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Where’s (insert name of your 
favorite Oxford vaccine scientist)? 



COVID-19: A pretty virus…but lethal
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COVID-19: The virus
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Cumulative confirmed COVID-19 cases 
per 100K, as of 22 February 2023 



Cumulative confirmed COVID-19 cases 
per 100K, as of 5 January 2022 (for comparison) 



Total confirmed COVID-19 cases to 22 Feb 
2023



Growth rate of cases: Kenya



Growth rate of cases: India



Growth rate of cases: China



Deaths per 100K, 22 February 2023
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Total COVID-19 deaths to 22 Feb 2023



Deaths actual, to 22 Feb 2023



Deaths proportional, to 22 Feb 2023



Cumulative confirmed COVID-19 
deaths by region to Feb 2023



Total cases and deaths, selection 
countries Feb 2023
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Total cases, selection countries Jan 2022 
(left in since interesting comparisons)
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Where are we now: Recent (biweekly) 
confirmed case situation



Now we estimate (since no longer routinely test)



Excess mortality (weekly) world



UK: COVID-19 Excess mortality 
(snapshot early 2022)



Excess mortality: world



Excess mortality per capita to Jan 2023



Excess all cause mortality, cumulative 
select countries



Excess mortality, select countries



Excess mortality UK and Germany



How well were we prepared?
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GHSI
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GHSI
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GHSI
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GHSI
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GHSI
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Early emphasis on respiratory system
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After-lecture notes of use for the last slide
• The lungs and gut are exposed to environmental substances and pathogens. 
• The early protection response to respiratory viruses includes mucus, surfactants and antiviral 

peptides that can prevent initial attachment and viral entry. 
• Respiratory viruses enter via the respiratory epithelium. Epithelial cells have a key role in 

initiating the immune response by recognising viral components (pathogen-associated molecular 
patterns (PAMPs)) via Toll-like receptors (TLRs) and intracellular receptors. in particular neutrophils 
and natural killer (NK) cells. NK cells have the ability to kill virus-infected cells via perforin–
granzyme-dependent mechanisms or by the Fas–Fas ligand pathway. Moreover, alveolar 
macrophages, recruited monocytes and macrophages as well as dendritic cells pick pathogen 
components and contribute to the immune response. All of these cells produce cytokines and 
chemokines that are important for the establishment of the adaptive responses and of the 
antiviral state. 

• The adaptive response to respiratory viruses is mediated by both T- and B-cell compartments. T-
cells contribute to the generation of the B-cell response. B-cells produce antibodies that may 
neutralise the respiratory viruses directly by binding to viral surface proteins that are essential for 
entry of the virus into host cells or through the ligation of Fc receptors to trigger the complement 
cascade and antibody-dependent cell-mediated cytotoxicity. 

• Antibodies are in the form of IgA, mainly in the upper respiratory tract, or IgG, in the lower 
respiratory tract. Viral clearance is also mediated by CD8+-specific T-cells with cytolytic activity. 
The protective antiviral T-cell response is mainly mediated by IFN-γ production and is therefore 
biased toward a T-helper cell (Th) 1 response, whereas other T-cell subsets such as Th2 cells and 
Th17 cells play a minor role and they may be responsible for lung tissue damage. Moreover, 
regulatory mechanisms adopted by T-cells such as interleukin (IL)-10 secretion, or upregulation of 
inhibitory receptors such as programmed cell death protein 1 (PD-1) or expansion of the T-
regulatory (Treg) cell subsets, work to balance tissue damage and viral clearance. TNF: tumour 
necrosis factor; CTL: cytotoxic T-lymphocyte; TFH: T-follicular helper; TGF: transforming growth 
factor.  (Your body is a rather remarkable machine with its own protection squad!)
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COVID-19: How the virus harms you

36



COVID-19: Risk factors
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COVID-19: Risk factors = age
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COVID-19: R is exponential
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COVID-19: How contagious is it?…
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COVID-19: How Contagious is it? Jan 2020
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How the R0 numbers of COVID-19 
variants compare 



