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Host Range of Influenza A virus
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A total of 3,120 fecal materials

Isolation of influenza viruses from fecal samples of waterfowl 
in Alaska in 1991-1994 

(Ito et al. 1995)

※Subtype H2N3,H3N8,H4N6,H7N3,

H8N2,H10N2,H10N7,H10N9 etc. 



Isolation of influenza viruses from water samples of lakes in Alaska in 1992-1994

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

Lake Hood/Spenard                              1/4                   0/2 
Lake Cheney                                         0/3                   0/3 
Potter Marsh                                          0/4 
Westchester Lagoon                              0/1 
Lake Hanger                                          0/4 
Fairbanks                                               0/5 
Big Minto Lake                                                             0/10              7/13               3/21 
Mallard Lake                                         1 /2                  0/5                0/17
Heart Lake                                                                     0/5
Canvasback Lake                                                           0/3 
Corville Delta                                         0/1

1992                1993             1994            1994 
summer        summer        summer        autumn

Total                                                        2/23               0/28              7/30               3/21
Ito et al. (1995)

2 samples contained 101.8 and 102.8 EID50/ml, respectively

Unconcentrated lake water
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Genetic Segment Constellation of Pandemic Influenza Viruses

Virus

1918 
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1957 
Asian Flu

1968 

Hong Kong Flu

H: Human      A: Avian



Structure of the human and avian  influenza virus receptor
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(Ito et al., 1998)

Comparison of lectin staining in duck intestine and pig trachea



Receptor specificities of European avian-like swine H1N1 
influenza A viruses 

Virus

Hemagglutination titer by use of 
erythrocytes containing:

SAα2,3Gal SAα2,6GalNative

A/swine/Belgium/15/79

  A/swine/Finland/55/80
  A/swine/Netherlands/3/80

  A/swine/Belgium/83

  A/swine/Italy-Vir/383/84
  A/swine/Italy-Vir/492/85

  A/swine/Italy-Vir/547/85
  A/swine/Netherlands/12/85

  A/swine/Italy-Vir/671/87

128        128          128

  256        128          128
  256         64           32

 1024        512          512

    8          4            8
   32          0           64

   64          0           64
   32          0            2

   16          0            8



HA variability among European avian-like swine influenza viruses 

Strain
Amino acid position in the HA1

Sw/Arnsberg/6554/79

  Sw/ Netherlands/3/80

  Sw/Germany/2/81

  Sw/Belgium/1/83

  Sw/Netherlands/12/85

  Sw/Italy-Vir/671/87

  Sw/Germany/3/91

  Sw/Schleswig-H/1/92

96  121  132  138  142  207  267  311
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Global head of the influ-

enza virus HA molecule
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Human seasonal influenza virus

Avian influenza virus

Pandemic virus

The Role of Pigs in the Emergence of Pandemic Influenza
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Low-pathogenic 
avian influenza virus 

(LPAIV)

Highly pathogenic 
avian influenza virus

(HPAIV)

(Courtesy of Kyoto Prefecture,2004)(Yonago Waterbird Sanctuary, 2008)



HA cleavage site of the influenza A virus

(1)H5 Low-pathogenic avian influenza virus    HA1/HA2
 A/teal/Tottori/150/02(H5N3)           PQRE----TR/GLFG 
 A/mallard/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 

HA1 HA2

N-

N- N--C -C

-CTM

Precursor (HA0)

FP

S - S

Cleavage site

HA1 HA2



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

  Parent   11a    8a    24a    24a1b 24a2b   24a5b

Mortality rate of
 2-day-old chicks  0％   10％  50％   67％  100%    100%  100%
 adult chickens*   0％  0％   0％   0％   0%    100%    100%                                                      

24 times air sac passages 5 times brain passages

A/swan/Shimane/
499/83 (H5N3)

(Ito et al., 2001)

* Intravenous inoculation



Virus titer(logEID50 /g) Lethality
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Virus Nucleotide sequence Amino acid sequence

HA cleavage site sequence of viruses passaged in chickens 

/ : Cleavage site

971966

(Ito et al., 2001)

AGA AGA AAA AAA AGA / GGT

AGA AGA AAA AAA AGA / GGT

R – E K R / G

R R K K R / G

R R K K R / G

-5 -4 -3 -2 -1 / 



Presence of trypsin

Absence of trypsin

Comparison of HA cleavability among viruses passaged in chickens

(Ito et al., 2001)



Ck/Ibaraki/05(H5N3)

   Parent 5a     12a      14a   17a     17a4b    17a11b

Mortality rate of
 2-day-old chicks    0%      0%  33%   66%  100%     100%   100%
 adult chickens      0%    NT     NT      NT  0%     0%   100%

RETR

17a4b

（Ito et al,,2006）

Generation of HPAIV from H5N2 LPAIV from 2005 

outbreak in Ibaraki/Saitama Prefecture 

by experimental passaging

17a
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Generation of HPAIV from H7N6 LPAIV from 2009 outbreak 

in Aichi Prefecture by experimental passaging

P-KRR

Qu/Aichi/09(H7N6) Qb16Cb3

PKRRRR

Qb16Qb9

PKRRR

Quail

（Usui et al., 2010）

Parent       Qb9        Qb16           Qb16Cb3

Mortality rate of

 2-day-old chicks   0%         NT          NT             100%
 adult chickens    0%         NT          0%              0%

PKRRR
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Adaptation to chickens and becoming 
highly pathogenic 

Acquisition of pathogenicity of avian influenza virus in chicken


