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Preface

Influenza A virus belongs to genus Influenzavirus A of family Orthomyxoviridae

[20]. Influenza A virus is widely distributed in birds and mammals including humans.

On the basis of antigenic specificity of hemagglutinin (HA) and neuraminidase (NA),

influenza A viruses are divided into sixteen HA and nine NA subtypes (H1-H16 and

N1-NO, respectively). Influenza A viruses of all of HA and NA subtypes have been

isolated from water birds such as migratory ducks [10]. Ducks are infected with the

viruses through water-borne in the lakes and marshes where they nest in summer in the

northern territories such as Siberia, Canada, and Alaska [13]. The viruses replicate in

the columnar epithelial cells forming crypts in the colon of ducks that do not show

clinical signs and are shed in the feces [18]. In autumn, the ducks leave their nesting

lakes to the south for migration in Asia. It is known that the pathogenicity of influenza

A viruses for chickens ranges from asymptomatic to symptomatic infections with low to

high mortality. Highly pathogenic avian influenza (HPAI) viruses are selected when

avirulent viruses of wild ducks transmit to chickens through domestic water birds and

terrestrial birds, and are passaged among chicken population [13]. HA subtypes of

HPAI viruses are restricted to H5 and H7, although not all viruses of these subtypes

cause HPAI



There are four instances of the emergence of new pandemic strains in humans in

the last one hundred years. A new pandemic strain is defined as a virus possessing

new HA and/or NA subtypes that humans have not experienced for the last several

decades [13]. It is revealed that the A/Hong Kong/68 (H3N2) pandemic influenza

virus emerged in 1968 via genetic reassortment in pigs concurrently infected with an

H3Nx influenza virus circulating in migratory ducks through domestic ducks and the

H2N2 virus that was prevailing among humans at the time. The A/Hong Kong/68

(H3N2) pandemic strain bare the PB1 and the HA genes from the H3Nx virus of duck

origin and the others from a human H2N2 Asian flu virus strain. Avian influenza

viruses possess HA which preferentially binds to sialic acid 02,3-galactose

sialyloligosaccharides (SAa2,3Gal), whereas swine and human influenza viruses bind to

sialic acid a2,6-galactose sialyloligosaccharides (SAa2,6Gal) [9, 28]. Pigs play an

important role in the generation of pandemic influenza viruses since they have both

SAa2,3Gal and SAa2,6Gal receptors and are susceptible to infection with both avian

and human influenza viruses [9, 14]. Receptor specificity of influenza A viruses is the

key determinant of host range. It is assumed that binding specificity to SAa2,6Gal

receptor is required for efficient human-to-human transmission. However, the

mechanisms by which avian influenza viruses acquire binding specificity to SAa2,6Gal

receptor and cause pandemic influenza are not fully understood. In this study, to



assess whether viruses recognizing the SA02,6Gal receptor are selected, H3 avian

influenza virus was consecutively passaged in pigs.

Avian influenza caused by HSN1 HPAI viruses 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 [32, 42]. The WHO/OIE/FAO H5NI1

Evolution Working Group has previously identified 20 new clades of viruses and

established specific criteria for naming H5N1 clades [41]. In Japan, HSN1 HPAI

viruses belonging to clade 2.3.2.1 were isolated from dead whooper swans in 2008 [24,

37], fecal samples of ducks that flew from Siberia in October 2010 [12], and from wild

birds and domestic poultry in 2011 [29]. Recently, antigenic variants of HSN1 HPAI

viruses have appeared in poultry in Asian countries and Egypt under immunological

selection pressure [1, 4]. It is previously demonstrated that an inactivated avian

influenza vaccine prepared from non-pathogenic avian influenza virus,

A/duck/Hokkaido/Vac-1/04 (H5N1) (Dk/Vac-1/04), conferred protective immunity

against the challenge with HSN1 HPALI viruses isolated until 2008. In this study, a

vaccine from A/duck/Hokkaido/Vac-3/07 (H5N1) (Dk/Vac-3/07), which is

antigenically closely related with Dk/Vac-1/04, was prepared. Growth potential of

Dk/Vac-3/07 in embryonated chicken eggs was higher than that of Dk/Vac-1/04 [35].



The potency of the Vac-3 vaccine was assessed by the challenge with antigenically

drifted HPAI viruses prevailing recently in Asia.



Chapter I

Selection of H3 avian influenza viruses with SAa2,6Gal

receptor specificity in pigs

Introduction

Influenza A virus is widely distributed in birds and mammals including humans
and is classified into 16 HA and 9 NA subtypes [25]. Epidemiological studies have
revealed that a vast influenza virus gene pool for influenza exists in migratory ducks [13,
40]. Each of the known subtypes of influenza A viruses perpetuates among migratory
water birds and their nesting lake water in nature [10]. Avian influenza viruses
possess HA which preferentially binds to SAa2,3Gal, whereas human influenza viruses
bind to SAa2,6Gal [9, 28]. Each of the earliest isolates in the 1918, 1957, and 1968
pandemics preferentially recognize the SAa2,6Gal receptor, despite the fact that those
HA genes were avian virus origin [15, 27, 40]. Influenza viruses that preferentially
bind to SAa2,3Gal were isolated from pigs, although most swine influenza viruses
preferentially recognize SAa2,6Gal [16]. Experimental infection studies revealed that

pigs are susceptible to avian and human influenza viruses of H1-H13 subtypes and



genetic reassortants are generated by concurrent viral infection of cells of upper

respiratory tract in pigs [14]. Epithelial cells of the upper respiratory tract of pigs have

both SAa2,3Gal and SAa2,6Gal receptors [9]. It has been, thus, proposed that pigs

serve as intermediate hosts for the generation of genetic reassortants between avian and

human influenza viruses. Receptor specificity of H3 influenza viruses is determined

by the amino acid at positions 226 and 228 in HA [2, 28]. Amino acids 226GIn and

228Gly (226GIn/228Gly) in HA confer binding specificity to SAa2,3Gal receptor,

which are found in avian influenza virus isolates, whereas amino acids 226Leu and

228Ser (226Leu/228Ser) confer binding specificity to SAa2,6Gal receptor, which are

found in human viruses.

Pigs play an important role in the generation of pandemic viruses since they are

susceptible to infection with both avian and human influenza viruses. However, the

mechanisms by which avian influenza viruses acquire binding specificity to SAa2,6Gal

and cause pandemic influenza are not fully understood. In the present study, an H3

avian influenza virus was consecutively passaged in pigs to assess whether viruses

recognizing the SA02,6Gal receptor are selected.



