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Our Greatest Challenges in Influenza Detection, 
Prediction and Prevention 

Disclaimer: The findings and conclusions in this presentation are those of the author and do 
not necessarily represent the views of the Centers for Disease Control and Prevention. 



• Advances in Detection 
– Real time RT-PCR for surveillance and diagnosis 

– Expansion of WHO’s Global Influenza Surveillance and Response 
System (GISRS) 

– Capacity building within GISRS 

– Implementation of NGS sequencing in PH surveillance labs 

• Advances and Challenges in Prediction 
– Periodic problems associated with vaccine ‘mismatch’ 

– Computational modeling for vaccine virus selection 

• Advances and Challenges in Prevention 
– New vaccines licensed and policies established  

– New vaccine policies implemented 

– Moderate vaccine effectiveness 

– Excess global vaccine production capacity 

– Quest for improved human vaccines and a ‘universal’ influenza vaccine 

Talk Overview: From a Personal and Public 
Health Perspective 



• 1918-19 Spanish Flu Pandemic (H1N1) 

• ~ 650,000 deaths in the US 

• ~ 35 to 100 million deaths worldwide 

• 1957-58 Asian Flu Pandemic (H2N2) 

• ~70,000 deaths in the US  

• ~ 2 M global deaths 

• 1968-69 Hong Kong Flu Pandemic (H3N2) 

• ~34,000 deaths in the US  

• ~ 1 M global deaths 

• 2009 H1N1 Pandemic 

• ~12,000 deaths in the US 

• ~280,000 global R&C deaths 

 

 

 

 
Impact of  Pandemic Influenza 

 



Estimated Annual Burden of Seasonal Influenza 

Deaths 

Hospitalizations 

Cases 

Direct medical costs: 
$10.4 billion 

United States 

15 - 60 million 

54 - 430K 

3 - 49K 

Global 

3 - 5 million 

250 - 500K Deaths 

Severe 
Cases 

>700 million 

Total 
Cases 

~ 700,000 U.S. deaths, 1976-2003*; ~ 900,000 U.S. deaths,1976-2016** 
*Thompson W, Weintraub, E, et.al. 2009. Influenza and Other Respiratory Viruses: 3, 37-49 

** Extrapolation based on above reference 

 



CDC’s Influenza Surveillance Lab in 1976 

Antigenic Characterization Receiving Department 



CDC’s Influenza Surveillance Laboratory in 2016 



• Global conditions favor emergence of 
novel influenza threats – the world is 
increasingly: 
– Crowded 
– Connected 
– Converging 

• Novel influenza virus infections are 
increasing and increasingly detected 
with better detection methods 
– H5N1, 854 cases/450 deaths in 12 

years 
– H7N9, 826 cases/306 deaths in 4 

years 
• A flu pandemic could spread quickly  

and kill millions around the world  

 

Emerging Influenza Threats 
Novel Influenza Viruses with Pandemic Potential 



Cases of H7N9 Infection Highlight Factors 

Leading to Emergence of Novel Influenza 

1. National Bureau of Statistics - China Statistical Database , 2011 (http://219.235.129.58/welcome.do) 

2. Butler D. Mapping the H7N9 avian flu outbreaks. www.nature.com  

 Increasingly Crowded 

 In the affected region, around 575 million 

people - 45% of China, 8% of World1 

 Increasingly Connected 

 40 Million passengers through Shanghai 

Airport yearly 

 Connections globally within incubation period 

 Increasingly Converging 

 In the 50 km around the 60 early cases of 

H7N9, there were an estimated2:  

• 131 M people 

• 241M domestic chickens 

• 47M domestic ducks 

http://219.235.129.58/welcome.do
http://219.235.129.58/welcome.do
http://219.235.129.58/welcome.do


Formation of the WHO’s Global  
Influenza Surveillance Network 

• 1947/8 - WHO established as health agency of the United Nations after 3 years 
of discussion post-World War II 
 

• From WHO’s inception, influenza surveillance viewed as important  
 
• 1947/8 – ‘World Influenza Centre’ established in London with Sir Christopher 

Andrews as first director  
 

• 1948 to 1952 - National Influenza Centers (NIC) nominated by MoHs leading to 
formation of WHO’s Global Influenza Surveillance Network 

– First NIC designated in the Netherlands 

– Now Global Influenza Surveillance and Response System (GISRS) 
 

• WHO Collaborating Centers for human influenza established Atlanta in 1956, 
Melbourne in 1992, Tokyo in 1993, and Beijing in 2011; CC in Memphis for 
animal influenza, 1975 
 

• Four essential regulatory laboratories also contribute to vaccine strain selection   

 
 



Growth of the Global Influenza Surveillance and 
Response System (GISRS) 

Birth of GISN 
1952 

2 WHOCCs 
59 NICs/42 countries 

3 WHOCCs 
108 NICs/76 countries 

5 WHOCCs 
112 NICs/83 countries 

5 WHOCCs 
121 NICs/93 countries 

6 WHOCCs 
136 NICs/106 countries 

1962 

1984 

2004 

2008 

2012 

6 WHOCCs 
143 NICs/113 countries 2016 

 Virus monitoring and risk assessment 

 Laboratory diagnostics 

 Vaccine virus selection 

 Capacity building 

 Communication and networking 

 Regular interactions with industry 

 

 Serves as a model international 
surveillance system with strong 
ethos of collaboration and 
cooperation  

 

1952 

* 



H5N1 Events Leading to the Pandemic Influenza 
Preparedness Framework 

• For many years low and middle income countries provided 
information and virus samples to the WHO’s Global Influenza 
Program 

• Pharmaceutical companies in developed countries obtained free 
access to influenza virus samples and made profits from vaccines 
and other products used in high income countries 

• Developing countries with H5N1 cases could not afford to purchase 
H5 vaccines and antivirals 

• Trust in the WHO’s GIP was ‘broken’ for Indonesia and some other 
affected countries that asserted that reform was needed wrt virus 
and benefit sharing (i.e., access to vaccines) 

• In short, Indonesia and other LMIC had greatest H5N1 disease 
burden but could not afford to purchase pandemic vaccines made 
from viruses they shared  



Dispute Over H5N1 Virus Sharing – 2011 
Pandemic Influenza Preparedness Framework 

 

• In early 2007 Indonesia refused to share H5N1 viruses from human 
cases with WHO’s global influenza network and claimed sovereignty 
over its H5N1 viruses based on the Convention for Biological 
Diversity (CBD)* 

–  CBD is an international treaty meant to protect 
indigenous/traditional resources in LMIC (e.g., traditional 
medicinal plants, etc. often exploited by others) 

• Indonesia asserted that the International Health Regulations of 
2005, a legally binding international law, did not require 
sharing of biological samples; document is ambiguous  

• This became an ‘existential’ crisis for WHO’s Global Influenza 
Surveillance Network. How much was it valued internationally 
and would it survive? 

*Fidler DP. Negotiating equitable access to influenza vaccines: global health diplomacy and the controversies surrounding 
avian influenza H5N1 and pandemic influenza H1N1. PLoS Med. 2010;7(5):e1000247 



The PIP Framework Negotiated from 2007-2011 

• Why did it take 4 years and millions of dollars to negotiate? 
– The identified problems were complex; equity, fairness, transparency 
– Countries had divergent interests; developed countries value intellectual 

property rights while LMIC valued equity in health 
– Took time to find a way to put virus sharing and benefit sharing on an 

equal footing 

• The PIP framework is a landmark in global governance for public 
health*  

• Governs sharing of influenza viruses with human pandemic 
potential and the benefits accruing from them  

• Goal is to improve pandemic preparedness through WHO’s GISRS 
by sharing viruses and capacity building and by enhancing 
equitable access to benefits including vaccines in LMIC 
 

*Fidler DP. Negotiating equitable access to influenza vaccines: global health diplomacy and the controversies surrounding 
avian influenza H5N1 and pandemic influenza H1N1. PLoS Med. 2010;7(5):e1000247 



Benefits Sharing  

• Benefit-sharing system in PIP-FW 
– Requires industry must pay for “half” of GISRS’s annual operating 

costs ($28 M/yr); 70% of contributions distributed to LMIC for 
improving pandemic and seasonal preparedness and 30% set aside 
for buying vaccines etc. during a pandemic 

– Industry has access to viruses with pandemic potential under 
SMTA 2 in exchange for providing funding and pledging pandemic 
vaccine in advance 

– So far a success due to cooperation of GISRS labs, industry and 
Industry 

– Only possible because of annual influenza vaccine industry and so 
model not directly applicable to other emerging infectious diseases 

– Unique solution to health inequities 
– PIP Framework is undergoing a 5 year review 
– Still TBD how influenza genetic sequence data will be treated 

under the PIP Framework  
 

 
 



• Cooperative Agreements with 39 governments to strengthen 
global influenza surveillance by providing: 

– Funding for equipment, lab reagents and personnel 

– Hands-on training and technical follow-up 

– Participatory, standardized assessments with targeted technical 
recommendations 

• Most important development areas: 

– Achieving status as National Influenza Center 

– Improving laboratory testing for influenza 

– Increasing sentinel surveillance for ILI 

– Reporting weekly  data to WHO’s FluNet  

– Sharing specimens with WHO Collaborating Centers for vaccine 
virus selection 

GISRS Capacity Building Efforts by CDC, 2004-
2013 

Polansky LS, Outin-Blenman S and Moen A. 2016.  Emerging Infectious Diseases 22, 993-1010 



Increase in WHO National Influenza Centers 

• Afghanistan  

• Angola 

• Armenia  

• Bangladesh 

• Bhutan  

• Brazil  

• Cambodia  

• China  

• Côte d'Ivoire   

• DRC  

• Egypt  

• Ethiopia  

• Georgia  

• India 

• Indonesia 

 

• Philippines  

• Rwanda  

• South Africa  

• Sri Lanka  

• Tanzania 

• Thailand  

• Tunisia 

• Uganda  

• Ukraine  

• United Republic 
of Tanzania  

• Viet Nam  

• Zambia** 

• Kyrgyzstan 

• Laos 

• Madagascar 

• Maldives 

• Mali 

• Mexico  

• Moldova 

• Mongolia  

• Morocco 

• Mozambique  

• Nepal  

• Nigeria  

• Pakistan  

• Paraguay 

  

