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1. Identification of HPAI H5N1 epi-zones in Asia 
2. Epi-zone approach for surveillance and control 
3. Laboratory requirement for effective surveillance  



What is “Epi-zone”? 
• Regions that shares closely related viruses and 

common epidemiological features, risk factors 

• Determinants  
– Virus character 

– Geographical location 

– Movement of birds 

– The others 

 

 



India 
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Nepal 

Myanmar 

VN-A 
A/Hubei/1/2010-like 

VN-B 
A/BS-like 

VN-C 
A/HK/6841-like 

Nepal 
India  
Bangladesh 
Myanmar 

Nepal  
Mongolia  
Tyva, Korea, Japan 

 A/chicken/Nepal/A135/2010 
 A/duck/Nepal/DTS24/2010 
 A/chicken/Nepal/2-53/2010 

 A/chicken/Nepal/81/2010 
 A/chicken/Nepal/5-1cl/2010 
 A/chicken/Nepal/115/2010 

 A/chicken/Nepal/111/2010 
 A/chicken/Nepal/105/2010 

 A/grebe/Tyva/2/2010 
 A/whooper swan/Mongolia/1/2010 

 A/bean goose/Tyva/10/2009 
 A/common goldeneye/Mongolia/X59/2009 

 A/great crested grebe/Tyva/22/2010 
 A/bar-headed goose/Mongolia/X25/2009 

 A/duck/Fukushima/2/2011 
 A/whooper swan/Hokkaido/3/2011 
 A/mandarin duck/Korea/K10-480/2010 

 A/peregrine falcon/Tochigi/15/2011 
 A/duck/Lao/463/2010 
 A/environment/Chang Sha/1/2009 

 A/Hong Kong/6841/2010 
 VN12(08/15) A/xx/VN/QuangTri(HaiLang)R3-456(A1928)/2012 

 VN12(09/17) A/dk/VN/BacNinh(TPBachNinh)/NCVD120752(A1954)/2012 
 VN12(08/27) A/dk/VN/TuyenQuang(SonDuong)/NCVD120693(A1837) 

 VN12(07/15) A/dk/VN/QuangBinh(LeThuy)/R3-724(A1589)/2012 2-3-2-1-C 
 VN12(07/31) A/dk/VN/NgheAn(TPVinh)/R3-846(A1651)/2012 
 VN12(09/11) A/dk/VN/PhuTho(LamThao)/NCVD120736(A1919)/2012 2-3-2-1-C 

 VN12(07/12) A/dk/VN/NinhBinh(GiaVien)/NCVD120540(A1544)/2012 2-3-2-1-C 
 VN12(08/04) A/dk/VN/QuangTri(TrieuPhong)/R3-888(A1667)/2012 2-3-2-1-C 

 A/black-headed gull/Tyva/115/2009 
 A/great crested-grebe/Qinghai/1/2009 

 A/great cormorant/Qinghai/1/2009 
 A/brown-headed gull/Qinghai/1/2009 

 A/great black-headed gull/Qinghai/6/2009 
 A/brown-headed gull/Qinghai/2/2009 

 A/great black-headed gull/Qinghai/4/2009 
 VN12(02/08) A/dk/VN/HaNam/12073(A1207)/2012 

 VN12(03/09) A/ck/BacNinh(TienDu)/NCVD-A1378/2012 
 A/Hubei/1/2010 

 VN11(07) A/ck/VN/QuangNgai/R4-11-61(A1034)/2011 2-3-2-A 
 VN11(08) A/ck/VN/QuangNgai/R4-11-75(A1037)/2011 2-3-2-A 
 VN12(02) A/dk/VN/QuangTri(HaiLang)/R3-190(A1221)/2012 

 VN11(04) A/mdk/VN/HaNoi(BaVi)/NCVD110266(A872)/2011 2-3-2 
 VN11(01) A/ck/VN/HaNoi(ChingMy)/NCVD110033(A675)-007/2011 

 VN11(05) A/ck/VN/LangSon(BacSon)/R2-11028(A1059)/2011 2-3-2-A 
 VN12(02) A/dk/VN/HaiPhong/R2-12-464-1(A1294)/2012 

 VN12(02) A/dk/VN/QuangNinh/R2-12-431-1(A1286)/2012 
 VN12(03/02) A/ck/VN/NgheAn(NamDan)/R3-327(A1487)/2012 

 VN11(08) A/dk/NgheAn/R3-4314(A1030)/2011 2-3-2-A 
 VN12(02) A/dk/VN/HaiPhong(TienLang)/R2-382/2012 

 VN12(02/10) A/ck/VN/BacGiang/12076(A1223)/2012 
 MM10 A/ck/Myanmar/Yinmarpin/295/2010 

 MM11 A/ck/Myanmar/Sittwe/084/2011 
 MM11 A/ck/Myanmar/Tanze/329/2011 

 A/chicken/Nepal/PT-1/12 | 2011-12-21 
 A/chicken/Nepal/T1P/12 | 2012-01-27 

 A/chicken/Nepal/T9-BH/11 | 2011-11-11 
 A/duck/Nepal/5.TZoo/11 | 2011-11-07 

 A/chicken/Bangladesh/11rs1984-40/2011 
 A/crow/Bangladesh/11rs1984-12/2011 

 A/chicken/India/CA0303/2011 
 A/chicken/India/TR0383/2011 
 A/chicken/India/CL03485/2011 

