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1.

How to control avian influenza and how to prepare for pandemic influenza

Why have the H5N1 HPAIVs persisted in poultry for 19 years and been antigenic variants
selected ? Because of Misuse of Vaccine.

. Will the HPAIVs returned to migratory birds persist in nature ?

Contamination of HPAIVs in the nesting lakes of migratory ducks must have occured.
Prompt eradication of the H5SN1 HPAIVs from poultry in Asia is urgently needed.

. How should avian influenza be controlled ?

For the containment and eradication of avian influenza viruses in the poultry flocks
infected, enhanced surveillance, early detection, culling the flock, movement restriction,
and strengthening hygiene without misuse of vaccine should be done.

Vaccine should be carefully used in addition to, not instead of stamping out.

. Will H5N1 HPAIV and H7N9 LPAIV cause pandemic influenza?

It is unlikely to occur; direct transmission of AlV from birds only to specific humans who
have receptor for avian strains, and thus human-human transmission may not occur, but
may occur via pigs. H5N1 or H7N9 are not only candidates of pandemic strains.

. Are the measures for the control of seasonal flu satisfactory ?

How to control pandemic influenza should be based on the measures for the control of
seasonal influenza. Especially seasonal flu vaccines should be drastically improved
since current split vaccines prepared by ether- or detergent-disruption are not
immunogenic enough.

Global surveillance of avian, swine and human influenza, and drastic improvement of
seasonal flu vaccines are of crucial importance.
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Duck influenza

Each of the known subtypes (H1-16, N1-9) of influenza A virus
has been isolated from ducks.

+ Inducks, viruses replicate in the colon, being shed with feces
in a week, and non-pathogenic.

+ Water-borne fecal-oral transmission

+ Ducks carry and provide viruses during migration and over-
wintering.

+ Influenza viruses circulating in ducks are antigenically and
genetically highly stasis.

Migratory duck is the natural host of influenza A viruses.

Kida et al (1980) Infect Immun; (1987) Virology
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HPAI viruses isolated from wild birds in Mongolia
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62 Countries where H5N1 HPAIV infections were reported in wild birds, poultry, and both
Japan, Republic of Korea, China, Mongolia, Myanmar, Lao PDR, Thailand, Cambodia, Viet Nam, Malaysia, Indonesia, Bangladesh, India,
Pakistan; Afghanistan, Iran, Azerbaijan, Georgia, Iraq, Kuwait, Saudi Arabia, Turkey, Israel; Russian Federation, Kazakhstan, Ukraine,
Romania, Bulgaria, Albania, Serbia, Hungary, Slovakia, Czech Republic, Croatia, Poland, Slovenia, Bosnia & Herzegovina; Greece
Switzerland, Austria, France, Italy, Germany, Netherlands, Denmark, Sweden, Spain, England, Ireland; Djibouti, Gaza Strip, Egypt, Sudan,
Nigeria, Niger, Cameroon, Burkina Faso, Cote d’lvoire
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Vietnam:
H5N2 and H5N1

(Adjuvant inactivated vaccines)

China:

H5N1 and recombinant NDV
( Reverse genetics inactivated vaccines)

Indonesia:

H5N1, H5N2, H5N9 and recombinant

H5N1
(inactivated vaccines)

Egypt: since 2006

Thailand:

Officially prohibited vaccination in 2006

Bird flu vaccines

As a stockpile,

Singapore:
H5N2
( Inactivated, adjuvanted vaccine)

Japan:

H5N1 and H7N7
(Oil-adjuvanted inactivated
vaccines)

Pakistan:

H5N1, H5N2, H5N9, and H5N3
(Water based with alum hydroxide
and oil based with mineral oil)

Country

China 30/ 47
Viet Nam 64 /127
Indonesia 165/197
Egypt 63 /173
Cambodia 37 /56
Lao PDR 2/ 2
Thailand 17 / 25
Iraq 2/ 3
Azerbaijan 5 / 8
Turkey 4 /12
Djibouti 0/ 1
Nigeria 1/1
Myanmar 0/ 1
Pakistan 1/ 3
Bangladesh 1 / 7
Canada 1/1
Total 393/688

As of 2 Oct. 2014

WHO (2014), Kuribayashi

China Egypt

| ilaei ... TMirs

Viet Nam Thailand
JJ_I_u_L-_._l I =m

Indonesia Cambodia

SEB85BESANGY §€§§E§§§%§£§




Influenza VVaccine for bird flu

may prevent manifestation of disease signs and decrease the
amount of virus shed, but does not confer protective immunity
from infection.

“Stamping-out policy” is recommended for the control of avian
influenza.

Vaccination was not primarily recommended but later approved
as one of the options applied only under DIVA based strategy.

Country where vaccine is used is not designated as HPAI-free.

— leads silent spread of virus.

RECOMMENDATION FOR THE CONTROL OF AVIAN INFLUENZA

It is considered that;

Highly pathogenic avian influenza H5N1 virus strains have persisted in domestic
poultry for 14 years and antigenic variants have been selected mainly due to the
misuse of vaccine.

HPAI has been put under control in several countries.
Stamping out policy has been the most effective measures for the control HPAI.
Vaccine is used in 4 countries where HPAI has not been controlled.

Vaccine is used instead of stamping out in 2 countries and in the other 2 countries,
basically in addition to stamping out.

Sentinel bids are put in the vaccinated poultry population in Viet Nam and not in the
other 3 countries where vaccine is used.

Compensation for livestock owners is done in most countries in case of stamping out.

It is recommended that;

Since stamping out is the best and ultimate measure for the control of HPAI, vaccine
should be used

The OIE should continue and develop standards on animal influenza surveillance,
prevention and control.

Surveillance of swine flu is crucial in the countries where avian flu has not been
controlled.




Surveillance of avian influenza in autumn 2010
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Hokkaido Tottori ~ Toyama Kagoshima Fukushima Hokkaido Fukushima  Nagasaki Yamaguchi Tochigi Aomori
Duck feces Tundra  Mute Hooded Tufted Whooper Tufted Mandarin Tufted Peregrine Peregrine
swan swan crane duck swan duck duck duck falcon falcon
1/12 1/25 2/1 2/7 2/16 3/25
Hyogo Kochi Miyazaki Oita Kyoto Tochigi
Common Mandarin  Mandarin Mandarin Peregrine Goshawk
Wild Birds pochard duck duck duck falcon
1/14 2/8 2/17
Shimane Tokushima Aichi
Tufted owl Peregrine
duck falcon

Ito T (2011)




DA )L ADELF Rt (clade 2.3.2)

HA

Pintal/Hokkaido/1/11

Greater scaup/Hokkaido/2/11
Whooper swan/Hokkaido/3/11
Whooper swan/Hokkaido/13-27/11
Greater scaup/Hokkaido/28/11
Whooper swan/Hokkaido/13-21/11

Whooper swan/Hokkaido/4/11

Tufted duck/Fukushima/7/11
Tufted duck/Fukushima/16/11

Tundra swan/Fukushima/207/11

Tufted duck/Fukushima/2/11
Ural owl/Tokushima/3602A023/11
Common pochard/Shimane/55028024/11
Peregrine falcon/Kyoto/2602A009/11
Great crested grebe/Hyogo/2802E082/11
Ck/Aichi/T1/11
([ Peregrine falcon/Tochigi/15/11
Goshawk/Tochigi/64/11
[~ Peregrine falcon/Aichi/23020017/11
Tundra swan%TottcrileOOZflO
Duck/Hokkaido/WZ83/10
Ck/Miyazaki/M6/11
+Mandarin duck/Miyazaki/22M807-1/11
Mandarin duck/Oita/4402B056/11
[~ Tufted duck/Yamaguchi/35028007/11
Peregrine falcon/Aomori/7/11
Hooded crane/Kagoshima/4612J008/10

Mandarin duck/Kochi/3901C005/11
Mandarin duck/Korea/K10-515/11
Mandarin duck/Nagasaki/4202A023/11

