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Hepatitis B Vaccine

ÅFirst recombinant protein vaccine (1986).

ÅSecond generation vaccine based on knowledge that 
plasma-derived HBsAg conferred protection against 
Hepatitis B virus disease.

ÅDeveloped primarily for safety (avoid use of human 
sera and potential contaminants).

ÅHBsAg gene inserted into expression vector capable 
of directing synthesis of large quantities of HBsAg in 
Saccharomyces cerevisiae(bakerôs yeast).
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Hepatitis B Vaccine

ÅHBsAg particle expressed by and purified from yeast 
cells demonstrated to be equivalent to HBsAg 
derived from plasma of Hepatitis B chronic carriers.

ÅrHBsAg self assembles into 22nm lipoprotein 
particles (VLP).

ÅPurified vaccines contain no more than 5% yeast 
proteins.

ÅTreated with formaldehyde, sterile filtered, and 
coprecipitated with alum.

ÅrHBsAg vaccines used world-wide and have 
dramatically reduced HBV disease, HBV chronic 
carriage, and hepatocellular cancer.
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HPV Vaccines

ÅCervical cancer attributed to infection by a subset of 

HPVs (1980s)

ÅSpecies-specific inactivated PVs protected against 

PV challenge in animal models (neut ab).

ÅInactivated HPV vaccines for human use not feasible 

due to limitations in propagation of virus and because 

genome contains oncogenes. 

ÅApproach to HPV vaccines centered on subunits, 

especially recombinant proteins. 
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HPV Vaccines

ÅRecombinant (r)L1 protein found to self assemble 

into VLPs, which induced robust neutralizing 

antibody. 

ÅrL1 VLPs  can be produced in various expression 

systems including S. cerevisiae (Merck) and 

baculovirus-infected insect cells (GSK). 

ÅrL1 VLPs (Merck) further refined by a 

disassembly/reassembly step which resulted in 

significant improvements in stability and potency. 



8

HPV Vaccines

ÅBoth HPV vaccines utilize adjuvants ïalum (Merck) 

and ASO4 (GSK). 

ÅBoth HPV vaccines demonstrated robust protection 

against acquisition of persistant viral infection and 

low/high grade cervical intraepithelial neoplasia (CIN) 

caused by HPV types contained in the vaccines. 
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Issues and Advances in 

Recombinant Protein Vaccines

ÅExpression systems

ÅExpression levels

ÅGlycosylation/folding

ÅViral-like particles

ÅAdjuvants

ÅAdvances in formulation/stabilization



11

Issues and Advances in 

Recombinant Protein Vaccines

ÅMulti-component recombinant vaccines

ÅT cell vaccines

ÅDisposable manufacturing systems

ÅBiosimilars and biobetters

ÅBioharmonization
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Pneumococcal Vaccine Project

Goal: Accelerate development of safe, 

effective, and affordable vaccines 

against S. pneumoniae in order to 

reduce childhood acute lower 

respiratory infections and mortality in 

Africa and other low-income regions
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PVP Objectives

1. Advance the development of 

pneumococcal protein vaccine candidates.

2. Support development of low-cost 

conjugate vaccines.

3. Advance research activities in support of 

pneumococcal vaccine development.

4. Engage the pneumococcal research 

community to advance the field of 

pneumococcal vaccine development
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Polysaccharide based vaccines

Killed whole bacterial vaccine

90+ types

Current vaccines Novel vaccines

Protein-based vaccines
Polysaccharide based vaccines

Current vaccines Novel vaccines

Protein-based vaccines
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Shortcomings of Conjugate 

Vaccines

ÅManufacturing complexity

ÅExpense

ÅSerotype specific coverage

ÅSerotype replacement

ÅEfficacy may be limited for certain serotypes 

(e.g. serotype 1)

ÅLower efficacy against mucosal disease
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Control testing of PCVs

WHO Recommendations for the production and control of pneumococcal 
conjugate vaccines, ECBS, October 2003.
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Advantages of Protein Vaccines

ÅBreadth of coverage across all 

serotypes.

ÅEfficient and less expensive 

manufacturing process.

ÅPotential for protection against all 

stages of disease.
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Criteria for Prioritization of Protein 

Vaccine Candidates

ÅProtection in animal models

ÅColonization

ÅSepsis

ÅPneumonia (macaque model)

ÅWell conserved amino acid sequence across clinical 
isolates (globally representative)

ÅFunctional immune responses demonstrable

ÅToxin neutralization

ÅOpsonophagocytic killing (OPK)

ÅInhibition of adhesion

ÅPassive transfer of sera

ÅHuman IgG to protein is protective
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Human IgG to Pneumolysoid protects 

mice from Pneumococcal Challenge

Musher et al., JID 2001; 183:827-30.
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Passive cross-protection from 

PspA Phase 1 Trial

Transfer of 100 ml of 1:25 serum dilution

Briles et al., JID 2000;182:1694-701.
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Pneumococcal Protein Vaccine 

Development Collaborations

ÅIntercell: trivalent common protein vaccine

ÅChildrenôs Hospital Boston: whole cell 
vaccine

ÅGenocea Biosciences: T-cell antigen 
discovery

ÅUniversity of Glasgow: Pneumolysoid fusions

ÅUniversity of Adelaide: common protein 
vaccine

ÅMucosis: common protein vaccine
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Intercell

ÅAustrian-based biotechnology company.

ÅDeveloped Antigen Identification 

Technology and applied to several 

candidate products including S. aureus

and S. pneumoniae.

ÅCandidate S. pneumoniae vaccine 

consists of 3 distinct proteins.
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Antigen discovery at Intercell

Serum from exposed 

and diseased humans

Learn from individuals whoós immune system has encountered the pathogen 

Bacterial surface display

(10 to 150 amino acids)

Defined 

peptides/proteins

Defined adjuvant

Animal models

Clinical trials

VaccineAntibodies Genomic peptide 

libraries

Protection
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Antigen discovery for pneumococcus: From 

proteome to Antigenome to Vaccine

3-5

2,236

Antigenome

Genomic libraries, antigen identification and confirmation

Sequence analysisClone selectionGenome Antigen screen

Exposed
humans

Antibodies

Collection, characterization & selection of sera

Pneumococcus proteome

Immunoblot In vitro assayELISA

Antigen validation

Highly
immunogenic

Functional
antibodies

Conserved Surface
exposed

Protective antigens

Animal studies

20-30

100-150
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Intercell: results of 3 component 

protein vaccine
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Childrenôs Hospital Boston

ÅDevelopment of an inactivated whole 
cell vaccine for Phase 1 clinical trials.

ÅCHB established partnership with 
Butantan Institute in Brazil for 
developing-world manufacture.

ÅLow cost to manufacture, requires no 
refrigeration and could be given orally or 
intranasally.
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CHB Whole Cell Vaccine

Mutant S. pneumoniae Rx1 AL(-)PdT
Åunencapsulated

Åautolysin-defective [growth density increased and 

release of pneumolysin impaired]

ÅExpresses PdT (pneumolysoid) not Ply

ÅNo antibiotic marker

ÅChemical inactivation

Å108-9 killed cells/dose
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CHB: WCV protection against 

sepsis
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WCV ïprotection against sepsis

Subcutaneous administration

Intranasal sepsis model

Control

108 Cells

107 Cells
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WCV ïprotection correlates with 

antibody levels
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CHB: acquired protection against NP 

colonization is antibody-independent and 

CD4+ T cell-dependent
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Genocea Technology

High-throughput genomic screening of any disease-causing

agent to identify protective T-cell antigens for efficacious vaccine formulations




