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“Toward a Sustainable Low Carbon Society”

How are we prepared for
emerging zoonoses ?

Ayato Takada

Hokkaido University
Research Center for Zoonosis Control
Sapporo, Japan



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

Year O sease Causat i ve agent Quntry Hinan cases
1977 Bbol a henorrhagi c fever Ebol a virus of A/oviridae Zaire (DRO 318 (279 daet hs)
Eon&rj{,hagi gi ;ﬁﬁé&wm l[grrgal ytsly(rgdr Onl'fr eni cI-tant avirus of BRunyaviridae Korea 388
1982  syndrone Escherichia coli Q57 HY USA 73,000(61 deat hs)
Lyne di sease Borreria burgdorferi USA CN000)
1983 ADS HV of Retroviriadae
1986 BSE Prion WK 113(- 2001)
1989 Ehrlichiosis Erlichia chaffensis, E phagocytophila USA 00)
1991 \Venezuel an henorrhagi c fever Quanarito virus of Arenaviri dae Venezuel a 105( 35 deat hs)
1992 Gat scratch di sease Bartonel | a hensel e USA 22, 000
1993 Hantavirus pul nonary syndr one S n Nonbre virus of Runyaviridae USA 80 (50 deat hs)
1994 Brazilian henorrhagi c fever Sabi a virus of Arenaviri dae Brazi | 26 (10 deat hs)
Norbi | 1ivirus infection from horses Hendra virus of Faranyxoviridae Australia 2 (1 dath)
1995 Hantavirus pul nonary syndrone Hantavirus of bunyaviri dae Sout h Anerican countri es 239 (30 deaths)
Ebol a henorr hagi ¢ fever Ebol a virus of A/oviridae Zaire 318 (249 deat hs)
1996 Rabi es from bat Lyssavirus type 7 of Rhabdoviridae Australia 2 deat hs
1997 Avian influenza (HbNL) virus infection  Hghly pathogenic avian influenza virus Hong Kong 18 (6 deat hs)
1998  Pneunoni ¢ pl ague Yersinia pesti s India 16 (4 deaths)
1999 N pah virus infection Morbi | 1ivirus of Raranyxoviridae Ml aysi a 258 (100 deat hs)
Lept ospi rosi s - present Lept ospi ra i nt errogans Thai, Philippines, Asia >30, 000 (>700 deat hs)
2000 Rft Valley fever Rft Valley fever virus of Bunyaviridae Saudi Arabia, Yenen 884 (124 deat h)
2001- Vest Nle fever Wst Nle virus of Haviviridae USA Canada, Mexico 17,000 (>600 deat hs)
2007
2001 Bbol a herorrhagic fever Ebol a virus of A/oviridae Qongo 210 175 deaths
2004
2003 SARS Qor onavi rus Hong Kong, China, worl dw de 8, 437 (813 deat hs)
Avian influenza virus (H/N7) infection  Hghly pathogenic avian influenza virus Netherland, Belgium Gernmany 86 (  death)
2004 Avian influenza virus (HbNL) infection  Hghly pathogenic avian infl uenza virus China and 11 countries of Asia, 331 204 deaths
2008 Fareast, and Africa
2004 Marburg henorrhagi c fever Mirburg virus of A/oviridae Angol a 424 363 deat hs
2005
2005 Ehol a henorrhagi ¢ fever BEbol a virus of A/oviriadae Qongo 12 10 deaths




Emerging Zoonoses

« Many of the agents responsible for epidemics
throughout human history have their origins Iin
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 Iincrease
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



Zoonotic factors favoring new, emerging
and re-emerging infections

e Z0ooNnoses must be dealt with at the interface between
medical, veterinary, and environmental sciences.

e 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.