 A/chicken/India/CA0302/2011 
 A/chicken/Bangladesh/11rs1984-17/2011 

 A/chicken/Bangladesh/11rs1984-22/2011 
 A/chicken/Bangladesh/11rs1984-43/2011 

 A/chicken/Bangladesh/11rs1984-19/2011 
 A/duck/India/02AF1/2011 

 A/chicken/Hunan/3/2007 
 A/chicken/Laos/LPQ001/2008 

 A/chicken/Hunan/8/2008 
 A/whooper swan/Aomori/2/2008 

 A/whooper swan/Hokkaido/1/2008 
 A/chicken/Primorje/1/2008 

 A/chicken/Korea/Gimje/2008 
 A/duck/Korea/NSQ263/2008 

 A/red-billed starling/Hong Kong/4925/2007 
 A/magpie robin/Hong Kong/1097/2008 

 A/crested myna/Hong Kong/1178/2009 
 A/house crow/Hong Kong/7677/2008 
 A/large billed crow/Hong Kong/885/2009 

 A/grey heron/Hong Kong/1046/2008 
 A/grey heron/Hong Kong/779/2009 

 A/Guangxi/1/2009 
 A/feral pigeon/Hong Kong/3409/2009 

 A/oriental magpie robin/Hong Kong/9298/2009 
 HVRI H5N1 vaccine Re-6 

 VN11(07) A/XX/VN/PhuTho(HaHoa)/NCVD110461(A927)/2011 2-3-2-B 
 VN11(08) A/dk/VN/NgheAn/R3-3221(A1025)/2011 2-3-2-B 

 VN11(02) A/dk/VN/NamDinh/NCVD110072(A672)-004/2011 2-3-2-B 
 VN11(05) A/md/VN/ThaiBinh(DongHung)/R2-A95-1(A1054)/2011 2-3-2-B 

 VN12(08/25) A/dk/VN/NamDinh(VuBan)/NCVD120688(A1792)/2012 
 VN12(02/03) A/dk/VN/BacKan/12053(A1185)/2012 
 VN12(02/17) A/ck/VN/BacNinh/NCVD120107(A1254)/2012 

 A/pika/Qinghai/GRL/2007 
 A/chicken/Viet Nam/10/2005 

 VN05(12) A/Owstons civet/Vietnam/1/2005 
 A/duck/Hunan/1265/2005 

0.005 

Phylogenetic 

relationship of 

H5N1 clade 2.3.2.1 

viruses in Asia 

2010-2012 

(based on HA1) 
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1.1 

2.1.3.2 

2.3.4 

2.3.2.1 

2.2 

H5N1 outbreaks in Asia 2011-12 

*Officially reported cases only (Empres-i Asia) 

Total of 2084 outbreaks reported 

6 clades of H5N1 virus detected  

3 hot spots in 2012                        
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H5N1 outbreaks in Asia 2011-12 
HA clade distribution by country 
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.2 X 

2.3.4 X X X 

2.3.2.1 X X X X X X X X X X X X 

Clade 2.3.2.1 virus detected in 12 of 14 countries 
Clade 2.3.4 still circulating in South Asia 
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.2 

2.3.4 X X X 

2.3.2.1 

A X X 

B X X X 

C X X 

D X X X X 

E X X X X X 

B 

C 

D 

E 

A 

5 clusters of clade 2.3.2.1 virus 
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.3.4 X X X 

2.3.2.1 

A X X X 

B X X X 

C X X 

D X X X X 

E X X X X X 

Epi-zone 5 
Indonesia 

5 



Clade 2.1.3 viruses in Indonesia 

2.1.3.2 

Recent 

viruses 

•  2.1 virus now only found in Indonesia. 
•  Evolving. 
•  No new introduction since 2004  
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.3.4 X X X 

2.3.2.1 

A X X X 

B X X X 

C X X 

D X X X X 

E X X X X X 

Epi-zone 4 
Cambodia, Vietnam (South) 

4 



Clade 1 H5N1 viruses 1996-2012 

• Clade 1 H5N1 virus was prevalent in south China early 2000s. 

• It was introduced to Indochina in 2003, and has caused a severe 
epidemic during 2003-05 in Vietnam, Laos, Cambodia, Thailand. 

• Now (2009-2012) it is confined to lower Mekong delta region i.e. 
south Vietnam and Cambodia. 

