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Until recently human life everywhere was nasty, brutish and short

For 99.9% of the history of mankind, life expectancy has been < 30 years



Why? And How?



Starting in the 19th century life expectancy rose

Life Expectancy in the United States



Infectious disease mortality has decreased

Infectious Diseases

Diphtheria  (40million prevented)

Measles (35 million prevented)

Smallpox ...

Non Communicable 

Diseases

Ischemic Heart Disese

Stroke

Cancer

Diabetes

Alzheimer

.....



Much of the decrease can be attributed to vaccination

• Vaccination has reduced cases by >3.0 billion

>500 million deaths prevented

• From 2011-2020 vaccines will save 

• 25 million deaths 
- 2.5 million/year

- 7000/day

- 300/hour

- 5/min

WHO  Global Action Plan 
http://www.who.int/immunization/global_vaccine_action_plan/GVAP_doc_2011_2020/en/index.html)



USA 1994-2013

Vaccines prevented

•322 million illnesses

•21 million hospitalizations

•732,000 deaths

Vaccines saved:

•$295  billion direct costs

•$1.38 trillion in total societal costs

The value of vaccines according to CDC

Vaccines are cost effective

In the United States, from 1994 – 2013, the Centers for Disease 
Control and Prevention estimated that vaccination saved lives and 
reduced the cost of illness (MMWR 2014; 63:16).



Isolate

Inactivate / Attenuate

Inject the microorganism causing disease

Poliovirus, 2.9A resolution

Until recently many vaccines followed a simple formula



In the last 30 years, there has been a revolution in vaccine 

discovery



And there is greater promise in the future

2015



Conjugate vaccines



Haemophilus influenzae type B (Hib)

Pneumococcus 

Meningococcus 

Group B streptococcus 

Capsular polysaccharides & conjugates 

Capsule 

Capsule 

Polysaccharide 

Conjugate 



MenC Conjugate vaccine (red) 
Induces high levesl of bactericidal 
antibodies in infants. 
Polysaccharide (blue) was a poor 
Immunogen

Conjugation of polysaccharide to protein improves immunogenicity 
in infants



Impact of PCV: RSA



Reverse Vaccinology
and a vaccine for Meninigococcus B 



Meningococcus B capsule is a self antigen and cannot 
be used for vaccination

Men B capsule is structurally similar to 
human glycoproteins like NCAM, raising 
the risk of autoimmunity to the vaccine.



In silico vaccine
candidates

Express 
recombinant 

proteins

VACCINE CANDIDATES

600 potential vaccine candidates identified

350 proteins successfully expressed
in E.coli

91 novel surface-exposed
proteins identified

28 novel proteins
have bactericidal

activity

Reverse Vaccinology: genomic approach



Structural

Vaccinology

Structure-based

antigen design



Pre-fusion

Post-fusion

Structural Vaccinology: Respiratory syncytial virus



• Vectors 

• Synthetic seeds 

• Self Amplifying 
Messenger RNA 
(SAM) 

Synthetic biology



Synthetic vaccines: engineering viruses to express 
target antigens 

22

Ebola, TB, HIV, MERS

Using replicating and non replicating viral vectors to transfer genes 

to cells



A synthetic Influenza vaccine seed in 5 

days, a synthetic  RNA vaccine in 10 days

Molecular techniques offer unprecedented speed



Adjuvants: turning 
the dirty little 
secret into better, 
stronger, faster, 
longer vaccines
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Days post-second dose

Vesikari T, et al. NEJM.    

