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Policymakers require consistent and accessible tools to monitor the progress of an

epidemic and the impact of control measures in real time. One such measure is the

Estimated Dissemination Ratio (EDR), a straightforward, easily replicable, and robust

measure of the trajectory of an outbreak that has been used for many years in the control

of infectious disease in livestock. It is simple to calculate and explain. Its calculation and

use are discussed below together with examples from the current COVID-19 outbreak in

the UK. These applications illustrate that EDR can demonstrate changes in transmission

rate before they may be clear from the epidemic curve. Thus, EDR can provide an

early warning that an epidemic is resuming growth, allowing earlier intervention. A

conceptual comparison between EDR and the commonly used reproduction number

is also provided.

Keywords: epidemics, survaillance, mathematical models, COVID-19, reproduction number R, estimated

dissemination ratio

KEY POINTS

Estimated Dissemination Ratio (EDR) is a simply calculated, replicable, easily explained and robust
measure of the trajectory of an outbreak. Examples from the current COVID-19 outbreak in the UK
illustrate these merits.

INTRODUCTION

As the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic emerged,
policymakers, planners, and frontline workers scrambled to understand the spread and likely
impact of this new virus and viral pneumonia it can cause, namely the Coronavirus Disease 2019
(COVID-19). During an epidemic, these public health teams need rapid and reliable information
on the progress of the epidemic.

Epidemics have a trajectory and for the planning of responses it is important to understand
today what the situation is likely to be tomorrow or next week and in particular, the number of
new cases likely to arise. Several different quantitative measures have been used to address these
questions. One of the most commonly used is the reproduction number, R,which has a long history
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(1–3). R can be described in plain words as “the average
number of next-generation cases caused by each current case.”
This simple definition refers to a generic R which encompasses
the basic reproduction number, R0, when a primary case is
introduced to a susceptible population (1, 2, 4) or a reproduction
number Rt determined as a function of time during an epidemic
(3, 5). In general, R is a measure of the rate of transmission of
infection and plays a key role in the management of epidemics.
Despite being widely used, however, R is itself a complex measure
that is difficult to estimate in real time and can easily be
misinterpreted by practitioners (6).

An alternative to Rt , as an indicator of the rate of transmission
of infection during an epidemic, is the Estimated Dissemination
Ratio (EDR). At its simplest, EDR is a direct measure of the
relative change in the number of cases over time. EDR is a
measure that has been used for many years in animal health to
monitor progress and control of epidemics, for example with
foot and mouth disease (7–10). It has become an established
tool for decision support and policy formulation (11–13). As
the name implies, EDR can also be interpreted as an estimate
of dissemination, or transmission, of infection, since the change
in the number of cases over time depends directly on the
rate of transmission. EDR gives an estimate of the slope of
the epidemic curve and indicates whether an epidemic is
accelerating, plateauing—through being brought under control,
or declining. It can be an important tool in planning.

Here we discuss the use and value of EDR and provide
a conceptual comparison with Rt as a parameter in
epidemic management.

CALCULATION OF EDR

EDR is a simple ratio of cases counted in a set period, divided
by the number of cases counted in the preceding period of the
same duration. EDR is intentionally simple to calculate using
case counts that are available during an epidemic. It can be easily
calculated in a transparent, consistent and readily comparable
manner. The EDR at day t can be calculated by using two
consecutive periods of n days as follows:

EDR =
cases in the days [t− n+ 1, t]

cases in the days [t− 2n+ 1, t− n]
(1)

For example, for a 7-day period (n = 7), EDR is simply given by
the cases reported this seven days (between day t − 6 and day t)
divided by the cases reported in the previous seven days (between
day t − 13 and day t − 7).

A 7-day period will be used for illustration in this paper. This
choice can be convenient in many applications since it helps to
smooth out any anomalous “weekend effects” as seen for example
during the current COVID-19 epidemic (14). However, periods
other than 7 days could be used and, as discussed below, could be
more convenient depending on the specific application.