Countries 
Year 

1996 -2002 
20 
03 

20 
04 

20 
05 

20 
06 

20 
07 

20 
08 

20 
09 

20 
10 

20 
11 

20 
12 

China 

Vietnam (North) 

Laos 

Vietnam (South) 

Cambodia 

Thailand 



0.005

Clade 1 H5N1 viruses in Vietnam and Cambodia 

5 

6 
Currently 2 clusters of 
clade 1.1 H5N1 viruses 
are circulating 

Many of evolved viruses 
have died out, which 
implies that the limited 
and localized circulation of 
H5N1 virus in the south 
Vietnam at low season of 
influenza. 
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.3.4 X X X 

2.3.2.1 

A X X X 

B X X X 

C X X 

D X X X X 

E X X X X X 

Epi-zone 1: Japan, Korea, (North China), (Siberia) 
Epi-zone 8: Nepal, Mongolia, (West China), (Siberia) 
Epi-zone 9: Mongolia, (Siberia) 

9 

8 
1 

Activity of viruses in these epi-zones 
seems to be low in 2012 
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7.2 X 

1.1 X X 

2.1.3.2 X 

2.3.4 X X X 

2.3.2.1 

A X X X 

B X X X 

C X X 

D X X X X 

E X X X X X 

Epi-zone 3 
South China, Hong Kong, Vietnam (North), Laos 

3 



India 

Bangladesh 

Nepal 

Myanmar 

VN-A 
A/Hubei/1/2010-like 

VN-B 
A/BS-like 

VN-C 
A/HK/6841-like 

Nepal 
India  
Bangladesh 
Myanmar 

Nepal  
Mongolia  
Tyva, Korea, Japan 

 A/chicken/Nepal/A135/2010 
 A/duck/Nepal/DTS24/2010 
 A/chicken/Nepal/2-53/2010 

 A/chicken/Nepal/81/2010 
 A/chicken/Nepal/5-1cl/2010 
 A/chicken/Nepal/115/2010 

 A/chicken/Nepal/111/2010 
 A/chicken/Nepal/105/2010 

 A/grebe/Tyva/2/2010 
 A/whooper swan/Mongolia/1/2010 

 A/bean goose/Tyva/10/2009 
 A/common goldeneye/Mongolia/X59/2009 

 A/great crested grebe/Tyva/22/2010 
 A/bar-headed goose/Mongolia/X25/2009 

 A/duck/Fukushima/2/2011 
 A/whooper swan/Hokkaido/3/2011 
 A/mandarin duck/Korea/K10-480/2010 

 A/peregrine falcon/Tochigi/15/2011 
 A/duck/Lao/463/2010 
 A/environment/Chang Sha/1/2009 

 A/Hong Kong/6841/2010 
 VN12(08/15) A/xx/VN/QuangTri(HaiLang)R3-456(A1928)/2012 

 VN12(09/17) A/dk/VN/BacNinh(TPBachNinh)/NCVD120752(A1954)/2012 
 VN12(08/27) A/dk/VN/TuyenQuang(SonDuong)/NCVD120693(A1837) 

 VN12(07/15) A/dk/VN/QuangBinh(LeThuy)/R3-724(A1589)/2012 2-3-2-1-C 
 VN12(07/31) A/dk/VN/NgheAn(TPVinh)/R3-846(A1651)/2012 
 VN12(09/11) A/dk/VN/PhuTho(LamThao)/NCVD120736(A1919)/2012 2-3-2-1-C 

 VN12(07/12) A/dk/VN/NinhBinh(GiaVien)/NCVD120540(A1544)/2012 2-3-2-1-C 
 VN12(08/04) A/dk/VN/QuangTri(TrieuPhong)/R3-888(A1667)/2012 2-3-2-1-C 

 A/black-headed gull/Tyva/115/2009 
 A/great crested-grebe/Qinghai/1/2009 

 A/great cormorant/Qinghai/1/2009 
 A/brown-headed gull/Qinghai/1/2009 

 A/great black-headed gull/Qinghai/6/2009 
 A/brown-headed gull/Qinghai/2/2009 

 A/great black-headed gull/Qinghai/4/2009 
 VN12(02/08) A/dk/VN/HaNam/12073(A1207)/2012 

 VN12(03/09) A/ck/BacNinh(TienDu)/NCVD-A1378/2012 
 A/Hubei/1/2010 

 VN11(07) A/ck/VN/QuangNgai/R4-11-61(A1034)/2011 2-3-2-A 
 VN11(08) A/ck/VN/QuangNgai/R4-11-75(A1037)/2011 2-3-2-A 
 VN12(02) A/dk/VN/QuangTri(HaiLang)/R3-190(A1221)/2012 

 VN11(04) A/mdk/VN/HaNoi(BaVi)/NCVD110266(A872)/2011 2-3-2 
 VN11(01) A/ck/VN/HaNoi(ChingMy)/NCVD110033(A675)-007/2011 

 VN11(05) A/ck/VN/LangSon(BacSon)/R2-11028(A1059)/2011 2-3-2-A 
 VN12(02) A/dk/VN/HaiPhong/R2-12-464-1(A1294)/2012 

 VN12(02) A/dk/VN/QuangNinh/R2-12-431-1(A1286)/2012 
 VN12(03/02) A/ck/VN/NgheAn(NamDan)/R3-327(A1487)/2012 

 VN11(08) A/dk/NgheAn/R3-4314(A1030)/2011 2-3-2-A 
 VN12(02) A/dk/VN/HaiPhong(TienLang)/R2-382/2012 

 VN12(02/10) A/ck/VN/BacGiang/12076(A1223)/2012 
 MM10 A/ck/Myanmar/Yinmarpin/295/2010 

