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Host Range of Influenza A virus

HIN1
H17N10 H2N2 H3N8
HINl  Pig
H18N11 HIND HaN2 Human HINT
V HaN2 “
Bat Horse
/ :; Da|ry COW
'~ ~’ H5N1
g HI-H16 .
H1-H7, Domestic Duck N1-N9 .
H9-11 H1-H12
N1-N9 N1-N9 PINTHTIEE WG 3 AT
Chicker H1-H10 h\
NTNg W/ /d Waterfow/ H
Turk . sCat  Tiger Fox
ur ey " 4 H5N 1
* Raccoon
H3N3 ”)
v H7N7 Skunk
HANS - Mink Bear
‘q H10N4 Bobcat
Emu «**" H3N2
Ostrich 0ua| | * Seal H13NO House mouse
H1, H3-H7, H9, H10 d\ Sea lion Roof rat etc.
N1-N3, N6-N8 _
Whale Dolphin etc.




5. Flyways of Migratory Birds




Isolation of influenza viruses from fecal sampl/es of waterifow/
in Alaska in 19971-1994

X x
//
—_ -
o S+ 111 1 5 E L
X Xx *Subtype H2N3, H3N8, HANG6, H/N3,
N H8N2, HION2, HION7, HION9 etc.
) i 1

@ (RN op_-_ - . 0 Y
2% s :- A total of 3,120 fecal materials (Ito et al. 1995)



Isolation of influenza viruses from water sampl/es of lakes in Alaska in 1992-1994

No. of samples with virus/ total no. of samples tested

1992 1993 1994 1994
summer summer summer autumn
Lake Hood/Spenard 1/4 0/2
Lake Cheney 0/3 0/3
Potter Marsh 0/4 2 samples contained 10!-8 and 1028 EIDsy/ml, respectively
Westchester Lagoon 0/1
Lake Hanger 0/4 \ Unconcentrated lake water
Fairbanks 0/5
Big Minto Lake 0/10 @ @
Mallard Lake 1/2 0/5 0/17
Heart Lake 0/5
Canvasback Lake 0/3
Corville Delta 0/1
Total 2/23 0/28 7/30 3/21

Ito et al. (1995)
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Genetic Segment Constellation of Pandemic Influenza Viruses

Virus PB1 PB2 PA HA NP NA M NS

1918
Spanish Flu H H H H

H H
1957
Asian Flu A A A
1968
Hong Kong Flu A A l l l
A:

Avian

H: Human



Structure of the human and avian influenza virus receptor

Sialic acid Gal GalNAc
CHOH GHOH
AcHN 0. COCH 0 0 —
'\ SAa 2, 3Gal ¢ /\\o’ﬁ< ) °<;/\?
W %23 linkage * Wiko

CHOH CH,0H
g o/ NG ST
SAar2, 66al o
HO OH NHAc

a 2,6 |linkage




Emergence of pandemic Influenza

)
G - '
Vg s
Spanish Flu l Russian Flul HINT
HINT Asian Flu H1N1 i

1918

. H2N2

Hong Kong Flu

H3N2

1977 2009

I*I:III
1957 1968



Comparison of lectin staining in duck intestine and pig trachea

a2-3 a2-6

(Ito et al., 1998)



Receptor specificities of European avian—/ike swine HINI
influenza A viruses

Hemagglutination titer by use of
erythrocytes containing:

Virus
Native SAa2,3Gal  SAa?2, 6Gal
A/swine/Belgium/15/79 128 128 128
A/swine/Finland/55/80 256 128 128
A/swine/Nether |ands/3/80 256 64 32
A/swine/Belgium/83 1024 512 512
A/swine/ltaly-Vir/383/84 8 4 8
A/swine/ltaly-Vir/492/85 32 0 64
A/swine/Italy-Vir/547/85 64 0 64
A/swine/Nether lands/12/85 32 0 2
A/swine/ltaly-Vir/671/87 16 0 8




HA variabi /ity among European avian—/ike swine influenza viruses

Amino acid position in the HA1 _
Global head of the influ-

96 121 132 138207 267 311 enza virus HA molecule

Strain

Sw/Arnsberg/6554/79 I N V. Y S N T K ﬁ@i ,)

Sw/ Netherlands/3/80 1 N V Y § N T K z& O e
Sw/Germany/2/81 I N V Y H N T K w, /<~_)
Sw/Belgium/1/83 I N I Y R N T K

Sw/Nether lands/12/85 I N I Y L N T K

Sw/ltaly-Vir/671/87 AT A H L Y M Q@

Sw/Germany/3/91 AT V H L Y M Q

Sw/Schleswig-H/1/92 AT A H L Y M Q

(Ito et al., 1998)



The Role of Pigs in the Emergence of Pandemic Influenza

a?,3

a2, 6

Avian influenza virus g::g
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Swine influenza virus /
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\\ J Pandemic virus
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Human seasonal influenza virus



L ow-pathogenic Highly pathogenic
avian influenza virus avian influenza virus
(HPATV)




