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Zoonosis is any infectious disease that may be transmitted 
from other animals, both wild and domestic, to humans or 
from humans to animals.
The word is derived from the Greek words zoon (animal) 
(pronounced as zoo-on) and nosos (disease). Many serious 
diseases fall under this category.

Bacteria, viruses, parasite, protozoa, prion ….
・Anthrax, Brucellosis, Leptospirosis, Listeriosis, MRSA, 
・Influenza, Ebola fever, SARS, Rabies, 
・Echinococcosis, Trypanosomiasis, Toxoplasmosis, 
・BSE



Emerging Zoonoses

12（10 deaths）Congo Ebola virus ofFiloviridaeEbola hemorrhagic fever2005

～2005

424（363 deaths）AngolaMarburgvirus ofFiloviridaeMarburghemorrhagic fever2004

Fareast, and Africa～2008

331（204 deaths）China and 11 countries of Asia,  Highly pathogenic avian influenza virusAvian influenza virus (H5N1) infection2004

86 (１ death)Netherland, Belgium, GermanyHighly pathogenic avian influenza virusAvian influenza virus (H7N7) infection

8,437 (813 deaths)Hong Kong, China, worldwideCoronavirus SARS2003

～2004
210（175 deaths）CongoEbola virus ofFiloviridaeEbola hemorrhagic fever2001

17,000 (>600 deaths)USA, Canada, MexicoWest Nile virus ofFlaviviridae West Nile fever2001-　
　2007

>30,000 (>700 deaths)Thai, Philippines, AsiaLeptospira interrogansLeptospirosis（-present）

258 (100 deaths)MalaysiaMorbillivirusofParamyxoviridaeNipahvirus infection1999

16 (4人 deaths)IndiaYersinia pestisPneumonic plague1998

18 (6 deaths)Hong KongHighly pathogenic avian influenza virusAvian influenza (H5N1) virus infection1997

2 deathsAustraliaLyssavirustype 7 ofRhabdoviridaeRabies from bat1996

318 (249 deaths)ZaireEbola virus ofFiloviridaeEbola hemorrhagic fever

239 (30％ deaths)South American countriesHantavirusofbunyaviridae1995

2 (1dath)AustraliaHendravirus ofParamyxoviridaeMorbillivirusinfection from horses

26 (10 deaths)BrazilSabiavirus ofArenaviridaeBrazilian hemorrhagic fever1994

80 (50 deaths)USASinNombrevirus ofBunyaviridaeHantaviruspulmonary syndrome1993

22,000USABartonella henseleCat scratch disease1992

105(35 deaths)VenezuelaGuanaritovirus ofArenaviridaeVenezuelan hemorrhagic fever1991

1,200USAEhrlichia chaffensis, E.phagocytophilaEhrlichiosis1989

113(-2001)UKPrionBSE1986

HIV ofRetroviridaeAIDS1983

9,000USABorreria burgdorferiLymedisease

73,000(61 deaths)USAEscherichia coliO157:H7
Bloody diarrhea, Hemolytic uremic
syndrome1982

388KoreaHantavirusofBunyaviridaeHemorrhagic fever with renal syndrome

318 (279daeths)Zaire (DRC) Ebola virus ofFiloviridaeEbola hemorrhagic fever1977

　　Human cases　　Country　　Causative agent　　DiseaseYear

884 (124 death)Saudi Arabia, YemenRift Valley fever virus ofBunyaviridaeRift Valley fever 2000

Hantaviruspulmonary syndrome



Emerging Zoonoses

• Many of the agents responsible for epidemics 
throughout human history have their origins in 
animals. 

• Nearly all emerging disease episodes of the past 
20 years have involved zoonotic infectious 
agents.

• Episodes of zoonoses are increasing around the 
globe. 



Causative factors resulting in the increase 
of zoonosis outbreaks

• Climate, weather, rainfall, temperature (global warming)

• Population movements and the intrusion of humans and   
domestic animals into arthropod habitats

• Deforestation and settlement of new tropical forest/farm margins

• Expanding primitive irrigation systems

• The opening up of isolated ecosystems such as islands

• Increased long-distance air travel

• Increased long-distance livestock transportation

• New routings of long-distance bird migrations

• Uncontrolled urbanization and environmental pollution



• Zoonoses must be dealt with at the interface between 
medical, veterinary, and environmental sciences.