Control and Prevention of Zoonoses

Research Center for
Zoonosis Control

Qeterinary Medicine Medicine

Prevention and Maintenance and
therapeutics of diseases improvement of
In livestock and pet human and public
animals health

inistry of Agriculture, Ministry of Health
Forestry and Fisheries and Welfare
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Species conservation of wild animals




Department of Global Department of Molecular Department of
Epidemiology Pathobiology Bioresources

* |dentification of natural
host animals of zoonotic
pathogens

Department of

Collaboration and
Education

* Coordination of
collaboration programs
with international and
domestic organizations

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

* Diagnosis of zoonotic
diseases and development
of detection methods

Hokudai Center for
Zoonosis Control in
Zambia

* ldentification of natural
host animals and
transmission routes of
zoonotic pathogens

L, & g .
i;‘? \World Organizatien,for Animal Health (OIE)
‘3 Food and Agriculture Organization (FAO)

’ Centers for Disease Contrel and Prevention (CDG)
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Influenza A virus

Filovirus



The Ecology of influenza A viruses




Influenza virus
Orthomyxoviridae

nvepoled, negative-stranded RNA virus
egmented RNA genome

Hemagglutinin,

Neuraminidase,




Genetic Reassortment
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H2N1 HIN2 H2N1




Wild aquatic bird

Natural reservoir

No disease

IC VIIUS

Non-pathogen

H1-16 N1-9



The Ecology of Influenza Viruses

*Wild aquatic birds are the natural reservoirs of all
Influenza A viruses in other species

In wild aquatic birds, influenza viruses replicate
oredominately in the intestinal tract and are shed
oy fecal oral transmission often through water




The Ecology of Influenza A Viruses

e Influenza viruses In their natural reservoirs are In
evolutionary stasis

* Rapid evolution occurs after transfer to new hosts




The Ecology of Influenza A Viruses
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Survelllance of avian influenza in
Japan, Siberia, and Mongolia
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Sakha Republic
Rena River
Near Arctic Circle







with a bird's-eye view

A lot of lakes and ponds
Nesting area for wild ducks
Viruses are perpetuated in winter




Journal of Virology, December 2006, p. 12229-12235, Val. 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*

i) 50 Milwy % Aoy Cirglsl AT
: AL ESEA
‘] 50 Kile mainen 5 "::_:’” (AN H |
ARCTIC (INEAN Wringe |
Fevek ﬂ':r:l.f
Earsf T a e TR
Siibrrlmn i

s gl?r‘-‘r*‘“""""“’“‘“ fan: " AmEEee  Influenza A virusinfects alarge proportion of the human population

annually, sometimes leading to the deaths of millions. The bictic
el L2 e ) , cycles of infection are well characterized in the literature, including in
,T""‘E;.uﬁn:.'r';}';,"" Sl Horra gl IS studies of populations of humans, poultry, swine, and migratory
waterfowl. However, there are few studies of abiotic reservoirsfor this
virus. Here, we report the preservation of influenza A virus genesin
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 returnin
the spring, the ice melts, releasing the viruses. Therefore, temporal
z i gene flow is facilitated between the viruses shed during the previous
E P e A year and the viruses newly acquired by birds during winter months
" spent in the south. Above the Arctic Circle, the cycles of entrapment
| (69N, 162E) in the ice and release by melting can be variable in length, because
some ice persists for severa years, decades, or longer. Thistype of
temporal gene flow might be a feature common to viruses that can
survive entrapment in environmental ice and snow.
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On the Rena River
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Nesting area for some species of birds
Stopover for some migratory birds
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- Hong Kong/156/97(H5N1)
Phylogenetlc tree 45 Ck/Hong Kong/258/97(H5N1)
Ck/Hong Kong/220/97(H5N1)
Dk/Siberia/145/96( H11N9)

Dk/Siberia/166/96( H11N9
Dk/Siberia/224/96(H11N9
Dk/Siberia/6 95/96 ( H11N9
Dk/Siberia/700/96( H11N9
Dk/Hokkaido/55/96 (H1IN1)
Dk/Siberia/1519/97(H4NG6)
Dk/Siberia/151/96 (H4NG6)
Dk/Siberia/210/96 (H4NG6)
Dk/Siberia/358/96 (H4NG6)

