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

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

2. 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 H5N1 HPAIVs from poultry in Asia is urgently needed.  

3. 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. 

4. Will H5N1 HPAIV and H7N9 LPAIV cause pandemic influenza?  
    It is unlikely to occur; direct transmission of AIV 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.  

5. 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. 

 



Type A 

influenza 

virus particle 

（HA, H1-16  

   subtypes） 

 （NA, N1-9  

   subtypes） 

Envelope 

Hemagglutinin 

Neuraminidase 



1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 

H2N8 

H3N8 

H1N1 

H2N2 

H3N2 

1918 1957 1968 1977 1933 1997 

(year) 

2004 (H5N1) 

 

2020 

2009 H1N1  

pdm flu 

2009 

Spanish flu 

Asian flu 

Hong Kong flu 

Outbreaks of HPAI 

caused by H5 AI  

viruses in Japan 

Human cases of H5N1 HPAIV infection 

in Hong Kong in 1997 and 2003～present    

H1N1(Russian type) 

Highly pathogenic avian influenza viruses (H5N1, H5N2, H5N3, H5N8, H5N9, H7N1, H7N3, H7N4, H7N7) 

First  Isolation  

of influenza virus  

from human 

1925 

Outbreak of HPAI 

caused by H7N7  

  virus in Japan 

Human  pandemic influenza 

Highly pathogenic avian influenza 

  2007(H5N1) 

 2010-2011(H5N1) 

2014 (H5N8) 

In 15 countries 



H1-16 

N1-9 

H1N1 

H1N2 

H3N2 

H2N3, H3N1, H3N3, 

H3N8, H4N6, H5N1, 

H5N2, H9N2 

H1-7, H9-11 

N1-4, N6-8 

H3N8,H5N1 

H3N8 

H7N7 

H1N1 

H2N2 

H3N2 

(H2N8,H3N8) 

H5N1,H7N7, 

H9N2 

H1-10 

N1-9 

H3N2 

H5N1 

H10N4 

H3N3 

H4N5 

H7N7 

H1N3, H13N2, H13N9 

H1-7, H9-16 

N1-9 

H1-H12 

N1-9 

H5N1 

5 

Host range, and HA and NA subtypes of influenza A virus  

 



Amino acid substitut-

ions on the HAs of 

viruses isolated from 

ducks are scattered 

throughout the HA 

molecule and not 

confined to the antig-

enic sites,     

indicating that viruses  

are circulating in the 

absence of antibody 

selection pressure. 

 

 

 

 
Evolutionally stasis 
  

Amino acid substitut- 

ions on the HAs of  

viruses isolated from 

humans are confined  

to the antigenic sites,     

indicating that viruses  

are circulating in the 

presence of antibody 

selection pressure. 

 

 

 

 
 

Extensive antigenic 

variation 

H3 HAs 

Kida et al (1987) Virology 



Ito T et al (1995) Arch Virol 



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

Okazaki et al (2000) Arch Virol 



Phylogenic tree of the HA genes 

・ Eurasian lineage 

・ American lineage 

Ito et al; Okazaki et al (2000) Arch Virol 



                      Duck influenza 
 

          ◆  Each of the known subtypes (H1-16, N1-9) of influenza A virus 

has been isolated from ducks. 

     ◆    In ducks, 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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  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’Ivoire 







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

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 

Singapore:  
H5N2  
( Inactivated, adjuvanted vaccine) 

Japan:  
H5N1 and H7N7 
(Oil-adjuvanted inactivated 
vaccines) 

Bird flu vaccines 

As a stockpile,  
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    Influenza Vaccine 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 in addition to, not instead of stamping out. 

 ・ 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. 

 

                                                                                                                                                           
26TH CONFERENCE OF THE OIE REGIONAL COMMISSION FOR ASIA, THE FAR EAST AND OCEANIA 

Shanghai, People’s Republic of China, 16-20 November 2009 



Surveillance of avian influenza in autumn 2010 
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H5N8 HPAI outbreaks 
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Domestic Duck Industry in Korea 

 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 farm    

Data: Epidemiological Division of QIA, 2014 
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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 

 

 

 

                                                                                                                                                                     Yasuda et al (1991) J Gen Virol 



 
 

Virus shedding 

      
Genetic 

reassortment 

A/Asian/67 

   (H2N2) 

A/duck/xx 

(H3N?) Domestic     

     duck 

Migratory duck  

1957 Asian virus （H2N2） and even 1918 Spanish flu virus (H1N1) must have appeared similarly.  

Pond 

      Rout of transmission of the genes of pandemic strains 

A/HongKong/68  

           (H3N2) 

1968 HK 
(H1N1) 

1918 
Spanish virus 



Human 

(H3N2) 

North 
American 
avian 

Classical swine 
(derived from the 
1918 virus) 

Eurasian avian-like 

 swine 

     PB2 - North American avian  

     PB1 - Human H3N2  

     PA   -  North American avian 

     H1   -  Classical swine  

     NP   -  Classical swine 

     N1   -  Eurasian avian-like swine 

      M    -  Eurasian avian-like swine 

     NS   -  Classical swine 

 
At least 18,366 deaths  

in 214 countries 

as of 18 July 2010 

Gene derivation of the swine-origin influenza A (H1N1) virus 

Modified from Novel Swine-Origin Influenza A (H1N1) Virus  

investigation Team, N Eng J Med, 2009 

・Each of the pandemic strains have been 

     generated in pigs. 

・Genetic reassortment often occurs in 

     birds and pigs. 

  

     The H1N1 pdm strain is a genuine swine 

     influenza virus.   

Swine-origin 
Influenza A virus 
(H1N1) 



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 
 

 

◆    H1 to 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 H1N1 and 2009 H1N1 pandemic 

viruses are reassortants between AIV 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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Library of vaccine strain candidates 

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://virusdb.czc.hokudai.ac.jp/vdbportal/view/index.jsp). 
 

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)..  



  
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    

2. 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. Influenza is a typical acute infection. 

2. Influenza is 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.  

   担当： 各製造所・社、北海道大学、新日本科学(株)（フェレット）、滋賀医科大学（サル） ほかが前臨床試験。 

   国立病院機構、国公私立大学病院、医師会、小児科医会、内科医会ほかが臨床試験。 

3) Evaluation of the results of the tests.  

     担当： 大学、学会、日本ワクチン産業協会、感染研ほか。 

4)   Drastic revision of biological standard for vaccines for human use.  

     担当： 感染研、日本ワクチン産業協会、ワクチン学会、臨床ウイルス学会、インフルエンザ研究者交流の会ほか。 

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

6) Participants to this program：  

   Industries； 製造所・社； 北里第一三共、武田薬品、阪大微研会、化血研、デンカ生研    

   Universities； 北海道大学、メルボルン大学、 ワクチン学会、ウイルス学会、臨床ウイルス学会、医師会ほか   

   Government； 感染研、厚生労働省、内閣府、文部科学省ほか。 

7)  Budget： 厚生労働科学研究費補助金、文部科学省・学術振興会科学研究費、JST 、日本版 NIH（AMED）ほか。 

  

 



 

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

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

2. 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 H5N1 HPAIVs from poultry in Asia is urgently needed.  

3. 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. 

4. Will H5N1 HPAIV and H7N9 LPAIV cause pandemic influenza?  
    It is unlikely to occur; direct transmission of AIV 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.  

5. 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. 

 