COVID-19: How Contagious is it? Aug 2021



Testing transmissibility
A study recently reported by Plante et 
al.5 showed that a variant of SARS-CoV-
2 carrying the spike protein D614G 
substitution results in increased virus 
infectivity and yield in human lung 
epithelial cells (Panel A), in primary 
human airway tissue (Panel B), and in 
the upper airway of hamsters (Panel C). 
These data suggest that the D614G 
mutation results in enhanced 
transmissibility. In addition, serum 
samples from D614-virus–infected 
hamsters can efficiently neutralize the 
G614 virus from infecting cells (Panel 
D), which suggests that SARS-CoV-2 
vaccines, all of which are based on the 
D614 variant of the spike protein, will 
protect against G614 variants of the 
virus.

https://www.nejm.org/doi/full/10.1056/NEJMcibr2032888


How to 
develop 

immunity to 
COVID-19



Types of vaccine



Different types 
of vaccines….



Different types 
of vaccines….



Different types 
of vaccines….

Since these appeared in
The journal Nature…we now 
have  vaccines using this 
approach. I use the 
diagrams for nice 
illlustrations.



Oxford/AZ is an example of the last



Different types 
of vaccines….

…How life changed since 
these figures appeared
in Nature!

mRNA: Cells own protein-making 
machinery, ribosomes, make parts of 
the virus (in most cases, the spike 
protein)



Quick breakout discussion

• Which technologies are likely to generate ‘better 
vaccines’, likely to be “easier” to use, likely to be 
good against variants, safer, may work better in 
some populations than others, etc.?

• Which are likely to be easier to scale?
• Do competing technologies help or hinder?
• Or should we exploit the many technologies and 

manufacturing and delivery capacities?
• Are some technologies more for the long-term 

and others of short duration value?
• How do you interpret vaccine efficacy (VE) data?
• What about vaccine safety data?



The normal stages of 
development…too long in a pandemic



Shrinking time-
lines in a global 

emergency is
critical



A remarkable time-line
(or, what you can do if you put your 
mind to it… and back that up with 

resources!)



Remarkable time-line…



Vaccine development timelines for 
different diseases 



What about 
variants?



Time to first documented failure in 

humans due to resistance ( “x”)

David A. Kennedy, and Andrew F. Read PNAS 2018;115:51:12878-12886

Different classes of antibiotic drugs = different colors. 
Viral vaccines =purple 
bacterial vaccines = green
= small pox eradication (no more chance to evolve resistance)
Dotted = Influenza routinely changed to try to match circulating virus strains 



Three key features of most vaccines 
prevent resistance evolving

All documented cases of vaccine resistance = at least one of the following missing:
• Vaccine induces an immune response that protects hosts by targeting multiple non-

overlapping virus epitopes (= parts of an antigen that are recognized by the immune 
system, i.e., by antibodies, B cells, or T cells) simultaneously, thereby generating 
redundant and evolutionarily-robust protection
– Resistance likely requires multiple mutations, not just one, on the same genetic background
– Redundant immune protection delays the evolution of vaccine resistance,  a bit like combination drug 

therapies delaying  the evolution of antibiotic resistance, or combination antimalarial drugs that delay 
antimalarial resistance

– Resistance evolves quickly against SARS-CoV-2 monoclonal neutralizing antibodies relative to 
combinations of antibodies 

– (yet to be demonstrated?) for SARS-CoV2 diverse T-cell responses can similarly delay resistance 
evolution

• Vaccine suppresses pathogen growth within hosts and stops transmission from vaccine-
protected hosts
– little pathogen diversity generated during pathogen growth within vaccinated hosts, and effects of 

selection on any resistance mutations are minimal

• Vaccine-induced immune response protects against all circulating serotypes of the target 
pathogen
– new virus variants would need to be generated before resistance could be a problem, since vaccine 

resistance does not pre-exist

Combined together, these three features would make the probability of resistance 
emergence vanishingly small. There lack makes it much more probable.



Other things to keep in mind

• Antimicrobial drugs can be tailored to individual patients at time of 
treatment (if good diagnostics)

• But choice of a vaccine is done a long time before pathogen 
exposure and can’t be adapted

• As soon as vaccine resistance emerges, all vaccinated individuals 
could be unprotected

• Widespread resistance might render entire vaccination campaigns 
retroactively ineffective

• Because pre-existing antibodies frequently interfere with vaccine 
efficacy, we cannot assume a new vaccine would restore protection

• Large fraction of COVID-19 candidate vaccines target the spike 
protein of the virus or the receptor binding domain of the spike 
protein, such that evolution of vaccine resistance against one 
vaccine could simultaneously undermine others (= ‘collateral’ or 
‘cross’ resistance in the language of antimicrobial drug resistance)



Breakout group discussion

• What are the likely future pathways for resistance?

