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 Inactivated vaccines(or killed vaccine) : 
 Is a vaccine consisting of virus particles, bacteria, or other pathogens that 

have been grown in culture and then killed to destroy disease producing 
capacity. 

 

 Live attenuated vaccines: 
 A living virus or bacteria that has been weakened so that it does not 

cause serious disease in people with healthy immune systems. 

 

Definition 
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 The first inactivated vaccines were developed simultaneously 
by Salmon and Smith in the United States and the Pasteur 
Institute group (Roux and Chamberland) in France (1896-
1897).  

 Inactivation was first applied to pathogens such as the 
typhoid, plague, and cholera bacilli.  

History 

Daniel Elmer Salmon Theobald Smith Charles Chamberland Emile Roux 
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Routine inactivated vaccines 
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Routine inactivated vaccines 
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 Technology is well established 

 Relatively simple to manufacture 

 Easily stored and shipped 

 Can be given to most people, no chance of the dead virus 
causing disease. 

 Cheap 

 

 Batch to batch variations 

 Reactogenicity and side effects 

 Using large amounts of antigen to elicit an 
adequate antibody response is a major disadvantage.  

 Multiple doses and/or booster shots to achieve the same 
level of protection as live attenuated vaccines. 

Advantages and Disadvantages of  Inactivated Vaccines 
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Covid-19 vaccine strategies 
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COVID-19 Current Vaccines (Approved and EUA) 
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SinoPharm-BBIBP-CorV 
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 In early 2020, the Beijing Institute of Biological 
Products created an inactivated coronavirus 
vaccine called BBIBP-CorV. 

 

 

SinoPharm-BBIBP-CorV 
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Pre-clinical studies 

August 2020 
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Phase I, II clinical trials 

October 2020 
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 The inactivated SARS-CoV-2 vaccine , BBIBP-CorV, is safe and 
well tolerated at all tested doses in two age groups (18–59 
years and ≥60 years).  

 

 Humoral responses against SARS-CoV-2 were induced in all 
vaccine recipients on day 42.  

 

 Two-dose immunization with 4 μg vaccine on days 0 and 21 
or days 0 and 28 achieved higher neutralising antibody titres 
than the single 8 μg dose or 4 μg dose on days 0 and 14.  

 

 

Phase I, II clinical trial 

October 2020 
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 On July 16, 31,000 volunteers in the UAE.  

 On September 2, in Casablanca and Rabat on 600 people. 

 In September,  Egypt enrolled 6,000 people. 

 In August 2020, in Bahrain on 6,000. 

 In late August, in Jordan on 500 volunteers. 

 In Pakistan, in 3,000 volunteers. 

 On September 10, in Peru on 6,000 people. 

 On September 16, Argentina began a Phase III trial on 3,000 
volunteers. 

Phase III clinical trial 
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 China: Sinopharm obtained an EUA for one of its COVID-19 
vaccine candidates in July.  

 

 Bahrain: On November 3, granted for frontline workers. 

 

 UAE: On 14 September 2020, the UAE approved Sinopharm's 
COVID-19 vaccine for front-line workers following successful 
interim Phase III trials. 

 

 Approved in China, U.A.E., Bahrain. 
Emergency use in Egypt, other coutries. 

 

Emergency use authorization 
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Sinovac: CoronaVac or PiCoVacc 
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 CoronaVac is a COVID-19 vaccine developed by the 
Chinese biopharmaceutical company Sinovac. 

 

CoronaVac or PiCoVacc 
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 A pilot-scale production of PiCoVacc, a purified inactivated 
SARS-CoV-2 virus vaccine candidate, which induced SARS-
CoV-2–specific neutralizing antibodies in mice, rats, and 
nonhuman primates. 

 

Pre-clinical studies 

May 2020 
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Phase I, II clinical trials 

November 2020 
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 In April 2020, 144 participants were enrolled in the phase 1 
trial, and in May, 2020, 600 participants were enrolled in the 
phase 2 trial. 

 

 Taking safety, immunogenicity, and production capacity into 
account, the 3 μg dose of CoronaVac is the suggested dose 
for efficacy assessment in future phase 3 trials. 

Phase I, II clinical trials 

November 2020 
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 Sinovac’s vaccine is being tested in Phase III clinical trials in 
countries including Brazil, Turkey and Indonesia, where 
varied efficacy readings had been released separately, 
without sufficient details made available to public. 

 

 Approved in China 

 

 Emergency use in Brazil, other countries. 

Phase III clinical trial 
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Bharat Biotech: Covaxin 
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 India’s COVID-19 vaccine by Bharat Biotech in collaboration with 
the Indian Council of Medical Research and and National 
Institute of Virology. 

 Whole-Virion Inactivated Vero Cell derived platform technology. 

 Formulated with a toll-like receptor 7/8 agonist molecule 
adsorbed to alum.  

 

 

 

Covaxin-BBV152 
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Pre-clinical studies, Covaxin 

September 2020 
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Pre-clinical studies, Covaxin 

The vaccine received approval for Phase I & II Human 

Clinical Trials in July, 2020. 
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January 2020 

Phase I, II Clinical Trials, Covaxin 
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 A total of 375 subjects generated excellent safety data 
without any reactogenicity.  

 

 Vaccine-induced neutralizing antibody titers were observed 
with two divergent SARS-CoV-2 strains. Percentage of all the 
side-effects combined was only 15% in vaccine recipients.  

 

 In Phase 2 study, 380 participants of 12-65 years were 
enrolled. COVAXIN led to tolerable safety outcomes and 
enhanced humoral and cell-mediated immune responses.  

