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Vaccination is one of the major success stories of modern medicine, greatly reducing the incidence 
of infectious diseases such as measles, and eradicating others, such as smallpox. 
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Vaccines are amazing! 
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https://vk.ovg.ox.ac.uk/vk/vaccines


The COVID-19 pandemic 2020

• COVID-19 first emerged at the end of 2019 in the 
Wuhan province of China. By the 11th of March 2020, 
the WHO Director general had declared a pandemic 
with over a million cases of COVID-19 reported 
worldwide.

• Less than a year into the pandemic, many parts of the 
world are experiencing second waves of the infection 
or sustained high rates of transmission and associated 
mortality. Public health measures being used to reduce 
transmission are currently non-pharmaceutical 
interventions (NPIs)

• Despite these measures, the pandemic continues to 
cause profound social and economic disruption.

• It is widely acknowledged that an effective vaccine is 
likely to be critical to ending the pandemic.



Challenges in Developing New Vaccines

• Vaccines have a major role to play in public health. However, despite 
decades of vaccine development, there are currently only licensed 
vaccines for 26 infectious diseases.

• Why is vaccine development problematic?
• It is expensive and time consuming
• Lack of financial incentive
• Biological challenges - before a vaccine can be developed we need to 

understand more about how the body responds to the infection. We need to 
understand:
• the pathogen and how it causes disease in humans
• the human immune response to infection with the pathogen, including responses which 

might be harmful as well as protective to individuals



Image sourced from Centers for Disease Control and Prevention. A text version of the 
above image is available as a PDF.

https://www.cdc.gov/vaccines/parents/infographics/journey-of-child-vaccine.html
https://ugc.futurelearn.com/uploads/files/ab/6c/ab6c3df6-fb68-41f7-8ec4-d6fb65959f63/CDCP_.pdf


How do vaccines work?

• A key challenge is the identification 
of the best antigen to use. This 
requires knowledge of the 
biological and genetic structures of 
the pathogen and how the host 
immune response provides 
protection.

• Reverse vaccinology is a modern 
way of vaccine antigens are 
identified this is where vaccine 
developers start. They find the 
genetic sequence of a pathogen 
and use this to choose and/or 
deliver an antigen.

Image from Allegro Pediatrics

https://www.allegropediatrics.com/blog/blog/for-parents/immunization-myths


How the coronavirus vaccines will work

Image from BBC

Ironically it was lucky that the pandemic 
was caused by a coronavirus. It has 
meant scientists knew the virus's 
biology, how it behaved and its 
weakness - the "spike protein".

https://www.bbc.co.uk/news/health-55041371


Designing a Vaccine Against SARS-CoV-2 

• The main antigen that is being used for 
the majority of COVID-19 vaccines in 
development is called the ‘Spike 
protein.’ This protein is responsible for 
attachment and entry into human cells.

• The majority of the COVID vaccines in 
development are aiming to induce 
production of neutralising antibodies 
against the SARS-CoV-2 spike protein in 
vaccinated individuals. It is thought that 
these antibodies will be the most likely 
component of the immune system to 
provide protection against disease.

This diagram (Future Lab, 2020) summarises 
the components of the SARS-CoV-2 virion and 
the reported host cell receptors involved in 
viral binding.

https://www.biocompare.com/Editorial-Articles/563489-SARS-CoV-2-Molecular-Targets/


An Ideal Vaccine

Image from British Society for Antimicrobial Chemotherapy (BSAC)
NB - BSAC covid-19 resources are wonderful!

‘High immunogenicity’ is an ideal 
vaccine characteristic.
‘Good efficacy’ is an ideal vaccine 
characteristic.
‘Good safety profile’ is an ideal vaccine 
characteristic.

https://bsac.org.uk/covid-19-resource-hub/


Manufacturing Vaccines

• Complex and time-consuming process – it requires a very high level of 
expertise.

• It typically takes between 7 and 36 months to produce, package and deliver 
vaccines to those who need them.

• At EVERY step of a vaccines journey there are repeat quality controls.
• Researchers cannot start giving an experimental vaccine to people until 

they are sure it has been made to a high enough standard. Once animal 
trials had shown the vaccine was safe, the researchers were able to begin 
human trials of the vaccine on 23 April.   

