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Reintroduction of H5N1 highly pathogenic avian
influenza virus by migratory water birds, causing
poultry outbreaks in the 2010-2011 winter season
in Japan
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H5N1 highly pathogenic avian influenza virus (HPAIV) was reintroduced and caused outbreaks in
chickens in the 2010-2011 winter season in Japan, which had been free from highly pathogenic
avian influenza (HPAI) since 2007 when HPAI outbreaks occurred and were controlled. On 14
October 2010 at Lake Ohnuma, Wakkanai, the northernmost part of Hokkaido, Japan, H5N1
HPAIVs were isolated from faecal samples of ducks flying from their nesting lakes in Siberia. Since
then, in Japan, H5SN1 HPAIVs have been isolated from 63 wild birds in 17 prefectures and caused
HPAI outbreaks in 24 chicken farms in nine prefectures by the end of March in 2011. Each of
these isolates was genetically closely related to the HPAIV isolates at Lake Ohnuma, and those in
China, Mongolia, Russia and Korea, belonging to genetic clade 2.3.2.1. In addition, these isolates
were genetically classified into three groups, suggesting that the viruses were transmitted by
migratory water birds through at least three different routes from their northern territory to Japan.
These isolates were antigenic variants, which is consistent with selection in poultry under the
immunological pressure induced by vaccination. To prevent the perpetuation of viruses in the
lakes where water birds nest in summer in Siberia, prompt eradication of HPAIVs in poultry is
urgently needed in Asian countries where HPAI has not been controlled.

tThese authors contributed equally to this work.

Supplementary figures and a supplementary table with the GenBank/EMBL/DDBJ accession numbers of the nucleotide sequences of the
representative HGN1 isolates determined in this study are available with the online version of this paper.
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INTRODUCTION

Avian influenza caused by infection with H5N1 highly
pathogenic avian influenza virus (HPAIV) has spread in
poultry in more than 60 countries in Eurasia and Africa
since 1996, when the first outbreak occurred at a goose
farm in Guangdong province in China (Smith et al., 2006;
Xu et al, 1999). H5N1 HPAIV infections have become
endemic in several countries and cause accidental trans-
missions to humans. HS5NI1 viruses are thus now
recognized as one of the most likely candidates for the
next pandemic (Li et al, 2004; Peiris et al, 2007). The
widespread presence of HS5N1 HPAIVs in poultry,
especially in domestic free-range-reared ducks, has inev-
itably resulted in the water-borne transmission of viruses
to wild-bird populations, as domestic ducks and geese
infected with HPAIV shed progeny virus with their faeces
into ponds on farms where migratory water birds visit. In
the past, such infections were restricted to wild birds found
dead in the vicinity of infected poultry farms, but it is now
a concern that infections in wild birds in which HPAIV has
caused mild clinical signs (e.g. ducks) could result in the
spread of viruses to large areas (Kim et al., 2009; Smith
et al, 2009). Infection with HPAIVs in many wild-bird
species at two water-bird parks in Hong Kong was reported
in 2002 (Ellis et al., 2004), and more significant outbreaks
in wild water birds occurred at Lake Qinghai in western
China, and at the Khunt and Erkhel Lakes in Mongolia in
2005 (Chen et al., 2005; Sakoda et al., 2010). H5SN1 HPAIV
infections in poultry and wild birds have now spread in
Asia, Europe and Africa, and it has been suggested that the
HS5NI1 virus could spread by migratory water birds to the
west and south, as genetically closely related H5N1 viruses
(clade 2.2) have been isolated in several countries since
2005 (Monne et al., 2008; Salzberg et al., 2007; Starick et al.,
2008).

In Japan, the outbreaks caused by H5N1 HPAIVs occurred
in chicken farms in 2004 (Mase et al., 2005) and 2007. The
HS5N1 HPAIV isolates in 2004 and 2007 were classified
genetically into clades 2.5 and 2.2, respectively. Both
outbreaks were controlled by the culling of chickens on
the farms where the outbreaks occurred (four farms in each
year), intensive surveillance and improved biosecurity
measures. In addition, H5N1 HPAIVs were isolated from
jungle crows, mountain hawk eagles and whooper swans in
2004, 2007 and 2008, respectively (Shivakoti et al, 2010;
Tanimura et al., 2006; Uchida et al.,, 2008). Since then, it has
been confirmed that Japan was free from HPAIV infection in
poultry and wild birds by intensive surveillance.

HS5N1 viruses of clade 2.3.2 were first isolated from ducks,
geese and other mammals in China and Vietnam in 2005
(Chen et al, 2006; Roberton et al, 2006). In intensive
surveillance studies in China, viruses belonging to clade
2.3.2 have been characterized as the dominant isolates in
poultry and wild birds (Ellis et al, 2009; Jiang et al, 2010;
Kou et al, 2009; Smith et al.,, 2009). In the updated unified
nomenclature of H5 HPAIVs, recent HS5N1 isolates

belonging to clade 2.3.2 were defined as clade 2.3.2.1
(WHO/OIE/FAO H5N1  Evolution Working Group,
2012). H5N1 HPAIVs of clade 2.3.2.1 were isolated from
migratory water birds in Japan in 2008, in China in 2009,
in Mongolia in 2009 and 2010, in Russia in 2009 and 2010,
and in Korea in 2010 and 2011 (Kwon et al,, 2011; Li et al.,
2011; Sakoda et al, 2010; Sharshov et al, 2010; Uchida
et al, 2008). In addition, the infections of chickens and
wild birds with HPAIVs belonging to clade 2.3.2.1 have
now spread to Europe (Reid ef al, 2011). These H5N1
HPAIVs were isolated only from migratory water birds
on the way back to their northern territory, and not from
those flying to the south from their nesting lakes in Siberia
in autumn, suggesting that HS5N1 HPAIVs had not
dominantly perpetuated at their nesting lakes in Siberia
until 2009 (Sakoda et al., 2010; Yamamoto et al., 2011).

On 14 October 2010 at Lake Ohnuma, Wakkanai, in the
northernmost part of Hokkaido, Japan, H5N1 HPAIVs
were isolated from faecal samples from ducks flying from
their nesting lakes in Siberia (Kajihara et al, 2011). Since
then, in Japan, H5N1 HPAIVs have been isolated from 63
wild birds, and caused HPAI outbreaks in 24 chicken farms
by the end of March. The aim of the present study was to
characterize genetically and antigenically the H5N1 viruses
isolated from wild birds and chickens in Japan.

RESULTS

Isolation and identification of H5N1 HPAIVs from
wild birds and chickens

In the intensive surveillance of HPAIV infection in poultry
and wild birds, H5N1 HPAIV had not been isolated from
migratory water birds that flew from their nesting lakes in
Siberia to Japan until the 2009-2010 winter season (data not
shown). In the 2010-2011 winter season, 5591 dead wild
birds of ~100 different species were found in Japan. After the
isolation of H5N1 HPAIVs from faecal samples of ducks at
Lake Ohnuma, Hokkaido (Kajihara et al, 2011), H5N1
viruses were isolated from 63 dead wild birds (63 isolates)
and chickens from 24 farms (24 isolates) in Japan (Fig. 1
and Table 1). The multiple basic amino acid sequence
(RERRRKR/G), which is a marker of HPAIVs (OIE, 2011),
was found at the cleavage site of the deduced amino acid
sequence of the haemagglutinin (HA) of all 87 isolates. The
pathogenicity of four representative isolates, A/duck/
Fukushima/2/2011 (H5N1), A/whooper swan/Hokkaido/4/
2011 (H5N1), A/peregrine falcon/Tochigi/15/2011 (H5N1)
and A/peregrine falcon/Aomori/7/2011 (H5N1), to chickens
was evaluated using an intravenous pathogenicity index
(IVPI) test. All chickens inoculated with each virus died
within 3 days of inoculation, and IVPI scores ranged from
2.80 to 2.98, which were categorized as HPAIV in chickens.
The nucleotide sequences of the representative H5NI
isolates obtained in the present study have been registered
in GenBank and are given in Supplementary Table S1
(available in JGV Online).
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a b Wakkanai
( ) 4 e ( ) #(Lake Ohnuma)
Hokkaido
Kushiro
*1
.ﬁJ s Aomori
- Fig. 1. H5N1 HPAIV infections in wild birds
’ and chickens in the 2010-2011 winter season
in Japan. (a) Geographical location of Japan in
// Asia and migration routes of wild water birds
// ..F kushi from Siberia in autumn (arrows). (b) On 14
Toyama Y .US i October 2010 at Lake Ohnuma, Wakkanai,
. #Tochigi Hokkaido, Japan (red star), H5N1 HPAIVs
. Tottori isolated f f | les fi duck
o , Kyoto N » were isolated from faecal samples from ducks
Sh"?‘a”e oi¢ . v 4 ~ Chiba that had flown from their nesting lakes in
Yamaguchi Hyogo # »  #Aichi o Siberia (Kajihara et al, 2011). HSN1 HPAIVs
* Tokushima. * f,h;ar:/ge ® Wild birds were isolated from 63 wild birds in 17
Oita'e / . prefectures (red circles) and chickens of 24
Na asaki.. Kochi Wakayama ® Chickens farms in nine prefectures (blue circles) by the
9 o ’Miyazaki end of March 2011. Occurrences at different
Kagastimd 500 km geographical location are indicated by the star

or circles, and subsequent cases at the same
place are omitted.