 

Prior NIC 

Became  a  NIC 
Became a 

WHOCC 

Working towards 

Status 

23 countries working toward National Influenza Center status;  13 

have achieved designation (4 new in 2013) 

Data Source: WHO Website.  Slide courtesy of Ann Moen  



Capacity Building and Collaboration with China 

• 1988 – CDC’s influenza program began collaboration with the 
Chinese National Influenza Center (CNIC)  

– Financial and technical support and training for virologic surveillance 
provided through the Chinese Academy of Preventive Medicine  

• CDC established a Cooperative Agreement with Chinese NationaI 
Influenza Center  (NIC) for epidemiology and lab capacity 
development in 2005 

• CNIC became a WHO Collaborating Center in 2011 with continuing 
close ties with CDC 

• Rapid reporting of human infections by seasonal and novel influenza 
viruses, especially for H7N9 and other zoonotic influenza infections 
– South China postulated as the epi-center for emergence of pandemics  

– New antigenic variants of seasonal influenza often emerge first in SE Asia  



Expansion of GISRS 

> 2,000,000 specimens/yr tested in GISRS  
> 20,000 viruses/yr shared with WHO CCs  
~ 10,000 viruses/yr characterized by CCs  

143 National Influenza Centers 
6 WHO Collaborating Centers 
4 WHO Essential Regulatory Labs 
13 WHO H5 Reference Labs 



Influenza Viruses Antigenically Characterized  
by CDC, 1995-2015 
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Molecular Epidemiology of Influenza Viruses 
To Support Vaccine Virus Selection, 1986 

 Antibody combining sites A and B are 

critical for antigenic variation 

 The number of glycosylation sited has  

continued to increase over time 

 Most surface accessible residues of HA 

have changed during circulation of H3 and H1 

 Different topologies observed for HA genes 

Of types A, B and C viruses 

 

 

Cox, NJ and CA Bender. 1995. Seminars in Virology; 6: 359-370  



Improving Detection: Increase Sequencing 
Number of Gene Segments Sequenced per Season, CDC 

2016 Season  - Goal influenza positive specimens will undergo full genome sequencing  
(forecast > 50,000 segments) 



Transforming the Virologic Surveillance Paradigm: 

1. Specimen collection 

2. Isolate and propagate 

4. Genetic analysis: a subset 

3. Phenotypically analyze 

1. Specimen collection 

3. Isolate and propagate 

2. Genetic analysis 

4. Phenotypically analyze 

AMD/Genomics  
 Drive phenotypic 
analysis 

N ≈ 10,000/yr N ≈ 10,000/yr 

N ≈ 10,000/yr 

N ≈ 10,000/yr 

N ≈ 10,000/yr 

N ≈ 2,000/yr 

N ≈ 2,000/yr 

N ≈ 2,000/yr 

Advantages 
• Faster 
• Cheaper 
• More samples 
• More data 
• Better data 



DISC 

CDC Influenza Virus NGS Pipeline 

NGS library 
construction 

RNA 
extraction 

Universal 
genomic amplification 

Genome assembly and 
curation 

Data integration 
and storage 

Next Generation Sequencing 

Iterative 
Refinement 

MiSeq  
Assembler 

1 
2 

3 4 

5 6 8 

7 



• Large gains in genetic information 

– ~2,000% increase in whole genomes 

– ~200% increase in isolates sequenced 

• Complete genomes were generated for 
H1N1, H3N2, H5Nx, H7N9, and Influenza B 
viruses 

• Genetic data regularly uploaded to GISAID; 
US seasonal virus data also goes to GenBank 

– Three US public health contract labs 
now doing NGS of seasonal US viruses 

 
 

 

 

Increasing Volume of GSD for Seasonal and 
Zoonotic Influenza Viruses: CDC example 

CDC  
“switches on”  

NGS in late 2014 
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CDC Fostering Influenza Virus Sequencing and 
Analysis Capacity  

 
Robust next generation sequencing scheme 

– Wisconsin, California and Utah implemented 

Future directions 

– State and local PH departments 

– WHO Collaborating Centers 

– National Influenza Centers 

Influenza 

Genomic  

Amplification 

Next Generation 

Sequencing 

Cloud assembly  

and analysis 

Library  

Construction 

Sequence 

databases 



Developing  Critical Cloud Based Analytics for Future 
Influenza NGS Expansion  

• Cloud based analytic NGS 
• Important for implementing 

at and PHL and NICs 
• Collaborating with APHL 

• Analytic resource to 
assemble, analyze and store 
NGS data 



The Future of Influenza Detection 

• Next Generation Sequencing 

– Influenza detection is on solid footing with RT-PCR and NGS 

– NGS is saves time if sequencing conducted locally on clinical specimens 
and data transmitted to cloud for storage and analysis 

– NGS is cost saving for equivalent data compared to Sanger sequencing 

– But requires substantial investment in bioinformatics 

• Human resources and high-speed computing resources required to 
analyze huge influx of GSD 

• Challenging for many resource challenged PH laboratories  

• NGS and sequence first is appropriate for high income countries 

– Transitioning NGS to low and middle income countries will take time and 
significant additional resources 

• Remaining need for cheaper and more  accurate POC tests for use in 
clinical and institutional settings 

– Greater sensitivity and ability to differentiate viruses 

 

 



Remaining Challenges For Vaccine Virus 
Selection 

• Timeliness of data for vaccine virus selection 

– Delays from respiratory specimen collection to receipt of viruses at WHO 
Collaborating Centers 

• Rapid data comparison and data visualization 

– Large quantities of NGS, antigenic, epidemiologic and serological data require 
new methods of analysis and visualization 

• Growing H3N2 viruses in eggs to develop a candidate vaccine virus antigenically-
like circulating viruses is problematic 

– Most doses of vaccine still produced in eggs (86% of vaccine doses are inactivated egg-
based vaccines) 

– The decades long efforts to replace egg-based influenza vaccine production has had 
only modest success but efforts need to continue so we can take eggs out of the 
equation! 

– Current H3 viruses are highly mammalian-adapted after almost 50 years of circulation in 
human and have to adapt to grow in an avian environment in order to be propagated in 
eggs and these adaptations often confer changes in antigenicity 

– Vaccine effectiveness of the H3N2 vaccine component may be compromised  

 



H3 Receptor Binding Pocket, 1968 - Today 

Hong Kong/1/1968 Victoria/361/2011  

• RBS has changed in overall shape and charge 

• Maintains a 2-6 receptor specificity 

• Reduced receptor avidity 

• Egg adaptation necessary for vaccine virus 

growth in eggs and this often alters 

antigenicity 



• Epidemiology 

 

• Antigenic characterization, HI MN 

 

• Gene sequencing 

• Sanger 

• NGS 

 

• Human Serology 

 

Data Analysis for Vaccine Virus Selection 
 



Advances and Challenges in Prediction: 

Should Vaccine Viruses Be Updated? 

 
• Have new antigenic variants been detected? YES 

• Hemagglutination-inhibition assays and neutralization assays using post-infection 
ferret antisera 

• Do the antigenic variants have accompanying molecular changes in the HA 
that are associated with the observed antigenic changes? YES 

• Sequencing HA genes to look for “signature” amino acid changes 

• Look at nature and position of the HA aa changes 

• NA also analyzed in detail 

• If yes above, are the new antigenic variants associated with localized 
outbreaks epidemics ? YES 

• Trend analysis - monitor influenza activity around the world for spread of new 
variant.  Is frequency of variant detection increasing. 

• Are current vaccines able to induce high levels of antibody to new variant 
viruses? NO 

• Panels of serum from vaccinated children, adults and older adults to determine if 
antibody levels are significantly lower to variant viruses than to vaccine virus itself 

• Are there suitable egg-propagated high growth reassortants available for 
vaccine production? YES 

• It takes many attempts to produce an H3N2 candidate vaccine virus with suitable antigenic 
properties due to difficulties in egg isolation 

• What are interim vaccine effectiveness studies telling us? Are there signals of 
suboptimal VE that might be attributed to laboratory finding above? 
 



• Assay Standardization across GISRS laboratories 

• Data integration visualization across CCs 

• Data analysis 

• Series of 4 WHO Consultations on Improving Vaccine Virus Selection 
– Latest meeting November 2015 focused more on collaboration with 

predictive modelers and making predictions with data available for 
Vaccine Consultation Meetings 

• ‘Modelling Influenza Conference’ held at Princeton University, July 2016 

– Brought together modelers and WHO Collaborating Center staff  

– To broaden and strengthen understanding of different influenza 
predictive models 

– Determine how to asses and harness potential contributions of 
computational modeling to vaccine virus selection 

– Considerable promise for the future, but……. “It’s tough to make 
predictions, especially about the future.” Yogi Berra, renown baseball player, 
coach and philosopher (1926- 2015)  

 

 

Challenges For Influenza Prediction 



• We know many HA positions where key amino acid changes confer 
changes in antigenicity  

• We understand that antigenic evolution is punctuated and 
determined by a limited number of amino acid changes in key sites  

• Inferring antigenic phenotype from genetic data remains a 
fundamental challenge and emphasizes the continuing need for 
virus isolation and characterization as the foundation to infer 
antigenicity 

• We focus on emerging trends but challenge remains in predicting if 
trends will continue for the next 6-9 months 

• Example: Two emerging antigenic/genetic groups, (e.g., clades 
3C.3a and 3C.2a of A/H3N2 viruses in spring and summer of 2014) 
and both spreading globally 

• Other things being equal, which emerging group do you choose for 
inclusion in the vaccine?  
 