Materials and Methods

Viruses and cells

A/duck/Hokkaido/5/77 (H3N2) (Hok/77-PO) was propagated in 10-day-old

embryonated chicken eggs at 35°C for 48 h and infectious allantoic fluid was stored at

—80°C until use. Madin-Darby canine kidney (MDCK) cells were maintained in

minimum essential medium (MEM) supplemented with 0.3 mg/ml L-glutamine, 10%

calf serum, 100 U/ml penicillin G, 0.1 mg/ml streptomycin and 8 pg/ml gentamicin.

Consecutive passages of duck influenza viruses in pigs

Three-week-old crossbred (Landrace x Duroc x Yorkshire) specific pathogen-free

pigs (Yamanaka chikusan, Hokkaido, Japan) were kept in self-contained isolator units

(Tokiwa Kagaku, Tokyo, Japan) in a BSL-3 facility of the Graduate School of

Veterinary Medicine, Hokkaido University, Japan. Before virus inoculation, serum

samples were checked for the absence of antibodies against Hok/77-PO using

hemagglutination-inhibition (HI) tests. Consecutive virus passages were initiated in 2

naive pigs by intranasal inoculation with 2 ml allantoic fluid containing Hok/77-PO0.

Nasal swabs were collected from these pigs into MEM every 12 h for 7 days post

inoculation (dpi). The last isolated virus samples that were recovered from pigs were



propagated in MDCK cells for 48-72 h at 35°C and were intranasally re-inoculated into

2 naive pigs. Passages were repeated 3 times. The remaining supernatants were

stored at —80°C until use. The institutional animal care and use committee of the

Hokkaido University authorized this animal experiment (approval number: 11-0087),

and all experiments were performed according to the guidelines of this committee.

Plaque assay

Serial 10-time dilutions of virus samples were inoculated onto confluent

monolayers of MDCK cells and incubated at 35°C for 1 h. Unbound viruses were

removed, and cells were washed with phosphate-buffered saline (PBS, pH7.2). Cells

were subsequently overlaid with MEM containing 1% Bacto-agar (Difco, Sparks, MD,

USA) and 5 pg/ml trypsin acetylated (Sigma-Aldrich, St Louis, MO, USA).

Forty-eight hours after incubation at 35°C, cells were stained with 0.005% neutral red.

To analyze nucleotide sequences of passaged viruses, plaques showing cytopathic

effects were picked up using a sterile capillary pipette and suspended in MEM.

Sequencing

Viral RNA was extracted from suspensions of picked-up plaques using Trizol-LS

(Sigma).  Universal primer sets for influenza A virus were used for reverse



transcription polymerase chain reaction (RT-PCR) of all eight gene segments [6].

PCR products were ligated with gene-specific primers and sequenced using the BigDye

Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster city, CA, USA).

Sequences of DNA templates were determined using the 3500 Genetic Analyzer

(Applied Biosystems). Sequencing data were analyzed using GENETYX version 10

(Genetyx Corporation, Tokyo, Japan).

Deep sequencing

For bead-bound cDNA of Hok/77-P0 and variants, emulsion PCRs (emPCRs) were

performed using GS Junior Titanium emPCR kit (Roche, Basel, Switzerland) according

to the manufacturer’s instructions, with 2 copies per bead. After bead recovery and

enrichment, beads were sequenced using the GS Junior Titanium Sequencing kit

(Roche) and a GS Junior Bench Top System (Roche) according to the appropriate

instrument run protocol. The resulting reads were sorted and assembled using CLC

Genomics Workbench software (CLC bio, Aarhus, Denmark).

Solid-phase direct binding assay

Receptor binding specificity of the viruses was assessed using a solid-phase direct

binding assay with sialylglycopolymers (6'-Sialyllactose-PAA, 6'-SL  and



3’-Sialyllactose-PAA, 3'-SL) (Cosmo Bio Co., Ltd., Tokyo, Japan) as previously
described by Totani et al. (36) with some modifications. Briefly, each
sialylglycopolymer was serially diluted and added to each well of a Universal-BIND™,
96-well polystyrene stripwell microplate (Corning, NY, USA). Each well was blocked
with 1% bovine serum albumin (BSA) at room temperature for 3 h. After washing
with PBS containing 0.05% Tween 20 (PBST), a solution containing influenza viruses
(8 HAU in PBST and 0.5% BSA) was added to each well and the plates were incubated
at 4°C for 16 h. After washing with cold PBST, mouse anti-HA monoclonal
antibodies were added to each well and the plates were incubated at 4°C for 2 h. The
wells were subsequently washed with cold PBST and incubated with goat anti-mouse
IgG-HRP conjugate (Bio-Rad, Carlsbad, CA, USA) at 4°C for 2 h. After washing with
cold PBST, the substrates 0.5 mM 3,3’-tetramethylbenzidine (TMB) and 0.04% H,O,,
were added to each well. After incubation at room temperature for 10 min, the
reactions were stopped using 100 pl of 2N H,SO4, and absorbance at 450/630 nm was
measured using a Sunrise’™ Microplate Reader (TECAN Group Ltd., Mannedorf,

Switzerland).

10



Results

Consecutive passages of Hok/77-P0 in pigs

Hok/77-P0 was passaged in pigs to assess whether human-type receptor binding
specificity could be acquired. Virus titers in nasal swabs of infected pigs are shown in
Table 1. Passaging of the virus was initiated in 2 pigs by intranasal inoculation of 2 ml
allantoic fluid containing Hok/77-P0 at 10’7 PFU. Viruses recovered from the swab
from pig #1 at 5 dpi (Hok/77-P1) were used for the next passage. Hok/77-P1 was
grown in MDCK cells and the yielded viruses were inoculated into 2 naive pigs (#3 and
#4) at 10"° PFU. Viruses were recovered from swab of pig #3 at 5 dpi (Hok/77-P2)
were used for next passage. Hok/77-P2 was grown in MDCK cells and the yielded
viruses were inoculated into 2 naive pigs (#5 and #6) at 10’° PFU. Viruses were

recovered from swab of pig #5 at 7 dpi (Hok/77-P3) were used for next passage.