• The research base involves the interface between:

virology (biologic and molecular biologic), 
immunology, pathology, ecology, animal biology, 
wildlife biology, mammology, ornithology, 
entomology, meteorology, climatology, geography, 
sciences pertaining to societal and commercial risk 
factors, economics, government, biodefense, etc., and 
the medical sciences and veterinary sciences.

Zoonotic factors favoring new, emerging 
and re-emerging infections



Control and Prevention ofControl and Prevention of ZoonosesZoonoses

Veterinary Medicine

Prevention and 
therapeutics of diseases 

in livestock and pet 
animals

Ministry of Agriculture, Ministry of Agriculture, 
Forestry and FisheriesForestry and Fisheries

Maintenance and 
improvement of  

human and public 
health

Ecology of zoonotic
pathogens

transmission

transmission

Medicine 

Ministry of HealthMinistry of Health
and Welfareand Welfare

Research Center for
Zoonosis Control

transmission

OIEOIEOIE WHOWHOWHO

Species conservation of wild animals

Ministry of the EnvironmentMinistry of the Environment

Prevention and Control of
Zoonoses



Department of Global 
Epidemiology

Department of
Bioresources 

Department of Molecular
Pathobiology 

Department of 
Collaboration and 

Education 

World Health Organization (WHO)
World Organization for Animal Health (OIE) 
Food and Agriculture Organization (FAO)
Centers for Disease Control and Prevention (CDC)

• Identification of natural 
host animals of zoonotic
pathogens

•Diagnosis of zoonotic
diseases　and development 
of detection methods

•Preservation and supply 
of pathogens, cells, 
genes and animal strains

•Coordination of 
collaboration programs 
with international and 
domestic organizations

International CollaborationInternational Collaboration

Global SurveillanceGlobal Surveillance

Hokkaido University Research Center for Zoonosis Control

• Identification of  natural 
host animals and 
transmission routes of
zoonotic pathogens

Hokudai Center for
Zoonosis Control in 

Zambia



Influenza A virus

Filovirus



The Ecology of influenza A viruses



Influenza virus
Orthomyxoviridae

Envepoled, negative-stranded RNA virus
Segmented RNA genome

Hemagglutinin, HA

Neuraminidase, NA



H1-H16N1-N9

Genetic Reassortment
Segmented RNA genome



H1N1 H2N2

H2N1 H1N2 H2N1

Gene Exchange
Genetic Reassortment



Wild aquatic bird

Natural reservoir
No disease

Non-pathogenic virus
H1-16、N1-9



The Ecology of Influenza VirusesThe Ecology of Influenza Viruses

••Wild aquatic birds are the natural reservoirs of all Wild aquatic birds are the natural reservoirs of all 
influenza A viruses in other speciesinfluenza A viruses in other species

••In wild aquatic birds, influenza viruses replicate In wild aquatic birds, influenza viruses replicate 
predominately in the intestinal tract and are shed predominately in the intestinal tract and are shed 
by fecal oral transmission often through waterby fecal oral transmission often through water



• Influenza viruses in their natural reservoirs are in 
evolutionary stasis

•Rapid evolution occurs after transfer to new hosts

The Ecology of Influenza A VirusesThe Ecology of Influenza A Viruses



The Ecology of Influenza A VirusesThe Ecology of Influenza A Viruses



Surveillance of avian influenza in 
Japan, Siberia, and Mongolia



Petropavlovsk- 
Kamchatsky

Lake 
Kanicheva

Wakkanai

Elavga

Khabarovsk

Malyshevo

Yakutsk

Kobyaysky

40 Islands

Buotama

Kharyyalah

Kenkeme 
Nat'l  Park

Ulaa n ba a rt ar

Irku tsk

Arctic circle



Sakha Republic
Rena River
Near Arctic Circle





A lot of lakes and ponds
Nesting area for wild ducks

Viruses are perpetuated in winter

with a bird's-eye view



Journal of Virology, December 2006, p. 12229-12235, Vol. 80, No. 24

Evidence of Influenza A Virus RNA in Siberian Lake Ice 

Gang Zhang,1 Dany Shoham,2 David Gilichinsky,3 Sergei 
Davydov,4 John D. Castello,5 and Scott O. Rogers1* 

