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Currently 64 vaccines are in clinical trials P/1&2, on 
humans, 20 are in final stages. At least 89 preclinical 
vaccines are under active investigation in animals.



The vaccine development Process 

PRECLINICAL PHASE: 
• Test a new vaccine on cells and then give it to animals such as 

mice or monkeys to see if it produces an immune response. 
We have confirmed 89 COVID preclinical vaccines in active 
development.

PHASE 1 SAFETY TRIALS: 
• Give the vaccine to a small number of people to test safety and 

dosage as well as to confirm it stimulates the immune system.

PHASE 2 EXPANDED TRIALS: 
• Give the vaccine to hundreds of people split into groups, such 

as children and the elderly, to see if the vaccine acts differently 
in them. These trials further test the vaccine’s safety and ability 
to stimulate the immune system.



The Process 
PHASE 3 EFFICACY TRIALS: 

• Scientists give the vaccine to thousands of people and wait to see how 

many become infected, compared with volunteers who received a 

placebo. 

• In June, the F.D.A. asked for evidence that vaccines can protect at least 

50 percent of those who receive it. 

• In addition, Phase 3 trials are large enough to reveal evidence of 

relatively rare side effects that might be missed in earlier studies.

EARLY OR LIMITED APPROVAL:

• China and Russia have approved vaccines without waiting for the results 

of Phase 3 trials. The rushed process has serious risks.



APPROVAL: 

• Regulators in each country review the trial results and decide whether to approve 

the vaccine or not. During a pandemic, a vaccine may receive emergency use 

authorization before getting formal approval. Once a vaccine is licensed, researchers 

continue to monitor people who receive it to make sure it’s safe and effective.

COMBINED PHASES: 

• One way to accelerate vaccine development is to combine phases. 

• Some coronavirus vaccines are now in Phase 1/2 trials, for example, in which they 

are tested for the first time on hundreds of people. 

PAUSED: 

• If investigators observe worrying symptoms in volunteers, they can put a trial on 

pause. After an investigation, the trial may resume or be abandoned.

The Process 



• Proof an experimental vaccine is at least 50% effective

• Vaccine makers to follow volunteers for a median of two 

months after the final dose- two shots spaced three to four 

weeks apart. 

• Document at least five cases of severe COVID-19 observed in 

the participants who have received a placebo, - in order to 

determine the risk of respiratory disease induced by 

vaccination — a key safety worry for both developers and 

regulators.

FDA strict guidelines to coronavirus vaccine 
makers seeking early approval



Types of Vaccines based 

on development process 



RNA vaccine

• Involves injecting mRNA into cells - they produce the required viral proteins 

directly inside the human body. 

• “A big advantage of mRNA vaccines is that scientists can skip the lab production 

of proteins by directly injecting the molecular instructions to make the protein 

into the human body itself.”

• In this case the RNA sequence is taken from the SARS-CoV-2 virus genome, 

stimulating an immune response that should later stop the CoV virus. 

• Types include Moderna, Pfizer/BioNTech and CureVac from Germany and 

Belgium. 

• One advantage to mRNA vaccines is a cheaper, faster production process, making 

them potentially the most scalable to tackle a global pandemic.



Adenovirus vaccine

• Wild Adenoviruses, genetically engineered to express viral antigens 

found in SARS-CoV-2, usually those of spike protein that coronavirus 

uses to break into human cells. 

• When put into a vaccine, adenoviruses trigger an immune response in 

the human body, protecting against CoV.

• The Chinese company CanSino Biologics has an adenovirus vector vaccine 

called Ad5-nCoV; 

• Johnson & Johnson, via its subsidiary Janssen, uses a genetically modified 

human adenovirus technology it calls AdVac; 

• Oxford University has partnered with the global pharmaceutical company 

AstraZeneca for vaccine now being renamed AZD1222.



Inactivated pathogen
• The most traditional approach — the inactivated virus stimulates the immune system 

to produce antibodies, using killed or weakened virus.