• The Oxford vaccine has been through Phases I-III; involving 30,000 
volunteers in the phase three trial, and the team has as much data as any 
other vaccine trial.



Global Effort

• An unprecedented international effort to accelerate development of a 
vaccine to combat COVID-19 has taken place. This has had the impact 
of:
• A rapid sharing of data related to SARS-CoV-2 and COVID-19 disease has 

greatly increased dissemination of knowledge about the pathogen and aided 
vaccine design.

• A global Investment to Accelerate Vaccine Development.



Are vaccines safe? YES

• Rigorous safety testing is important to 
ensure that public confidence in 
vaccines is maintained and vaccine 
uptake is high. 

• Safety testing is an integral component 
of vaccine development and use. New 
vaccines can only be licensed once 
sufficient evidence of safety is available.

• Prior to clinical trials in humans, all new 
vaccines and medicines must undergo 
testing in the laboratory and in animal 
studies. No animal model can predict all 
potential side effects in humans and, for 
this reason, human studies are still 
needed to assess vaccine safety.



Clinical Trials – some key facts

• After animal studies, clinical trials in humans begin in a stepwise 
fashion.

• The ‘first-in-man’ clinical trial is a Phase 1 study where the new 
vaccine is administered to healthy volunteers for the first time. 

• Adverse events are compared between participants who receive the 
vaccine and those who receive a placebo or comparator vaccine. 
Strict reporting requirements are in place so that any serious AEs, for 
example those requiring admission to hospital or resulting in disability 
or death, are carefully and rapidly assessed to understand their 
relationship to a new vaccine. 



Clinical Trials – some key facts

• Provided there are no safety concerns, clinical trials progress to Phase 2 and 
Phase 3, increasing the numbers of participants. Trials are undertaken to assess 
the safety of the vaccine in different doses, different dosing schedules and in 
different age groups and patient groups.

• In order for a new vaccine to be licensed for use, a dossier of all safety data from 
clinical trials must be submitted to the regulatory authority. Only if the vaccine is 
deemed to be safe will a license be granted.

• Careful monitoring of vaccine safety continues after vaccines have been licensed 
and introduced into the community. This is to ensure that uncommon or rare AEs, 
that may not have been seen in the relatively small numbers of participants 
enrolled in clinical trials, are identified as soon as possible.

• Post-licensure safety studies are conducted after a vaccine is approved and in 
use. These studies are part of continuous vaccine safety monitoring and often 
look at populations that might be underrepresented in clinical trials.



Image from European Medicines Agency (EMA)

https://www.ema.europa.eu/en/news/international-regulators-stress-value-safe-effective-vaccines


The Yellow Card 

• The Medicines and Healthcare products Regulatory Agency 
(MHRA) is the executive Agency of the Department of 
Health and Social Care that acts on behalf of the Ministers 
to protect and promote public health and patient safety, by 
ensuring that medicines and medical devices meet 
appropriate standards of safety, quality and efficacy. 

• The Yellow Card scheme is the UK system for collecting and 
monitoring information on suspected safety concerns or 
incidents involving medicines and medical devices. The 
scheme is run by the MHRA and currently relies on 
voluntary reporting of suspected ADRs by health 
professionals and patients. The purpose of the scheme is 
to provide an early warning that the safety of a product 
may require further investigation.

• Approval will only be given for a vaccine if the government 
regulator (the Medicines & Healthcare products Regulatory 
Agency or MHRA) is happy that it's both safe and effective. 



Assessing the safety of COVID Vaccines 
• Safety monitoring post-licensure will be particularly important as it is likely that large 

numbers of individuals will be vaccinated over a short period of time and new, 
uncommon AEs may be identified.

Theoretical Risk

• A theoretical safety concern regarding COVID-19 vaccines that may not be possible to 
address in clinical trials is a syndrome of vaccine-induced disease enhancement which 
has been reported in animal studies of vaccines for certain viruses similar to SARS-CoV-2. 

• Vaccine-induced disease enhancement (VIDE) has not been reported in animal studies of 
COVID-19 vaccines to date. However, there is still a risk that this phenomenon could be 
seen in humans. This risk is likely to be low and will only be noted when individuals who 
have received a vaccine are subsequently exposed to SARS-CoV-2. 

• There is no evidence that any of the coronavirus vaccines in development worsen a 
coronavirus infection rather than confer immunity to it, but the phenomenon is 
something scientists are closely monitoring.