Amino acid substitutions of the viruses during consecutive passages in pigs
To assess whether variants were selected in pigs, 10 plaque-picked virus clones
were obtained from the nasal swabs of pigs, and amino acid sequence at the receptor

binding site of HA was determined (Fig. 1). Nucleotide sequences of the HA genes

11
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10

[J GIn-Ser-Gly
GIn-Ser-Ala
] GIn-Ser-Ser
Ml Leu-Ser-Ser

DA

Number of plaque clones

0 T '
Hok/77-PO Hok/77-P1 Hok/77-P2 Hok/77-P3

Passaged virus samples

Fig. 1. The proportions of vatiants with the amino acid substitutions at positions
226-228 in HA. Ten plaque-picked virus clones were collected from allantoic fluid
containing Hok/77-P0 and from nasal swabs containing the last-recovered viruses from
each passage (indicated by asterisk in Table 1). Deduced amino acids at position 226

and 228 in HA of plaque-picked virus clones were identified.
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from plaque-picked virus clones were compared with those of Hok/77-P0. All 10

plaque-picked virus clones in Hok/77-P0 had amino acid residues of 226GIn/228Gly at

the HA receptor binding site. Variants with 226GIn/228Ala, 226GIn/228Ser, and

226Leu/228Ser at the receptor binding site of HA were recovered from Hok/77-P1 and

Hok/77-P2. In Hok/77-P3, all variants contained 2 amino acid substitutions,

226Leu/228Ser, in HA. Seven amino acid substitutions in addition to amino acids 226

and 228 in HA were found in Cys196Tyr and Ala716Val in PB2, Asp78Glu in PBI,

Asp431Asn in PA, Thr87Ile in HA2, Alal56Thr in NP, and Glul01Glu/Lys in NS1

from Hok/77-P3. To examine whether the variants were selected in MDCK cells,

Hok/77-P0 was passaged 3 times in MDCK cells and 10 plaque clones in each passage

were obtained from supernatants to identify deuced amino acid sequences. Each of the

plaque-picked virus clones has amino acid residues at 226GIn/228Gly in HA (data not

shown), indicating that the variants with 226Leu/228Ser were selected in pigs, but not

in MDCK cells.

Single-nucleotide polymorphism (SNP) analysis was performed using a deep

sequence method (Table 2). Deduced amino acid substitutions at positions 226 and

228 in HA were not observed in Hok/77-P0. In Hok/77-P1, substitution was observed

in 78.6% at 226Gln or in 21.0% at 226Leu and in 3.5% at 228Gly, in 54.2% at 228Ala,

or in 41.4% at 228Ser of the deduced amino acid sequence in HA. In Hok/77-P2,

14
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substitution was observed in 76.2% at 226GlIn or in 23.6% at 226Leu, and in 6.7% at

228Gly, in 68.8% at 228Ala, or in 24.2% at 228Ser of the deduced amino acid sequence

in HA. Nucleotides encoding the deduced amino acids at position 226Leu and 228Ser

in HA were predominantly detected in Hok/77-P3 at 97.2% and 99.6%, respectively.

These results indicate that avian influenza viruses recognizing SAa2,6Gal were selected

during multiple replication in pigs.

Receptor binding specificity of the viruses passaged in pigs

To assess receptor binding specificity of variants, direct binding assays of

plaque-picked virus clones to SAa2,3Gal and SAa2,6Gal sialylglycopolymers were

performed. Hok/77-P0O, which has 226GIn/228Gly residues in HA, preferentially

bound to 3'-SL than 6'-SL (Fig. 2). Plaque-picked virus clones from nasal swabs of

the pigs, Hok/77-P2 clone 4 (226GIn/228Ala) or Hok/77-P1 clone 7 (226GIn/228Ser),

showed preferential binding specificity to 3’-SL. Plaque-picked virus clone from pig,

Hok/77-P3 clone 5 (226Leu/228Ser), preferentially bound to 6’-SL. Therefore, these

data confirmed that HA of Hok/77-P0 acquired SAa2,6Gal receptor binding specificity

after consecutive passages in pigs.

16



Absorbance (450-630 nm)

Hok/77-P0
. (226GIn/228Gly)

0 25 50 75100125150175200

Hok/77-P1 clone7
(226GIn/228Ser)

0 25 50 75 100125150175200
Sialylglycopolymer (ng/well)

1.2
1.0
0.8
0.6
0.4
0.2
0.0

1.2 1

0.0

Hok/77-P2 clone4
7] (226GIn/228Ala)

0 25 50 75100125150175200

Hok/77-P3 clone5
(226Leu/228Ser)

0 25 50 75100125150175200

B :3’-SL [:6’-SL

Fig. 2. Binding of Hok/77-P0 and variants to either 3’-SL or 6’-SL. Binding to 3'-SL
(black square) and 6'-SL (white square) of Hok/77-P0 (226GIn/228Gly) and variants,
Hok/77-P2 clone 4 (226GIn/228Ala), Hok/77-P1 clone 7 (226GIn/228Ser), and

Hok/77-P3 clone 5 (226Leu/228Ser), were compared using solid-phase binding assays.

Data are presented as the mean

—+

s.e. of triplicate experiments.

Significant

differences between the absorbance of 3'-SL and 6'-SL were calculated using the ¢ test;

*P<0.05.
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Discussion

HAs of avian influenza viruses preferentially bind to SAa2,3Gal receptor, whereas

those of human influenza viruses bind to SAa2,6Gal receptor. Pigs are susceptible to

both avian and human influenza viruses. Experimental infection studies revealed that

genetic reassortants were generated on concurrent infections with avian and human

viruses in cells of the upper respiratory in pigs, which have both SAa2,3Gal and

SAa2,6Gal [9, 14]. Pandemic strains bind to SA02,6Gal receptors, although HAs

originated from avian influenza viruses. It is assumed that preferential recognition of

SAa2,6Gal by influenza virus HAs is required for efficient human-to-human

transmission. In the present study, it is demonstrated that variants that preferentially

bind to SAa2,6Gal were selected during consecutive passages in pigs, indicating that

avian influenza viruses acquire the potential to infect humans after multiple passages in

pig.

Plaque-picked virus clones with amino acid substitutions at positions

226Leu/228Ser, binding to SAa2,6Gal, were recovered from Hok/77-P2 and Hok/77-P3.