Phylogenetic analysis of the H5N1 isolates

For the phylogenetic analysis of HA genes, 30 isolates were
selected from 63 isolates of wild birds, and three isolates were
also selected from 24 isolates of chickens. The HA genes of
the representative 33 H5N1 isolates were analysed by the
neighbour-joining method along with those of other HPAIV's
isolated recently in Asia (Fig. 2a). The HA genes of the
isolates in the 2010-2011 winter season in Japan were closely
related to the isolates from poultry or wild birds in China,
Mongolia, Russia and Korea in 2009-2011, and were
classified into clade 2.3.2.1. These isolates in Japan were
divided into three groups (A-C) based on the results of
phylogenetic analysis (Fig. 2b and Table 1). This classifica-
tion by the neighbour-joining method was supported by ana-
lyses using maximum-likelihood and maximum-parsimony
methods with 1000 bootstrap replicates (data not shown).
In particular, A/duck/Hokkaido/WZ83/2010 (H5N1), the
first isolate at Lake Ohnuma, Wakkanai, Hokkaido, in
October 2010, indicated with an asterisk in Fig. 2(b), was
classified into group C, and not group A containing
subsequent isolates from Hokkaido (A/pintail/Hokkaido/1/
2011, A/greater scaup/Hokkaido/2/2011, A/whooper swan/
Hokkaido/3/2011, A/whooper swan/Hokkaido/4/2011, A/
whooper swan/Hokkaido/6/2011, A/whooper swan/Hokkaido/
13-21/2011, A/whooper swan/Hokkaido/13-27/2011, A/greater
scaup/Hokkaido/28/2011 and A/whooper swan/Hokkaido/
A13/2011) and Fukushima (A/tufted duck/Fukushima/2/
2011, A/tufted duck/Fukushima/4/2011, Aftufted duck/
Fukushima/5/2011, A/tufted duck/Fukushima/7/2011, A/tufted

duck/Fukushima/16/2011 and A/tundra swan/Fukushima/207/
2011). All occurrences in Hokkaido after January 2011 were
only in the eastern Kushiro area, 350 km south-east of Lake
Ohnuma, Wakkanai (Fig. 1b). The cases in the Kushiro area in
Hokkaido started in mid-January 2011, and ended in mid-
February 2011 (Table 1). The isolates from wild birds in this
area were genetically closely related to each other and were
classified into group A (Fig. 2b). In group B, all viruses were
isolated only from western areas (Aichi, Kyoto, Hyogo,
Tokushima and Shimane). In group C, viruses were isolated
from the whole of the country (Hokkaido, Aomori, Tochigi,
Aichi, Mie, Tottori, Yamaguchi, Kochi, Oita, Nagasaki,
Miyazaki and Kagoshima). In addition, A/mandarin duck/
Kochi/3901C005/2011 (H5N1) isolated in Kochi Prefecture, in
south-western Japan, belonging to group C, had the highest
nucleotide identity of the HA gene with A/mallard duck/Korea/
W401/2011 (H5N1) and A/mandarin duck/Korea/K10-515/
2011 (H5N1) isolated in Korea in the 2010-2011 winter season
(Kwon et al., 2011).

To assess the genetic relationship of the HPAIVs in gene
segments other than the HA, the nucleotide sequences of a
representative 30 H5N1 isolates were analysed and compared
with those of other H5N1 HPAIVs (see Supplementary Figs
S1-S7, available in JGV Online). These viruses were isolates
from wild birds and were used for the phylogenetic tree
analysis of the HA gene. The genes of these isolates were
closely related to each other, and no genetic reassortment
with other previous HPAIVs was identified. Each of the
polymerase subunit (PB2 and PBI1), nucleoprotein (NP),
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Table 1. Cases of infection with HGN1 HPAIVs in Japan in the 2010-2011 winter season

Information about the cases from chicken farms is underlined. NT, Not tested.

Area Prefecture Date of reports Species of birds* Genetic subgroup
of representative
isolatest
Hokkaido Hokkaido 14 Oct 20104, 12, 17, 18, 19 and 28 Duck (2)%, whooper swan (6), greater A, Ct
Jan 2011, 3, 7 and 17 Feb 2011 scaup (2), pintail (1)
Honshu Aomori 10 Mar (2011) Peregrine falcon (1) C
Fukushima 4,5, 7, 10 and 23 Jan 2011, 10 Feb 2011 Tufted duck (5), tundra swan (1) A
Tochigi 14 Feb 2011, 25 Mar 2011 Peregrine falcon (1), goshawk (1) C
Chiba 12 and 16 Mar 2011 Chicken (2) NT
Aichi 17 Feb 2011 Peregrine falcon (1) B, C
27 Jan 2011, 14 Feb 2011 Chicken (2)
Toyama 16 Dec 2010 Mute swan (1) NT
Mie 15 and 26 Feb 2011 Chicken (2) C
Wakayama 15 Feb 2011 Chicken (1) NT
Kyoto 16 Feb 2011 Peregrine falcon (1) B
Nara 28 Feb 2011 Chicken (1) NT
Hyogo 12 and 25 Jan 2011, 11 and 22 Feb 2011 Common pochard (1), little grebe (1), B
mute swan (1), great crested grebe (1)
Tottori 4 Dec 2010, 19 and 24 Jan 2011, 1, 3 Tundra swan (1), black-headed gull (1), C
and 6 Feb 2011 tufted duck (2), common pochard (1),
peregrine falcon (1)
Shimane 14 Jan 2011, 1 and 8 Feb 2011 Tufted duck (4), common pochard (1) B
29 Nov 2010 Chicken (1)
Yamaguchi 6 and 9 Feb 2011 Tufted duck (1), black swan (1) C
Shikoku Tokushima 8 Feb 2011 Ural owl (1) B
Kochi 26 Jan 2011 Mandarin duck (1) C
Kyushu Nagasaki 31 Jan 2011, 4 and 12 Feb 2011 Mandarin duck (3), peregrine falcon (1) C
Oita 7, 8,9 and 15 Feb 2011 Mandarin duck (4), grey heron (1) C
2 Feb 2011 Chicken (1)
Miyazaki 1,2, 8, 11, 14, 15 and 18 Feb 2011 Mandarin duck (3), peregrine falcon C
(3), little grebe (1)
22, 24, 27, 28, 29 and 30 Jan 2011, 1, 4, Chicken (13)
5, 6, 7 and 17 Feb 2011, 5 Mar 2011
Kagoshima 19, 20, 21 and 24 Dec 2010, 13 Feb 2011 Hooded crane (7) C
26 Jan 2011 Chicken (1)

*The number of dead wild birds or outbreaks in chicken farms is shown in parentheses.

tBased on the phylogenetic tree of the HA gene shown in Fig. 1.
+Viruses were isolated from faecal samples (Kajihara et al, 2011).

neuraminidase (NA) and matrix (M) genes of the isolates was
divided into three genetic groups, corresponding to the
classification of the HA genes (groups A—C), although a few
isolates were not divided into these groups (Supplementary
Figs $1-S5). Because the sequence identities of the poly-
merase subunit (PA) and non-structural (NS) genes were so
high, the genes of these isolates were not classified completely
into groups A, B and C (Supplementary Figs S6 and S7).