Influenza A virus infects a large proportion of the human population 
annually, sometimes leading to the deaths of millions. The biotic 
cycles of infection are well characterized in the literature, including in 
studies of populations of humans, poultry, swine, and migratory 
waterfowl. However, there are few studies of abiotic reservoirs for this 
virus. Here, we report the preservation of influenza A virus genes in 
ice and water from high-latitude lakes that are visited by large 
numbers of migratory birds. The lakes are along the migratory flight 
paths of birds flying into Asia, North America, Europe, and Africa. 
The data suggest that influenza A virus, deposited as the birds begin 
their autumn migration, can be preserved in lake ice. As birds return in 
the spring, the ice melts, releasing the viruses. Therefore, temporal 
gene flow is facilitated between the viruses shed during the previous 
year and the viruses newly acquired by birds during winter months 
spent in the south. Above the Arctic Circle, the cycles of entrapment 
in the ice and release by melting can be variable in length, because 
some ice persists for several years, decades, or longer. This type of 
temporal gene flow might be a feature common to viruses that can
survive entrapment in environmental ice and snow. 



On the Rena River







Mosquito







Ptropavlovsk-

Kamchatsky(58)

Lake Kanicheva(95)

Kobyaysky(820)

H4N6

H4N9

H11N1

H11N6

H11N9

Magadan(295)
×

×

××

×
×

×

×
×
×

Yakutsk(232)

H3N8

H13N6

Wakkanai (958)

H1N1

H3N8

H5N3

H5N4

H6N2

H6N7

H8N1

H8N3

H9N2

H11N9

Elavga(66)

Khabarovsk(23)

Malyshevo(90)

H3N8

40 Ilands(1321)

White Lake(1136)
Buotama(51)

Kharyyalah(146)

Kenkeme(32)

Irkutsk(290)

1996

1997

1998

1999

H1N1

H4N5

H4N6

H7N7

Taiwan





Nesting area for some species of birds
Stopover for some migratory birds 



Erhelt nuur (101)

H1N1: 2, H3N3: 2, H3N6: 20, H3N8: 48, H4N6: 12, 

H4N7: 1, H4N8: 1, H7N1: 1, H7N7: 9, H8N4: 5　　　　　　　　　

Huhhot (0)

Ugii nuur (8) 

H1N1: 1, H3N8: 5, H4N6: 2

China

Mongolia

Japan

Wakkanai (1) 

H12N5: 1

Sapporo (7) 

H3N8: 3, H5N3: 1, H11N9: 3,

Isolation of influenza virus in 2002 (117 isolates)



Dk/Hokka id o/1 3 7 /9 6 ( H8 N 1)

Dk/Hokka id o/3 3 /9 6 ( H6 N 7)

Dk /Sib er ia/1 5 6 6 /9 7 ( H3 N 8)

Dk /Nanch ang/1 7 4 9 /9 2 ( H1 1 N 2)

Dk/Sib er ia/1 4 5 /9 6 ( H1 1 N 9)

Dk/Sib er ia/1 6 6 /9 6 ( H1 1 N 9)

Dk/Sib er ia/2 2 4 /9 6 ( H1 1 N 9)

Dk/Sib er ia/6 9 5 /9 6 ( H1 1 N 9)

Dk/Sib er ia/7 0 0 /9 6 ( H1 1 N 9)

Ho ng  Kon g/1 5 6 /9 7 (H5 N 1 )

Ck/Hon g  Kong /2 2 0 /9 7 ( H5 N 1 )

Ck/Hon g  Kong /2 5 8 /9 7 ( H5 N 1 )

Dk /Hokk a id o/5 5 /9 6 ( H1 N 1)

Dk/Sib e r ia/1 5 1 /9 6 ( H4 N 6)

Dk/Sib e r ia/2 1 0 /9 6 ( H4 N 6)

Dk/Sib e r ia/3 5 8 /9 6 ( H4 N 6)

