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The Market as an Influenza Risk Factor:  

The Animal Human Interface 



Live poultry market in China  

Guan Y, et al, J Infect Dev Ctries 2013  
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Live poultry market in Cambodia  

Horm SV et al, Emerging Microbes & Infections, 2016 



Live poultry markets 

 Source of human infections 

 

 Source of generation of novel avian influenza viruses 



Live poultry markets & human infections with AIVs 

 Exposure history investigation 

 Molecular epidemiology evidences 

 Serological evidences 

 Effects of LPMs closure 



Human infections with avian influenza viruses 



H5Nx 
H7Nx 
H6Nx 
H10Nx 
H9N2 

Subclinical 
Mild 
Severe 
Death 





Gao RB, et al, NEJM,2013 

 4 waves 

 775 confirmed cases 

 316 cases died 





More than 50% human infections with avian influenza viruses 

H5N1(56%) or H7N9 (51%) due to live poultry market visiting   

Hongjie Yu, et al. Lancet, 2013 



Investigation the source of Human infection with H5N1 viruses 

Yuelong Shu, et al. J Virol, 2011 



Q Zhang et al., Science, 2013 

Investigation the source of Human infection with H7N9 



HA: 

99.29-100%  

NA: 

99.36-99.63% 

Q Zhang et al., Science, 2013 

Investigation the source of Human infection with H7N9 



Investigation the source of Human infection with H7N9  

 Yu Chen, et al. Lancet, 2013 



Geographic distribution of H7N9 human infection and H7N9-positive markets in Guangdong 

(a) Human infection with H7N9 in Guangdong. (b) H7N9-positive markets in Guangdong.  

Haojie Zhong., et al., Plos One. 2015  



3 human cases 

2 cases died 



Xiufeng Wan., et al., Infect Genet Evol. 2015  

Phylogenetic analysis of HA (A)  and NA genes recovered 

from the samples collected from the LPM which the index 

patient visited 



Phylogenetic analysis of PB2 (A), PB1 (B), PA (C), NP (D), 

MP (E), and NS (F) genes recovered from the samples 

collected from the LPM which the index patient visited 

Xiufeng Wan., et al., Infect Genet Evol. 2015  



 14 confirmed cases 

 10 cases died 



Aerosolized avian influenza A (H5N6) virus isolated from a live poultry market, China 

Jiahai Lu., et al. J Infect2016 

 



Schultsz C et al ., Plos One 2005 Tham C et al .,  WPSAR 2014 

Li S et al .,  J Med Virol 2016    To KK et al., J infection 2016 
Xin L et al., EID 2015               Di TL., et al. Avian Dis  2012 

 The overall seroprevalence of H5N1 in Viet Nam  was 4.% in 

2001and  6.1% in 2011respectively 

 the A(H5N1) seropositive rate among LPM workers increased from 
0% in 2013 to 37.8% in 2014 (P < 0.001) and the A(H9N2) 
seropositive rate increased from 10% to 55.6% (P < 0.001) in Hong 
Kong 

 the positive rate of anti-H9 antibody among market poultry workers 
(51/600, 8.5%) was significantly higher than that among the general 
population (11/600, 1.8%) 

 The  positive rate of anti-H6 antibody among market poultry 
workers was 0.4% (63/15689) in China 

 The  positive rate of anti-H7 antibody among market poultry 
workers was3.2% in Italy 



Serological studies suggested a substantial risk of mild H7N9 infections in live poultry markets 

Jinquan Cheng., et CID 2014 
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Jinquan Cheng., et CID 2014 

 

 First survey: poultry workers (36/501=7.2%) 

                          general population(0/417) 

 Second survey: poultry workers(56/375=14.9%),  

                               general population(0/408) 

 Of 96 individuals who participated in both surveys, 52 (54.2%) 

workers had a ≥4-fold rise in H7N9 antibody 

 In a multivariable analysis, female sex and ≥10 years of occupational 

exposure were identified as risk factors for infection.  

 Serological studies suggested a substantial risk of mild H7N9 

infections in live poultry markets 



The closure of LPMs reduced the mean 
daily number of infections by 99% in 
Shanghai, 99% in Hangzhou, 97% in 
Huzhou, and 97%  in Nanjing  



Live poultry markets 

 Source of human infections 

 

 Source of generation of novel influenza viruses 



The genesis of H10N8 avian influenza viruses in poultry markets 

Shu et al, Scientific Report, 2015 



Shu et al, J Virol, 2016 

Frequent reassortment events of H7N9 AIVs 



Shu et al, J Virol, 2016 

Dissemination of H7N9 AIVs 



Shu et al, submitted 

Frequent reassortment 

events of H5N6 AIVs 



H5N6 

H9N2 H7N9 H10N8 



Poultry farm  

emergence of novel viruses 



Poultry farm --- emergence of novel viruses 



Poultry farm --- emergence of novel viruses 

Shi et al, EID, 2014 



100% 

627 701 

100% 

627 701 

69% 8.5% 

Wang D et al, Eurosurveillance, 2014 

Genetic tuning promote the interspecies transmission 



Interspecies transmission of influenza A viruses 



What we could do? 

LPM surveillance 



Sustained LPM surveillance  in China 

 250,000 were collected from live poultry markets and farms 

 More than 40,000 viruses isolated  

 1000 whole genome sequenced 



Shu YL et al, Emerging Microbes & Infections, 2016 

Sustained LPM surveillance contributes to early 

warnings for human infection with AIVs 



Production system Vaccination  live poultry mareket 

 H9N2 H5N1 H7N9 
H10N8 H5N2 H5N6 

HxNy 

✗ 
？ ✗ 



Surveillance, always surveillance 

411 network labs 

556 sentinel hospitals 
63 network labs 

197 sentinel hospitals 

 2 millions clinical specimen collected during 2011-16 

 100,000 viruses isolated 

 30,000 viruses were antigenically characterized 

 12,000 viruses test the antiviral sensitivity 

 2,000 whole genome  were sequenced 



Summary 





Thank you for your attention! 