 
 

Challenges in Influenza Virus ‘Prediction’ 



The H3N2 Influenza Vaccine Virus Conundrum 
 

 

Data confirmed expansion of 
Groups 3C.2a, 3C.3 and 3C.3a 

 

Greatly enhanced the data 
available for Southern 
Hemisphere Vaccine Consultation 
Meeting  

H3N2 vaccine component was 
changed to 
A/Switzerland/9715293/2013 a 3C.3a 
virus 

Expansion of 
3C.2a in US and 

Bangladesh 

Global expansion 
of 3C.3a 



GEO Region Down to TX50 Down to SZ 

A/Texas/50/2012 A/Zhejiang-Wuxin/130/2015 
A/RhodeIsland/2987/2015 A/Florida/21/2015 A/Florida/09/2015 

A/NewYork/05/2015 A/NewYork/06/2015 A/Hawaii/4025/2015 
A/Navarra/502/2015 A/PaisVasco/266/2015 

A/Navarra/505/2015 A/Navarra/643/2015 A/Stockholm/17/2015 
A/Stockholm/20/2015 A/Bretagne/125/2015 A/Austria/845364/2015 

A/PaisVasco/79/2015 A/PaisVasco/177/2015 A/Austria/840227/2015 
A/Austria/840124/2015 A/Austria/838345/2015 A/Austria/837177/2015 
A/Austria/837169/2015 A/Austria/836306/2015 A/Austria/834110/2015 

A/PaisVasco/268/2015 A/Norway/181/2015 A/Catalonia/NSVH100153756/2015 
A/Austria/835412/2015 A/Norway/508/2015 

A/Norway/537/2015 A/Norway/196/2015 A/Austria/848567/2015 
A/Austria/840136/2015 A/Austria/836596/2015 A/Austria/837439/2015 

A/Austria/844861/2015 A/Austria/836036/2015 A/Austria/837443/2015 
A/Austria/833511/2015 A/Austria/835469/2015 A/Austria/845495/2015 

A/Austria/836477/2015 A/Austria/845131/2015 A/Lisboa/niMS45/2015 
A/Navarra/214/2015 A/Extremadura/289/2015 A/Catalonia/NSVH100146204/2015 

A/Extremadura/280/2015 A/Extremadura/286/2015 
A/PaisVasco/128/2015 A/Palencia/24/2015 A/Berlin/43/2015 

A/Germany/x206/2015 A/Malmoe/2/2015 A/Estonia/91197/2015 
A/Austria/842564/2015 A/Austria/839342/2015 A/Austria/839024/2015 
A/Austria/838274/2015 A/Austria/845130/2015 A/England/32/2015 

A/Berlin/40/2015 A/Stockholm/14/2015 A/Rheinland-Pfalz/2/2015 
A/NordPasdeCalais/298/2015 A/Dijon/902/2015 A/Malta/MX502071/2015 

A/Pennsylvania/10/2015 A/Bayern/13/2015 A/Nordrhein-Westfalen/2/2015 
A/Sweden/17/2015 A/Stockholm/19/2015 
A/Sweden/16/2015 A/Baden-Wurttemberg/22/2015 A/Dijon/1484/2015 

A/Dijon/904/2015 A/Bourgogne/916/2015 A/Lisboa/25/2015 
A/Pennsylvania/09/2015 A/Pennsylvania/08/2015 A/NorthCarolina/2409/2015 
A/Niedersachsen/5/2015 A/Montana/03/2015 A/Mecklenburg-Vorpommern/1/2015 
A/BritishColumbia/05/2015 A/Pennsylvania/07/2015 A/SouthCarolina/4224/2015 

A/Washington/12/2015 A/Kansas/2777/2015 A/BritishColumbia/09/2015 
A/Pennsylvania/01/2015 A/Montana/06/2015 

A/California/16/2015 A/NewHampshire/16/2015 A/Vermont/01/2015 
A/Catalonia/0684615S/2015 A/Alaska/4439/2015 A/Lisboa/28/2015 

A/Lisboa/11/2015 A/Austria/840133/2015 A/Austria/837059/2015 
A/Austria/833510/2015 A/Austria/840487/2015 A/Lisboa/niRL178/2015 

A/Austria/841219/2015 A/Austria/837353/2015 A/Austria/837667/2015 
A/Austria/840477/2015 A/Lisboa/niRL132/2015 A/Lisboa/niSU83/2015 

A/Austria/839050/2015 A/Austria/839828/2015 A/NorthCarolina/10/2015 
A/Navarra/423/2015 A/Extremadura/440/2015 

A/Pennsylvania/06/2015 A/Austria/847323/2015 A/Austria/841510/2015 
A/Extremadura/446/2015 A/Catalonia/NSVH110117063/2015 A/Norway/330/2015 

A/Norway/288/2015 A/Norway/526/2015 A/Austria/841842/2015 
A/Austria/843771/2015 A/Norway/192/2015 A/Catalonia/NSVH100149247/2015 

A/Navarra/506/2015 A/Linkoping/1/2015 A/Nordrhein-Westfalen/14/2015 
A/Washington/06/2015 A/Lisboa/21/2015 A/England/17/2015 

A/Paris/444/2015 A/Stockholm/18/2015 
A/NorthCarolina/16/2015 A/Pennsylvania/04/2015 A/Norway/0144/2015 

A/Sweden/12/2015 A/Norway/0115/2015 A/Karlstad/3/2015 
A/Navarra/220/2015 A/Extremadura/284/2015 A/Extremadura/166/2015 

A/CastillaLaMancha/103/2015 A/Norway/407/2015 A/CastillaLaMancha/107/2015 
A/CastillaLaMancha/105/2015 A/Extremadura/293/2015 A/Extremadura/292/2015 

A/Extremadura/448/2015 A/Extremadura/445/2015 A/Extremadura/439/2015 
A/Norway/297/2015 A/Utah/10/2015 A/Utah/01/2015 

A/NorthDakota/2454/2015 A/NorthCarolina/06/2015 
A/NewYork/20/2015 A/Mississippi/06/2015 A/Mississippi/04/2015 
A/Massachusetts/01/2015 A/Florida/17/2015 A/Florida/03/2015 
A/California/20/2015 A/Alabama/01/2015 A/Hessen/2/2015 

A/Florida/2276/2015 A/Florida/22/2015 A/Florida/2573/2015 
A/Austria/835815/2015 A/Texas/06/2015 A/Idaho/04/2015 

A/California/13/2015 A/Mississippi/01/2015 A/NewYork/04/2015 
A/Nebraska/2672/2015 A/NorthDakota/05/2015 

A/Louisiana/4502/2015 A/England/15/2015 A/Trollhattan/1/2015 
A/Florida/01/2015 A/Florida/02/2015 A/Florida/23/2015 

A/Centre/1029/2015 A/Michigan/11/2015 A/Georgia/01/2015 
A/Alabama/04/2015 A/Iowa/06/2015 A/Florida/06/2015 

A/Austria/838615/2015 A/Catalonia/NSVH100153218/2015 A/Catalonia/NSVH100153838/2015 
A/Austria/840220/2015 A/Austria/840783/2015 A/Lisboa/niRL30/2015 

A/Lisboa/niRL66/2015 A/Madrid/SO13168/2015 A/Concepcion/1715/2015 
A/Norway/217/2015 A/Santiago/6998/2015 

A/Austria/837940/2015 A/NorthCarolina/2947/2015 A/Lisboa/niRL114/2015 
A/Lisboa/19/2015 A/Georgia/2623/2015 A/NewYork/03/2015 

A/Valencia/0685374S/2015 A/Utah/06/2015 A/Nevada/10/2015 
A/Washington/18/2015 A/Idaho/02/2015 A/California/01/2015 

A/Austria/837167/2015 A/Austria/833582/2015 A/NorthCarolina/2948/2015 
A/Colorado/02/2015 A/Navarra/137/2015 A/Nevada/02/2015 

A/Catalonia/NSVH100150827/2015 A/Goias/6394/2015 
A/Saarland/2/2015 A/Tocantins/16261/2015 A/Bayern/27/2015 

A/Saarland/1/2015 A/California/4245/2015 A/CastillaLaMancha/7/2015 
A/Austria/837068/2015 A/Bayern/T1392/2015 A/Bayern/T1398/2015 

A/Stockholm/12/2015 A/Tocantins/18288/2015 A/Colorado/3452/2015 
A/Rondonia/9097/2015 A/Rondonia/5266/2015 A/Rondonia/18925/2015 
A/Florida/26/2015 A/Tocantins/29517/2015 A/Goias/32286/2015 

A/Niedersachsen/4/2015 A/Catalonia/NSVH100154815/2015 A/Navarra/94/2015 
A/Navarra/305/2015 A/Navarra/218/2015 

A/Navarra/188/2015 A/Navarra/189/2015 A/England/20/2015 
A/Guangdong-Zhenjiang/151/2015 A/Albania/5711/2015 A/Albania/5745/2015 

A/Albania/5736/2015 A/Washington/3269/2015 A/Washington/3268/2015 
A/Norway/353/2015 A/Colombia/4468/2015 A/NewJersey/09/2015 

A/Austria/840712/2015 A/Navarra/222/2015 A/Lisboa/niEVA140/2015 
A/Lisboa/niEVA67/2015 A/Norway/221/2015 A/Lisboa/1/2015 

A/Valladolid/19/2015 A/Galic ia/760/2015 
A/Lisboa/4/2015 A/Germany/x200/2015 A/Colombia/4352/2015 

A/California/19/2015 A/Centre/124/2015 A/Colorado/03/2015 
A/Alabama/2281/2015 A/Texas/04/2015 A/Colorado/01/2015 

A/Nevada/2966/2015 A/NewYork/01/2015 A/Gavle/2/2015 
A/Switzerland/9715293/2013 A/Delaware/03/2015 A/Arizona/4156/2015 

A/NewYork/3634/2015 A/NewYork/2764/2015 A/NewYork/3144/2015 
A/Guizhou-Honghuagang/117/2015 A/Guangxi-Xiangshan/1102/2015 A/Jilin-Tiexi/136/2015 

A/Gyeongnam/25/2015 A/Hebei-Cixian/112/2015 
A/Guangxi-Longan/1100/2015 A/Guangxi-Longan/130/2015 A/Sendai/8/2015 

A/Kitakyusyu/1/2015 A/Japan/2752/2015 A/Japan/2749/2015 
A/Japan/3989/2015 A/Sapporo/6/2015 A/Hiroshima-C/1/2015 