Ck/Mie/1/11
Whooper swan/Mongolia/1/10

NA

Greater scaup/Hokkaido/2/11

Whooper swan/Hokkaido/A13/11

[~ Tundra swan/Fukushima/207/11

Tufted duck/Fukushima/16/11

Tufted duck/Fukushima/7/11

Whooper swan/Hokkaido/6/11

Tufted duck/Fukushima/5/11

Whooper swan/Hokkaido/4/11

Whooper swan/Hokkaido/3/11

Greater scaup/Hokkaido/28/11

Tufted duck/Fukushima/4/11

Whooper swan/Hokkaido/13-27/11

Whooper swan/Hokkaido/13-21/11

Pintail/Hokkaido/1/11

Tufted duck/Fukushima/2/11

Great drested grebe/Hyogo/2802E082/11

Peregrine falcon/Kyoto/2602A009/11

Common pochard/Shimane/55028024/11

Ural owl/Tokushima/3602A023/11
Mandarin duck/Nagasaki/4202A023/11
Mandarin duck/Kochi/3901C005/11

Mandarin duck/Korea/K10-515/11

Duck/Hokkaido/WzZ83/10

Tochigi/64/11

Peregrine falcon/Tochigi/15/11

I~ Peregrine falcon/Aomori/7/11

_rMandar\'n duck/Oita/4402B056/11
Mandarin duck/Miyazaki/22M807-1/11

[ Tufted duck/Yamaguchi/35028007/11

[ Peregrine falcon/Aichi/23020017/11

_|Tundra swan/Tottori/12-002/10
Hooded crane/Kagoshima/4612J008/10
Great crested grebe/Tyva/22/10
Whooper swan/Mongolia/6/09
Whooper swan/Mongolia/1/10
Great crested grebe/Qinghai/1/09
‘Whooper swan/Hokkaido/1/08

[~ Great crested grebe/Tyva/22/10
Whooper swan/Mongolia/6/09
Great crested grebe/Qinghai/1/09
Duck/Hunan/8/08
Ck/Vietnam/TMU009/08

Common magpie/Hong Kong/5052/07
Ck/Vietnam/20395/09

Grey heron/Hong Kong/779/09

Whooper swan/ ido/1/08 0.002

Okamatsu (2011)

Outbreaks of HPAI caused by H5N1 viruses in Japan in 2010-2011
winter

@ Wild birds (63)
@ Chicken farms (24)

Okamatsu (2011)




Humber of Confirmed Human HTHE Cases
by week 85 of 2015-1-28
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Phylogenetic tree of the HA genes

of

H5N1, H5N2 and H5N8 influenza

viruses

Alchicken/Kumamoto/1-7/2014 (H5N8)
Albroiler duck/Korea/Buan2/2014 (H5N8)
A/duck/Guangdong/GD01/2014 (H5N6)
Alduck/Jiangsu/k1203/2010 (H5N8)
Alduck/Guangdong/wy19/2008 (H5N5)

Alperegrine falcon/Hong Kong/810/2009 (H5N1)
Alchicken/Vietnam/NCVD-20/2007 (H5N1)
AJAnhUi/1/2005 (HSN1)

Alwhooper swan/Hokkaido/1/2008 (H5N1)
Alduck/Korea/JEQ149/2008 (H5N1)
Alduck/Vietnam/OIE-2533/2011 (H5N1)

Alduck/Vietnam/OIE-2202/2012 (H5N1)
Alwhooper swan/Hokkaido/4/2011 (H5N1)
Albaikal teal/Korea/Q524/2010 (H5N1)
Alindonesia/7261/2008 (H5N1)
AlIndonesia/5/2005 (H5N1)

Alchicken/Deli/BPPVRI 238 2/2008 (H5N1)
Alchicken/Korea/CA7/2006 (H5N1)
Alchicken/Miyazaki/K11/2007 (H5N1)

Alchicken/Bangladesh/1151-9/2010 (H5N1)
A/bar-headed goose/Qinghai/3/2005 (H5N1)
A/Egypt/3300-NAMRU3/2008 (H5N1)
Alchicken/Korea/ES/2003(H5N1)
Alchicken/Yamaguchi/7/2004 (H5N1)
_L— A/muscovy duck/Vietham/OIE-559/2011 (H5N1)
AlViet Nam/1203/2004 (H5N1)
Alchicken/Shanxi/2/2006 (H5N1)

Alchicken/Hebei/A-8/2009 (H5N1)
Alchicken/Vietnam/NCVD-03/2008 (H5N1)
A/Hong Kong/156/1997 (H5N1)

Algoose/Guangdong/1/1996 (H5N1)

_|:‘\/duck/Hokkaido/Vac-1/2004 (H5N1)

Alduck/Hokkaido/Vac-3/2007 (H5N1)

,— Alduck/Pennsylvania/10218/1984 (H5N2)

—
0.02

Alchicken/Ibaraki/1/2005 (H5N2)
Alchicken/Taiwan/0502/2012 (H5N2)
Alchicken/Taiwan/A703-1/2008 (H5N2)
Alchicken/Chungua/A1029/2010 (H5N2)
Alchicken/Taiwan/1209/03(H5N2)

2.3.4.6
234
12343
2321 |232
|2.1.3.2 |
2.
12133 l1
1222 2.2
l2211
|2,5
| 1.1
172 7
171
|o
North
American

Okamatsu (2014)




H5N8 HPAI outbreaks

E____ —
Phase |
N ,/\ = During 1.16-1.22
el = Poultry farms(12cases) & wild
W | € oy - birds(9cases) around Donglim

reservoir in JB province

The first wild bird report case,
in Donglim Reservoir, 1.17.
The first poultry report case

in Gochang, 1.16.
Wild birds (9 cases)
and poultry (12 cases )

Lee, Youn-Jeong (2014),; Avian Influenza Lab.
Animal and Plant Quarantine Agency, Korea

Domestic Duck Industry in Korea
S £
» Duck industry have been sharply increased
» Biosecurity level is low
» Farms closely located with each other in the plain region
» High risk of transmission of virus: from wild birds to farm & farm to f

20,000,000 i |
18,000,000
16,000,000 /
14,000,000
12,000,000 rd
10,000,000 A‘/ -

6,000,000 ~ -

4,000,000 ~

2,000,000 rN

0

1

02|03’04’05‘06‘07‘08‘09|10|11’12

——No. of ducks

Year

Data: Korea Duck Association, 2014 Data: Epidemiological Division of QIA, 2014

Lee, Youn-Jeong (2014); Avian Influenza Lab.
Animal and Plant Quarantine Agency, Korea
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Human pandemic influenza
2009 HIN1
pdm flu
Hong Kong flu

Spanish flu

Asian flu

H3N8

H2N8

T T T T T
1890 1900 1910 1920 1930

191 1933 19570 190e8] 1977 1997 2009

T T T T T T T T T
1940 1950 1960 1970 1980 1990 lZOOO 201 2020 (year)

In 15 countries
First Isolation @an cases of HSN1 HPAIV infection

of ifrr](f)lrl:qe#l-z"an;gus in Hong Kong in 1997 and 2003~present
2014 (H5NS)

2010-20[L1(H5N1)
2007{H5N1)

1925 2004|(H5N
D Highly pathogenic avian influenza viruses (H5N1, HSN2, H5N3, HSN8, H5N9, H7N1, H7N3, H7N4, H7N7) |

Outbreaks of HPAI
caused by H5 Al
viruses in Japan

Outbreak of HPAI

caused by H7N7
virus in Japan

Highly pathogenic avian influenza
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HAs of H3N2 viruses isolated from pigs
in southern China

Closely related with those of A/Hong Kong/68 (H3N2) and H3 viruses
isolated from migratory ducks.

Amino acid sequences at the receptor-binding site on the HA indicate
either specificity to human or avian type receptors.

Both types of receptor were found on the surface of the epithelial cells
lining the upper respiratory tract of pigs.

KIDA et al (1988) Virology; Ito et al (1998) J Virol

Influenza viruses isolated from domestic
ducks in southern China

HAs of influenza viruses isolated from domestic ducks in
southern China closely related with those of viruses isolated
from migratory ducks, pigs, and A/Hong Kong/68 antigenically
and genetically.

Each of the viruses was isolated on the Pacific Flyway of
migratory ducks.

