
 
 

The influenza A viruses of  
swine in Japan, Thailand, and Vietnam 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nobuhiro Takemae and Takehiko Saito 
Influenza and Prion diseases research center, 

National Institute of Animal Health, 
National Agriculture and Food Research Organization, Japan;



IAV-S surveillance in Japan in 2015 

Provinces under survey in 2015 

Province 
Number of 

farm 
Number of 
nasal swab 

Virus 
isolation 

Sampling 
date 

Hokkaido 4 214 1 
23rd ~ 29th 

Oct. 

Gunma 7 210 6 
10th ~ 30th 

Nov. 

Chiba 1 80 2 
29th Sep ~ 

24th Nov. 

Total 12 504 9 

1. Active surveillance has just been started in Sep. 2015. 

2. Passive surveillance  

Province 
Number of 

sample 
submitted 

Month Subtype 

Kagoshima 1 May H1N1(pdm09v) 

IAV-S occurrence in 2015 

*Virus isolation and sequencing analysis are in progress. 

Genetic analysis 



Genetic characterization of the IAV-S in  
Kagoshima prefecture in Japan in 2015 

Gene

segment
Highest identity with Identities Lineage

HA A/swine/Japan/KU-YG5/2013(H1N1) 1663/1701(98%) pdm09

NA A/swine/Japan/KU-YG5/2013(H1N1) 1390/1410(99%) pdm09

PB2 A/Mexico/24024/2009(H1N1) 2234/2280(98%) pdm09

PB1 A/Maryland/NHRC0001/2009(H1N1) 2230/2272(98%) pdm09

PA A/Singapore/DMS29/2009(H1N1) 2110/2151(98%) pdm09

NP A/swine/Thailand/UD402/2009(H1N1) 1490/1515(98%) pdm09

MP A/Mexico/24015/2009(H1N1) 972/982(99%) pdm09

NS A/Singapore/GP3021/2009(H1N1) 831/844(98%) pdm09



Genetic characterization of the swine pdm09 
viruses in Japan 

Phylogenetic trees of H1 
pandemic genes (532 taxa 
selected by CD-Hit) 

1. Human-to-pig direct transmission of pdm09  



Genetic characterization of the swine pdm09 
viruses in Japan 

Phylogenetic trees of H1 
pandemic genes (532 taxa 
selected by CD-Hit) 

2. Possibility of a maintenance of the 
A(H1N1)pdm09v among pigs for a certain period 



•  Active surveillance of the IAV-S in Japan has 
been started since September 2015. 

 
•  Sporadic introductions of A(H1N1)pdm09 

viruses from human to pig have occurred since 
2009.  
 

•  A(H1N1)pdm09 viruses could be maintained 
among pig populations for a certain. 

Summary of Japanese IAV-S in 2015 



Provinces under survey 

IAV-S surveillance in Thailand 

Province 
Number  
of farm 

Number of 
nasal swab 

Virus 
isolation 

Subtype 
Sampling 

 date 

Chonburi 2 202 17 

H3N2 

 (15 strains), 

A(H1N1)pdm09 

(2 strains) 

1st July 

Chachoengsao 2 202 1 H3N2 2nd July 

Total 4 404 18 

Active surveillance in 2015  

*Sequencing analysis is in progress. 
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Genetic characterization of the IAV-S in Thailand 

Phylogenetic trees of H1 
pandemic genes (532 taxa 
selected by CD-Hit) 

1. Establishment of three lineages of Thai swine pdm09 viruses 



Phylogenetic trees of H3 genes  
(seasonal human-lineage) 

  
 A/Mexico/VER60/2011(H3N2) 

 A/California/16/2011(H3N2) 
 A/Bethesda/NIH12/2011(H3N2) 

 A/Nanjing/1655/2010(H3N2) 
 A/Florida/22/2009(H3N2) 

  
  

 A/Quebec/26-031205/2005(H3N2) 
 Swine Vietnam and China 

 A/Mexico/DIF2662/2003(H3N2) 
 A/TW/872/02(H3N2) 

 A/Panama/2007/1999(H3N2) 
 A/swine/Iowa/H03LDH5/2003(H3N2) 

 A/TW/3446/02(H3N2) 
 A/Moscow/10/1999(H3N2) 