Previous studies indicate that SAa2,6Gal is more abundant than SAa2,3Gal in the cells

of the respiratory tract of pigs [21, 39]. The A/Hong Kong/68 (H3N2), which has

amino acid residues 226Leu/228Ser in HA, dominantly replicated in the respiratory

18



tracts of pigs compared with variants carrying 226GIn/228Gly mutations [38]. These

results indicate that acquisition of preferential binding to SAa2,6Gal is advantageous

for virus replication in respiratory tracts of pigs. In addition to 226Leu/228Ser, seven

other amino acid substitutions were found in Hok/77-P3. These amino acid

substitutions also provided advantages for Hok/77-PO to replicate in pigs, and

SAa2,6Gal receptor binding variants were selected in pigs.

Receptor specificity of influenza viruses is the key determinant of host range. It

is assumed that binding specificity to SAa2,6Gal receptor is required for efficient

human-to-human transmission. This is the first study to demonstrate the selection of

avian influenza viruses with HA that preferentially binds to SAa2,6Gal receptor after

successive passages in pigs. Influenza viruses of each HA subtype replicate in the

respiratory tracts of pigs [14]. None of the HA subtypes can be ruled out as possible

pandemic strain by the introduction into pig population. It is, thus, stressed that

intensive surveillance of swine influenza is important to prepare for future pandemics.

19



Brief summary

Avian influenza viruses possess hemagglutinin (HA) which preferentially binds to

SAa2,3Gal receptor. In contrast, human influenza viruses bind to SAa2,6Gal receptor.

The A/Hong Kong/68 (H3N2) virus preferentially binds to SAa2,6Gal receptor,

although its HA gene was derived from an avian influenza virus strain. To elucidate

the mechanisms behind acquisition of binding specificity for the human-type receptor,

an avian influenza virus, A/duck/Hokkaido/5/77 (H3N2), which carries HA with

SAa2,3Gal receptor specificity, was consecutively passaged in pigs. Viruses that

preferentially bind to the SAa2,6Gal receptor were predominantly recovered from the

nasal swabs of pigs after three passages. The present results indicate that avian

influenza viruses can acquire the potential to infect humans after multiple passages in a

pig population. Intensive surveillance of swine influenza is, thus, important for the

preparedness for the future pandemics.

20



Chapter II

Potency of an inactivated influenza vaccine prepared from a
non-pathogenic HSN1 virus against a challenge with
antigenically drifted highly pathogenic avian influenza viruses

in chickens

Introduction

Highly pathogenic avian influenza caused by HSN1 HPAI virus has spread in
poultry in more than 60 countries in Eurasia and Africa since 1996 since the first
outbreak occurred at a goose farm in Guangdong province in China [32, 42]. In recent
intensive surveillance studies in Asia, especially in China, genetically different viruses
of clades 2.3.2, 2.3.4, and 7 were characterized as dominant isolates from poultry and
wild birds [11, 17, 33]. In the updated grouping of HS HPAI viruses, it was reported
that the clades of H5SN1 viruses were divided into one or more newly defined second-,
third-, and/or fourth-order clades, e.g. recent HSN1 isolates that had been categorized
into clade 2.3.2 were defined as clade 2.3.2.1 [41]. In Japan, HSN1 HPAI viruses

belonging to clade 2.3.2.1 were isolated from dead whooper swans in 2008 [24, 37],

21



fecal samples of ducks that flew from Siberia in October 2010 [12], and from wild birds

and domestic poultry in 2011 [29]. Antigenicity of HSN1 HPAI viruses belonging to

clades 2.3.2.1 and 2.3.4 was distinct from that of other HPAI wviruses and

non-pathogenic avian influenza viruses [24, 33], suggesting that antigenic variants of

H5N1 HPALI viruses have been selected during circulation in poultry populations under

immunological selection pressure.

A reassortant influenza virus, Dk/Vac-1/04, was generated using two

non-pathogenic avian influenza viruses, A/duck/Mongolia/54/01 (H5N2) and

A/duck/Mongolia/47/01 (H7N1). Both viruses were isolated from fecal samples of

migratory ducks [35]. Vac-1 vaccine prepared from Dk/Vac-1/04 conferred immunity

to suppress the manifestation of clinical signs and the amount of virus shed in chickens

after the challenge with HSN1 HPAI viruses belonging to clades 2.2 and 2.5 [8].

Vac-1 vaccine induced a high level of HI antibody response in chickens, lasting as long

as 138 weeks after vaccination [31]. Vac-1 vaccine conferred protective immunity

against antigenically drifted HS5N1 HPAI virus, A/whooper swan/Hokkaido/1/08

(H5NT) (Ws/Hok/08), belonging to clade 2.3.2.1 in chickens [24].

In the present study, a vaccine from Dk/Vac-3/07, which is antigenically closely

related with Dk/Vac-1/04, was prepared. Growth potential of Dk/Vac-3/07 in

embryonated chicken eggs was higher than that of Dk/Vac-1/04 [35]. The potency of

22



the Vac-3 vaccine was assessed by the challenge with antigenically drifted HPAI

viruses prevailing recently in Asia.
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Materials and Methods

Viruses

Dk/Vac-3/07 was generated in our laboratory as a reassortant influenza virus

between A/duck/Hokkaido/101/04 (HS5N3) and A/duck/Hokkaido/262/04 (H6NI),

isolated from fecal samples of migratory ducks [35]. The following HPAI virus

isolates were used: A/muscovy duck/Vietnam/OIE-559/11 (H5N1) (Mdk/VN/11) [23],

isolated from an apparently healthy muscovy duck in Vietnam in 2011, A/whooper

swan/Hokkaido/4/11 (H5N1) (Ws/Hok/11), isolated from a dead whooper swan found

in the Kushiro area in Hokkaido, Japan [29], and A/peregrine falcon/Hong Kong/810/09

(H5NT1) (Pf/HK/09), kindly provided by Dr Luk S. M. Geraldine, Tai Lung Veterinary

Laboratory (Hong Kong SAR, China). All viruses used in the present study were

propagated in 10-day-old embryonated chicken eggs at 35°C for 30 to 48 h and

infectious allantoic fluids were stored at —80°C until use.

The complete nucleotide sequence of Dk/Vac-1/04 and Dk/Vac-3/07 have been

registered in GenBank/EMBL/DDBJ (Accession numbers: AB259709-AB259716 and

AB355926-AB355933, respectively) [35]. It is also revealed that the deduced amino

acids of Dk/Vac-1/04 were closely related to those of Dk/Vac-3/07 (98% similarity in

HA gene, 97% similarity in NA gene, and more than 99% similarity in the other genes).