Route of transmission;

Migratory duck — domestic duck — pig — humans




Routof transmission of the genes of pandeml__ic__s_fra.-ir_}s;._-_
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1957 Asian virus (H2N2) and even 1918 Spanish flu virﬁs (HAN1) must have appeared similarly. ¢

g
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Gene derivation of the swine-origin influenza A (HIN1) virus

Classical swine ~ North
&derived from the American Human Eurasian avian-like
918 virus) avian (H3N2) swine

=

1
PB2 - North American avian '
PB1 - Human H3N2 ; = Each of the pandemic strains have been
PA - North American avian . generated in pigs.
H1 - Classical swine f ]
NP - Classical swine L \ = Genetic reassortment often occurs in
N1 - Eurasian avian-like swine birds and pigs.

M - Eurasian avian-like swine

NS - Classical swine = The HIN1 pdm strain is a genuine swine

At least 18,366 deaths influenza virus.
in 214 countries

Swine-origin
as of 18 July 2010 Influenza A

virus (H1N1)

Modified from Novel Swine-Origin Influenza A (H1IN1) Virus
investigation Team, N Eng J Med, 2009




The role of pigs in the emergence of
pandemic influenza virus strains

+ Pigs are susceptible to infection with avian influenza viruses
of each of the HA subtypes.

+ Genetic reassortants were generated in the cells lining upper
respiratory tract of pig upon concurrent infection with

mammalian and avian strains.

Kida H et al (1994) J Gen Virol

Candidates of future pandemic strain

+ H1to H16 and N1 to N9 subtypes of influenza A viruses perpetuate
in the lakes where ducks nest in nature.

1957 H2N2, 1968 H3N2, even 1918 HIN1 and 2009 H1IN1 pandemic
viruses are reassortants between AlV and the preceding human
strains.

Pigs are susceptible to each of avian and mammalian influenza
viruses, generating reassortants.

Avian viruses of any subtype can contribute genes for reassortants;
None of the 16 HA and 9 NA subtypes can be ruled out as potential
candidates for future pandemics.

Global surveillance of swine flu as well as avian flu is important.
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Influenza viruses of 75
combinations of the HA
and NA subtypes have
been isolated from fecal
samples of ducks in
Alaska, Siberia, Mongolia,
Taiwan, China, and Japan
(black).

69 other combinations
have been generated by
genetic reassortment
procedure in the lab
(red)..

Thus, 2,000 avian influenza viruses of 144 combinations of HA and NA subtypes have been
stocked as vaccine strain candidates. Their pathogenicity, antigenicity, genetic information
and yield in chicken embryo have been analyzed, databased, and opened for Web site

(http:/ivirusdb.czc.hokudai.ac.jp/vdbportal/view/index.jsp).




How to prepare for pandemic influenza should be based
upon how to control seasonal influenza
— Drastic improvement of seasonal flu vaccine and biological standard

Short term goal:

1. Improvement of the immunological potency of seasonal flu vaccines;
Clinical evaluation of inactivated vaccine of purified whole virus particles
Drastic revision of biological standard

Preemptive preparation of vaccine by forestall of antigenic variants on the
basis of global surveillance and bioinformatics.
Good bye backward selection of vaccine strains.

Long term goal:
1. Development of effective and safe mucosal vaccines

2. Development of effective and safe adjuvants

Points:
1. Influenzais a typical acute infection.

2. Influenzais not eradicable, every year seasonal influenza must come.

Proposal of the development and practical use of seasonal influenza vaccines of global standard
by the cooperation of industry, university, and government
Hiroshi Kida

Preclinical and clinical studies on seasonal influenza vaccines prepared from the inactivated whole virus particles
1) Each of 5 flu vaccine producers in Japan participates in the program (All Japan).

2) Comparison of immunogenicity and safety between whole virus particle vaccine and split vaccines.
Viruses, cultured in the cells or embryonated chicken eggs and purified are subjected to prepare whole particle vaccines and
ether—disrupted split vaccines by each of the vaccine producers and Hokkaido University.
Vaccines prepared are subjected to immunological potency test and safety tests using in mice, ferrets, and monkeys for the
preclinical tests, and humans for clinical tests.
8 FRGERT -4, LEEXTRE, FEFRREE) (TILyb) BERERKZE (L) EHHHIEKEER,
Bl mbeitis. AT KRB, EMS, MNREBES, ARESEHMHERKRER.

Evaluation of the results of the tests.
8l X2, 22 BRVIFUERGS ., BEFED.
Drastic revision of biological standard for vaccines for human use.

HY: BEEL. BARVIFUERNS, 7OFVRR BRIV RAPER, VIV I S RREZROLE D

Each member studies on the route of inoculation of the vaccines and adjuvants for themselves.

Participants to this program:

Industries; BU&RT-4t; LEFE—=3t, RERES, RAML, LB, TohER

Universities; JbLEKXFE. AVRNUKE, DIFVRER, VMVAFES BV MIVARR, EMSEH
Government ; BR&:5F. MA3M4 . NERF. KHEPEEH.

Budget: M4 MmTFHREMBIE. XHHFE - PHRRSFIFBER. IST . AR NIH(AMED) (Y,




1.

How to control avian influenza and how to prepare for pandemic influenza

Why have the H5N1 HPAIVs persisted in poultry for 19 years and been antigenic variants
selected ? Because of Misuse of Vaccine.

. Will the HPAIVs returned to migratory birds persist in nature ?

Contamination of HPAIVs in the nesting lakes of migratory ducks must have occured.
Prompt eradication of the HSN1 HPAIVs from poultry in Asia is urgently needed.

. How should avian influenza be controlled ?

For the containment and eradication of avian influenza viruses in the poultry flocks
infected, enhanced surveillance, early detection, culling the flock, movement
restriction, and strengthening hygiene without misuse of vaccine should be done.
Vaccine should be carefully used in addition to, not instead of stamping out.

. Will H5N1 HPAIV and H7N9 LPAIV cause pandemic influenza?

It is unlikely to occur; direct transmission of AlV from birds only to specific humans who
have receptor for avian strains, and thus human-human transmission may not occur, but
may occur via pigs. H5N1 or H7N9 are not only candidates of pandemic strains.

. Are the measures for the control of seasonal flu satisfactory ?

How to control pandemic influenza should be based on the measures for the control of
seasonal influenza. Especially seasonal flu vaccines should be drastically improved
since current split vaccines prepared by ether- or detergent-disruption are not
immunogenic enough.

Global surveillance of avian, swine and human influenza, and drastic improvement of
seasonal flu vaccines are of crucial importance.




2015 International Symposium on
Avian Influenza Prevention and Control

11 March 2015, Taipei, Taiwan
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Member of the Japan Academy
Specially Appointed Professor, Hokkaido University
Head, Research Center for Zoonosis Control
Head, OIE Reference Laboratory for Animal Influenza
Head, WHO Collaborating Centre for Zoonoses Control

SN2 SRR B ANRL AR TR R K TR A T (A F 4 {7

1. AHEAERREERBEHONL RERRFEREL10F, AHEERRER?
BARRAEE.

2EHRAMERARAEEEEMIRRMFRTERBAR »
EBUR IR RRR RS B IR O SRR A -
R ENRZNRBURE B RBRHSN LIRS R EVREN -
3. B SR TRE R BRI ?
BT EGBERESRERENRE » IEREH - RFHRE - B5EE - BEER  WhEafE

BRI R LAY -
PR T B A o R AEAU B
A BBFETBRBHINIFE R ERFIEBRBHINRSETIEERRBARIT?
ERAKIERE  ARBREEEESEERGA - AW ERFRARBREREZRIA - B
BEANEATTRER G4 - BEEFETREEHRAE - HSNIRH7NOW AR ARITIRERITIE—EIE.

5. HNFEMEREEIEFIE AR ?
WEHEFIASTT R BIEE S Z IR REERIRT - FAl RSB BRSNS - ARE
AU DB SR BRROR M A - HegRErR e

K RIREHER S ~ BNRE © URFEMER B EHTRIRSE . E R EZA.