Since EDR refers to the ratio of cases in two intervals of
time, the specific point in time to which EDR is attributed is
to some extent arbitrary. Here, we attribute the EDR to the day
on which it is calculated, i.e., to the last day in the period used

for the numerator in Equation 1. For instance, this is the same
convention used to attribute EDR in the freely available “epiR”
software package (15). With this choice, a 7 days EDR can be
regarded as an indicator of the progression of the epidemic in
the last week relative to the week before.

INTERPRETATION AND USE OF EDR

The EDR can be interpreted as an approximate indicator of the
infection transmission rate. Indeed, assuming that the periods
used to calculate EDR approximate the generation interval of the
infection, the cases counted in the numerator of EDR (Equation
1) can be considered to be largely generated by contagious
transmission from the cases counted in the denominator of EDR.
To use EDR as an indicator of infection transmission rate it
is important to calculate EDR for time intervals close to the
generation time of the disease at hand.

When using EDR to draw inferences about transmission
rate, it is important to note that an EDR calculated on
current case count data and attributed to the last day in
the numerator of Equation 1 will reflect transmission events
occurring in the “denominator period” of the EDR–i.e., EDR
is a retrospective indicator of transmission rate occurring one
generation interval previously.

A graph of EDR over time should be interpreted along with
the epidemic curve (case counts or case rates indicating the
overall progression and size of the epidemic). Whether there
are 2,000 cases in a period following 1,000 cases in a preceding
period or 20 cases following 10 cases, the EDR equals 2 in both
situations. However, disease control decisions might well differ
given the different scales. Both the size of the outbreak and the
rate at which it is changing (as indicated by EDR) are important.
This same consideration applies equally when Rt is used for
epidemic management.

An EDR of 1 at a given time indicates that the number of new
cases was stable in the preceding periods used to calculate the
EDR. An EDR above (or below) 1 indicates that the daily new
case numbers increased (or declined) in recent days.

In addition to whether EDR is above or below 1 (cases
increasing or decreasing), the absolute value of EDR provides
further indication of the speed of increase or decrease of the
epidemic curve. When using a 7-day period, an EDR of 2 means
that cases are doubling every week, while an EDR of 1.4 means
that cases may double in just over 2 weeks. Conversely an EDR
of 0.5 means that cases are halving every week; while an EDR of
0.7 means that cases would halve in just under 2 weeks. When
EDR is close to 1 (e.g., 0.9–1.1) case numbers are not changing
rapidly, but while the situation may not be rapidly deteriorating,
neither is it rapidly improving. When EDR is close to 1 it is
especially important to also consider the absolute number and
spatial distribution of cases. Otherwise, one might miss situations
in which the number of cases is maintained at a level from which
relaxation of control would result in high case numbers within
a relatively short time. The ideal goals in managing an epidemic
could be: First reduce the transmission of infection in such a way
that the number of new cases fall rapidly (i.e., EDR well-below
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1) and, second, maintain this decline until the number of cases
is low enough to ensure that individual outbreak clusters can be
effectively contained.

Further to looking at the value of EDR at a given time,
it is more useful to analyse the trends of EDR. A sustained
increase of EDR, when EDR is already >1, indicates an increased
transmission rate that will inevitably lead to an acceleration of the
increase of cases. More interestingly, an increase of EDR, when
EDR is <1, can be observed alongside a decreasing epidemic
curve: this indicates that the rate of decline is reducing. This
EDR increase would allow us to identify a resurgence of infection
which may be difficult to recognize from the epidemic curve.
Conversely, an EDR decrease may be observed for an increasing
epidemic curve whose rate of increase is reducing, for example,
because of interventions implemented to suppress the infection.

PRACTICAL EXAMPLES OF THE
APPLICATION OF EDR IN THE COVID-19
OUTBREAK IN THE UK

Figure 1 shows the epidemic curve and EDR graph for the UK
during the COVID-19 epidemic from 10-Mar-20 to 21-Apr-20.
EDR was estimated using periods of 7 days (Equation 1). This
period is close to the generation interval of COVID-19 (16) and
we expect the obtained EDR to be a suitable indicator of the
infection transmission rate.