 MM11 A/ck/Myanmar/Sittwe/084/2011 
 MM11 A/ck/Myanmar/Tanze/329/2011 

 A/chicken/Nepal/PT-1/12 | 2011-12-21 
 A/chicken/Nepal/T1P/12 | 2012-01-27 

 A/chicken/Nepal/T9-BH/11 | 2011-11-11 
 A/duck/Nepal/5.TZoo/11 | 2011-11-07 

 A/chicken/Bangladesh/11rs1984-40/2011 
 A/crow/Bangladesh/11rs1984-12/2011 

 A/chicken/India/CA0303/2011 
 A/chicken/India/TR0383/2011 
 A/chicken/India/CL03485/2011 

 A/chicken/India/CA0302/2011 
 A/chicken/Bangladesh/11rs1984-17/2011 

 A/chicken/Bangladesh/11rs1984-22/2011 
 A/chicken/Bangladesh/11rs1984-43/2011 

 A/chicken/Bangladesh/11rs1984-19/2011 
 A/duck/India/02AF1/2011 

 A/chicken/Hunan/3/2007 
 A/chicken/Laos/LPQ001/2008 

 A/chicken/Hunan/8/2008 
 A/whooper swan/Aomori/2/2008 

 A/whooper swan/Hokkaido/1/2008 
 A/chicken/Primorje/1/2008 

 A/chicken/Korea/Gimje/2008 
 A/duck/Korea/NSQ263/2008 

 A/red-billed starling/Hong Kong/4925/2007 
 A/magpie robin/Hong Kong/1097/2008 

 A/crested myna/Hong Kong/1178/2009 
 A/house crow/Hong Kong/7677/2008 
 A/large billed crow/Hong Kong/885/2009 

 A/grey heron/Hong Kong/1046/2008 
 A/grey heron/Hong Kong/779/2009 

 A/Guangxi/1/2009 
 A/feral pigeon/Hong Kong/3409/2009 

 A/oriental magpie robin/Hong Kong/9298/2009 
 HVRI H5N1 vaccine Re-6 

 VN11(07) A/XX/VN/PhuTho(HaHoa)/NCVD110461(A927)/2011 2-3-2-B 
 VN11(08) A/dk/VN/NgheAn/R3-3221(A1025)/2011 2-3-2-B 

 VN11(02) A/dk/VN/NamDinh/NCVD110072(A672)-004/2011 2-3-2-B 
 VN11(05) A/md/VN/ThaiBinh(DongHung)/R2-A95-1(A1054)/2011 2-3-2-B 

 VN12(08/25) A/dk/VN/NamDinh(VuBan)/NCVD120688(A1792)/2012 
 VN12(02/03) A/dk/VN/BacKan/12053(A1185)/2012 
 VN12(02/17) A/ck/VN/BacNinh/NCVD120107(A1254)/2012 

 A/pika/Qinghai/GRL/2007 
 A/chicken/Viet Nam/10/2005 

 VN05(12) A/Owstons civet/Vietnam/1/2005 
 A/duck/Hunan/1265/2005 

0.005 

Phylogenetic 

relationship of 

H5N1 clade 2.3.2.1 

viruses in Asia 

2010-2012 

(based on HA1) 



Clade 2.3.2.1.C = A/HK/6841/2010 

Wild bird/Hong 
Kong/2012 

Clade 2321C is close to  
A/HK/6841/2010 

VN 2321C/2012 

VN 2321C is almost 
identical to  

Wild bird/Hong Kong/2012 



Epi-zone 2 
China 

2 

All 10 HA clade are found in this 
epi-zone during 1996-2012 
 
Epi-center of H5N1 



Epi-zone 6 
Myanmar, South China 

6 

Clade 2-3-4 and 7 were detected in 
the past when those clade were 
prevalent in China; epi-zone 2 
 
Probably the route of virus 
transmission from China to South 
Asia 
 



HA 
Clade 

East South East South 

Jap
an

 

K
o

re
a 

C
h

in
a 

M
o

n
go

lia 

H
o

n
g K

o
n

g 

V
ie

t N
am

 (N
o

rth
) 

V
ie

t N
am

 (So
u

th
) 

Lao
s 

C
am

b
o

d
ia 

In
d

o
n

e
sia 

M
yan

m
ar 

B
an

glad
e

sh
 

In
d

ia 

N
e

p
al 

B
h

u
tan

 

7.2 X 

1.1 X X 

2.1.3.2 X 

2.3.4 X X X 

2.3.2.1 

A X X X 

B X X X 

C X X X 

D X X X X 

E X X X X X 

Epi-zone 7 
Myanmar, Bangladesh, India, Nepal, Bhutan 

7 



Clade 2.3.2.1 in Epi-zone 7 

• Virus of 2011 and 2012 from Bangladesh, India,   
Nepal, Bhutan are mixed up 
• Indicates that frequent virus exchange 
• Where is the epi-center? 

Clade 2321 virus in epi-zone 7 forms distinct 
cluster within 2321, and not directly related with 
those in epi-zone 3  



Clade 2.3.4 in Epi-zone 7 

Myanmar 2011 

Bangladesh 2011 

Myanmar 2012 

Epi-zone 3 2008-2011 



H5N1 Epi-zones in Asia 
9 

1 

2 

3 

4 

5 

6 

7 

8 



Epi-zone approach for H5N1 
surveillance and control 

Vietnam as an example 



Epi-zone approach for HPAI surveillance and control 

• Objectives of the surveillance 

– Identify the risk factors for HPAI virus introduction 
and circulation 

• Regions in the same epi-zone would have the common 
risk factors  

• Control of HPAI 

– Mitigate the risks for virus circulation 

• HPAI surveillance and control should be based on epi-
zone by epi-zone instead of country by country. 