(

(

—_ - — —

Dk/Siberia/372/96(H4NG6)
Dk/Siberia/596/96 (H4NG6)
Dk/Siberia/6 99/96 (H11N6)
—= Dk/Nanchang/1749/92(H11N2)

Dk/Siberia/1566/97 (H3N8) Depending on the flyway Of

Dk/Hokkaid0/33/96 (H6N7)

— _L Dk/Hokkaido/137/96 (H8N 1)
ione the duck

Mal/Astrakhan/244/82

I_rEq/Jilin/1/89(H3N8)
Mal/Astrakhan/263/82(H14N5)

Dk/Hokkaido/4/96 (H5N3)
Dk/Hokkaido/51/96 (H8N3)
I Dk/Hokkaido/67/96 (H5N4)
Gs/Hong Kong/8/76 (H1N1)
w/Hong Kong/126/82(H3N2)

S
-L Sw/Germany/2/81(H1N1)

Dk/Hong Kong /717/79(H1N3)
DMink/Sweden/84(H10N4) -
Dk/Hokkaido/8/80(H3N8) EuraSIa
Dk/England/1/56 (H11N®6)
Ck/Germany/N/49(H1ON7)

_|_ FPV/Rostock/34(H7N1)
FPV/Dobson/Dutch/27 (H7N7)
L L L L L L L L L )

L L — L L L L L L L L — — L — — — — — L
Gull/Maryland/5/77(H11N?9)

—
Dk/Memphis/928/74(H3N8)
— Dk/Alaska/712/91(H10N9)
L Dk/Alaska/702/91(H8N2)

Ck/Pennsylvania/1/83(H5N2) North America

e e Mal/NewYork/6750/78(H2N2)
Ty/Minnesota/1661/81(H1IN1)
| J

Dk/Alaska/907/91(H3N8

001 —I_I:Dk/Alaskalzssslgz(H4N6)
' Dk/Alasaka/2695/92 (H4N®6)




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




H5N1 influenza virus

A highly pathogenic avian influenza virus



Outbreaks of highly pathogenic avian influenza

Country Y ear Subtype Species of birds

Italy 1902 H7N7  Chicken
Japan 1924-5 H7N7  Chicken \
Netherlands 1927 H7N1  ?
Germany 1934 H7/N1 ?
Egypt 1945 H7N3 2?2
England 1959 HS5N1  Chicken
T
nglan urkey
i, B2, MW lhg | DRV HSand HY
ustralia - icken
Germany 1979  H7N7  Goose HA su btypeS
USA 1983 H5N2  Chicken
Australia 1985 H7N7  Chicken
Ireland 1985 H5N8  Turkey
England 1091  H5N1  Turkey No report of human
Australia 1992 H7N3  Chicken di
Australia 1994  H7N3  Chicken ISease
Pakistan 1996 H7N2  Chicken
Mexico 1994-5 H5N2 Chicken
Pakistan 1996 H7N3  Chicken
Italy 1997 H5N2  Chicken
Australia 1997 H7N4  Chicken
Hong Kong 1997 HS5N1  Chicken
Hong Kon 2003 H5N1 Chicken
Netherlands 2003 H7N7  Chicken
Eurasia 2003- HS5N1  Chicken




Wild aquatic birds

Natural host reservoir

No disease
Nonpathogenic

H1-16 N1-9



Emergence of HPAI virus

Nonpathogenic

%:?
B %‘

e
4., :T“
442,%:
PRy,
e 7
4 > |
I T

Low

pathogenic ? ngh
??@? pathogenic

(H5 or H7)




Emergence of HPAI virus

Natural environment
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Transmission of HPAI to humans

1997

H5N1 incident in Hong Kong
18 Infected, 6 died




The H5N1 incident in 1997

Outbreaks of avian flu in
‘Newswees  chicken farmsin Hong Kong
' THE BIRDFLU |

iIn March / April 1997

« May 1997: Child with flu
likeillness

Died of complications
Virus was H5N1

b, s -
- y 7 '_”ff 4
B P L e K
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The H5N1 incident in 1997

