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Impact of vaccination on human health

Measles vaccine (MMR vaccine)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024226/
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In 1980, WHO officially announced the end of smallpox (Geneva). 

There remain two highly-guarded stocks of the virus in laboratories in the USA and Russia. These are preserved for 

research purposes. 

Cases before and after vaccines
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Smallpox: a curse or a gift?

Kangxi emperor (1654 to 1722)
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The more history of immunology/vaccine
Edward Jenner (English physician ) 1798.  Observed that dairy 
maids are immune to smallpox. Role of cowpox? 

In 1796 Jenner deliberately infected an eight year old boy with 
the pus from a cowpox sore. The boy became ill with cowpox but 
recovered. He was then infected with the normally deadly 
smallpox. As Jenner had predicted the earlier infection with the 
cowpox actually protected the boy who never caught smallpox. 
The practice of modern vaccination (L, vacca, cow) was born.

Louis Pasteur 1880s, extended these observations and 
introduced methods of artificially attenuating microorganisms 
by aging, heat, drying serial passage.  Applied to anthrax, chicken 
cholera, rabies.

He defines Vaccines as: attenuated bacteria, killed bacteria, 
bacterial products such as toxins, even non-bacterial substances 
such as snake venoms.  Non-harmful substances also give similar 
response.  
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Vaccination is an active immunization to 
elicit protective immunity and memory

Immunoengineering
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Vaccine: the first attempt of 
immunoengineering

Immunology

Immunoengineering

“Measure”

“Model”

“Make”

Modified from slides of Prof. Darrell Irvine (MIT)

Bioengineering approaches 
to model the immune 

systems

Measuring and 
characterizing immune 

functions

Manipulating immune system; 
designing new immuno-

therapeuticsVaccine
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Adaptive immunity

An adaptive immune response is 
generated when naive T cells 
contact mature, activated 
antigen-presenting cells in the 
peripheral lymphoid organs.

http://www.circumvent-g2.com/immunology.aspx Infection or vaccination



Abbas, A. K.,et al. Cellular and Molecular Immunology 

Key cellular actors of adaptive immunity

The adaptive immune response consists of two branches, a cellular adaptive 
response(effected by cytotoxic T cells) and a humoral adaptive response (effected by B 
cells).
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Bioconjug. Chem. 26, 791-801 (2015)

Basic physiology of the primary immune response 
(i) 1. Immunization or infection

lymphatics
2. Antigen presentation
3. T cell and B cell activation

blood

4. Kill infected cells
5. Generate memory cells

chemotaxis

10



Basic physiology of the primary immune response 
(ii)

Chem. Rev. 115, 11109-11146 (2015).

Dendritic cells (DCs)
1) Chemotaxis
2) Antigen loading and 

activation
3) Trafficking to lymph 

nodes (LNs)
4) Activation of naïve T 

cells in LNs

Internalization of antigens

Pathogen-associated 
molecular patterns 
(PAMPs)
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Activation of naïve T cells by antigen-presenting 
cells

Signals required
1) Antigen
2) Costimulation
3) Secreted cytokines

Janeway, Immunobiology, 5th



B cell activation (i)

Abbas, A. K.,et al. Cellular and Molecular Immunology 
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B cell activation (ii)

Abbas, A. K.,et al. Cellular and Molecular Immunology 

B cell response to protein antigens
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B cell activation (iii)

Abbas, A. K.,et al. Cellular and Molecular Immunology 
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Examples of current approved vaccines 

The New England journal of medicine 345, 1042-1053 (2001).
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Vaccines are dead or inactivated organisms or purified products derived from them. 

Types of vaccines
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https://www.immunology.org/coronavirus/connect-coronavirus-public-engagement-resources/types-vaccines-for-covid-19

British Society for Immunology
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Live vaccines use a weakened (or attenuated) form of the germ that causes a disease. Because these vaccines are so similar to the 
natural infection that they help prevent, they create a strong and long-lasting immune response.

Viruses may be attenuated using the principles of evolution via serial passage of the virus through a foreign host species.
Bacteria is typically attenuated by passage, similar to the method used in viruses.

https://codagenix.com/vaccine-programs/covid-19/
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subunit vaccine:  presents one or more antigens to the immune system without introducing pathogen particles, 
whole or otherwise.