A/Fukuoka-C/1/2015 A/Japan/4412/2015 A/Beijing-Huairou/1243/2015 
A/Anhui-Qiaocheng/1137/2015 A/Beijing-Huairou/122/2015 A/Hebei-Changan/111/2015 

A/SouthKorea/4197/2015 A/Kazakhstan/13/2015 A/Xinjiang-Tianshan/113/2015 
A/Austria/833583/2015 A/Kazakhstan/39/2015 

A/Japan/3921/2015 A/Heilongjiang-Longsha/186/2015 A/Texas/2710/2015 
A/Shaanxi-Wangyi/114/2015 A/Tianjin-Hexi/195/2015 A/Ohio/11/2015 

A/HK/450/2015 A/Kazakhstan/33/2015 A/Anhui-Baohe/122/2015 
A/Saint-Petersburg/RII169/2015 A/Colorado/2783/2015 A/Shandong-Kuiwen/1754/2015 

A/Jilin-Dongchang/11/2015 A/Oklahoma/2419/2015 A/Nebraska/03/2015 
A/Glasgow/401678/2015 A/Kazakhstan/27/2015 A/Kazakhstan/38/2015 

A/Kazakhstan/26/2015 A/Kazakhstan/35/2015 
A/Austria/833516/2015 A/England/13/2015 A/NorthCarolina/11/2015 

A/Navarra/500/2015 A/Navarra/368/2015 A/Navarra/219/2015 
A/Navarra/211/2015 A/Navarra/136/2015 A/Navarra/508/2015 

A/Catalonia/2235968NS/2015 A/Catalonia/NSVH130171691/2015 A/Catalonia/NSVH100153891/2015 
A/CastillaLaMancha/76/2015 A/Navarra/96/2015 A/Madrid/SO13171/2015 

A/Madrid/122/2015 A/CastillaLaMancha/106/2015 A/Navarra/370/2015 
A/PaisVasco/179/2015 A/PaisVasco/275/2015 A/NewYork/10/2015 

A/Idaho/10/2015 A/NewYork/08/2015 
A/Catalonia/NSVH100154005/2015 A/Utah/04/2015 A/Germany/x195/2015 

A/Germany/x194/2015 A/NewYork/2495/2015 A/Navarra/499/2015 
A/Madrid/SO13174/2015 A/Navarra/495/2015 A/Extremadura/447/2015 

A/SouthKorea/4875/2015 A/Japan/4411/2015 A/HongKong/8112865/2015 
A/HongKong/4801/2014 A/Niigata/14F004/2015 A/Iwate/13/2015 

A/Niigata/194/2015 A/Nagano/2202/2015 A/Setif/01/2015 
A/Berlin/38/2015 A/Wakayama-C/87/2015 

A/NewJersey/12/2015 A/Florida/11/2015 A/Florida/14/2015 
A/Hawaii/4022/2015 A/Santiago/6887/2015 A/Hawaii/4019/2015 

A/RhodeIsland/02/2015 A/NorthCarolina/05/2015 A/NewYork/3145/2015 
A/SaoPaulo/2-1030/2015 A/Tocantins/4622/2015 A/SaoPaulo/28596/2015 

A/SaoPaulo/20448/2015 A/SaoPaulo/9-1220/2015 A/Tocantins/24996/2015 
A/SaoPaulo/9-1757/2015 A/SaoPaulo/29139/2015 A/SaoPaulo/24295/2015 

A/SaoPaulo/28438/2015 A/SaoPaulo/21804/2015 A/SaoPaulo/21685/2015 
A/SaoPaulo/6-6304/2015 A/California/2639/2015 

A/CastillaLaMancha/75/2015 A/Paris/204/2015 A/Dijon/021/2015 
A/Lille/1637/2015 A/Paris/091/2015 A/Hamburg/3/2015 

A/Catalonia/0684834S/2015 A/Catalonia/NSVH100152666/2015 A/Paris/092/2015 
A/Paris/455/2015 A/Bourgogne/185/2015 A/Mississippi/03/2015 

A/Tennessee/02/2015 A/Mississippi/02/2015 A/Tennessee/11/2015 
A/Texas/2478/2015 A/NewJersey/11/2015 A/Nebraska/02/2015 

A/Maryland/3641/2015 A/Kansas/2968/2015 
A/Hawaii/4021/2015 A/Washington/07/2015 A/Washington/2800/2015 

A/Nevada/06/2015 A/Wisconsin/05/2015 A/Wisconsin/17/2015 
A/Florida/07/2015 A/RhodeIsland/2851/2015 A/Alaska/01/2015 

A/Guangdong-Zhongshan/110/2015 A/Idaho/07/2015 A/Nevada/21/2015 
A/California/15/2015 A/NewYork/2498/2015 A/NewYork/2860/2015 

A/Sapporo/18/2015 A/Wakayama/53/2015 A/Yamaguchi/2/2015 
A/Shizuoka/14/2015 A/Shimane/6/2015 A/Niigata/35/2015 
A/Niigata/14F005/2015 A/Mie/11/2015 
A/Japan/2755/2015 A/Gunma/14G003/2015 A/Gunma/14G002/2015 

A/Sakai/1/2015 A/Sapporo/38/2015 A/Ibaraki/1/2015 
A/Niigata/14F002/2015 A/Oita/1/2015 A/Niigata/14F007/2015 
A/Kochi/1/2015 A/Hyogo/3128/2015 A/Nagasaki/14N072/2015 
A/Niigata/14F067/2015 A/Gunma/14G008/2015 A/Iwate/7/2015 

A/PaisVasco/170/2015 A/Maryland/4528/2015 A/PaisVasco/269/2015 
A/Fukushima/9/2015 A/Gunma/14G011/2015 

A/Japan/2480/2015 A/Chiba-C/5/2015 A/Kochi/15/2015 
A/Japan/3236/2015 A/Sendai/28/2015 A/Quebec/09/2015 

A/Alabama/3288/2015 A/Michigan/10/2015 A/Washington/11/2015 
A/Tennessee/09/2015 A/NewJersey/08/2015 A/Nevada/14/2015 
A/Nebraska/3407/2015 A/Nebraska/2977/2015 A/Mississippi/3002/2015 
A/Lisboa/SU61/2015 A/Germany/x208/2015 A/Georgia/2423/2015 
A/California/3083/2015 A/Georgia/3833/2015 A/Delaware/02/2015 

A/Delaware/10/2015 A/Texas/3453/2015 
A/NewHampshire/06/2015 A/Kentucky/3385/2015 A/Washington/2822/2015 

A/Texas/05/2015 A/Washington/3519/2015 A/Tennessee/05/2015 
A/Tennessee/06/2015 A/Indiana/02/2015 A/Ohio/03/2015 

A/Utah/02/2015 A/Nebraska/04/2015 A/Kansas/2775/2015 
A/Kansas/2774/2015 A/Oklahoma/3109/2015 A/Iowa/07/2015 

A/Norway/405/2015 A/Indiana/09/2015 A/Nordrhein-Westfalen/1/2015 
A/Georgia/3324/2015 A/NewHampshire/07/2015 

A/Norway/0122/2015 A/Nebraska/07/2015 A/Alabama/2664/2015 
A/Nebraska/3717/2015 A/Nebraska/2673/2015 A/SouthDakota/2524/2015 

A/NewJersey/2556/2015 A/SouthCarolina/3653/2015 A/Catalonia/2235376NS/2015 
A/Washington/3969/2015 A/Washington/2850/2015 A/NewYork/02/2015 

A/NewJersey/3673/2015 A/WestVirginia/08/2015 A/Maine/01/2015 
A/NewHampshire/11/2015 A/NewHampshire/13/2015 A/NewHampshire/14/2015 

A/Nebraska/3037/2015 A/Sweden/10/2015 A/Idaho/2699/2015 
A/Michigan/04/2015 A/NorthCarolina/02/2015 

A/NorthCarolina/03/2015 A/NorthCarolina/04/2015 A/Virginia/03/2015 
A/Michigan/09/2015 A/Illinois/03/2015 A/Nebraska/2979/2015 

A/Wisconsin/07/2015 A/NorthDakota/03/2015 A/Murcia/486/2015 
A/Iowa/05/2015 A/Country2/2605/2015 A/Country2/2597/2015 

A/Greece/26/2015 A/Albania/5754/2015 A/Germany/x221/2015 
A/Bayern/15/2015 A/Bayern/9/2015 A/Bayern/23/2015 

A/Stockholm/16/2015 A/Michigan/18/2015 
A/Wisconsin/11/2015 A/NorthDakota/3346/2015 A/SouthDakota/3726/2015 

A/Maryland/2482/2015 A/Germany/x205/2015 A/Georgia/02/2015 
A/Colorado/04/2015 A/Bayern/2/2015 A/Michigan/07/2015 

A/Thuringen/7/2015 A/Michigan/05/2015 A/SouthDakota/2522/2015 
A/Sweden/5/2015 A/Baden-Wurttemberg/52/2015 A/Melilla/238/2015 

A/Melilla/112/2015 A/Melilla/114/2015 A/Navarra/372/2015 
A/Navarra/428/2015 A/Wisconsin/24/2015 A/Kochi/3/2015 

A/Arizona/2862/2015 A/WestVirginia/01/2015 
A/Catalonia/NSVH100150805/2015 A/Catalonia/NSVH100155369/2015 A/Florida/27/2015 

A/Extremadura/283/2015 A/PaisVasco/563/2015 A/Country2/2606/2015 
A/Baleares/227/2015 A/Washington/14/2015 A/Texas/3614/2015 

A/Oklahoma/2904/2015 A/Oklahoma/06/2015 A/Idaho/12/2015 
A/Oklahoma/3330/2015 A/Oklahoma/2431/2015 A/Kansas/3964/2015 

A/Colorado/2466/2015 A/Texas/4059/2015 A/Texas/33/2015 
A/Texas/21/2015 A/Texas/20/2015 
A/Texas/14/2015 A/NorthCarolina/3059/2015 A/NewYork/18/2015 
A/Maine/15/2015 A/Kentucky/08/2015 A/Kansas/3364/2015 
A/Georgia/2242/2015 A/Florida/25/2015 A/Texas/25/2015 