• The Chinese company Sinovac,designed a vaccine by isolating SARS-CoV-2 samples 

from infected hospital patients and growing the virus in cell lines before inactivating it 

with a chemical agent. It is called PiCoVacc (for “purified inactivated SARS-CoV-2 

vaccine”).

• An international team has a different approach, using a vaccine that is already widely 

deployed: the BCG vaccine. Trials are currently underway among 10,000 frontline 

health workers in Australia, run by Murdoch Children’s Research Institute, and in the 

Netherlands among a further 1,500 health workers.

ANY DRAWBACKS?

• Growing large volumes of viruses to use in vaccines is a long and arduous process, so the 

traditional approach will be the slowest to scale up globally. 



DNA vaccine

• Technique does involve injecting a fragment of circular DNA, called a plasmid, 

into human cells. 

• This introduced DNA codes for SARS-CoV-2 viral proteins that are then 

expressed by the cell and help prime the immune system to fight off an attack 

by COVID-19. 

• Like mRNA, this is a new technology — no DNA vaccines have ever been fully 

developed and utilized in humans to prevent disease.

• The leading developer is Inovio, which worked with a DNA candidate vaccine 

against MERS. 

• Several other teams are also working on DNA vaccine candidates for the novel 

coronavirus, including one at the Harvard Medical School.



Viral proteins
• Genes that code for proteins from the pathogen — in COVID’s case, 

mostly the notorious spike protein — are spliced into different 

viruses, which are then mass-produced. 

• Sanofi Pasteur tried repurposing its earlier SARS vaccine efforts into COVID. Its 

recombinant DNA approach in cell lines has already been licensed to produce an 

influenza vaccine, 

• A team at the University of Pittsburgh, whose members had already worked on SARS 

and MERS and quickly repurposed their spike protein vaccine to target SARS-CoV-2

• Novavax has developed a way to package SARS-CoV-2’s spike proteins into 

nanoparticles that should enhance immune response by better mimicking the virus.

• In Canada, Medicago has been producing virus-like particles of the coronavirus —

expressed in leaves of Nicotiana benthamiana, a wild relative of tobacco



So where are we with 
all these vaccines and 
vaccine candidates?





Pfizer &
Biontech
Vaccine 

VACCINE NAME: Comirnaty (also known as tozinameran or  
BNT162b2 )
EFFICACY: 95%
DOSE: 2 doses, 3 weeks apart
TYPE: Muscle injection
STORAGE: Freezer storage only at –94°F (–70°C)

https://www.ema.europa.eu/en/medicines/human/summaries-opinion/comirnaty
https://www.nytimes.com/interactive/2020/health/pfizer-biontech-covid-19-vaccine.html
https://www.nytimes.com/2020/11/20/health/covid-vaccine-95-effective.html


VACCINE NAME: mRNA-1273
EFFICACY: 94.5%
DOSE: 2 doses, 4 weeks apart
TYPE: Muscle injection
STORAGE: 30 days with refrigeration, 6 months at –4°F (–20°C)

Moderna
RNA 

vaccine

https://www.nytimes.com/interactive/2020/health/moderna-covid-19-vaccine.html
https://www.nytimes.com/2020/11/20/health/covid-vaccine-95-effective.html


• The Pfizer and Moderna vaccines are similar not only because they 
use mRNA but also because they coax our cells to make the same viral 
protein, called spike. 
• Other vaccines that don’t use mRNA also make the spike protein 

their target. The success of Moderna and Pfizer may bode well for 
them as well.

• The estimates for the two vaccines far exceed the F.D.A.’s 
requirement that coronavirus vaccines have an efficacy of more 
than 50 percent.

• Moderna vaccine may be preferred to Pizer vaccine in that
• It can be kept at – 20 degrees temperature  
• Can be transported while frozen at - 20degrees compared to  Pfizer’s -70 

degrees requirement 
• It is easier to distribute - favorable cold chain needs
• Electiveness of 94.5 C – though now Pfizer has reported 95% -- higher 

than what they had earlier reported as 90%

How do Moderna’s early results 
compare with Pfizer’s?



