
 
 

The influenza A viruses of  

swine in Japan, Thailand, and Vietnam 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Takehiko Saito 

Division of Transboundary Animal Disease , 

National Institute of Animal Health, 

National Agriculture and Food Research Organization, Japan;



IAV-S surveillance in Japan in 2016/2017 

Provinces under survey in 2016 

Prefecture 
Number of 

farm 

Number of nasal 

swab 

Virus 

isolation 

Hokkaido 4 432 1 

Chiba 1 407 33 

Gunma 7 2310 152 

Aichi 12 143 3 

Kagoshima 3 76 0 

Kumamoto 2 30 0 

Nagasaki 1 24 0 

Miyazaki 1 20 0 

Oita 1 25 0 

Total 33 3217 189 

IAV-S isolation in 2016 

Active surveillance 

Passive surveillance 

Prefecture 
Number of 

farm 

Number of lung 

homogenate 

Virus 

isolation 

Gunma 1 3 3 

Miyazaki 1 2 2 

Total 2 5 5 



Subtype 

Genetic origins of  

Province 

HA  NA  PB1  PB2  PA  NP  M  NS  

H1N1 A(H1N1)pdm09v 
Hokkaido 

Gunma 

Aichi 

H1N1            

Gunma 

Chiba 

Aichi 
H1N2    

H3N2 Chiba 

A(H1N1)pdm09 

Classical swine lineage 

Seasonal A/H3N2 human lineage 

Genetic origin of Japanese IAV-S in 2016/2017 



Phylogenetic trees of classical 

swine H1 genes (2124 nucleotide 

sequences) 

Genetic characterization of classical H1 IAV-S in Japan 

Japanese IAV-S 

  

 A/swine/Ibaraki/1/2015(H1N2) 
 A/swine/Mie/R02/2012(H1N2) 

 A/swine/Tochigi/2/2011(H1N2) 
 A/swine/Tochigi/1/2012(H1N2) 

 A/swine/Chiba/V662/2015(H1N2) 
 A/swine/Chiba/W663/2015(H1N2) 

 A/swine/Chiba/14/2012(H1N2) 
 A/swine/Chiba/107/2012(H1N2) 
 A/swine/Chiba/119/2012(H1N2) 

 A/swine/Saitama/21/2004(H1N2) 
 A/swine/Saitama/14/2004(H1N2) 

 A/swine/Chiba/1/1991(H1N2) 
 A/swine/Saitama/01/2005(H1N2) 

 A/swine/Saitama/1996(H1N2) 
 A/swine/Saitama/1/2000(H1N2)  

 A/swine/Niigata/729/2004(H1N2) 
 A/swine/Miyazaki/1/2006  

 A/swine/Miyagi/5/03(H1N2)  
 A/swine/Aomori/1/2005(H1N2) 

 A/swine/Tochigi/1/2008(H1N2)  

 Gunma 2015 

 Gunma 2015-2016 
 A/swine/Gunma/1/2013(H1N2)  

 A/swine/Ibaraki/1/2013(H1N2) 
 A/swine/Chiba/30/2012(H1N1) 

0.020 

classical H1 IAV-S in Japan 

 Chiba 2015-2016 

 Gunma 2016 

 Gunma 2016 

 Gunma 2015-2016 

 Chiba 2015-2016 

 Gunma 2016 

 Gunma 2016 
 Gunma 2015-2016 

 Gunma 2016 
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Japanese swine isolates in 2015 and 2016 were indicated in red characters 



Genetic characterization of the swine A(H1N1)pdm09 viruses 

in Japan 

Phylogenetic trees of HA 

genes of A(H1N1)pdm09v 

(1901 nucleotide sequences 

selected by CD-Hit) 

● Japanese swine A(H1N1)pdm09v in 2015 and 2016 

Swine A(H1N1)pdm09 viruses 



Introductions of human A(H1N1)pdm09v around 2009-2010 (Group1, 2) 

 swine A(H1N1)pdm09v 

 A/Orenburg/CRIE-VNV/2009(H1N1) 2009-08-16 
 A/Nagasaki/HA-10-27/2010(H1N1) 2010-03-15 