Dk/Sib e r ia/3 7 2 /9 6 ( H4 N 6)

Dk/Sib e r ia/5 9 6 /9 6 ( H4 N 6)

Dk/Sib e r ia/6 9 9 /9 6 ( H1 1 N 6)

Dk/Sib e r ia/1 5 1 9 /9 7 ( H4 N 6 )

Eq /Jil in/1 /8 9 (H3 N 8 )

Gs/Hon g  Kong /8 /7 6 (H1 N 1 )

Dk /Hokk a id o/4 /9 6 ( H5 N 3 )

Dk /Hokk a id o/5 1 /9 6 ( H8 N 3 )

Dk /Hokk a id o/6 7 /9 6 ( H5 N 4 )

Sw /Ger m any/2 /8 1 ( H1 N 1 )

Ma l/A st r akh a n/2 6 3 /8 2 ( H1 4 N 5)

Mink/Sw eden /8 4 ( H1 0 N 4)

Dk/Hon g  Kong /7 1 7 /7 9 ( H1 N 3)

Dk /Hokk a id o/8 /8 0 ( H3 N 8)

Dk /Eng land/1 /5 6 ( H1 1 N 6 )

Ck/Germ any /N/4 9 ( H1 0 N 7)

FPV /Ro sto ck/3 4 ( H7 N 1 )

FPV /Do bson/Du tch/2 7 ( H7 N 7)

Gull /Mary la nd /5 /7 7 ( H1 1 N 9)

Dk/Mem p his/9 2 8 /7 4 ( H3 N 8 )

Ma l/Ne w York /6 7 5 0 /7 8 ( H2 N 2)

Ty/Minn eso t a/1 6 6 1 /8 1 ( H1 N 1)

Dk/Al as ka/9 0 7 /9 1 ( H3 N 8)

Dk/Al ask a/2 3 3 3 /9 2 ( H4 N 6)

Dk /A la sak a/2 6 9 5 /9 2 ( H4 N 6)

Ck/Penn sy l va nia/1 /8 3 (H5 N 2 )

Dk/Al aska/7 0 2 /9 1 ( H8 N 2)

Dk/Al aska/7 1 2 /9 1 ( H1 0 N 9)

Sw /Hon g  Kong /1 2 6 /8 2 ( H3 N 2)

Ma l/A st rakh an/2 4 4 /8 2 ( H?N 6 )

0.01

Eurasia

North America

Depending on the flyway of 
the duck

Phylogenetic tree



Global warming may affect the route of migration, and may 
change the ecology of influenza viruses.



H5N1 influenza virusH5N1 influenza virus
A highly pathogenic avian influenza virusA highly pathogenic avian influenza virus



Outbreaks of highly pathogenic avian influenza

Country Year Subtype Species of birds

Italy 1902 H7N7 Chicken
Japan 1924-5 H7N7 Chicken
Netherlands 1927 H7N1 ?
Germany 1934 H7N1 ?
Egypt 1945 H7N3 ?
England 1959 H5N1 Chicken
South Africa 1961 H5N3 Tern
England 1963 H7N3 Turkey
Canada 1966 H5N9 Turkey
Australia 1975-6 H7N7 Chicken
Germany 1979 H7N7 Goose
USA 1983 H5N2 Chicken
Australia 1985 H7N7 Chicken
Ireland 1985 H5N8 Turkey
England 1991 H5N1 Turkey
Australia 1992 H7N3 Chicken
Australia 1994 H7N3 Chicken
Pakistan 1996 H7N2 Chicken
Mexico 1994-5 H5N2 Chicken
Pakistan 1996 H7N3 Chicken
Italy 1997 H5N2 Chicken
Australia 1997 H7N4 Chicken
Hong Kong 1997 H5N1 Chicken
Hong Kong 2003 H5N1 Chicken
Netherlands 2003 H7N7 Chicken
Eurasia 2003- H5N1 Chicken

Only H5 and H7 
HA subtypes

No report of human 
disease



Wild aquatic birds

Natural host （reservoir）
No disease

Nonpathogenic
H1-16、N1-9



High
pathogenic
(H5 or H7)

Emergence of HPAI virusEmergence of HPAI virus

Nonpathogenic

Low 
pathogenic

6-9 Months



High
pathogenic
(H5 or H7)

