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Avian Influenza Virus 

• RNA virus, Orthomyxoviruses 

 

• Influenza A virus 

 

• Eight Gene segments 

 

• Antigenic protein  
(HA & NA) 

 

• Internal genes  
(PB2, PB1, PA, NP, M, and NS) 



Subtypes of Influenza A Virus 

• 16 serotypes of HA 

 

• 9 serotypes of NA 

 

• e.g. H7N9, H5N1 

 



Virus Replication 

 
1. Endocytosis 

 
2. Release of vRNA 

 
3. Replication  

 
4. Translation 

 
5. Translocation 

 
6. Protrusion 

 
7. Release of virus 



Genetic 
Reassortment 
If a single host (a human, a 
chicken, or other animal) is 
infected by two or more 
different strains of the 
influenza virus, then it is 
possible that new 
assembled viral particles 
will be created from 
segments whose origin is 
mixed, some coming from 
one strain and some 
coming from another. The 
new reassortant strain will 
share properties of both of 
its parental lineages. 



2013 H7N9 
Avian Influenza Virus 

Di Liu 
Institute of Microbiology 
Chinese Academy of Sciences 



• H7N9 Avian influenza virus has been found in 
wild migration birds 

 

• No H7N9 virus was found to infect human 
previously 

 

• H7N3 and H7N1 avian influenza viruses have 
been reported to infect humans 



• February 26, the first human infection 
 

• March 31, identification of H7N9  
 

• April 11, the first publication on the 
New England Journal of Medicine 
 

• China CDC, et al. 



Phylogenetic analysis has revealed that novel H7N9 virus was a 
reassortant virus of avian-origin avian influenza viruses 



• H7N3 virus from ducks of 
Zhejiang 
 

• H7N9 virus from wild 
birds flying across Korea 
 

• Internal genes from 
H9N2 virus 



• April 25, another report published on the Lancet 
 

• New patients from Zhejiang 
 

• Virus isolated from poultry of wet market 
 

• State Key Lab of Diagnostic and Treatment of 
Infectious Diseases, First Affiliated Hospital, Zhejiang 
Univ., et al. 







• April 26, the preliminary 
epidemiology report was published 
on the New England Journal of 
Medicine 

• China CDC, et al. 



Intramural Special Grant for 

Influenza Virus Research of the 

Chinese Academy of Sciences was 

launched 



THE ORIGIN OF H7N9? 

One of the key questions is: 







Conclusions: 
 
1：The HA and NA genes 
were most probably 
transmitted from wild birds to 
domestic birds and then to 
humans 
 
2：The six internal genes 
were from at least two 
distinct H9N2 virus 
populations of poultry 
 
3：The intermediate hosts 
were still unknown, but ducks 
and chickens were the most 
suspects 
 
4： The H7N9 viruses have 
possibly been evolved for at 
least one year in poultry after 
introduced from wild birds 



Homology Modeling & Sequence Alignment 

Conclusions: 
 
1：Shanghai/1 virus could 
have more affinity to 
mammalian-host adaptors 
 
2：Shanghai/1 virus has a set 
of aminoacids that differed 
from the other H7N9 viruses, 
including an oseltamivir-
resistant site in NA 
 
3：The H7N9 viruses of this 
outbreak could have formed 
two separate groups 
 



May 1, our results were published on the Lancet 
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Figure 2  Phylogenetic tree based on HA sequences. The tree was generated using the maximum likelihood method with 1000 bootstrap replicates. The 

virus strains from this study are in red; the publicly available human H7N9 viruses are in green, and the other remaining H7N9 viruses are in cyan. Shang-

hai/1, A/Shanghai/1/2013; Chicken/Zhejiang, A/Chicken/Zhejiang/DTID-ZJU01/2013; Env/Nanjing, A/Environment/Nanjing/2913/2013; Nanjing/1, A/ 

Nanjing/1/2013; Chicken/Shanghai, A/Chicken/Shanghai/S1053/2013; Env/Shanghai, A/environment/Shanghai/S1088/2013; Shanghai/2, A/Shanghai/ 

