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ABSTRACT

A newly identified coronavirus, SARS-CoV-2, is spreading across the globe. Most of our work focuses
on large problems that humanity has faced for a long time, such as child mortality, natural disasters,
poverty, and almost 100 other problems. This article focuses on a new, emerging global problem: the
ongoing outbreak of the coronavirus disease (COVID-19). The outbreak started in China in late 2019,
and by March 2020 the disease has spread to countries around the world. The number of infections
appearing each day has since plummeted in China, owing in large part to containment efforts, but
the outbreak is now a global pandemic. Large outbreaks in South Korea, Iran, Italy, and elsewhere
have propelled a spike in international cases across more than 180 countries.

KEYWORDS
Coronavirus Disease, COVID Outbreak, COVID-19, Research and Statistics COVID-19

THE NUMBER OF TOTAL CASES IS WHAT WE WANT TO
KNOW, BUT THEIR NUMBER IS NOT KNOWN

To understand the scale of the COVID-19 outbreak, and respond appropriately, we would want to
know how many people are infected by COVID-19. We want to know the total number of cases.
However, the total number of COVID-19 cases is not known. It is unknown by us at Our World in
Data, or any other research, governmental or reporting institution. There are several reasons why the
total number is not known. Whilst for some the symptoms are very severe for a large share of the
population the symptoms are mild. In such cases people may be unaware that they are infected with
COVID-19, and therefore not get seen, and diagnosed, by a doctor. (Read et al., 2020; Koh 2020). The
second reason that the confirmed cases are only a fraction of the total number is that many countries
are struggling to test a large number of cases. Not every person that should be tested is able to. Since
testing is crucial, we looked into this in more detail. Because of large problems with data availability
on the scale of testing, we did a manual review of data on COVID-19 testing across national reports,
and collated the most recent estimates that we could find as of 23 March 2020.

CONFIRMED CASES IS WHAT WE DO KNOW

What we do know is the number of confirmed cases. The World Health Organization (WHO) explains
that a confirmed case is “a person with laboratory confirmation of COVID-19 infection, irrespective
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of clinical signs and symptoms” (Maier & Brockmann 2020). The WHO also speaks of ‘suspected
cases’ and ‘probable cases’, but the WHO Situation Reports do not provide figures on ‘probable cases’,
and only report ‘suspected cases’ for Chinese provinces (‘suspected cases’ by country is not available)
(Vaidya et al., 2016). The daily Situation Reports list the number of confirmed cases; we rely on
these reported numbers for the regular updates of our own datasets presented below. As explained,
the number of confirmed cases is lower than the number of total cases because not everyone is tested.

Growth of cases: How long did it take for the number of confirmed cases to double? In the
section below we present the latest data on the number of confirmed cases by country, and how this
has changed over time. But in an outbreak of an infectious disease it is important to not only focus
on the number of cases, but also the growth rate at which the number of cases is increasing. The
growth rate is an essential metric to understand and to monitor. This is because a fast growth rate can
lead to very large numbers rapidly, even if the current numbers of cases and deaths are small when
compared with other diseases. A helpful metric to measure the rate of change is to look at each country
and ask: How long did it take for the number of confirmed cases to double? Let’s take an example:
if the number of confirmed cases as of today is 1000, and there were only 500 cases three days ago
then we would say that it took three days for the number of confirmed cases to double (Danon et al.,
2020). The doubling time of cases has changed and it will change in the future. It would be wrong
to extrapolate current growth into the future. But it is important to keep focusing on the doubling
time. As long as cases are doubling at a constant rate the growth is exponential. We humans tend
to think in linear growth processes even when the growth is exponential, as psychological research
has shown for decades. Below we give some intuition about exponential growth and provide the
referenced psychological research on this.

