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Estimating the Fatality Burden of SARS-CoV2

BARRY SMYTH, Insight Centre for Data Analytics, School of Computer Science, University College Dublin,

Ireland

As the world struggles with the SARS-CoV2 pandemic, public health officials and governments continue to refine the key
metrics that are used to capture and compare the state of the pandemic and the effects of responses within and between
countries and regions. This work presents a novel fatality metric, the COVID-19 burden, which normalises SARS-CoV2 fatali-
ties with respect to historical mortality rates over the same period of time. We argue that this measure provides an improved
basis for comparing fatality rates between countries, and we present an analysis of this measure across 174 countries, using
data up to November 15, 2020, to better understand the impact of the virus in different countries and regions.
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1 INTRODUCTION

As the global spread of SARS-CoV2 continues [10, 19], many countries have entered a new phase in their struggle
with the virus [1, 3, 5, 8, 16, 17, 20]. Spring lockdowns reduced the prevalence of the virus in many locations [2,
15], but as economies re-open incidence rates are rising again, and the risk of infection, long-term illness, and
even death remains an ever-present one, especially if the virus manages to break through to more vulnerable
groups, as it did in March and April [11].

It is important to equip public health officials with the tools and techniques they need to monitor and manage
outbreaks [4, 7, 15, 18]. This includes the development of meaningful comparative metrics to identify countries
and regions that have performed well, or less well, so lessons can be learned from the approaches they have
tried. In this work, we present a analysis of COVID-19 fatalities from 174 countries around the world using a
pair of novel fatality metrics, the COVID-19 burden and the COVID-19 rank, which normalise COVID-19 deaths
with respect to historical all-cause mortality statistics. We argue that they provide a fairer way to compare the
impact of the virus between different countries, given that historical mortality rates can vary considerably.
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2 ALL-CAUSE MORTALITY NORMALISED SARS-COV2 FATALITY METRICS

The proposed COVID-19 burden and rank metrics adjust fatalities with respect to national, historical mortality
statistics, and therefore normalise COVID-19 deaths using a host of latent mortality factors. However, caution
is required when interpreting these metrics due to inconsistencies in how countries account for, and report on,
COVID-19 deaths.

2.1 The COVID-19 Burden

The COVID-19 burden is defined by Equation (1): f is the total number of COVID-19 fatalities in a country/region
(C) since the first reported COVID-19 fatality; e is the expected number of all-cause annual deaths for a coun-
try/region; and d is the number of days since the first reported COVID-19 fatality.

burdenC ( f , e,d ) =
f

d
× 365

e
(1)

For example, on November 15, 2020, it was 248 days since Ireland’s first reported COVID-19 death and there
were 1,978 COVID-19 deaths in that period. According to the Irish Central Statistics Office,1 in 2017 there were
30,418 deaths in Ireland, or approximately 20,667 in a 248-day period. Therefore, Ireland’s current COVID-19
burden is approximately 0.095; that is, COVID-19 deaths represent just over 9% of the expected (historical) deaths
during the same period of time, or just over 6% of the expected deaths for a full year.

We argue that this approach offers significant advantages over conventional fatality measures, such as the
number of deaths per capita, because it normalises with respect to a variety of latent mortality factors, such
as population demographics, the incidence of co-morbidities, healthcare quality and accessibility, food security,
and so on. Thus, two similarly sized countries, which might ordinarily be judged to have similar fatality rates,
if their deaths per capita are similar, will be recognised to be different, if their historical mortality rates diverge,
and their COVID-19 burdens will reflect this difference.

2.2 The COVID-19 Rank

The related COVID-19 rank metric estimates the rank of COVID-19, as a cause of death, by comparing COVID-19
deaths with the historical causes of death in a country. For example, in Ireland the top-five causes of death
are cardiovascular disease (9,600 deaths per year), cancers (9,500 deaths), dementia (2,700 deaths), respiratory
diseases (2,225 deaths), and lower respiratory infections (1,371 deaths). This means that Ireland’s current 1,978
COVID-19 deaths, ranks COVID-19 as Ireland’s 5th highest cause of death; thus, its COVID-19 rank is 5, as of
November 15, 2020.