Antigenic analysis of the HA of the H5N1 HPAIV
isolates

The HAs of H5N1 isolates were analysed antigenically using
a panel of mAbs recognizing six different epitopes on the HA

of A/duck/Pennsylvania/10218/84 (H5N2) (Okamatsu et al,
2010; Soda et al., 2008; Yamamoto et al, 2011) (Table 2).
Each of the non-pathogenic avian influenza viruses
(NPAIVs) isolated from migratory ducks in Mongolia and
Hokkaido in 2000-2010 bound to all the mAbs used in the
present study. Each of the H5N1 HPAIVs isolated before
2005 [A/Hong Kong/483/1997 (H5N1), A/Vietnam/1194/
2004 (H5N1), A/chicken/Yamaguchi/7/2004 (H5N1) and A/
whooper swan/Mongolia/3/2005 (H5N1)] bound to most
mAbs; however, each of the H5N1 viruses belonging to
genetic clade 2.3.2.1, including two strains isolated in the
present study and A/duck/Hokkaido/WZ83/2010 (H5N1)
isolated at Lake Ohnuma, Wakkanai, bound only to mAb
D101/1 (Table 2).
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Fig. 2. Phylogenetic trees of HA genes of the isolates in the 2010~2011 winter season in Japan. (a) Phylogenetic tree of H5
avian influenza viruses. The unified nomenclature of the A/goose/Guangdong/1/1996 lineage of Eurasian HPAIVs was based
on the homology of the HA gene and classified into ten distinct clades (clades 0-9) containing second-order (or third-order)
clades proposed by the WHO/OIE/FAO H5N1 Evolution Working Group (2008, 2009). Recently, a new classification was
proposed by the same group (WHO/OIE/FAO H5N1 Evolution Working Group, 2012) and 2.3.2.1 is one of the new
nomenclature systems. The H5N1 HPAIVs isolated in this study were classified into clade 2.3.2.1 with other recent isolates in
Asia from 2007 onward. A/mallard/Hokkaido/24/09 (H5N1) is indicated as representative strain of NPAIV isolated from water
birds and its HA gene was classified into the Eurasian fineage (Yamamoto et al, 2011). The HA genes of A/chicken/
Pennsylvania/1/1983 (H5N2) and A/chicken/lbaraki/1/2005 (H5N2) belong to the North American lineage. The individual
clade of each isolate is shown in parentheses. (b) Phylogenetic trees of the HA genes of HSN1 HPAIVs including the isolates in
the 2010-2011 winter season in Japan. To assess the genetic relationships among H5 avian influenza virus isolates, the
nucleotide sequences of the HA gene of each isolate in the present study were compared with those of recent isolates in Asia in
2007-2011 belonging to genetic clade 2.3.2.1. Phylogenetic trees were constructed by the neighbour-joining method and
bootstrap testing (1000 replicates). The phylogenetic tree was rooted to A/whooper swan /Hokkaido/1/2008 (H5N1). The HA
genes of the recent isolates in this study (shaded) were divided into three genetic groups (A~C). A/duck/Hokkaido/WZ83/
2010 (H5N1) HPALV, isolated from faecal samples on 14 October 2010 at Lake Ohnuma, Hokkaido, Japan (Kajihara et al.,
2011), is indicated with an asterisk. Isolates from Korea, Russia, Mongolia, China, Laos and Vietnam in 2007-2011 are
underlined. Horizontal distances (bars) are proportional to the minimum number of nucleotide differences required to join nodes
and sequences. HA and NA subtypes have been left out of the names of the H5N1 viruses. Ck, Chicken.
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Table 2. Antigenic analyses of H5 influenza viruses

Virus* Clade mAb* Polyclonal antibody
HI titret
I 1I I v v VI Mal/ Ws/
(88) (145) (157) (168) (169) (205) Hok/09 Hok/08
(HI5N1) (H5N1)
D101/1  A310/39 64/1 BY/5 B220/1 B59/5 25/2
NPAIV
Dk/Pennsylvania/ - + + + + + + + 1280 80
10218/1984 (H5N2)
Dk/Mongolia/54/2001 - + + + + + + + 640 80
(H5N2)
Dk/Hokkaido/167/2007 - + + + + + + + 1280 160
(H5N3)
Dk/Hokkaido/WZ21/ - + + + + + + + 2560 80
2008 (H5N2)
Mal/Hokkaido/24/2009 - + + + + + + + 1280 160
(H5N1)
Dk/Hokkaido/101/2010  — + + + + + + + 640 80
(H5N2)
HPAIV
Hong Kong/483/1997 0 - + + + + + + 1280 320
(H5N1)
Vietnam/1194/2004 1 + + =+ + + - + 640 640
(H5N1)
Ck/Yamaguchi/7/2004 2.5 - + + + + - + 1280 1280
(H5N1)
Ws/Mongolia/3/2005 2.2 + - + + + - + 320 640
(H5N1)
Ws/Hokkaido/1/2008 2.3.2.1 + - - - - - - 40 1280
(H5N1)
Ws/Mongolia/6/2009 2.3.2.1 + - - - - - - 80 1280
(H5N1)
Ws/Mongolia/1/2010 2.3.2.1 —+ — - - - - - 80 640
(H5N1)
Dk/Hokkaido/WZ83/  2.3.2.1 + - - - - - - 40 320
2010 (H5N1)
Ws/Hokkaido/4/2011  2.3.2.1 + - - - - - - 40 320
(H5N1)
Pf/Aomori/7/2011 2.3.2.1 + - - - - - - 40 320
(H5N1)

*Viruses indicated in bold are isolates from the 2010-2011 winter season in Japan. Dk, Duck; Mal, mallard; Ck, chicken; Ws, whooper swan; Pf,

peregrine falcon.

tReactivity of mAbs against the HA of A/duck/Pennsylvania/10218/1984 (H5N2) to the representative HS5 viruses (I-VI) were compared in
fluorescent antibody methods. The location of amino acid substitutions in antigenic variants selected in the presence of the respective mAbs (Soda

et al., 2008) is indicated in parentheses.

iHaemagglutination inhibition (HI) titres of hyperimmunized polyclonal antibodies against representative H5 viruses were measured. Homologous
combination between virus and polyclonal antibody is indicated by underlining.

These H5N1 isolates were also analysed antigenically using
hyperimmunized chicken antisera to A/mallard/Hokkaido/
24/2009 (H5N1) and A/whooper swan/Hokkaido/1/2008
(H5N1) (Table 2). A/mallard/Hokkaido/24/2009 (H5N1)
was isolated from a faecal sample, and the antigenicity and
pathogenicity of this isolate in chickens were similar to
those of other H5 NPAIVs isolated from migratory ducks

(Yamamoto et al, 2011). The reactivity of the present
H5NI1 isolates in Japan with the antiserum to A/mallard/
Hokkaido/24/2009 (H5N1) was quite low. In contrast, the
reactivity of these H5NI isolates with antiserum to A/
whooper swan/Hokkaido/1/2008 (H5N1) was compara-
tively high. These results indicated that the HAs of H5N1
isolates in the 2010-2011 winter season in Japan were
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antigenically distinct from HS5 NPAIVs and HPAIVs
isolated before 2005.

DISCUSSION

In October 2010, H5N1 viruses were isolated from faecal
samples of ducks at Lake Ohnuma, Wakkanai, Hokkaido,
on their way south from their nesting lakes in Siberia
(Kajihara et al, 2011). Since then, nationwide H5NI1
HPAIV infections in wild birds and chickens have occurred
in Japan, and 63 and 24 isolates were identified from wild
birds and chickens, respectively. The present results
indicate that the viruses isolated from wild birds and
chickens from November 2010 onward were genetically
related to the isolates from migratory ducks at Lake
Ohnuma, Wakkanai, in October 2010. In Hokkaido, H5N1
viruses were isolated in two areas, Wakkanai and Kushiro
(Fig. 1b). A/duck/Hokkaido/WZ83/2010 (H5N1), the first
isolate at Lake Ohnuma, Wakkanai, was identified as a
member of genetic group C, and not group A containing
subsequent isolates in Kushiro in January and February
2011. Based on the genetic analysis, A/duck/Hokkaido/
WZ83/2010 (H5N1) was closely related to A/tundra swan/
Tottori/12-002/2010 (H5N1) belonging to group C. The
isolates of group C were detected over the whole of the
country, and some isolates of group C had the highest
nucleotide identity with that of wild ducks in Korea (Kwon
et al, 2011). By contrast, the isolates of group B were
detected only in the western area. Wild water birds start
their migration from their nesting lakes in the northern
territory to the south in the middle of August. The
migratory routes of water birds are from Siberia to
northern Japan via the Kamchatka Peninsula or Sakhalin
Island, and to southern Japan via the Korean Peninsula or
the coast of north-eastern China (Fig. la). Our results
indicated that the viruses circulating in different popula-
tions of wild migratory birds at their nesting lakes in
Siberia in summer were transmitted through at least three
different routes via China, Korea and Russia to Japan in the
2010-2011 winter season. Further virus spread then
occurred in wild birds at the resting lakes of birds in
Japan by water-borne transmission or predation of
carcasses. Taken together, these results raise the possibility
that H5N1 HPAIVs were perpetuated at the nesting lakes in
Siberia before the migration of water birds to Japan.

