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Suppose a new vaccine is trialled for a virus known to infect 8% of the population.  
The trial looks at 100 unvaccinated people and 100 vaccinated people and finds 
• 8 cases in the unvaccinated group (as expected of the population before a vaccine). So, the (absolute) risk of the virus in those 

unvaccinated is 8%, 
• 2 cases in the vaccinated group. So, the (absolute) risk of the virus in those vaccinated is 2%

relative risk reduction (RRR) = 1 −  
% vaccinated who got virus 

% unvaccinated who got covid 
times 100 to get %

Formally, the absolute risk reduction (ARR) in getting the vaccine is the difference between the two. So ARR = 6%. 

= 1 −  = 1 − 0.25 = 0.75 = 75%

=
100

absolute risk reduction
 =

100

6
=16.7

(this is also how efficacy of the vaccine is 
formally defined, hence “efficacy = 75%”)

relative risk increase (RRI) = % unvaccinated who got virus 
% vaccinated who got virus 

− 1 times 100 to get %

This is also the same as the absolute risk increase (ARI) in NOT getting the vaccine, i.e. ARI = 6%

We can also consider the relative risk increase (RRI) of NOT getting the vaccine. Since the rate among the unvaccinated is 4 times that 
of the vaccinated, that means NOT getting the vaccine increases the risk of infection by 300%. Formally:

=  
8

2
− 1 = 3 = 300 %

The different ways to measure effectiveness of a vaccine 

Finally, we also have number needed to treat (NNT)

But relative risk is a very different measure. Informally, the risk of infection among the vaccinated is 25% that of the risk of infection 
among the unvaccinated (since 2 is 25% of 8). So, relatively, that is a 75% risk reduction.

(so while the absolute risk reduction ARR 
and absolute risk increase ARI are the 
same, the relative risk reduction RRR and 
relative risk increase RRI are different

So, formally, the relative risk reduction (RRR) of getting the vaccine is defined as



43,000 individuals 16+ years equally allocated to the vaccine or a placebo.
Of those who got 2 doses with no evidence of prior infection (results observed 7 days after the second dose) there were 

• 8 cases of COVID-19 out of 18,198 in vaccinated group
• 162 cases of COVID-19 out of 18,325 in the placebo group

relative risk reduction (RRR) = 1 −  
% vaccinated who got covid 

% unvaccinated who got covid 
times 100 to get %

absolute risk of covid for vaccinated   =
,

= 0.00044 = 0.044% absolute risk of covid for unvaccinated   =
,

= 0.00884 = 0.884%

absolute risk reduction (ARR) = 0.884 − 0.044 = 0.84%

= 1 −  
0.044
0.884

= 1 − 0.0497 = 0.950 = 95.0%

number needed to treat (NNT) =
absolute risk reduction

 =
.

=119

(and, so formally the “efficacy of the 
vaccine is 95%”)

relative risk increase (RRI) = % unvaccinated who got covid 
% vaccinated who got covid 

− 1 times 100 to get %
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absolute risk increase (ARI) of not getting vaxxed is also 0.84%

The Pfizer Trial

(so in relative terms there’s a 95% 
reduction in risk of covid if vaccinated 
and a 1911% increased risk of covid if 
unvaccinated)=  

0.844

0.044
− 1 = 19.11 = 1911 %



Two issues that massively compromise efficacy measures
Issue 1: Who counts as ‘vaccinated’

If it is assumed that vaccines take 2 weeks to work then those vaccinated who become infected 
within 2 weeks are typically classified as unvaccinated.

This means a vaccine that is no better (and maybe even worse) than a placebo can still be 
determined to be highly effective



Imagine a non-fatal disease which, in every 2 week 
period, infects 10% of the people

Suppose people receive a “vaccine” that is supposed to 
protect against the disease 2 weeks after it is taken but 
which is actually a placebo

We observe some people who get the vaccine and some 
who don’t
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Weeks
0-2

Vaccine group No vaccine group

In each group 10% (10 out of 100) are infected in weeks 0-2

Weeks
3-4

In each group 10% (9 out of 90 previously uninfected) are infected in weeks 3-4

Overall 19 out of 100 in each group get infected over the 4 week period

efficacy = 1 −
proportion of vaccinated infected

proportion of unvaccinated infected
% = 1 −

0.19

0.19
= 0%

But suppose 
those infected in 
first 2 weeks 
after vaccination 
are classified as 
unvaccinated



Weeks
0-2

Vaccine group No vaccine group

In each group 10% (10 out of 100) are infected in weeks 0-2

Weeks
3-4

In each group 10% (9 out of 90 previously uninfected) are infected in weeks 3-4

But suppose 
those infected in 
first 2 weeks 
after vaccination 
are classified as 
unvaccinated

So, overall 9 out of 90 ‘vaccinated’ are infected (10%) 29 out of 110 ‘unvaccinated’ are infected  (26.4%)

efficacy = 1 −
proportion of vaccinated infected

proportion of unvaccinated infected
% = 1 −

0.1

0.264
= 62%
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Weeks
0-2

50 out of 500 infected weeks 0-2 10 out of 100 infected weeks 0-2

Weeks
3-4

45 out of 450 previously uninfected are infected weeks 3-4 9 out of 90 previously uninfected are 
infected weeks 3-4

Those 
infected in 
first 2 weeks 
after 
vaccination 
classified as 
unvaccinated

So, overall 45 out of 
450 ‘vaccinated’ are 
infected (10%)

69 out of 150 ‘unvaccinated’ 
are infected  (46%)

efficacy = 1 −
proportion of vaccinated infected

proportion of unvaccinated infected
% = 1 −

0.1

0.46
= 78%

Vaccine group No vaccine group

= 93% if only 1 
in 3 vaccinated 
are tested



Two issues that massively compromise efficacy measures
Issue 2: We may not know the true proportion vaccinated

The vaccine efficacy measure depend on knowing the percentages of vaccinated and unvaccinated who get 
infected
This in turn depends on knowing the percentages of vaccinated and unvaccinated 
In randomised control trials we know what these percentages are
But in observational studies this is not generally true



Imagine a population of 10,000 people

100 die of the virus

So 100 out of 10,000 die of the virus

That’s a mortality rate of 100 per 10K

But we want to compare the mortality rate of 
the unvaccinated against the vaccinated



100 die of the virus

We first need to know how many of those who die are unvaccinated



We first need to know how many of those who die are unvaccinated

80 are vaccinated

100 die of the virus

20 are unvaccinated

BUT: to compare the mortality rate of the unvaccinated against the vaccinated we 
ALSO need to know what proportion of the population as a whole is unvaccinated



Assume 10% of the population is unvaccinated

So 80 out of 9000 
vaccinated die of the virus

So 20 out of 1000 
unvaccinated die of the virus

That’s a mortality rate of 
200 per 10K

Unvaccinated (1000) Vaccinated (9000)

That’s a mortality rate of 
89 per 10K

Mortality rate of unvaccinated is over twice that of vaccinated



But what if 30% of the population is unvaccinated

So 80 out of 7000 
vaccinated die of the virus

So 20 out of 3000 
unvaccinated die of the virus

That’s a mortality rate of 
67 per 10K

Unvaccinated (3000) Vaccinated (7000)

That’s a mortality rate of 
114 per 10K

Mortality rate of vaccinated is nearly twice that of unvaccinated



So getting an accurate estimate of the true 
population proportion of unvaccinated is critical 
in determining vaccine efficacy and safety

• In May 2022 the ONS estimated just 8% of the 
adult population was unvaccinated

• But UKHSA estimated 20% of the adult population 
was unvaccinated

• An ICM survey estimated 26%