. Hemagglutinin Subtype 5
H uman HSN 1 vi ruses were et
genetically identical to the  Vong ongietr
. . . . ong Kon ﬁ
virus causing disease in the 1L GicRiong Kongr728/07 Ci
. 2. TK/England/50-92/91
chicken farms DKrong Kengrazrs
TK/Ireland/1378/83

®__ CK/Scotland/59
2. Tern/South Africa/61
«F TK/Wisconsin/es
i L TK/Ontario/7732/66
» = CK/Pennsylvania/1370/83
CK/Pennsylvania/1/83
CK/Florida/25717/93
142 Emu/Texas/a3

Subbarao et al 1998 d b CK/Pennsylvania/13609/93
12 RuddyTurnstone/Delaware/93

Claas et al 1998 s_ CK/Queretaro/14588-19/95
2k GiC/Mexico/31381-7/94
CK/Pusbla/3624-604/94
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Young at risk from infection through faeces, warns scientist

Bird flu ‘most likely

YOUNG childre
the greatest risk
bird flu, scient
vesterday, as ai
was suspected ol
the deadly virus.
The chance of
rus passing dire
humans was agai
after a doctor wh
first victim was fi
been infected.
Eight of the || confirmed
cases have involved childrén un-
der 13, two of whom have died.
A further six of nine suspected
cases are aged seven or under. A
one-vear-old boy and a 72-vear-
old man yesterday became the
latest suspected victims,
Dr Keiji Fukuda of the Cen-
tres forDisease Control and Pre-

to strike children’

This overturned the 1dea that avian

Influenza can not directly
transmitted to humans.

ANAIVSIE WaS Needed Lo Irace e
source of each individual case.

“The number of cases of
young people being infected are
very striking to us ... there is
something about young children
which is putting them at a lot of
risk,” Dr Fukuda said.

v Things like hepatitis A,
which is a faecal-orally transmit-
ted virus, can be common among

FIvEe QUEOEEY Telailers 1esieg
had antibodies for H5N1 bul
had developed no illness, sug-
gesting they Had become infect-
ed but their bodies had been able
to fight the disease.

Dr Fukuda sand as H5N | was
an intestingl virus among poul-
try, it would be excreted in facces
and the workers or children like-
ly came info contact with that.

TG '[l:l!iil.l_\"‘: TOT ANLIEErEITES.

Directorof Health Dr Marga-
ret. Chan Fung Fu-chun said it
wis possible the doctor may
have come intlo contact with
bodily Muids of the child and in-
VESTIEAlIONS Were conniing.

Dr Fukuda said the virus may
“episodically'enter the human
population, circulate, disappear
“and never get noticed”'.

wear-old girl died this
rom complications of

wo latest suspected vie-
cin satisfactory condi-
United Christian and
[un hospitals. Three
amen remain critically
Tu.
ks are being stepped up
land and local chickens
id Health Organisation
swans aec fravelling 1o Guangdong
1o try to trace the virus source.
A spokesman for the Hong
Kong Medical Association yes-
terday sugpesied mass destruc-
tion of fowl o see if the virus
spread in a “chicken-free™ envi-
ronment.

Poultry curbs - Page 2

. Editorial — Page 8

I e




Where did H5N1 virus come from?

Beginning of Al surveillance in live
poultry market in Hong Kong

Sampling from any species of birds
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'HABIBIE NO.2? - GHINA’S DOPED SWIMMERS
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South China Morning Post

4 0 9 Kong Monday De: LIl No. 360 % % Frice $7.0

Virus fears spark massive 24- hour operation to kill all Incal chickens

1.2m birds to be slaughtered

No human case after slaughtering in Hong Kong



The source of human infection was
Infected poultry

« ~ 20% of chickeninlive gg
poultry markets had H5N1 &'
virus - Y
Shortridge et al 1999

e patients with HSN 1
disease had contact with

live poultry markets —
Mounts et al 1999




incic HO6N1 W312-like
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H5N1 Gs/GD/96-like




Outbreaks of highly pathogenic avian influenza

Country Y ear Subtype Species of birds
Italy 1902 H7N7  Chicken
Japan 1924-5 H7N7  Chicken
Netherlands 1927 H7N1  ?
Germany 1934 H7/N1 ?