A/Texas/32/2015 A/California/12/2015 A/California/2640/2015 
A/NewJersey/15/2015 A/Oklahoma/3014/2015 A/Texas/15/2015 
A/Texas/18/2015 A/Texas/22/2015 A/NewYork/3143/2015 

A/Montana/07/2015 A/Hawaii/04/2015 
A/Hawaii/02/2015 A/Hawaii/03/2015 A/Texas/23/2015 

A/Arkansas/3208/2015 A/Arkansas/3211/2015 A/Kansas/02/2015 
A/Florida/3125/2015 A/Maine/11/2015 A/California/05/2015 

A/Oregon/05/2015 A/Washington/3975/2015 A/Kansas/05/2015 
A/Texas/37/2015 A/NewYork/2955/2015 A/Oklahoma/05/2015 

A/Texas/12/2015 A/Texas/3219/2015 A/Georgia/2962/2015 
A/Texas/07/2015 A/Maine/14/2015 A/Texas/28/2015 

A/Wisconsin/20/2015 A/Ohio/10/2015 
A/Virginia/04/2015 A/California/03/2015 A/Texas/30/2015 

A/Texas/29/2015 A/RhodeIsland/2986/2015 A/Texas/27/2015 
A/Texas/16/2015 A/Texas/39/2015 A/Vermont/05/2015 

A/Austria/833514/2015 A/Texas/13/2015 A/Austria/837176/2015 
A/Florida/15/2015 A/SouthCarolina/01/2015 A/Kansas/07/2015 

A/Oklahoma/3802/2015 A/NorthCarolina/08/2015 A/Texas/2502/2015 
A/Texas/2203/2015 A/Texas/2288/2015 

A/Texas/2685/2015 A/Oklahoma/2427/2015 A/Texas/34/2015 
A/Texas/08/2015 A/Washington/16/2015 A/Washington/2364/2015 

A/Washington/2812/2015 A/Idaho/09/2015 A/Maryland/3640/2015 
A/NewJersey/02/2015 A/Ohio/4085/2015 A/Maine/04/2015 

A/Nevada/04/2015 A/Oklahoma/2432/2015 A/NorthCarolina/3706/2015 
A/NewMexico/02/2015 A/California/06/2015 A/Tennessee/07/2015 

A/Texas/26/2015 A/Idaho/3414/2015 A/NorthDakota/02/2015 
A/Nagano/2095/2015 A/Oklahoma/02/2015 

A/Nebraska/05/2015 A/Oklahoma/2908/2015 A/Texas/2451/2015 
A/Washington/21/2015 A/Texas/11/2015 A/NewMexico/10/2015 

A/Michigan/17/2015 A/Lisboa/18/2015 A/Lisboa/niEVA235/2015 
A/Lisboa/niRL47/2015 A/Lisboa/niSU61/2015 A/NewYork/3439/2015 

A/Oregon/04/2015 A/Catalonia/NSVH100155063/2015 A/California/2543/2015 
A/Extremadura/167/2015 A/Extremadura/168/2015 A/Maine/13/2015 

A/Lisboa/niSU78/2015 A/Catalonia/NSVH110114477/2015 
A/Hyogo/3126/2015 A/Norway/514/2015 A/Baden-Wuerttemberg/49/2015 

A/Stockholm/1/2015 A/Japan/3235/2015 A/California/4277/2015 
A/Georgia/2223/2015 A/Hamamatu-C/15075/2015 A/Japan/3619/2015 

A/Germany/x210/2015 A/Japan/3622/2015 A/Niigata/14F009/2015 
A/Sweden/4/2015 A/PaisVasco/273/2015 A/PaisVasco/277/2015 

A/PaisVasco/175/2015 A/Navarra/498/2015 A/PaisVasco/178/2015 
A/Norway/5/2015 A/Wisconsin/14/2015 A/Wisconsin/21/2015 

A/Stockholm/8/2015 A/Stockholm/7/2015 
A/BritishColumbia/06/2015 A/Perugia/29/2015 A/Sweden/13/2015 

A/Catalonia/NSVH110118157/2015 A/Catalonia/NSVH100153810/2015 A/Austria/835147/2015 
A/Austria/837454/2015 A/Japan/2306/2015 A/Japan/3165/2015 

A/Japan/2932/2015 A/Galic ia/759/2015 A/Georgia/3116/2015 
A/Navarra/425/2015 A/NewHampshire/04/2015 A/PaisVasco/180/2015 

A/DistrictofColumbia/4538/2015 A/PaisVasco/270/2015 A/SouthCarolina/2473/2015 
A/Extremadura/288/2015 A/Massachusetts/2365/2015 

A/Lisboa/niSU68/2015 A/Lisboa/SU68/2015 A/Idaho/3415/2015 
A/NewJersey/03/2015 A/Michigan/08/2015 A/Arkansas/05/2015 

A/Arkansas/02/2015 A/Arkansas/03/2015 A/RhodeIsland/06/2015 
A/Wyoming/2458/2015 A/Colorado/05/2015 A/California/3421/2015 

A/NewMexico/03/2015 A/NewYork/14/2015 A/NewYork/12/2015 
A/Gifu-C/30/2015 A/Melilla/383/2015 A/Japan/2933/2015 

A/Gunma/14G005/2015 A/Aomori/3/2015 A/Saitama/5/2015 
A/Nagano-C/15/2015 A/Japan/2308/2015 

A/Japan/4042/2015 A/Okinawa/14T003/2015 A/Okinawa/14T004/2015 
A/Nagano/2001/2015 A/Japan/4397/2015 A/Yokohama/2/2015 
A/Niigata/14F197/2015 A/Kitakyusyu/35/2015 A/Fukushima/16/2015 

A/Sapporo/26/2015 A/Japan/4407/2015 A/Hyogo/3213/2015 
A/Japan/3984/2015 A/Akita/1/2015 A/Yokohama/21/2015 

A/Yokohama/5/2015 A/Aichi/1/2015 A/Gunma/14G013/2015 
A/Japan/3238/2015 A/Toyama/25/2015 

A/California/3061/2015 A/Catalonia/NSVH100146080/2015 A/NewJersey/2705/2015 
A/Kentucky/06/2015 A/Colorado/3774/2015 A/Delaware/17/2015 

A/Delaware/22/2015 A/Delaware/05/2015 A/Delaware/14/2015 
A/RhodeIsland/08/2015 A/NewYork/2500/2015 A/NewYork/2762/2015 

A/Delaware/06/2015 A/Florida/18/2015 A/Washington/3188/2015 
A/Nevada/13/2015 A/Arkansas/01/2015 A/Kentucky/04/2015 

A/Massachusetts/05/2015 A/WestVirginia/04/2015 A/Minnesota/01/2015 
A/Austria/833390/2015 A/NewJersey/2871/2015 

A/Lisboa/niRL46/2015 A/Stockholm/13/2015 A/HK/448/2015 
A/PaisVasco/775/2015 A/PaisVasco/181/2015 A/PaisVasco/176/2015 
A/Murcia/488/2015 A/PaisVasco/265/2015 A/PaisVasco/469/2015 

A/Navarra/192/2015 A/Baleares/224/2015 A/Kansas/3757/2015 
A/Ohio/02/2015 A/Germany/x204/2015 A/Hessen/T2811/2015 

A/Texas/31/2015 A/Germany/x209/2015 A/Alabama/3057/2015 
A/Utah/08/2015 A/Maine/06/2015 

A/Glasgow/400097/2015 A/Valladolid/18/2015 A/Palencia/27/2015 
A/Aragon/90/2015 A/Florida/19/2015 A/Galic ia/757/2015 

A/Delaware/01/2015 A/Sweden/2/2015 A/Lisboa/niRL131/2015 
A/Lisboa/niEVA117/2015 A/Lisboa/2/2015 A/Baden-Wuerttemberg/38/2015 

A/Baden-Wuerttemberg/T2055/2015 A/Florida/12/2015 A/Florida/24/2015 
A/Florida/04/2015 A/Catalonia/NSVH100154631/2015 A/Oklahoma/2433/2015 

A/Mississippi/3220/2015 A/Mississippi/05/2015 A/Illinois/02/2015 
A/Texas/24/2015 A/NorthCarolina/15/2015 
A/Kentucky/01/2015 A/Missouri/01/2015 A/Missouri/09/2015 

A/Nevada/3639/2015 A/NorthCarolina/3631/2015 A/Missouri/06/2015 
A/Oklahoma/2512/2015 A/Missouri/04/2015 A/Oklahoma/3809/2015 

A/Michigan/02/2015 A/NorthCarolina/3009/2015 A/NorthCarolina/2679/2015 
A/NorthCarolina/3009/2015 A/Kentucky/3391/2015 A/Nevada/03/2015 

A/Washington/3572/2015 A/Washington/3259/2015 A/Washington/3185/2015 
A/Washington/2349/2015 A/Washington/3264/2015 

A/BritishColumbia/02/2015 A/Washington/05/2015 A/Washington/3276/2015 
A/Washington/3253/2015 A/Washington/02/2015 A/NorthDakota/3344/2015 

A/MatogrossodoSul/29492/2015 A/Missouri/02/2015 A/Kansas/08/2015 
A/SouthKorea/4630/2015 A/Segovia/23/2015 A/Catalonia/NSVH100152671/2015 

A/Colombia/2473/2015 A/Lund/1/2015 A/NewYork/15/2015 
A/Catalonia/2234272NS/2015 A/Navarra/95/2015 A/Kazakhstan/32/2015 

A/Kazakhstan/34/2015 A/Japan/4990/2015 
A/Japan/4889/2015 A/Japan/4888/2015 A/Japan/4885/2015 
A/Japan/4398/2015 A/Japan/4395/2015 A/Japan/4394/2015 
A/Japan/4392/2015 A/Japan/4391/2015 A/Japan/4389/2015 
A/Japan/4385/2015 A/Japan/3992/2015 A/Japan/3991/2015 