• This article in The Scientist useful gives the theory about how ADE antibody-dependent 
enhancement and VIDE occurs: https://www.the-scientist.com/news-opinion/covid-19-
vaccine-researchers-mindful-of-immune-enhancement-67576/

https://www.the-scientist.com/news-opinion/covid-19-vaccine-researchers-mindful-of-immune-enhancement-67576/


Vaccine Efficacy and Effectiveness 

• We need to know that the vaccine works!

• Several different endpoints are used in vaccine research to define efficacy 
depending on the pathogen, consequences of infection and transmission 
dynamics:
• Reduction in infection (ability to prevent)
• Reduction in severity of clinical disease outcome (reduction of disease severity)
• Reduction in infectivity (reduction in the spread of infection to others)

• The Phase III studies seek to assess if the COVID-19 vaccine efficacy and 
effectiveness. They are double blinded RCTs where participants are actively 
followed post-vaccination to identify COVID-19 infection and the outcomes 
of infection. By pooling data from multiple studies, it may be possible to 
calculate vaccine efficacy against severe disease and death. 



Potential endpoints of an efficacious COVID-
19 vaccine

Image from The Lancet

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30773-8/fulltext


Controlled human infection model (CHIM) 
studies
• CHIM studies, where human volunteers are exposed to infectious 

agents (known as challenge agents) under carefully controlled 
conditions, are an important component of vaccine research.

• As well as allowing greater understanding of immunity to infection 
which informs vaccine design, CHIM studies also allow an early 
assessment of vaccine efficacy.

• In CHIM vaccine efficacy studies, vaccinated and unvaccinated 
participants are infected under carefully controlled conditions. They 
are then closely monitored to compare infection rates between the 
two groups and therefore calculate vaccine efficacy.



Distribution of vaccines for COVID-19 

• To stop transmission there needs to be global access to vaccines, but 
the key challenges will be:
• Limited vaccine availability due to manufacturing capacity

• Affordability

• Vaccine storage/cold chain

Image from Sky News

https://news.sky.com/story/coronavirus-pfizer-vaccine-found-to-be-90-effective-in-great-day-for-science-and-humanity-12128452


Different COVID-19 vaccine candidates

• Different COVID-19 vaccine candidates have been 
developed using varying principles and 
technologies.

• The World Health Organization (WHO) maintain a 
list of these vaccines this list has been prepared by 
the WHO for information purposes only 
concerning the 2019-2020 global outbreak of the 
novel coronavirus.

• There is a need to develop different covid-19 
vaccines as there is a limited of the components 
used to manufacture the vaccines. 

Image from BBC

https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.bbc.co.uk/news/53525002


Live attenuated/Inactivated vaccines

• Live attenuated and inactivated vaccines (e.g. measles, mumps and 
rubella MMR, varicella, yellow fever, rotavirus and influenza) have 
been widely used and are well understood. Live attenuated vaccines 
are made from the whole SARS-CoV-2 virus which is modified so it is 
less infectious and incapable of causing disease, but still stimulates an 
immune response.

• Killed (inactivated) vaccines are made from a protein or other small 
pieces taken from a virus or bacteria. The whooping cough (pertussis) 
vaccine is an example. Inactivated vaccines are made from the SARS-
CoV-2 virus which has been treated with heat or chemicals so that the 
virus has no infectious potential but still stimulates an immune 
response.



RNA/DNA vaccines

• A relatively new type of vaccine.

• RNA and DNA vaccines are a relatively new 
type of vaccine and no vaccines of this are 
currently licensed.

• Beyond infectious diseases, RNA vaccines 
have potential as novel therapeutic options 
for major diseases such as cancer.

• RNA and DNA are types of genetic material 
that encode specific proteins.

• Specific SARS-CoV-2 proteins, for example 
the spike proteins which mediate viral entry 
into cells, can be used as vaccine antigens. 

Image from The Conversation 

https://theconversation.com/coronavirus-a-new-type-of-vaccine-using-rna-could-help-defeat-covid-19-133217


Viral Vectored Vaccines 

• Genetic material from the infectious agent for which a vaccine is 
required is incorporated into an unrelated virus which then acts as 
carrier or vector of the genetic material.