 A/swine/Brazil/66/2011(H1N1) 2011-04-13 
 A/Voronezh/01/2009(H1N1) 2009-11-30 

 A/Guangdong/195/2010(H1N1) 2010-04-22 
 A/Finland/2/2010(H1N1) 2010-01-12 

 A/Abakan/02/2009(H1N1) 2009 (Month and day unknown) 

  

  

  
 A/swine/Iowa/A01049205/2010(H1N1) 2010-12-03 

 A/swine/Iowa/A01049578/2011(H1N1) 2011-02-17 
 A/swine/Minnesota/2499/2012(H1N1) 2012 (Month and day unknown) 

 A/swine/TienGiang/02-24-2/2012 | A / H1N2 | (HA) 2012-12-18 
 A/swine/Japan/KU-YG5/2013(H1N1) 2013-09-30(Southern Japan) 

Kaooshima 2015.5 

 A/Montreal/MTL256259/2009(H1N1) 2009-10-28 
 A/swine/Kagoshima/60/2010(H1N1) 2010-10 (Day unknown) 

 A/swine/Finland/si3431/2010(H1N1) 2010-08-23 
 A/Slovakia/1580/2010(H1N1) 2010-03-09 

 A/Brandenburg/55/2009(H1N1) 2009-11-17 
 A/swine/Oklahoma/02989/2010(H1N1) 2010-03-12 
 A/swine/Hong Kong/NS1809/2009(H1N1) 2009-12-03 
 A/Mexico/5569/2009(H1N1) 2009-12-18 

 A/swine/Minnesota/A01566017/2014(H1N1) 2014-10-06 
 A/Nevada/16/2009(H1N1) 2009-10-02 

 A/swine/Brazil/263/2012(H1N1) 2012-11-27 
 A/swine/Taiwan/NPUST0001/2013(H1N1) 2013-11-01 
 A/swine/Taiwan/NPUST0002/2013(H1N1) 2013-11-01 

  

0.002 

● Japanese swine 

A(H1N1)pdm09v in 2015 and 2016 

 Hokkaido 2015.10 

 Hokkaido 2015.10 
 Hokkaido 2016.9 

Genetic characterization of the swine A(H1N1)pdm09 viruses 

in Japan 



Introductions of human A(H1N1)pdm09v around 2013 (Group3), 

2015 (Group4)  

Genetic characterization of the swine A(H1N1)pdm09 viruses 

in Japan 

 2013-2014 

 A/Kenya/128/2013(H1N1) 2013-07-08 

 A/Ontario/044/2013(H1N1) 2013-03-08 

 A/Iasi/138230/2013(H1N1) 2013-03-22 

 A/Helsinki/1492/2013(H1N1) 2013-03-23 

 A/TASMANIA/23/2013(H1N1)  

