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R, Prevalence, and Incidence – A Guide for Policymakers 
 
Summary 
Policy response to COVID-19 has been largely driven by the reproduction number (R). R is a crucial 
metric in responding to COVID-19, however there are other important measures that can help 
policy making. Prevalence describes the proportion of infectious people in the population and is 
closely linked to the incidence, which is the daily number of new infections. Prevalence and 
incidence metrics are very relevant to policy issues where risk management is important, such as 
opening up courts, schools, universities and businesses.  

1. R 
1.1 Introduction and Nomenclature 
In epidemiology one of the key measures of the spread of an infection is R, known as the 
reproduction number or ratio (but not rate). It tells us the efficiency with which an infectious 
disease outbreak spreads in a population. R can be thought of as the number of other people one 
infectious person infects – if R is 3 then, on average, one infectious person will infect 3 people. 
Those 3 people can then infect another nine people and these can then infect 27 people, and so 
on. This manner of multiplication is known as exponential growth. If the disease transmission 
efficiency is very low, or can be forced down by intervention, then the transmission of the disease 
will slow. Using R it is easy to understand how a COVID-19 epidemic can spread out of control in 
only a few weeks.  

There are multiple variants of R exist: R0, the basic reproduction number (which assumes 
everyone is at risk of infection), and the effective reproduction number R sometimes Re or Rt) 
which is time-sensitive and can account for partial immunity in the population. In the early stages 
of a pandemic, R0 and R are identical, however as the pandemic goes on they will start to diverge.  

COVID-19 is spread primarily by infectious humans who mainly shed tiny droplets containing the 
virus by breathing, sneezing and coughing. These droplets may directly be ingested into a 
susceptible person and infect them; or the droplets may contaminate surfaces which others 
touch. Proximity and physical contacts are thought to be key in the transmission of the disease. 
It is also becoming clear that confined spaces promote transmission. One other important factor 
is known as viral load. A person with only a few hundred viruses contained in the nose and throat 
is likely much less infectious than someone with many millions of viruses. 

R is an average and the number of secondary infections an infected person will cause depends 
on their situation, lifestyle and behaviour. If someone socially isolates themselves for seven days 
while infectious and has no interactions with others then they are unlikely to transmit the virus 
to anyone else. However, if someone goes outside regularly in crowded or confined spaces, and 
is also very infectious (but potentially asymptomatic) they could transmit the virus to hundreds 
of people. These are known as superspreading events. The R number is an average for everyone 
in England and Wales or in a region and by itself does not convey the significant complexity in 
transmission of COVID-19, which is mathematically complex and cannot be described by a 
single number.  
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Estimating R in real-time is difficult. R can be initially estimated through testing and contact 
tracing, however it is difficult to do this when large numbers of people are infected due to the 
sheer amount of people that would need to be tested to get accurate values. For this reason 
contact tracing is generally only used to predict R at the start of the pandemic (when R is equal 
to R0), or for very small populations (for example, there was talk of the R in care homes). During 
the pandemic, when some (unknown) fraction of the population is potentially immune and the 
contact tracing capacity has been exceeded, a mixture of indirect measurement (e.g. hospital 
admissions) and mathematical modelling are used. This means different mathematical models 
can yield different R values, and indirect measures may not give the full story. For these reasons, 
uncertainties are significant and should not be ignored. As such, a set of confidence limits are 
normally given (e.g. 0.5-0.7; or 0.8-1). Confidence limits represent the uncertainty with which the 
values are known.  For example small differences in average R0 between regions may not be 
signficant. 
 
1.2 R and public policy; with caveats 
The R number has guided a significant amount of public policy. If R is greater than 1 then the 
disease spreads and is not under control. Therefore, it was vital in the early days of the pandemic 
to reduce R with measures such as lockdown and social distancing. When these measures were 
in place, potential chains of transmission were cut.  These policies were effective and R in England 
fell from 3 and 4 to below 1. Due to its relative simplicity, and usefulness, R became the primary 
scientific parameter discussed by politicians and the media.  