Emergence of HPAI virusEmergence of HPAI virus

Nonpathogenic

Low 
pathogenic

6-9 Months

Artificial environment 

Natural environment 



Transmission of HPAI to humansTransmission of HPAI to humans

1997
H5N1 incident in Hong Kong

18 infected, 6 died



The H5N1 incident in 1997

• Outbreaks of avian flu in 
chicken farms in Hong Kong 
in March / April 1997

• May 1997: Child with flu 
like illness

• Died of complications 
• Virus was H5N1



The H5N1 incident in 1997

• Human H5N1 viruses were 
genetically identical  to the 
virus causing disease in the 
chicken farms  

Subbarao et al 1998
Claas et al 1998

H
Ck
H
H
Ck
H
Ck



This overturned the idea that avian 
influenza can not directly 
transmitted to humans.



Where did H5N1 virus come from? 

Beginning of AI surveillance in live 
poultry market in Hong Kong

Sampling from any species of birds





Taking cloacal swab

H5, H9, H6 viruses and NDV





No human case after slaughtering in Hong Kong



The source of human infection was 
infected poultry

• ~ 20% of chicken in live 
poultry markets had H5N1 
virus                    -
Shortridge et al 1999

• patients with H5N1 
disease had contact with 
live poultry markets      –
Mounts et al 1999 



Human  and Chicken

H5N1 Gs/GD/96-like

H5N1/97

H9N2 G1-like H6N1 W312-like

PB2
PB1
PA
HA
NP
NA
M
NS

PB2
PB1
PA
HA
NP
NA
M
NS

PB2
PB1
PA
HA
NP
NA
M
NS

PB2
PB1
PA
HA
NP
NA
M
NS

H5N1 incident of HK

Xu, X et al., Virology, 1999
Guan, Y et al., PNAS, 1999
Hoffmann, E et al., J. Virol. 2000

1997



Outbreaks of highly pathogenic avian influenza

Country Year Subtype Species of birds

Italy 1902 H7N7 Chicken
Japan 1924-5 H7N7 Chicken
Netherlands 1927 H7N1 ?
Germany 1934 H7N1 ?
Egypt 1945 H7N3 ?
England 1959 H5N1 Chicken
South Africa 1961 H5N3 Tern
England 1963 H7N3 Turkey
Canada 1966 H5N9 Turkey
Australia 1975-6 H7N7 Chicken
Germany 1979 H7N7 Goose
USA 1983 H5N2 Chicken
Australia 1985 H7N7 Chicken
Ireland 1985 H5N8 Turkey
England 1991 H5N1 Turkey
Australia 1992 H7N3 Chicken
Australia 1994 H7N3 Chicken
Pakistan 1996 H7N2 Chicken
Mexico 1994-5 H5N2 Chicken
Pakistan 1996 H7N3 Chicken
Italy 1997 H5N2 Chicken
Australia 1997 H7N4 Chicken
Hong Kong 1997 H5N1 Chicken
Hong Kong 2003 H5N1 Chicken
Netherlands 2003 H7N7 Chicken
Eurasia 2003- H5N1 Chicken

Humans, cats, tigers,
wild birds





The Spread of H5N1 to wild aquatic birdThe Spread of H5N1 to wild aquatic birdThe Spread of H5N1 to wild aquatic bird



High
pathogenic
(H5 or H7)

Emergence of HPAI virusEmergence of HPAI virus

Nonpathogenic

Low 
pathogenic

6-9 Months

Artificial environment 

Natural environment 



Qinghai lake



Qinghai lake

Science 309, 1206 (19 August 2005)
Highly Pathogenic H5N1 Influenza Virus Infection in 
Migratory Birds
J. Liu, H. Xiao, F. Lei, Q. Zhu, K. Qin, X.-w. Zhang, X.-I. Zhang, D.
Zhao, G. Wang, Y. Feng, J. Ma, W. Liu, J. Wang, G.F. Gao
H5N1 avian influenza virus (AIV) has emerged as a pathogenic entity for a variety of species, 
including humans, in recent years. Here we report an outbreak among migratory birds on Lake
Qinghaihu, China, in May and June 2005, in which more than a thousand birds were affected. 
Pancreatic necrosis and abnormal neurological symptoms were the major clinical features. 
Sequencing of the complete genomes of four H5N1 AIV strains revealed them to be reassortants
related to a peregrine falcon isolate from Hong Kong and to have known highly pathogenic 
characteristics. Experimental animal infections reproduced typical highly pathogenic AIV 
infection symptoms and pathology.



