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The Graduate School of Veterinary Medicine, Hokkaido
University, consists of 1 division,Veterinary Science, which con-
tains 4 chairs, Biomedical Sciences, Disease Control, Veterinary
Clinical Sciences and Environmental Veterinary Sciences. Each
chair consists of 4 to 5 special subjects which are concerned with
the basis of veterinary science, control of infectious disease, diag-
nosis and therapy of diseases, and the effect of toxic materials on
environmental living bodies. The Graduate School awards the
Doctor of Veterinary Medical Science (Ph.D.) degree for success-
ful completion of the approved graduate course and research.

To qualify for admission into the Doctor of Veterinary
Medical Science (Ph.D.) course, an applicant must be a graduate
(B.V.M.) of a six-year (undergraduate) course in Veterinary edu-
cation or have a Masters degree and must pass the entrance exam-
ination. To receive the Doctor of Veterinary Medical Science
degree (Ph.D.), students must do research work for a period of at
least four (4) years in any of the specialized research laboratories,

submit a dissertation and pass an oral examination.
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International Academic Exchange

By conducting outstanding research, we aim to become an
internationally recognized center for Veterinary Science. In
order to contribute to the development of life sciences as well as
veterinary medicine, we carry out fundamental and interdiscipli-
nary research projects.

The school actively participates in international academic
organizations and carries out collaborative projects with
researchers from other countries. We have research and educa-
tional exchange agreements with the Faculty of Veterinary
Medicine of the Seoul National University, the Chonbuk
National University, Kyungnook National University of Korea,
and the University of Zambia. In the last 5 years (1995~1999),
there has been increasing interest from foreign scientists and we
have hosted 235 visiting scientists from many countries.

Currently (Oct , 2001), we have 6 undergraduate students, 5
research students (kenkyu-sei) and 26 graduate students
enrolled from many countries. Of these, 18 are recipient of
Japanese government (Monbusho) scholarship, 15 with private
scholarships and 4 with foreign government scholarship grants.

It is our hope that this page will prove useful to those interest-

ed in the research activities of our Graduate School. Please feel

free to contact us if we could be of help or for further inquires.
Foreign Student Advisor: Tadayoshi YAMAZAKI Dr. Sc.
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Scientific Equipments of the Graduate School of
Veterinary Medicine

In April 1995, the Faculty of Veterinary Medicine was
reorganized as the Graduate School of Veterinary Medicine
with the goal of promoting outstanding science research. To
achieve this goal both sufficient funds and modem scientific
equipments are indispensable. In order to carry out research
project efficaciously, each laboratory is organized into research
units having the necessary equipment for routine work. Since it

is difficult for individual laboratories to purchase large expen-

sive .equipments, they are bought and maintained as common
nent aduate Scho
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Experimental Animal Faclity

The Experimental Animal Facility was completed in April
1995. It consists of a 4-story building which has 1588m?* of
total floorage. Both small and large animals can be raised in the
Facility. We also have areas for experimental inoculation of
both small and large animals with infectious agents.

This Facicility is managed by the Experimantal Animal
Committee with the assistance of two technicians. The Facility
was constructed with careful consideration given to the problem
of environmental pollution due to animal excretions and infec-

tious agents.
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Veterinary Teaching Hospital

The Veterinary Teaching Hospital is the facility in the
Faculty with responsibility for clinical practice and research
work on veterinary education. In 1995, the Hospital builing was
renovated as a two-story building with approximately 2,8004du
of floorage. In the building, the following rooms or suites are to
be found on the first floor: Large animal clinic wards with treat-
ment and surgery rooms; small animal clinic wards with 5 treat-
ment rooms,2 surgery rooms and 5 hospitalization rooms; a
radiology suite; a medical engineering examination room; a
clinical pathology and laboratory examination room; a pharma-
cy and administration area; a lecture room with audio-visual

equipment; clinical practice rooms and a consulting room for

foreign students.
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Graduate Student Life in Veterinary Surgery

Edward F. Barroga, DVM
Ph. D. Student from the University of the Philippines, Laboratory of
Veterinary Surgery, Department of Veterinary Clinical Sciences

It was through the generous acceptance of Professor Toru
Fujinaga of the Laboratory of Veterinary Surgery that enabled
me to do my Ph. D. research work for 5 years in the graduate
school of Veterinary Medicine at Hokkaido University. My first
year was a year of both enthusiasm and adjustment to a whole
new way of life and culture and educational system. The daily
intensive Japanese language course given to us during the first
six months prepared us for our full time study later on as we
entered our own faculties. By october of the same year, I
passed my Ph. D. entrance examination before being officially

accepted into the laboratory of veterinary surgery. From here

on, the next 6 months ushered me in first time to a very unigue
learning experience, one that will sharpen my flexibility,
patience, endurance, skill and knowledge in a very unique and
extraordinary way.