 A/swine/Argentina/CIP112-C59-B6/2014(H1N1) 2014-07-18 

 A/Puerto Rico/01/2013(H1N1) 2013-06-14 

 A/ZhangZhou/SWL32/2013(H1N1) 2013-05-20 

 A/Moscow/CRIE-33/2013(H1N1) 2013-02-21 

 A/Moldova/433/2013(H1N1) 2013-03-29 

 A/Shiraz/11/2013(H1N1) 2013-01-08 

 A/South Africa/2303/2013(H1N1) 2013-05-06 

0.001 

 2014-2015 

 A/Brisbane/366/2014(H1N1) 2014-11-08 

 A/Mali/26 HGT/2015(H1N1) 2015-05-05 

 A/Mali/239 CI/2015(H1N1) 2015-09-28 

 A/Congo/0691/2016(H1N1) 2016-04-21 

 A/Ghana/ARI-15-0134/2015(H1N1) 2015-09-22 

 A/Ghana/DILI-15-1281/2015(H1N1) 2015-12-08 

 A/Central African Republic/849/2015(H1N1) 2015-08-19 

 A/Hawaii/55/2014(H1N1) 2014-09-14 

 A/Stockholm/3/2015(H1N1) 2015-01-19 

 A/Fiji/30/2014(H1N1) 2014-03-10 

 A/Singapore/GP1207/2015(H1N1) 2015-06-25 

 A/Hawaii/59/2015(H1N1) 2015-09-18 

 A/Malaysia/3039/2015(H1N1) 2015-10-20 

 A/NEW CALEDONIA/72/2014(H1N1) 2014-08-14 

 A/Iasi/177390/2015(H1N1) 2015-02-08 

0.00050 

 Gunma 2016 

 Gunma 2015 

Nagasaki 2016 

Group 3 Group 4 

● Japanese swine 

A(H1N1)pdm09v in 2015 and 2016 



Introduction of human A(H1N1)pdm09v around 2016 (Group5) 

Genetic characterization of the swine A(H1N1)pdm09 viruses 

in Japan 

Group 5 

 A/KANAGAWA/IC24/2016(H1N1) 2016-03-02 
 A/England/653/2016(H1N1) 2016-03-09 

 A/Odessa/699/2016(H1N1) 2016-02-08 
 A/Afghanistan/455/2016(H1N1) 2016-06-11 
 A/Michigan/58/2016(H1N1) 2016-04-07 

 A/Shanghai-Pudongxin/SWL1434/2016(H1N1) 2016-03-22 
 A/Malaysia/0021/2016(H1N1) 

 A/KANAGAWA/AC5/2016(H1N1) 2016-02-10 
 A/Egypt/1322/2016(H1N1) 2016-01-19 

 A/Washington/21/2017(H1N1) 2017-02-10 
 A/Kazakhstan/51/2015(H1N1) 2015-11-24 

 A/Orel/CRIE-273/2016(H1N1) 2016-02-14 
 A/Palermo/8/2016(H1N1) 2016-02-29 
 A/St. Vincent And Grenadines/2445/2016(H1N1) 2016-04-27 

 A/Georgia/39/2016(H1N1) 2016-03-09 
 A/Hungary/155/2016(H1N1) 2016-03-22 

 A/Yunnan-Maoshi/SWL1911/2016(H1N1) 2016-11-19 
 A/Utah/37/2016(H1N1) 2016-05-01 

 A/Krasnodar/33/2016(H1N1) 2016-02-15 
 A/Hungary/23/2017(H1N1) 2017-01-02 

 A/Wisconsin/09/2017(H1N1) 2017-01-17 
 A/Peru/52/2016(H1N1) 2016-04-29 

 A/Novosibirsk/121/2016(H1N1) 2016-10-15 
 A/Xiamen/s187/2016(H1N1) 2016-02-22 

 A/Moscow/CRIE-284/2016(H1N1) 2016-02-08 
 A/Brazil/1335/2016(H1N1) 2016-03-08 
 A/Peru/0716/2016(H1N1) 2016-09-20 
 A/Peru/46/2016(H1N1) 2016-04-11 

 A/Nevada/12/2016(H1N1) 2016-02-04 

0.00050 

Aichi 2016 
Aichi 2016 

● Japanese swine 

A(H1N1)pdm09v in 2015 and 2016 
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Genetic characterization of human-like H3 IAV-S 

in Japan 
Phylogenetic trees of seasonal  

human H3 genes (2676 nucleotide 

sequences selected by CD-Hit) 

Japanese IAV-S 

 A/Denmark/200/2000(H3N2) 

 A/reassortant/X-145(H3N2)  

 A/Queensland/6/2000(H3N2) 

 A/Hong Kong/CUHK13172/2001(H3N2) 

 A/Hutt/82/2000(H3N2)  

 A/Netherlands/3/2000(H3N2) 

 A/swine/Japan/KU-MD4/2013(H3N2) 

 A/swine/Miyazaki/2/2013(H3N2) 

 A/swine/Miyazaki/2/2013(H3N2) 

 A/swine/Nagano/2000(H3N2) 

 A/New York/188/1999(H3N2) 

0.005 

 Chiba 2017 

Japanese swine isolates were indicated in red characters 
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Introduction of human H3N2 virus around 2000 



• Active surveillance of the IAV-S in Japan has been 

conducted since September 2015. 

