylogenetic analysis.

Results

Six influenza viruses were isolated from 1,413 fecal samples
of terns that were collected on Heron Island, Australia, in
December 2004. All were identified as subtype H2N5 by HI
and NI tests. These isolates were designated A/tern/Austra-
lia/1/04 (H2NS5), A/tern/Australia/91/04 (H2NS5), A/tern/
Australia/1363/04  (H2NS),  A/tern/Australia/1378/04
(H2NS), and A/tern/Australia/1402/04 (H2NS). All eight
segments of these viruses were partially sequenced. Since
there are no data on the N5 NA gene sequence belonging to
the Eurasian lineage in the DNA Data Bank, NA segments of
11 Eurasian isolates of the N5 subtype in our laboratory were
also sequenced. The sequence data have been deposited in
the DNA Data Bank (AB266379-AB266386, AB275403—
AB275415, AB275614-AB275632, AB275858-AB275865,
AB270594-AB270600, and AB270746-AB270749).

The alignment of sequences showed that six isolates
were extremely homologous (no less than 99% homology
in all segments), indicating that these terns were infected
with the same strain. Upon analysis of A/tern/Australia/l/
04 (H2NS5) [Tn/Aus/1/04 (H2N5)] with the alignment
search tool (BLAST) available from the DNA Data Bank, it
was found that the HA, NA, PB2, PBI1, PA, and NS gene
segments of Tn/Aus/1/04 (H2N5) were most closely related
to the genes of A/mallard duck/Netherlands/13/99 (H2N2)
(97%), Al/duck/Mongolia/149/03 (HIONS) (90%), A/
pheasant/Ireland/PV18/97 (HIN2) (97%), A/duck/Shang-
hai/38/01 (H5N1) (96%), A/chicken/Guandong/174/04
(H5N1) (96%), and A/duck/Nanchang/8-174/00 (H3N6)
(96%), respectively. The NP and M gene segments of Tn/
Aus/1/04 (H2N5) were most homologous with the NP and
M of A/guillemot/Sweden/3/00 (H6N2) (99% and 97%
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identity, respectively). The nucleotide sequence analysis,
thus, revealed that they originated from different sources,
except for the NP and M genes (Table 1).

By phylogenetic analysis, the M gene of the present
isolates was found to belong to the American lineage of
avian influenza viruses and the other genes to the Eurasian
lineage (Fig. 1). The NA genes were of Eurasian avian

lineage together with those of 11 strains isolated in Asia.
All the isolates from Oceania including the present iso-
lates and the isolates of the 1970s and 1980s belonged
either to the American or to the Eurasian lineage. The PA
genes belonged to a sublineage of highly pathogenic
H5N1 avian influenza viruses isolated in 2004 in Asia
including Japan.

Table 1 Genetic homologies to other influenza A viruses and genotypes of A/tern/Australia/1/04 (H2NS)

Gene segments Region of examined nucleotides Viruses with the highest homology Homologies (%) Genotypes
PB2 1508-2161 A/pheasant/Ireland/PV18/97 (HON2) 97 Eurasia
PB1 1168-1734 A/duck/Shanghai/38/01 (HSN1) 96 Eurasia
PA 764-1202 A/chicken/Guandong/174/04 (H5N1) 96 Eurasia
HA 477-1021 A/mallard duck/Netherlands/13/99 (H2N2) 97 Eurasia
NP 1135-1433 A/guillemot/Sweden/3/00 (H6N2) 99 Eurasia
NA 539-1381 A/duck/Mongolia/149/03 (HI10NS) 90 Eurasia
M 60-929 A/guillemot/Sweden/3/00 (H6N2) 97 America
NS 38-528 A/duck/Nanchang/8-174/00 (H3N6) 96 Eurasia
HA Tern/Australia/1402/04 (H2N5) NA L Tern/Australia/1/04 (H2N5)
Tern/Australia/1390/04 (H2N5) Tern/Australia/1390/04 (H2N5)

Tern/Australia/1/04 (H2N5)
Tern/Australia/91/04 (H2N5)
Tern/Australia/1378/04 (H2N5)
Tern/Australia/1363/04 (H2N5)
Mallard duck/Netherlands/13/99 (H2N2)
Duck/Hokkaido/95/01 (H2N2) B
Duck/Hokkaido/86/01 (H2N3) Eurasian
Duck/Hokkaido/107/01 (H2N3) Avian
Duck/Hokkaido/17/01 (H2N3)
Chicken/Potsdam/4705/84 (H2N2)
Mallard duck/Potsdam/177-4/83 (H2N2)
Mallard duck/MT/Y61 (H2N2)

