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The COVID-19 pandemic

• Unprecedented vaccine development

o Including the use of a new platform – mRNA

• Highly unpredictable virus with high genetic variability

o Rapid development new variants / lineages

o New variants and lineages become dominant in the matter of months

• Need for rapid assessment where the standard phase III / RCT trails will not be 
practical
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History of the COVID-19 vaccine programmme in the 
UK

• Initial use of the Oxford-AstraZenca (ChAdOx1) and Pfizer mRNA vaccine 
(Comirnaty) for a population based programme

o Phased approach by risk groups (age, clinical risk factos, key workers)

o Initial 2 dose primary schedule

o 3rd booster dose also recommended for whole populations

• On-going programme has developed into a twice per year campaign (spring 
and autumn) focused on groups at higher risk of severe disease

o Initially ages >65, care home residents, health and social care workers and a 
broad range of clinical risk groups

o Now ages >75, care home residents and those with suppressed immune 
systems
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Vaccine policy in the UK
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Real world evidence for vaccine evaluation

• Test negative case control

• Age discontinuity 

• Safety monitoring – self controlled case study
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• Case-control study but in cases and controls all pulled from symptomatic population 
testing for COVID-19

• Reduces bias related to reason for testing as often related to vaccination
o Tries to reduce bias associated with health seeking behavior and health care 

access
• Odds of testing positive in vaccinated compared to unvaccinated
• Logistic regression with VE = 1 – adjusted odds ratio  
In addition to vaccination status the model includes adjustments for  

age (5 year bands to 90+), sex, period (week of sample), ethnicity, IMD quintile, 
health/social care worker (under 65s), Care home (65+), nhs region,
clinically vulnerable , Severely immunosuppressed, “Risk group” (under 65s)

TTest Negative Case Control Study DesignTest negative case control studies



Test negative case control studies

Test-negative case-control – study population: hospitalised individuals

• Hospitalisation = admission where a COVID-19 PCR test was conducted and 
admission was associated with a respiratory ICD-10 code

• VE is compared to all not receiving a booster as long as not vaccinated within the 
previous 12 weeks.



Example: comparison of multiple variants



Example: comparison of multiple vaccines
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Long-term vaccine effectiveness (VE) of the COVID-19 autumn 2024 
booster against hospitalisation amongst those aged 65 years and older in 
England
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Vaccine effectiveness (VE) of the COVID-19 spring 2025 booster against 
hospitalisation amongst those aged 75 years and older in England

Risk and Benefit Analysis- Vaccination in <18 years11



Variant distribution May 2024-Aug 2025
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Epidemological context

• Evidence that the full waning by 6m we have 
seen for booster doses (such as spring 2024) 
did not happen for the autumn 2024 dose.

• Despite this we still got good VE for the spring 
2025 dose even in those who had an autumn 
dose -  too early to check waning for that dose. 

• Perhaps better vaccine match for autumn 
2024/spring 2025?

• These VE estimates have been in a period of 
low incidence / hospitalisations.
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Age discontinuity analysis – mortality 
surveillance 



Rationale

• At and above the age cut off for the COVID-19 vaccine, we would expected a 
massive increase in coverage

• We expect the population just above and just below this cut off to be extremely 
similar is terms of other contributory factors

• Provides a natural experiment, ideally controlling for confounding in a manner 
similar to randomisation (it is effectively random whether someone is just above 
or just below the cut-off)

• Therefore the difference in outcomes (death) should be primarily due to the 
intervention (the COVID-19 vaccine)
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• We aimed to assess the impact of spring boosters given in England in the 
spring periods of 2022,2023 and 2024.

• An age discontinuity approach is used because a large coverage difference is 
expected at age 75 within those without an immunosuppression flags (since 
those at highest risk were also eligible below age 75).

• A discontinuity may therefore be expected at age 75 when looking at the period 
after vaccine introduction. 

• The main analysis will use COVID-19 rates in the period 8 weeks before 
introduction as a “control” and so model the ratio of post:pre by age in years. 
This was done using hospitalised COVID-19 for 2022 and 2023 (Andrews et al, 
2024).

• An alternative is just to use post vaccination rates of covid-19 by age.
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Methods – deaths and risk flags

• ONS deaths with Covid-19 mention anywhere on the death certificate were extracted 
by week for the period from week 1 2022 to week 40 2024.

• For the deaths in week 1 to week 52 of each year (2022,2023,2024 (to week 40) age 
in years was calculated based on age on April 1st of each year.

• Risk group was assigned as below:

• Clinically extremely vulnerable and severely immunosuppressed flags from August 2022 for 
deaths from Week 1 2022 to Week 34 2022, 

• IIS risk flags from Autumn 2022 for deaths from Week 35 2022 to Week 34 2023 

• IIS risk flags from Autumn 2023 for deaths from Week 35 2023 to Week 40 2024

• Note that for the risk flag Immunosuppression was better defined for the autumn 2022 
and 2023. 