We can also calculate a relative rank version of this metric, such that a relative rank of 0 indicates the top-
ranking cause of death, while a relative rank of 1 corresponds to the lowest-ranking cause of death. This is
useful when comparing countries that have different numbers of causes of death. The relative rank of COVID-19
in Ireland is 0.17, as it is 5th out of 29 common causes of death.

2.3 Caveats

There are two important caveats to this approach. First, it assumes a uniform distribution of deaths over time
for a country, which is likely to be incorrect over short periods of time (weeks), but given that the pandemic has
been in progress for most of the year, this is not likely to be a major source of error.

Reporting inconsistencies between countries are another matter. Some countries only include deaths that arise
from a confirmed COVID-19 test, others have limited their focus to hospital settings, while yet others have been

1https://www.cso.ie/en/releasesandpublications/ep/p-vsar/vitalstatisticsannualreport2017/deaths2017/.
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Fig. 1. Comparing official COVID-19 fatalities and excess mortality estimates using a dataset of 27 countries.

far more inclusive, counting suspected and confirmed deaths across all settings. To evaluate the scale of such
inconsistencies, we can compare official COVID-19 fatality statistics to the so-called excess deaths for a country.
The number of excess deaths for a country provides an estimate of the additional deaths this year, regardless
of cause, by comparing total numbers of deaths in 2020 to historical averages. While this is viewed as a more
accurate COVID-19 fatality estimate, excess death data is not widely available at this time.

Figure 1 shows the relationship between population-normalised COVID-19 deaths (COVID-19 deaths per
100,000 of population) and excess deaths for a dataset [6] of 27 countries with data availability up to the end
of September 2020. There is a strong relationship between COVID-19 fatalities and excess deaths (r 2 = 0.8), but
not a perfect one. Note, excess deaths are measured as a sum of the daily percentage differences between current
and historical deaths; this is the excess mortality estimate used for the x-axis in Figure 1. For example, Belgium
had a total daily excess of 400% for the COVID-19 period up to the end of September, based on an average daily
excess of approximately 2.5%; for the avoidance of doubt, this does not mean that Belgium has had four times
(400%) as many deaths as usual, it means there has been an average daily excess of just 2.5%, in that period, above
and beyond historical figures.

Most countries fall close to the linear regression line used to estimate the relationship between these two
fatality measures, but Belgium is an obvious outlier, at least up to the end of September 2020. Its official COVID-19
fatalities are much higher than other countries with similar excess deaths in this time period, which suggests its
COVID-19 fatality estimate might need to be reduced (by ≈40%) to bring it into line with the reporting standards
of others, and such an adjustment will obviously have a corresponding effect on Belgium’s COVID-19 burden.
In a similar way, the UK’s estimate may need to be increased by approximately 10%.

Since the degree of this variation between countries is modest (≤20% on average), it means that reporting
inconsistencies between countries are likely to be modest, too. However, caution should be exercised when com-
paring countries to one another, especially if their COVID-19 fatalities differ by <20%, because such differences
may be an artefact of reporting rather than a genuine difference in the number of COVID-19 related deaths.

Digital Government: Research and Practice, Vol. 2, No. 2, Article 21. Publication date: December 2020.
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Fig. 2. A comparison of countries based on their current official COVID-19 fatalities and expected deaths using historical

all-cause mortality data per 100,000 of population. The size of the marker is proportional to the total number of confirmed

cases per 100,000 of population and each marker is coloured to reflect its current COVID-19 burden. Each marker’s tail

indicates its trajectory over the past 30 days.