Peking duck/Potsdam/1689-4/85 (H2N3)
Duck/Hong Kong/273/78 (H2N2)

Duck/Hong Kong/278/78 (H2N9)
Pintail duck/Praimoric/625/76 (H2N2)
Duck/Hong Kong/319/78 (H2N2)
Singapore/1/57 (H2N2)

1zumi/5/65 (H2N2)

803

Taiwan/64 (H2N2) Human
Korea/426/68 (H2N2)
Mallard duck/ALB/79/03 (H2N3)
Mallard duck/ALB/149/02 (H2N4)
Mallard duck/ALB/353/88 (H2N3) American

Mallard duck/ALB/376/85 (H2N3) .
Mallard duck/ALB/884/84 (H2N5) Avian

1000 Sanderling/NJ/766/86 (H2N7)
Laughing gull/NJ/75/85 (H2N9)

Mallard duck/NY/6750/78 (H2N2)

0.1

Fig. 1 Phylogenetic trees for the eight gene segments of influenza
viruses. Nucleotides 477-1021 (545 bp) of HA, 539-1381 (843 bp) of
NA, 1508-2161 (654 bp) of PB2, 1168-1734 (654 bp) of PB1, 764—
1202 (438 bp) of PA, 1135-1433 (299 bp) of NP, 60-929 (870 bp) of
M, and 38-528 (491 bp) of NS were used for the phylogenetic
analysis. The phylogenetic trees were constructed by the neighbor-
joining method and bootstrap testing (n = 1000). The phylogenetic
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Tern/Australia/1402/04 (H2N5)
Tern/Australia/1363/04 (H2N5)
792 Tern/Australia/91/04 (H2N5)
Tern/Australia/1378/04 (H2N5)
Duck/Mongolia/149/03 (H10N5)
Duck/Hokkaido/24/04 (H10N5)
Duck/Hokkaido/1058/01 (H4N5)
Duck/Taiwan/WB459/04 (HEN5) .
Duck/Hokkaido/66/01 (H12N5) Avian
Duck/Hokkaido/88/01 (H12N5)
Duck/Hong Kong/943/80 (HEN5)
Duck/Hong Kong/934/80 (H10N5)
Duck/Hong Kong/862/80 (H12N5)
Duck/Hong Kong/174/77 (H4N5)
Duck/Hong Kong/668/79 (H4N5)
Chicken/Taiwan/4801/90 (H6N5)
Shearwater/Australia/1/73 (HBN5)
Shearwater/Australia/1/72 (HEN5
Black duck/Australia/4045/80 (HEN5)
Ruddy turnstone/DE/2576/87 (HIN5)
Knot/DE/2552/87 (HIN5)
Knot/DE/2561/87 (H10N5)
Pintail duck/ALB/306/83 (H12N5) )
Mallard duck/ALB/118/95 (H3N5) American
Mallard duck/ALB/202/96 (H2N5) Avian
Mallard duck/ALB/203/92 (HENS5)
Green-winged teal/ALB/199/91 (H12N5)

Eurasian

941

840

1000
Mallard duck/ALB/52/97 (H12N5)
Pintail duck/ALB/49/03 (H12N5)
Ruddy turnstone/DE/97/00 (H12N5)
01 Mallard duck/ALB/154/03 (HEN5)