 

• IAV-S possessing either Classical H1 HA or human-like H3 

HA with most of the human A(H1N1)pdm09 virus derived 

internal genes have co-circulated in Japanese pig 

populations. 

 

• H1 genes of swine A(H1N1)pdm09 viruses isolated from 

2015 to 2017 in Japan were derived from 5 distinct human 

isolates.  

 

• H3 genes of H3N2 IAV-S in Japan were derived from a 

human ancestral virus circulating around 2000 

 

Summary of Japanese IAV-S in 2016 



Provinces under survey 

Province 
Number of 

farm 

Number of nasal 

swab 

Virus 

isolation 

Chonburi 2 404 17 

Chachoengsao 2 404 18 

Total 4 808 35 

IAV-S surveillance in Thailand in 2016 

http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=9AGWDN_wCwu39M&tbnid=I7ao-XD20CUqnM:&ved=0CAYQjRw&url=http://www.crnid.riken.jp/jgrid/&ei=qXohU7LnEseSkwXpg4GABw&bvm=bv.62922401,d.dGI&psig=AFQjCNFXRHP0wz2rHx6Cr4kHTZqo761xUQ&ust=1394789410025737


Subtype 

Genetic origins of  

Province 

HA  NA  PB1  PB2  PA  NP  M  NS  

H1N1 A(H1N1)pdm09v Chonburi 

H3N2 Chachoengsao 

A(H1N1)pdm09 

Genetic origin of Thai IAV-S in 2016 

Seasonal A/H3N2 human lineage 



Genetic characterization of the swine A(H1N1)pdm09 viruses 

in Japan 

Phylogenetic trees of HA 

genes of A(H1N1)pdm09v 

(1901 nucleotide sequences 

selected by CD-Hit) 

● Thai swine A(H1N1)pdm09v from 2011 

Swine A(H1N1)pdm09 viruses 



Maintenance of A(H1N1)pdm09v among pigs (Group1) 

Genetic characterization of the swine pdm09 
viruses in Thailand 

● Thai swine A(H1N1)pdm09v 

from 2011 

1 

2 
3 

 A/swine/Chachoengsao/NIAH107037-21/2011(H1N1)  