2/2013; Pigeon/Shanghai, A/Pigeon/Shanghai/S1069/2013; Zhejiang/DTID-ZJU01, A/Zhejiang/DTID-ZJU01/2013; Anhui/1, A/Anhui/1/2013. 
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2  Results 

2.1  Epidemiological and clinical features of the cases in 

Hangzhou City, Zhejiang Province 

Epidemiological and clinical information were collected 

from the patients’ medical records, as well as from inter-

views with them and their relatives. Details of the investiga-

tion are recorded in Table S1. Patient 1 was a 38-year-old 

man with a history of hepatitis B virus infection and the 

positive hepatitis B surface antigen was detected. The man 

was a cook who had visited a poultry market every other 

day before the onset of his symptoms. He had high fever 

and cough at the onset of the illness. Patient 2 was a 

67-year-old man who had a history of hypertension and 

nasitis. One week before the onset of the symptoms, he had 

visited a free market and bought two live quails which were 

butchered in the market. He cooked the quail himself and 

ate some of it. No other poultry contact in the two weeks 

before the onset of the illness was reported by Patient 2. 

Patient 2 also had high fever, cough, and sputum production 

at the onset of the illness. Patient 3 was a 79-year-old man. 

He had no known history of exposure to live birds during 

the two weeks before the onset of symptoms. This patient 

had a cough and was found to have high fever on admission. 

The general clinical features of the three Hangzhou pa-

tients with confirmed infections of the avian influenza A 

(H7N9) virus were similar to the three cases reported pre-

viously in Shanghai and in Anhui Province [1]. All three 

patients presented with high fever, cough, shortness of 

breath, and a history of sputum production. In Patient 1, the 

sputum was bloodstained, which was not reported in the 

three H7N9 virus infected cases in the previous study [1]. 

None of the patients had diarrhea, conjunctivitis, or rash. 

Physical examination of the chest in all three patients re-

vealed respiratory distress and crackles, and rapid breathing 

in Patients 1 and 3. The white cell counts were normal for 

the three cases. The levels of creatine kinase and lactate 

dehydrogenase were increased in all three patients. Bilateral 

or unilateral ground-glass opacities and pleural effusion 

were observed by chest radiography (Figure 1).  

Antibiotic therapy combined with glucocorticoids was 

administered to all three patients. Antiviral therapy and in-

travenous immunoglobulin were given to Patients 2 and 3. 

Patient 1 was admitted to the intensive care unit and intu-

bated seven days after admission. Pneumonedema and acute 

respiratory distress syndrome developed in this patient and 

he died on day 21 after the onset of his illness. Patients 2 

and 3 were transferred to negative pressure wards after the 

laboratorial confirmation of the H7N9 infection and their 

vital signs gradually improved.  

2.2  Causative pathogen of the infections and the envi-

ronmental connection  

The RT-PCR and sequencing results for the amplified PCR 

products confirmed that H7N9 influenza virus was the 

causative agent of the illness and death for Patient 1. For 

Patients 2 and 3, the infection of influenza A (H7N9) virus 

was confirmed by real-time RT-PCR. The RT-PCR and 

sequence confirmed-viruses identified in Hangzhou from 

Patients 1, 2 and 3 were named A/Hangzhou/1/2013 (H7N9) 

(Hangzhou/1), A/Hangzhou/2/2013(H7N9) (Hangzhou/2) 

and A/Hangzhou/3/2013(H7N9) (Hangzhou/3), respectively. 

Environmental specimens related to Patient 2 were also 

tested. Poultry cage swabs and feces from the free market 

that Patient 2 visited one week before the onset of the 

symptoms were positive for the novel avian influenza A 

(H7N9) virus. We named this environmental virus A/envi- 

ronment/Hangzhou/34/2013(H7N9) (Env/Hangzhou). 