UNDERSTANDING EXPONENTIAL GROWTH

The time it takes for the number of cases to double will change during the outbreak and it would be
wrong to make projections based on the assumption that this stays constant. But it is important to
remind ourselves of the nature of exponential growth. If during an outbreak the number of cases is
in fact doubling and this doubling time stays constant, then the outbreak is spreading exponentially.
Under exponential growth 500 cases grow to more than 1 million cases after 11 doubling times.®
And after 10 more doubling times it would be 1 billion cases. This is in no way a prediction for the
number of cases we should expect; it is simply a reminder that exponential growth leads to very
large numbers very quickly, even when starting from a low base. And it is important to be reminded
of the nature of exponential growth because most of us do not grasp exponential growth intuitively.
Psychologists find that humans tend to think in linear growth processes (1, 2, 3, 4) even when this
is not appropriately describing the reality in front of our eyes. This bias — to “linearize exponential
functions when assessing them intuitively” — is referred to as ‘exponential growth bias’ (Stango
& Zinman 2009). Psychological research shows that “neither special instructions about the nature
of exponential growth nor daily experience with growth processes” improved the failure to grasp
exponential growth processes (Wagenaar & Sangaria 1975).

THE GLOBAL AVERAGE HIDES MORE THAN IT REVEALS:
WHY WE SHOW THIS DATA COUNTRY BY COUNTRY

It is important to not only look at the global number of cases and deaths. Some countries like China and
Korea — have very substantial counter measures in place and new daily confirmed cases have declined.
Many other countries do not have comparable measures in place and, as the table shows, numbers
are rising fast. The global average does not allow us to understand this. The global average hides the
differences between countries that are successfully reducing the number of confirmed cases and those
that fail to achieve this — and this is what is most important in this early phase of the COVID-19 epidemic.
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GROWTH: COUNTRY BY COUNTRY VIEW

As just explained, it is crucial to not just look at the number of cases, but also their growth over time.
For this reason, the following table answers the following question for all countries: How long did it
take for the number of confirmed cases to double?

CONFIRMED COVID-19 CASES BY COUNTRY

In our visualizations here you can explore the number of total confirmed cases and daily new
confirmed cases for all countries with reported cases. These charts are interactive: the data is shown
as the worldwide figures by default but can be explored by country.

Data: The data shown here is published by the World Health Organization (WHO). We from Our
World in Data found several minor errors in the WHO data — we documented these errors,
corrected them, reported them to the WHO.

EXPLANATION OF THE LARGE NUMBER OF CASES IN
CHINA ON FEBRUARY 17™ DATA REPORTING

You will notice a dramatic increase in the number of confirmed cases on 17th February 2020. As
the WHO notes in its Situation Report 27, this is the result of a change in reporting methodology to
include clinically-diagnosed cases in addition to laboratory-confirmed cases as previously reported.
This change in methodology only affected figures in the Hubei province in China, but due to the large
number of cases in this region it had a significant impact on global figures too (Elfouly et al., 2017).
The large apparent increase in confirmed cases in China, and globally, on 17th February therefore
reflects this change in methodology rather than an actual sudden increase in cases on that particular
day (Figures 1-2).

DEATHS FROM COVID-19

What We Want to Know Is the Total Number of Deaths and the Mortality Risk

To understand the mortality risk of the COVID-19 outbreak — the likelihood that someone
who catches the disease will die from it — we would want to know the share of people who are
infected with the disease that die from it. We want to know the final number of deaths that result
for a given infected population. However, in an ongoing outbreak the final outcomes (death or
recovery) for all cases is not yet known. The time from symptom onset to death ranges from 2
to 8 weeks for COVID-19 (Koh 2020). This means there are individuals who are in the early or
mid-stages of infection who will die at a later date. We therefore cannot give a definitive figure
for the mortality risk of the disease.

Confirmed Deaths to Date Is What We Do Know

What we do know is the total number of confirmed deaths to date. The World Health Organization
(WHO) publishes updates on confirmed deaths to date in its ‘Situation Reports’. This means we can
track how the number of deaths is changing over time. It does not inform us of the probability that
someone infected with the diseases dies from it — to know this we would need to know the final
outcome of all cases of the disease. Some individuals who are currently infected with COVID-19
are likely to die at a later date.
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Figure 1. Total confirmed deaths due to COVID-19
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Figure 2. Daily new confirmed deaths of COVID-19
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Confirmed COVID-19 Deaths by Country

In our visualizations, here you can explore the number of total deaths and daily new deaths for all
countries with reported deaths. These charts are interactive: the data is shown as the worldwide
figures by default. The data shown here is published by the World Health Organization (WHO). We
from Our World in Data found several minor errors in the WHO data — we documented these errors,
corrected them, reported them to the WHO, and are in close contact with colleagues at the WHO.
The documentation of the data shown in Figure 3.