 A/Thailand/CU-H9/2009(H1N1) 2009-06-17 

 A/swine/Thailand/CU-RA29/2009(H1N1) 2009-12 

 A/swine/Shepparton/6/2009(H1N1) 2009-08-17 

 A/swine/Canada/AHL-14/2012(H1N1) 2012-11-01 

 A/SOUTH AUSTRALIA/162/2012(H1N1) 2012-10-06 

 A/Budapest/WRAIR2393T/2009(H1N1) 2009-11-10 

 A/SOUTH AUSTRALIA/2016/2009(H1N1) 2009-07-16 

 A/swine/Nebraska/A01203626/2012 | A / H1N2 | (HA) 2012-07-12 

 A/YAMAGUCHI/184/2009(H1N1) 2009-11-06 

 A/swine/Kagoshima/65/2012(H1N1) 2012-11 

 A/swine/Gunma/1/2012 | A / H1N2 | (HA) 2012-01-13 

 A/Qingdao/1261/2009(H1N1) 2009-09-15 

 A/Qingdao/1020/2009(H1N1) 2009-09-04 

 A/swine/Netherlands/Asten-263/2011 | A / H1N2 | (HA) 2011-05-27 

 A/Karnataka/001/2009(H1N1) 2009-08-06 

 A/Shenzhen/1627/2009(H1N1) 2009-12-30 

 A/Shenzhen/980/2009(H1N1) 2009-10-22 

 A/swine/Brazil/107-3A/2010(H1N1) 2010-07-14 

 A/Qingdao/1215/2009(H1N1) 2009-09-12 

 A/Malaysia/12617/2009(H1N1) 2009-08-20 

 A/Beijing-Xuanwu/SWL1945/2009(H1N1) 2009-10-06 

 A/YAMAGUCHI/128/2009(H1N1) 2009-09-17 

 A/Deajeon/8134/2009(H1N1) 2009-10-03 

 A/Hawaii/04/2010(H1N1) 2010-03-08 

 A/Ho Chi Minh/962.11/2010(H1N1) 2010-11-05 

 A/California/31/2010(H1N1) 2010-12-08 

0.001 

Chachoengsao 2012 

Chachoengsao 2011 



Maintenance of A(H1N1)pdm09v among pigs (Group2) 

Genetic characterization of the swine pdm09 
viruses in Thailand 

● Thai swine A(H1N1)pdm09v in 

2015 and 2016 

1 

2 
3 

 2009-2010 

 A/Thailand/CU-H572/2009(H1N1) 2009-09-03 

 A/swine/Thailand/SB038/2010(H1N1) 2010-05-15 

 A/Singapore/TLL52/2009(H1N1) 2009-06-14 

 A/Texas/76/2009(H1N1) 2009-09-18 

 A/Bahia/160/2010(H1N1) 2010-03-19 

 A/Rio de Janeiro/5007/2009(H1N1) 2009-07-23 

 A/YAMAGUCHI/217/2009(H1N1) 2009-11-21 

 A/swine/Jangsu/504/2010(H1N1) 2010-01  

 2009-2010 

 A/Shenzhen/33/2009(H1N1) 2009-09-08 

 A/Beijing/721/2009(H1N1) 2009-11 

 A/Beijing/718/2009(H1N1) 2009-11 

0.0020 

Chonburi 2012 

Chonburi 2013 

Chonburi 2016 

Chonburi 2015 



Genetic characterization of the swine pdm09 
viruses in Thailand 

● Thai swine A(H1N1)pdm09v in 

2015 and 2016 

1 

2 
3 

 A/swine/North Carolina/A01241246/2012(H1N1) 2012-01-03 

 A/swine/Illinois/A01047800/2010(H1N1) 2010-12-30 
 A/New York/0259/2009(H1N1) 2009-12-26 
 A/Pune/NIV21139/2009(H1N1) 2009-12-23 

 A/swine/Colombia/1/2011(H1N1) 2011-06-16 
 A/Colombia/7779/2010(H1N1) 2010-07-08 

 A/Taiwan/27/2010(H1N1) 2010-03-01 
 A/New York/04/2010(H1N1) 2010-02-25 

 A/ENG/860/2009(H1N1) 2009-11 (Day unknown) 
 A/Iran/1519/2009(H1N1) 2009-12-23 

 A/Iran/16273/2009(H1N1) 2009-11-22 
 A/Singapore/SS42/2010(H1N1) 2010-07-12 

 A/Texas/77/2009(H1N1) 2009-10-06 

0.001 

Chachoengsao 2014.3 

Chachoengsao 2013.11 

Chachoengsao 

2013.2~2013.8 

Introductions of human A(H1N1)pdm09v around 2009-2010 (Group3) 
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Phylogenetic trees of seasonal  

human viruses (2676 nucleotide 

sequences selected by CD-Hit) 

Thai IAV-S 

Genetic characterization of the H3 IAV-S in Thailand 

Triple reasortant 

  

 A/swine/Thailand/CU-BN53/2012(H3N2) 2012-03-15 

 A/swine/Thailand/CU-BN54/2012(H3N2) 2012-03-15 

 A/swine/Saraburi/NIAH107725-28/2008(H3N2) 
 A/swine/Saraburi/NIAH109713-36/2009(H3N2)  

 A/swine/Ratchaburi/NIAH9426/2005(H3N2) 
 A/swine/Thailand/KU5.1/2004(H3N2) 2004-09-19 