Whooper swan
Bar-headed goose

May, 2005

Qinghai lake



A：Bar-headed goose
B：Whooper swan

BA

H5N1 virus was isolated



HA 
CK/Yamaguchi/7/04
Ck/Indonesia/4/04
Common pochard/France/06167/06
Swan/Italy/179/06
CK/Novosibirsk/64/05
BHG/Qinghai/3/05
Bar-headed Gs/Qinghai/12/05
Bar-headed Gs/Qinghai/5/05
GBH gull/Qinghai/2/05
DK/Novosibirsk/56/05
Ck/Nigeria/641/06
Whooper swan/Mongolia/3/05
Whooper swan/Mongolia/4/05
Whooper swan/Mongolia/6/05
Bar-headed Gs/Mongolia/1/05
CK/GX/12/04
CK/Fujian/1042/05
DK/Yokohama/aq-10/03
CK/Malaysia/5858/04
CK/Thailand/73/04
CK/Cambodia/7/04
CK/VN/C57/04
VN/1194/04
Cambodia/JP52a/05
CK/Cambodia/022LC3b/05
CK/Vietnam/NCVD09/05
Egret/HK/757.2/03
HK/213/03
HK/156/97
HK/483/97
Ck/China/1/02
Dk/Fujian/13/02
Gs/China/F3/04
DK/Hokkaido/101/04
DK/Hokkaido/193/04
DK/Hokkaido/299/04

Qinghai

Mongolia



May, 2006
H5N1 virus from 

dead swan



June, 2006
H5N1 virus from dead 

crested grebe



In May and June,
birds are coming from China



In August and September,
birds are going to China



Mongolia, August, 
2005 and 2006





Surveillance of avian influenza in migratory ducks in 2004-2007
Mongolia (116 isolates)

H2N2 (1)      H2N3 (2)  
H3N2 (1)      H3N6 (8)  
H3N8 (52)    H4N2 (1)  
H4N3 (1)      H4N6 (31)    
H7N6 (1)      H7N7 (1)
H8N1 (1)      H8N4 (1)      
H9N2 (1)      H10N3 (11)  
H10N5 (3)    H10N7 (1)

　

Hokkaido (135 isolates)
H1N1 (2)      H2N5 (1) 
H3N2 (1)      H3N8 (19)
H4N2 (8) H4N6 (19)
H5N3 (5)      H6N1 (6)
H6N2 (17)    H6N8 (4)
H7N7 (31)    H8N4 (7)
H9N2 (2)      H9N4 (1) 
H10N2 (1)    H10N5 (7)    
H10N6 (1)    H10N7 (1)
H11N6 (1)    H11N9 (1)    
H12N2 (1)    H12N5 (1)    

China (2 isolates)
　　 H3N8 (1)

H4N6 (1)



Surveillance of avian influenza in migratory ducks in 2004-2007
Mongolia (116 isolates)

H2N2 (1)      H2N3 (2)  
H3N2 (1)      H3N6 (8)  
H3N8 (52)    H4N2 (1)  
H4N3 (1)      H4N6 (31)    
H7N6 (1)      H7N7 (1)
H8N1 (1)      H8N4 (1)      
H9N2 (1)      H10N3 (11)  
H10N5 (3)    H10N7 (1)

　

Hokkaido (135 isolates)
H1N1 (2)      H2N5 (1) 
H3N2 (1)      H3N8 (19)
H4N2 (8) H4N6 (19)
H5N3 (5)      H6N1 (6)
H6N2 (17)    H6N8 (4)
H7N7 (31)    H8N4 (7)
H9N2 (2)      H9N4 (1) 
H10N2 (1)    H10N5 (7)    
H10N6 (1)    H10N7 (1)
H11N6 (1)    H11N9 (1)    
H12N2 (1)    H12N5 (1)    

China (2 isolates)
　　 H3N8 (1)

H4N6 (1)

So far, H5N1 HPIV have not been isolated from 
migratory birds going back to China.