 A/swine/Tochigi/14/2013(H3N2) 

 Thai H3N2 strains 2012-2014 

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

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

 Thai H3N2 strains 2005-2009 

 Triple reassortant H3 

 A/Netherlands/178/1995(H3N2) 
 A/Swine/Minnesota/593/99_(H3N2) 

 A/Beijing/353/1989(H3N2) 
 A/Leningrad/360/1986(H3N2) 

  

 A/Bangkok/1/1979(H3N2) 
 A/Bilthoven/2271/1976(H3N2) 

 A/HuNan/01/2014(H3N2) 
 A/Bilthoven/16190/1968(H3N2) 

 A/Udorn/307/1972(H3N2) 
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 Thai H3N2 strains 2015 

Thai swine strains 

After 1968 

Genetic characterization of the IAV-S in Thailand 

Thai swine lineage 



•  At least three lineages of A(H1N1)pdm09 viruses 
have been circulating in Thai pig population. 
 

• Thai H3N2 lineage possessing seasonal human-
like surface antigens has been circulating in Thai 
pig population since 2005. 

Summary of Japanese and Thai IAV-S in 2015 



Genetic and antigenic analysis 
of Vietnamese IAV-S 



2010 2011 2012 2013 2014 

Nam Dinh 

Provinces under survey 

Bac Ninh 

Ho Chi Minh 

Don Nai 

Tien Giang 
BR-VT 

Hanoi 

Long An 

Soc Trang 

Bin Duong 

2015 

IAV-S surveillance in Vietnam 

9584 nasal swabs were collected 

from clinically healthy pigs in 257 pig farms 

Virus isolation using the floating MDCK cells and/or 
primary cultures of porcine alveolar epithelial cells 

Genetic analysis: To determine the genetic origins 
of the HA genes.  
Antigenic analysis (HI test): To examine the cross-
reactivity between the Vietnamese IAV-S and 
human strains. 
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6 54 15 

Pdm09v H1 

Pre-pandemic human-like H1 

Classical swine H1 

65 88 

Seasonal human-like H3 

Triple reassortant H3 

Subtype: 

Pdm(H1N1)09v 

47 
H1N2 

75 
H3N2 
153 

HA genes were genetically divided 
into 5 groups   



 Ba Ria Vung Tau H1N1 strains in 2012 

 A/Cambodia/V0601312/2011 (H1N1) @2011-05-17 
 A/Cambodia/V1019320/2011 (H1N1) @2011-10-12 

  
  

  
   A/Bangkok/INS509/2010 (H1N1) @2010-08-30 

 Nam Dinh H1N1 strains in 2011 
 A/swine/Nam Dinh/VBVH30/2011 (H1N1) @2011-03-05  

 A/Ho Chi Minh/1095.2/2011 (H1N1) @2011-02-21 
 A/Washington/02/2011 (H1N1) @2011-01-05 

   A/swine/Tien Giang/02-25-01/2011 (H1N1) @2011-08-16  
 A/Bangkok/INS517/2010 (H1N1) @2010-09-02 

   A/Singapore/TT450/2010 (H1N1) @2010-09-21 
 A/Athens/INS3_697/2011 (H1N1) @2011-01-19 

   A/Kentucky/16/2010 (H1N1) @2010-12-06 
 Tien Giang H1N1 strains in 2012 

 A/Athens/INS569/2011 (H1N1) @2011-02-25 
 A/Colorado/02/2011 (H1N1) @2011-01-24 

 Bac Ninh H1N1 strains in 2014 and 2015 

  
  

  
   Ba Ria Vung Tau H1N1 strains in 2013 

 A/Alabama/04/2013 (H1N1) @2013-02-25 
   A/Ontario/222656/2009 (H1N1) @2009-08-11 

 Nam Dinh H1N1 strains in 2010 
 A/Vermont/29/2009 (H1N1) @2009-12-11 

 A/Paraguay/20HBO/2009 (H1N1) @2009-09-01 

   A/England/713/2009 (H1N1) @2009-09-24 
 A/England/93160003/2009 (H1N1) @2009-07-26 
   A/England/724/2009 (H1N1) @2009-09-30 
 A/Singapore/ON1058/2009 (H1N1) @2009-07-13 
 A/Argentina/7937/2009 (H1N1) @2009-06-18 