 A/swine/Ratchaburi/NIAH59/2004(H3N2) 

 A/swine/Ratchaburi/NIAH874/2005(H3N2) 
 A/swine/Thailand/PB482/2009(H3N2) 2009-11-17 

 A/swine/Thailand/CU-S14252N/2014(H3N2) 2014-01-20 

 A/swine/Thailand/CU-P43/2012(H3N2) 2012-01-09 
 A/swine/Thailand/CU-P53/2012(H3N2) 2012-01-09 

 A/swine/Chachoengsao/NIAH105583-042/2012(H3N2) 2012-02-02 

 A/swine/Chonburi/NIAH106952-028/2011(H3N2)  

 A/swine/Thailand/CU-S14129N/2013(H3N2) 2013-11-30 

  

 A/swine/Brazil/365-11-7/2011(H3N2) 2011-11-10 

 A/Malaysia/12726/1997(H3N2) 1997-06-02 

 A/South Africa/1147/1996(H3N2) 1996 (Month and day unknown) 
 A/New York/573/1996(H3N2) 1996-12-23 

 A/New York/559/1996(H3N2) 1996-11-25 

 A/New York/554/1996(H3N2) 1996-11-12 

0.005 

Chonburi 2013-2014 

Chonburi 2013 

Chachoengsao 2012 

Chachoengsao 2013 

Chachoengsao 2015 

Chonburi 2015 
Chachoengsao 2016 



• At least 3 introductions of human A(H1N1)pdm09 viruses 

had established swine A(H1N1)pdm09 lineages in Thai pig 

population. 

 

• Thai H3N2 lineage possessing seasonal human-like 

surface antigens has been circulating in Thai pig population 

since 2005. 

 

• H3 genes of Thai H3N2 IAV-S are derived from a human 

ancestral virus circulating in the late ‘90s. 

 

• Genotypes of H3N2 IAV-S in Thailand and Japan are same 

but all of the origins of each segment are different.  

Summary of Thai IAV-S in 2016 



IAV-S surveillance in Vietnam in 2016 

Province 
Number of 

farm 

Number of nasal 

swab 

Virus 

isolation 

Bac Nihn 14 840 34 

Tien Giang 4 240 8 

Ho Chi Minh 3 180 22 

BR-VT 3 180 2 

Dong Nai 4 240 17 

Total 28 1680 83 

Provinces under survey 

Bac Ninh 

Ho Chi Minh 

Don Nai 

Tien Giang 

BR-VT 

http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=9AGWDN_wCwu39M&tbnid=I7ao-XD20CUqnM:&ved=0CAYQjRw&url=http://www.crnid.riken.jp/jgrid/&ei=qXohU7LnEseSkwXpg4GABw&bvm=bv.62922401,d.dGI&psig=AFQjCNFXRHP0wz2rHx6Cr4kHTZqo761xUQ&ust=1394789410025737


Subtype 
Genetic origins of  

Province 
HA  NA  PB1  PB2  PA  NP  M  NS  

H1N1 A(H1N1)pdm09v North, South 

H1N2           

South 
H1N2    

H3N2 North, South 

H3N2 North 

Genetic origin of Vietnamese IAV-S in 2016 

A(H1N1)pdm09v-origin Seasonal H3N2 human-origin 

Pre-2009 H1 human-origin 

H1 triple reassortant-origin (C-TR cluster) 