21

The Maryland-based company Novavax has developed a protein-based coronavirus 
vaccine called NVX-CoV2373.
The vaccine is produced by creating an engineered baculovirus containing a gene for a 
modified SARS-CoV-2 spike protein. The spike protein was modified by incorporating 
two proline amino acids in order to stabilize the pre-fusion form of the protein; this same 
2P modification is being used in several other COVID-19 vaccines.[11] The baculovirus then 
infects a culture of Sf9 moth cells, which create the spike protein and display it on their cell 
membranes. The spike proteins are then harvested and assembled onto a synthetic lipid 
nanoparticle about 50 nanometers across, each displaying up to 14 spike proteins.[5][6][10]

The formulation includes a saponin-based adjuvant.

https://www.nytimes.com/interactive/2020/health/
novavax-covid-19-vaccine.html

T helper

Antigen 
presenting 
cell

https://en.wikipedia.org/wiki/Baculoviridae
https://en.wikipedia.org/wiki/Severe_acute_respiratory_syndrome_coronavirus_2
https://en.wikipedia.org/wiki/Spike_protein
https://en.wikipedia.org/wiki/Proline
https://en.wikipedia.org/wiki/Novavax_COVID-19_vaccine#cite_note-11
https://en.wikipedia.org/wiki/Cell_culture
https://en.wikipedia.org/wiki/Sf9_(cells)
https://en.wikipedia.org/wiki/Moth
https://en.wikipedia.org/wiki/Cell_membrane
https://en.wikipedia.org/wiki/Cell_membrane
https://en.wikipedia.org/wiki/Lipid_nanoparticle
https://en.wikipedia.org/wiki/Lipid_nanoparticle
https://en.wikipedia.org/wiki/Novavax_COVID-19_vaccine#cite_note-:1-5
https://en.wikipedia.org/wiki/Novavax_COVID-19_vaccine#cite_note-:2-6
https://en.wikipedia.org/wiki/Novavax_COVID-19_vaccine#cite_note-:3-10
https://en.wikipedia.org/wiki/Saponin
https://en.wikipedia.org/wiki/Immunologic_adjuvant
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This type of vaccine uses an unrelated harmless virus (the viral vector) to deliver SARS-CoV-2 genetic material. When administered, our 
cells use the genetic material to produce a specific viral protein, which is recognised by our immune system and triggers a response.
Example: 
Sputnik V (Russian: Спутник V) is a viral vector vaccine for COVID-19: based on two human adenoviruses – a common cold virus – 
containing the gene that encodes the full-length spike protein (S) of SARS-CoV-2
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Two classes of successful, licensed vaccines:

images: www.ifpma.org

increasing 
safety

increasing 
immunogenicity 

(strength/durability 
of immune 
response)

live-attenuated unsafe for 
highly mutable pathogens, 

inactivated approach is 
ineffective for many 

microbes

Issues of potency, 
durability of response, no 

CD8 T-cell responses

subunit
whole 

microbe

Type of vaccine: Live-attenuated inactivated subunit
Examples: Oral Polio, yellow 

fever, smallpox
Influenza, polio, 
typhoid

Pneumoccocal, 
hepatitis B, HPV
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http://www.prostate-cancer.org/advocacy/VoiceRaisedAtHearing.html


Many shared challenges:
•characteristically, native response is not protective
•highly mutable target antigens
•Need for cytotoxic T-cell responses
•complex effects of immunodominance

...

Vaccines - triumphs and challenges
However, many diseases remain unsolved challenges for vaccination:

poliomyelitus data: http://www.cdc.gov/mmwr/preview/mmwrhtml/rr4905a1.htm

HIV virions: Zanetti et al.  (2006).PLoS pathogens, 2(8), e83
Tuberculosis bacteria
Photo: Janice Haney Carr,Public Health Information Library

malaria
hepatitis C
ebola

tuberculosis

J Med Genet 2010;47:433-435

cancer
RSV
HPV (established disease)

HIV
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