MF59 increases efficacy of influenza vaccine in children 

from 43 to 86% 

Vaccine also showed satisfactory 

safety profile:

• Increased local reactogenicity

• No increase in serious adverse 

experiences vs. control



Malaria

26

Ebola vaccine 100% efficacy

Zoster vaccine 97% efficacy in the elderly

Vaccines in the news 2015 [1]



Vaccines in the news 2015 [2]

• Dengue

– Sanofi Pasteur(Hadinegoro, NEJM 2015), Takeda, 
Butantan

• Clostridium difficile

– Phase III ongoing

• High dose quadrivalent influenza

– Targets elderly

– Addition of 2d B strain (only correct 50% of time)



Translating 

science to 

impact

Next challenges



Vaccines for every age

R.Rappuoli, C. Mandl, S: Black , E.  De Gregorio

Nature Reviews Immunology |  November 2011; doi:10.1038/nri3085 



Vaccines for the challenges of the 21st century



Vaccine scorecard (Plotkin et al, NEJM 2015)

Big Pharma
• Cost

• $500M less complex vaccine
• $1 B more complex vaccine

• Failure rate: only 7% of vaccines 
reaching preclinical development are 
licensed



In low income countries life is still very short

Vaccines for all



As income levels fall, infectious diseases have a greater impact on 
mortality.

Vaccines have the potential for greater impact in lower 
income countries



GAVI: forecast costs and deaths averted



Immunization coverage, Gavi-supported countries

PCV
(rota)

PCV



P
ri

ce

Unicef, 2015, Cost to fully immunize a child with rota, pentavalent, 
and pneumococcal vaccines

Success has a price

PCV accounts for a large % of spending



Pneumococcal conjugate vaccines for GAVI

• Duopoly: Pfizer (13 valent) & GSK (10 valent)

• $150 in developed countries, $7 in Gavi-supported 
countries (Adv Market Commitment: Gavi provides 
monetary compensation to companies to attract 
vaccine supply into market)

• Gavi 2016 -2020 (projected) 6.5B USD, PCV accounts 
for 2.8B USD (43%)



PNEUMOCOCCAL CONJUGATE VACCINE
NEEDED: A LOW COST VACCINE FOR DEVELOPING 
COUNTRIES

Unicef, 2015, Cost to fully immunize a child with rota, 
pentavalent, and pneumococcal vaccines

Demand
expected 
to be met

(Pfizer, GSK)

Unmet Demand for PCV – the challenge of supply



Rising to the challenge of supply

• Philanthropy
– Bill and Melinda Gates
– Wellcome Trust

• Governments
– PDPs
– Support for low cost manufacturers

• International organizations: Gavi, WHO, UNICEF, IVI
– Policy
– Purchase
– Tech transfer/capacity building

• Markets
– Alternative sources of supply from lower cost 

manufacturers

• New technologies



Changing the valuation of vaccines

Earning money / 
saving lives: Should 
industry, government, 
charities invest in 
vaccines?



• Visibility: Immunization typically prevents 
diseases, so most people lack first-hand 
experience 

– How do you value a benefit you cannot 
see?

• Vaccine value: in a world of limited 
resources cost-effectiveness becomes 
important in decision making, but health 
economics not  able to assign the right 
value to vaccines  

2012

2013

Why aren’t vaccines correctly valued?

SMART

VACCINES



How to properly assign value to vaccines?



A Global Vaccine 
Development Fund?

The cost of failure?
• Ebola: est $8 billion
• Deaths: 20,000

Proposed cost: $2 billion



Summary

• Vaccines are among the oldest effective medical
interventions and have had a tremendous impact on
mankind

• Vaccinology is vibrant and innovative and will continue to
have a great impact on the society
– Despite success in developing safe and effective vaccines, there

are still diseases to overcome

• Cost-effectiveness alone undervalues vaccines, multi-
criteria evaluation methods are needed to capture the
full benefits of vaccination

• The next great challenge will be to get these vaccines to
those in greatest need, through novel funding
mechanisms, lower cost production, capacity building,
and sustainable implementation



IVI website:  www.ivi.int
Like us: https://www.facebook.com/InternationalVaccineInstitute
Follow us: https://twitter.com/IVIHeadquarters
Visit us:  https://www.linkedin.com/company/international-vaccine-institute

http://www.ivi.int/
https://www.facebook.com/InternationalVaccineInstitute
https://twitter.com/IVIHeadquarters
https://www.linkedin.com/company/international-vaccine-institute