  
  

   A/Hue/10/2009 (H1N1) @2009-10-16 
   A/England/93280011/2009 (H1N1) @2009-08-02 

 Tien Giang H1N2 strains in 2012 and 2013 
   Binh Duong H1N1 strains in 2010 

 A/Singapore/ON226/2009 (H1N1) @2009-06-15 
  

   A/California/04/2009 (H1N1) @2009-04-01  
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After 2009 

H1N2 viruses 

Genetic characterization of the IAV-S in Vietnam 

Phylogenetic trees of 
pandemic H1 genes 



Pre-pandemic human H1 Classical swine H1 (H1α) 

 Bac Ninh H1N2 strains in 2012 

 Bac Ninh strain H1N2 in 2013 

 Bac Ninh strain H1N2 in 2013 

 Dong_Nai strain H1N2 in 2014 

 Dong Nai H1N2 strains in 2015 

 A/swine/Binh Doung/02-16/2010 (H1N2) 

 A/Malaysia/32110/2005(H1N1) @2005-07-29 

 A/Malaysia/34291/2006(H1N1) @2006-04-14 

 A/Taiwan/10393/2005(H1N1) @2005-12-28 

 A/Taiwan/N86/2006(H1N1) @2006-01-09 

 A/Taiwan/192/2006(H1N1) @2006-06-30 

 A/Taiwan/0586/2006(H1N1) @2006-02-14 

 A/New Jersey/09/2007(H1N1) @2007-01-23 

 A/Taiwan/2823/2008(H1N1) @2008-09-19 

 A/Taiwan/5505/2006(H1N1) @2006-01-04 

 A/HoChiMinh/HCM639/2006(H1N1) @2006-06-13 

 A/TayNguyen/TN158/2006(H1N1) @2006-07-05 

 A/HoChiMinh/HCM554/2006(H1N1) @2006-05-31 

 A/HaNoi/Q555/2006(H1N1) @2006-08-02 

 A/Taiwan/2900/2006(H1N1) @2006-01-13 

 A/Philippines/WRAIR1736P/2006(H1N1) @2006-01-01 

 A/Solomon Islands/3/2006(H1N1) @2006-08-21 

 A/Malaysia/1652509/2006(H1N1) @2006-09-27 

 A/Malaysia/1706215/2007(H1N1) @2007-01-05 

 A/Malaysia/35405/2006(H1N1) @2006-10-05 
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H1 α 