A/Japan/4594/2015 A/Catalonia/NSVH110112911/2015 A/Ceuta/704/2015 
A/Japan/4408/2015 A/Virginia/02/2015 A/Indiana/10/2015 

A/NorthDakota/06/2015 A/Glasgow/400003/2015 A/Navarra/369/2015 
A/Slovenia/141/2015 A/Ohio/4075/2015 

A/Hawaii/4020/2015 A/Skovde/1/2015 A/Oklahoma/01/2015 
A/Massachusetts/2488/2015 A/Country2/4424/2015 A/Country2/4421/2015 

A/Country2/2602/2015 A/Denmark/02/2015 A/Denmark/01/2015 
A/NewJersey/04/2015 A/Country2/2598/2015 A/Country2/4416/2015 

A/Sweden/8/2015 A/Paris/172/2015 A/Paris/176/2015 
A/Paris/175/2015 A/Nordrhein-Westfalen/10/2015 A/Austria/837452/2015 

A/Baden-Wurttemberg/21/2015 A/Baden-Wuerttemberg/T1724/2015 
A/Baden-Wuerttemberg/17/2015 A/Baden-Wuerttemberg/16/2015 A/Austria/841589/2015 

A/Austria/841046/2015 A/Wisconsin/19/2015 A/Wisconsin/08/2015 
A/WestVirginia/03/2015 A/Bremen/3/2015 A/Saint-Petersburg/RII555S/2015 
A/Saint-Petersburg/RII554S/2015 A/Saint-Petersburg/RII550S/2015 A/Saint-Petersburg/RII565S/2015 

A/Austria/837148/2015 A/Germany/x189/2015 A/CastillaLaMancha/92/2015 
A/PaisVasco/131/2015 A/Florida/20/2015 A/Delaware/04/2015 

A/Utah/3095/2015 A/NewMexico/11/2015 A/Albania/5749/2015 
A/Lisboa/niRL12/2015 A/Navarra/507/2015 

A/Navarra/306/2015 A/Catalonia/NSVH100150803/2015 A/Bretagne/432/2015 
A/Dijon/009/2015 A/Austria/838619/2015 A/Bretagne/483/2015 

A/PaysdeLoire/664/2015 A/Wisconsin/23/2015 A/Georgia/2563/2015 
A/Florida/10/2015 A/NewJersey/01/2015 A/Norway/169/2015 

A/Dijon/142/2015 A/Lorraine/1585/2015 A/Austria/838047/2015 
A/Baleares/676/2015 A/Catalonia/NSVH100148202/2015 A/Catalonia/NSVH110113799/2015 

A/Nevada/18/2015 A/Latvia/01-000487/2015 
A/Latvia/01-000586/2015 A/Wisconsin/18/2015 A/Hawaii/4023/2015 

A/NewYork/3140/2015 A/NewYork/2261/2015 A/Tennessee/08/2015 
A/Massachusetts/03/2015 A/Hawaii/07/2015 A/Tennessee/01/2015 

A/Georgia/2243/2015 A/Delaware/16/2015 A/Austria/842675/2015 
A/Norway/481/2015 A/Alabama/05/2015 A/Nebraska/2668/2015 

A/Texas/2745/2015 A/Florida/3086/2015 A/Kentucky/3380/2015 
A/SouthKorea/2723/2015 A/SouthKorea/4199/2015 A/Texas/3723/2015 

A/NewYork/11/2015 A/Japan/3230/2015 
A/Japan/3228/2015 A/Colorado/3776/2015 A/Hawaii/4018/2015 

A/Texas/02/2015 A/NewMexico/01/2015 A/Idaho/13/2015 
A/NewMexico/07/2015 A/NewMexico/08/2015 A/Iowa/08/2015 

A/Massachusetts/3773/2015 A/Germany/x190/2015 A/Catalonia/NSVH100155987/2015 
A/Catalonia/NSVH100153641/2015 A/Catalonia/NSVH100150785/2015 A/Melilla/242/2015 
A/Leon/29/2015 A/Lisboa/3/2015 A/Catalonia/NSVH100145837/2015 

A/Lisboa/niRL182/2015 A/Lisboa/20/2015 
A/Navarra/301/2015 A/Lisboa/niRL149/2015 A/Lisboa/niRL83/2015 

A/PaisVasco/61/2015 A/Valladolid/26/2015 A/Galic ia/755/2015 
A/FrancheComte/335/2015 A/Albania/5726/2015 A/Michigan/13/2015 

A/Wyoming/02/2015 A/Michigan/01/2015 A/Utah/05/2015 
A/Idaho/05/2015 A/NewHampshire/03/2015 A/SaoPaulo/20768/2015 
A/Bretagne/168/2015 A/SaoPaulo/3-18529/2015 A/Saint-Petersburg/RII552S/2015 

A/Massachusetts/2484/2015 A/California/04/2015 A/NorthCarolina/12/2015 
A/Indiana/03/2015 A/Kansas/3604/2015 
A/SouthDakota/3729/2015 A/Minnesota/02/2015 A/Washington/01/2015 

A/Wisconsin/01/2015 A/Washington/2351/2015 A/Michigan/12/2015 
A/Washington/3974/2015 A/SouthDakota/2249/2015 A/RhodeIsland/3780/2015 
A/Massachusetts/06/2015 A/Alaska/3616/2015 A/Oregon/02/2015 
A/Kentucky/02/2015 A/Glasgow/401674/2015 A/Sweden/1/2015 

A/Slovenia/44/2015 A/Saint-Petersburg/RII553S/2015 A/Michigan/03/2015 
A/Hawaii/4017/2015 A/SouthCarolina/4188/2015 

A/Minnesota/03/2015 A/Georgia/2625/2015 A/Virginia/4007/2015 
A/Ohio/01/2015 A/Washington/2344/2015 A/SouthDakota/3398/2015 

A/Washington/3280/2015 A/Montana/4460/2015 A/SouthDakota/2519/2015 
A/Nebraska/2549/2015 A/Hyogo/3102/2015 A/WestVirginia/05/2015 

A/Washington/2806/2015 A/Wisconsin/04/2015 A/Oklahoma/4095/2015 
A/Wisconsin/10/2015 A/RhodeIsland/3216/2015 A/Wyoming/01/2015 

A/NorthCarolina/09/2015 A/Wyoming/2936/2015 A/Nagasaki/14N039/2015 
A/PaysdeLoire/495/2015 A/Kentucky/03/2015 

A/SaoPaulo/19850/2015 A/Kanagawa/15/2015 A/WestVirginia/06/2015 
A/WestVirginia/07/2015 A/Nara/1/2015 A/Japan/2472/2015 
A/Tokushima/2/2015 A/Oita/7/2015 A/Nagasaki/14N024/2015 

A/Nebraska/2972/2015 A/BritishColumbia/03/2015 A/Hamburg/2/2015 
A/Okinawa/14T006/2015 A/Okinawa/14T007/2015 A/Nevada/3967/2015 

A/BritishColumbia/10/2015 A/Washington/2802/2015 A/NewYork/16/2015 
A/Switzerland/785/2015 A/Hawaii/08/2015 

A/Washington/03/2015 A/Vermont/04/2015 A/Yokohama/55/2015 
A/Wisconsin/03/2015 A/WestVirginia/02/2015 A/Michigan/06/2015 

A/Iowa/04/2015 A/Germany/x187/2015 A/Georgia/03/2015 
A/Japan/3922/2015 A/Yamagata/3/2015 A/Japan/2307/2015 

A/Yamagata/6/2015 A/Kitakyusyu/36/2015 A/Wisconsin/02/2015 
A/Wisconsin/09/2015 A/Wisconsin/13/2015 A/Germany/x203/2015 
A/Washington/2807/2015 A/Kazakhstan/36/2015 A/California/2650/2015 

A/Sendai/1/2015 A/Massachusetts/02/2015 
A/NewJersey/2708/2015 A/SouthCarolina/2854/2015 A/NorthCarolina/01/2015 

A/Arizona/4054/2015 A/Nevada/15/2015 A/NewMexico/04/2015 
A/Japan/3239/2015 A/Idaho/08/2015 A/NewMexico/06/2015 

A/Nevada/09/2015 A/Arizona/3979/2015 A/Texas/2950/2015 
A/California/2436/2015 A/California/2437/2015 A/Guam/2921/2015 
A/California/3863/2015 A/Idaho/01/2015 A/NewYork/2758/2015 
A/Nevada/3226/2015 A/Pennsylvania/03/2015 

A/SouthKorea/3156/2015 A/SouthKorea/3759/2015 A/Texas/09/2015 
A/Navarra/304/2015 A/Lisboa/niEVA226/2015 A/Lisboa/niEVA162/2015 

A/Lisboa/niSU114/2015 A/Lisboa/niEVA79/2015 A/Lisboa/niEVA77/2015 
A/Lisboa/niEVA151/2015 A/Lisboa/niEVA97/2015 A/Lisboa/niSU77/2015 

A/Lisboa/niRL27/2015 A/Lisboa/niEVA133/2015 A/Lisboa/niEVA63/2015 
A/Lisboa/niRL117/2015 A/Lisboa/niEVA211/2015 A/Washington/08/2015 

A/Tokyo/41945/2015 A/Sweden/15/2015 
A/Sweden/11/2015 A/RhodeIsland/3300/2015 A/Pennsylvania/11/2015 
A/Oklahoma/2511/2015 A/NorthCarolina/2338/2015 A/NewYork/2766/2015 
A/NewJersey/2867/2015 A/Nagano/2004/2015 A/Massachusetts/09/2015 
A/Lille/1635/2015 A/Hawaii/4015/2015 A/Hawaii/05/2015 
A/Guam/4633/2015 A/Delaware/21/2015 A/Delaware/11/2015 
A/Delaware/09/2015 A/Washington/09/2015 A/Georgia/3373/2015 

A/Georgia/3426/2015 A/Montana/04/2015 A/California/08/2015 
A/California/09/2015 A/Pennsylvania/02/2015 

