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Features of An Effective Vaccine



Vaccine Design

• Immunogenicity
- Try to mimic natural infection, without illness
- Live, attenuated (less common, more immunogenic)
- Inactivated (more common, less immunogenic)

• Minimize antigens to include most protective portions
- Split vaccines
- Subunit vaccines
- Recombinant protein vaccines

• Less like pathogen
- Must provide additional stimulation
- Adjuvants



LAIV Properties

FluMist™  Prescribing Information.

ACIP (Advisory Committee on Immunization Practices). MMWR 2004 Vol. 53.

A. Cold-adapted

• FluMist vaccine strains replicate 

efficiently at 25ºC

• Nasopharyngeal replication 

induces protective immunity

B. Temperature-sensitive

• Replication is restricted at 37ºC 

(Type B) or 39ºC (Type A)

• FluMist replicates inefficiently in 

the lower airways or lungs



Artificially Attenuated Vaccines:
Passage in Cells from a Different Species

• For live, attenuated influenza vaccine, the virus was grown in chicken eggs, with gradual 
reduction of the incubation temperature, until the virus was restricted for growth at 39⁰C 
(influenza A) and 37⁰C (influenza B), and it could grow efficiently at 25⁰C (room 
temperature).  

• Attenuated variants are not available for all pathogens.
• Live, attenuated viruses are typically more potent than inactivated vaccines, since they 

mimic an actual infection.  



Vaccination Can Induce Life-Long Immunity:
Humoral and Cell-Mediated Immunity

• Serum antibodies in vaccine smallpox recipients was 
recently demonstrated to persist until at least 75 years 
after inoculation.

• This includes at least 20 years without natural exposure 
to the eradicated virus. 

• Antigen-specific CD4 and CD8 T cells persisted as well.
• Blue bar = 1 vaccination
• Pink bar = 2 vaccinations



Ways to Improve Vaccine-
Induced Immunity



Vaccine Formulations

• Most vaccines are designed to mimic the known responses associated with protection 
against acute infections.

• In general, attenuated vaccines should not be administered before 12 months of age or 
to immunocompromised individuals.



Vaccines Available for use in Humans



Vaccine Schedule in the United States

• Many vaccines require multiple doses (boosters) to elicit memory T and B cell 
populations, especially if the vaccines are inactivated or subunit vaccines.

• The goal of vaccination is to acquire herd immunity, typically estimated at 70-90% of the 
population, to prevent the spread of the disease.  



Vaccines in Development



Adjuvants to Boost Immune Response:
Used When Vaccine Does Not Elicit Optimal Immunity

• Many adjuvants that have been used in laboratory models of vaccination are not safe for 
use in humans (Freund’s).

• They stimulate very strong immunity by delaying antigen release, enhancing innate 
recognition (TLR agonists), and activating T cells.



Adjuvants to Boost Immune Response:
Clinically Relevant Adjuvants

• Clinically, the most widely approved adjuvants in the US are those derived from 
aluminum salts.

- Collectively referred as Alum, and composed of aluminum hydroxide or aluminum 
potassium sulfate. 

- Alum has been used in vaccines since the 1920’s.

• In 2009, the FDA approved a subunit vaccine against human papilloma virus (Cervarix) 
adjuvanted with AS04.

- AS04 is a mixture of aluminum hydroxide and monophosphoryl lipid A (MPL).
- MPL is a non-toxic derivative of LPS that is 100-fold less toxic than LPS.
- This is the first FDA-approved vaccine to use MPL as an adjuvant. 

• In Europe, MF59 (an oil-in-water vaccine that contains squalene) has been approved for 
use since 1997, and is used in the FluAd influenza vaccine.  

• Oil-in-water adjuvants and Alum adjuvants use a depot effect that allows them to 
contain an antigen at the site of inoculation for a longer period of time (slow down 
diffusion), thus increasing the chances of presentation to T cells.  



Adjuvants in Development:
Immunostimulatory Complexes (ISCOMs)

• ISCOMs are lipid micelles that arrange amphipathic molecules in a sphere around 
immunogenic peptides. 

• Desired effect is presentation to CD8 T cells via MHC-I presentation. 



Vaccines in Development:
Molecular Modification of Virulence

• Insertion of mutations that confer attenuation into 
viruses would allow for more stable attenuated strains, 
with less potential for reversion to wild-type. 

• Can be achieved using genetic technology 
- Reverse genetics 



Influenza Vaccine Development Cycle
(Northern Hemisphere)
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Centers for Disease Control and Prevention.  MMWR Morb Mortal Wkly Rep.  2006;55:1.

World Health Organization.  Wkly Epidemiol Rec.  2002;77:229-240.



New wild type strain (A/Hong Kong/4801/14)Master donor virus (A/PR/8/34)
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How Are Influenza Vaccines Made?
Reassortment



Creation of Viruses from Plasmid DNA Using Reverse Genetics

Source: National Institute of Allergy and Infectious Diseases (NIAID).



Vaccines in Development:
DNA Vaccines

• Recombinant DNA that expresses proteins from pathogenic organisms.
• Can be used to induce B cell (MHC-II) or CTL (MHC-I) responses.
• Benefit is rapid production of vaccines against viruses that change frequently (influenza).



Recent diseases for which vaccines are being 
developed

• Pandemic influenza (H5N1 and H7N9)
• 2003-present

• Ebola virus
• 2014

• Zika virus
• 2015-present



Vaccines in Development:
Chronic Diseases

• Difficult to develop because the responses associated with long-term protection have 
not been adequately defined.

• ‡Measles vaccines are effective, but are heat-sensitive, making them difficult to 
administer in tropical countries.

• §Hepatitis C numbers are reported as an estimate of chronically infected individuals.  



Questions/Discussion