The second year was the year of serious business. By this
time, regular and daily participation in the numerous veterinary
clinical cases and the bi-weekly surgeries in the veterinary
teaching hospital, ranging from soft tissue, tumour, dental and
orthopaedic surgeries that came in sizable numbers gave me
wide actual learning experiences in veterinary surgery. Clinical
cases involving the use of computed tomography (CT), magnet-
ic resonance imaging (MRI), doppler ultrasound, echocardiogra-
phy, photodynamic laser therapies and radiotherapy have been
tremendously educational. Delicate surgeries involving correc-
tion of patent ductus arteriosus, spinal tumors and those regular
triple pelvic osteotomies were all worth the efforts of those long
surgical hours of learning.

It was also during the second year that the bulk of my experi-
mental research work started. 1 have been working on the
theme, Differentiation therapy of osteosarcoma, one of the most
lethal bone tumors affecting dogs, and as such had to do a lot of
clinical oncology in vitro and in vivo experiments that aimed to
inhibit the proliferation and suppress the malignant properies of
the neoplasia through the initiatiation of normal differentiation
process and induction of programmed cell death.

The third year became a year of great strides. While many
more clinical cases and surgeries came, coupled with one's press-
ing experiments, some parts that had already been completed
made preliminary manuscript write-up's and publications possi-
ble. I also had some opportunities to present my initial research
findings in international conferences held in other parts of Japan.
All finally culminates at the graduation research defense presen-
tation in Japanese towards the end of the fourth year.

Life and study here has been a continuous learning process.
It was those rare national holidays, summer and winter vaca-
tions that gave me a breather and time to relax and visit differ-
ent places in Hokkaido and sometimes the beautiful southern
parts of Japan. It is indeed both a privilege to be learning and to
be part of the veterinary surgery laboratory.
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Scholarships and exemption from tuition fees for
self-supporting students.

Self-supporting students may apply to various kinds of organ-
izations for scholarships ranging from ¥ 30,000-150,000/month.
Eligible students may apply for these scholarships after admission
to the course.

Exemption from tition fees may also be available for self-sup-
porting students. Application may also be made after admission.
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An outline of the doctoral program
The aim of the doctoral program is to develop the student's
ability as an independent researcher in a specific field as well as

to accrue a detailed knowledge of his speciality The program
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Department of Veterinary Clinical Sciences

The activities and research work of the Laboratory of Pathobiology are
concerned with hemodialysis in domestic animals,radiology,clinical bio-
chemistry in dairy cows and the application of ultrasonics to veterinary clin-
ical diagnosis.The main research areas at the Laboratory of Internal
Medicine are comparative hematology and blood parasite diseases . The
Laboratory of Surgery is concerned with the pathophysiology of acute-
phase reactive proteins, clinical oncology, tumor cytokine therapy and gen-
eral anesthesia.

The Laboratory of Theriogenology is concerned with the physiology and
pathology of the male and female reproductive systems including the
biotechnology of animal reproduction.The Laboratory of Comparative
Pathology focuses on viral, protozoan, hereditary and nutritional diseases;
chlamydiosis, calicivirus and herpesvirus infections, Newcastle disease,
cyclosporidiosis, myopathy, neuropathy, lead poisoning and many others.

B RS

Laboratory of Internal Medicine

BEARZEHZE

Laboratory of Veterinary Surgery.




Laboratory of Internal Medicine
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This laboratory has been studymg the pathogene31s of hemolytic-anemia caused by infectious agents, chemicals and hereditary erythrocyte disorders.
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L. Improvement of wound-healing acceleration therapy in animals.