The epidemic curve shows a rapid daily increase in new cases
over the period from about 21 March to 1 April which suggests
little, if any, control was being achieved. However, the EDR graph
shows a sustained and steady downward trend from 18-Mar-20.
This suggests a gradual decrease in the transmission of infection
over this period. Because EDR is a retrospective indicator of
transmission rate, the suggestion is that the transmission rate
began falling from around 11 March.

A lockdown was ordered in the UK on 24 March 2020 to
suppress the spread of SARS-CoV-2. The declining trend in EDR
before this date suggests that transmission was already being
slowed before the lockdown, most likely by voluntary home
working and reduction in social contact among the population
in response to concern over the situation and advice from
various sources.

The value of EDR here is that whilst the daily case numbers
are increasing quickly, the decreasing EDR shows that there is
progress toward control of the epidemic. In this situation, EDR
gives an early indication that control measures are working.

Later in the epidemic, EDR can be used to detect rises in
infection rates before they become clear in the case data. This has
been more difficult to clearly illustrate because of the changing
testing criteria and testing capacity available in the UK which
has complicated the picture. Figure 2 show the period from 23-
Jun-20 to 30-Aug-20 when testing capacity was stable at between
200,000 and 225,000 tests per day and testing criteria were also
stable (17).

EDR started rising consistently from 1 July and was above 1
from 13 July, staying so consistently. The initial increase of EDR
suggests a slowing down of the decrease of the epidemic curve

before 8 July which gives early signs of a resurge that would
indicate a need for action. Despite the signs, no action was taken
during this period to prevent a resurge of the virus (18, 19) and
cases doubled from around 550 per day on average in early July
to around 1,100 by 23 August. As an aside, the EDR fell below
1 on 21 August. It is unclear why this happened as no new
interventions were put into place—perhaps a change in testing
or reporting, but it can be observed that there was also a slight
contemporaneous fall in the new case 7-day moving average.

It would be preferable to use a more dramatic example from
a later period of the epidemic but many other conditions have
changed since September in the UK including a rapid rise in
reported testing capacity and an intensification of testing groups
such as school-age children and university students.

Note that in the two examples above, the graphs show EDR
and an average daily case number. The latter could equally be
replaced with a case rate (for example case per week per 100,000
population) if required.

Especially when using EDR to compare between areas or
between time periods, the methods by which cases are defined,
searched for, counted and registered must be clearly described.
There must be a consistent method of case counting, across the
whole period for which comparison of EDR and/or monitoring
change is required (this applies equally to calculations of the
reproduction number R). In practice, this means that changes
in either case definition or case searching (surveillance) must
be taken into account. Case counts must come from the same
population for all times being compared: if surveillance starts to
cover a wider population, more cases might be found that are not
epidemiologically linked.

CONCEPTUAL COMPARISON WITH Rt

Rt and EDR are similar in several respects. First, both measures
indicate the progress of an epidemic and can be used to quantify
the infection transmission rate during epidemics. Both EDR and
Rt take values smaller than one for declining epidemics and
values larger than one for accelerating epidemics. Apart from the
value 1, the two quantities will typically not take identical values
for accelerating or declining epidemics.

Despite EDR being qualitatively similar to Rt, the definition
and calculation methods of these quantities are significantly
different. In principle, an exact estimate of Rt requires knowing
who infected whom during an epidemic. In some cases, it
may be possible to construct an epidemic tree to calculate
Rt by simply counting the number of individuals infected
by each case (5). For many epidemics, however, it is not
known who infected whom and one has to rely on less precise
observations such as the epidemic curve. In these situations,
estimates of Rt can be obtained from epidemic curves by fitting
mechanistic epidemiological models based on disease-specific
assumptions (20–24). Fitting mathematical models to data is
often a technically involved task. In addition, models fitted to
an epidemic are not easily generalizable to other epidemics.
Wallinga and Teunis proposed a more generic method to
estimate Rt which only requires case incidence data and the
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FIGURE 1 | Epidemic curve and EDR for the COVID-19 epidemic in the UK from 1 March to 20 April 2020. The epidemic curve is indicated as vertical bars giving a

7-day moving average of new cases. The solid line shows the EDR estimated using periods of 7 days. The horizontal dashed line shows the boundary with EDR = 1.