- ARRERS
FRR

MmEKREZR
& (HA, H1-16

( NA, N1-9
A )

HE

A*EI)IL,:E&Y\' })u. 2009 HINL

KAy
ERRBZ %
BRI RS

H3N8

H2N8

r T T T
1890 1900 1910 1920 1930

1918 1933 1957, 1968 1977 1997 2009

1040 1950 1960 1970 1980 1990 lzo'oo‘ 201 2020 (year)
£ 15 AER

19974 EH R 2003 NEBREBAIE

WS HSN1 FSMAI3EH

2014 (H5N8)

2010-20[L1(H5N1)
2007(|H5N1)
1925 2004(

AR EE(H5NL, HSN2, H5N3, H5N8, H5N9, H7N1, H7N3, H7N4, H7N7)

4

BABRBHAHIN7R
AR

mﬁlrli 5)! 2




BEEXHE, RABFRRMASI HA 1 NA

H2N3, H3N1, H3N3,
H3N8, H4N6, H5N1,
H5N2, HON2

CEES

HIN1
H2N2

H3N2
(H2N8,H3N8)
H5N1,H7N7,
HON2

H1-H12 .
N1-9
H3N8,H5N1
J
H116
H1-10 N1-9 m
N1-9 H3N3 N
H1-7, H9-16 H4N5

N1-9

H7N7 é%;ig?

— H5N1
H10N4
§ (H1-7, H9-11 e
N1-4, N6-8 H1N3, H13N2, H13N9 5
. H3 HAs SRS o
o o
. | 8 "". e i %q{%gﬁ&gg@g@
TN EEEIRTR HA LR
FHA LNEARE 1 P ;E;%LQ%EHA
> BERENR ; ’ =
frs | - BT TR PUR A8 -
EREESIEST éﬁmﬁ%
EHEIERT] - TEESEDRE
\ HYZEIERR ).
BEZHhRER \

BEEE

Kida et al (1987) Virology




)&2 P N Ito T et al (1995) Arch Virol

s Kobyaysky(820)
FHLRIS
40 llands(1321) H4N6

il
H4N9
H11N1

L \
\o._ H11N6 Magadan(295)

Txe H11N9 / i
Kharyyalah(146) — x\ X
S B (51) B
a2 White Lake(1136)

X H3N8
Irkutsk(290) sl |
FRBCRRE A H3NS |wmmmm

Kenkeme(32)
B

X X Ptropavlovsk—
Elavga(66) e 5

H13N6 |® PRRN } Kamchatsky(58)
X

/ X :
Khabarovsk(23)

REERHT PY Lake Kanicheva(95)

\ KEWEH
Malyshevo(90) Wal;tkpgnal (958)

H1N1
H3N8
H5N3
H5N4
H6N2
H6N7

Taiwan =8 H8N1
/ HINTNIS H8N3
s HANG = HON2
HANG - H11N9

H7N7 Okazaki et al (2000) Arch Virol




Ch/HAZZO/T (HENT )
ML 1
e
Y
S/97 [
5 /2 i
i

b TS 156 [HANG
THE (AR |

& { AN
TIE (ran |
TR Eurasia

Hmm&%w%%~ HA EREE(E
BEE S 2

D AL 26 3 e.\cn.u.-..;
=N =
=ME

/NF49 (HIONT)
/ VIME)
ech/ 56 (HANG)

FPV/ Dot Tuteh/ 27 (HINT)
FPV/Ress 34 (HFH1) i
Dk/AK/ZIIADT 7 (HANE)
Dh/AK/ 2685 /92 [HANE)

M AR BT E 1 (MENA)

Ty MNAIEET /81 (HINT)
Mal/NY/E750/7 8 (H2NZ) North

Ch/Pend 1783 (HSNZ) America
BE/A Q2791 [(HENET
D/AKT12/91 {(H1ONS) . . .
Di/Mem/028/74 (HINE) Ito et al; Okazaki et al (2000) Arch Virol
Guil/MDS5/77 (HT TNS)

EE
q]nu /)“:,I_ILJ?\'

EESIER (H1-16, N1-9) MR RS E RIS 2 B
TS AEEEEENE E—BRtEFEEL, E3URlL.
IKEEMERYEE - ORERE

EERBIEEBX M, B FEFRERRE.
MEEEFHRRREZNERENEEENEERES.

BIEREZARRRIREEMBEAE X,

Kida et al (1980) Infect Immun; (1987) Virology




HET MR EBIRERNERS

BERTEE
MRS
& / <
& 5%

o

BEmRESE SRATEERRRS
MRS (H5 or HY)

SRR B RRAREBIE
BIENKS

E|AALS
MRS

A EE]

N

BERREE |
RS I BRREMERERAS

(H5 or H7)




EELEHETRINSBREE KRS

AIRKKBE/Mongolia/3/05 (H5N1)
A/BEFERE/Mongolia/1/05 (H5N1)
A/gEFE/Mongolia/12/06 (H5N1)

\
—.

: g TR Movosibirsk

L

RUSSIA

Paviadar

KAZAKHSTAN jrer

A/RX#R/Mongolia/2/06 (H5N1)

© Qinghai A/chﬁ/Mongoha/Z/OQ (H5N1)

v Py AXF28/Mongolia/9/09 (H5N1)

by A/BEaEﬁ/Mongona/xsslog (H5N1)
S AFRBEIB/MOongolia/X42/2009 (H5N1)

AVERAR/Mongolia/Xx60/09 (H5N1)
A/XE#E/Mongolia/1/10 (H5N1)
A/j(?Eﬁ/Mongoha/?/lO (H5N1)

Areas reporting confirmed of H5N1 avian influenza in poullryr and wild birds since 2003 f.'L";’.f’.’.ﬁLéiiu""m”‘"" e

piEss 5.3 TETR

Arwas rn:\-omng ECCunenCs ml\ i wald binds

B Assas ssporting ocaurnss in pouly ‘

62 B lﬁﬁmﬁﬁﬁ%;ﬂ@HSNlﬁaEﬁ% RERMENIRRES
Japan, Republic of Korea, China, Mongolia, Myanmar, Lao PDR, Thailand, Cambodia, Viet Nam, Malaysia, Indonesia, Bangladesh, India,
Pakistan; Afghanistan, Iran, Azerbaijan, Georgia, Iraq, Kuwait, Saudi Arabia, Turkey, Israel; Russian Federation, Kazakhstan, Ukraine,
Romania, Bulgaria, Albania, Serbia, Hungary, Slovakia, Czech Republic, Croatia, Poland, Slovenia, Bosnia & Herzegovina; Greece
Switzerland, Austria, France, Italy, Germany, Netherlands, Denmark, Sweden, Spain, England, Ireland; Djibouti, Gaza Strip, Egypt, Sudan,
Nigeria, Niger, Cameroon, Burkina Faso, Cote d'lvoire




Status as of 16 March 2011
Latest available update

e

nfluenza since 2003 *
R P

- X

‘1 Lao People's
. Democratic Republic
- Cases:2

- Dwaths: 2

4
1 k. -
L =
| Country, areaor territory g i ".
Cases: umber | \
Desths: cumulative number | | I ireas with confirmed human cases | * All dates refer to onset of liness 0 Lo 3400 Wicemater
s The boundaries and namas shawn and the designubiens used on this map do not imply the sxprassion of any opinion whalsosves Tiata Soirce. WHO )
<% World Health o the part of the World Health Organization concerring the legal status of any country. Semitery, cty or area of of #s authesitins. Map Production: Puublic Health Information
# # Organization of conceming the demitaien of its fronsers or boundaries, Doted ines on maps represant approvimate border Ines for which there and Geographic Infomabion System (G1S)
may not yet be full agreement. @ WHD 2011 Al tights ressrved. 'Werld Health Organizaion
B fzezagan (B W China &) B rwi3 W Famstan(3
@ Bangaeh (71 B Diood (1) B | wEil O Tnatand 1251
5o Camtoda (il O EgqtZEm B pranmargll @ Turkey [12}
B Caradall) B |ronacid (107) B Nieia () W ietNam 12T
m —
H
ald -
o
=
1l
£
s
=
e
Lk T
EZ3ERE3EE

3 04 a3

Neomih of enpat




#m:
H5N2 and H5N1
(ERIRELES)

th -
H5N1 and E#i NDV
( RFLEBEREILER)

ENJe:

H5N1, H5N2, H5N9 and E#H H5N1
(FE{EEE)

£ %: B 2006 sERL

Z=[E: 20064
E2006 F E AL EITES

VE Bt
Frnig:

H5N2
(FRiEE EB%E )

AX:
H5N1 and H7N7
GhHEEBTEILES)

B EHTiE.

