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Report contains

• Evolution of H5N1 avian influenza viruses 
in China—a whole picture

• What kind of vaccines have been used 
and why?



A/goose/Guangdong/1/96(H5N1)

IVPI=2.1



A/goose/Guangdong/1/96(H5N1)

From 1999-2002, 21 H5N1 
viruses were isolated from 
apparently healthy ducks 
from the five provinces

IVPI>1.2

IVPI=2.1



H5N1 duck viruses

• 21 H5N1 avian influenza viruses were 
isolated from healthy ducks during routine 
surveillance  

• All of the isolates are highly pathogenic for 
chickens according to the OIE standard 
( IVPI>1.2)

• Their replication and lethality were tested in 
mice



Pathogenicity of H5N1 duck virus in mice 1

Viruses Virus replication in organs (log EID50 /ml) MLD50
(log EID50 )Lung Spleen Kidney Brain

GSGD/1/96 - - - - >6.5

DKGX/07/99 - - - - >6.5

DKFJ/19/00 - - - - >6.5

DKGD/12/00 - - - - >6.5

DKZJ/11/00 - - - - >6.5

DKZJ/52/00 - - - - >6.5

DKGX/22/01 - - - - >6.5

DKGD/07/00 + - - - >6.5

DKGD/1/01 + - - - >6.5

DKFJ/17/01 + - - - >6.5

DKGX/53/02 + - - - >6.5



Viruses Virus replication in organs (log EID50 /ml) MLD50
(log EID50 )Lung Spleen Kidney Brain

DKGD/40/00 + + - - 6.4

DKGX/50/01 + + - - 6.4

DKSH/13/01 + - - - 5.0

DKSH/38/01 + + - - 5.8

DKSH/8/01 + + + + 4.7

DKGD/22/02 + - - - 4.8

DKSH/37/02 + + - - 5.3

DKGX/35/01 + + + + 1.5

DKSH/35/02 + + + + 2.3

DKFJ01/02 + + + + <0.5

DKFJ/13/02 + + + + <0.5

Pathogenicity of H5N1 duck virus in mice 2



H5N1 
duck 
viruses

Nonpathogenic: could not replicate in mice

pathogenic

Low（MLD50 >106EID50）

middle（ 103EID50 
<MLD50 <

 
106EID50）

High（MLD50 <103EID50）
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Virus pathotype genotype Virus pathotype genotype

GSGD/1/96 non A DKGD/40/00 middle E

DKGX/07/99 non B DKGX/50/01 middle G

DKFJ/19/00 non C DKSH/13/01 middle D

DKGD/12/00 non A DKSH/38/01 middle F

DKZJ/11/00 non A DKSH/8/01 middle A

DKZJ/52/00 non D DKGD/22/02 middle D

DKGX/22/01 non D DKSH/37/02 middle H

DKGD/07/00 low A DKGX/35/01 high D

DKGD/1/01 low D DKSH/35/02 high F

DKFJ/17/01 low D DKFJ01/02 high I

DKGX/53/02 low I DKFJ/13/02 high H

The relationship of genotype 
and the pathotype?



2004 H5N1 outbreaks in 
China
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83% of the 50 outbreaks occurred 
in southern China



Total birds that were affected

• About 150, 000 birds infected
• About 120, 000 birds died
• 7.9 millions were slaughtered 
• 11.34 millions birds were vaccinated 



• Over than 500 samples were sent to the 
reference laboratory for the final confirmation 

• 60 H5N1 avian influenza viruses were isolated 
from chickens, ducks, geese, black swans, 
quails, pigeons and pheasants

• All of the viruses have been fully sequenced

Virus isolations
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H5N1 outbreaks in China 
in 2005



H5N1 outbreaks in China in 2005



Wild bird 
clade

Water 
fowl clade

Xinjiang Clade



Unvaccinated 
small scale free 
ranged backyard 
chickens

Unvaccinated 
waterfowls

Vaccinated 
chickens with 

unqualified 
vaccines
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H5N1 outbreak in wild 
birds in 2006



H5N1 outbreak in wild 
birds in 2006

Antigenic variants were 
detected in northern 

China in 2006



Vaccines

• Inactivated vaccines
H5N2: laboratory adapted natural isolated low 
pathogenic H5N2 virus 
H5N1: artificial generated high growth 
H5N1/PR8 reassortant virus

• Live virus vectored vaccine



H5N2 vaccines is immunogenic 
for chickens
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An ideal vaccine strain should
• Be a low pathogenic strain, safe to the 

environment 
• Be able to grow well in eggs, to ensure 

enough antigen in the vaccine product
• Be well matched antigenically with the 

prevalence viruses
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An ideal vaccine strain should
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environment 
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prevalence viruses



Chen H. et al, PNAS, 2004

(101): 10452-10457
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Molecular modification of the HA 
gene of GD/96 virus

GD/96
 

wildtype
 

HA:
CCT CAA AGA GAG AGA AGA AGA AAA AAG AGA ↓

 
GGA CTA TTT

Pro Glu Arg Glu Arg Arg Arg Lys Lys Arg Gly Leu Phe

Modified HA:
CCT CAA CGA GAG ACG CGA ↓

 
GGA CTA TTT

Pro Glu Arg Glu Thr Arg Gly Leu Phe

↓

 
Site of cleavage of into HA1 and HA2 domains.

Residues that were mutagenized
 

are underlined.