Concerning the origin of these H5N1 viruses, the HA genes
of isolates from chickens and wild birds in China (Jiang
et al., 2010; Li et al., 2011) and from wild birds in Mongolia
and Russia in 2009 and 2010 (Sakoda et al., 2010; Sharshov
et al., 2010) were closely related to those of the present
isolates in Japan. The isolates in Laos in 2010 were released
recently in the public database (GenBank accession no.
CY098351), although epidemiological information is not
available. The season of isolation of these viruses from wild
birds in China, Mongolia and Russia in 2009 was May to
July, the period when migratory water birds return to their
nesting lakes in Siberia. As Japan and Mongolia are located

on the flyways of migratory water birds that fly from their
nesting lakes in Siberia to the south in autumn, intensive
surveillance of avian influenza has been performed in
Hokkaido, Japan and Mongolia every year since 1996. No
HPAIV was found in a total of 634 virus isolates from
13740 faecal samples of migratory water birds until 2009
(Sakoda et al., 2010; Yamamoto et al,, 2011). These results
suggested that the origin of the viruses isolated from wild
birds in China, Mongolia and Russia in 2009 was poultry in
China, and that these viruses did not perpetuate at their
nesting areas in Siberia until 2009. The isolation of H5N1
HPAIVs in the spring of 2010 in Mongolia and Russia
demonstrated that virus spread from poultry to wild birds
occurred again in China and that H5N1 HPAIVs have
circulated in wild water birds since last summer at their
nesting lakes in Siberia. These viruses have been main-
tained in wild migratory bird populations and were
brought to Japan in the 2010-2011 winter season. To
clarify whether H5N1 HPAIV has been perpetuated
dominantly at their nesting lakes in Siberia and viruses
are brought by migratory birds from Siberia to the south
in autumn, intensive surveillance of avian influenza in
migratory birds should be strengthened.

HPAIVs are not under immunological selection pressure in
the non-vaccinated chicken populations as HPAIV causes
acute infection and death in chickens. The generation of
escape mutants against H5 HPAIV was first observed in the
follow-up phase of H5SN2 HPAIV outbreaks in Mexico in
the 1990s (Lee ef al., 2004). As vaccine use for poultry has
increased in several counties, antigenic variants have been
selected in HSN1 HPAIVs under immunological selection
pressure (Cattoli et al, 2011; Chen, 2009; Grund et al,
2011). The present results support the findings that H5N1
viruses belonging to clade 2.3.2.1 were antigenically distinct
from other HPAIVs and NPAIVs of HS subtype (Okamatsu
et al., 2010; Smith et al., 2009). The vaccination was applied
based on the optimistic expectation of preventing H5N1
influenza virus infection in poultry and humans; however,
several countries using vaccines against H5 HPAIV have
not vyet eliminated viruses in poultry because the efficacy
of the vaccine against HPAI is limited to suppress virus
replication, and does not confer immunity to prevent
infection with the virus. It is reasonable to argue that
vaccination of poultry results in the selection of antigenic
variants and that the vaccine does not confer immunity
against antigenic variants for humans and animals. To stop
infection with H5 HPAIV in poultry, thorough culling of
infected birds must be carried out worldwide.

In the 20102011 winter season in Japan, outbreaks of
H5N1 HPAIV infection in chicken farms were sporadic,
except in Miyazaki Prefecture (13 cases), although a large
number of infections in wild birds occurred and the natural
environment was contaminated with HS5N1 HPAIVs
throughout the country. In Japan, each of the outbreaks
in poultry was controlled by culling, intensive surveillance,
improved biosecurity measures and compensation, without
the use of a vaccine, and ended in March 2011. H5N1
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HPAIV strains have persisted throughout the world for
more than 15 years, and antigenic variants have been
selected because some countries use vaccines for the
control of HPAIV infection. In the chickens vaccinated
against HPAIV, it is hard to find infected birds because
they do not show clinical signs, despite shedding of the
virus. As a result, HPAIV has returned to migratory water
birds from domestic poultry, and many feral water birds
have died on the way back to their northern territory in
Siberia in spring. Some migratory water birds infected with
the virus must have returned to their nesting lakes in
Siberia and then disseminated the virus to other birds
though water-borne transmission at their nesting lakes. To
prevent the perpetuation of HPAIVs among migratory
water birds at their nesting lakes in Siberia, HPAIVs should
be contained within poultry in Asia. Thus, we strongly
recommend that a stamping-out strategy is the only way to
achieve prompt eradication of H5N1 HPAIV and that
vaccination may be an optional tool for the control of
HPAI in addition to the stamping-out policy. Otherwise,
disasters will occur every year throughout Asian countries.

METHODS

Viruses. The H5N1 viruses isolated in the present study and the
reference H5 viruses shown in Table 2 were propagated in 10-day-old
embryonated chicken eggs. As reference strains, H5 NPAIVs isolated
from the faecal material of migratory ducks (Yamamoto et al, 2011)
and the H5N1 HPAIVs shown in Table 2 (Kajihara et al., 2011; Mase
et al., 2005; Muramoto et al., 2006; Okamatsu et al, 2010; Sakoda
et al., 2010; Suarez et al., 1998) were used for antigenic analyses.

Isolation and identification of viruses. Virus isolation was carried
out from faecal samples, tracheal and cloacal swabs, or homogenates
of the tissues of wild birds and chickens throughout the year. Faecal
samples were mixed with transport medium containing minimum
essential medium (Nissui), 10000 U penicillin G (Meiji Seika) ml™Y,
10 mg streptomycin (Meiji Seika) ml™', 0.3 mg gentamicin (Merck)
ml™!, 250 U nystatin (Sigma) ml™! and 0.5% BSA fraction V
(Roche) to yield a 10~20 % suspension. Tracheal and cloacal swabs
were mixed with 2 ml transport medium. Organ tissue was
homogenized with transport medium to yield a 10% suspension.
Samples from wild birds and chickens were inoculated into the
allantoic cavities of 10-day-old embryonated chicken eggs, and the
subtypes of the HA and NA of influenza virus isolates were identified
by haemagglutination inhibition (HI) and neuraminidase inhibition
tests, respectively, according to a standard protocol (OIE, 2011).

H5N1 HPAIVs were isolated from 17 species of dead or diseased wild
birds found at the waterside of their resting areas and in the gardens of
private houses from November 2010 to March 2011 (Table 1): whooper
swan (Cygnus cygnus), greater scaup (Aythya marila), pintail (Anas
acuta), peregrine falcon (Falco peregrinus), tufted duck (Aythya
fuligula), mute swan (Cygnus olor), common pochard (Aythya ferina),
little grebe (Tachybaptus ruficollis), great crested grebe (Podiceps
cristatus), tundra swan (Cygnus columbianus), black-headed gull
(Larus ridibundus), black swan (Cygnus atratus), ural owl (Strix
uralensis), mandarin duck (Aix galericulata), grey heron (Ardea
cinerea), hooded crane ( Grus monacha) and goshawk (Accipiter gentilis).

Experimental infection of chickens with HS5N1 isolates. To
assess the pathogenicity of the representative H5N1 virus isolates, A/
duck/Fukushima/2/2011 (H5N1), A/whooper swan/Hokkaido/4/2011

(H5N1), Alperegrine falcon/Tochigi/15/2011 (H5N1) and A/per-
egrine falcon/Aomori/7/2011 (H5N1) were inoculated intravenously
into 4-6-week-old chickens (Gallus gallus) for an IVPI test according
to a standard protocol (OIE, 2011). Each bird was housed in a self-
contained isolator unit (Tokiwa Kagaku) at a Biosafety Level 3 facility
at Hokkaido University, Japan.