24



Generation of recombinant viruses

In addition to Dk/Vac-3/07, another test vaccine was prepared from attenuated

Pf/HK/09. Viral RNA was extracted from the allantoic fluid of embryonated chicken

eggs infected with Pf/HK/09 using a commercial kit (TRIzol LS Reagent,

Sigma-Aldrich, St Louis, MO, USA) and reverse transcribed with the Unil2 primer [3]

and M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA). PCR-based

amplification of the full-length HA and NA gene segments was performed using

universal primer sets [6]. The PCR products were inserted into the vector pHW2000

[5] using an In-Fusion HD Cloning Kit (Takara Bio Inc., Shiga, Japan). To generate a

mutant virus with deletions of polybasic amino acid residue RRRK at the HA cleavage

site, nucleotide mutation residue T (codon ACA) were substituted into the HA cleavage

site of the Pf/HK/09 strains using a Quick Change II site-directed mutagenesis kit

(Stratagene, La Jolla, CA, USA). Attenuated Pf/HK/09, Pf/mut (H5N1), was

generated by reverse genetics methods according to Hoffmann et al [5]. Pf/mut

(H5NT) possesses the gene encoding the mutant HA of P{/HK/09, in which polybasic

amino acids at the cleavage site was deleted, NA of Pf/HK/09, and the backbone of

Dk/Vac-1/04 internal genes. To confirm attenuation of Pf/mut, the IVPI test was

carried out according to the OIE (World Organization for Animal Health) manual [22].
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Vaccine preparation

Vac-3 and Pf/mut vaccines were prepared from Dk/Vac-3/07 or Pf/mut (H5N1),
respectively. Dk/Vac-3/07 or Pf/mut (H5N1) was inoculated into the allantoic cavity
of 10-day-old embryonated chicken eggs and the eggs were then incubated at 35°C for
48 h. After the allantoic fluid was harvested, formalin was added to a final
concentration of 0.2%, and the mixture was incubated at 4°C for 7 days to inactivate the
viruses. Virus inactivation was confirmed by the inoculation of the formalin-treated
samples into embryonated chicken eggs. The inactivated Dk/Vac-3/07 and Pf/mut
virus suspensions were concentrated by ultrafiltration using the Vivaflow 200 (Sartorius
AG, Goettingen, Germany), and then diluted with PBS to give the required HA titer.
The inactivated viruses, light liquid paraffin, sorbitan monooleate, and polysorbate 80
were mixed in a volume ratio of 9:36:4:1 and then agitated to obtain emulsion. The
Vac-3 vaccine of 2.4-times antigen concentration was also prepared and designated as
Vac-3 conc. vaccine. Vac-3 vaccine contains inactivated virus of 756 HA per dose and
was prepared from the dilution of infectious allantoic fluid 1:1 with PBS, 378 HA per
dose of Pf/mut vaccine at 1:1, and 1843 HA per dose of Vac-3 conc. vaccine at 2.4:1,

respectively.
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Antigenic analysis of the viruses

Polyclonal antisera were prepared from chickens immunized with inactivated

Dk/Vac-3/07, A/chicken/Yamaguchi/7/04 (H5N1) (Ck/Yamaguchi/04), A/whooper

swan/Mongolia/3/05 (H5N1) (Ws/Mon/05), Mdk/VN/11, Ws/Hok/11, or P{/HK/09.

Each virus inactivated with formalin was inoculated once or twice into the lower thigh

muscle of chickens. Two weeks after the final immunization, sera were obtained from

each vaccinated chicken and used for HI test to assess antigenic relationships among H5

influenza viruses. HI test was performed according to Isoda et al. [8]. The

differences within 4-times HI titers were determined as antigenically related, whereas

over 4-times determined as antigenically different.

The antigenic specificities of H5 viruses, Mdk/VN/11, Ws/Hok/11, and P{/HK/09,

were assessed by the fluorescent antibody method using monoclonal antibodies (MADb)

to HA according to the method of Soda ef al. [34]. MDCK cells infected with each of

the HS influenza viruses were fixed with 100% acetone at 8 h post-inoculation.

Reactivity patterns of the HS viruses with MAbs were investigated with

FITC-conjugated goat anti-mouse IgG (ICN Biomedicals Inc., Irvine, CA, USA) using a

fluorescent microscope (Axiovert 200; Carl Zeiss, Oberkochen, Germany).
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Potency of test vaccines in chickens

One hundred and ten chickens (White leghorn) were hatched and raised in our
laboratory. Half a milliliter of Vac-3 vaccine was injected into the lower thigh muscle
of 54 four-week-old chickens. Three weeks later, 18 vaccinated and 4 non-vaccinated
seven-week-old chickens in 3 groups were challenged intranasally with 100 50%
chicken lethal dose (CLDsp) of Mdk/VN/11, Ws/Hok/11, or Pf/HK/09. One hundred
times CLDso of Mdk/VN/11, Ws/Hok/11, and Pf/HK/09 was 10°%, 10°”, and 10°° 50%
egg infectious dose (EIDsg), respectively. Twelve out of 18 vaccinated chickens in
each group were monitored for their clinical signs for 2 weeks, and 6 chickens in each
group were sacrificed at 3 days post challenge (dpc).

Pf/mut and Vac-3 conc. vaccines were injected into the lower thigh muscle of 2
groups of 18 four-week-old chickens. Three weeks later, 18 vaccinated and 4
non-vaccinated chickens in the 2 groups were challenged intranasally with 100 CLDsy
of Pf/HK/09. Twelve out of 18 vaccinated chickens in each group were monitored for
their clinical signs for 2 weeks, and 6 chickens in each group were sacrificed at 3 dpc.