VACCINE NAME: AZD1222 (also known as Covishield in India)
EFFICACY: 62% to 90%, depending on dosage
DOSE: 2 doses, 4 weeks apart
TYPE: Muscle injection
STORAGE: Stable in refrigerator (2-8 degrees) for at least 6 
months

AstraZeneca 
and Johnson 
& Johnson 



AstraZeneca and Oxford Vaccine

On Nov. 23, AstraZeneca and Oxford announced that their vaccine made by 
genetically engineering an adenovirus that normally infects chimpanzees had 
good efficacy, based on a study of the first 131 cases of Covid-19 in the trials 

in the United Kingdom and Brazil. 

The volunteers all got two doses, but in some cases the first dose was only 
half strength. 

Surprisingly, an initial half-strength dose led to 90 percent efficacy, while two standard-dose 
shots led only to 62 percent efficacy. The researchers speculated that the lower first dose did 
a better job of mimicking the experience of an infection, promoting a stronger immune 
response. But only after the initial announcement did it become clear that the low dose 
version was the result of a mistake in how the vaccines were measured out, not part of the 
original plan for the trial. It also emerged that the low dose was only tried out on volunteers 
under 55, raising more questions about how strong the preliminary results were.

Despite these questions, the United Kingdom and Argentina gave the vaccine 
emergency authorization on Dec. 30. On Jan. 3, India followed suit, approving 

a version called Covishield, made by the Serum Institute of India.









COVAX

• COVAX - is the vaccines pillar of the Access to COVID-19 Tools 
(ACT) Accelerator for global equitable access to CVD19 vaccines 
- a global initiative working to provide vaccines to 92 low- and 
middle-income countries. 

• The COVID-19 Vaccines Global Access (COVAX) Facility was 
established by WHO in collaboration with the ACT-Accelerator 
vaccine partners the Coalition for Epidemic Preparedness 
Innovations (CEPI) and Gavi, the Vaccine Alliance. 

• COVAX is bringing nations together, regardless of their income 
level, to ensure the procurement and equitable distribution of 
COVID-19 vaccines. 



COVAX
• This year, the facility is expected to provide 600 million doses of 

vaccines for about 20% of populations in African countries.

• COVAX is co-led by Gavi, the Coalition for Epidemic 
Preparedness Innovations (CEPI) and WHO.

• Its aim is to accelerate the development and manufacture of 
COVID-19 vaccines, and to guarantee fair and equitable access 
for every country in the world.

• What COVAX offers
• Doses for at least 20% of countries' populations
• Diverse and actively managed portfolio of vaccines
• Vaccines delivered as soon as they are available
• End the acute phase of the pandemic
• Rebuild economies



The COVAX Agreement 

• The new deals announced under COVAX include the signing of an advance 

purchase agreement with:

• AstraZeneca for 170 million doses of the AstraZeneca/Oxford candidate 

• A memorandum of understanding (MoU) with Johnson & Johnson for 

500 million doses of the Janssen candidate, which is currently being 

investigated as a single dose vaccine.. 

• Already existing agreements COVAX has with the Serum Institute of India 

(SII) for 200 million doses – with options for up to 900 million doses 

more – of either the AstraZeneca/Oxford or Novavax candidates, as well 

as a

• statement of intent for 200 million doses of the Sanofi/GSK vaccine 

candidate









Why we need COVAX

• Developing a vaccine against COVID-19 is the most pressing 
challenge of our time - and nobody wins the race until everyone 
wins.

• The global pandemic has already caused the loss of hundreds of 
thousands of lives and disrupted the lives of billions more. 

• As well as reducing the tragic loss of life and helping to get the 
pandemic under control, introduction of a vaccine will prevent 
the loss of US$ 375 billion to the global economy every month. 

• Global equitable access to a vaccine, particularly protecting 
health care workers and those most-at-risk is the only way to 
mitigate the public health and economic impact of the 
pandemic.



African Union COVID-19 vaccines 
arrangement

• The African Union’s vaccine acquisition task force has secured 270 
million COVID-19 vaccines for African nations, marking the first 

batch obtained for continentwide vaccination efforts. 
• The vaccines will be supplied by Pfizer and Johnson & Johnson, as well 

as AstraZeneca, through an independent license with the Serum 
Institute of India.