– Need for the cross-border talk  



Change of H5N1 HA clade in Vietnam 2003-2012 

Year 

No. of H5 viruses in HA clade  

0 1 5 

2 

7 
2.3.2 

2.3.2.1 
2.3.4 

A B C 

2003 17 2 

2004 70 

2005 3 73 9 10 

2006 4 

2007 42 103 

2008 7 53 18 

2009 19 3 30 

2010 12 22 18 

2011 23 68 6 

2012 (Jan-Jun) 17 32 10 

2010 (July-Oct) 4 17 5 146 



Change of HA Clade in the North Vietnam during 2008-2011 (Oct) 

Month Jan - Dec Jan - June July - Dec Jan - June July - Dec Jan - Oct 

Year 2008 2009 2010 2011 

Clade 

2-3-4 

Clade 
2-3-2-1 

Clade 

1 

2009 
2010 

Clade 

7 



Change of HA Clade in the North Vietnam during 2011(Nov)-2012 (June) 

Month Nov - Dec Jan - Feb March - May June 

Year 2011 2012 

Clade 
2321B 

Clade 
2321A 

Clade 

1 



Emergence of a 
new cluster 

2.3.2.1.C and  

its quick and wide 
spread in July – 
August 2012 

August 2012 July 2012 

Clade 

2321B 

Clade 

2321A 

Clade 

1 

Clade 

2321C 



H5N1 Virus Circulation and Incursion in the north Vietnam  

Frequent incursions of 
H5N1 viruses into the 
north Vietnam 

The introduced virus 
spread and circulate 
locally resulting in the 
small local epidemic, but 
eventually dies out.   



H5N1 Virus Circulation and Incursion in the south Vietnam  

Clade 1 virus introduced in 
2004 has kept circulating 
in the lower Mekong Delta. 
Incursion of H5N1 virus to 
this area is a rare event. 

Clade 1 virus keeps 
circulating and evolving  in 
the south Vietnam  



Zonal approach for HPAI H5N1 surveillance and 
control in Vietnam (personal view) 

North 
(Epi-zone 3) 

South 
(Epi-zone 4) 

Virus in circulation Changing 
Currently 2321A, B, and C 
Old viruses died out 

Clade 1 has kept circulating 
since its first introduction in 
2003 

Virus incursion Frequent Rare 

Virus persistence Duck Duck 

Chance of control / 
eradication 

Yes 
If new incursion can be 
stopped 

Yes 
Once eradicated, virus 
incursion is rare 

Surveillance Hot provinces on the route 
of virus incursion 

Extensive surveillance at low 
season 

Control methods Stamp out H5 positive 
flocks at hot provinces 
Use of DEV-H5 vaccine 

Stamp out H5 positive flocks at 
low season 
Use of DEV-H5 vaccine? 



Possible routes for frequent virus incursions 
5 provinces where all A, B, and C were detected 

No. 
Province 

Clade virus 

2.3.2.1A 2.3.2.1B 2.3.2.1C Total 

1 Son La   1 2 3 

2 Thai Nguyen 3 2 4 9 

3 Tuyen Quang     3 3 

4 Lang Son 1   3 4 

5 Bac Kan  1 1 2 3 

6 Dien Bien 1     1 

7 Bac Ninh 2 2 8 12 

8 Bac Giang 3     3 

9 Ha Nam 3   3 6 

10 Ha Noi 5     5 

11 Hai Duong 3     3 

12 Hai Phong 8   2 10 

13 Nam Dinh 2   10 12 

14 Ninh Binh 1 1 10 12 

15 Phu Tho     2 2 

16 Quang Ninh 4 1   5 

17 Thanh Hoa 1   1 2 

18 Ha Tinh     2 2 

19 Nghe An 5 2 5 12 

20 Quang Binh     11 11 

21 Quang Nam 1     1 

22 Quang Ngai      3 3 

23 Quang Tri 4   4 8 

Total 48 10 75 133 



Cross-Border Talk  
Epi-zone 4: Vietnam and Cambodia 

• Harmonization of HPAI surveillance and control 

– Strategy, methods, and implementation 

– Lots of challenges; different system, capacity, budget, etc.  



• Targets 
– Quick (within 24 hours after receipt of samples) 
– Accurate (sensitive and specific) 
– Cheap (low running cost) 
– Easy (to perform, to monitor the performance quality) 
– High throughputs  
 
 
 

• Real-time RT-PCR 
– One SOP at all animal health laboratories 
– Use of several sets of primers for one target virus 
– QA 

• Virus isolation 
• Virus genetic characterization capacity 

 
 

 

Laboratory requirements for effective surveillance 



Capacity to update primers and probes for qRT-PCR 

• Validate with local isolates 
– Efficiency  and sensitivity (Fig 1) 
– May need modification as the virus continues to evolve (Fig 2) 
– Requires panel of RNA/DNA for specificity tests 
– Requires capacity to monitor mutations at primer regions 

 

Fig 1 Efficiency test for H5N1 viruses 2011 Fig 2 Mutation detected at probe position 



DNA sequencing without your own sequencer 

• Needs 
– Strain differentiation for molecular epidemiology 

• Influenza A (HA1), PRRS (ORF5), CSF (E2), etc. 