H5N1, H5N2, H5N9, and H5N3

(BE LR AT RKE R EDHE
E;HE)

HRMBEREHSNLESHAEZEM

th 5] TR
G FETB/RBIE
thE 30 / 47
1] 64 /127
e 165 /197
BR 63 /173 il | | I I
SRifgE 37 / 56 -
E=4E] 2/ 2 i Zz [
=E 17 / 25
b 2/ 3
EEEFER 5/ 8
TEH 4 /12
gtk 0/1
=R A 1/1
o 0/1
EEHE 1/3 ENfE
=ihEAE 1 / 7
J1/|E=VN 1/1
s 393/688
2014%1052H

WHO (2014), Kuribayashi




%{J’ 5)' Lisy E,] JILIER J-I_

o _ITEWJ'%@JJ_ FRIERHIRIT, BFERSNOHHEE, BA2FH FE#H
RREHREE |’.-“Eﬁr
@ “HERBURTHIHEE RN E RBRAZEH.

@ FEiTEREAEERMER BRKILELSERZ—, B
DIVAREETF.

@ FRAEENER, MAHAEAESERMEERR.

—EHBUREHNAEE.

OIEEEH - BRAATEMNIEIRE S FH26 TR
LifE hEARXFME, 2009%F11H16-20R

e S R

BEEFRELAE > ETERBNESITERSRT

» BR ERR T BARS A AR
73{!1#3%%—2 BT - AIlS ﬁﬁiﬂﬁl

fe=0

R




/

.' mE (36 ﬁﬁﬁﬁ) Y -
HIN1 (1) H3N3(1) r i (- :Itﬁﬁ (15 ﬁl’ﬂ*) N
H3N6 (7) H3NS (14) \q':.—x_ y 7_/‘_ N m\ v H3N8 (3) H5N2 (1)
HANG (8) H7N9 (1) . )., e Mjf /& - H6N2 (2) H7N7 (9)
| Wl o H5N1 (2)
H10NS (4) e
&iE (3 DEEkK)
= H3N2 (1) H5N1 (2) :
‘.,\/.J" ¥l -
=1 e (1 2R
3 / HING (1) -
// ERE (D BE)
- Y
b o
r} s —, -
) ‘ — BAE: 4,515
\ i BRBAEAME: 55
2010%10A25H
= 7
m SP
| BA7£2010-2011 4 EERIES FEHEN LR 5 B |
2010 2011
—'—— December : January ! February : March —.
1/26
e 2/16 3/16
Aichi Mie, Wakayama Chiba
125 2/2 215 2/28 3/13
Kagoshima  Oita Miyazaki Nara Chiba
11/29 1/21,23,27,28,28,30,2/1  2/4,556 2/14 2/26  3/5
Shimane Miyazaki Miyazaki Aichi Mie  Miyazaki
V
‘—‘i ¢¢ ‘!,“l A AAAAAAA & vy J’J' }_ﬂ_
f rt TeMT M T MM M MMM Mttt
10/14 12/4 12/10 12/15 1/4 1/12 1/23 1/31 2/6 2/14 3/10
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Highly Pathogenic Avian Influenza
Epidemics (2003-2014)

History of HPAI outbreaks in Korea

HPAI \ HPAI \ HPAI HPAI \ HPAI

|I 2001 2002 | 2003 2004 ﬂ 2006 2007 | 2008 m 2010 2011 | 2012 2013 | 2014 2015

H5N8




Epidemics of HPAI in Korea (2003 — 2011)

Outbreak Winter Winter Spring Winter
iod (03.12.10~'04.3.20) (06.11.22~'07.3.6) (08.4.1~5.12) (¢10.12.29~°11.5.6.)
IRerto (102 days) (104 days) (42 days) (139 days)
10 districts 19case 5 districts 7case 19 districts 33case 25 districts 53case
Outbreak (Chicken 10, Duck 9) | (Chicken 4, Duck 2, Quail | (Chicken 21, Duck 6, Mix |  (Chicken 18, Duck 33,
Region 1) 6) Quail 1, Pheasant 1)
Subtype H5N1 (clade 2.5) H5NI1 (clade 2.2) H5N1 (clade 2.3.2) H5NI1 (clade 2.3.2)
Disease burden ($) 13.6 Million 5.1 million 27 Million $ 71.5 million
Origin of
X e ? Wild migratory birds
introduction
(K o
HS5N1 vs. H5NS
'03/'04 '06/'07 '08 ‘10/°11 ‘14
Serotype H5N1 H5N1 H5N1 H5N1 H5N8
Clade 2.5 2.2 2.3.2.1 2.3.2.1 2.3.4.6
Intravenous pathogenicity index
aveD 3.0 3.0 3.0 3.0 3.0
Mortality(%) 100 100 100 100 100
Lethal time 2days 3days 2days 3days 4.5days
Pathogenicity
in chicken Virus shedding | 104°(2days) 1059(3days) 1055(2days) 1052(3days) 1056(4-5days)
Transmission 2/2(4days) 3/3(4days) - - 2/3(10.5days)
Mortality(%) 0 0 100 100 0-20
Pathogenicity Lethal time 0 0 4.6days 6.8days 11days
in duck Virus shedding | 1010(4days) | 1022(4days) | 10%8(6days) 1026(7days) 10%5(7days)
Transmission - - 3/3(9days) 2/2(10days) 3/3(7days)
Mortality(%) - 0 - 0 0
Pathogenicity | . ¢ shedding - 1019(3days) - 1013Gdays) | 1023(5days)
in mallard
Transmission - 2/2(3days) - 2/2(3days) 2/2(6days)




Geographical Distribution of HPAI outbreaks

2006 / 2007

2003 / 2004

Bl Poultry
Wild bird

Poultry + Wild bird

7/24

2014/2015 HPAI in Korea

1st Wave 20d Wave

A

120
100
80

No-outbreak

60 For 62 days
40 ——
20

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
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Epidemiology and control measures
of H5N8 HPAI outbreaks in Korea

Index case of HSN8 HPAI

Poultry

= Date: 2014. 1. 16.
= Region: Gochang in Jeonbuk(JB) province
= Farm: duck breeder farm

» 20-53 week—old breeder ducks

= 16,000 birds O
= Reporting: farmer — regional veterinary office — QIA Q
= Clinical signs:

*» Decrease of egg production (above 50%)

= Increase of death (1-2 birds/day — 7 birds/day)

= Depression

Buan - w#»&

" A ‘ e s
Wlld blrdS **ﬁ:jj\&f‘ﬂ Jeongeup|
« Date: 2014, 1, 17. ot NT ay 2

. . . . . ~J
= Region: Donglim reservoir near by index case’s farm S \ Donglin P X
.
7
'
LN

= Reporting: QIA team for epidemiological investigation \ s Re:em
= A hundred of dead Baikal Teal in Donglim reservoir .

A\ A
Gochan TR T
[— ® HPAL outbreak poultry farms 0 [3 10 Kdomaters
A HPAD positive wild birds

r =




H5N8 HPAI outbreak
N »Phase I
_I_ A_/J\ = During 1.16-1.22
" - = Poultry farms(12cases) & wild

birds(9cases) around Donglim
reservoir in JB province

The first wild bird report case,

in Donglim Reservoir, 1.17. f,
The first poultry report case @
in Gochang, 1.16. \&&
Wild birds (9 cases) \ '

and poultry (12 cases )

*Phase II
= Since 1.22
= Spread to North and South
region in Western part of Korea

@ HsNgisolate in wild birds
@ Hs5Nsisolate in poultry

( ) Vet Microbiol. 2014 Oct 10:173(3-4):249-=57.

o




Affected Population (Poultry)

1st Wave

= H5N8 viruses from poultry (212 cases)
= Duck (159): 75%
= Chicken (44): 21%
= Others (9): 4%

20d Wave

Duck
= H5N8 viruses from poultry (91cases) 100.0%

= Duck (80): 81.6%
» Chicken (10): 4.7%
= Others (1): 0.5%

Others Chicken

QO

=

Clinical Manifestation

Symptomatic

No.
outbreak Asymptomatic .
farms . Mortality Intake Drinking Drgwsmess Decrease
Increase  Reduction  Increase Sty egg laying

i . Neurological signs
Cyanosis Ataxia  (lameness, Wry

neck;
Breeder 42 7 (17%) 19 20 = 13 31 4 6 6
Ducks Meat 117 56 (48%) 56 28 1 31 = 7 9 15
Sub-total 159 63 (40%) 75 48 1 44 31 11 15 21
Layer 27 2 (1%) 25 1 1 7 6 1 3 -
Breeder 12 1 (8%) 11 3 = 3 3 2 1 =
. Korean
Chidken Natjve 5 1 (20%) 3 = = 2 - - - -
(Broiler)
Sub-total 44 4 (9%) 39 4 1 12 9 3 4 -
Ostrich 1 = 1 = 1 = = = =
Goose 2 - 2 1 - 1 = = = 2
Mallard 1 = = = = 1 = = =
Others Quail 1 - I - - - - - - -
Goose 1 - 1 1 - 1 = = = 1
Mixed 3 = 3 1 = = = = = =
Sub-total 9 = 7 4 = 3 1 = = 3