 Tien Giang H1N2 strains in 2012 

 A/swine/Guangxi/2887/2011_(H1N2)_2011-10-09 

 A/swine/Guangxi/2891/2011_(H1N2)_2011-10-09 

 Dong Nai H1N2 strains in 2013 

 Dong Nai strains in 2015 

 Tien Giang H1N2 strains in 2014 

 A/swine/Guangxi/NS2777/2010_(H1N2)_2010-11-07 

 Ba Ria Vung Tau H1N2 strains in 2015 

 Tien Giang H1N2 strains in 2015 

 A/swine/Guangxi/2821/2011_(H1N2)_2011-09-24 

 A/swine/Guangxi/2823/2011_(H1N2)_2011-09-24 

 A/swine/Guangxi/3075/2011_(H1N2)_2011-10-23 

 Dong Nai H1N2 strains in 2011 

 Tien Giang H1N2 strains in 2011 

 A/swine/Hong_Kong/NS623/2002_(H1N2)_2002-07-09 

 A/swine/Hong_Kong/NS30/2004_(H1N2)_2004-01-06 

 A/swine/Guangxi/17/2005_(H1N2)*_2005-07-01 

 A/swine/Hong_Kong/729/2005_(H1N2)_2005-05-26 

 A/swine/Hong_Kong/562/2005_(H1N2)_2005-04-15 

 A/swine/Hong_Kong/1111/2004_(H1N2)_2004-08-12 

 A/swine/Hong_Kong/1578/2003_(H1N2)_2003-11-10 

 A/swine/Minnesota/1192/2001_(H1N2)*_2001-7-01 

 A/Swine/Indiana/9K035/99**__(H1N2)_1999-11-25 

 A/SW/MN/23124-S/01_(H1N2)*_2001-07-01 

 A/SW/MN/23124-T/01_(H1N2)*_2001-07-01 

 A/Swine/Ohio/891/01_(H1N2)*_2001-07-01 

 A/swine/North_Carolina/38767/2003_(H1N1)*_2003-07-01 

 A/swine/North_Carolina/43110/2003_(H1N1)*_2003-07-01 

 A/swine/North_Carolina/44888/2003_(H1)*_2003-07-01 

 A/swine/North_Carolina/28126/2003_(H1N1)*_2003-07-01 

 A/swine/North_Carolina/SG1170/2003_(H1N1)_2003-02-04 

 A/swine/North_Carolina/12866/2003_(H1)*_2003-07-01 

 A/swine/North_Carolina/12869/2003_(H1N1)*_2003-07-01 

 A/Swine/Indiana/P12439/00*__(H1N2)_2000-07-01 

 A/Turkey/MO/24093/99_(H1N2)*_1999-07-01 
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Around 2006 

Genetic characterization of the IAV-S in Vietnam 
Phylogenetic trees of H1 genes 



A(H1N1)pdm09 virus

Cal04 VN strain  '01~'07  '07~'08  '09~'10

A(H1N1)pdm09 virus

 '09~  vaccine strain 2560 <10 20 20 20

VN swine pdm09 virus (2010) 2560 <10 <10 <10 <10

Pre-pandemic human-lineage virus

VN H1N2 (2010) <10 1280 160 40 20

VN H1N2 (2012) <10 320 <10 20 10

 '01~'07  vaccine strain <10 160 80 20 80

 '07~'08 vaccine strain <10 320 40 320 160

 '09~'10 vaccine strain <10 80 <10 40 160

Classical  H1 IAV-S

VN  H1N2 (2011) 640 10 <10 <10 <10

VN  H1N2 (2011) 640 20 20 20 20

VN  H1N2 (2012) 640 <10 <10 10 <10

† Homologous HI titers are indicated in bold and underlined.

HI titers of sera from pigs and chikens infected with†

Pre-pandemic human-lineage virusVirus

Antigenic analysis of Vietnamese H1 IAV-S 



Triple reassortant H3 (Cluster IV) 

Phylogenetic trees of H3 genes 

Seasonal human-like H3 

Around 2005 

 Dong Nai H3N2 strains in 2012-2015 

 A/swine/Hong_Kong/2503/2011(H3N2) 

 A/swine/Hong_Kong/NS2439/2011 (H3N2) 

 A/swine/Guangxi/NS2783/2010 (H3N2) 

 A/swine/Guangxi/NS3086/2011 (H3N2) 

 A/swine/Guangxi/NS3106/2011 (H3N2) 

 A/swine/Guangxi/NS3108/2011 (H3N2) 

 A/swine/Guangxi/2803/2011 (H3N2) 

  

 Tien Giang H3N2 strains in 2012 
 Swine Hong Kong strains 

 Dong Nai H3N2 strains in 2015 

 Ho Chi Minh H3N2 strains in 2011 
 A/swine/Binh_Duong/03-14/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-10/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-13/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-06/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-09/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-08/2010_(H3N2)_2010-03-01 
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A/New_York/359/20052005-01-17 

2005~ 

 A/swine/Manitoba/SG1431/2008(H3N2)_2008-06-17 

 A/swine/Manitoba/SG1432/2008(H3N2)_2008-06-17 

 A/swine/Korea/PL01/2012(H3N2)_2012-04-23 

 Bac Ninh H3N2 strains in 2012 

 Bac Ninh H3N2 strains in 2012 

 A/swine/Hanoi/422/2013(H3N2)2013-08-13 

 A/swine/Hanoi/415/2013(H3N2)2013-08-13 

 Bac Ninh H3N2 strains in 2013-2015 

 North American TR strains in 2009-2012 

 North American TR strains in 2005-2009 

 Norrth American TR strains in 2004-2007 

 A/swine/QC/2108-2/2009(H3N2)_2009-04-03 

 A/swine/North_Carolina/A01202766/2011(H3N2)_2011-10-20 

 A/swine/Virginia/A01203436/2012(H3N2)_2012-04-16 
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Genetic characterization of the IAV-S in Vietnam 