When chickens died or were sacrificed, tracheal and cloacal swabs were collected
and soaked in MEM containing antibiotics for virus isolation, and their tissues (trachea,
lungs, kidneys, and colon) were collected aseptically. To make 10% suspensions with

MEM, the collected tissue samples were homogenized using a Multi-Beads Shocker
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(Yasui Kikai, Osaka, Japan). Serial 10-time dilutions of the suspentions with PBS
were inoculated into 10-day-old embryonated chicken eggs and incubated at 35°C for
48 h. EIDs of viruses was determined by the method of Reed and Muench [26] and
expressed as EIDsy per milliliter of swab or gram of tissue, respectively. Sera were
collected from all of the 90 vaccinated and 20 non-vaccinated chickens just before
challenge and examined for the presence of antibodies against the vaccine strains and
challenge virus stains by the HI tests. Challenge studies were carried out in
self-contained isolator units (Tokiwa kagaku, Tokyo, Japan) at a BSL3 biosafety facility
at the Graduate School of Veterinary Medicine, Hokkaido University, Japan. Animal
experiments were authorized by the Institutional Animal Care and Use Committee of
Hokkaido University (approval numbers: 09-0119 and 10-0007) and all experiments

were performed according to the guidelines of this committee.
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Results

Antigenic analysis

H5N1 HPALI viruses used as the vaccine strain and challenge viruses in the present

study were antigenically analyzed by the HI tests (Table 3). Dk/Vac-3/07 is

antigenically closely related to Ck/Yamaguchi/04 and Ws/Mon/05, but is different from

Ws/Hok/11 and Pf/HK/09. The recent HSN1 HPALI virus isolates belonging to clades

2.3.2.1, and 2.3.4 were antigenically different.

H5N1 HPALI viruses used as the vaccine strain and challenge viruses in the present

study were antigenically analyzed using a panel of MAbs recognizing six different

epitopes on HA of A/duck/Pennsylvania/10218/84 (HSN2). Most of the MAbs tested

bound to the LPAI viruses and HPAI viruses isolated before 2005, but not to the

antigens of Mdk/VN/11, Ws/Hok/11, and Pf/HK/09. It was demonstrated that the

epitopes recognized by these MAbs were conserved in LPAI viruses and HPAI viruses

isolated before 2005, but not in recent HPAI viruses prevailing recently in Asia (Table

4).

Efficacy of the Vac-3 vaccine in chickens
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Fifty-four vaccinated chickens and 12 non-vaccinated chickens were challenged

intranasally with each of the HPAI viruses, Mdk/VN/11, Ws/Hok/11, or Pf/HK/09.

The serum HI titers of the vaccinated chickens varied with each of the challenge viruses.

The survival rates of the chickens challenged with each of three HPAI viruses are

shown in Fig. 3. All vaccinated chickens survived without showing any disease signs

after the challenge either with Mdk/VN/11 or Ws/Hok/11, whereas two vaccinated

chickens died after the challenge with Pf/HK/09. All non-vaccinated chickens

challenged with any of HPAI viruses died within 2 to 4 dpc (Fig 3A, B, and C).

To evaluate the potential of Vac-3 vaccine to induce immunity for the prevention

of virus shedding, viruses were recovered from swabs and tissues of the vaccinated and

non-vaccinated chickens after the challenge with each of HPAI viruses, Mdk/VN/11,

Ws/Hok/11, and Pf/HK/09 (Table 5). Infectivity titers of the recovered viruses from

vaccinated chickens were lower than those of non-vaccinated chickens after the

challenge with Mdk/VN/11 or Pf/HK/09 at 3 dpc. Infectious viruses were recovered

from tracheal swabs and the organs of vaccinated chickens at 3 dpc with Ws/Hok/11,

although the titers of viruses recovered from these birds were lower than those from

non-vaccinated chickens.

Efficacy of the Vac-3 conc. vaccine against Pf/HK/09 in chickens
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Fig. 3. Survival rates of chickens vaccinated with Vac-3 vaccine after the challenge
with HSN1 HPAI viruses. Twelve four-week-old chickens from each group were
immunized intramuscularly with 0.5 ml of Vac-3 vaccine. Three weeks after
vaccination, the vaccinated chickens were challenged with 100 CLDy, of Mdk/VN/11
(A), Ws/Hok/11 (B), and Pf/HK/09 (C), respectively.

34



“pa1eoIpUl ST 93US[[BYD 310J3q STIIA FUS[[BYD OB 10 /()/€-0BA M YIS Suisn s1011) [H JO a5URI Y] q
"SUAYOIYD (1) PBAP 10 (S|IeWl OU) PIJLLIOLS WO SABP SUIMO[[0] ) UO PIJII[[0d d1om safduues anssi) pue qems ,

(88) ¥ (€8) ¥ (Tre)v (CWARY (2957 (6%) ¥ > > 4 I PIJBUIOOBA-UON
0 0 (IR 0 0(€15°L05)¢C 91-> 1S9 9 € PoIBUIDIBA 60/3IH/3d
6L ¥ 69+ T8+ 9+ To v Ty v > > v a3 PAJeUIdIBA-UON
(OR28% ) s (19 ¥ (€v) ¢ 01013t ¥9-91  TIS-9ST 9 € PajeUIdIBA LI/AOH/SM
6 v (s8) ¥ €6 v (CXR7 €9v (X927 > > 14 W< POJEUIOOBA-UON
0 0 0 0 0 Lo>)1 ¥9-8 96¢ 9 € PojRUIOdBA LT/NAAPIN
sAaupry| uojo) s3un BIYORI] BORO[D BIYORI], SIIA  /(/E-08A
(8/%1d Sop) onssi, (uyosqrg Sop) qemg  2ouRlIEUD Aa
SUIOIYD . odp 5
[(01 So1) 12313 snIA 9y JO anjea D] Jo'oN  Sunduwes uoneUIOOBA  SDUIA 9FUQ[[RYD
PRISA0D3I SEM SNUITA [[OBS [OIYM WOIJ SUSNIIYD JO "'ON qTom IH

KIOA0DQI SNIIA

SOSIUTA TVAH TNSH UM POSUS[IEYD SUIIOBA ¢-0BA UM PIJRUIIOBA SUINOIYD WOIJ AIOA0IDI SNITA G A[qBL

35



In order to enhance the efficacy of Vac-3 vaccine, the antigen concentration of

Vac-3 vaccine was increased 2.4 times and designated as Vac-3 conc. vaccine. The

Vac-3 conc. was assessed for its efficacy against the challenge with Pf/HK/09. Pf/mut

vaccine prepared from Pf/mut (IVPI=0.00) was also assessed for its potency as the

homologous control.  Thirty-six chickens immunized either with Vac-3 conc. or

Pf/mut vaccine and 8 non-vaccinated chickens were challenged intranasally with

P{/HK/09. HI titer to Pf/HK/09 of the sera of the chickens immunized with Vac-3

conc. vaccine was 4-16 HI, which is similar to those of the chickens immunized with