I N 70 I I S S N




Clinical signs in duck farms

A. Mortality increase
B. Neurological sign
C. Decrease egg laying
D. Diarrhea

Spreading of HPAI infection between farms

Pathways of HPAI transmission into farms ——

(I) Wild animals

@ Related
equipment

Contamination of
farm area and its

-
- 3
surrounding area @
\_\ Farm worker
A

.#':ﬁi' 4 Related

Infected

e =
u = -
|‘ -
.
materials @ >
. y £
(&) Animal movement L]
L -
-




Control measures of HPAI in Korea

= Stamping—out policy (culling)
» Prompt depopulation : infected farm, farms within 500m radius
» Pre—emptive culling : within 3 km radius, dangerous contact

. _r S00im,

= Zoning and movement restriction

* 500 m radius : contaminated zone < o
* 500m — 3 km : protection zone o0 K] S ke i km

» 3 km — 10km : surveillance zone
= Vaccination prohibited T

= Movement restriction were lifted 30 days after the last
culling

QO .

b

Prevention Strategies for HPAI




for HPAI in Korea

National Animal Disease Control System

1. Legislation

» Act for Prevention of Livestock Epidemics

— Enforcement Decree, Enforcement Ordinance

» Directive for Animal Diseases Control Guidelines

~ FMD, Al CSF, ND, TB & BR etc.(13 Types)

» HPAI Emergency Action plan
'@,

=

9/24

poultry farms and wild birds

Current scheme of surveillance for avian influenza for different types of

: number of tests, estimated prevalence, and sensitivity of detection
Current scheme Suggestion (with 95% confidence)
. Prevalence**, % . e
No. specimens . 1. % No. specimens Sensitivity (expected)
Type
Individual Farm* Individual  Farm Individual Farm Overall Individual Farm Individual Farm
To detect Highlx Eathogenic avian influenza
Breeder ducks
20/40* All(105) 0.04 ;8 0.8/1.6 86.2 14 50feces All(105, 2.0 17
Meat ducks 13
20 All(784) 0.24 - 47 100 47 50 All(784)
Birds in live animal market
20 Al310) 508 if) 110 100 110 20 AlB10)
Source farm of birds on the
pource farm of o Traced s Traced Identical to the current scheme
20 80 1115 98 90.6 100 90.6 20 80
(expected) (expected)
Quails, turkeys, and others o o o
e ol
20 162) 0.04 4 08 584 0.5 20 (162)
Wild birds 700/250* - 085 - 99.7/88.2 - 085 700/250
Wild birds (CaElured) 1,000* - 3 - 100 - 2,000 100
To detect low Eathggenic avian influenza (H5, H7 QXEES)
Grandparent chicken
10 10 0.03 229 03 207 0.1 20 All(10) 0.6 0.1
Breeder chicken
20 330 0.001 0.10 0.02 26.2 0.01 20 All(330)
Layer chickens 00
20 284 0.002 0.04 132 0.01 20 12 Identical to the current scheme
Korean native chicken
g 20 280 0.02 041 04 683 03 20 12
( 20/24
R




Conclusion

v’ Since first outbreak of January 16, 2014, the HPAI (H5NS8)
outbreak has had serious impact to poultry industry.

v Novel reassortant influenza A (H5N8) viruses were isolated
from wild birds and domestic poultry at the same time on
Jan, 2014,

v It is assumed that the virus was introduced into Korea through
migratory birds which fly from high latitudes during the
winter.

QO

b




Conclusion

v' The major transmission routes between farms were the
movement of farmers, visitors, vehicles and materials.

v' In comparison with previous H5N1 outbreaks, H5NS8 virus
has lower fatality and longer period of time to
death, causing notification to be delayed.

v" Standard Operation Procedure validated for H5N1, not for
H5N8 (Lack of understand about epidemiology of H5N8).
Thus we changed the SOP and Surveillance program.

QO

b

Thank you
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= BOR M E EE 15 (2003-2014)

e BN = B TR S R AL T 5

4

[HPal] [ Hpal IHF’AII\ HPAI
| I

2001 20(

2 | 2003 2004

2005

,
.,
.

N
2006 2007 | 2008} 2009 | 2010 2011} (2012 2013 | 2014 2015 p

-

H5N1J H5N8
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B = 2UR SR

i (2003 — 2011)

= 2003/04 2006/07 2008 2010/11
AZ AZ ' £F
YRR (03.12.10~'04.3.20) ('06.11.22~'07.3.6) (08.4.1~5.12) ('10.12.29~'11.5.6.)
(102 :X) (104 :X) (42 R) (139 K)
10 & 19 &4 5 7 &M 19 & 33 &4 25 [& 53 &/
ERER (% 10,15 9) (B4, 182,811 (B 21,13 6,’RE 6) (% 18, 1% 33,
[ )
P H5N1 (5HbAst H5N1 (5HbAst H5N1 (5bA% H5N1 (bA%
2.5) 2.2) 2.3.2) 2.3.2)
RRERS) 13.6 B8 5158 2TEE S 71568
AR BIEORS
./
H5N1 vs. H5N8
'03/'04 '06/'07 '08 10/'11 ‘14
il H5N1 H5N1 H5N1 H5N1 H5N8
SR 25 2.2 2321 2.3.2.1 2.3.4.6
IR BB (VP 3.0 3.0 3.0 3.0 3.0
BET3E (%) 100 100 100 100 100
LRI 2K 3K 2K 3K 45K
BIREZ Bt
Hed 104°(2 X) 10%°(3 X) 10%5(2 K) 10%2(3 X) 10%6(4-5 X)
g 2/2(4 F) 3/3(4 ) 2/3(10.5 )
FELH(%) 0 0 100 100 0-20
TR 0 0 46K 6.8 K 1 xR
aliowa <
Hed 10%0(4 X) 10%2(4 X) 10%8(6 X) 10%8(7 X) 10%5(7 K)
L5 3 - 3/3(9 ) 2/2(10 K) 3/3(7 )
FETH (%) - 0 0 0
ﬁﬁﬁ,n%zglﬁ HeE - 1003 X) 1013(3 K) 1025(5 K)
g - 2/2(3 ) 2/2(3 K) 2/2(6 )
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= & (159): 75%
= 7 (44): 21%
= HAth (9): 4%

204 3
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= 5 (80): 81.6%
= Zf (10): 4.7%
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100.0%
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i 27 2 (7%) 25 1 1 7 6 1 3
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Characteristics of new avian influenza virus
strains isolated from avian in Taiwan

Hsiang-Jung Tsai
Animal Health Research Institute
Taiwan

Before 2015

* A Mexican-like H5N2 viruses has caused several
outbreaks in chicken population in Taiwan since 2003.

* The HA gene of H5 viruses isolated from domestic
duck and wild duck in Taiwan cluster together and
belong to Eurasian lineage and differ with the gene
of H5N2 viruses from chicken.




Phylogenetic
tree of HA gene

{ Ck/ITWi2004

CK/Tw/2010-2012

MCHELIZISRR012
ACHTWAZZRG 1T
ACHIDLAZETS-12012

= AIOWTPAS] TE008

L ACHUTRIASISE

2012/12/13

4 2 o

CK/TW [(American lineage)

4

- DK/TW/H5N2

(Eurasian
lineage)

Ird/HSNT

\

Clade 2.3.4.4 of H5 Gs/Gd
lineage

L Eurasian

lineage

Waterfowl and wild bird Al
strains

L North American
lineage

Endemic Mexican-like
H5N2 viruses in Taiwan
from 2003 ~ 2015

1. PQRKKR/GLF LP/HP

strains

2. PQRRKR/GLF HP
strains

3. PQREKR/GLF LP/HP
strains




Outbreaks of three novel H5 AlV in
Taiwan in 2015

 InJan. 9, an outbreak of the new H5NZ2 strain at 4
goose farms in Yunlin County and a duck egg farm in
Pingtung County was confirmed by AHRI.