• How might vaccine deployment strategies be used to 
prevent resistance? 

• (Remember that many cases of resistant COVID-19 
evolved from very sick patients fighting the virus over a 
long stretch of time… i.e., within-host evolution)

• What about tweaking vaccines? What are the logistics 
of that? Is it now worthwhile?

• Are new variants bound to be less virulent (c.f. recent 
Jan/Feb  NERVTAG analysis)? 

• As countries come off lockdown, what are the risks and 
how should they be mitigated?



Did anyone spot the trial issue?

• Quantifying redundancy of immune protection 
generated by vaccination is key for determining 
the likelihood of resistance evolution

• So, all vaccines should be assessed as early as 
possible for the likelihood they will drive 
resistance evolution

• This assessment can be in a controlled manner 
during clinical trials, and not waiting for 
promising efficacy results to evaporate after 
vaccine is licensed

• Is this being done…?



What vaccines have sold well?

These and later slides from” https://www.knowledgeportalia.org/covid19-vaccine-
arrangements



A year ago… 16 vaccine candidates with 
sales…but...

• 27 in late-stage (Phase 2 or 3) development or 
post-registration

• Publicly-reported purchase agreements for 16

• AstraZeneca publicly committed to supply the 
greatest number of doses – at approximately 3 
billion doses

• Pfizer/BioNTech about 1.5 billion 



Who has bought COVID-19 vaccines? 



Locations where each vaccine is 
being used 



Booster shots

As of early September 2021, Turkey, Israel, and Chile had given 
more booster doses than all doses that had been given in half a 
dozen African countries put together including Nigeria, Ethiopia and 
the DRC which collectively make up 6% of the world’s population 



Some countries have rather a lot



Others less so



Others little (or none…not on diagram)



Vaccine doses by manufacturer, EU



Total COVID-19 doses per capita



Number who received at least one dose



Share of those who received at least one dose



Percent received at least one dose of 
COVID-19 vaccine, as of 2 January 2022 



Daily vaccine doses



COVID-19 death rate by vaccine status



But….

• Not all agreements publicly reported in a timely fashion
• Those reported, often lack basic information (total number 

of vaccines, prices, never mind timelines for delivery, 
liability arrangements, flexibility to re-sell) 

• Lack of transparency makes it hard to model and track 
global access to COVID-19 vaccines

• Increases information asymmetry between sellers and 
buyers, and makes it difficult to assess the situation. 

• Fairness of prices per does of AstraZeneca vaccine
– Uganda 7 USD
– South Africa 5.25 USD
– EU 3.5 USD



Nature of contracts
• Most contracts are between vaccine developers and governments or 

intergovernmental organizations (i.e., African Union, European Union, and 
the COVAX facility). 

• But many other more complicated arrangements, 
– e.g., a purchase agreement between a vaccine developer and government 

that includes an agreement to manufacture and/or distribute the vaccine via a 
local company

– a private entity purchase vaccine doses from a vaccine developer to sell on the 
private market in a given country

• Great disparities in vaccine access
• Wealthy countries began making advance purchase agreements in the 

second and third quarter of 2020, well before any data available on which, 
if any, of the vaccines would prove to be safe and effective. 

• 32 countries – Canada, the United Kingdom, Australia, Chile, New Zealand, 
and the 27 EU Member States, have publicly announced agreements that, 
if all vaccine candidates were to be approved by regulatory bodies, would 
provide enough doses to cover their entire populations at least twice over.

• Most of the countries announced agreements publicly secured enough 
doses to cover < 50% of their populations.



Vaccine purchases



Vaccine purchases



Some 
purchased 
in advance 
well before 

licensed



Most could 
not 

advance 
purchase  

before 
licensed



Many 
had to 
wait



Many 
had to 
wait



Many 
had to 
wait



Vaccine donations…



Vaccine donations…



Rise of bilateral donations

• Just recently, some countries have started to 
donate (in some cases, to sell) vaccine doses to 
other countries, either from their purchased 
stocks or from domestically produced vaccines 

• In the absence of adequate supply for COVAX, 
such donations may become an important way 
for countries without bilateral agreements with 
vaccine developers to obtain vaccines for their 
populations



African Vaccine Manufacturing 
Centres 



Africa ideas…
• Modular pandemic vaccine production system, so that once a microbial 

threat is identified and sequenced, sites in affected regions can 
manufacture vaccine with relative swiftness as part of a regional 
containment response.  