Egypt 1945 H7/N3  ?
England 1959 H5N1  Chicken
South Africa 1961 H5N3  Tern
England 1963 H7N3  Turkey
Canada 1966 H5N9  Turkey
Australia 1975-6 H7N7 Chicken
Germany 1979 H/N7 Goose
USA 1983 H5N2  Chicken
Australia 1985 H7N7  Chicken
Ireland 1985 H5N8  Turkey
England 1991 HSN1  Turkey
Australia 1992 H7N3 Chicken
Australia 1994 H7N3  Chicken
Pakistan 1996 H7N2  Chicken
Mexico 1994-5 HS5N2  Chicken
Pakistan 1996 H7N3  Chicken
Italy 1997 H5N2  Chicken
Australia 1997 H7N4  Chicken
Hong Kong 1997 H5N1 Chicken

Humans, cats, tigers,
wild birds




: 2 Status as of 14 April 2008
Areas reporting confirmed occurrence of HSN1 avian influenza in poultry and wild birds since 2003 Latest availabie update
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The Spread of H5N1 to wild aquatic bird




Emergence of HPAI virus

Natural environment

Artificial environment
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Status as of 14 April 2008
Areas reporting confirmed occurrence of HSN1 avian influenza in poultry and wild birds smce 2003 Latest availabie update
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Areas reporting confirmed occurrence of HSN1 avian influenza in poultry and wild birds since 2003 Latest available update
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Science 309, 1206 (19 August 2005)

Highly Pathaogenic H5N1 Influenza Virus Infection in ussian Federation
Migratory Birds

J. Liu, H. Xiao, F. Lei, Q. Zhu, K. Qin, X.-w. Zhang, X.-1. Zhang, D. ‘
Zhao, G. Wang, Y. Feng, J. Ma, W. Liu, J. Wang, G.F. Gao ;

H5N1 avian influenzavirus (AlV) has emerged as a pathogenic entity for a variety of species,
including humans, in recent years. Here we repart an outbreak among mag[gatory birds on Lake
inghaihu, China, in May and June 2005, in which more than a thouSand™birds were affected.
anCreatic necrosis and dbnormal neurological symptoms were the magjor clinical features.
Sequencing of the complete genomes of four HSN1 AlV 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 A1V

infection symptoms and pathology.
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H5N1 virus from
dead swan
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H5N1 virus from dead
crested grebe
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In May and June,
blrds are commg from Chma

Mongolia

— nternational boundary
=——+=— Province faymag) boundary
MNational capital

Province faymag) center

® *

Railroad
Road

The cities of Darhan, Erdenat, and Liaanbaatar are
muricipalities (hotuwd) with province-level status.

l:.' II?G zgo Kilometers
¥

Q 100 200 Miles
Lambent Conformal Caneg Prosecoon, 5P 3INEIN

— e,

Boundary representation ks
not necessarily authoritative.

BOG7 30



In August and September,
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Mongolia, August,
2005 and 2006




b Al
e

ot
i I=
. - h-
i, a4
- - i
ol LS ¥ ¥




Survelllance of avian influenza in migratory ducks in 2004-2007

Mongoha(llG |solates)// 74;{ w = T ““L;J“’H‘J?
E?’»Eg 8; Egsg Eg Hokkaido (135 isolates)
3 HIN1 (2) H2N5 (1) S
H3N8 (52) H4N2 (1) 7 . V" H3N2(1) H3N8(19)
HAN3 (1)  H4N6 (31) f‘ f{x / HAN2 (8)  H4NG (19)
H7N6 (1)  H7N7 (1) b~ H5N3 (5) H6NL1 (6
H8N1 (1)  H8N4 (1) { /| cw? HEN2 §1)7) H6N8§4;
HON2 (1) H10N3 (11) : H7N7 (31) H8N4 (7)
%) H10N6 (1) HION7 (1)
P w H11NG6 (1) HI1N9 (1)
O H12N2 (1) H12N5 (1)
China (2 |solates) ﬁ
H3N8 (1) j;g m ;
H4NG6 (1) -