– Monitoring of mutations at primer positions 
• Influenza A (HA2), PRRS (NSP2) 

• Requirements 
– Cheap, accurate, quick , and sustainable 
 
 
 
 

• Use of commercial sequencing service  
– Prepare PCR products with sequencing primers 

• All sequencing primers are tagged with M13 universal primers, so that one primer 
can be used for sequencing of any genes of any viruses at a time 

– Send PCR products to commercial sequencing service 
• Purification and direct sequencing of PCR products with M13 primers 

– Receive results within 3-4 days after shipment 
– Advantages 

• Good quality sequencing 
– Usually >800bases of >QV20  

• Cheaper than sequencing on your own 
– USD3-6 per reaction including purification, free shipping for >20 reactions 

• No maintenance cost of sequencer 
 

 

 



Vaccine efficacy for 2321 viruses 



H5N1 vaccines used in Vietnam 

• Re-1:  
– clade 0  
– Strain: A/goose/Guangdong/1/1996 
– Used 2006-2010 

• Re-5:  
– clade 2.3.4  
– Strain: A/duck/Anhui/1/2006 
– Used in 2011-12 mainly in the south 

• Re-6:  
– Clade 2.3.2.1 
– Strain name: unknown 
– Maybe used in 2012- in the north 
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Difference in antigenicity among H5N1 viruses of 
different clades and sub-clades 

HI antigen HI antibody titer (log2) of pooled anti-sera to 

HA clade H5 virus 
Re-1 

(clade 0) 
Re-5 

(clade 2.3.4) 
Re-6 

(clade 2.3.2) 

1.1 
A881/2010 7 6 3 

A1192/2012 8 7 3 

2-3-2-1-A 
A675/2011 7 5 7 

A1207/2012 7 5 7 

2-3-2-1-B 
A672/2011 3 4 8 

A1163/2012 2 3 7 

2-3-2-1-C 
A1544/2012 5 5 8 

A1648/2012 5 5 8 



Summary outcome of vaccine efficacy test in chicken 

Challenge 
virus 

(HA clade) 

Mortality after challenge  
of chickens vaccinated twice with; 

Re-1 
(clade 0) 

Re-5 
(clade 2.3.4) 

Re-6 
(clade 2.3.2.1) 

1.1 0% 0-10% 50% 

2.3.2.1.A 0% 0% 0% 

2.3.2.1.B 50% 70-90% 0% 

2.3.2.1.C ND ND 0% 

ND; not done 



NEWS 



Indonesia says it has found more virulent bird flu strain  

Indonesia has identified the bird flu virus that killed hundreds of thousands of ducks in recent weeks as a more virulent type which is new to the country, 

according to a letter seen on Tuesday. -- PHOTO: RAHIM ESA  

 

JAKARTA— (AFP) Indonesia has identified the bird flu virus that killed hundreds 

of thousands of ducks in recent weeks as a more virulent type that is new to the 

country, according to a letter seen Tuesday.  

“We found a highly pathogenic avian influenza sub-type H5N1 (virus) with clade 

2.3…,” the agriculture ministry’s veterinary chief Syukur Iwantoro said in the 

letter obtained by AFP.  

“This clade is a new clade found for the first time in Indonesia, that is very 

different to the avian influenza found before, which is clade 2.1.”  



Thoughts on 
Why clade 2321 virus are expanding? 



HA clade 2-3-2-1 virus crossed the borders of South, 
Southeast, and East Asia in 2009-11 

Clade 2-3-4 could not, but 2-3-2-1 can, Why? 

2-3-4 

Clade 2-3-4 was the major clade in China during 2006-

2009, but did not spread to South nor East Asia 

Clade 2-3-2 has expanded to South & East Asia and 

Europe during 2009-20011. Who is carrying the virus? 

Romania 

Bulgaria 

2-3-2-1 



Question: Would the molecular changes in HA gene allow a virus 
possessing subtype H5 HA to be transmissible among mammals? 
 
Result: We identified a reassortant H5 HA/H1N1 virus (comprising 
H5 HA with four mutations and the remaining seven gene segments 
from a 2009 pandemic H1N1 virus) that was capable of droplet 
transmission in a ferret model. The transmissible H5 reassortant 
virus preferentially recognized human-type receptors, replicated 
efficiently in ferrets, caused lung lesions and weight loss, but was 
not highly pathogenic and did not cause mortality.  
 
Discussion: These results indicate that H5 HA can convert to an HA 
that supports efficient viral transmission in mammals; however, we 
do not know whether the four mutations in the H5 HA identified 
here would render a wholly avian H5N1 virus transmissible. 

(from Kawaoka’s paper) 

Four mutations on H5 gene 
enabled reassortant H5 

HA/H1N1 virus to be 
capable of droplet 

transmission in ferrets.  