Sequencing and phylogenetic analysis. For the genetic analysis,
30 isolates were selected from 63 isolates of wild birds, and three
isolates were also selected from 24 isolates of chickens. Viral RNA was
extracted from the allantoic fluid of embryonated chicken eggs using
TRIzol LS reagent (Invitrogen) and reverse transcribed with the
Unil2 primer (Hoffmann et al,, 2001) and Moloney murine leukemia
virus reverse transcriptase (Invitrogen). The full-length or partial
sequence of each gene segment was amplified by PCR with gene-
specific primer sets reported previously (Hoffmann et al, 2001) or
designed exclusively in the present study. The sequences of primers
designed in the present study were: PB2-826F: 5'-GTTAGGAGAG-
CAACAGTATCAG-3', PB2-2135R: 5'-TCATTGATGCTCAATGCC-
GG-3', PB1-547F: 5'-ACACATTTCCAGAGAAAGAG-3', PB1-2128R:
5'-TCCACCATGCTAGAAATCCC-3’, PA-38F: 5'-GTGCGACAATG-
CTTCAATCC-3', PA-1372R: 5'-CCTGCAATGGGATACTTCCGC-
3, NP-57F: 5'-TGGAAACTGGTGGAGAACGC-3', NP-1456R: 5'-
TTGTCTCCGAAGAAATAAGA-3', M-19F: 5-GTCGAAACGTAC-
GTTCTCTC-3', M-853R: 5'-GAATCCACAATATCAAGTGCAAG-3’
and NS-848R: 5'-TCATTAAATAAGCTGGAACG-3'. Direct sequen-
cing of each gene segment was performed using a 3130 or 3500
Genetic Analyzer (Applied Biosystems). To assess the genetic
relationship among influenza virus isolates, nt 34-1019 (986 bp) of
HA, nt 197-1206 (1010 bp) of NA, nt 1017-1929 (913 bp) of PB2,
nt 1064-1657 (594 bp) of PB1, nt 269-1218 (950 bp) of PA, nt 760—
1329 (570 bp) of NP, nt 97-771 (675 bp) of M and nt 73-750
(678 bp) of NS of isolates in the present study were compared with
those of other recent H5NT1 isolates in Asia. For the NA and internal
genes, reference strains of each genotype according to a previous
report (Duan et al, 2008) were included. Phylogenetic trees were
constructed by the neighbour-joining method (Saitou & Nei, 1987)
using MEGA 5 software (http://www.megasoftware.net/).

Antigenic analysis. The antigenic properties of the representative
H5 viruses [A/duck/Hokkaido/WZ83/2010 (H5N1), A/whooper swan/
Hokkaido/4/2011 (HS5N1) and A/peregrine falcon/Aomori/7/2011
(H5N1)] were compared with those of the reference H5 viruses by a
fluorescent antibody method using mAbs against H5 HA (Soda et al,
2008). Madin-Darby canine kidney cells infected with H5 influenza
viruses were fixed with cold 100 % acetone at 8 h post-inoculation. The
reactivity patterns of the H5 viruses with mAbs were investigated with
an FITC-conjugated goat anti-mouse IgG (MP Biomedicals) using a
fluorescence microscope (Axiovert 200; Carl Zeiss).

The antigenic properties of the representative H5 viruses were also
assessed using hyperimmunized chicken antisera against A/mallard/
Hokkaido/24/2009 (H5N1) and A/whooper swan/Hokkaido/1/2008
(H5N1) by an HI test according to a standard protocol (OIE, 2011).
HI titres were expressed as the reciprocals of the highest serum
dilutions that showed complete HI.
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An HIN2 Influenza Virus Vaccine Prepared from a Non-Pathogenic Isolate from a
Migratory Duck Confers Protective Immunity in Mice against Challenge with an
HI9N2 Virus Isolated from a Girl in Hong Kong
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wisiract HOND influenza viruses circulate in wild birds and poultry in Eurasian countowes, and have been solated trom pigs and
humans in China. HIN2 viruses isolated from birds, pizs and humans have been classitied into three sublineages based on antigenic
and genetic features. Chicken antisera to HIN2 viruses of the Korean sublineage reacted with viruses of different sublincages by
the hemagelutination-thibition test. A test vaccine prepared from a non-pathogenic A duck Hokkaido 49/ 8998 (HYN2} strain of the
Korean sublineage, obtained {rom our influenza virus library. induced smmunity in mice to reduce the impact of discase caused by
the challenge with A/Hong Kong H173/1999 (HON2), which is of a difterent sublineage. 1he present results indicate that an tnactivated
whole virus vaceine prepared from a non-pathogenic influenza virus from the library coutd be used as an emergency vaceine during

the carly stage of o pandemic caused by HON2 infection.
sy worns: antigenicity, HON2 influenza virus, vaccine

doiz 10,12925vms L0471 S Fers Med Sce T4 441447, 2012

Avian influenza viruses of various subtypes are circu-
lating in poultry worldwide [1, 18, 19, 21, 29, 38]. In par-
ticular, HON2 influenza virus is prevailing poultry popula-
tions in Eurasian countries [9-11, 24]. Since HIN2 viruses
were isolated from quails in Hong Kong in 1988, they have
become prevalent in live bird markets and poultry farms
in Asia [6. 32]. The wide spread of HUN2 virus have been
ereatly concerned not only in the poultry industry but also
tor public health [6, 38]. The hemagglutinin (HA) genes
of Eurasian HON2 viruses have been phylogenetically di-
vided into GI, Y280, and Korean sublineages [10]. HON2
viruses do not substantially cause severe discase tn poul-
try, but co-infection with bacteria such as Srapinlococcus
aurcus. Haemophilus paragallingrum, or attenuated coro-
navirus vaccine exacerbates the disease {13, 22 HIN2 vi-
ruses were also isolated from domestic pigs in China [38]
and Korea. and from humans with febrile respivatory ili-
ness in Hong Kong in 1998, 1999, 2003, 2008, and 2009 [4.
3. 23, 31 It has theretore been postulated that HON2 virus
has the potential to cause pandemic influenza in humans,

In the present study, as the preparedness for pandemic
influenza. HY virus strains from the influenza virus hi-
brary o our faboratory {19] were analyzed antigenically
and phylogenetically to select a strain suitable for o vac-
cine. Asduck/Hokkaido/d9/1998 (HIN2) was selected and

“Corrgsronntsor o0 Kiag He Department of Discase Control,
Graduate School of Veterimary Medicine, Hokkado Univer-
sity, Kita I8 Nishi 9, Kita-kua, Sapparo 060 0818, Japan.
c-mail Kidaw vetmed hokudavac jp

¢ 2012 The Japanese Society of Veterinary Science

an inactivated whole virus vacceine was prepared. The
clficacy of the vaceine against challenge with A/tlong
Kong/1073/1999 (HON2) was assessed in mice.

MATERIALS AND METHODS

Piruses: A/duck/Hong Kong 'Y280/1997 (HON2). A
chicken/Hong  Kong/GY/1997  (HIN2).  A/guail/Hong
Kong/G1/1997 (HIN2), A /chicken ‘Hong Kong/FY20/1999
(HON2)., Assilkic chicken/Hong Kong/SF43/1999 (HON2)
and A/quail’Hong Kong/A17/1999 (HIN2) were provided
by Dr. K. F. Shortridge (The University of Hong Kong.
China). A/ostrich South Africa/9508103 1995 (HON2} and
Avchicken/Pakistan 2/1999 (HON2) were provided by Dr.
I H. Brown (Animal Health and Veterinary Laborato-
ries Agency, Wevbridge, UKL, A'Hong Kong 1073 1999
(HON2) (HK/107399), which was isolated from a 4-year-
old girl in Hong Kong in 1999 {23]. was provided by Dr.
AL 3. Hay (MRC National Institute tor Medical Rescarch,
UK. HYN2 influenza virus strains isolated from birds
and mammals, and  A/duck/Hokkaido/ 491998 (HOND)
(DK /Hok/49:98) [25] are Histed in Table 1. The viruses were
grown in 10-day-old embryonated chicken cggs and intec-
tious allantoic fluids were stored at -807C until use,

Phylogenetic anafyvsis: Viral RNAs were extracted from
the allantoic fluids of chicken embryos infected with vi-
ruses using TR1zol LS Reagent (lnvitrogen, Carlsbad, CA.
U.S.A) and reverse-transeribed using the Unil2 primer
[14] and M-MLV reverse transeriptase (Invitrogen), The
¢DNA was amplitied by using the Takara Ex Taqg (Takara
Bio. Inc.. Shiga. Japany The first cyele of the amphifica-
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Table L HONZ viruses used in this study
Sublincace Viros HA gene?
”;AZ-\“ A\ chicken Heber | 1996 AF3360603
A duck Hong Kong Y280 1997 At 150370
A\ chicken: Hong Kong (9 (ov7 AFI30373
A duck Hong Kong W23 1998 AB43203N
A swine Tong Kong/ H 190K AF222811
A chicken Hong Kong Y20 1999 AF222610
A stikie chicken Hong Kong SE43 14999 AFINO26X
Rorean A ostrich/South Atrica Y308 103 1993 AF218102