3 AN ANALYSIS OF COVID-19 BURDEN

In what follows, we present a summary analysis of the COVID-19 burden and ranks for a publicly available
dataset [14] of daily COVID-19 cases and deaths, and by using a second public dataset [13] of historical all-cause
mortality statistics; the former dataset includes data up to and including November 15, 2020.

3.1 Dataset & Methodology

These datasets include data for 174 countries. For each country and date we calculate the COVID-19 burden and
rank. We also calculate the current COVID-19 burden trend, based on the relative change in COVID-19 burden
compared with 30 days previously. In what follows, we compare the current burdens and ranks by country and
continent.

3.2 The COVID-19 Burden by Country

Figure 2 shows a plot of these 174 countries, in terms of their current total COVID-19 deaths and the expected
number of deaths, based on historical mortality statistics over the same period (that is, up to November 15,
2020). Each marker represents a single country. Its size is proportional to the total number of confirmed cases
per 100,000 of population and the colour of the marker reflects its current COVID-19 burden, according to the
scale shown. Each marker is also associated with a “tail,” which reflects the trajectory of the country’s COVID-19

Digital Government: Research and Practice, Vol. 2, No. 2, Article 21. Publication date: December 2020.
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deaths over the past 30 days. Thus, a horizontal tail indicates that a country has accumulated no new COVID-19
deaths over the past 30 days, whereas an upwardly sloping tail indicates increasing numbers of COVID-19 deaths
over the past 30 days.

The highlighted countries are also annotated with their current COVID-19 burden, expressed as a percentage,
and an arrow indicating whether the burden trend has been increasing or decreasing. The second percentage
shown is a version of burden that is calculated from the current COVID-19 deaths but with respect to a full year
of expected deaths. For example, Ireland has a current (November 15, 2020) COVID-19 burden of 9%, which is
falling, and currently COVID-19 deaths represent 6% of a full year of expected deaths.

The guidelines shown on the graph help to highlight different clusters of countries based on their COVID-19
burden trajectories. One guideline represents a burden of just over 8.3%, which corresponds to a single month
of annual deaths, and just under 79% of countries have a burden that is currently less than this. At the other
extreme, there is a subset of 12 countries (just under 7%), many from Central and South America, with a burden
that is in excess of 16.6% (or two full months’ worth of expected deaths) highlighting the seriousness of the
outbreaks in those regions.2 The middle-ground (between one and two months’ worth of deaths) is occupied by
25 countries from around the world.3

As many countries now enter a new COVID-19 wave during the winter months, we can see how some are
struggling with an increasing COVID burden. For example, in Europe, Belgium, and Spain, already hard-hit
during the first wave, are once again under pressure, as indicated by their steeply sloping tails, signalling a
sharp increase in the number of COVID-19 deaths over the past 30 days. Likewise, the tails of countries such as
Bulgaria, the Netherlands, and Sweden are also beginning to swing upwards. In contrast, many other European
countries (e.g., Norway, Denmark, Germany, Ireland) appear to be coping more effectively with their second
wave, as indicated by tails that are almost horizontal or only gently sloping upwards.

3.3 The COVID-19 Rank by Continent

Figure 3 summarises the COVID-19 rank and burden at the continent level, along with a variety of related
information, as follows:

(1) The bar graph shows the mean/standard deviation of relative COVID-19 ranks, averaged over all countries
in a given continent, and with each bar annotated by the average actual rank for each continent.

(2) The colour of each bar is based on the mean COVID-19 burden, and this value and the burden trend are
also indicated by the text annotation.

(3) Separately, the y-axis position of the line graph encodes the average duration of outbreaks (days) by con-
tinent, and the size of each continent marker is proportional to the mean number of cases per 100,000 of
population for the countries of that continent.

(4) The number above each marker indicates the number of countries in the corresponding continent in our
dataset, and the numbers inside each marker indicate the actual number of cases per 100,000 and the mean
case fatality rate for that continent.