Triple reassortant

VN strain  '96~'98  '98~'00  '00~'04  '06~'08  '10~'12  '11~'14 VN strain

Seasonal human-lineage virus

VN  H3N2 (2010) 2560 20 <10 40 320 320 320 640

VN  H3N2 (2011) 160 <10 <10 <10 40 80 160 NT

VN  H3N2 (2012) 160 <10 <10 <10 20 40 40 NT

 '96~'98  vaccine strain <10 320 160 20 <10 <10 <10 NT

 '98~'00  vaccine strain <10 320 2560 1280 160 160 80 NT

 '00~'04  vaccine strain <10 10 160 1280 80 10 <10 NT

 '06~'08  vaccine strain <10 40 80 80 1280 320 640 NT

 '10~'12  vaccine strain <10 <10 <10 <10 160 1280 1280 NT

 '11~'14  vaccine strain 10 <10 <10 10 40 320 640 NT

Triple reassortant IAV-S

VN  H3N2 (2012) <10 <10 <10 <10 <10 <10 <10 5120

† Homologous HI titers are indicated in bold and underlined.

Seasonal human-lineage virus

HI titers of sera from chikens and ferrets infected with†

Virus

Antigenic analysis of Vietnamese H3 IAV-S 



Sero-surveillance of IAV-S 
in Vietnam 



Serum 
• 943 sera (Hanoi) 
• 2-91 years old (Ave. 33) 
• 2011 and 2012 

 
Antigens 
① A novel reassortant H3N2 IAV-S in Vietnam 
A/swine/Bing Duong/03—9/2010 (H3N2) 
•  HA and NA genes from a human H3N2 virus 

circulating around 2005.  
•  Internal genes from ‘Triple reassortant’IAV-

S circulating mainly in North America. 
② Human seasonal vaccine strain  
A/Perth/16/2009 (H3N2) 

Sero-surveillance in Vietnamese people using HI test 

(Collaboration with Dr. Juliet Bryant 
from Oxford Univ.) 

Risk for pig-to-human 
infection with IAV-S in 
Vietnam? 
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(Hoa et al. Epiemiol. Infect. 2015) 

Children may have a higher risk of  
being infected with Vietnamese IAV-S 

Antigen:  
         VN IAV-S 
         Human vaccine strain        
         A/Perth/16/2009 (H3N2) 



• Less than 15 
years 
old(unspecified) 

• Respiratory 
disease 

• Hospitalization 

Report: Human infection with IAV-S 
in Vietnam  

A/Ho Chi Minh/459.6/2010 (H3N2) 

• Less than 15 
years 
old(unspecified) 

• Respiratory 
disease 

• Hospitalization 

 Dong Nai H3N2 strains in 2012-2015 

 A/swine/Hong_Kong/2503/2011(H3N2) 
 A/swine/Hong_Kong/NS2439/2011 (H3N2) 

 A/swine/Guangxi/NS2783/2010 (H3N2) 
 A/swine/Guangxi/NS3086/2011 (H3N2) 

 A/swine/Guangxi/NS3106/2011 (H3N2) 
 A/swine/Guangxi/NS3108/2011 (H3N2) 

 A/swine/Guangxi/2803/2011 (H3N2) 

  
 Tien Giang H3N2 strains in 2012 
 Swine Hong Kong strains 

 Dong Nai H3N2 strains in 2015 
 Ho Chi Minh H3N2 strains in 2011 

 A/swine/Binh_Duong/03-14/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-10/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-13/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-06/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-09/2010_(H3N2)_2010-03-01 
 A/swine/Binh_Duong/03-08/2010_(H3N2)_2010-03-01 

10 

A/New_York/359/20052005-01-17 

Seasonal human 

A/H3N2 

(Tran DN et al, J Med Virol., 2015) 



•  Five distinct lineages of IAV-S have been co-
circulating in Vietnamese pig population. 

 

•  Antigenicity of H1 HA proteins of pre-pandemic 
human-like and classical lineages differs from the 
contemporary human seasonal strains. 

 

•  Antigenicity of H3 HA proteins of seasonal 
human and triple reassortant lineages differs 
from the contemporary human seasonal strains. 

 

•  Pig to human infection with IAV-S was evident in 
Vietnam.  

Summary of Vietnamese IAV-S 
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