ABL22T
ABI2592N
ABI25929
AB123930
ABI25u5]
ARASS035
ABIARGGH
ABS3R067

A duck HokKaido/ 311997

A duck HokKaido 49 1998

A duck Hokkawdo W99y

A duck/ Hokkaido 26 1999

A duck/Hokkaido 13 2000

A duck/Hokkaido HYS7:2005
Asduck/MongoljaS64:2003

A duck Hokkaido 294 2006

A duck/HohKaido W 2949, 2006 ARSIRUORT
A duck/Hokkaido 238 2008 AB4S3600M
(8] A quail Hong Kong/ Gl 1997 AF186378

Addudno
A J29i362
AF222606

A Hong Kong 10731999
A chicken Pakistan 2 1999
A quatl 'Hong Kong/A 17 1999

North DU s

Amerwcan

A turkey ' Wisconsin 11966

a) GenBank/EMBL DDBJ Accession No. by The HA pene sequence
was submitted to the GenBank/EMBL DDBJ databases tn this study.

tion program consisted of a0 5 min period at 947C and was
tollowed by 30 cveles with the tollow ing conditions: 98°(
for 10 see, 35°C for 30 sec. and 72°C for I min. The last
cvele was done at 72°C for 10 min. Polvmerase chain re-
action amplification of the viral genes was pertformed us-
ing a PTC-200 thermal cyeler (BIO-RAD. Hercules. CAL
U.S.A). The primers used for HA gene amplification were
HO-IF (37-GGCCACCAGTCAACAAACTC-37) [24] and
HO-134IR (3-GTTTACATTCGCATCATGOTC-37). Direat
sequencing of the HA gene was performed using a CEQ
2000X L autosequencer (Beckman Coulter, Fullerton, CAL
U.S.AL). For phylogenetic analysis, sequence data obtained
for the genes together with those from public databases
were analyzed using the neighbor-joimng method [33] us-
g MEGA 3.0 software (hitp:/wwwanegasoftware.net/ ).
Antigenic anafvsis: Antigenic characterization of HON2
influenza viruses was done by hemagglutmation-inhi-
bition (HI test [35] Hyperimmunized chicken antisera
against seven HON2 viruses were prepared [20] Brietly
the sera were serially two-told diluted with phosphate
buttered saline (PBS) in 96-well microplates. The dilut-
ed sera were mixed with 8 hemagglutinin units of virus
antigen and incubated at room temperature for 30 min
Chicken red blood cells (0.3%) were added to the antgen-
serum dilution mixtures and incubated at room tempera-
ture for 30 nun. HI titers were expressed as reciprocals
of the highest serum difutions that showed complete HI1L

Virus replication and pathogenicity in embryvonated
chicken eges: Viruses were inocutated into 10-day-old em-
bryvonated chicken eggs and incubated for 48 hr at 35°C.
HA titers and 50% cgg infectious dose (EIDs,) were mea-
sured every (2 hr post-inoculation. Pathogenicity ol Dk
Hok 49 98 against embryonated chicken cges was evalu-
ated by the mean death time as described Abenes er ol {2].

Vaccine preparation: DR/ Hok/AWOs8 and HRI073:99
were injected into the allantoic cavities of 10-day-old
embryonated chicken cggs and propagated at 33°C for
48 D, The viruses in the allantoic fluids (312 HA for DK
Hok 4098 and 1.024 HA for HK/107399) were purified
by differential centritugation and sedimentation through o
sucrose gradient {H4] The protein concentration was mea-
sured using the BCA Protein Assay Reagent (Thermo Fish-
er Scientific K. K. Waltham. MA, US.A). The purified
virus was inactivated with 0.1% tormalin at 47C for 7 davs.
Ihe HA content was standardized as described [28] Pro-
teins of puritied viruses were separated by sodium dodeeyl
sulfate-polvacrylamide gel clectrophoresis on a 13% gel
(BIO-RADj and stained with Coomassie brithiant blue. The
gel image was captured and analyzed by LumiVision PRO
(AISIN, Aichi. Japan). and the ratio of HA protein to total
protein was caleulated. On the basis ot this method, con-
centration of HA protetn was 4.7 pein 30 g of vaceine.

Chrallenge with HK 107399 into mice vacetnated onee
or twice: Inactivated DRK/Hok 4998 or HK/T073/99 vac-
cines were injected once intraperitoneally into d-week-old
temale BALB/c mice tJapan SLC. Inc.. Shizuoka. Japan).
PRS was injected into control mice. Three weeks later, 10
mice in cach group were challenged intranasally with 30
wl of 10°% EID:, of HK/107399 under anesthesia. Mix-
ture of tiletamine hydrochloride (20 mg/kg) (United States
Pharmacopeia. Rockvitle, MALUS AL, zolazepam hydro-
chloride (20 me/ke) (United States Pharmacopeia). and
awlazine (20 mg/kg) (Baver HelthCare, Osaka. Japan) was
injected intraperitoneally into mice for anesthesia.

Inactivated DK/Hok 4998 vaccines were also injected
twice mtraperitoneally into d-week-old female BALB«c
mice. Two weeks later, the vaceine was again intraperito-
neally mjected into the mice. One week after the second
vaccination. 10 mice in cach group were challenged intra-
nasally with 30 u/ of 10°7 EID., of HK 1073/99 under an-
esthesia

On day 3 post-infection. five mice 10 each group were
sacrificed and the lungs were homogenized o make a 10%
{w vy suspension with minimal essential medivm (Nissui.
Tokvo, Japany with antibiotes (penicillin G potassiun.
streptomycein sulfate. gentamicin sulfate, and nystating and
0.3%, Bovine Serum Albumin Fraction V (Roche. Basel.
Switzerland), The virus titers of the supernatants ot the
lung tissue homogenates were caleulated in 10-day-old
cmbryonated chicken egges and expressed as the ElDg, ¢ of

tssue.

In neutrabization (N1 tests, tters were determined as
the reerprocal of that maximum antibody dilution that com-
pletely prevented eytopathic effect caused by 100 plague
torming uits of virus using MDCK cells,
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RESULTS

Phylogenetic analvsis of the HA genes of HIND influenza
virases: The HA genes of 22 HON2 viruses were sequenced
and phylogenctically analyzed by the neighbor-joining
method. Al of the HA genes were classitied into the Fur-
astan hneage. and further classified into the Korean (n 11,
Y 2RO =7y and GI (n-4j sublincages (Fi, 1) The H1Y -
ruses of the Korcan and Y280 sublineages were isolated
from water birds. poultry, pigs. and humans in East Asian
countries. and those of the Gl sublineage were 1solated
from poultry in west Astan countries (Fig, 1),

Antigeniciy of the [H9ND influenza viruses: HON2 influ-
enza viruses were anbgenically analyzed by HIest (lable
21 Antisera against HONZ viruses of the Y280 sublincage
reacted shightly with HON2 virases of the G oand Korean
sublincages. Antisera agaimst HON2 viruses of the Gl
sublincage reacted more with TION2 viruses of the Y280
sublincages than those of the Korean sublineage. On the
other hand. antisera against HIN2 viruses of the Korean
sublineage reacted with HON2 viruses of all sublincages
This result suggested that the HON2 vaccine strain should
be selected trom the viruses ot the Korean sublincage.

Sclection of HINY vacciine strain: To select an HONI
vaceine strain, four HON2 viruses. DK/ Hok 4998, A/duck
HokKkaido 132000 (HON2) (Dk/Hok '13/00), Aduck Hok-
Kaido 91999 (HUN2) (DE/Hok /9991, and  A/duck: Hok-
Kaido/26/1999 (HYN2) (DR/Hok/26/99), were selected from
I isolates of the Korean sublineage, and their replication
and pathogenicity in embryonated chicken eggs were as-
sessed. HA titers of DR/ Hok 4998, DR/Hok/13 00, DK
Hok/999, and DK HoK/26:99 were 512, 512, 256, and 128,
respectively. Virus titers were 10771081, 100 and 1077
E1D ., mlrespectively, indicating that DR/HoK A998 vepli-
cated etficiently in 10-day-old embryonated chicken eggs.
Pathogenicity of DK/Hok /4998 in the embryonated chicken
ceos was determined by mean death time and that of Dk
Hok 4998 was 91 8 hr, indicating that Dk/Hok 49/98 had
low pathogenicity in chicken embryos. This virus was se-
lected as a candidate HON2 vaccine strain,