Ohita
Feb. 16

Yamaguchi
Jan. 11

Kyoto
Feb. 26

HPAI outbreaks
in Japan, 2004

Kyoto
Crow

Mar. Apr.

Osaka
Crow
Mar. 



Miyazaki Jan.-
Feb.

Okayama
Jan. 

HPAI outbreaks
in Japan, 2007

Kumamoto
Mountain Hawk Eagle

Jan.



0.1

Tern/South Africa/61
Environment/Hong Kong/437-10/99

Goose/Guangdong/1/96
Hong Kong/156/97

Hong Kong/483/97
Goose/Shantou/1621/05
Peregrine falcon/HK/D0028/04

Dk/HK/821/02
Hong Kong/213/03

Ck/HK/FY157/03
Egret/Hong Kong/757.2/03

Dk/Viet Nam/11/04
Hanoi/30408/05

Thailand/1 KAN-1 /04
Cambodia/JP52a/05

Chicken/Shantou/810/05
Guangxi/1/05

Ck/Malaysia/935/06
Anhui/1/05
Dk/Laos/3295/06
Indonesia/5/05

Ck/Indonesia/BL/03
Dk/Indonesia/MS/04

Chicken/Yamaguchi/7/04
Ck/ST/4231/03

swan/Italy/179/06
Whooper swan/Mongolia/2/06
swan/Iran/754/06

Bar-H Goose/Qinghai/5/05
Brown-H Gull/Qinghai/3/05
Black-H goose/Qinghai/2/05
Bar-H Goose/Qinghai/12/05

Iraq/207-NAMRU3/06
domestic goose/Iraq/812/06

Ck/Nigeria/641/06
Bar-H goose/Mongolia/1/05

Whooper swan/Mongolia/6/05
Whooper swan/Mongolia/3/05
Whooper swan/Mongolia/4/05
mallard/Bavaria/1/06

Cygnus olor/Czech/5170/06
mallard/Italy/332/06
Egypt/2782-NAMRU3/06

Ck/Egypt/960N3-004/06

Phylogenetic tree analysis
(HA gene, partial sequence)

Qinghai 05

Japan 04
Mongolia 06

Mongolia 05



HA 

2005-2006
2004-2007

Dk/Hokkaido/Vac-1/04
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HPAI isolation
in Japan, 2008

Hokkaido
Whooper swan

May

Akita
Whooper swan

April





Changing Patterns of Asian HP H5N1?Changing Patterns of Asian HP H5N1?Changing Patterns of Asian HP H5N1?

・Transmission to humans

・Inapparent infection of ducks (HPAI)

・Lethality for waterfowl
・Introduction of distinguishable lineages to 

Thailand/Vietnam versus Indonesia
・Emergence of Qinghai H5N1 strain
・HPAI endemic of H5N1 viruses in migratory 

birds
・Inapparent infection of vaccinated chickens 

(HPAI)
・Frequent (multiple) introduction of H5N1 

viruses into wild birds?

1997

1997

2002

2003
2005

2005

2006-?

2008-?



Generation of pandemic influenza virus



Pandemic Flu – Worldwide Outbreak

• 1918 H1N1
• 1957 H2N2
• 1968 H3N2



Pandemic Flu – Worldwide Outbreak

• Emergence of influenza virus with NEW 
subtype of HA 

• Infect all age-group people
• Worldwide outbreak within one year





H3N2(human)
H1N1(human) H5N1(avian)

H3N1, H5N2
H3N2, H5N1
H1N1, H5N1



Will H5N1 Acquire Transmissibility?Will H5N1 Acquire Transmissibility?Will H5N1 Acquire Transmissibility?

Avian
source H5N1

Human
virus Pandemic

virus

XX
X
X

R

Infected
human,
pig?

Many factors required.Many factors required.
Ten years have already passed since the first H5N1 case of Ten years have already passed since the first H5N1 case of 

chicken to human transmission was reported.chicken to human transmission was reported.