Studies on diagnostic and therapeutic modalities for cancer in small animals.
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Laboratory of Comparative Pathology
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Laboratory of Comparative Pathology
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Herpes virus gene detected in equine tissues

Brain umor (so-called fowl glioma) of Japanese
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Electron micrograph of virus particles found in the
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Our laboratory was established in 1922 and was named “Comparative Pathology”, since the first professor Dr. Kouichi Ichikawa thought veterinary pathol-
ogy should contribute to human medical science as well as veterinary science. Hls concept.on veterinary pathology has been kept by his successors.
R L

largely dxvxded mto the followi:

s. The ﬁrst is the diagnosis of animal diseases. Our ]abmalory dxagnoses

attle and:horses, the
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Fetus of Hokkaido brown bear (Ursus arctos yesoensis).
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Laboratory of Theriogenology
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Qur labaratory was established in; 954 to




Laboratory of Pathabiology
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Laboratory of Pathobiology

image displays imaging procedure of canine pancreas
using endoscopic ultrasonography.
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Histopathological lesion of canine pancreatic acinar atrophy in
early stage of the disease.

The laboratory of pathobiology was newly established in 1995 and has the following three key-words: intractable diseases, high-level diagnosis and up-to-
date veterinary medicine. Our laboratory has two goals. The first is to perform ceilular and molecular analyses of the pathogenesis and pathophysiology of
various diseases. The other is to enhance research and education in the development of diagnostic and therapeutic methods based on these analyse.

It has been proved that the gene is asociated with many deseases and plays an important role in the diagnosis and therapy of the diseases. Today, molecu-
lar biological analysis is also essential to progress in veterinary medicine, especially its increased applicauon in the clinical area.

allith 1

The ptesen{ msa:ches in-ourlaboratory are focused on 1) establishment of the diagnostic i unagmg techniques. and their application to clarify disease condi-
apgxuﬂbu to va.nous diseases. -Although Jimite:

second topic is as yef

the molecular bxology from a chmcal standpoint
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Department of Disease Control

This department consists of 4 laboratories inciuding the Laboratory of
Expenimental Animal Science which deals with gene analysis using animal disease
research models. The rest of the laboratories (ie. Microbiology, Parasitology and
Infectious Diseases) deal with disease agents such as bacteria. virus, protozoa,
heiminths (Trematoda. Cestoda, Acanthocephala & Nematoda), and arthropods.

Studies on host-parasite interaction from population to molecular level will con-
tribute to desease control. Moreover, studies on phylogeny, evolution, behavior and
environmental adaptation of parasitic agents are presently on-going. Collaborative
studies on influenza, piroplasmosis, echinococcosis/hydatidosis with research labo-
ratories in north and south America, Asia and Africa are also on-going.

Furthermore, the Parasitology laboratory has been designated as reference laboratory
for echinococcosis/hydatidosis by OIE (International Office of Epizootics).

In the near future, results obtained will provide a sound basis for solving animal
health problems globally. Researchers of this department are encouraged to freely
pursue their individual scientific interests and creativity to the hlghest level of excel-
lence. We are planning to provide internationale training courses in the contro} of
specific diseases. Moreover, we also envision the setting up of an international
research-related network linking our department with other institutions to create a
Center of Excellence (COE).




Laboratory of Microbiology
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Ecology of the Microbial World
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Laboratory of Microbiology

BEL OHEEROBITICL > T, BE
B, RIEER, MRS L URELEH
L, 3) YREROFE - SEEZ RS
THILEBELTVEY, ZhITO
W TH O N BRITREZ DA% 57
DREE, BYWERFED L TERRFEC
bRECEBMLTNES,
ETTDOELNFILRDOEY T, HE,
RERFLE L ERFEVE NI OBFEE
RO IRBENEEELTVET,

(RRSLRAR)
1. AV TWIAFIA N ZDEEE &L
BLUBRRICH 2EHBEBOREBA
SUNHELD A W ZDER TR
2. NUWRDAIR, A ITWNI AT
ANABELOINZ IOV 014 IV ABEES
FOREE & BEDBRT
3. AVINIAFOANREZA—H Y L
RO I 2ADRRMERRICS AT ORI
4. NIRRT A LV ADFRIEES L UIEREE
BOVICA VWL AFTANRDR ) X 5—
TEOESEOEE S BEEDRT

5. MERTWBORNSES - BONTFE
BIUDNAT O F DREF

6. VA NABIUHEBEDSBERIRZ
¥REDRF

The goal of the research in this laboratory is prevention and control of important infections of animals and man. For this purpose, the ecology of pathogens
is thoroughly studied at the levels of their host animal populations, individuals, tissues, cells and molecules. The research efforts thus focus on 1) the origin,
evolution and perpetuation mechanism of pathogens in nature, 2) host range, route of transmission, pathogenesis and immunology of the infections, through
in vivo and in vitro analyses of the "host-pathogen relationships" and 3) development of strategies for prevention and control of infections. The results hith-
erto obtained from these studies contribute enormously not only to the fields of veterinary medicine, but also to public health, the ecology of wildlifes, and

life sciences.