Vac-3 vaccine. The survival rates of the chickens challenged with P{/HK/09 are

shown in Fig. 4. All vaccinated chickens survived without showing any disease signs

after the challenge with P{/HK/09 (Fig 4A, B). All non-vaccinated chickens

challenged with Pf/HK/09 died within 3 dpc. Viruses were not recovered from swabs

or the organs of any of the chickens immunized with Pf/mut vaccine after the challenge

with Pf/HK/09 (Table 6). Viruses were scarcely recovered from the trachea swabs of

chickens immunized with Vac-3 conc. vaccine and the viral titer was lower than in

non-vaccinated chickens after challenge with Pf/HK/09.
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Fig. 4. Survival rates of chickens vaccinated with Pf/mut vaccine (A) and Vac-3 conc.
vaccine (B) after the challenge with Pf/HK/09. Twelve four-week-old chickens from
each group were immunized intramuscularly with 0.5 ml of Pf/mut vaccine or Vac-3
conc. vaccine. Three weeks after vaccination, these vaccinated chickens were

challenged with 100 CLD,, of Pf/HK/09.
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Discussion

Antigenic variants of HSN1 HPAI viruses have been selected in poultry under

immunological selection pressure [1, 4]. In the present study, it was demonstrated

that HSN1 HPALI viruses prevailing recently in Asia were antigenically different from

non-pathogenic avian influenza viruses and HSN1 HPAI viruses isolated before 2005

(Table 3). It is previously demonstrated that an inactivated avian influenza vaccine

prepared from Dk/Vac-1/04 conferred protective immunity and reduced the amount of

virus shedding when challenge with Ck/Yamaguchi/04, Ws/Mon/05, and Ws/Hok/08

[8, 24]. In the present study, an inactivated influenza vaccine was prepared from

Dk/Vac-3/07, which is a reassortant generated between non-pathogenic avian influenza

viruses isolated from wild water birds [35]. It is assumed that Vac-3 vaccine has

similar potency with Vac-1 vaccine against recent H5N1 HPAI viruses since

Dk/Vac-3/07 is antigenically similar to Dk/Vac-1/04. However, since the growth

potential of Dk/Vac-3/07 was better than that of Dk/Vac-1/04, it was possible to

generate concentrated Vac-3 vaccine using Dk/Vac-3/07 in this study. The potency

of Vac-3 vaccine was assessed by the challenge with antigenically drifted HSN1 HPAI

viruses isolated in 2009 and 2011. Vac-3 vaccine conferred protective immunity to

suppress the manifestation of clinical signs and virus shedding in chickens challenged
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with antigenically drifted HSN1 HPAI viruses belonging to clades 1.1, 2.3.2.1, and

2.3.4. In order to clarify why the efficacy of Vac-3 vaccine was not sufficient to

protect all vaccinated chickens from the challenge with Pf/HK/09, Pf/mut vaccine

which was antigenically homologous with Pf/HK/09 was prepared (data not shown).

All chickens immunized with Pf/mut vaccine survived for 14 days without showing

any clinical signs and viruses were not recovered from the swabs and tissues of the

chickens. These results correspond to the findings that Pf/HK/09 is antigenically

different from Dk/Vac-3/07 compared with Mdk/VN/11 and Ws/Hok/11. To improve

the efficacy of Vac-3 vaccine, antigen concentration was increased for Vac-3 conc.

vaccine preparation. HI antibody responses of vaccinated chickens correlated with

the antigen concentration in H5N1 [30] or H7N7 [19] influenza virus vaccine.

Inactivated whole particle vaccine confers protective immunity against the challenge

with viruses antigenically different from the vaccine strain to chickens by increasing

the antigen concentration [7]. Vac-3 conc. vaccine conferred protective immunity to

all vaccinated chickens after the challenge with Pf/HK/09. The vaccine with

increased antigen concentration induced sufficient immunity to protect from infection

with HSN1 HPAI variants in chickens.

In the present study, it was demonstrated that the vaccine prepared from

non-pathogenic avian influenza virus conferred protective immunity against the
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challenge with antigenically drifted HSN1 HPALI viruses, indicating that Vac-3 vaccine

induces sufficient immunity in chickens. The results of the antigenic analysis

indicate broad antigenic diversity among H5N1 HPAI viruses prevailing recently in

Asia (Table 3). Thus, the vaccine prepared from recent HSN1 HPAI viruses may not

be completely effective against HPAI viruses belonging to different clades. Since the

misuse of vaccines lead to the silent spread of antigenically drifted viruses, it is

recommended that avian influenza vaccine should be applied very carefully in addition

to the stamping-out policy. There is an urgent need to eradicate HSN1 HPAI viruses

from Asia by stamping-out without misuse of vaccines.
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Brief Summary

Antigenic variants of HSN1 highly pathogenic avian influenza (HPAI) virus have

selected and are prevailing in poultry populations in Asia. In the present study, the

potency of inactivated influenza vaccine prepared from a non-pathogenic H5N1 avian

influenza virus, A/duck/Hokkaido/Vac-3/07 (H5N1), was assessed by the challenge

with HS5N1 antigenic variants, A/muscovy duck/Vietnam/OIE-559/11 (H5N1),

A/whooper swan/Hokkaido/4/11 (H5N1), and A/peregrine falcon/Hong Kong/810/09

(H5N1) belonging to clades 1.1, 2.3.2.1, and 2.3.4, respectively. All chickens

immunized with the Vac-3 vaccine survived without showing any clinical signs after

intranasal challenge either with A/muscovy duck/Vietnam/OIE-559/11 (H5N1) or

A/whooper swan/Hokkaido/4/11 (HS5N1).  After challenge with A/peregrine

falcon/Hong Kong/810/09 (H5N1), 10 out of 12 vaccinated chickens survived and the

other 2 died on 4 or 7 dpc. The Vac-3 vaccine of 2.4-times antigen concentration

conferred complete protective immunity in chickens against the challenge with

A/peregrine falcon/Hong Kong/810/09 (H5N1).
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Conclusion

There are four instances of naturally occurring emergence of new pandemic

strains in humans in the last one hundred years. Each of the earliest isolates in the

pandemics preferentially recognize SAa2,6Gal receptor, although the HA genes were

derived from avian influenza viruses. It is assumed that binding specificity to

SAa2,6Gal receptor is required for efficient human-to-human transmission. However,

the mechanisms by which avian influenza viruses acquire binding specificity to

SAa2,6Gal and cause pandemic influenza are not fully understood. In the present

study, it is revealed that H3 avian influenza virus with SAa2,6Gal receptor binding

specificity was selected after three-time passages in pigs. These results show that

avian influenza viruses can acquire the potential to infect humans after multiple

passages in pigs.