R E T R

R E R R R K K R
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Does this vaccine work for 
waterfowls?
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Vaccine efficacy in geese

Groups Challe 
nged 
time

Virus isolation at different days after challenge

Survival 
/total

Day 3 Day 5 Day 7

Oroph. Cloacal Oroph. Cloacal Oroph. Cloacal

Vaccin 
ated

2 1/5 0/5 4/5 3/5 1/3 2/3 3/5
Control 2 3/5 0/5 5/5 3/5 / / 0/5
Vaccin 

ated
3 0/5 0/5 0/5 0/5 0/5 0/5 5/5

Control 3 0/5 1/5 5/5 3/5 2/2 2/2 0/5



Vaccine efficacy in Ducks

Groups

Challe 
nge 
time 
(wpi)

Virus isolation at different days after challenge

Survival/ 
totalDay 3 Day 5 Day 7

Oroph. Cloacal Oroph.l Cloacal Oroph. Cloacal

Vaccin 
ated

3 0/30 0/30 0/30 0/30 0/30 0/30 30/30

Control 3 13/15 8/15 7/15 5/15 0/2 0/2 2/15
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Vaccinated field geese could be 
completely protected 

Groups

Virus isolation at different days after 
challenge

Survival/ 
totalDay 3 Day 5 Day 7

Oroph. Cloacal Oroph.l Cloacal Oroph. Cloacal

Vaccinateda 0/10 0/10 0/10 0/10 0/10 0/10 10/10

Controlb 9/10 4/10 9/9 3/9 / / 0/10
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Vaccinated field ducks could be 
completely protected 

Groups

Virus isolation at different days after 
challenge

Survival/ 
totalDay 3 Day 5 Day 7

Oroph. Cloacal Oroph.l Cloacal Oroph. Cloacal

Vaccinateda 2/10c 0/10 0/10 0/10 0/10 0/10 10/10

Controlb 10/10 3/10 5/9 1/9 0/9 0/9 9/10



Live virus vectored vaccines

• Recombinant fowlpox vaccine
• Recombinant Newcastle disease vaccine 



Fowlpox virus

HA
NA

Recombinant H5N1 fowlpox virus

H5N1 
AIV

HA NA



A recombinant fowlpox virus vectored vaccine 
is very well immunogenic in chickens

Weeks post 
vaccination

HI antibody
(log2)

AGP 
antibody

Protection

Disea 
se Death

1 3.58 － 0/10 0/10
2 6.82 － 0/10 0/10
3 7.02 － 0/10 0/10
4 6.56 － 0/10 0/10

5-10 6.52 － 0/10 0/10
11-20 5.89 － 0/10 0/10
21-30 4.80 － 0/10 0/10
31-40 3.68 － 0/10 0/10
41-45 2.96 － 0/10 0/10



Newcastle disease virus

• Holding great promise as a vector for 
human emerging infectious disease 
vaccine development

• Very suitable to be a vector for H5 avian 
influenza vaccine development
Will prevent two list A poultry diseases
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Hualan Chen et al, JVI 2006, 80: 5976-5983
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631

HK/156/97
GS/Guangdong/1/96

Viruses that isolated in 
African and European 
countries during 2005-2006



Generation of a recombinant Newcastle 
disease virus with the H5HA gene 
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Biological properties of the rescued 
NDV and recombinant viruses 

Virus MDT
(hrs)

Pathogenicity
in chickens

ICPI IVPI

rLa >120 0.4 0

rLa-H5w >120 0 0

rLa-H5m >120 0 0



Protective efficacy against the highly 
pathogenic NDV challenge 

Vaccines
HI antibody 

titers to 
NDV (log2)

Manifestation of chickens

No. sick/total No. dead/total

rLa 7.3±0.4 0/10 0/10

rLa-H5w 6.6±0.3 0/10 0/10

rLa-H5m 6.8±0.4 0/10 0/10

PBS <1 10/10 10/10



Protective efficacy against highly 
pathogenic H5N1 virus challenge

Challenge 
virus Vaccines HI antibody

titers (log2) 
Survival
/total

GS/GD/96
rLa-H5m 4.2 10/10
rLa-H5w 4.3 10/10
rLa <1 0/10

BHG/QH/05
rLa-H5m 8.8 10/10
rLa-H5w 8.9 10/10
rLa <1 0/10



Virus shedding of chickens on day 3 p.c.
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Does this vaccine work for 
mammalian animals?

• Balb/C mice were vaccinated by intraperitoneal 
injection with two doses of 108EID50 of rLa-H5w in 
a 3 week interval

• Challenged with two HPAIV:
BHG/QH/05 and DK/FJ/02



Virus replication in organs of mice on 
day 3 post challenge 
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Vaccine seed virus generated 
Surface gene 
donor virus

H5N1/PR8 Recombinant 
NDV virus

Recombinant 
fowlpox virus

GS/GD/96 Yes, widely 
used

Yes, widely 
used

Yes, widely 
used

BHG/QH/05 yes yes No

AH/1/05 yes yes No

CK/SX/06 Yes, used in 
limited area

yes pending



50 doses
AI of ND inactivated 
vaccines 

4000 doses
NDV-based recombinant 
vaccine



Summary

• Four major genotype of H5N1 influenza viruses 
were identified in China during 2005-2006.  
Though the viruses showed some degree of 
antigenic variation, the widely used GSGD/96 
virus based vaccine are still effective to three 
groups of the four groups viruses. A Shanxi virus 
based vaccine has been developed and applied 
in the field for the control real antigenic drifted 
viruses.  Therefore, the vaccines used in the 
poultry in China have been very well evaluated 
and targeted, and proved to be effective.
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