trees of HA and NA were rooted to A/tern/South Africa/61 (HSN3)
and A/duck/Hong Kong/27408/79 (H5N3), respectively. The phylo-
genetic trees of the other genes were rooted to B/Lee. Bar, 0.1
substitution per site. Australian strains sequenced in the present study
are highlighted in gray. Australian viruses in the 1970s and 1980s are
underlined. ALB, Alberta; DE, Delaware; MT, Massachusetts; NJ,
New Jersey; NY, New York; NZL, New Zealand
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. Tern/Australia/91/04 (H2N5) Tern/Australia/1402/04 (H2N5)
Tem/Australia/1402/04 (H2N5) Tern/Australia/1/04 (H2N5) ol ia/1390/0.
5 Tern/Australia/1390/04 (H2N5)
Tem/Australia/1390/04 (H2N5) Tern/Australia/1363/04 (H2N5) Tern/Australia/91/04 (H2N5)
Tern/Australia/1/04 (H2N5) Tern/Australia/1378/04 (H2N5) Tern/Australia/1/04 (H2N5)
Tern/Australia/1402/04 (H2N5) Tern/Australia/1363/04 (H2NS)
9841 | Tern/Australi/91/04 (H2N5) * 60| ! Tern/Australia/1390/04 (H2N5) Tern/Australia/1378/04 (H2NS)
828 Tern/Australia/1363/04 (H2N5) Duck/Fujian/01/02 (H5N1) Chicken/Yamaguchi/7/04 (H5N1)
Pheasant/Ireland/PV18/97 (HON2) Duck/Shanghai/38/01 (H5N1) " " guehy
780 981 Eurasian Grey heron/Hong Kong/728/04 (H5N1)
Shoveler/Netherlands/19/99 (H11N9) Duck/Anyang/AVL-1/01 (HSNT) 437
428 i : Duck/Yokohama/aq10/03 (H5N1) E i
T /Henan/3/04 (HSN1 Duck/Hokkaido/95/01 (H2N2) Avian urasian
508 o sparrow/Henan/3/04 (HSN1) Eurasian Duck/Hokkaido/86/01 (H2N3) Chicken/Guangdong/174/04 (HSN1) )
Chicken/Hong Kong/G9/97 (HIN2) 546 Duck/Hokkaido/107/01 (H2N3) 659 Chicken/Vietnam/134/04 (H5N1) Avian
82 Budgerigar/Hokkaido/1/77 (H4N6) Avian Duck/Hokkaido/1058/01 (H4NS5) Duck/Hokkaido/86/01 (H2N3)
Duck/Hokkaido/95/01 (H2N2) Duck/Hokkaido/17/01 (H2N3) Duck/Hokkaido/107/01 (H2N3)
Duck/Yokohama/ag10/03 (H5N1) 675 Pheasant/Ireland/PV18/97 (HON2) Duck/Hokkaido/17/01 (H2N3)
Duck/Hokkaido/17/01 (H2N3) Goose/Guangdo.ng/VQG (H5N1) Guillemot/Sweden/3/00 (HEN2)
Duck/Australia/341/83 (H15N8! Sheznwa!er/A;Jsstrallah/ﬂ/S I-(IGNS ) li/lljt:lr/l-:joskasﬁlsl)/?;(/g?l}ls)7N3)
Duck/Ausltralia/341/83 (H15NG) llemot/Sweden/3/00 (HEN2 allard duck/Italy,
Gray teal/Australia/1/79 (HEN4) auill
ray lealAustralia Pintail duck/ALB/303/77 (H10N7) Pheasant/Ireland/PV18/97 (HON2)
Black duck/Australia/4045/80 (HENS: Mallard duck/ALB/354/78 (H4N2)
Shearwater/Australia/1/73 (HBNS. Mallard duck/ALB/77/77 (H2N3) 275 Pintail duck/ALB/1360/79 (HEN2)
Duck/Hong Kong/d73/76 (HEN1) Blue-winged teal/MN/993/80 (HNG) Pintail duck/ALB/207/99 (H4N8)
226 Chicken/California/905/01 (HEN2) Pintail duck/ALB/293/77 (H2N9) Duck/Hokkaido/95/01 (H2N2)
Mallard duck/ALB/205/98 (H2N3) 77 Mallard duck/ALB/79/03 (H2N3) : Shorebird/DE/12/04 (HENS) .
Mallard duck/ALB/79/03 (H2N3) Laughing gull/DE/5/03 (HON1) American Mallard duck/ALB/77/177 (H2N3) American
816 Chicken/British Columbia/04 (H7N3) Shorebird/DE/12/04 (HEN8) Avian Blue-winged teal/MN/993/80 (HEN6) Avian
Duck/Hokkaido/107/01 (H2N3) . Shorebird/DE/75/04 (HEN7) Shearwater/Australia/1/73 (HBN5)
American Duck/Australia/749/80 (H1N1) Mallard duck/ALB/57/76 (H5N2)
Herring QuIVDE/6G2/56 (HNE) A Gr:cy ol staig/iiz (HEN4) Duck/Shanghai/38/01 (HSN1)
. i ucl anghai
Herring gul/DE/670/88 (H2N9) vian -