Recent Human Infections by Avian Influenza

Adaptation to humans?

New Pandemic?

Adaptation to humans?Adaptation to humans?

New Pandemic?New Pandemic?

Year Subtype Cases Deaths H to H

1997 H5N1 18 6 Limited

1999 H9N2 2 0 No

2003 H7N7 83 1 Limited

2003 H9N2 1 0 No

2003- H5N1 244 143 LimitedEurasia and Africa

Place

Hong Kong

Hong Kong

Netherlands

Hong Kong





The Ecology of Filoviruses



Filoviridae
Enveloped RNA virus

Ebola virus
Marburg virus



Filoviruses
• Sporadic outbreaks of lethal hemorrhagic 

disease in central Africa

• No effective vaccine or antiviral treatment 
is currently available.

• Biosafety Level 4 facility is required.



Outbreaks of filovirus Diseases
Species Year Location Human cases (%mortality)

Marburg 1967 Germany, Yugoslavia 32 (23)
1975 South Africa, Zimbabwe 3 (33)
1980 Kenya 2 (50)
1987 Kenya 1 (100)
1999-2000 DR Congo (Zaire) ?
2005 Angola 374 (88)

Ebola Zaire 1976 DR Congo (Zaire) 318 (88)
1977 DR Congo (Zaire) 1 (100)
1994 Gabon 49 (59)
1995 DR Congo (Zaire) 315 (77)
1996 Gabon 31 (68)
1996 Gabon, South Africa 60 (75)
2001-2002 Gabon 60 (83)
2001-2002 DR Congo 32 (59)
2003 R Congo 143 (89)
2003-2004 DR Congo 35 (83)

Ebola Sudan 1976 Sudan 284 (53)
1979 Sudan 34 (65)
2001-2002 Uganda 423 (40)
2004 Sudan 18<?

Ebola Ivory Coast 1994 Ivory Coast 1 (0)

Ebola Reston 1989 USA 1?
1992 Italy 0
1996 USA 0

Ebola new species? 2007 Uganda 93< (?)



Natural host

Bats？
Rodents？

Lethal Lethal

have been emerging every year 
in Africa in this century.
Natural host is not known.

Ebola・Marburg hemorrhagic fever
ーFilovirus infectionsー



Nature 438, 575-576 (1 December 2005)

Fruit bats as reservoirs of Ebola virus

Eric M. Leroy, Brice Kumulungui, Xavier Pourrut, Pierre Rouquet,
Alexandre Hassanin, Philippe Yaba, André Délicat, Janusz T. Paweska, 
Jean-Paul Gonzalez and Robert Swanepoel

Bat species eaten by people in central Africa show evidence of 
symptomless Ebola infection.

The first recorded human outbreak of Ebola virus was in 1976, but the wild 
reservoir of this virus is still unknown. Here we test for Ebola in more than a 
thousand small vertebrates that were collected during Ebola outbreaks in humans 
and great apes between 2001 and 2003 in Gabon and the Republic of the Congo. 
We find evidence of asymptomatic infection by Ebola virus in three species of fruit 
bat, indicating that these animals may be acting as a reservoir for this deadly virus.



Natural reservoir of filoviruses？

Zambia
・Close to DR Congo and Angola
・Collaboration with University of 

Zambia
・Relation through JICA



Lusaka, Zambia
November-December, 2006-2007











Eidolon helvum







Now being investigated.
But, I may not be the only candidate・・・



Identification of natural host & 
elucidation of the route of transmission

Sustainable strategy for the control of zoonoses

Development of measures 
for diagnosis and prevention

Clarification of the molecular 
basis of pathogenesis

CONTROL OF ZOONOSES

Changes in the global environment and human behavior affect the ecology of 
wildlife and hence contribute to the emergence of new diseases (Changing 
transmission dynamics and bringing people into closer and more frequent 
contact with potential pathogens).



“Toward a Sustainable Low Carbon Society”““Toward a Sustainable Low Carbon SocietyToward a Sustainable Low Carbon Society””

“Toward a Sustainable Low             Society”““Toward a Sustainable Low             SocietyToward a Sustainable Low             Society””

Equipollent?Equipollent?

UrbanUrbanUrban