2.3  Sequence diversity of H7N9 Hangzhou viruses  

A phylogenic tree was constructed after aligning multiple 

H7 sequences from the Hangzhou viruses and from other   

 

 

Figure 1  Chest radiographs. A, Computed tomography scan of the chest of Patient 1 was obtained on day 6 after the onset of the illness. Consolidation of 

inferior lobe of right lung and bilateral patches of higher density shadow can be seen. B, Chest radiographs of Patient 1 on day 11. Bilateral ground-glass 

opacity and consolidation can be seen. 
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A novel H7N9 influenza A virus has been discovered as the causative identity of the emerging acute respiratory infection cases 

in Shanghai, China. This virus has also been identified in cases of infection in the neighboring area Hangzhou City in Zhejiang 

Province. In this study, epidemiologic, clinical, and virological data from three patients in Hangzhou who were confirmed to 

be infected by the novel H7N9 influenza A virus were collected and analyzed. Human respiratory specimens and chicken feces 

from a contacted free market were tested for influenza virus by real-time reverse transcription PCR (RT-PCR) and sequencing. 

The clinical features of the three cases were similar featured with high fever and severe respiratory symptoms; however, only 

one of the patients died. A certain degree of diversity was observed among the three Hangzhou viruses sequenced from human 

samples compared with other reported H7N9 influenza A viruses. The sequences of the novel avian-origin H7N9 influenza vi-

ruses from Hangzhou City contained important amino acid substitutions related to human adaptation. One of the Hangzhou vi-

ruses had gained a novel amino acid substitution (Q226I) in the receptor binding region of hemagglutinin. More importantly, 

the virus sequenced from the chicken feces had a 627E substitution in the PB2 protein instead of the mammalian-adapted 627K 

substitution that was found in the PB2 proteins from the Hangzhou viruses from the three patients. Therefore, the new-

ly-emerging H7N9 virus might be under adaptation pressure that will help it “jump” from avian to human hosts.  The signifi-

cance of these substitutions needs further exploration, with both laboratory experiments and extensive field surveillance. 

H7N9 influenza A virus, human adaptation, epidemiology, substitution 
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A novel avian-origin reassortant influenza A (H7N9) virus 

associated with severe lower respiratory tract diseases has 

emerged in east China in February 2013 [1]. Starting from 

Anhui Province and Shanghai Municipality, the reported 

cases expanded to adjacent provinces, including Jiangsu, 

Zhejiang, and subsequently, to some farther provinces, such 

as Henan, and Beijing Municipality. To date, over 100 hu-



A novel HA 226 isoleucine at the 
receptor-binding pocket was 

observed in a Hangzhou H7N9 
strain, and this implies a novel 

mechanism of influenza virus to 
bind mammalian host 

receptors. 







• The time of most recent common ancestors (tMRCA) of 
HA, NA and NS were estimated to be middle of 2011 ; 

• The emergence of the other five gene segments could 
be dated to early 2012 

• MP, NP, PA, PB1 and PB2 was much more divergent 
• The diverse genotypes existed of the novel H7N9 viruses 





So far, there were 11 provinces of China 

reported H7N9 infection. 136 people 

infected with 45 died. The resemblance of 

H7N9 to H9N2 might have gained the virus 

the ability to easily transmit within 

poultry, and the reassortments with H9N2 

virus would bring more threat to human. 



Internal genes shows more heterogeneity 
than the surface genes 



Phylogenetics： 
 
1：No new clade of HA and NA 
2：Diversified clades of the internal 
genes 
3：Human isolations clustered together 



H7N9 genotyping： 
 
1：27 genotypes during 
the outbreak 
 
2：genotypes have no 
relation to region or time 
peroid 
 
3：human isolations are 
major in G0 
 
4：G0 and G2.6 co-
circulated in poultry 
 
5：genotypes increased 
during poultry 
transportation 
 



H7N9 gene flow and 
genealogy： 
 
1：from Shanghai and 
then spread out 
 
2：transmission between 
provinces 
 
3：new genotype 
generated during 
transmission 
 
4：G0 is the major 
genotype for transmission 
 
5：H7N9 is not fitting 
poultry hosts or human 



H7N9 dynamic 
reassortments model： 
 
1：Gene recruitment from 
poultry H9N2 
 
2：Adaptation through 
reassorments 
 
3：Poultry transportation 
will increase the genotypes 
 
4：New genotypes would 
do harm to human 
 
5：It is important to 
control H7N9 by reduced 
the chance of genetic 
reassortments 



Jan 24, 2014, Nature 
Communications online 









Feb 26, 2014, Lancet online 



THANKS! 