4 mutations 



How many of HPAI H5N1 viruses 1996-2011 has  
those 4 mutations in HA gene? 

•2978 HA sequences from public database 
that covers viruses from 1996 till early 
2011 were examined for the presence of 
4 mutations that were mentioned in 
Kawaoka’s paper. 
 

•Mutation 1: N158D  
•780 of 2978 (26%) had this mutation. 

•Mutation 2: N224K 
•1 out of 2978 

•Mutation 3: Q226L 
•None of 2978 

•Mutation 4: T318I 
•1 out of 2978 
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Mutation N158D was found in 
 
•  Clade 0:  14/120 (12%) 
•  Clade 2.2.X 679/1015 (67%) 

•  2.2     337/539 (63%) 
•  2.2.1     301/380 (79%) 
•  2.2.2.1     41/96 (43%) 

•  Clade 2.3.2.1 73/86 (85%) 
•  The other clades: almost none 
 

Mutaion N158D was found 
mainly in clade 2.2.X and 
2.3.2.1.  
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Mutation N158D was found in 26% of HPAI H5N1 viruses  
Which HA clades of H5 viruses have “mutation N158D”? 



N158D mutation was found mainly in clade 2.2 and 2.3.2.1 viruses 
  

What are the common feature of clade 2.2 and 2.3.2.1 in 
comparison with the other clade? 

             Clade 2.2                                 Clade 2.3.2.1 
 

Both clade 2.2 and  2.3.2.1 has expanded widely across the regions while 

the other clades did not. 



What are the effect of “mutation N158D” on H5 viruses? 

• The figure (left) shows the effect of 
heat treatment (50C, for 0-240min) 
on the infectivity and HA activity of 
viruses with various combination of 4 
mutations. 

 

• The viruses with N158D mutation are 
shown to have higher heat stability 
than the ones without this mutation. 

Compare these two viruses 

Without N158D 

With N158D 

(from Kawaoka’s paper) 



One example 
HA clade 2-3-2-1 virus crossed the borders of South, 

Southeast, and East Asia in 2009-11 
Clade 2-3-4 could not, but 2-3-2-1 can, Why? 

2-3-4 

Clade 2-3-4 was the major clade in China during 2006-

2009, but did not spread to South nor East Asia 

Clade 2-3-2 has expanded to South & East Asia and 

Europe during 2009-20011. Who is carrying the virus? 

Romania 

Bulgaria 

2-3-2-1 

N158D mutation: NO (1/463)     N158D mutation: Yes (73/86)  



One more example 
Even within Clade 2.3.2 viruses 

2003-2006 
N158D mutation found in 

3/66 viruses 

5% 

2007-2008 
N158D mutation found in 

30/40 viruses 

75% 

2009-2011 
N158D mutation found in 

42/43 viruses 

98% 



Summary 

• Nine epi-zones were identified based on virus 
character, geographical location, and the 
movement of birds. 

• HPAI surveillance and control should be based 
on epi-zone by epi-zone instead of country by 
country. 

• More coordination and cooperation needed 
among countries  

 

 



Thank you 



Essential Elements for Surveillance of 

Avian Influenza at the Domestic 

Poultry/Wild Bird Interface 

David E. Swayne 

Southeast Poultry Research 
Laboratory 

Agricultural Research Service 
U.S. Department of Agriculture 

Athens, Georgia 
 



Swayne, D.E. Epidemiology of Avian Influenza in Agricultural and Other 

Man-Made Systems. In: Avian Influenza. Wylie-Blackwell 

(www.blackwellpublishing.com), 2008.   

Issue: Eradication of infection 

from a country’s poultry 



1. Where is the virus? 

2. Using scientific principles to design 

sampling and select test methods to answer 

the question 

a. Ecology/epidemiology 

b. Host species 

c. Agricultural production systems 

d. Geographic distribution 

3. Resulting information is used to develop 

control/eradication strategy 

4. Continual assessment 

Surveillance 



LPAIV Ecology and Epidemiology 

LPAIV 

(H1-16) 

LPAIV 

(H1-13) 

Exposure 

HPAIV  

(H5/H7) 
HA 

Mutation 

• Outdoor rearing 

• Outdoor access 

• Wild bird access 

to buildings 

•Environmental 

exposure 

 
Adaptation 

• The vast majority of LPAI viruses in free-living birds never 

enter poultry and agricultural systems  

LPAIV surveillance does 

not prospectively predict 

which LPAIV will cause 

outbreaks in domestic 

poultry but can be used 

retrospectively 



Exposure 

No  

infection 

Infection,  

no clinical 

signs 

Mild  

Disease 

Severe  

Disease 

& Death 

AIV Epidemiology and Pathobiology Concepts 

No 

Exposure 

• Adaptation: progressive viral genetic changes that result in 

increasing efficiencies of replication in a host species 

• Infection: low to high infectivity 

• Pathogenicity ability to produce lesions, disease and/or death 

in a host directly - associated with quantity of virus replication  

• Transmissibility – natural host-to-host spread 

Outcomes: 

• Exposure: 