Virus 

HI titers of sera from chikens and ferret infected with† 

Classical IAV-S A(H1N1)pdm09 virus 
Pre-2009 human-lineage virus 

Human vaccine strains Vietnamese IAV-S 

VN 2011 VN 2015  Cal04 VN 2015   '01~ '07  '07~ '08  '09~ '10  VN 2010 VN 2012 VN 2015 

Classical IAV-S 

VN 2011(H1N2) 640 1280  640 <20  <20 <20 <20  40 <20 20 

VN 2015(H1N2) 640 1280  640 20  <20 <20 <20  40 <20 <20 

VN 2016(H1N2) 160 320  320 20  <20 <20 20  40 <20 <20 

A(H1N1)pdm09 virus 

Vaccine strain '09~  40 20  1280 1280  <20 <20 <20  20 <20 <20 

VN 2010 (pH1N1) <20 <20  1280 1280  <20 <20 <20  <20 <20 <20 

VN 2014 (pH1N1) 80 20  1280 640  <20 <20 <20  20 20 <20 

VN 2015 (pH1N1) 20 20  1280 1280  <20 <20 <20  <20 <20 <20 

VN 2016 (pH1N1) 160 40  5120 2560  40 80 80  80 40 80 

Pre-2009 human-lineage 

virus 

VN 2010 (H1N2) 40 20  40 40  160 20 20  1280 80 80 

VN 2012 (H1N2) 80 40  <20 80  <20 20 <20  160 160 320 

VN 2015 (H1N2) 80 40  20 80  80 <20 <20  160 80 640 

VN 2016 (H1N2) 20 40  20 20  20 20 20  160 80 320 

Vaccine strain '01~ '07 40 40  40 40  640 80 80  160 20 20 

Vaccine strain '07~ '08 <20 20  <20 <20  160 640 320  640 20 <20 

Vaccine strain '09~ '10 <20 20  <20 <20  20 160 640  80 <20 <20 

† Homologous HI titers are indicated in bold and underlined. 

Antigenic analysis of Vietnamese IAV-S 

HI titers against H1 IAV-S 

Antigenic drift among same lineages 



Virus 

HI titers of sera from chickens and ferrets infected with†  

Human-like IAV-S Human vaccine strains TR IAV-S 

VN 2010 VN 2011 VN 2015    '96~ '98  '98~ '00  '00~ '04  '04~ '05  '05~ '06  '08~ '10  '13~ '14  VN 2012 VN 2015 

Seasonal human lineage 

VN 2010 (H3N2) 640 640 160   160 80 160 320 160 20 20  320 160 

VN 2011 (H3N2) 160 640 160   80 20 40 160 40 <20 <20  160 80 

VN 2015 (H3N2) 40 640 160   40 20 <20 160 20 <20 <20  640 160 

VN 2016 (H3N2) 40 320 160   80 <20 40 160 20 <20 <20  320 160 

Vaccine strain '96~ '98 <20 <20 <20   320 80 80 40 <20 <20 <20  <20 <20 

Vaccine strain '98~ '00 <20 <20 <20   320 640 320 640 20 40 <20  <20 <20 

Vaccine strain '00~ '04 <20 <20 <20   80 40 320 160 <20 20 <20  <20 <20 

Vaccine strain '04~ '05 20 40 <20   160 80 160 1280 640 160 <20  <20 <20 

Vaccine strain '05~ '06 <20 <20 <20   <20 <20 <20 320 1280 320 <20  <20 <20 

Vaccine strain '08~ '10 <20 <20 <20   <20 <20 <20 80 640 640 20  <20 <20 

Vaccine strain '13~ '14 <20 40 <20   <20 <20 <20 <20 20 40 160  40 <20 

Triple reassortant 

VN 2012 (H3N2) <20 160 80   <20 <20 <20 20 <20 <20 <20  640 640 

VN 2014 (H3N2) <20 320 160   <20 <20 <20 40 <20 <20 <20  1280 1280 

VN 2015 (H3N2) 20 80 40   <20 <20 <20 80 20 <20 <20  1280 1280 

† Homologous HI titers are indicated in bold and underlined. 

HI titers against H3 IAV-S 

Antigenic analysis of Vietnamese IAV-S 

Antigenic drift among same lineages 



• Continuing genetic reassortments generate the novel 

combination of gene segments. 

 

• Unlike human population, pre-2009 human-like H1 viruses 

still have circulated in Vietnamese pig population.  

 

• Antigenic drifts of Vietnamese classical and pre-2009 

human-like H1, and human-like H3 IAV-S are evident.  

Summary of Vietnamese IAV-S in 2016 
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