FIGURE 2 | Epidemic curve and EDR for the COVID-19 epidemic in the UK from 23 June to 30 August 2020 with the same format as in Figure 1.

generation interval distribution (3). This method and some
extensions (25, 26) are widely used to estimate Rt. The main
drawback of these methods is that they require estimates for the
generation interval distribution [or the serial interval as a proxy
(3, 25, 26)] which is likely to be missing for emerging diseases. In
addition, these methods usually involve advanced mathematical
concepts that are not necessarily handled by every public health
practitioner. As a consequence, thesemethods are often perceived

as a “black box” of assumptions that are not under the control
of practitioners.

In contrast to Rt, EDR only relies on epidemic curves and can
be easily estimated without knowledge of advancedmathematical
concepts. The period used to calculate EDR can be interpreted as
a parameter of the model but its specific value is not absolutely
crucial to observe informative trends in EDR. It is interesting,
however, that in the particular case in which the period used to

Frontiers in Public Health | www.frontiersin.org 4 July 2021 | Volume 9 | Article 675065

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pérez-Reche et al. Estimated Dissemination Ratio of Epidemics

calculate EDR approximates the generation time, estimates of Rt
and EDR are expected to be similar to each other.

DISCUSSION

EDR is intuitive, simple to calculate, easy to explain and relies
only on the time series for the number of cases (or other
epidemiological observables). As a pragmatic measure of the
change in the number of cases over time, EDR can help
understand the trajectory of an epidemic in real time. Being unit
free, EDR (as with R) should always be used in combination with
the epidemic curve, allowing both the scale and trajectory of an
epidemic to be taken into consideration. The EDR can be a useful
indicator of transmission rate as shown here for the COVID-
19 outbreak in the UK and previously demonstrated in animal
epidemics (7–12). At the very least, EDR is useful as a direct,
transparent, measure of the direction (up, down, stable) and the
rate of change of the epidemic, but a more in-depth analysis also
allows more nuanced interpretation.

EDR is a conservative measure. This is particularly
advantageous when EDR is falling. As a retrospective measure,
it does not indicate a change until clearly present. Another
advantage of displaying EDR along with the daily case totals is
that while daily totals can vary considerably from day to day,
EDR uses aggregate cases over consecutive multi-day periods,
which smooths out the inevitable day-to-day variation.

Being unit free, and given a consistent case definition within
a country or territory, EDR can also be used to compare the
degree of control between areas. This can be a valuable tool for
learning from the experiences of the impact of control measures
in different areas.

EDR aims at quantifying the progression of epidemics in a way
similar to the reproduction number Rt. Despite some similarities,

EDR is significantly easier to estimate than Rt both in terms of the

information required and the mathematical expertise involved.
Indeed, a strength of EDR is that it can be readily estimated
from epidemic curves. A caveat is that EDR can only capture
information of epidemics at the population level. In contrast,
Rt could in principle resolve features of transmission at the
level of individuals in cases in which epidemic trees could be
reconstructed (5).

CONCLUSION

EDR is a transparent measure of the progress of an epidemic
with clear potential as a tool to support planning and monitoring
of the public health response and impact. It can be used from
local to national scales and is readily communicated to the
public. The combination of epidemic curve plus EDR is a simple
measure of the direction and rate of change in case numbers.
This combination can be used as a simple measure to inform
epidemic control as well as to explain the progress of outbreaks or
to assess the impact of control measures. These multiple uses of
EDR together with its clarity should encourage the engagement
of frontline workers and the public.
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