Drotective efficacy of the test vaccine in mice against
H9N2 virus challenge: To assess the efficacy of the vaccine
against HIN2 virus infection, HK /107399 was intranasally
inoculated into mice that had previously been vaccinaed
once with mactivated HK 107399 or DR Hok 4998, -
munogenicity of the mactivated vaccine was assessed by
NT test, and virus titers in the Jungs were measured to as-
sess protective immunity induced by the vaccine (Table 3).
Serum antibodics were detected in mice injected with S0
10, and 2 pg protein of HK 107399 vaccine. The virus titers
i the lungs were <107 1077 EID: ¢ in mice injected with
30 or 10 g protein of HK/1073/99 vaccine. and 1047 107
EID: e i the 2 and 04 pg vaceine groups, and in the PBS
control group (Table 3) A reduction in body weight was
observed in mice myected with 100 20 and 0.4 pg protein,
and in the control group from day 2 post-infection. reach-
ing up to 10% body weight loss at days 3 4 post-infection,
compared with in the mice that received 50 gg of protein

Qa/Shantow/4493/2005
SwiGuangdong/iwxl/2004
CriHenandL1/2008
ChHB/3/1998
KIY280/1997
CK/HK/FY20/1999
SCKHKISF43/1999 Y280
Ck/Guangdong/02/2007 sublincage
o CK/FupaniFH7/2007
ok HE
CkHK/G9/1897
SwiHKI10/1998
DR/HK/W213/1998
Ck/HD/1/1996
SwiShandong/ne/2005
HK/2108/2003
: C/tsrael/ 182/2008

a2

Ck/PakistanyUDLG 1/20G8
Ci/lran/S$2:2008
CklPakista;\(fngggQ G1

o0y HK/33982/2009
HK/35820/2009 sublineage
Qa/HKIG1/1997
HK/1073/1999
- QalHKIA17/1999
b HK/1074/1997
Di/Hok/26/1999
Dk/Hok/9/199%
DkiHok/13/2000
Dk/Hok/W299/2006
Dk/Hok/23812008
DkiHok/HY57/2005
Dk/Mon/564/2003
Dk/Hok/294/2006
Osr/S.Af/9508103/1935
Dk/Hok/31/1997
Dk/Heok/49/1998
DR/HKY432/1997

Ci/Korea/0! 996
- e SwiKorea/S452/2004
00 DriKorea/S23/2004
100k Ck/Koreal 5222004

Ty/Wis/ 111966

Eurasian
lincage

Korean
sublineage

1 North
ooz American
piinsing fingage

1. 1. Phndogenenc tree of the HA genes of HINDY influenza vi-
ruses. Nucleotides 163 -1,048 (886 baxes) of the HA senes were
used for the analysis, Horizontal distances are proportional to
the minumum number of nucleotide differences required 1o joimn
nodes and sequences. Numbers at the nodes mdicate confidence
fevels o bootstrap analysis wath 1000 yeplicates. Viroses
stoched m our taboratory are highlighted in gray. Representatine
viruses i cach sublincase are underlined. Abbrevianions: Sw
swine; Uk, chicken: SCK, siky chicken: DK, duck: Osr, ostrich:
Qa. quaits Ty, turkey: HKL Hong Kong: Hb, Heber SC AT South
Alrica; Hok, Hokkaido: Pak, Pakistan: and Wis, Wisconsin

(Fig. 2A),

We also tested the efficacy of vaccination with DK
Hok M998 on protection against subsequent mtranasal -
fection with HK/1073/99. Scerum antibodies were slightly
detected in mice injected with DK/Hok/49/98 vaceine con-
taining 50 and 10 wg protein (Table 3). The virus titers
in the lungs of mice injected with Dk/HoK/49/98 vaccine
comtaining 30 and 10 gy protein were 10%7 1071 EID;/2.
In the mice injected with 2 and 0.4 xg protein, the virus
titers in the fungs of mice were similar to those of non-
vaceinated control mice (Table 3). Although, a reduction
in body weight was observed in mice at all doses of the
DK/Hok /4998 vaccine, shight significant ditference was
observed in mice injecteded with 30 pg protein, compared
with in mice injected with PBS (Fig. 2B).
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fable 2 The crosssreactiv ity of HONZ viruses with antisera by HI test
Antisera®!
Sublincage Virus™ Y280 Korean Gl North Amerwean
ChHE G997 DRVHEK/Y28097 DEHK W21398 0 DR Hok 49 98 DR Hok 1300 Qa HK G197 Ty Wis 166
Y28 Ch Hb 196 HY, 246 13,240 2,560 2560 2,560 2560 40
Ch HK Gua7 HELOO0 16,240 2500 |.280 2560 2,500 $0
DL HK Y8097 ARG 20,480 23040 2.560 2560 S0 3240
Swo N 10 9s R 1,240 640 630 1,284 1,280 40
DR HK W21 ux 4,960 20,480 2,500 1280 2,500 2.560 st)
Ch HN EY20 949 14,240 1,240 2300 2500 2560 S0 {ots
H;s.u!c.m DR Hok 3197 641 64t 640 1280 1560 160 630
DA 1ok d9os 320 320 o 2300 2560 6 o0
D Hok 999 640 631} 1ot 2560 2,560 N 320
DK Hok 2694 320 64 1on 2.564 2,560 40 640
DA Hok 1300 644 640 1ot | I H) 2560 80 640
Db Mon 364 03 20 324 HERLA] 1,250 2560 i60 320
DR Hok HYST a3 64 3N i 1280 2E60 S0 120
D Hok W299 6 630 320 630 1280 2560 i) i1t}
DL Hok 23808 640 640 6400 1.280 2,560 R0 640
s Qu HK G197 640 1,280 320 1280 1284 5,120 320
Ch Pak 299 1.2840 1,280 630 640 bt 6400 N1
HKN 107399 1.280 324 joa0 {.2580 s 1,280 320
North Ty Wis 1 66 80 20 it 320 i 0 G640

Amierican

ay Homologous reactions are underlined. by This panel showed the representative strams of cach sublineage.

Table 3

Neutrahizing antibody titers betore chaltenge and virus titers o the fungs atter challenge in mice vaccinated once

NT nterto

Virus titer

VMacemwe Dosc of vacoine

HK 1073 99

DK Hok 4908 thogb Dy el

HK 107304 S0 up 320, 320, 160, 320, 640 ND LS. <LS, <15, <18, <15
10 ug 80, 20, 80, 86, 40 ND 18372523 30
Y g 41,20, 20, 20, 20 ND 37.55,55 53,60
0.4 uu 1O, < 1Y, <1, <30, - 10 \ND 37.60,50.58 5.8
PBS <0, <t <0, <10, ~ (o \ND 65,62, 68 635 68
DK Hok 499y 30wz 40,40, 30, 20, 30 Toti, K0, 81, S, 80 J3 4K 454548
10 ue My, <10, - 0, <10, - 10 RO RO K0, 86, 20 AN, 56,82.47.53
Qug <10, <0, g, <jo, o 10, <10, 18, <10, - 10 6.3, 58, 60,63 60
G4y 10, <1, <1, <lo, - 8 CTTRESS U [YTRESE {4 S (1] 3,38, 60,65 63
PBS <, <, 10, <18, - 10 <10, <1, <16, <10, - 10 6.2, 60,635 3865

Each of vacame was myected itrapentoneally wath 10 muce

Mice were chatlenged with 107 ELD
titers were measured

In the mice mjected twice with DRk Hok /49 98 vaccine
on davs O and 14, serum antibodies were detected in mice
in the 300 10, and 2 wg groups at one week after the see-
ond injection { Table 4). The virus titers in the lungs were
<10V 0T EID g inomice injected with 30, 10, and 2 we
protein, and 1077 10°7 ElDg/e in the other vaceinated
mice (Table 43 A reduction in body weight was observed
in mice injected with 2 and 04 wg protein, and in control
group. reaching up to 10% weight loss trom days 4 6 post-
intection, compared with 1 mice injected with 50 and 10
ag protein (Fig. 3). These results suggest that the repeat
administratton of the test vaccine confers immunity, and

Serum samples were colfected 3 weeks atter the vacaonanon.
,of HK 1073 99 intranasaliy. a) The lung samples were collected st 3 dopcand virus

prevents body weight loss and decreases virus replication,
after infection of mice with H9 mfluenza virus,

DISCUSSION

HON2 viruses of cach of the three sublineages, G1L Y280,
and Korcan, were recently isolated from wildbirds and
poultry worldwide {3, 6. 27] HON2 viruses were also 1s0-
lated from pigs and humans in China (4. 5, 37] and Korea,
suggesting that these viruses have the potential to cause
pandemic influenza in humans. HOND viruses isolated from
pigs in China and Korea were classified into the Y280 and
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HK/1073/99 vaccine
*

A) 1107
. *
105 *
E »
= = ¥/
2 ) i e
) 95 \ g
2 : \ 'l 5/ *- 50 pg
> A
"g \."’ r n- 10ug
& 90 .9
g -— 2 14g
85 —&— (14 ug
-~ PBS
61 2 3 4 5 6 7 8 9 10 3 12 13 14
Days post infection
B) 104 Dk/Hok/49/98 vaccine

105 4

100 €

Body weight (%)
&

N . oK - 0 g
99 \'Q'E?Dw ;- 10ug
+— 248
85 ~a— 0.4 ug
~{}- PBS
80 o
r g g M R S ey

¢ v 2 3 4 5 & 7 8 9 10 11 12 13 14
Days post infection

Fig. 2. Changes in body weight in mice vaceinated once fallow-
ing challenge with HK/167399 Five vaccinated mice of cach
group injected with HK 107399 vacemne (A), and with DK
Hok 4998 (B) were moculated intranasally with HK/1073:99
and body werght was monitored for 14 dayvs. Data are shown as
mean body weight changes in cach group with corresponding
standard deviation (SD). Asterisks mndicate that body weights
were not significantly (P0.03) decreased than PBS injecied
group.