Black duck/Australia/4045/80 (HSN5) Gray teal/Australia/1/79 (HEN4:
Mallard duck/ALB/106/79 (H4N2) DUCkINZL/164/76 (H11N3 Gray teal/Australia/1/79 (H6N4)
Gadwall duck/ALB/291/77 (H7N3) Shearwater/Ausiralia/405/78 (HNS! Shearwater/Australia/405/78 (H3N8) Australian
Mallard duck/ALB/60/76 (H12N5) Gray teal/Australia/2/79 (HAN4) Avian
01 Guillemot/Sweden/3/00 (HEN2) 0.1 951 Black duck/Australia/4045/80 (HENS
Duck/Australia/749/80 (H1N1
0.1
Fig. 1b continued
Tern/Australia/91/04 (H2NS5) Duck/Hokkaido/86/01 (H2N3)
Tern/Australia/1/04 (H2NS5) Duck/Hokkaido/17/01 (H2N3) Tern/Australia/1363/04 (H2N5)
Tern/Australia/1380/04 (H2N5) 219 |[~ Duck/Hokkaido/95/01 (H2N2) Tern/Australia/91/04 (H2N5)
Tern/Australia/1363/04 (H2N5) Goose/Guangdong/1/96 (H5N1) Tern/Australia/1/04 (H2N5)
Tern/A lia/1402/04 (H2N5) Duck/Shanghai/38/01 (H5N1) R Tern/Australia/1378/04 (H2N5)
lem/Australl (H2NS5) Duck/Yokohama/aq10/03 (H5N1) Eurasian Tern/Australia/1402/04 (H2N5)
Tern/Australia/1378/04 (H2N5) Pheasant/Ireland/PV18/97 (HON2) . Tern/Australia/1390/04 (H2N5)
Guillemot/Sweden/3/00 (HEN2) Duck/Hokkaido/9/99 (HON2) Avian Duck/Shanghai/38/01 (H5N1)
Turkey/Italy/220158/02 (H7N3) Duck/NZL/41/84 (H1N2 Duck/Hokkaido/107/01 (H2N3) Eurasian
Pheasant/Ireland/PV18/97 (HIN2) Siearwater/Aust(vaha/V)n HEN5 Duck/Nanchang/8-174/00 (H3N6) )
Duck/Hokkaido/86/01 (H2N3) Shearwater/Australia/1/72 (HEN5) Duck/Hokkaido/9/99 (HIN2) Avian
Duck/Shanghai/38/01 (H5N1) . Duck/Hong Kong/P54/97 (H11N8)
Duck/Hokkaido/107/01 (H2N3) Eurasian Tern/Australia/1390/04 (H2NS) Chicken/Germany/R45/98 (HIN2)
Duck/Hokkaido/95/01 (H2N2) Avian Tern/Australia/1402/04 (H2N5) Mallard duck/ltaly/43/01 (H7N3)
Duck/Hokkaido/17/01 (H2N3 Tern/Australla/1/04 (H2N5) Duck/Hokkaido/86/01 (H2N3) Allele A
(H2Ng) Tern/ lia/1378/04 (H2N!
Duck/Australia/749/80 (H1N1 erm/Australia/1376/04 (H205) Duck/Hokkaido/17/01 (H2N3)
(HINT) ol 2191/04
s77] o Tern/Australia/91/04 (H2N5) American 247 Blue-winged teal/ALB/293/03 (H4N6) .
Shearwater/Australia/72 (HENS) Tern/Australia/1363/04 (H2N5) Shorebird/DE/12/04 (HENS) American
Sheanvater/Australia/ 173 (HBNS) Laughing gulV/NY/470/00 (HGN4) Avian Shorebird/DE/101/04 (H5N7) Avi
Duck/Hong Kong/319/78 (H2N2) Guillemot/Sweden/3/00 (HEN2) 239 Shorebird/DE/10/04 (H10N7) vian
Duck/Hong Kong/365/78 (H4N6) o17| || Matlard duci/aLB/199/92 (HeNs) Guillemot/Sweden/3/00 (HEN2)
415 Duck/Hokkaido/8/80 (H3N8) Blue-winged teal/ALB/136/90 (H4N3) Red-necked stint/ 189/80 (H4NS)
Gray teal/Australia/1/79 (HEN4) Mallard duck/ALB/130/03 (H1N1) Chicken/Victoria/1/85 (H7N7)
Black duck/Australia/751/78 (H3N8) 218 Black duck/NJ/1580/78 (H2N3) Duck/NZL/31/76 (H4N6) Australian
Black duck/Australia/4045/80 (HGNS Duck/Hokkaido/107/01 (H2N3) Shearwater/Australia/1/73 (HENS) N
Duck/NZL/78/84 (HON2) Black duck/Australia/4045/80 (HEN5) Avian
Mallard duck/ALB/130/03 (H1N1) Shearwater/Australia/405/78 (H3N8;
Mallard duck/ALB/149/02 (H2N4) American Duck/Australia/341/83 (H15N8)
Shorebird/DE/12/04 (HEN8) ) Mallard duck/ALB/57/76 (H5N2)
Pintail duck/ALB/166/03 (H3N6) Avian Tem/turkmenia/18/72 (H3N3)
Mallard duck/ALB/79/03 (H2N3) Duck/Hokkaido/95/01 (H2N2) Allele B
28 Laughing QuIDE/S/03 (HON') 01 o8 Duck/NZL/38/84 (H3NS)
Pr PV18/97 (HIN2)
0.1 L Mallard duck/ALB/79/03 (H2N3)