The main ongoing research projects by the stuff, graduate and undergraduate students in collaboration with other laboratories throughout the world are as

follows:

1. Origin, evolution, and mechanism of perpetuation of influenza viruses in nature; Prediction of emerging pandemic strains
2. Structure and function of the glycoproteins of herpes-, paramyxo-, and orthomyxoviruses

ucosal immunity;;Development. of:

3. Factors involved in the pathogenesis of ortho-and paramyxoviruses
4:Structure ‘and function of the:immediate-early and early protems of hcrpesvmxses and the polymerase complex of influenza viruses
al: pal b ]
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Laboratory of Infectious Diseases
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1-2. Peripheral blood lymphocytes prepared from normai chickens
-**No morphoiogical changes are observed.
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2. DNA fragmentation observed in thymic cells of Marek's disease
virus-infected chickens*-*DNA laddering is demonstrated in T ceils
in the thymus in Marek's disease virus-infected chickens(1st and
2nd lanes from the left) at 2-3weeks after infection.

Inventions of more effective antibiotics and vaccines, and dramatic improvements in sanitation and public health have accelerated the downward trends of
many infectious diseases, such as dysentery and cholera, promising that infectious agents can be eradicated from the earth. However. many infectious dis-
eases remain among the greatest health problemsin the world as microorganisms have deveiopd several strategies to escape host Immune forces and to strike
back (i.e. acquired resistance to antibiotics, new virulent factors, and active antigenic shift or mutations). In the veterinary field, although major bacteria and
virus infection have been brought under control by effective vaccines and antibiotics, many infections diseases which are not successfully controlled are still
present. Since enormous economic losses of livestock are caused by those infectious on a global scale, establishment of effective preventive measures to
control these infections is the most important subject to maintain maximum food production in the restricted spaces we have on the earth.

For these reasons, research activities of the Laboratory of Infectious Diseases are concentrated on systematic analysis of the pathogenesis of viral and pro-
tozoan infections of domestic animals, and our current research activities are as follows:
1. Research on protozoan infections of animals, especially piroplasmosis of horses and calves, development of preventive and diagnostic methods. using
genetic and protein engineering, tick vaccine development.
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2. Swdies on bovine leukemia virus (BLV) such as characterization of the antitumor. effect of cell~mediated;immunity.(CML
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Laboratory of Parasitology
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Laboratory of Parasitology Expedition to their mol ion, bi ity and di

Parasitism is an intimate relationship between two organisms in which one lives at the expense of the other. Organisms which live at the other's expense
are termed "parasites” and in the Animal Kingdom there are nematode, cestode, trematode, protozoa and arthropod parasites. Research activities of the
Laboratory of Parasitology are directed toward parasite biodiversity, host-parasite interaction, diagnosis and control of parasite infection. Research in our
laboratory is not only limited to animal parasites but includes zoonotic parasites as well. In the study of Echinococcus, one of the most important zoonotic
parasites in the world, our laboratory is an active international base for research. From 1994, our laboratory has been designated as reference laboratory for
echinococcosis by the OIE.

A research network has been established in Japan and extended overseas, including north and south America, south-east Asia and central Asia. It is there-
fore necessary for researchers in our laboratory to keep "creative eyes” by which the earth can be regarded as one life organism, and "thinking foot" in field
work.

Our current research activities as follows:
1. Studies-on'the ::uvm 1 ition of Echi

P

in north and south America
f o o '
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Laboratory of Experimental Animal Science
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Laboratory of Experimental Animal Science

In the Laboratory of Experimental Animal Science we have been investigating disease mechanisms using the production of animal modets, gene handling
and morphological methods.
1. Why are mules and leopon sterile? Recently, it has been suggested that sterility and abortion are hereditary diseases. We have been producing animal
models by mating laboratory mice (M. m. domesticus) with wild-derived mice (M. spretus, molossinus and musculu.r etc.),.and analysmg the resulung off~
spring via in vn:ro and.in vivo procedures
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Department of Biomedical Sciences

The common aim of the four laboratories in this Department is to apply
the natural sciences (morphology, physiology, biochemistry, and pharmcol-
ogy) to education and the swdy of veterinary medicine. To accomplish that
aim, in addition to individual investigations, we are making concerted
efforts to collaborate in fields of common interest, such as cell biology of
neurons and paraneurons, stimulus-secretion coupling, intraceflular signal-
ing and, energy matabolism in the central nervous system.
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The following two reseach projects relating to neuroscience are now in progress in the Laboratory of Biochemistry.