 

 

Phase I, II Clinical Trials, COVAXIN 

January 2020 
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 The first dose of vaccination has been given to all the 
participants and presently, second dose of either 
vaccine/placebo is being administered. 

 

 Efficacy will commence two weeks after the second dose. The 
interim efficacy estimate will be generated by the end of Feb, 
2021. 

 

 COVAXIN has been granted approval for emergency 
restricted use in India on Jan 03, 2021. 

 

Phase III multi-center trial, Covaxin 
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COVIran Barakat 
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 Is a COVID-19 vaccine candidate developed  by Iranian Shifa-
Pharmed Industrial Group. 

 

 Inactivated platform. 2 doses at days 0 and 14. 

 

 On 29 December, human trials of Iran's first domestic COVID-
19 vaccine candidate was started. 

 

 56 selected people take apart in the first phase of human 
trials which last 45 to 60 days (mid Esfand). 

COVIran Barakat 
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Protein-based Recombinant Vaccines 
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 Recombinant vaccines: 
 A recombinant vaccine is a vaccine produced through recombinant DNA 

technology. This involves inserting the DNA encoding an antigen that 
stimulates an immune response. 

 

 Protein-based recombinant vaccine: 
 The immunogenic protein associated with a recombinant DNA 

vaccine is made in the laboratory and injected into 
the vaccine recipient. 

 

 Nucleic acid-based recombinant vaccine: 
 Also known as genetic vaccines consist only of DNA (as plasmids) or 

RNA (as mRNA), which is taken up by cells and translated into protein. 

 
 

Definition 
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Production of  Recombinant Vaccines 
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History 
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Some types of  recombinant vaccines 
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1. Full-length S-protein 
based vaccines 

 

2. RBD-based vaccines 

 

3. Multi-epitope 
vaccines 

 

COVID-19 Protein-based Recombinant Vaccines 
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COVID-19 Protein-based Recombinant Vaccines 
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NVX-CoV2373 



40 

 NVX-CoV2373 is a recombinant (rSARS-CoV-2) nanoparticle 
vaccine composed of trimeric full-length SARS-CoV-2 spike 
glycoproteins and Matrix-M1 adjuvant. 

 

 Two intramuscular injections, 21 days apart.  

NVX-CoV2373 
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Preclinical studies, NVX-CoV2373 

June & July 2020 
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Phase I, II Clinical Trial, NVX-CoV2373 

September 2020 
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 No serious adverse events were noted. Reactogenicity was 
absent. 

 

 At 35 days, NVX-CoV2373 appeared to be safe 

 

 Elicited immune responses that exceeded levels in Covid-19 
convalescent serum.  

 

 The Matrix-M1 adjuvant induced CD4+ T-cell responses that 
were biased toward a Th1 phenotype. 

Phase I, II Clinical Trial, NVX-CoV2373 

September 2020 
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 In late December 2020, Novavax started the Phase III trial in 
the US and Mexico. 

 On 28 January 2021, Novavax reported that preliminary 
results from the United Kingdom trial showed 89% effective.  

 However, interim results from a trial in South Africa showed a 
lower effectiveness rate against the 501.V2 variant of the 
virus, at around 50-60%. 

 On 2 February 2021, Canada has signed a tentative 
agreement for Novavax to produce millions of doses of its 
COVID-19 vaccine in Montreal. 

 On 11 February 2021, the Europe Union is about to close a 
deal to get 100 million vaccines, with the option of 100 
million more. 

 

Phase III Clinical Trial, NVX-CoV2373 
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EpiVacCorona 
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 Vector Institute, a Russian biological research center 

 

 The vaccine relies on chemically synthesized peptide antigens 
of SARS-CoV-2 proteins, conjugated to a carrier protein and 
adsorbed on an alum. 

EpiVacCorona 
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Cov-Pars - Razi Institute - Iran 
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 Is a COVID-19 vaccine candidate developed by  Razi Vaccine 
and Serum Research Institute. 

 

 Recombinant spike protein platform.  

 

 The vaccine will be used in three doses. The initial dose is 
intramuscular, the second dose is injected intramuscularly 
after 21 days, and the third phase will be inhaled on day 51. 

 

 The feature making this vaccine unique is the last phase in 
which the vaccine should be inhaled (nasal spray). 

 

 130 selected people will take apart in the phase I clinical trial 
which has been started since 19 Bahman. 

Cov-Pars 
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Current Status of  COVID-19 Vaccination 
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Thank you 
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Factors determining the immunogenicity of 

genetic vaccines 

Factors affecting the immunogenicity of genetic 
vaccines 

Comments and conclusions 

Structure of the plasmid backbone Presence of immunostimulatory sequences, introns, 
poly-A-sequence 

Amount of plasmid delivered More is better 

Expression levels of the antigen More antigen correlates with stronger response, but 
not necessarily linearly 

Immunization schedule Increasing interval between immunizations can 
strongly enhance the response 

Route of immunization Intramuscular, intradermal (needle), epidermal (gene 
gun), mucosal 

Target-tissue Including what muscle is injected or what section of 
the skin 

Number of immunizations DNA-induced immune response can effectively be 
boosted with DNA 

Presence or absence of introns in front of the gene Introns increase efficacy 

Strain of the particular species Different mouse strains show qualitative and 
quantitative differences in DNA-induced immune 
responses 

Age of animals Stronger response the younger the mice 

Toxicity of the antigen for transfected host cell High expression undesirable for toxic antigens 