Figure 3. Total confirmed COVID-19 cases

Total confirmed COVID-19 cases

Why Testing Is Important?

We want to know the total number of people infected with COVID-19. To know this, it is
necessary to have widespread testing. When testing is too low we do not have a clear picture of
what’s going on. Testing is crucial as it allows the infected person to avoid infecting others and
to quickly receive the care they need. And it is crucial for all of us to understand the prevalence
of the disease, to understand how the disease evolves, and to allow us to take evidence-based
decisions for counter measures that slow down the spread of the disease (Jin et al., 2020). This
last point is very important: Testing is crucial to lower the rate of infection. When infected
people do not know that they are infected, they might not stay at home — thereby running the
risk of infecting others. Unfortunately, there are two important reasons why testing is still low
in many countries affected by COVID-19. First, some people who are infected with COVID-19
have mild symptoms and therefore do not go to get checked (we explain what is known about
the symptoms here and also discuss how many suffer from severe and critical symptoms). The
second reason is that in many places the capacity for COVID-19 testing is low.
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How Are COVID-19 Tests Done?

The most common diagnostic tests for COVID-19 are the so-called “PCR tests” that use swabbed
samples from a patient’s nose and throat. The first PCR tests were developed within two weeks
of the disease being identified, and are currently part of the protocol recommended by the WHO
(Pierce et al., 2019).

What Information About Test Coverage Do We Currently Have?

Ideally, we would want to know how many people in the world are being tested for COVID-19.

Every day, and how the available tests are being allocated. Unfortunately, there is no centralized
database by the WHO on COVID-19 testing and many countries in the world currently do not publish
official reports on tests performed. Several countries however do publish aggregate estimates on the
total number of tests performed. These reports are published across individual websites, statistical
reports and press releases — often in multiple languages and updated with different periodicity. Because
a global overview was not available, we at Our World in Data brought together a large number of
data sources from individual national reports (Cepaluni 2014).

Current COVID-19 Test Coverage Estimates

The two charts here show the most recent official estimates of tests we have been able to find as
of 23 March 2020. Note that the estimates refer to different dates for each country, as indicated in
the brackets. The first chart shows the total number of tests up to the specified date. The second
chart shows the number of tests relative to the size of the population: it is the number of total
COVID-19 tests per million people. The available data shows that South Korea has done many
more tests than any other country. This suggests that the number of confirmed cases in Korea is
closer to the total number of cases than in other countries. It is therefore particularly encouraging
to see that the number of daily confirmed cases in South Korea has decreased — The US, on
the other hand, has experienced big problems rolling out their testing strategy and according to
the US Centers for Disease Control and Prevention, only a total number of 13,624 samples had
been tested by 12 March, 2020. The total number of tests conducted in South Korea up to the
same date was nearly 18-times larger. The low test coverage of the US is even starker if we look
relative to the large population of the country. We see many smaller countries have been able to
conduct more tests per million people.

The fact that South Korea has managed to expand testing so quickly shows that it is possible.
Because testing is crucial it is important that in the coming days other countries follow (Figure 4).

The low test coverage of the US is even starker if we look relative to the large population of the
country. We see many smaller countries have been able to conduct more tests per million people. The
fact that South Korea has managed to expand testing so quickly shows that it is possible. Because
testing is crucial it is important that in the coming days other countries follow.

THE NAME OF THE DISEASE AND VIRUS?

The names for the virus and the disease it causes have been announced by the World Health
Organization and the International Committee on Taxonomy of Viruses (Topcuoglu, 2020).

The Disease Is Called Coronavirus Disease - It Is Abbreviated as COVID-19

The virus is called severe acute respiratory syndrome coronavirus 2 and it is abbreviated as SARS-
CoV-2. In the same statement, the WHO also explains that they themselves also refer to the virus
as “the virus responsible for COVID-19” or “the COVID-19 virus” when communicating with the
public. We follow the same conventions here.
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Figure 4. Total confirmed cases of COVID-19 with starting points and countries
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How Did the Outbreak Start?