• Once in the body, some viral vectors can be modified to multiply in a 
harmless way. This increases the amount of ‘vaccine’ available and 
stimulates the immune system in their own right, enhancing the 
overall response to the vaccine.

• Viral vectored vaccines are also a relatively new type of vaccine. The 
only licensed vaccine of this type is the Ebola vaccine, rVSV-ZEBOV.

• The University of Oxford has produced a viral vectored vaccine for 
COVID-19 (ChAdOx1 nCoV-19).



Protein / Subunit Vaccines/Virus-Like Particles 

• This form of vaccine involves the synthetic production of vaccine antigens or 
virus-like particles that display vaccine antigens. 

• These vaccines are commonly co-administered with adjuvants to increase the 
potency of the immune response generated.

• The use of virus-like particles can produce much more specific responses, as they 
are constructed to mimic natural viruses, however they can be less potent than 
other vaccine types.

• The first subunit vaccine to be approved for use in humans was the hepatitis B 
vaccine (approved in 1981), which is comprised of hepatitis B virus surface 
antigens (HBsAg) that originate from the hepatitis B virus. To make the hepatitis B 
vaccine, part of the DNA from the hepatitis B virus is inserted into the DNA of 
yeast cells. These yeast cells are then able to produce one of the surface proteins 
from the hepatitis B virus, and this is purified and used as the active ingredient in 
the vaccine.



End of November 2020…

• The prospect of preventing illness and death, and avoiding the harm and misery of extended restrictions, is a 
cause for optimism. But although it is right to be hopeful and encouraged, we are far from ending COVID-19 
as a public health issue.

• Pfizer and BioNTech have announced their COVID-19 vaccine candidate had 90% efficacy in clinical trials. 
Similar announcements about the Russian Sputnik V and Moderna vaccines followed.

• How well the vaccines work in older people or those with underlying conditions and their efficacy in 
preventing severe disease are still unclear. Peer-reviewed publication should resolve these issues, but other 
questions will not be answerable for some time. For one, the duration of protection is unknown and will 
have a huge bearing on the practicalities and logistics of immunisation (will boosters be needed? How 
often?).

• Whether the vaccines prevent transmission of SARS-CoV-2 or mainly just protect against illness is largely 
unknown to.

• Willingness to take a COVID-19 vaccine is far from universal. Responsible leadership and careful public 
communications will be essential.

• 2020 has been a year of incredible scientific achievement. In less than 12 months, researchers have 
characterised a novel illness, sequenced a new virus's genome, developed diagnostics, produced treatment 
protocols, and established the efficacy of drugs and vaccines in randomised controlled trials. Many people 
are feeling hopeful for the first time in a long time. 



Pfizer/BioNTech vaccine could arrive in hospitals in 
England as soon as Monday 7th December
• The government has asked the regulator to assess the Oxford/AstraZeneca coronavirus vaccine, bringing the 

UK a step closer to a possible rollout. The UK government has pre-ordered 100m doses of the Oxford 
vaccine.

• The referral to the Medicines and Healthcare products Regulatory Agency (MHRA) marked "a significant first 
step" in getting the vaccine "approved for deployment", the government said.

• The Department of Health and Social Care said the UK would be one of the first countries in the world to 
receive the vaccine, if it was authorised, with AstraZeneca set to have as many as 4 million doses ready for 
the UK by the end of the year and 40 million by the end of March 2021.

• The government has also ordered 40 million doses of the Pfizer/BioNTech vaccine - which preliminary results 
showed stopped more than 90% of people developing Covid-19 symptoms. If approved, a vaccine could be 
rolled out from December.

• AstraZeneca said it was amending its study in the US following the accidental discovery that the vaccine 
appeared to perform best when a half dose was given followed by a full one, rather than two full doses. 

• Hard though it is, we need to be patient while the complex logistics of rolling out these vaccines are worked 
out. Hopefully, by the spring, a nationwide vaccination programme will be well under way and life will feel 
much better and safer as a result.



Protecting the Vaccine Quality 

Image from Imperial College London
Mapping out the different layers and 
stages of vaccine manufacturing and 

supply. Image: Zoltan Kis

https://www.imperial.ac.uk/news/197321/is-world-ready-produce-billion-doses/
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The greatest gains in infectious diseases in this century, 
and the last, has been in the development of vaccine.