• Those aged 65+ and without an immunosuppression risk flag retained for analysis
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Periods 

• The pre and post periods used were as in the table below:

• So 8 weeks before roll out, then a 4 week washout period as vaccine uptake 
increases, then a 16-17 week post period (2022 was 17 weeks although the  
intention was 16 weeks I think)
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Year Pre Post

2022 Weeks 5-12 Weeks 17-33

2023 Weeks 8-15 Weeks 20-35

2024 Weeks 9-16 Weeks 21-36



Methods / Analysis

• The main analysis planned was a negative binomial regression model on the counts 
post vaccination with an offset for the pre-counts. 

• To optimise power all three years initially modelled together with a factor for year, a 
common age trend and an indicator variable for age<74 and >=75 (with age 74 
excluded by allowing it to have a separate level on the indicator variable).

• Models allowing the age trend to vary by year, and vary pre and post age 75 were 
assessed. Also models with a different vaccine impact by year and with each year 
modelled separately. 

• A model was also assessed with coverage by age used instead of the indicator 
variable. 

• Models of just the post vaccine rates with an offset for population denominator will also 
be assessed.
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Results – uptake by age
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Uptake is not the final coverage 
but the average across the post 
vaccination period assessed.

Fairly large discontinuity of about 
60-70%

Some 74 years olds as of April 
each year were vaccinated 
(probably as they turned 75)



Final model on the post:pre ratio 2022
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Final model on the post:pre ratio 2023
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Final model on the post:pre ratio 2024
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How impact compares to what we may have expected

• With average post vaccination coverage difference of about 65% then if the 
average VE post vacc were truly about 30% (allows waning) then an impact of 
0.3*0.65 = 19.5% would be expected. 

• So we seem to have less impact than expected – appears about 10% 
discontinuity
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Why don’t we see a clear impact?

 Possible reason 1: Many ONS COVID-19 deaths that are not actually caused by COVID-19

• Non-differential misclassification leading bias towards the null hypothesis.

• Could perhaps be the case as we use COVID-19 anywhere on the death certificate – how much is 
COVID-19 contributing?

• Going against this is fact we get 50-70% VE by case coverage on this end point. BUT we also 
know this could be biased by healthy vaccinee effects

• Could a more accurate measure be found. Hospital deaths with positive testing could be better – 
but numbers much smaller (or ONS coded deaths with also a positive test).  
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Why don’t we see a clear impact?

Possible reason2: Those getting vaccinated are skewed toward the 
healthy – so we see less impact. 

• Certainly, we see few vaccinations given just prior to a Covid-19 death in 
a period we know the vaccine doesn’t work. Cohort studies also have 
shown VE as high as 50% against non-COVID-19 death.

• Healthy vaccinee seems likely and can partly explain the high 50-70% 
VE by case coverage (and perhaps other cohort studies) compared to 
TNCC. If there was, for example,  a 50% healthy vaccinee bias then 70% 
VE would drop to (1- (1-0.7)x2) = 40% 
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• Possible reason 3: VE against death is truly low

• If true it would be odd that we have good evidence of VE and Impact on 
hospitalised COVID-19. 

• More plausible that a combination of reasons 1 and 2 is at play along with 
perhaps the uncertainly in the analysis.
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Age discontinuity in RSV hospitalisations

Risk and Benefit Analysis- Vaccination in <18 years28



Vaccine Safety 



Vaccine Trials

Signal StrengtheningFull epidemiological studies 

(hypothesis testing)

Licensure

Plausibility, observed vs. expected, descriptive epi, 

experts, interval from vaccine and hypothesis 

generation 

Vaccine safety is considered throughout a vaccines 
journey to licensure and beyond…..

JCVI

MHRA EWG

Pharmacovigilance for signal 
detection

UKHSA: Large linked electronic data 

Reactogenicity
Serious adverse events

Common adverse events

Medical 

examiners



New era of anti-vaccine propaganda
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Self Controlled Cases-Series 
(SCCS) method

• Relative incidence  =      Events inside risk period / days inside risk period   .     

                                       Events outside risk period / days outside risk period

•  Method automatically controls for long and medium term individual level confounders

•   Same power as cohort study

risk period

vaccination Event

Self controlled case series for automatically linked datasets:
• Uses cases only with vaccination dates
• For each individual each day and event in the study period will fall inside or outside the risk period.
• Compare risk of events in risk period to background
• Automatic within subject confounder adjustment
• Unbiased ascertainment of all or a sample of cases in a given age group and study period and their vaccination details.



Vaccine safety questions addressed using large linked 
datasets

• Pick up rare adverse 
events

• High relative incidence 
doesn’t mean large 
number of cases 
attributable to the 
vaccine

• Self-limiting conditions

• Vaccine not in use 
anymore
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Thank you!

alex.allen@ukhsa.gov.uk
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