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Vaccination has entered its 3rd century, having started with the use of vaccinia virus by
Jenner in the last decade of the 18th century. Pasteur put vaccination on a more empirical
footing in the 1880s, and vaccine development proceeded slowly up to the mid-20th cen
tury. During this early period, live bacterial and viral vaccines were attenuated by passage
in animals and we learned how to kill microbes without destroying their immunogenicity.
In addition, knowledge of bacterial toxins and capsular polysaccharides permitted the
development of important new vaccines for epidemic infections.

The end of World War II brought the discovery of cell culture for the replication of
viruses. The high titers obtained facilitated killed vaccine development, while passage in
cell culture could be used to attenuate live viruses. The result was many new viral vaccines
that have proven crucial to disease control, such as polio, measles, mumps, and rubella.

As we begin the 3rd century of vaccination, the classical methods continue to yield
new vaccines, but molecular biology and genetic engineering have begun to change the
face of development. In addition, for the first time, basic immunology is contributing to
vaccine development.

Certain tendencies in vaccine development have become manifest, and are certain to
play significant roles in the near future (Plotkin, 2003). They include the following:

1. Continued importance of classic live (e.g., varicella) and inactivated (e.g.,
hepatitis A) vaccines.

2. Replacement of whole cell pertussis by acellular pertussis vaccine, and Oral Polio
Vaccine (OPV) by Inactive Polio Vaccine (IPV).

3. More combination vaccines, particularly for infants.
4. More vaccines for adolescents (e.g., pertussis) and adults (e.g., zoster) (Table 1.1).
5. Direction of B- and T-cell responses (Th l , Th2, CTL) through cytokines and

other adjuvants.
6. Application of protein chemistry to peptide synthesis and conjugation of

polysaccharides.
7. Live reassortant vaccines (e.g., influenza, rotavirus).
8. Use of attenuated viral and bacterial vectors to carry genes for immunizing proteins.
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Table 1.1. New Vaccines for Use Beyond Infancy

Adolescents Human papilloma virus (HPV)
Herpes simplex virus (HSV)
Cytomegalovirus (CMV)
Pertussis

Adults Zoster

Table 1.2. Nonparenteral Routes of Administration and Examples

Intranasal
Aerosol
Transcutaneous
Oral
Rectal

Influenza
Measles
Diarrheal toxins
Various antigens produced in plants
HIV

Agent

HepB
HIV
HSV
HPV

Table 1.3. Vaccines Tested for Therapeutic Effect

Antigens of interest

PreS I + S2 core
gag. tat
gD
E7,E6

9. Application of molecular biology to:
(a) genes (DNA vaccination, reverse genetics),
(b) transcripts (virulence factors) ,
(c) proteins (virus-like particles, proteomics).

10. Nonparenteral delivery: Mucosal and transdermal (vectors, microparticles,
transgenic plants) (Table 1.2).

11. Therapeutic vaccination for infectious and noninfectious diseases (Table 1.3).

Vaccines that are in advanced states of development and which may be licensed in
the near future include the following (Table 1.4):

1. New rotavirus vaccines that do not cause intussusception, based on bovine
human reassortants or human attenuated viruses .

2. Already licensed in the United States is a live attenuated influenza vaccine that is
delivered by nose drops. The vaccine promises not only easier delivery, but also
broader immune responses that may give heterologous protection against drifting
influenza strains.

3. A vaccine based on virus-like particles of an oncogenic papillomavirus has
demonstrated striking efficacy against infection of the uterine cervix, and a con
firmatory trial of a multivalent vaccine is in course.

4. Buoyed by the success of a meningococcal Group C conjugated polysaccharide
vaccine in the UK, a tetravalent Groups A/C1W-135/Y has been developed for
licensure in the US and elsewhere.
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Table 1.4. Vaccines in advanced phases of development

Rotavirus
Live influenza
Human papilloma virus (oncogenic serotype s)
Meningococcal conjugates (AICfW 135/Y)
Mening Gp B OMP
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Table 1.5. Newer strategies for vaccine development starting from information on the microbial
genome (DNA, eDNA, or RNA)

Strategy

Live recombinants
Recombinant protein production
Replication-defective particles
Alpha virus replicons
"Naked" DNA plasmid
Recombinant vectors
Prime boost using DNA and/or vectors
Reverse genetics
Peptides
Tscell receptor

Examples

Dengue , parainfluenza, tuberculosis
Hepat itis B SAg, pertussis toxin, lyme outer/surface/protein A
HPV, HSV
HIV, hemorrhagic fevers
Hepatiti s B
Cytomegalovirus, HIV
HIV, malaria
Influenza , parainfluenza, respiratory syncytial virus
Cancer
Multiple sclerosis

5. Although no globally effective Group B Meningococcal vaccine is on the horizon,
regional vaccines based on outer membrane proteins are receiving wider tests.

6. Unfortunately, the first trial of a vaccine against HIV, the envelope glycoprotein,
gave negative results. Nevertheless, more promising avenues are being explored.

With regard to the long-term future, it is evident that practically any antigen can be
constructed using genetic engineering techniques. Nevertheless, our knowledge of patho
genesis is still sadly deficient. Despite that caveat, several new strategies are promising.
Among them are the following (Table 1.5):

Live recombinants , based on insertion of genes into attenuated vectors, have given
encouraging results for vaccines against the parainfluenza viruses, dengue, and tuberculo
sis. Proteins and glycoproteins can be easily produced in bacteria, yeast, or animal cell
culture by insertion of genes coding for those proteins.

Vectors specifically attenuated for the purpose of carrying genes from pathogens
have provided a general strategy for vaccines against many diseases, including
cytomegalovirus (CMV), malaria, and AIDS. However, because the response to one vec
tor may be insufficient, the vector strategy now frequently includes a prime and a boost
with different vectors, which act synergistically to augment immune responses.

Most vectors are viruses, in particular, poxviruses and adenoviruses , but DNA
plasmids are also widely used. However, it appears that those plasmids will only be useful
if combined with another vector.
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Table 1.6. Possible Sources of Emerging Infections

Interspecies transfer
e.g., HIV, ebola, monke ypox

New variant evolves
(mutation, recombination, reassortm ent)
e.g., SARS , influenza, enterovirus 70

Aquisition of new genes
e.g., Y. pestis

Plasmid interchange
e.g., E. coli 0157

Exposure to new environment
e.g., Rift Valley fever, Hantaan

Geographical advance of vector
e.g., Dengu e

1500 BC

430 BC

AD 164
AD 54 1
1300s
AD 1550

Table 1.7. Ancient Epidemics

Biblical "Firstborn" Plague
Plagu e of Athens
Plague of Galen
Plague of Justinian
Black Plague
Sweatin g Sickness

Microbes have plastic genomes and are always evolving. New diseases arise, often
by mutation , acquisition of new virulence genes, or transfer from animals (Table 1.6), and
for reasons not always understood, diseases may disappear (Table 1.7). Therefore, vaccine
development must continue to be innovative and ready for new challenges.
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