The high impact of the virus in South America is clearly evident. There, outbreaks have been proceeding for
about 238 days, and the 12 countries included currently have an average case load in excess of 1,500 cases per 100K
of population, with a corresponding case fatality rate of 0.03. Deaths in South America represent approximately
14% of historical deaths during the period, making COVID-19 the 7th highest cause of death, to date, out of
30 common causes of death.

2As of November 15, 2020, the full list of countries in this cluster is: Andorra, Belgium, Bolivia, Brazil, Chile, Colombia, Ecuador, Kuwait,

Mexico, Oman, Panama, Peru.
3This cluster includes: Argentina, the Czech Republic, France, Iran, Iraq, Ireland, Israel, Italy, Jordan, Netherlands, Saudi Arabia, Spain,

Sweden, United Kingdom, and the United States, among some others.
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Fig. 3. The average relative rank of COVID-19 per continent (bar graph) and average scale and duration of outbreaks (line

graph).

The scale of Europe’s outbreak is greater than that of North America, 2,045 cases vs. 1,083 cases per 100K,
on average per country, respectively; although, we must remember that countries such as the United States
have far larger outbreaks than most in North America, hence the higher standard deviation indicator bars for
North America compared with Europe. Both continents have similar case fatality rates (0.02), but North Amer-
ica has a higher COVID-19 burden (6% compared with 5% for Europe). This makes COVID-19 the 7th highest
cause of death in Europe, compared with the 11th highest in North America. At the time of writing, Ocea-
nia is the only continent where there has been an average decrease in the COVID-19 burden over the last
30 days.

The numbers from Africa tell of a very different COVID-19 experience, compared with much of the rest of
the world. Outbreaks there have been proceeding for just over 220 days, with an average of 218 confirmed cases
per 100K people, and a case fatality rate of 0.02. COVID-19 deaths in Africa account for just 1% of the historical
deaths over the same period, making COVID-19 the 23rd highest cause of death in Africa. Not surprisingly, the
status of SARS-CoV2 in Africa has been the subject of considerable discussion [9]. The consensus appears to be
that the continent’s low cases and deaths cannot be explained away as a reporting issue, although there is likely
to be a wider margin of reporting error than elsewhere. One hypothesis [12] is that Africa’s current success
is due in part to population age—we know that COVID-19 fatalities are far more common in older age groups
and the median age in Africa is just under 20 years old compared with 39 for the US—but Africa’s success may
also be linked to what its people have learned from the many previous pandemics that they have had to live
through.

For completeness, Figure 4 shows the COVID-19 burden and rank for the countries used in this study, con-
trasting current hot-spots in South America to much milder and more contained outbreaks in Africa, Asia, and
Oceania.

Digital Government: Research and Practice, Vol. 2, No. 2, Article 21. Publication date: December 2020.
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Fig. 4. Countries are colour-coded based on their COVID-19 burden and with selected (larger) countries annotated by their

corresponding COVID-19 rank.

4 CONCLUSIONS

At the time of writing, early signs of the availability of safe and effective vaccines are beginning to be reported,
but it will require months to scale up production and roll out, meaning that this pandemic will likely be with us
through most of 2021, if not beyond. Therefore, it will be increasingly important for countries to develop coping
strategies that are more tailored and more focused than past lockdowns, so a better balance may be achieved
between public health and economic stability. Accurate and real-time data will be an important part of this effort,
and the right metrics will be necessary to extract value from these data to determine the right response at the
right time.

The COVID-19 burden and rank metrics are examples of a new type of metric that are better adapted to
understanding this pandemic. By normalising COVID-19 fatalities with respect to historical mortality rates,
these metrics provide a more representative account of COVID-19 fatalities across the world. In this work, we
have defined these metrics and used them to compare fatality levels in 174 countries around the world to show
how different regions and countries have had very different COVID-19 experiences. The approach taken may
also be useful when it comes to comparing future pandemics and disease outbreaks, too.
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