HA cleavage site of the influenza A virus

Cleavage site

Precursor (HAO) V

\ HAT HA2 :
N ] - I W
l

S -3
(1) H5 Low-pathogenic avian influenza virus ~ HA1/HA2
A/teal/Tottori/150/02 (H5N3) PQRE-—-TR/GLFG
A/mal lard/Hokkaido/24/09 (H5N1) PQRE-———-TR/GLFG
A/duck/Mongolia/54/01 (H5N2) PQRE-———-TR/GLFG
A/chicken/Ibaraki/05 (H5N2) PQRE-——-TR/GLFG
A/duck/Hokkaido/W44,/16 (H5N2) PQRE-———-TR/GLFG
(2)H5 Highly pathogenic avian influenza virus HA1/HA2
A/tern/South Africa/61 (H5N3) PQRETRRQKR/GLFG
A/chicken/Penn/1370/83 (H5N2) PQ———KKKR/GLFG
A/Hong Kong/156/97 (H5N1) PQRERRRKKR/GLFG
A/chicken/Kyoto/3/04 (H5N1) PQRE-RRKKR/GLFG
A/chicken/Vietnam/3/10 (H5N1) PQREGRRKKR/GLFG

A/crow/Hokkaido/B003/22 (H5N2) PLRE-RRRKR/GLFG



Generation of a Highly Pathogenic Avian Influenza A Virus from an Avirulent Field
Isolate by Passaging in Chickens

24 times air sac passages 5 times brain passages

N.AanAan AN

P gt gt b FT ST PN
A/%wan/Sh/mane/QJV;Iiéé By -uee 5 ..... M.

7} St S I T
409/63 (HoN) Parent 1la 8a 24a  24alb 24a2b 24abb
Mortality rate of

2-day-old chicks 0% 10% 50% 67% 100% 100% 100%
adult chickensx* 0% 0% 0% 0% 0% 100% 100%

* Intravenous inoculation

(Ito et al., 2001)



Iissue tropism of viruses passaged in chickens

Virus Virus titer (1ogEIDso /g) Lethality Mean time to
Brain Trachea Lung Kidney Pancreas (%) death (days)
Parent - - - - - 0 _
2423 - 2.7 - = = 0 -
- 2.5 - - -
- 2.5 - - -
24a2b 43 58 3.7 1.2 2.5 100 7.0
- - 1.7 -
- - 2.5 1.7 -
24a5b 57 58 8.7 6.7 - 100 3.7
7 58 7.7 6.5 1.8
6.5 53 70 6.8 2.0

(Ito et al., 2001)



HA cleavage site sequence of viruses passaged In chickens

Virus Nucleotide sequence Amino acid sequence
966 971 -5 -4-3-2-1/
Parent AGA —— GAA ACA AGA / GGT R-ETR/G
11a AGA —— GAA ACA AGA / GGT R-ETR/G
18a AGA —— GAA ACA AGA / GGT R-ETR/G
24a AGA —— GAA AAA AGA / GGT R-EKR/G
24alb AGA —- GAA AAA AGA / GGT R-EKR/G
24a2b AGA —— AAA AAA AGA / GGT R - R/G
24a3b AGA AA AAA AGA / GGT R R/ G
24a4b AGA AA AAA AGA / GGT R R/G
24abb AGA AA AAA AGA / GGT R R/ G

/ : Cleavage site (Ito et al., 2001)



Compar ison of HA cleavability among viruses passaged in chickens

(A) o L 0 L8 0
. - N &) I W)
Presence of trypsin EEsE2E SIS
ma aaa A
—t=-t=1 1 151
HA1l — wel oy
HA2 — mmueme-06
B 281844
Absence of trypsin EEEFINE S S
- e AN O O A A

HAOQO — s up oo @
HA1l —

HA2 —

(Ito et al., 2001)



Generation of HPAIV from HA5N2 LPAIV from 2005
outbreak in Ibaraki/Saitama Prefecture
by experimental passaging

'ﬁ 2 )
& 7 o F
A
o>3)  EEEEEEmEEE; | EEEEEEEEE | . EUEEEEEEE®
Ck/Ibaraki/05 (H5N3) 17a 17a4b 17a11b
ET E E E
Parent ba 12a 14a 17a 17a4b 17al11b
Mortal ity rate of
2-day-old chicks 0% 0%
adult chickens 0% NT NT NT 0% 0%

(Ito et al,,2006)



Quai |

Qu/Aichi/09 (H7N6)

Qb9

P-KRR
Parent
Mortality rate of
2-day-old chicks 0%
adult chickens 0%

PKRRR
Gb9

NT
NT

Qb16

PKRRR
Qb16

NT
0%

@Gb16Cb3
PKRRRR

Gb16Cb3

100%
0%

(Usui et al., 2010)



Acquisition of pathogenicity of avian influenza virus in chicken

Migratory duck \
(Reservoir) J > "

Domestic duck Lethal

Adaptation to chickens and becoming
highly pathogenic



