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Introduction

• The word “vaccine” originates from the Latin 
Variolae vaccinae (cowpox) 

• Edward Jenner demonstrated in 1798 prevent 
smallpox in humans. 

• Today the term ‘vaccine’ applies to all biological 
preparations

• Enhance immunity against disease & either 
prevent (prophylactic vaccines)

• In some cases, treat  disease (therapeutic   
vaccines). 

• Vaccines are administered in liquid form, either by 
injection, by oral, or by intranasal routes.

Baxby D (January 1999). 
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf


Characteristics of vaccines 

❖ Effective protection againts the pathogen 

❖ Must occur without significant danger of actually causing the disease 

❖ The protection that is provided must be long lasting

❖ The vaccine must induce the immune responses (e.g CTLs)

❖ Neutralizing antibodies must be stimulated in order to minimize reinfection

❖ The vaccine must be economically feasible to produce

❖ The vaccine must be suitable for storage, transport, and use.

Doan T et al, (2013) 



Examples of Vaccines by Type

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf
U.S. NIH, National Institute of Allergy & Infectious Diseases (NIAID). Vaccine Types. https://www.niaid.nih.gov/research/vaccine- 
types. 
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

Sinovac

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf


Vaccines composition

• Vaccines are composed → entire disease-causing 
microorganism or its components. 

• From living organisms that have been weakened, under sub-
optimal conditions (attenuation) 

• Or from genetic modification→ effect of reducing their 
ability to cause disease 

• From whole organisms →inactivated by chemical, thermal or 
other means 

• From components of the disease-causing organism→ specific 
proteins & polysaccharides, or nucleic acids 

• From inactivated toxins (toxin-producing bacteria) 
• From the linkage (conjugation) of polysaccharides to proteins

(this increases the effectiveness of polysaccharide vaccines in 
young children)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



How do vaccines work? 

comparison of the immune response to a diseases-causing organism & to a vaccine

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Cont......

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Antibody Destruction of Antigen

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Vaccines: transforming public health in the 
united states

http://phrma-
docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf

http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf
http://phrma-docs.phrma.org/files/dmfile/Vaccines_ReportLong_2017.pdf


Covid-19  2020 (in activated vaccines)



Herd immunity
(herd effect, community immunity, population immunity, or social immunity)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Vaccine Efficacy (VE)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Observed efficacies of some vaccines (maximum 
values are shown for ranges)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf





How safe are vaccines?
• Immune reactions that they induce can cause some 

discomfort
• The vast majority of adverse events are minor & transient
• These are typically pain injection site, or mild fever
• More serious adverse events occur rarely → risk cannot be 

accurately assessed
• Some serious adverse events may be so rare → once in 

millions of vaccine doses delivered
• Some individuals may be sensitive to some components or

elements in some vaccines, such as eggs, antibiotics, gelatin 
• It is believed that rare & very rare adverse events are 

associated with individual differences in immune responses
• Furthermore, a 10–11 year study of 657,461 children found 

that the MMR vaccine does not cause autism & 
actually reduced the risk of autism by 7 percent.

• Covid-19 Still developed 
Disease Control & Prevention (2018)

March 5, Reuters Updated; 2019 (2019-03-05). "Another study, this one of 657k kids, finds MMR vaccine doesn't cause autism | Montreal Gazette". Retrieved 2019-03-13.

https://nationalpost.com/news/world/the-largest-ever-study-has-shown-the-measles-mumps-and-rubella-vaccine-is-linked-to-lower-rates-of-autism


Common reactions to vaccines 
routinely used in several industrialized 

countries

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Classification of adverse events following 
immunization (AEFI)

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Innate & Adaptive Immunity

• Innate Immunity/ natural/ native immunity : 
– Essential for defending againts microbes in the first  few hours or days after 

infection 

– Facilitate rapid responses to invading microbes

• Adaptive Immunity/ specific/ acquired immunity : 
– Develops as a response to infection & adapts to the infection

– Recognizes & react to microbial & non-microbial substances ( antigens) 

– Stronger & more specialized are capable of eradicating

– Enhancing the protective mechanism of innate immunity

→Making them more capable of effectively combating microbes

20
(Abbas, 2018)



• The innate immunity system :

✓Maintains physical & chemical defences at epithelial 
barriers (skin & lining gastrointestinal & respiratory 
tracts → which block microbial entry)

✓The two major types of protecting reactions → 
inflammation & antiviral defences

21
(Abbas, 2018)



Routes of 
antigen entry

22

(Abbas, 2018)
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Innate & Adaptive Immunity

(Abbas, 2018)



Classes of lymphocytes

24



Specificity, memory, & contraction of adaptive 
immune responses

25
(Abbas, 2018)



Adaptive immune responses to extracellular 
microbes

Adaptive immune responses to extracellular microbes, such as bacteria, & their toxins consist of antibody production & the activation of 

CD4+ helper T cells. Antibodies neutralize & eliminate microbes & toxins by several mechanisms. Helper T cells produce cytokines that 

stimulate B cell responses, macrophage activation, & inflammation. 

Ab



Active & passive immunity

27
(Abbas, 2018)



Vaccine safety surveillance & 
evaluation

• Since vaccines are typically administered to healthy 
individuals, tolerance for adverse events is much lower 

• Most governments mitigate the investigation of possible 
adverse events following immunization (AEFIs) 

• Before a vaccine is licensed, it is carefully studied for all
possible harmful effects  

• Testing proceeds in a stepwise approach 
• Safety is first evaluated in animals.
• If there is no evidence of harm in animals, testing can begin 

in a small number of humans. 
• If there is no evidence of harm in humans, testing proceeds 

to increasing numbers of human subjects.

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



In humans, testing proceeds in 
three phases: 

• Phase I clinical trials involve a few dozen

• Phase II involve 50 – hundreds

• Phase III involve thousands or tens of

thousands of subjects.

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Vaccine injury compensation systems

• Vaccine injury compensation systems → to rapidly award 
suffer injury from properly produced & administered vaccines

• Designed as no-fault systems, that do not require proof of 
negligence on the part of the manufacturer (e.g. from 
improper design)

• As such, punitive damages cannot be sought unless a
manufacturer can be shown to have been grossly negligent

• In addition to providing protection from legal action against
vaccine manufacturers, vaccine injury compensation systems 
also provide protection for healthcare providers

• In the absence of protection, healthcare providers might be 
unwilling to provide immunization services

http://phrma-docs.phrma.org/sites/default/files/pdf/PhRMA_Vaccine_FactBook_2013.pdf



Storing & transporting vaccines

• Once manufactured, vaccines → packaged, stored & 
delivered → in appropriate conditions. 

• Most vaccines require a strict cold-chain to maintain their 
stability → under refrigeration. 

• Exposure to temperatures outside → can reduce the 
effectiveness of the vaccine.

• Maintaining the cold-chain can be challenging in countries 
that lack a reliable infrastructure 

• So researchers are working on vaccines that do not need to 
be refrigerated or can be out of refrigeration temporarily.

Kristensen , 2016; Isanaka S, et al. 2017
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