1 Neural control.of metabohsm The metabolism of nutrients is under strict control b:
-and:mele e of: aympafhetlc control of lipid metal

bolism; synthegls and de

y the autonomic nervous system as well as various hormones. To clarify
radation. of

triglyceride in fat cells:are investigated with.
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The research in our Laboratory (pharmacology) is currently concerned with the signal transduction involved in biogenic amine secretion and smooth mus-
cle contraction. Experiments are performed using whole tissues and various preparations such as isolated adrenal giands and smooth muscle segments, cells

transmitters,.hormones-and: polypeprides, te:
tEac

cording of small bundles of-intact smooth

isolated from these tissues and cultured adrenal chromaffin cells and PC12 celis. The techniques employed to accomphsh these are. chemmal assays of neuro-
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Department of Environmental Veterinary Sciences

Ever increasing man-made environmental pollutants, the resulting
destruction of the ozone layer, global warming, and the destruction of the
natural environment by excessive "development” result in the alteration of
the global environment and the loss of ecological balance. These alterations
may unexpectedly mobilize pathogens or the carrier animals of an otherwise
local disease, All these may be harmful to animals and man. The
Department of Environmental Veterinary Sciences concerns the protection
of endangered animal species and investigates the environmental causes of
the extinction of animal species.




S T AR T AT,

\ o /8- =g f—]
W SrEEFHE IR
Laboratory of Public Health

3 ® HE AKX Takashima, Ikuo
g3® Hif1 #W  Kariwa, Hiroaki
B £ K% #H Mizutani, Tetsuya

HIRBDIAN AT B D 5% % 7

DAV AEABHBERBEOTFHZEIELT

L. HEBYHMRA T 5 AEREERIK | Zoonoses and wild animals

Bof, BREBTI RS HmBkICRHB SN
%L IIHFEO AELBZHR (Zoonoses)
PRAEHEBELTVWET, ThbDRATIEER
AR - BHBERL L L ) RESRERE
YRR BRI LA L DEROEAHTR
BRI ALLZEILEEELZORATVWE
7

193 FILIFEDEREATINT THYE
TREDLP>7-O Y TEEMEDBENS
RanFlr, REBEITFZIZL WA
h, BREIC%CDREEREORDTE
W AV RAERRBFET T B, By =
ERBERLRABAAIOBEFEAET AME
EREOBIGEDTVET,

BRI oRBEERER T3
TANAMRAT, KBEOH IR INEY

Laboratory of Public Health

BB
R AR

RIS
A1 31 2
VINAESH

ANVAEBEIIRETHIOT, AOKRBELD
HEL Y 4V ADRBICOVWTHIRY EDT
wET,

BARAE, B (AT THATH) 12Eo
THEASNEET V7OREH LA VAR
RET, BERCMTERIELTwE T,
LirL, WOEBHOKRIESTELDM Y A LR
BEZITEATVEPII DB TIETRRAT, B
E, BOERIZT A VAWK L, DEICK
POBUIY A VA RTHET HREE A RET L
TwET,

ZDEHI, EHRZETIEHOYFEOY AV
AEABRBERFEOTFHO20, BARIC
BITAINRODT A LV ADHEREHRADERE
B LTOET,

2. B0 kI k3 ¥ =R : Tick collection by fragging method.

¥Ry AV A OBYI  Transmisson
cycle of tick-borne encephalitis virus
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of hemorrhagic fever with renal syndrome virus
BARR Y 1V 2 OB Overwintering

mechanism of Japanese encephalitis virus
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3. BAXIA60T A LAFRIER
Field work for virus isotation from rodents

tick:

Newly emerging zoonoses such as Ebola are now causing biological hazards to humans.
The: first case of~Ru§si§9.spring summer encephalitis in Japan was reported in 1993 in Hokkaido. Extensive studies are now being carried out to identify
Git .