H5N1 HPAI viruses are prevailing in poultry populations in Asia. It is

important to assess the potency of stockpile avian influenza vaccine against the viruses

prevailing recently in Asia. In the present study, inactivated whole particle vaccine,

Vac-3 vaccine, was prepared from non-pathogenic avian influenza virus. All

chickens immunized with the Vac-3 vaccine survived without showing any clinical

signs after intranasal the challenge either with A/whooper swan/Hokkaido/4/11
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(H5NT) or A/muscovy duck/Vietnam/OIE-559/11 (H5N1). The Vac-3 conc. vaccine

of high antigen concentration conferred complete protective immunity in chickens

against challenge with A/peregrine falcon/Hong Kong/810/09 (H5N1). It was

demonstrated that the test vaccine prepared from non-pathogenic avian influenza virus

induced sufficient immunity in chickens against the challenge with antigenically

drifted HSN1 HPAI viruses. Antigenic variants of HSN1 HPAI viruses have been

selected in poultry under immunological selection pressure. Avian influenza vaccine

should be applied as an optional measure in cases where the disease spreads widely, in

addition to the stamping-out policy.
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MXEE

AV INZFITANAD~N T VF = HEER (HA) O HAl 7 2=
N EOBEOT I BEANN LT —REEZREL TS, BOTA LA
X7 VEE (SA) 023 T2 F—A (Gal) %, B DO UA /AL SAa2,6Gal
L7 —L LTR#L, MET 5. 77 Ok ERHINEIZIE SAo2,3Gal
& SA02,6Gal i L& 7 H —MFAET D, 1968 FEITHBL LI T Iy I A7
)L T A LA A/Hong Kong/68 (H3N2)FKIX., B kD H2N2 iiefT4E & & H3
UANANT ZIZRREEG L TAE LB FRESRTH L, £ HA s T

ITEDO T A NVAICHEKT S, LENR-S T, ZTXITEYE L% H3HA 1T

/0|

SAa2,3Gal # L& 7% —L 3%, A/Hong Kong/68 (H3N2)7” A /L A D HA I
SAa2,6Gal BT 5, ZiE T SAa2,6Gal 8k T 251 v 7= A L
APHBLT 2 A =X NI ST > TR, R TIE, BO T A /LA
INT BTG L, ZUF kAN DI SAa2,6Gal L7 ¥ —%i8#d D VA LA
DRI SN D D E 0 E T~ 7=, A/duck/Hokkaido/5/77 (H3N2)% 3 #llin D 7 7 |2 #%
SEAEL, 7 AM@EA AT 7 28I L, MDCK MlaCEIX L7z D A VA% 5y
HiERE#E L7cth, ZAERBIT-R 7 X ICREHAE L C, MR ZER, MUEIZHE
WLTeOANRET Ty ru—=v7 1L, BlaTOfEERSZREL, HE

SNDT I BRI ZRE LT, ST, BADORRDLUANVAT v— DRl
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BE AR BT T, MRETO 7 A L 2% HA O Lt 7% — R Bk 2 ke
% 226-227-228 ZH DT 2 J WA Gln-Ser-Gly T SA02,3Gal FEFEHIZHFBANICHE S
Lz, 72 2 fRE OB Y A )L A2, Leu-Ser-Ser DFELHIZFFD 7 A /L AN
BENTEY . SRETIABERIZR 5T, 2O U A VA1 SAa2,6Gal FEFHIZ
BENHEA LT-, T2bb, BA VY INZ U T A NNANT X\ EG A Y
BT EIZEoT MRV TIv I 2RI LELIVA VAR, K
AL, CNETONRCT I v 7 UL VAL T X CTHEASNEERFHESK
ThHOEDRENELWVWI LEZIFTLIHDOTHD, MAT, 744 T7N=x
YYDY =R, T ORI T Iy I UANADOHBETRILEGED Z LA
ALTWD,

HSN1 @RS A IV P T A NV ADEGR T T T 7V I OFEE
[ZHED > TWD, ARWFEIR, Y REOL TN P TANZATAT T Y —
N HEE L HNL ERBEMESE A 70 U ag0 X
A/duck/Hokkaido/Vac-3/07 (H5N1) [Dk/Vac-3/071#k Tkl L 7= T 7 F 2 BNI4AET
CTTHATL TN D 3 DO R 2 RFEOHURE B OBRIZ 5T 5 it sk %
FETL0E»E =T b U TR L7z, ~&Efk L7z Dk/Vac-3/07 L A A VT ¥ =
N M ERALRR LA Vac3 V7 F o2 4 il =7 b VICHERE L, 3 B%IC
A/muscovy  duck/Vietnam/OIE-559/11  (H5N1) [Mdk/VN/11] .  A/whooper

swan/Hokkaido/4/11 (H5N1) [Ws/Hok/11] . £ 72 I£ A/peregrine falcon/Hong
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Kong/810/09 (H5N1) [Pf/HK/09] % & EPNICHEFE L T B L7z, M ZED="U K
T 2 200 4 AORIZEPIFET L7z, Mdk/VN/11 £ 721% Ws/Hok/11 THE
L7c=U b VITRERIER Z27n 9 2 & e S BPEFR L7z, POUHK/09 DX,
RBIEREO=" Y 2P, XB%ZA4AHEL 7THBIZTFT DT L, 10 B
AFE LT, Vac-3 U7 F o L0 mW LR B D Vac-3 cone.V 7 F - Z fEfE L T2 =
NV % P/HK/09 THE L& 2 A, ERPEKRIERZ RS Z &< Afk LT,
AFFEDORER D Dk/Vac-3/07 Z W TR L= U 7 F N34T ¥ 7 TRAT
LTV D HURZE BRI KT 2B E%eE 2 =7 RV ICFHEE L, A LV ADOPEHE
AT D 2 L3l o, R 2 FUREARKEY 2 F L LTAYTH
Do VI FrOEMTE - T, HNL @RISR A 72 U A )L A3 i
JEFTEBIRENT-Z LI2EY . UEES I OB TFREZERICR T, KA T
N PRI RIREZEARE L, V7 F 2T 5L LTHRAREOM

BRI FEEE L TORFNWERETH D,

58