A/Japan/3240/2015 A/Gunma/14G004/2015 A/Connecticut/4626/2015 
A/NewMexico/3538/2015 A/Utah/03/2015 A/Sweden/20/2015 
A/Maine/03/2015 A/SouthCarolina/3302/2015 A/NewYork/4073/2015 
A/Hawaii/4016/2015 A/Colorado/3883/2015 A/Texas/36/2015 
A/Texas/38/2015 A/Delaware/4187/2015 A/Gavle/1/2015 

A/Colorado/07/2015 A/Arkansas/4699/2015 A/BritishColumbia/11/2015 
A/NewHampshire/05/2015 A/Washington/3243/2015 

A/Florida/2989/2015 A/Delaware/13/2015 A/RhodeIsland/05/2015 
A/Maine/05/2015 A/NewYork/4071/2015 A/Florida/3534/2015 

A/Sweden/14/2015 A/Massachusetts/3771/2015 A/NewYork/07/2015 
A/Colorado/06/2015 A/Kentucky/07/2015 A/NorthCarolina/07/2015 

A/Delaware/18/2015 A/Stockholm/15/2015 A/Massachusetts/3770/2015 
A/RhodeIsland/01/2015 A/Massachusetts/2999/2015 A/SouthKorea/4872/2015 

A/Vermont/02/2015 A/California/2715/2015 A/NewHampshire/10/2015 
A/NewYork/3431/2015 A/Wisconsin/22/2015 

A/Sweden/19/2015 A/Oregon/01/2015 A/Florida/3737/2015 
A/Wyoming/2849/2015 A/Wyoming/2732/2015 A/Wyoming/4382/2015 

A/Wyoming/2730/2015 A/Nevada/4013/2015 A/Nevada/16/2015 
A/Ohio/04/2015 A/Washington/04/2015 A/Colorado/2890/2015 
A/Germany/x207/2015 A/Japan/3649/2015 A/Japan/3229/2015 
A/Japan/3231/2015 A/Gavle/3/2015 A/Lorraine/1588/2015 
A/Massachusetts/2368/2015 A/RhodeIsland/04/2015 
A/RhodeIsland/03/2015 A/California/2319/2015 A/Missouri/08/2015 

A/NewJersey/14/2015 A/SouthCarolina/5056/2015 A/Maine/07/2015 
A/NewHampshire/15/2015 A/PaisVasco/272/2015 A/Navarra/190/2015 

A/Lisboa/5/2015 A/Austria/842664/2015 A/Austria/840938/2015 
A/Austria/840474/2015 A/Austria/837936/2015 A/Austria/836251/2015 

A/Austria/835408/2015 A/California/02/2015 A/Austria/836270/2015 
A/Austria/835654/2015 A/Austria/838260/2015 A/Austria/836128/2015 

A/Austria/840123/2015 A/Austria/837941/2015 
A/Wyoming/3660/2015 A/Washington/2356/2015 A/SouthKorea/4491/2015 
A/SouthKorea/4195/2015 A/SouthKorea/3544/2015 A/NewYork/19/2015 
A/NewYork/09/2015 A/Nebraska/06/2015 A/Nebraska/01/2015 
A/Montana/01/2015 A/Missouri/07/2015 A/Missouri/03/2015 
A/Kansas/06/2015 A/Kansas/03/2015 A/Georgia/2963/2015 
A/Georgia/2580/2015 A/California/11/2015 A/BritishColumbia/08/2015 

A/RhodeIsland/4681/2015 A/Maine/09/2015 
A/NorthDakota/04/2015 A/California/4206/2015 A/NorthDakota/4041/2015 

A/California/07/2015 A/California/2542/2015 A/SouthDakota/2520/2015 
A/SouthDakota/2520/2015 A/NewYork/3151/2015 A/NewYork/13/2015 
A/Quebec/03/2015 A/Quebec/07/2015 A/NewYork/3926/2015 
A/Delaware/12/2015 A/Nevada/05/2015 A/Arkansas/04/2015 
A/NewHampshire/12/2015 A/RhodeIsland/12/2015 A/Maine/10/2015 
A/Florida/13/2015 A/Florida/05/2015 A/NewMexico/12/2015 
A/Utah/07/2015 A/Utah/11/2015 

A/Nevada/17/2015 A/NewJersey/10/2015 A/BritishColumbia/07/2015 
A/Kansas/01/2015 A/Oklahoma/2517/2015 A/Washington/13/2015 

A/Indiana/01/2015 A/NewYork/2771/2015 A/NewYork/3745/2015 
A/Montana/02/2015 A/Florida/16/2015 A/Paris/1649/2015 

A/Austria/837932/2015 A/California/3854/2015 A/Austria/840947/2015 
A/Pennsylvania/05/2015 A/Navarra/373/2015 A/Murcia/487/2015 

A/Navarra/193/2015 A/Jiangxi-Donghu/1218/2015 
A/California/10/2015 A/HongKong/7127/2014 A/Brandenburg/17/2015 

A/Washington/17/2015 A/Wakayama-C/93/2015 A/Japan/3237/2015 
A/HK/490/2015 A/HongKong/8112788/2015 A/Stockholm/9/2015 

A/Fukuoka/14346/2015 A/HongKong/8112349/2015 A/Hubei-Yunxi/31/2015 
A/HK/454/2015 A/HK/489/2015 A/Austria/838535/2015 

A/Hamamatu-C/15033/2015 A/Sachsen/T2120/2015 A/Utah/12/2015 
A/BritishColumbia/04/2015 A/NewJersey/13/2015 A/Lisboa/niRL74/2015 

A/NewMexico/05/2015 A/Washington/22/2015 
A/Washington/2804/2015 A/Kentucky/3389/2015 A/Wisconsin/15/2015 

A/Schleswig-Holstein/1/2015 A/Sachsen/2/2015 A/Niedersachsen/15/2015 
A/Nordrhein-Westfalen/17/2015 A/Germany/x197/2015 A/Brandenburg/6/2015 

A/Brandenburg/1/2015 A/Berlin/28/2015 A/Brandenburg/7/2015 
A/Berlin/27/2015 A/Kazakhstan/37/2015 A/Kazakhstan/30/2015 
A/Kazakhstan/25/2015 A/Kazakhstan/47/2015 A/Kazakhstan/951/2015 

A/Kazakhstan/49/2015 A/Kazakhstan/22/2015 
A/Kazakhstan/05/2015 A/Kazakhstan/03/2015 A/Kazakhstan/16/2015 

A/Kazakhstan/42/2015 A/Berlin/1/2015 A/Dijon/290/2015 
A/Paris/090/2015 A/Nevada/3225/2015 A/Kazakhstan/29/2015 

A/Kazakhstan/20/2015 A/Alabama/4114/2015 A/CastillaLaMancha/145/2015 
A/Austria/835663/2015 A/Austria/836603/2015 A/Kazakhstan/31/2015 

A/Paris/133/2015 A/Berlin/74/2015 A/PaysdeLoire/1245/2015 
A/Virginia/01/2015 A/Baden-Wuerttemberg/9/2015 

January – April 2015 

Evolutionary Relationships Among Influenza  

A(H3N2) Hemagluttinin (HA) Genes 

A/Switzerland/9715293/2013 

3C.2a 

3C.3a 

3C.3 

3C.3b 

GEO Region 

▬  North America 

▬  South America 

▬  Oceania 

▬  Europe 

▬  Africa 

▬  Asia 

Down to Vaccine 

▬  2 

▬  4 

▬  8 

▬  16 

▬  32 or higher 

▬  ITT or VNR 

Another Example of High Level Trend Analysis 

Rainbow Phylogenetic Tree and Heat Maps Developed by Yunho Jang 



The Future of Prediction –  Progress but a Long 
Way to Go 

Neher, RA and Bedford T. 2015. Bioinformatics 3, 3546-3548 
Łuksza M & Lässig M. 2014. Nature 000, 1-5  doi:10.1038/nature13087 
Li and Deem M. 2016. Protein Engineering, Design & Selection, vol. 29 no. 8, pp. 309–316 



• New vaccines licensed 

• New 2012 WHO vaccination policy with emphasis on 
vaccinating pregnant women, young children and health care 
workers 

– Increased coverage in some populations  

• WHO’s Global Action Plan for Influenza Vaccines*  

• Increase in vaccine uptake in the Americas (USA and Latin 
American Countries)** 

• Annual estimates of PCR laboratory-confirmed vaccine 
effectiveness estimates in multiple countries 

 

 

 

Advances in Prevention  

* Partridge J and Kieny MP. 2013. Vaccine 31. 728-31 
**Ropero-Alvarez AM, Omeriri N, et al. 2016. Human Vaccines and Immunotherapy 12, 2206-2014 
* 



• Fluarix QIV 
• FluLaval QIV 
• Fluzone QIV 
• Afluria TIV 
• Fluad MF-59 
• Fluarix TIV 
• FluLaval TIV 
• Fluvirin TIV 
• Fluzone ID TIV 
• Flucelvax CC TIV 
• Fluzone High Dose TIV 
• FluBlock Recomb TIV 
• FluMist QIV* 
• Single and multi-dose vials 

 

Multiple Licensed Influenza Vaccine 
Presentations,  U.S. Season 

Different vaccines have different age 
indications 
 
ACIP recommends influenza vaccine for 
everyone > 6 m of age 
 
Vaccine effectiveness estimates = 45-60% for 
well matched and lower VE for ‘mismatched’ 
years 

*Not recommended by the Advisory Committee on Immunization Practices for use in 2016-17 influenza 
season due to low VE in children over several seasons. Rec will be reconsidered with new data. 