• Avoid technology that relies on bioreactors? 
• Choose low-cost platforms like mRNA and protein and particle vaccines?
• Integrate pathogen genomics into existing public health surveillance 

systems in LMICs 
• Strengthen local base of scientific, technical, product-specific 

manufacturing and quality control expertise 
• New technology transfer pathways. LMICs seeded by sharing vaccine-

specific knowledge and know-how through milestone-driven partnerships 
with vaccine centres of excellence (e.g. Sienna-based GSK global vaccines 
facility), early transfer at proof-of-concept and at later stages of clinical 
development. C.f. South Africa-based Biovac.



Africa ideas…
• Incentives and funding to support vaccine production at 

varying levels, such as land, tax incentives, infrastructure 
provision, and monetary support as a private public 
partnership.  Of recent note: Cuba, Brazil, and India, 

• Integrate pharmaceutical manufacturing development 
into economic development planning 

• “small country solutions” to overcome pressure large 
nations face to first vaccinate the domestic population. E.g., 
a select, distributed network of small nations could be 
formed to scale emergency vaccine quickly, supported by 
a humanitarian licensing scheme similar to the UN-
supported Medicines Patent Pool (MPP).



Breakout group discussion
• Can variants be stopped or are we just buying time?

• What challenges will new variants have for all of the 
above (supply, pandemic management, etc.)?

• Should all vaccine contract information be public? 
What would be the implications?

• In highly-vaccinated populations, how do you test/trial 
new vaccines?

• What principles of global public health would you use 
to design better contracts?

• Are donations the answer?

• What about IP and technology transfer and local 
manufacturing, etc.?

• How many vaccines do we need?



Some vaccine numbers…

• One dose per person = (presuming they all agree to take it) = 7.8 
billion doses, 

• Two dose per person = 16 billion 
• If booster = 23 billion
• Typical wastage rate might add 10%-15%  (guess-work though for 

the programs we envisage)
• If herd immunity can be achieved at 70%-80% coverage, lower 

numbers of doses, perhaps 5.5-6 billion, 11-12 billion, and 16-19 
billion respectively (and if there is some background protection and 
if it can be measured in each settings, numbers might be lower still)

• But international travel from countries without herd immunity may 
mean countries want high coverage rates

• Increasing transmissibility will mean higher levels of coverage to get 
herd immunity

• This just one one cycle of immunization



What about reaching the world? A 
global response: COVAX



COVAX numbers

• As of February 3, 2021 COVAX was projecting coverage for 3.3% of the total population 
of participating countries in the first half of 2021

• Many countries, primarily low- and lower-middle income, relying entirely or largely on 
their participation in COVAX to secure access to vaccines



COVAX…



COVAX…



COVAX…



COVAX…



COVAX…



COVAX…



COVAX…



COVAX…



Breakout group discussion
• How should those being given vaccines be 

prioritized?

• Should healthy young people in the UK be 
allowed to donate their vaccine doses to those in 
greater need in poorer countries?

• Will herd immunity be reached and sustained? 
Where and when? 

• What is the role of other non-vaccine 
interventions?

• How might behavioral change in the population 
impact short- and long-run vaccine efficacy?



What about FS (falsified and 
substandard) vaccines?



What about vaccine confidence?

Next figures taken from ….



Vaccine 
confidence



Vaccine 
confidence



Vaccine 
confidence



Vaccine 
confidence



Vaccine confidence



Last breakout discussion
• What are your own experiences and examples of 

lack of vaccine confidence (countries and health 
systems you worked in? personal experiences?)

• How is confidence created? And lost?
• Are scientists good at inspiring confidence? 

Politicians? Other?
• What is the role of social media?
• How will SF vaccines complicate all of this? What 

about vaccine ‘donations’?
• How long will the pandemic last?
• What about the fact that SARS-CoV-2 has become 

endemic and we need to live with this reality?



Worth a read….

https://covid19crc.org

https://covid19crc.org/


Watch out for…



Thanks for joining….
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