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Principles in the Development of inactivated COVID-19 Vaccines
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ACE2 receptors are highly expressed in various 
body organs in particular in the nasal and oral 
mucosa, the tongue, and in ciliated epithelial 
cells in the upper and lower airway and in type II 
pneumocytes in the alveoli in the lower airway. 

 COVID-19 infection 



Immune responses to a viral infection
Innate Immunity: General immediate responses to ANY type of infection 
Adaptive/Specific Immunity: Specific response to an infection Involves the cellular response (T cells) 
and the antibody response (B cells)

Innate immune response is immediate; whereas cellular & antibody response usually starts after 6 to 8 days



Induction of both Involves 
the cellular response (T 
cells) and the antibody 
response are needed to fight 
a viral infection and induce 
immunity to the viral 
infection 

An effective vaccine against 
a viral infection will induce 
both humoral and cellular 
immune response 



Two main parts of a vaccine 
1) Antigen/Immunogen
2) Adjuvant 

Principles of vaccine development for an infectious disease



Innate Immunity Adaptive Immunity 

Target cells for 
vaccines are 
dendritic cells 



Factors Influencing the Efficacy of a vaccine developed for a viral infection 
i.e COVID-19 Vaccines

1) Targeting the right antigens: Targeting virus and virus infected cells to the 
immune system - neutralizing virus and preventing its entry to the cells   

2) Induction of both humoral and cell-mediated immune responses by the 
selection of the right type of adjuvant and antigen delivery  



Corona virus structural proteins 

Many COVID-19 candidate vaccines were designed to use the SARS-CoV-2 spike protein (S protein) 
or part of it as the immunogen, an agent capable of inducing immune responses



Humoral responses: Anti-S protein 
antibodies neutralize the viruses and 
prevent its binding and entry to the 
cells through ACE2 receptors. The 
antibodies also target the virus 
particles to the cell of immune system 
for destruction 

Cell mediated immune responses: 
CTL destroy the virus infected cells 



Selection of antigen 



Selection of adjuvants 

Immunological Reviews. 
2020;296:169–190



Multiple vaccine platforms have been explored for COVID-19 vaccine development as 
each vaccine platform has unique advantages and disadvantages



By the end of February 2021, a total of 256 COVID-19 vaccine 
candidates have been developed, with 108 in clinical trials and ~150 in 
preclinical studies.

A Comprehensive Review of the Global Efforts on COVID-19 Vaccine Development, 
Yingzhu Li et al, ACS Cent. Sci. 2021, 7, 512−533

WHO, Coronavirus Vaccine Tracker



Pfizer, Moderna

Sinopharm, 
Sinovac, Bharat, 
COVIran Barekat

Novavax , EpiVac
Soberana
(Pasteurcovac)

AstraZeneca, Sputnik V
, The Johnson & Johnson

Leading COVID-19 vaccines which will be briefly discussed in this webinar 



1) Inactivated vaccines 

An inactivated vaccine includes an adjuvant plus the whole inactivated virus. This type of 
vaccine mainly induce antibody responses. The use of some new generation adjuvants (TLR7/8 
ligand) in this type of  vaccines leads to the induction both cellular and antibody immune 
responses and make them more effective for protection against the viral infection 

The oldest and most well-established types of vaccine (hepatitis A, polio, and measles vaccines)



 In inactivated virus vaccines, the genetic
material of the virus has been destroyed to
stop disease producing capacity

 Inactivated virus cannot replicate inside the 
body, so higher doses are needed

 an adjuvant (molecules that
stimulate the immune system) is used to
help strengthen the immune response

 Inactivated virus vaccines generally only
induce antibody-mediated immunity (not
cell-mediated immunity)

Inactivated vaccines 



Inactivated corona vaccines authorized for emergency use

1) Covaxin (BBV152) developed by India’s Bharat Biotech 
2) Sinopharm developed by Beijing Institute of Biological Products
3) Sinopharm developed by Wuhan Institute of Biological Products
4) Sinovac (CoronaVac or PiCoVacc) developed by Sinovac Biotech
5) COVIran Barekat developed by Iran’ Shafa Pharmed Pars

Efficacy ~ 80 %

The comprehensive and updated information on these vaccines can be found at the following link 
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html


Name Antigen Adjuvant Immune responses 

Covaxin
(BBV152) 

inactivated 
viruses

Aluminium hydroxide 
+Imidazoquinoline (TLR7/8 
agonists)

Neutralizing antibodies
and Virus specific CD4 
and CD8 responses 

Sinopharm * inactivated 
viruses

Aluminium hydroxide Neutralizing antibodies

Sinovac * inactivated 
viruses

Aluminium hydroxide Neutralizing antibodies

COVIran inactivated 
viruses

Aluminium hydroxide Neutralizing antibodies

* authorized for people  ages 59 and younger.

Inactivated vaccines authorized for emergency use

Bharat (Covaxin)
Ella, R. et al. Safety and immunogenicity of an inactivated SARS-CoV-2 vaccine, BBV152: a double-blind, randomised, phase 1 trial. Lancet Infect. Dis. 21, 637–646 (2021)
Ella, R. et al. Safety and immunogenicity of an inactivated SARS-CoV-2 vaccine, BBV152: interim results from a double-blind, randomised, multicentre, phase 2 trial, and 3-month follow-up 
of a double-blind, randomised phase 1 trial. Lancet Infect. Dis. 21, 950–961 (2021).
Bharat Biotech. Bharat Biotech and ICMR Announce Interim Results from Phase 3 trials of COVAXIN®; Demonstrates overall Interim Clinical Efficacy of 78% and 100% efficacy against Severe 
COVID-19 disease, Indian council of medical research April 2021



Nature reviews Immunology 
August 2021 



Baharat BBV152 showed a 65.2% protection against the Delta variant in a double-blind, randomized, 

multicentre, phase 3 clinical trial.

Bernal JL, Andrews N, Gower C, et al. Effectiveness of COVID-19 vaccines against the. B. 1.617. 2 variant. 
medRxiv. 2021 , bioRxiv preprint 

Efficacy against new variants: 



Advantages                                  disadvantage                              vaccine examples  

Inactivated vaccines 


