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Randomized trials of COVID-19 vaccines

Among 10 cases of severe Covid-19 with onset after the 
first dose, 9 occurred in placebo recipients and 1 in a 
BNT162b2 recipient

From 21 days after first dose, there were ten cases 
hospitalised for COVID-19, all in the control arm; two 
classified as severe COVID-19, including one death.



Most studies of effectiveness of COVID-19 vaccines are observational 
studies using routine data assembled during the rollout 

• Randomized trials provide the best estimates of effectiveness in the real world, 

but…

• A host of urgent questions could not be addressed in randomized trials

• Far reaching policy decisions have been made using observational studies

• Such studies aim to make causal inferences about the effects, and comparative effects, of 

vaccines and vaccination strategies

• To make causal inferences from observational data, think about the randomized 

trial whose result you would like to estimate





Features of randomized trials of vaccine effectiveness 

• Define eligible participants

• Define intervention (vaccination) and comparator (no vaccination / vaccination 

against a different infection)

• Random assignment to vaccine or comparator

• Follow up for vaccine and comparator group starts on the day of assignment

• The calendar date of assignment is comparable for the two groups

• Follow up continues for the same time, regardless of intervention group



Confounding

Confounding occurs when there is a common cause (C) of both

vaccination (V)

and

the outcome event (Y)

C Y

V



“Sequential” specification of a target trial







“Sequential” specification of a target trial

• On each day, a vaccinated individual is closely matched to an unvaccinated 
(control) individual
• Covariates (matching factors) are measured up to the day of vaccination

• Follow up continues until the control individual is vaccinated, at which time follow 
up for both individuals is censored.
• Can conduct sensitivity analyses extending follow up (eg for a week) subsequent to vaccination 

of the control individual

• Control individuals can subsequently be included as a vaccinated individual in a new 
pair

• Can directly compare cumulative incidence in the two groups, or can adjust for 
additional covariates beyond those used for matching.

• We waste a lot of data (matching failures, censoring follow up of vaccinated 
individuals) but we compare similar individuals over the same time periods



In a public health emergency, we need to 
balance the need for rapid estimates of VE with 

the need to address potential biases





Test negative designs

Compare individuals with symptoms who test positive (cases) with those who test negative (controls)



Conditioning on common effects induces 
associations

Selection bias (‘collider bias’)
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Sport

Academic ability and sporting ability

•In the general population, academic ability 
and sporting ability are unrelated

•However, expensive private schools in 
England recruit on the basis of both 
academic and sporting ability:

•Among children at expensive private 
schools, the two characteristics are 
inversely associated

Sporting ability
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Using selected populations for VE research

• Suppose that perceived risk of infection and attitudes to vaccination each 

influence use of a health monitoring app

• Associations between causes of vaccination and risk factors for the target infection 

may be distorted among app users

• To correct for this, we would need to measure and adjust for influences on use of 

the app



Case-control studies

• Useful to think of a cohort study in relation to its target randomized trial

• Useful to think of a case-control study in relation to its target cohort

• For example, in the target cohort, potential confounders are measured at the start of 

follow up, not when the outcome occurs

• Do we need to sample controls?

• Modern computers can handle analyses based on many millions of individuals

• If the whole population is defined, we can sample based on any characteristic, and use 

inverse sampling probability weighting to recreate the result from the whole cohort

• For example, if vaccination is rare we could include all outcome events and all 

vaccinated individuals, together with a random sample of other individuals

• Main justification for case-control studies may be when the population is not well-

defined, and we sample controls on the basis of geographical or social proximity 

to cases.



Include “negative control” outcomes

*and not clinically vulnerable; **all dates are in 2021 BMJ 2022; 377:e071249



Thank you for your attention


