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EBOLA IN CONTEXT: UNDERSTANDING 
TRANSMISSION, RESPONSE AND CONTROL 

WEEK 3 STEP 3.5 HOW WOULD VACCINES HELP? (VIDEO) 

This lecture examines how vaccines could potentially help at the community 
level as well as helping the individuals who are vaccinated. 

In the video and below this is explained in terms of R0 and R. But let’s start by 
thinking about the issues intuitively. 

If everyone in the population is susceptible it makes sense that an infection will 
spread faster than if some are already immune. 

The more people that are immune the harder it is for an infection to spread. 

Vaccines will increase the proportion of the population that is immune, so make it 
harder for an infection to spread. 

If a vaccine only protects a small proportion of those who are vaccinated, then more 
people would have to be vaccinated to get the same number protected than if the 
vaccine works well 

R0 is the average number of secondary cases per case in a totally susceptible 
population. As an infection spreads in a population those who have been infected 
and survived may be immune. The net reproduction number, R, is the average 
number of secondary cases per case when some of the population are immune. 

R = R0 x proportion susceptible. 

A vaccine will reduce the proportion susceptible and therefore reduce R. For an 
infection to decrease in the population, R must be less than 1, meaning that each 
case will give rise to less than one new case, on average. The proportion of the 
population that need to be made immune to bring R down to 1 is known as the herd 
immunity threshold. It depends on R0: 

Herd immunity threshold = (R0 – 1) / R0 

If the proportion of the population that is immune is greater than the herd immunity 
threshold then R < 1 and the disease will decrease. 

The proportion of the population that needs to be vaccinated to reach the herd 
immunity threshold depends on how well the vaccine works. Thevaccine efficacy is a 
measure of how well a vaccine works. 

The vaccine efficacy (VE) is defined as: 
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VE = (rate of disease in unvaccinated – rate of disease in vaccinated) / rate of 
disease in unvaccinated 

The proportion of the population that would need to be vaccinated to reach the herd 
immunity threshold is given by: 

herd immunity threshold / vaccine efficacy 

The less efficacious the vaccine, and the higher R0, the higher the proportion of the 
population that would need to be vaccinated to pass the herd immunity threshold and 
get R < 1. 

Let’s take an example. 

Suppose for a new disease R0=4, so that on average every case gives rise to 4 new 
cases in totally susceptible population. 

The herd immunity threshold is reached when each case on average gives rise to 
one new case, so R=1. What proportion of the population needs to be made immune 
to get R=1? 

The formula for the herd immunity threshold is (R0-1)/R0 

So to reach the herd immunity threshold you would need to make (4–1)/4 = 75% of 
the population immune. 

You can see that this makes sense: if 75% of the population are immune, then 25% 
are susceptible. If only 25% are susceptible, then each case, instead of giving rise to 
4 new cases will only give rise to 25% of 4 new cases, i.e. to 1 new case, on 
average. 

If you had a vaccine with 100% efficacy so that everyone who was vaccinated 
became immune then in this example you would need to vaccinate 75% of the 
population to reach the herd immunity threshold. 

If the vaccine efficacy is less than 100% you would need to vaccinate more people to 
make 75% immune. If the vaccine efficacy was 80% then the proportion of the 
population you would need to vaccinate to make 75% immune would be 0.75/0.80, 
or 93% 

Note that vaccine effectiveness in practice may not be as good as vaccine efficacy 
measured in clinical trials. Vaccines usually need to be given following particular 
schedules, and need to be stored in certain conditions. Many need to be kept cold, 
and maintaining the ‘cold chain’ from supply to administration in the population is 
challenging. 
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This material has been repackaged from a free, online course delivered by the 
London School of Hygiene and Tropical Medicine on the FutureLearn platform in 
2015. Additional information about the course and its contributors can be found on 
the School website. 

Future iterations of the course may feature slightly different material. Further live 
runs of this and other courses can be found on the platform. Please visit the School’s 
FutureLearn webpage for more details. 
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