Influenza Vaccination Recommendations Over Time 

Before 2000: Persons aged 65 or older 
         Persons with high-risk chronic    

  medical conditions  
         Pregnant women in the 2nd/3rd trimester 
         Household contacts of the above 
       Health care workers 
 
2000:         Adults 50 and older 
 
2004:         Children aged 6—23 months 
        Household contact of children aged 0--23 months 

         Women who will be pregnant during influenza season  
 

2006:        Children aged 6—59 months 
        Household contacts of children aged 23-59 months 
 
2008:       All children aged 6 months—18 years 
 
2010:       All persons > 6 months in the US  



• WHO’s Global Action Plan for Influenza Vaccines - a 
comprehensive strategy to reduce the global shortage of 
influenza vaccines for seasonal epidemics and pandemic influenza 
in all countries of the world 

• Vaccine manufacturing capacity increased to ~ 1,069 M 
doses for the Northern Hemisphere 2011-12 season  
– But only 534 M doses (~ 50%) were actually produced due to 

lower demand 

• ~ 352 M doses could be manufactured for 2011 season in 
the Southern Hemisphere 
– 86 M doses (~ 24%) actually produced due to lower demand 

• How long will increased mfg. capacity be maintained, 
particularly as WHO’s Global Action Plan sunsets this year?  

Global Influenza Vaccine Manufacturing 
Capacity Has Increased; Demand Stagnated 

* Partridge J and Kieny MP. 2013. Vaccine 31. 728-31 
* 



• Over half of global doses distributed in the Region of the Americas 
• Significant increases in Latin America and the Caribbean (LAC) 

countries 
– 40/45 (89%) of countries have seasonal flu vaccination policies 
– 30/45 (67%) of countries purchase through the PAHO/WHO Revolving 

Fund 
– Strong PAHO leadership and strong national commitment to regionally 

agreed vaccine policies 
– Horizontal learning among LAC countries for establishing flu 

immunization programs 
– Based on new seasonality data, several countries in tropical areas 

changed to SH vaccine formulation and altered timing of vaccine 
administration 
 

• *Palache A, Oriol-Mathieu V, Abelin A, Music T. 2014. Vaccine 32, 6369-76. WM 
• , ** Palache A, Oriol-Mathieu V et al. 2015. Vaccine 33, 5598-5605. 

 

Improvements in Vaccine Uptake: Experience in 
The Region of the Americas  



• Only 4% of the global supply of flu vaccine distributed in 
African, Southeast Asia and Eastern Mediterranean Regions 
which account for half of world’s population* 

• Distribution in European Region decreased by 32% between 
2008 and 2013, with 72% of countries having lower rates of 
distribution** 

• 74 countries in tropical and subtropical countries have no 
national seasonal influenza vaccination policy in place (~ 60% 

of world’s population) 

– Other health priorities 

– Lack of burden of disease data 

 

 

 

Global Challenges in Vaccine Uptake 

Fitch, WM,  *Palache A, Oriol-Mathieu V, Abelin A, Music T. 2014. Vaccine 32, 6369-76. WM 
, ** Palache A, Oriol-Mathieu V et al. 2015. Vaccine 33, 5598-5605. 



CDC’s Program to Measure Influenza Vaccine 
Effectiveness in the U.S. 

Emerging Infections 
Program 

New Vaccine Surv.  
Network 

US VE Network - 1 

US VE Network - 2 

03-04 05-06 09-10 11-12 07-08 

6 – 23 m 

Hosp. 

Adults >18 y 

Hosp. 

ACIP recommended groups 

MAARI 

All Ages  

MAARI 

6–59m 

Hosp. 

6 – 59 mo. 

OP, Hosp. 

Marshfield Clinic, 
WI 

ACIP recommended 

groups - MAARI 

Adults > 50 y 

Hosp. 

Special studies 

HCWs, Peds. 

ICU, Pregnant 

08-09 06-07 04-05 10-11 

Influenza season 

12-13 

School 
Household 

VE 

US VE Network - 3 

Slide Courtesy of Alicia Fry 



U.S. Flu VE Network: Methods 

• Design: Prospective case-control study 

– Cases: MAARI with RT-PCR confirmed influenza 

– Controls: MAARI but negative for influenza 

• Vaccination status: confirmed by medical record or registry (4 sites) and self 

report (1 site) 

• Immunization: defined by receipt of at 1 dose of vaccine 14 or more days 

before onset of respiratory symptoms (or 2 doses for <9 years) 

• Analysis: VE = (1-adjusted OR) x 100%, estimated with logistic regression 

models 

• Similar VE studies are also conducted in Europe (I-MOVE), Canada, 

Australia & New Zealand; VE network established in Latin America allowing 

comparisons 

• VE studies are important to monitor vaccine performance in real-world 

conditions 

 



• Vaccine performance - lower than desired VE for both IIV and 
LAIV 

– VE is ~ 50-70% for antigenically well-matched circulating influenza B 

and H1N1 viruses, but typically lower for well-matched H3N2 viruses 

– Potential for antigenic mis-match  

– Example: Adjusted VE by type and subtype 2014-15 season was 55% and 
63% for influenza B Yam and Vic lineages, respectively, but only 13% for 
A(H3N2) which was not antigenically well-matched 

– Need to determine vaccine virus components twice a year; don’t always 
change vaccine components 

– Need to administer annually  

• New influenza vaccine development  
– Significant scientific and regulatory challenges 

– Cost of new vaccine development estimated ~ $1B USD 

 

Challenges for Performance of Influenza 
Vaccines 



Challenges in Influenza Prevention with Current 
Influenza Vaccines 

• Vaccine targets are rapidly changing seasonal viruses & infrequently 
emerging pandemic viruses 

• HA variant-specific” acquired after infection and vaccination; reduced 
protection vs. new antigenic variant  

• A race against time to detect new influenza variants AND develop and 
produce vaccines  prior to widespread disease 

• Production of seasonal and pandemic influenza vaccines is a high-risk, high-
stress endeavor for manufacturers. We’ve see a recent consolidation of 
influenza vaccine manufacturers.  



• We have ‘next generation influenza gene sequencing’ now we 
need ‘next generation influenza vaccines’ 

• In 2012 Mike Osterholm called for a Manhattan-type project*  
for influenza vaccines but the idea did not gain traction 

• Influenza vaccine-specific challenges 
– Variable target antigens and absence of long-lived protective immunity 

• Population-specific challenges 
– Immaturity of the immune system in neonates  

– Immune senescence in the elderly 

• Human Vaccines Project launched in 2014** 

 

The Future of Influenza Vaccines 

• *Osterholm MT and Kelley NS et al. 2012. Lancet Infectious Diseases 12, 36-44. 
• **Koff, WC, Gust ID and Schenkelberg T. Toward a Human Vaccines Project. 2014. Nature 

Immunology 15, 589-592.  
* 



• Vaccines for preventing infectious diseases are one of the greatest achievements of 
modern medicine but developing vaccines to HIV, HCV and developing universal flu 
vaccines has proven extremely challenging 

 

• Human Vaccines Project based on concept that next generation vaccines to will 
generate specific, potent, broad and durable vaccine-induced immune responses to 
difficult targets will require a different approach than used in the past 

 

• Built on vast transformation in the nature of research in the biological sciences. Start 
by conducting a comprehensive assessment of human immune responses to 
licensed and experimental vaccines in rapid, focused and iterative clinical research 
trials 

– Includes a ‘big-science’ component aimed at determining of all genes and proteins 
associated with the immune system  

– Includes a target antigen discovery component 

– Contingent on recent developments in gene sequencing, immune monitoring, increased 
computing power and the data managing systems able to analyze massive amounts of 
data 

 

  

Human Vaccines Project 



• Business model 
– Focus on ‘pre-competitive’ space for maximum collaboration and progress 

– Raising funds from multiple sources with expected need of $1 B over 10 
years 

• Establish hubs in existing institutions with necessary 
infrastructure and skill sets 
– First hub at Vanderbilt University School of Medicine 

– Second in San Diego, California (UC San Diego, J Craig Venter Institute, 
Scripps Research Institute) 

• Project goals 
– Improve efficacy of selected licensed vaccines (influenza ?) 

– Expedite AIDS, TB, malaria and cancer vaccine development 

– Emphasis on heterogeneous populations including infants and elderly and 
developing world populations 

– Emphasis on emerging epidemic/pandemic threats 

– Redefine the requirements for licensure for future vaccines 

 

Human Vaccines Project 



 The Ideal Flu Vaccine:  

 A single vaccine or series with lifelong 
protection against influenza A subtypes and 
both lineages of influenza B 

 Is it achievable?  

Universal Influenza Vaccines 

 A practical outcome: A vaccine with protection 
for several (possibly 3-5) years 

 Reduce need to re-formulate annually 

 Reduce  or negate impact of vaccine ‘mismatches’ 

 Surveillance would remain important 

 Potential to reduce production and administration costs 

 Potential surge capacity for rapid scale up for pandemic vaccine 

 Potential for reducing vaccine shortages 

• Year around production  increase global vaccine supply 



Most Important Influenza Challenge/Unmet Need  
 

• Development and licensure of truly “universal” flu vaccine 
pose enormous scientific and regulatory challenges 

• Must do better than nature to protect from influenza disease 

– Individuals over 57 years of age have been exposed to 
H1N1, H2N2, H3N2 and B viruses over a lifetime but death 
and hospitalization are highest in older age groups 

• Incremental advances in breadth and durability of protection 
are desirable in the interim 

• Combinations of approaches and partners including 
government funding may be required 

• One of the most important and greatest scientific challenges 
in the field of influenza 

51 



• Are we doing the best we can with current influenza vaccines? 
• Broader use of adjuvanted vaccines for older adults/other 

populations? 
• Are we using the best dose of each antigen for all types/subtypes? 

Current 15 ug dose based on decades old H1N1 trials 
• Can we enhance CMI and mucosal response through LAIV prime 

followed by IIV boost? 
• Are there other prime boost strategies that would improve VE? 
• Can we inducing better CMI through vectored vaccines or recombinant 

protein/peptide vaccines 
• Will enhancing antibody response to NA improve vaccine 

effectiveness? 
 

 

 

 Incremental Advances toward Better Prevention 



• Better understanding of influenza pathogenesis and 
new tools for treatment of severe influenza illness 
– New antivirals 

– Monoclonal antibodies 

• Animal/human interface 
– Continuing need to strengthen influenza surveillance in 

animals, especially pigs and poultry 

– Continuing need to strengthen veterinary services in LMIC 

• Vaccines for low and middle income countries 
– Need vaccine for children < 6 months of age 

– Concern that a universal vaccine will be too expensive for 
many LMIC 

 

Many Other Challenges 
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