A
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Figure 2. Confocal laser
microscopic observation of
phagacytotic polymorphonu-
clear leukocyres. &: Zymosan
particles. Green fluorescence
showed F-actin detected by
FITC-conjugated phaloidine
and arrow indicated the accu-
mulation of F-actin (actin cup)
of phagocytotic cell.
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Laboratory of Radiation Biology
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Figure 1. Three-dimensionat magnetic res-
onance images of a normal mouse from the
thorax to the upper abdominal region: Each
of i magnetic
multi-slice proton-density images was pseu-
do-colored, then these 3-D images were
reconstructed using pseudo-colored 2-D
MR images; (left) constructed by changing
the opacity of non-colored regions to 15%
and (right) constructed by changing the
opacities of non-colored regions to 15% and
those of the liver and galibladder 10 0%.
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Figure 3. Radiation-induced
apoptosis in human lymphoblas-
toid MOLT-4 cell. (A)
Unirradiated control, (B) MOLT-
4 cell were incubated and stained
with Hoechst 33258 after irradia-
tion of 7.5 Gy. In irradiated
cells. the chromatin fragmenta-
tion and condensation were
observed.

ed into life science research. We recently introduced
. and new rad.lauon techmqu:s usmg high- quah X
i : abn inotie

One century after Roentgen discovered X-rays, newly developed redlauon technologies usmg radio frequencies, rmcmwavcs and X-rays are bemg integrat-

(MRI) using radio: frequency. waves
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Metabolisms of Environmental poliutants

Environmentai pollutants

Phase | hydroxylation
Oxidation, Reduction, Hydrolysis

Phase It conjugation
GSH, UDPCA
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In the most of organisms, cytochrome P450 is the major phase | enzyme.
of

fthough P450 is i

n
sterold, fatty acid, leukotriens, pheromones and vitamins, the largest numbers of

like

P450 substrates are foreign chemicals, such as drugs, plant metabolites, foad

and

Laboratory of Toxicology

(Bucheli and Fent 1995)
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Biomarkers : The biomarker can be defined as a
measurabie response at any level of biological
organization that can be related to an impact of

Metallothioneins
DNA adducts
Vitellogenin

Environmental pollution is of toxicological concern, because pollutants that cause inbalances in the homeostasis of living organisms or disturb the ecologi-
cal balance are considered to be toxic substances. We are concerned with xenobiotics oxidizing enzymes, cytochrome P450 in particular. This enzyme is

enzyme:also engages:in the-metabolic.
of:the ) :

gai e@eau&%gem

widely distributed in animals and plants, and functions as part of the body's self-protection mechanism from xenobiotics, such as pollutants and drugs. This
activation.of- otherwise non-toxic substances, at times, to form:attive metabolic intermediates.

ollows.
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Laboratory of Wildlife Biology was established in 1995. Some of our research themes are as follows:

1. Population dynamics of big game mammals (deer etc.) for management.
2. Populauon dynamics of marine. animals (Steller sea lion, hawkbill:turtle etc. ): rcenservauon
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Hokkaido University granted the degree of Doctor of Veterinary Science (equivalent to Ph.D.) to the following graduates of the Graduate School
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Abstract

For the prediction of future influenza pandemics, global surveillance of avian influenza
has been continued since 1991 and carried out in Russia, Mongolia, China, and Japan from
2000 to 2003. Influenza virus isolates of 50 combinations of HA and NA subtypes have been
identified and 3 strains selected from each of those are stocked. In addition, 47 other
combinations have been generated by standard genetic reassortment procedure in the
laboratory. Since we have already shown that influenza viruses have been fully adapted to
ducks and cause no disease signs and are in evolutionary stasis in their natural reservoirs, virus
isolates from ducks are ideal as vaccine strains. Thus, influenza viruses of 97 combinations
of HA and NA subtypes are now available as vaccine strain candidates against emerging

pandemic influenza in humans, domestic animals, and poultry.
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1. Introduction