» \We also confirmed an outbreak of H5N8 avian flu at a
goose farm in Chiayi County.

* InJan 16, addditional outbreaks of H5N3 strain in a
goose farm in Pintung County and a goose farm in
Kaoshung County was confirmed by AHRI.

» The H5 sequence of the new H5N2 strain was 99
percent similar to that of the H5N8 flu virus that
attacked South Korea in 2014, while the N2 sequence
was 96 percent similar to the virus that hit China's Jilin
Province in 2011.

 The H5 sequence of the H5N8 virus was 99 percent
similar to the Korean strain, while the N8 sequence is
98 percent similar to the Korean strain.

» The H5 sequence is 99 percent the same as one seen in
South Korea, while the N3 is 98 percent similar to the
H1N3 found in Thai ducks in 2011, the H2N3 found in
Mongolian mallards in 2010, and the H5N3 found in
wild ducks in Kaohsiung in 2013.




The virus types of the infected poultry farms

* From Jan. 9 to March 2, total of 874 poultry
farms were diagnosed to be infected with H5
AlV.

* H5N8 (PLRERRRKR/GLF): 222 farms

 H5N2 (PLRERRRKR/GLF): 470 farms

e H5N2+H5N8 (PLRERRRKR/GLF): 67 farms

* H5N3 (PLRERRRKR/GLF): 25 farms

* H5N2+H5N3 (PLRERRRKR/GLF): 2 farms

 H5N2 (PQREKR/GLF or PQRRKR/GLF): 63 farms

« H5(N?) (PLRERRRKR/GLF): 25 farms

Multi-basic cleavage sites of new HPAI

viruses
Cleavage site Critical basicaa Phenotype
A/Goose/Taiwan/0103 (H5N8) PLRERRRKR/GLF 5 HP
A/Goose/Taiwan/0104 (H5N2) PLRERRRKR/GLF 5 HP
A/Goose/Taiwan/01042 (H5N3) PLRERRRKR/GLF 5 HP

Table 1: Multi-basic cleavage sites of recently circulating Goose/Guangdong-lineage
HPAI H5N1 viruses.

PQRETH/GLF
PQRERREKKR /GLF
PQREGREKKR/GLF
PORES 3

REKK/GLF
PQGERREKKE/GLF
PQRERREKR /GLF
PQRERREKE/GLF
PQRERREKR/GLF
PLRERREKE,/GLF
PQRERREKKE /GLF
PRIEGRERKE/GLF
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Characteristic amino acids of the three novel
influenza A (H5N8, H5N2, H5N2) viruses

Amino Goose/T | Goose/T | Goose/T
Viral acid aiwan/0 | aiwan/0 | aiwan/0
protein 103 104 1042

position | 15ng) | (H5N2) | (HSN3)

Comments

PB2 627 E E E E627K: adaptation to mammalian host

138
160
226
228

S138A: increased binding to human-type receptors

T160A:N-glycosylation loss and increased binding to
human-type receptors

HA

Q226L: increased binding to human-type receptors

G228S: increased binding to human-type receptors

30
215

N30D: increased pathogenesis in mice

M1

T215A: increased pathogenesis in mice

S31N: resistance to amantadine and rimantadine

M2 31

nwlZz2(>|o0 0|0 >|>
nwlZ2([>|o0 0|0 >|>
nw|lZ|>|I060|0|> |>

NS1 42

P42S: increased pathogenesis in mice

10 10




Sequence comparison between A/Gs/Taiwan/0103
and other H5N8 viruses

PB2 PB1 PA HA
/i\c/)gs\z/ar-fz/lggﬁwasmngtonm 99.6 915 99.4 98.9
?Z/(t;fzn_goose/Korea/H4O 994 o017 99.4 0.5
éggilc::en/kumamoto/l- 99.2 o15 99.0 o5
?(/)duck/]iangsu/k1203/20 98.1 92.4 96.4 064

non

Sequence comparison between A/Gs/Taiwan/0103
and other H5N8 viruses

NP NA M NS
/i\c/)gs\z/ar-fz/lggﬁwasmngtonm 92.8 98.9 99.8 99.8
?Z/(t;fzn_goose/Korea/H4O 92.9 08.7 99.8 5.6
éggilc::en/kumamoto/l- 92.8 08.5 99.9 0.5
?(/)duck/]iangsu/k1203/20 93.5 96.8 975 o16

12 12




Sequence homology of three different NA subtypes
of Taiwan novel H5 influenza viruses

PB2 | PB1 PA HA NP NA M NS
H5N8

87.4 | 951 | 923 | 99.3 | 97.6 | 59.5 | 99.8 | 94.6
H5N2
H5N8

87.0 | 954 | 99.8 | 99.5 | 97.8 | 57.4 | 99.8 | 99.9
H5N3
H5N2

92.3 | 943 | 923 | 99.7 | 98.3 | 57.9 | 99.8 | 94.5
H5N3
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Virus reassortant in Taiwan

* These strains get additional constellations through
reassortment with the viruses from wild birds

— A/Goose/Taiwan/0103 (H5N8): 2 of the 8 gene

segments (PB1, NP) match wild bird sequences

NA, NS)

— A/Goose/Taiwan/0104 (H5N2): 6/8 (PB2, PB1, PA, NP,

— A/Goose/Taiwan/01042 (H5N3): 4/8 (PB2, PB1, NP, NA)

e These data showed that all three H5 Taiwan strains
were distinct from the viruses circulating in Europe,

which all 8 gene segments match South Korean
lineages.
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Comment by ProMED Mods.AS/CRD

The situation in Taiwan, with 4 HPAI strains
circulating simultaneously, may reflect the global
spreading capability of the HPAI H5 clade 2.3.4 and
its apparent inherent instability, expressed in the
appearance of several recombinant strains.

Since mid-November 2014, HPAI H5 strains have
been reported from 4 continents: Europe (Germany,
Netherlands, England, Italy, Russia), Asia (China,
Japan, S. Korea, Vietnam, India, Taiwan), North
America (USA, Canada), Africa (Nigeria, Libya) and
the Middle East (Egypt, Israel). These outbreaks were
caused by various strains (H5N1, H5N2, H5N3, H5N6,
H5N8). Do they all share the same HPAI H5 clade
2.3.4.47°

15

Novel highly pathogenic avian influenza
virus isolated from wild birds

During this epidemic, we had isolated three
novel HPAI viruses from birds

— A/bulbul/Taiwan/a156/2015 (H5N3)
— A/quail/Taiwan/a234/2015 (H5N2)
— A/heron/Taiwan/a289/2015 (H5N2)
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A/heron/Taiwan/a289/2015 (H5N2)

VS
A/goose/Taiwan/0104/2015 (H5N2)
PB2 99.8 % EA
PBI 99.9 % EA
PA 99.9 % EA
5 99.6 % EA
NP 99.7 % EA
N2 99.4 % EA
MP 99.8 % EA
NS 99.8 % EA
A/bulbul/Taiwan/a156/2015 (H5N3)
VS
Al/goose/Taiwan/01042/2015(H5N3)
PB2 99.7 % EA
PB1 99.8 % EA
PA 99.7 % EA
Hb 99.8 % EA
NP 99.8 % EA
N3 99.6 % EA
MP 99.5 % EA
NS 99.7 % EA
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A/quail/Taiwan/a234/2015 (H5N2)
VS

A/goose/Taiwan/0104/2015(H5N2)
PB2 99.9 % EA
PBI 99.6 % EA
PA 99.8 % EA
H5 99.8 % EA
NP 99.9 % EA
N2 99.7 % EA
MP 99.9 % EA
NS 99.7 % EA
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Novel highly pathogenic avian
influenza virus isolated from wild
birds

* Sequence analysis showed that all sequences
of 8 genes of these three viruses had highly
sequence similarity with viruses from poultry
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Pathological study on three novel
HPAI in domestic waterfowl and
poultry