However, while R is important there are some key limitations. Firstly, as discussed above, R is 
very difficult to directly measure, and is usually derived from a mathematical model. It is an 
indicator that has to be extracted from data and reflects both complex human behaviours and 
the characteristics of the virus and the disease itself.  The process of estimating R involves quite 
complex mathematics and computer models, which are not easily understood. R is not a direct 
measure of risk but is widely discussed as if it were. A low R does not mean that the risk of 
transmission is non-existent or low. While it may avoid a ‘second peak’, an R number just below 
1 may mean several months of a significant number of new infections and deaths from COVID-
19. 

There are other important metrics of disease which can be used to understand the complexities 
of the pandemic; and it should be noted that R can vary geographically – for example, it appears 
to be highest in the north-east of England. They are critical in understanding risk and in 
developing public policy that can be easily described to the public.  

 

2.  Prevalence 

One such metric is prevalence, which is the number of infectious people. It is estimated the 
prevalence in England is around 0.1%, or there is 1 infected person per 1000 persons (June 5th 
infection survey of Office of National Statistics). Prevalence can be measured by infection surveys 
in which randomly selected people are tested, and is more straightforward or easier to 
understand in terms of their personal risk. The more people one meets in a day, and the more 
these are in situations which are crowded, the greater the chances of catching COVID-19.  
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However, it can be difficult to estimate prevalence accurately. Even with infection surveys of 
10,000 people there can be large uncertainties. The main strength of prevalence as a metric is 
that it is a direct measure of risk. For example, if the prevalence was 50%, any person you would 
come into contact with would have a 50% chance of being infected; while if the prevalence was 
1%, there would be a 1 in 100 chance that a person you come in contact with was infected. 

 This means the lower the prevalence, the lower the risk of catching the disease. Almost all the 
policy issues related to ending lockdown such as reopening schools and offices should be 
framed in a context of risk management and mitigation, rather than just a discussion of R.  

Measures of the changing risk, as expressed by R, is not the crucial indicator in deciding when to 
reopen parts of the economy. The key question is what the actual exposure levels are, and 
whether these are acceptably low to society or the individual.  As R is an average two areas can 
have exactly the same R number, though one area could have a very high prevalence and the 
other a very low one. The difference in risk and in transmission in these two geographic areas 
can be explained entirely through prevalence. 

An example of the limitations of only using R in policy making is the issue of re-opening schools.  

Many have used Denmark as an example that schools in the UK can be safely reopened. The R 
values of Denmark and the UK are similar, however prevalence in the UK is 10 times greater than 
in Denmark. Therefore, the chances of an infectious pupil or teacher attending school is than 10 
times higher in the UK than Denmark. Worryingly, it seems that the devolved administrations 
in the UK have made R a criterion for re-opening but have not included prevalence or incidence 
which are key metrics in estimating risk.  

 

3. Incidence  

Another metric is incidence, which is the number of new daily infections. This is also easier to 
grasp than R and is closely related to prevalence. One limitation is that incidence is almost 
certainly under-reported because some people are asymptomatic or have mild symptoms. 

Currently (early June) the reported incidence, based on testing, is roughly 2000 new cases per 
day. The real incidence is likely to be many times than reported. Therefore, incidence should be 
viewed in mind with this limitation. Prevalence and incidence are key measures, which should 
be used along with R in decision making.  

 

4. Risk Management 
 
Finally, a related issue is that the debates on risk are being framed as discussions of safety and 
mitigation strategies, but without much discussion of the actual risks. Courts, businesses and 
schools are being opened up. The idea of absolute safety is unrealistic and politicians would be 
wise to avoid the temptation to say an activity is “safe”. The language that should be used is that 
there are acceptable and unacceptable risks. There are always small risks that children may 
catch rare diseases at school (such as meningitis) which are generally regarded as an acceptable 
risk as measures are put in place to reduce this risk.  
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