Pandemic influenza viruses arise by genetic reassortment between human and non-human
viruses [1, 2]. All of the known subtypes of influenza A virus (H1 to H15 and N1 to N9) are
circulating in aquatic birds, especially in migratory ducks [3, 4]. Antigenic and genetic
analyses of influenza virus isolates from migratory ducks, domestic ducks, pigs, and humans
indicated that the hemagglutinin (HA) gene of A/Kong Kong/68 (H3N2) strain was introduced
into the precedent human H2N2 Asian influenza virus by genetic reassortment in pigs through
domestic ducks from an H3 influenza virus circulating in migratory ducks in southern China
[5-7]. In experimental infection of pigs, most tested strains of each HA subtype of H1-H13
avian influenza viruses replicate in the upper respiratory tracts of the animals. Co-infection
of pigs with a swine virus and with an avian virus enable to replicate in this animal generated
reassortant viruses that could be passaged in them [8]. The results indicate that avian viruses
of any subtype can contribute genes in the generation of reassortants and so that none of the 15
HA and 9 neuraminidase (NA) subtypes can be ruled out as potential candidates for future
pandemics. It is, therefore, important to store a panel of vaccine strains of 135 combinations
of 15 HA and 9 NA subtypes in order to prepare for the emergence of future pandemics. The
direct transmission of H5N1 [9, 10] and HON2 [11, 12] influenza viruses from poultry to
humans in Hong Kong further emphasized the need to prepare effective vaccine candidates for
the emergence of future pandemics.

To provide information on the precursor genes of future pandemic influenza viruses,

virological global surveillance of avian influenza was been continued since 1991 in Alaska and



Siberia [13, 14]. In the present study, this surveillance was carried out from 2000 to 2003 in
Russia, Mongolia, China, and Japan, where ducks congregate on their flyway of migration
from Siberia. More than 400 isolates in these surveillances were systematically stored as

vaccine strain candidates for all 135 subtypes of influenza A virus.

2. Materials and Methods
Virus isolation and identification

A total of 4,771 fecal samples were collected from ducks including mallards, teals, and
pintails in Siberia of Russia, Mongolia, China, and Japan. The samples were kept in the cool,
transported to Hokkaido University, and stored at -80 °C until assayed. Each sample was
inoculated into the allantoic cavity of 10-day-old embryonated eggs. After 2 days incubation
at 35 °C, the allantoic fluids were tested for hemagglutinating activity. All hemagglutinating
agents were identified by hemagglutination—inhibition (HI) and neuraminidase-inhibition (INT)

tests using specific antisera to the reference strains of influenza viruses [15].

Generation of genetic reassortment virus

To generate the reassortant virus, two parental viruses were mixed and injected into the
allantoic cavity of embryonated eggs. The allantoic fluid from the eggs was harvested after
incubation at 35 °C for 48 h. Fifty microliters of fluid was mixed with appropriate chicken
antisera and incubated at 37 °C for 1h prior to plaque cloning of the viruses in MDCK cells.

Subtypes of HA and NA of the cloned virus were identified with HI and NI tests. To provide
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HA gene to reassortant virus, Pintail/Shimane/324/98 (H1N9), Duck/Hokkaido/95/01 (H2N2),
Duck/Hokkaido/5/77 (H3N2), Mallard/Alberta/223/79 (H4N2), Duck/Hokkaido/67/96 (HSN3),
Duck/Pennsylvania/10128/84 (HS5SN2), Duck/Hokkaido/120/01 (H6N2), Duck/Hong
Kong/301/78 (HIN2), Duck/Hokkaido/9/99 (H9N2), Duck/Hokkaido/18/00 (H10N4),
Swan/Shiname/48/97 (H11N2), Duck/Hokkaido/66/01 (H12NS5), Mallard/Astrakhan/263/82
(H14N5), and Duck/Australia’341/83 (H15N8) were propagated As NA gene provider,
Duck/Mongolia/47/01 (H7N1), Duck/Hokkaido/5/77 (H3N2), Mallard/Ireland/PV46B/93
(H9N3),  Duck/Hokkaido/18/00  (HION4),  Duck/Hokkaido/1058/01  (H4NS),
Duck/England/1/56 (H11N6), Seal/Massachusetts/1/80 (H7N7), Duck/Hokkaido/8/80 (H3N8),

Duck/Memphis/546/74 (H11N9) were prepared.