Fig. 1c continued

Discussion

The virological surveillance of avian influenza in feral
birds has become important, since HSN1 HPAI viruses
have been repeatedly isolated [12, 20]. To obtain infor-
mation on the influenza virus in feral water birds in the
southern hemisphere, we conducted virological surveil-
lance by isolating avian influenza viruses from fecal
samples of terns in Australia. Phylogenetic analysis of the
genes of the present isolates revealed the M gene segment

0.1

to be of American origin and the other gene segments to be
of Eurasian origin (Fig. 1). The genes, with the exception

of the NP and M genes, have different origins (Table 1).
These results suggest the present isolates to be generated
by multiple reassortments, similar to strain A/guillemot/
Sweden/3/00 (H6N2) reported by Wallensten et al. [21].
Migratory birds have variable migration routes [7]. Some
of the North—South routes the birds fly are the East Asia-
Australian flyway and the American flyway, and these
routes overlap around Alaska. In Alaska, migratory birds
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congregate during the breeding season in summer. There-
fore, the reassortment of Eurasian and American lineages
might arise during nesting in Alaska. The NP and M genes
of the present isolates showed high sequence identity with
those of A/guillemot/Sweden/3/00 (HO6N2) [21]. Wallen-
sten et al. [21] found that the NP gene of A/guillemot/
Sweden/3/00 (H6N2) is Eurasian and the M gene is
American. PB2 and HA genes showed high sequence
identity with genes of strains from Ireland and the Neth-
erlands, respectively. Sweden, Ireland, and the Netherlands
are on the East Atlantic flyway. The eastern and western
ends of the East Atlantic flyway overlap with the western
end of the East Asia-Australian flyway and the eastern end
of the American flyway, respectively. Migratory birds,
thus, come in contact with those taking different flyways.
In these migratory flyways, the present isolates might have
been provided with genes of European lineage. Many
wader species of the Northern Hemisphere are long-dis-
tance intercontinental migrants [7], and the flyways provide
overlapping areas. No genes of the present isolates from
Australia are related to the genes of isolates in Australia
and New Zealand in the 1970s and 1980s (Fig. 1 and
Table 1). All the Oceanian isolates analyzed in the present
study belonged to the American or Eurasian lineage. These
results indicate that Oceanian isolates including the present
isolates do not perpetuate in feral water birds in Australia
but carry viruses from the Northern hemisphere.

The PA genes of the present isolates belonged to the
lineage of HSN1 HPAI isolates in Asia including Japan in
2004, indicating a common origin. Previous surveillance by
our laboratory indicated influenza viruses perpetuated in
ducks nesting in Siberia to have provided genes for the
emergence of the HSN1 virus in Hong Kong in 1997 [15].
On the basis of the present results, it is suggested that the PA
gene of common origin was provided to HPAI HS5NI1
viruses isolated in Asia such as A/chicken/Guandong/174/
04 (H5N1) and the present isolates by migratory birds. It is
assumed that migratory birds might provide the PA gene of
avirulent viruses to HPAI H5N1 strains and the present
isolates. However, as there have been cases of the reintro-
duction of HSN1 HPAI viruses from domestic to wild birds,
possibility of the introduction of the PA gene from H5N1
virus strain into the present tern virus cannot be excluded.
Although it is difficult to identify how the present isolates
were generated, it is presumed that while the viruses of
different origin were mixed somewhere on the migratory
routes, the present isolates were generated as a result of
reassortment among various strains. Migratory birds fly
to Australia through Asia, the site of outbreaks of H5N1
influenza, and the present isolates in Australia and
HS5NI1 viruses isolated in Asia have a common PA gene,
and H5N1 HPAI outbreaks have occurred in Indonesia
located close to Australia [8]. Therefore, it is impossible to

@ Springer

exclude the possibility that migratory birds will carry HSN1
viruses to Australia in the future although no HPAI virus
was isolated from the fecal samples of terns in this study.

The isolation of H2 subtype influenza viruses from wild
birds in Australia has not been reported. The H2 subtype
influenza virus caused an influenza pandemic in humans
40 years ago. As young people are immunologically naive
of this subtype, the possible reemergence of the H2 influ-
enza virus causing a pandemic in the near future cannot be
ruled out. Therefore, extensive surveillance studies of free-
flying birds are needed to provide information to prepare
for future pandemics.
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