Table 4.

no,  Dk/Hok/49/98 vaccine (twice injection)

105 4
ey
e 100¢
i
&
2 54
% ' ', " Y
8 w- KT ~m- 10 ug |
—e 2yg |
85 —&— O4yug
! 5~ pas |
804 i
e A e e e e e ]
¢} 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days post infection
Fig. 3. Changes in body weight in mice vaceinated twice with

DR/ Hok 4998 vaccme following challenge with HK1073/699,
Five mice from cach DRK/HoK 4998 vaccine group were inocu-
lated intranasally with HK/1073/99 and body weight was moni-
tored for 14 days. Data are shown as mean body weight changes
my each group with corresponding SD. Asterisks indicate that
body weights were not significantly (7<0.05) decreased than
PBS injected group.

Korean sublineages, while HON2 viruses isolated from hu-
mans in China was classified into the Gl and Y280 sublin-
cages [4, 3, 23, 31 It is suggested that HIN2 viruses isolat-
ed from pigs and humans are antigenically distinet among
viruses of the Korean, Y280, and G sublincages [3, 23, 31,
37]. Therctore. it is important that any HON2 influenza vi-
rus vaccine 1o be used for pandemie influenza can broadly
cross-react with antisera against all sublineage viruses. In
the present study. DE/Hok/49/98 was selected from the Ko-
rean sublineage, since antisera to the virus cross-reacted
with all sublineages virus. Furthermore. DK/Hok/49/98
replicated etficiently in embryonated chicken eggs and was
non-pathogenic in chicken embryos. Recently, HON2 vi-
ruses were isolated from pigs and humans in China 4. 5,
23, 31}, it is necessary to analyze the antigenicity of these
HY isolates and evaluate the efficacy of test vaccine against

Neutralizing antibody titers before challenge and virus titers of the fungs after challenge in mice vaccinated twice

NT titer to

Virus tter"

Vaceine Dose of vaceine

HK 107399

Dok 4998 HogED, /i)

DK/Hok /4998 S0 ug 320, 320, 320, 160, 1ob
W g Y10, 20, 20, 40

2 ug [ISAEN D AR (VRS AL RS O

0.4 pg <HL M0, <18, 10, <10

PES <UL 0,10, L <1

1,280, 640, 640, 320, 640 1.5, <15, <15, -11.5, <{.3
320, 160, 324, 160, 160 0,23, 2.
S0, 160, 80, 80, 80 353

ta, <16, <to, <10, < 10

B LA LH A S A TV (3] SR65. 60,63 58

e iy

58,6055

Each of vaccine was impected intraperitoneatly twice with 10 mice. Serum samples were collected 2 weeks after the second
vaecination. Mice were challenged with 107 EID, of HE 107399 miranasallyv. ay The lunyw samples were collected at 3 dope.

and virus titers were messured.
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them. Taken together. it 1s important to carry out survei-
fance of avian influenza consecutinvely and w analyse the
isolates antigenically and phyvlogenctically.

In the present study. it was suggested that the test whole
particle vaccine has the poteney against challenge with
HON2 virus of different sublineaze in mice. It was already
reported that whole particle vaceine mduced strong immune
responses and HAND whole particle vaccine induced pro-
eetive immunity against antigenically distinet challenge
virus (12, 26], Although the efficacy of the test vaceine ob-
served slightly in mice vaceinated vnce duce to the antigenie
ditterence between DK Hok 4998 and HK 107399, 1t was
clear that the vaceine induced protective immunity in mice
injected twice, indicating the usefulness for the prepared-
ness of the pandemic,

Ihe current exele of scasonal influenza vacvine produc-
tion requires detailed plunning up to 6 months betore vac-
cine manutacture [ 7] In the case ot influenza pandemic m
2000, it also took 3 months to have an HINT vaccine avail-
able [8. 36]. To prepare for the emergence of pandemiic in-
fluenza in birds and mammals including humans, we have
carried out global surveillance of avian influcnza {15, 30,
34,390 Avian infiuenza viruses of 144 combinations of FEA
and NA subty pes have been stocked for use 1n vacemne and
diagnosis. Since the viruses stocked i our influenza viras
library were already assessed the pathogenicity and rephi-
cation in embryonated chicken cggs. we can exclude those
tests 1o select a vacetne stramn and prepare a vaceine rapidly
[16. 17, 19]. The present results indicate that the inactivated
whole virus vaccine prepared trom an influenza virus from
the library could be used as an emergency vaccine during
the carly stage of a pandemic caused by HIN2 mtluensa
viras infection.
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The levels and properties of neutralizing anti-
bodies in nasal wash and serum collected from
five healthy adults were examined after intrana-
sal administration of an A/Uruguay/716/2007
(H3N2) split vaccine (45 ug hemagglutinin (HA)
per dose; five doses, with an interval of 3 weeks
between each dose). Prior to the assays, nasal
wash samples were concentrated so that the
total amount of antibodies was equivalent to
about 1/10 of that found in the natural nasal
mucus. Vaccination induced virus-specific neu-
tralizing antibody responses, which increased
with the number of vaccine doses given. Neu-
tralizing antibodies were produced more effi-
ciently in the nasal passages than in the serum:
A >4-fold increase in nasal neutralization titres
was observed after the second vaccination in
four out of five subjects, whereas a rise in se-
rum neutralization titres was observed only
after the fifth vaccination. Nasal and serum
neutralizing antibodies were mainly found in
the polymeric IgA and monomeric IgG
fractions, respectively, after gel filtration. Taken
together, these results suggest that intranasal
administration of an inactivated split vaccine
induces high levels of nasal neutralizing
antibodies (primarily polymeric IgA) and low
levels of serum neutralizing antibodies (primarily
monomeric IgG). J. Med. Virol. 84:336-344,
2012. © 2011 Wiley Periodicals, Inc.

KEY WORDS: influenza; vaccine; neutralizing
antibody
INTRODUCTION

To prevent influenza, protective immunity must be
induced in advance by administration of a vaccine.

© 2011 WILEY PERIODICALS, INC.

Currently available inactivated vaccines, detergent
disrupted split-viruses, or purified glycoproteins
(surface antigen vaccines) are given via parenteral
injection [Murphy and Webster, 1996]. Parenteral
vaccination, that is, vaccination via the non-mucosal
route, induces serum IgG antibodies, which are highly
protective against homologous virus infection, but less
effective against heterologous virus infection. Thus,
intramuscular vaccination of seasonal influenza
vaccine would be less effective in protecting against a
heterologous virus epidemic.

A large number of studies show that the protective
immunity induced by influenza virus infection is
mainly mediated by secretory IgA (S-IgA) and IgG
antibodies within the respiratory tract. S-IgA is
carried to the mucus by transepithelial transport,
while serum IgG is transported from the serum to the
mucus by diffusion [Murphy and Clements, 1989;
Brandtzag et al., 1994; Murphy, 1994; Asahi et al,,
2002; Asahi-Ozaki et al., 2004]. S-IgA in the upper
respiratory tract prevents viral infection, while IgG
supports S-IgA-mediated protection by neutralizing
newly-generated viruses [Ito et al., 2003; Renegar
et al., 2004]. IgG is the main antibody involved in
anti-viral protection in the lungs [Ramphal et al,
1979; Palladino et al., 1995; Renegar et al., 1998; Ito
et al., 2003). Also, polymeric S-IgA neutralizes viruses
more effectively than monomeric IgA or IgG [Taylor
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