3. Results
Isolation of influenza A viruses from fecal samples of waterfowls

In total, 4,771 fresh fecal samples of ducks were collected in Siberia of Russia, Mongolia,
China, and Japan. From these samples, 274 agents were serologically identified as influenza
viruses (Table 1). Twelve HA subtypes (H1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, and 15) and all 9
NA subtypes were identified in these isolates. These results indicate that a variety of
subtypes of influenza virus are maintained by ducks nesting in Siberia or congregating on their
flyway of migration from Siberia. However, some combinations of HA and NA are
dominant in each subtype (i.e. H3N8 in H3 subtype, H4N6 in H4 subtype), all 135
combinations of 15 HA and 9 NA could not be prepared from nature.
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Generation of genetic reassortment virus

More than 400 isolates in these surveillances since 1991 were systematically stored as
vaccine strain candidates for all subtypes of influenza A virus. Totally 50 combinations of
HA and NA were stocked as vaccine candidates (Fig. 1). To complete the preparation of
vaccine candidates of all 135 combinations, genetic reassortants were generated for the
combinations that are hardly isolated from nature. By standard genetic reassortment
procedure, 47 new reassortants were generated from each parental virus and stored as new
combinations (Fig. 1). Thus, influenza viruses of 97 combinations of HA and NA subtypes

have been stored as vaccine strain candidates against emerging pandemic influenza.

4. Discussion

Intensive surveillance study of aquatic birds is stressed to provide information on the
future pandemic influenza virus. The findings together with the proposed hypothesis for the
emergence of the pandemic viruses [6, 16], indicate that pandemic influenza virus strains
should inherit the genes from the viruses maintained by ducks nesting in Siberia [14]. In the
global surveillance in 2000-2003, 12 HA subtypes (H1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, and 15)
and all 9 NA subtypes were identified in these isolates. The present results indicate that none
of the 15 HA and 9 NA subtypes can be ruled out as possible precursor viruses for future
pandemics. It is, therefore, important to establish a library of a panel of vaccine strains

isolated from ducks in order to provide vaccine strains for future pandemics.
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The antigenicity, immunogenicity, pathogenicity, and yield in chicken embryo are the
most important criteria for vaccine strains. On the basis of the antigenic analysis of
pandemic strains, proper strain should be selected immediately for vaccine production.
Several strains in the same subtype must be stored for the future pandemics, since the
difference of antigenicity in one subtype is already known [17]. Selection and generation of
vaccine strain with low pathogenicity and high yield in chicken embryo are required for
vaccine production [18]. Further generation of reassortant virus from original vaccine
candidates might be necessary for these points. The preparation of the vaccine strain
candidate from waterfowls in nature or reassortant viruses of them by standard technique must
be the best choice since vaccine prepared from duck isolates was potent enough to protect

mice from challenge with lethal dose of the pathogenic influenza virus A/Hong Kong/483/97

(H5N1) [19].

Figure legends

Figure 1 Panel of 97 combinations of HA and NA subtypes as vaccine strain candidates
against emerging pandemic influenza. Field isolates of 50 combinations of HA and NA
subtypes (shown in black) including new isolates in 2000-2003 have been selected from our
library of virus isolates. Forty-seven combinations (shown in gray) have been generated by
standard genetic reassortment procedure in the laboratory. Thus, influenza viruses of 97

combinations of HA and NA subtypes have been stocked as vaccine strain candidates.
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Table. 1 Isolation of influenza viruses from fecal samples of waterfowls in 2000-2003

No of sampies with virus/ total no. of samoles tested

Country Location 2000 2001 2002 2003
Rossisa Magadan 0/295
Irkutsk 2°/290 7%/ 445
Mongolia  Erhelt nuur 3797725 101°/452
Ugi nuur 8°/489  387/395
China Huhhot 0/233
Japan Sapporo 128/210  7"/224  28'/242
Wakkanai 16/571 177105  1'/95

No. of each antigenic subtypes of the isolates were as follows:
* H3N8:2
® H3NB8. 4, H4N6: 3
® HINI1 2,H3N3 2, H3N6: 20, H3N8: 48, HANG6. 12, H4N7' 1, HANS: 1, H7N1- 1, H7N7: 9,
H8N4- 5
¢ HINI. 1, H3N2: 1, H3N6: 3, H3N8: 11, H4N2: 1, H4N6. 12, H5N2. 1, H5N3.6, H7NI1: 1
° HINI 1,H3N8. 5, H4N6" 2
f H2N2 1, H2N3: 2, H3N6. 5, H3N8 14, H4N6: 12, H8N1 1, HIONS 3
& HINI 8, H3N6: 1, HANS: 1, HANG. 2
" H3NS8 3,HSN3.1,HI1IN9- 3,
' H3NB8 12, H6NS; 1, H7N7" 13, H8N4. 1, H15N8: 1

Sakoda et al.
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