Survelllance of avian influenza in migratory ducks in 2004-2007
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HPAI outbreaks
In Japan, 2004

Kyoto
Crow

Mar. Apr. Kyoto

Feb. 26

Yamaguchi
Jan. 11



HPAI outbreaks
In Japan, 2007

Kumamoto
Mountain Hawk Eagle

3 el gp ™ | |
‘:{ Miyazaki Jan.-
o4 Feb.
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Areas reporting confirmed occurrence of HSN1 avian influenza in poultry and wild birds since 2003 Latest available update
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HPAI isolation
In Japan, 2008

Akita
Whooper swan

Hokkaido
Whooper swan
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Changing Patterns of Asian HP H5N1?

Transmission to humans  ——————————— 1997
Inapparent infection of ducks (HPAI) e 1997
Lethality for waterfowl — - 2002
Introduction of distinguishable lineages to
Thailand/Vietham versus Indonesia  ———————— 2003
Emergence of Qinghal H5N1 strain s 2005
HPAI endemic of H5N1 viruses in migratory

birds 2005
Inapparent infection of vaccinated chickens

(HPA) 2006-?

Frequent (multiple) introduction of H5N1
viruses into wild birds? 2008-?



Generation of pandemic influenza virus




Pandemic Flu — Worldwide Outbreak

« 1918 HIN1
e 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




; 2 . : ; Status as of 28 May 2008
Areas with confirmed human cases of HSN1 avian influenza since 2003 * [ atest available u);;date
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Will HS5N1 Acquire Transmissibility?

Human
Infected vIrus Pandemic

Virus
human,

Avian
source

Many factors required.
Ten years have already passed since the first H5N1 case of
chicken to human transmission was reported.




Recent Human Infections by Avian Influenza

1997

1999
2003

2003
2003-

Place Subtype Cases Deaths

Hong Kong
Hong Kong

Netherlands

Hong Kong

Eurasia and Africa

Adaptation to humans?
New Pandemic?

Limited
NO
Limited
NO

Limited




Potential infective area

No unauthorized entry

A techni-
cian at a University of
Hong Kong lab with
eggs used to grow the
H5N1 “bird flu” virus




The Ecology of Filoviruses



Iridae

Filov

Enveloped RNA virus

Ebolavirus

Marburg virus

4494 7.



Filoviruses

« Sporadic outbreaks of lethal hemorrhagic
disease in central Africa

 No effective vaccine or antiviral treatment
IS currently available.

» Biosafety Level 4 facility isrequired.




Outbreaks of filovirus Diseases

Species Year Location Human cases (Yomortality)
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 §Zaireg 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 lvory Coast 1 (0)
Ebola Reston 1989 USA 17?
1992 ltaly 0
1996 USA 0
Ebola new species? 2007 Uganda 93< (?)




Ebola Marburg hemorrhagic fever
Filovirus infections

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

Natural host

(N
| . N S

Lethal Lethal




Republic of the Cango

Marburg

AY430365

1/100

LI:AY358025
NC_001608

Sudan [— U23458
1/100 NC_006432

Ebola

0.65/93

0.1

0.90/- ABC 036
0.6 /
AY769362

L:MBCOBF

MBBO3F
0.61/-
MBAO3F
EKO2B
{MBAUBJ

0.90/75

MBBO3J Zaire
Congo 2002 Entsiami

EKO2A
0.93/61

Mayinga 76 AY142960

Gabon 2001/2002 Mendemba 1A

0.93/6
{Gabon 2001/2002 Mendemba 1B

Gabon 96
0.96/01F Zaire 95 AY354458

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

ambia

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, | may not be the only candidate




Identification of natural host &
elucidation of the route of transmissio

Development of measures Clarification of the molecular
for diagnosis and prevention basis of pathogenesis

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 UrbhanSociety”

“Toward a Sustainable Low Carbon Society”

Equipollent?