No Adaptation 

Low Dose 

Inappr. route 

Adaptation 

Inadeq. immunity Access to the virus 



32 HPAI Disease Events 

1. 1959: Scotland, H5N1  

2. 1961: S. Africa, H5N3 

3. 1963: England, H7N3 

4. 1966: Canada, H5N9 

5.1975: Australia, H7N7 

6. 1979: Germany, H7N7 

7. 1979: England, H7N7 

8. 1983-84: USA, H5N2 

9. 1983: Ireland, H5N8 

10. 1985: Australia, H7N7 

11. 1991: England, H5N1 

12. 1992: Australia, H7N3 

13. 1994: Australia, H7N3 

§14. 1994-95: Mexico, H5N2 

§15. 1995 & 2004: Pakistan, H7N3 

16. 1997: Australia, H7N4 

17. 1997: Italy, H5N2 

*§18. 1996-2012: Eurasia/Africa, 

H5N1 

 

 

19. 1999-2000: Italy, H7N1 

20. 2002: Chile, H7N3 

21. 2003: Netherlands, H7N7 

22. 2004: USA, H5N2 

23. 2004: Canada, H7N3 

24. 2004, 2006: S. Africa, H5N2 

(ostriches) 

§25. 2005: N. Korea, H7N7 

26. 2007: Canada, H7N3 

27. 2008: England, H7N7 

28. 2009: Spain, H7N7 

29. 2011: S. Africa, H5N2 (Ostriches) 

30. 2012: Chinese Taipei, H5N2 

§ 31. 2012: Mexico, H7N3 

32. 2012: Australia, H7N7 

*Largest epizootic in 50 yrs 

§Vaccine used in the control strategy  



H5N1 HPAIV Ecology and Epidemiology 

LPAIV 

(H1-16) 

LPAIV 

(H1-16) 

Exposure 

HPAIV  

(H5/H7) 
HA 

Mutation 

• Outdoor rearing 

• Outdoor access 

• Wild bird access 

to buildings 

•Environmental 

exposure 

 

Adaptation 

Most   

HPAIV 

Current H5N1 

HPAIV 

Domestic Ducks 

Exposure 

Re-adaptation 

• H5N1 HPAI has different ecology in wild birds than LPAIV 

• Different risks with different agricultural production systems 



Agricultural Production in Asia 
Sectors 1 and 2 – Industrial Sector 

• Concentrated production – high populations; few farms 

but each with large poultry populations 

• Biosecurity is usually good and access is controlled  

• Best control of disease and most consistent vaccine 

coverage 



Sector 3 – independent ‘commercial’ but 
not integrated industrial 

• Biosecurity is limited 

• Movement controls and veterinary care 
variable to minimal 

• Major producer system in mainland Asia 

• Re-infections are common place 

• Vaccine coverage inconsistent to poor 

Poultry Production Features 



Sector 4 – Village Poultry 

• Up to 50% of Asian country’s production 

• Lack of movement controls 

• “Syndromic surveillance” 

• Adequate vaccination coverage not achieved 

• Rapid movement of birds to and from LPM 

 

Poultry Production Features 



Sectors 3 & 4 – Large 

populations of Domestic 

Ducks and Geese 

• 1° Outdoor reared 

• Asymptomatic infection 

• Major reservoir and 

biomass issue 

Poultry Production Features 



Role of Wild birds in Asia 

• Recovery H5N1 from dead wild 

aquatic birds (sporadic and epizootic), 

few asymptomatic infections detected 

in surveys 

• Periurban birds (e.g. tree and house 

sparrows, starlings, pigeons…) – can 

be mechanical and at times biovectors 

• The issues for Asia are: 

• Numbers: 20-30 million migratory 

Anseriformes verses 20 billion poultry 

• Sector 3 & 4: a billion households with 

poultry; no vaccination, no movement 

controls, minimal surveillance 

• Find the reservoir in endemic countries? 

• Introduction verses secondary spread 

 

http://www.arthurgrosset.com/europebirds/photos/cygcyg1663.jpg


Wild birds can be infected with H5N1 HPAIV 

But, a virus isolation does not make a 

reservoir (nor the Major Risk)! 

Role wild bird surveillance: 
1. Passive dead bird to find 

incursion in area leading  to 

increased surveillance 

2. Refocus on domestic ducks 

(significant reservoir) in area 

as environmental sentinels 

3. LPM surveillance 

Stallknecht, FAO/OIE, 2006 

H5N1 HPAI control and 

eradication will require 

enhanced surveillance to 

identify the reservoirs and 

sites of action 



What are the high risk activities? 



Wild 

waterfowl 

Sources for Virus  

Sectors 1-3 

Naïve 

Commercial 

Poultry 

Sector 1-3 

Infected 

Commercial 

Poultry 

Village  

Chickens 

Domestic Ducks 

Clothing, shoes 

& equipment 

(Mechanical) 

Periurban

birds 

LPM 



1. Sector 3 & 4 must be part of surveillance 

2. Targeted surveillance: 

a. LPM and epidemiologic linkages of 

suppliers 

b. Domestic duck and geese populations 

c. Vaccinated poultry populations 

d. Enhancements when HPAI detected 

3. Need some movement controls: one-way 

movement 

4. Market chain analysis 

Interface: Wild Birds/Agriculture 



Thank You For You Attention! 