• This batch is strictly for purchase by African nations. 

• Purchases will be made through the Africa Medical Supplies 
Platform, and the African Export-Import Bank will help countries 
secure financing by providing advance commitment guarantees of 
up to $2 billion to manufacturers.

• Once vaccines are delivered, countries can either pay for them using 
domestic resources or can use a five-year installment payment plan 
through the bank.



African Union COVID-19 vaccines 
arrangement

• Qualifying African nations are also slated to receive donated 
vaccines through the COVAX Facility, 

• However, this falls short of the African Union's target of vaccinating 
at least 60% of the continent’s population, which is the level needed 
to reach herd immunity — a threshold aimed at helping to 
normalize lives for people across Africa. 

• The newly acquired 270 million vaccine doses will help reduce this 
gap and increase the expected number of vaccine doses currently 
available to African nations through the AU and COVAX to 870 
million this year.

• Some countries have also engaged in bilateral negotiations to 
procure vaccines independently. 

• Egypt, Morocco, and the Seychelles have procured the Sinopharm
vaccine from China, while Guinea procured Russia’s Sputnik V 
vaccine



African Union COVID-19 vaccines 
arrangement

• The first doses of vaccines from the COVAX Facility are expected to arrive in 
March, with a larger rollout expected in June, 

• Initially, at least 50 million doses of the vaccines available for purchase will be 
available between April and June.

• Widespread COVID-19 vaccination in Africa will likely start mid-2021

• Unique challenges mean widespread campaigns to distribute COVID-19 
vaccines in Africa will likely start in the second quarter of 2021

• But acquiring the vaccines is only the first step- countries need to push harder 
in the coming months to prepare for a rollout of vaccines, including putting 
the regulatory approvals in place, as well as identifying priority groups to 
vaccinate and methods to reach these people.



What happens next - AFRICA?

• COVAX (led by WHO, GAVI and  CEPI) and  the African Union’s vaccine 

acquisition task force will facilitate the equitable access & distribution of these 

vaccines in all countries. People most at risk will be prioritized.

• Almost all African countries have signed to this

• COVAX offers each country 20% of its population doses of vaccine – for free –

with accompanying cold chain equipment, then the country buys the other 80%

• Countries have to evaluate the data and approve the vaccines locally and 

individually 

• Most African countries can handle the 2-8 degrees AstraZeneca vaccine, the -20 

degrees Moderna temp requirements, and even the -70 degrees Pfizer 

requirements in some areas – due to experience with the -80 degrees Ebola 

vaccines



What happens next - AFRICA?

• Need to address stigma and mental health and long term 

effects of COVID among recovering patients 

• Vaccine hesitancy 

• In general – I don’t think this will be a problem anywhere –

• vaccination status will be tied  to international travel and 

access to most amenities 

• Need for confidence building and community engagement 

and social mobilization 

• Biggest worry are hesitant health workers 



In Summary
• There is some degree of immunity after the first dose 

of the COVID-19 vaccines, but it's not optimal and we 
don't know how long it will last. 
• We do know definitively that immunity increases 

dramatically after the second dose and lasts considerably 
longer.

• A "bridging study" in children will probably begin in 
mid-January to make sure that the COVID-19 
vaccines' efficacy and safety data are comparable to 
those of the successful adult vaccine trials. 
• It's not necessary to vaccinate children before we reopen 

schools.



In Summary
• April could be "open season" for the general public to start 

receiving COVID-19 vaccines, as long as the current rollout to 
priority groups goes smoothly. 
• We could have "umbrella protection" establishing herd immunity — by 

the end of summer 2021.

• People who are hesitant to get a COVID-19 vaccine should be 
reassured that the approval process has been independent and 
transparent, made by people who have no allegiance to the 
federal government or to pharmaceutical companies.

• Like all RNA viruses, this coronavirus has been mutating, and a 
new variant that has shown up in the United Kingdom may be 
more contagious. 
• However, there is no evidence that it is more virulent or that current 

vaccines will not be effective against it.