21

Gross lesions of geese, ducks and
chickens

Cutaneous hemorrhage of beak, feet and eyelid
Subcutaneous edema of the head, neck and feet
Hemorrhage of conjunctival and nasal mucosa
Brain: meningeal congestion and brain swelling

Heart: hydropericardium and myocardial degeneration and
necrosis

Liver and spleen: swelling and multiple white spots

Lung: edema

Kidney: swelling and uric acid crystal deposition
Pancreas: multiple white necrotic spots with hemorrhage

Ovary: multifocal follicular and intrafollicular hemorrhage
and congestion with follicular atresia
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Histopathology of geese, ducks and
chickens

* Nonsuppurative meningoencephalitis
e Myocarditis

* Hepatic necrosis

* Splenic necrosis

e Parabronchitis

e Renal tubular necrosis

* Pancreatic necrosis

23

Distribution of viral antigen (IHC) (new viral strains)

Brain Heart Liver Spleen Lung Kidney Pancreas | Intestine

His." IHC® His." IHC® His." [IHC® His." IHC® His" [HC® His." IHC® His" [HC® His." IHC®

Goose I T A o A = o S = o S ++ + b - ++
Duck ++ At S L s s s o ++ + + +++ - +++
Turkey ++ At ++ ++ ++ ++ ++ + +H+ A+ bt - +
Chicken ++ At ++ ++ ++ ++ ++ + +H+ A bt - +

H5N2 AIV bearing 4 a.a. (old viral strains)

+

+++ | |+t ++ + + + +H+ | | A | At

Chicken

His. = histopathology; IHC = immunohistochemistry
* - = no; + = mild; ++ = moderate; +++ = severe lesion.
S - =rare; + = seldom; ++ = common; +++ = widespread.
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Conclusion

* The new strains of HPAI H5 viruses can caused
severe disease, clinical sighs and mortality in
geese, ducks, chickens and turkeys in Taiwan.

* These new viruses had the neurotropism and
broad tissue infectivity.

* The level of viral replication in tissues,
especially in brain and heart, determine the
manifestation of clinical disease and mortality
in Al-infected poultries and waterfowls.
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 H5N3 (PLRERRRKR/GLF): 253%-
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Cleavage site

Critical basicaa Phenotype

A/Goose/Taiwan/0103 (H5N8) PLRERRRKR/GLF 5 HP
A/Goose/Taiwan/0104 (H5N2) PLRERRRKR/GLF 5 HP
A/Goose/Taiwan/01042 (H5N3) PLRERRRKR/GLF 5 HP

Table 1: Multi-basic cleavage sites

HPAI H5N1 viruses .
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Viral
protein

Amino
acid
position

Goose/T
aiwan/0
103
(H5N8)

Goose/T
aiwan/0
104
(H5N2)

Goose/T
aiwan/0
1042
(H5N3)

Comments

PB2

627

E

E

E

E627K: adaptation to mammalian host

HA

138

S138A: increased binding to human-type receptors

160

T160A:N-glycosylation loss and increased binding to
human-type receptors

226

Q226L: increased binding to human-type receptors

228

G228S: increased binding to human-type receptors

M1

30

N30D: increased pathogenesis in mice

215

T215A: increased pathogenesis in mice

M2

31

S31N: resistance to amantadine and rimantadine

NS1

42

nw|Z|>|0 600> |>

nw|Z|>|0 600> |>

nw|lZ|>|I060|0|> |>

P42S: increased pathogenesis in mice
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£ /& A/Gs/Taiwan/0103p5 F5: 1R B E A B8] 52 HSN 85
ik AR

PB2 PB1 PA HA
/i\c/)gs\z/arj:/lgmwasmngmnm 99.6 915 99.4 98.9
?Z/(t;lezn_goose/Korea/H40 994 o017 99.4 0.5
éggilc::en/kumamoto/l- 99.2 o15 99.0 o5
?(/)duck/]iangsu/k1203/20 98.1 92.4 96.4 064

11

5/ A/Gs/Taiwan/0103 45 F 14 B ELA ER 22 HSN SR
R Z BRI

NP NA M NS
Meyfalcon/Washington/a | gp5 | sm9 | 9o | 9
%gfzn_goose/Korea/H4O 92.9 98,7 99.8 0.6
?;;gilc:;en/ku mamoto/1- 928 98.5 99.9 0.5
ﬁ(/)duck/]iangsu/klZOS/ZO 93.5 96.8 975 016
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578 = PRH5ni Al 2 B RIAE (DU

PB2 PB1 PA HA NP NA M NS
H5NS8
87.4 | 95.1 | 923 | 993 | 97.6 | 59,5 | 99.8 | 94.6
H5N2
H5N8
87.0 | 954 | 99.8 | 995 | 97.8 | 57.4 | 99.8 | 99.9
H5N3
H5N2
923 (1943 | 923 | 99.7 | 98.3 | 579 | 99.8 | 945
H5N3
13 13
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— A/Goose/Taiwan/0103 (H5N8): W4 E¢EL[R(PB1, NP) i
ERETEA 2 ERAEY &

— A/Goose/Taiwan/0104 (H5N2): 7<ESELFR/(PB2, PB1, PA,
NP, NA, NS)

— A/Goose/Taiwan/01042 (HSN3): FUESELER (PB2, PB1, NP,
NA)
« SERBEURNGERT RS Z —PRHS SRR B I
ZAREIRECNATEE4: 2 South Korean lineages
H5N8J/ &
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23
— A/bulbul/Taiwan/a156/2015 (H5N3)

— A/quail/Taiwan/a234/2015 (H5N2)
— A/heron/Taiwan/a289/2015 (H5N2)




A/heron/Taiwan/a289/2015 (H5N2)

VS
A/goose/Taiwan/0104/2015 (H5N2)
PB2 99.8 % EA
PBI 99.9 % EA
PA 99.9 % EA
5 99.6 % EA
NP 99.7 % EA
N2 99.4 % EA
MP 99.8 % EA
NS 99.8 % EA
A/bulbul/Taiwan/a156/2015 (H5N3)
VS
Al/goose/Taiwan/01042/2015(H5N3)
PB2 99.7 % EA
PB1 99.8 % EA
PA 99.7 % EA
Hb 99.8 % EA
NP 99.8 % EA
N3 99.6 % EA
MP 99.5 % EA
NS 99.7 % EA
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A/quail/Taiwan/a234/2015 (H5N2)
VS

A/goose/Taiwan/0104/2015(H5N2)
PB2 99.9 % EA
PBI 99.6 % EA
PA 99.8 % EA
H5 99.8 % EA
NP 99.9 % EA
N2 99.7 % EA
MP 99.9 % EA
NS 99.7 % EA

S 77 2 HPAE 55

* FPHI AT RIS B BEPREE S5 S Bk 2
JNEEL R A T = Z AR (D

20




REE L

21

EVALHPAVIZE ~ B ~ §8 FOK 2 AHR

o W ~ JAIR K7 S HR B B R I
 BHIA - SHEC RS T 7K Fe
o GEHFE R SPEREAE T
° H(«H%j(&l%(«}% "*fﬁ#ml
o OEERRZK RO AL S
o SRR R K 25851 SE R
o HifizKHdE
o BEANIRIEIEIE
o [ 2SR M I BT
o UNELEEHIM /SR - OV NS S




B 6~ B ROk AR

* FEMLHRMAERSAE RS R

o JLALEEMEESE SO OISR
© RSN

o« BRZS 45300

« FERER

o B/NEEESE

R i 2o 25 50

Distribution of viral antigen (IHC) (new viral strains)

Brain Heart Liver Spleen Lung Kidney Pancreas | Intestine

His." IHC® His." IHC® His." [IHC® His." IHC® His" [HC® His." IHC® His" [HC® His." IHC®

Goose R = = A = = S + I - ++

Duck ++ At S L s s s o ++ + + +++ - +++
Turkey ++ At ++ ++ ++ ++ ++ + +H+ A+ bt - +
Chicken ++ At ++ ++ ++ ++ ++ + +H+ A bt - +

H5N2 AIV bearing 4 a.a. (old viral strains)

++

+++ | |+t +

Chicken

+ +

+ +++ |+t

+++

+++’.’.

His. = histopathology; IHC = immunohistochemistry
* - = no; + = mild; ++ = moderate; +++ = severe lesion.
S - =rare; + = seldom; ++ = common; +++ = widespread.
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