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Model for the evolution of pandemic 
strains of influenza virus by recombination

~ Nat Rev Drug Discov 2006; 5: 1015-25



The structure of influenza virus
• Single-stranded, negative 

sense RNA viruses of the 
family Orthomyxoviridae

• Type of antigen: 
Haemagglutinin (HA, 16) 
and Neuraminidase (NA, 
9)

• The antigenically distinct 
viral types — A, B and C.

• Virus polymerase 
complex: PB1, PB2, PA; 
Surface envelope 
glycoproteins: HA, NA; 
Nuclear protein: NP; 
Nonstructural protein: 
NS1, NS2; Matrix protein: 
M1.

~ Nat Rev Genet 2007; 8: 196-205



The entry of influenza virus in target cells

~ Nat Rev Microbiol 2008; 6: 143-55



Mortality caused by Influenza 
and pneumonia in Taiwan



Peak month of flu-activity from 
1982-2018 in U.S.

From https://www.cdc.gov/flu/about/season/flu-season.htm



DNA maximum-likelihood trees of 
influenza virus

H3 subtype sequence diversity

Nat Rev Microbiol 2008; 6: 143-55



A model for the genome-wide 
evolution of human influenza virus

~ Nat Rev Genet 2007; 8: 196-205
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ACIP Recommended 
immunization schedule for adults

ACIP. Available at www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html.



WHO recommends seasonal 
influenza vaccines in 2018 to 2019 

• The northern hemisphere (November to April)
A/Michigan/45/2015 (H1N1) pdm09-like virus
A/Singapore/INFIMH-16-0019/2016 (H3N2)-like virus
B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage)
B/Phuket/3073/2013-like virus

• The southern hemisphere (May to October)
A/Michigan/45/2015 (H1N1) pdm09-like virus
A/Singapore/INFIMH-16-0019/2016 (H3N2)-like virus
B/Phuket/3073/2013-like virus
B/Brisbane/60/2008-like virus



Recommended composition of 
influenza virus vaccine by WHO



Time course in the influenza virus 
vaccine production process

Nat Rev Drug Discov 2015; 14: 167-82



Mechanism of haemagglutinin- and 
neuraminidase-specific antibodies

Nat Rev Drug Discov 2015; 14: 167-82



Benefit of annual vaccination on 
reduction of mortality risk

Lancet 1995; 346: 591-95



Evidence of annual vaccination 
on mortality risk reduction

JAMA. 2004;292:2089-2095



Evidence of annual vaccination 
on mortality risk reduction

JAMA. 2004;292:2089-2095



Repeated Influenza vaccination against 
Hospitalization With Confirmed Influenza

Clin Infec Dis 2017; 64: 1564–72



Vaccine effectiveness of vaccination 
histories against H3N2 virus infection

Clin Infect Dis 2014; 59: 1375-85



Effectiveness of influenza vaccines 
varied with antigenic match

J Infect Dis 2009; 199: 159-67

Antigenic match



Effectiveness of influenza vaccines 
varied with antigenic match

J Infect Dis 2009; 199: 159-67



Effect of antigenic drift of H3N2 
in 2014-2015 influenza season

Clin Infect Dis 2016; 63: 1564–73



Variable influenza vaccine 
effectiveness by influenza subtype

Lancet Infect Dis 2016; 16: 942–51



Influenza vaccination and herd immunity
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Overview of established and novel 
influenza virus vaccine technologies

Nat Rev Drug Discov 2015; 14: 167-82



Comparison of efficacies between inactivated 
and live attenuated influenza vaccine

N Engl J Med. 2006; 355: 2513



Comparison of efficacies between inactivated 
and live attenuated influenza vaccine

N Engl J Med. 2009;361(13):1260.



Difference Between the Vaccine and 
Circulating Strains of Influenza B Viruses

Clin Infec Dis 2014; 59: 1519–24



Infections Caused by Lineage-Level 
Mismatched Influenza B Viruses

Clin Infec Dis 2014; 59: 1519–24





Circulating virus strains in Taiwan



Cost-Effectiveness of Quadrivalent 
versus Trivalent Influenza Vaccine

Value Health 2016; 19: 964-975.

Incremental cost-effectiveness ratio: 
US $27,411/QALY
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The benefit of high dose influenza 
vaccination in the elderly population 

N Engl J Med 2014;371:635-45.

Phase IIIb–IV, multicenter RCT, 31,989 participants aged ≥ 65 years



Immune response after influenza 
H1N1 vaccination 

Vaccine 2012; 30: 5009– 5018



Change of seroprotection after vaccination
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Change of seroresponse after vaccination
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3 weeks after vaccination



Reverse cumulative distribution curves of 
antibody titers before and after vaccination

Vaccine 2012; 30: 5009– 5018

Healthy individuals

Dialysis patients



Can a booster influenza vaccination improve 
immune response in ESRD patients?

Sci. Rep. 2016; 6: 20725



The flow chart and the 
immunization protocol of the study

Sci. Rep. 2016; 6: 20725

0-dose group 1-dose group 2-dose group



Seroprotection at 3 weeks after 
vaccination in adult group
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Change of seroprotection at 3 weeks 
after vaccination in adult group
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Change of seroprotection at 6 weeks 
after vaccination in adult group
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Changes of antibody titers after vaccination

Sci. Rep. 2016; 6: 20725



Determinants of seroprotection and 
seroresponse by the logistic model with GEE

Sci. Rep. 2016; 6: 20725



Efficacy of Influenza vaccination 
in renal transplant recipients

Am J Transplant 2008; 8: 332-7



Efficacy of Influenza vaccination in 
pediatric liver transplant recipients

Seroprotection

IFN-γ assay

Clin Infect Dis 2008; 46:712–8

New Caledonia strain Shanghai



Alternative vaccine strategies in 
solid organ transplant recipients

Curr Opin Infect Dis 2018, 31: 309–315



Take home message

• Annual one dose of influenza vaccination is 
suggested for adults and those comorbid with 
multiple illnesses.

• The quadrivalent vaccine might provide more 
protection against influenza infection than the 
trivalent influenza vaccine.

• Alternative strategy to improve vaccine efficacy, 
including high dose, booster dose or with the use 
of adjuvants.



張育誌醫師
成大醫院腎臟科 Still a long way to go
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