On 29 December 2019, Chinese authorities identified a cluster of similar cases of pneumonia in the
city of Wuhan in China. Wuhan is a city with 11 million inhabitants and is the capital of the Hubei
Province. These cases were soon determined to be caused by a novel coronavirus that was later
named SARS-CoV-2. (Niederberger 2020). Coronaviruses are a group of viruses that are common
in humans and are responsible for up to 30% of common colds (Mesel-Lemoine et al., 2012). Corona
is Latin for “crown” — this group of viruses is given its name due to the fact that its surface looks
like a crown under an electron microscope. Two outbreaks of new diseases in recent history were
also caused by coronaviruses — SARS in 2003 that resulted in around 1,000 deaths (Smith 2006) and
MERS in 2012 that resulted in 862 deaths (Erasmus 2020). The first cases of COVID-19 outside of
China were identified on January 13 in Thailand and on January 16 in Japan. On January 23", the
city of Wuhan and other cities in the region were placed on lockdown by the Chinese Government.
Since then COVID-19 has spread to many more countries — cases have been reported in all world
regions. You can see the latest available data in the dashboards of cases and deaths which are kept
up-to-date by Johns Hopkins University.

Related Work by Our World in Data

Pneumonia: Severe cases of COVID-19 can progress to pneumonia (Wang et al., 2020). Our entry on
pneumonia provides an overview of the data and research on this disease that kills 2.6 million annually.

The Spanish Flu (1918-20): The global impact of the largest influenza pandemic in history — We
look at the global death toll and mortality rate of the Spanish flu and compare it with three other
large influenza pandemics in the last century (Wang et al., 2020).
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Strategies to Respond to COVID-19

Early containment allows the healthcare system to provide care for all who need it.

The total mortality of an epidemic can be high even if the symptoms for the vast majority are
mild. While it might not seem intuitive, it is possible for the following two things to be true at the
same time:

e  For the majority of people, symptoms are mild and in some cases similar to the common flu. An
epidemic of the same disease can cause a very high number of deaths;

e As we discuss here, the symptoms of COVID-19 can be very severe in many cases. Many of
these patients require treatment in intensive care units (ICUs). The WHO reports that “about a
quarter of severe and critical cases require mechanical ventilation” (Koh 2020).

‘Flattening the Curve’

This is why early counter measures are important in an epidemic. Their intention is to lower the rate
of infection so that the epidemic is spread out over time such that the peak demand on the healthcare
system is lower. Containment measures are intended to avoid an outbreak trajectory in which a large
number of people get sick at the same time. This is what the visualization shows. This is the reason
that limiting the magnitude of peak incidence of an outbreak is important. Health systems can care
for more patients across an outbreak when the number of cases is spread out over a long period rather
than condensed in a very short period. What such counter measures to the pandemic attempt to avoid
is that the number of patients at one point in time is so large that health systems fail to provide the
required care for some patients (Galli 2018) (Figure 5).

Figure 5. Early counter measures

In the outbreak of an epidemic early counter measures are important

Daily number of cases

Time sinoe the outbraak

74



International Journal of System Dynamics Applications
Volume 10 * Issue 3 « July-September 2021

COVID-19: WHAT ARE THE SYMPTOMS? HOW
DOES THE DISEASE PROGRESS?

Why We Need to Study Data to Know the Symptoms of COVID-19

COVID-19 leads to a number of symptoms, but from what is known currently some symptoms are
much more common than others and for this reason we need to look at the available data. The danger
of relying solely on text and not on numbers is that crucial nuance can get lost. This is the case for the
media coverage of the symptoms of COVID-19. Coverage of the disease, even in reputable sources,
includes long lists of symptoms without conveying to the reader how common or rare the listed
symptoms are here is a poor example from the BBC. It is crucial to know how common the various
symptoms of COVID-19 are, as it allows a better assessment of whether one suffers from the disease
or not. This is lost in reporting that relies on text— especially if the list of potential symptoms is long,
and overlaps strongly with many other types of illness. In a simple list of COVID-19 symptoms the
reader might see that muscle pain is listed as a symptom and then wrongly conclude that they do not
have the disease if they are not suffering from muscle pain. Knowing the frequency of symptoms
means knowing that the vast majority of known cases (85% in the sample below) did not suffer from
this symptom. The symptoms of COVID-19. The WHO described the symptoms of 55,924 laboratory
confirmed cases of COVID-19 in China in the period up to February 20 (Kizito & Semwanga 2020).
The visualization here shows this data. It is most crucial to know the common symptoms: fever and
a dry cough. As the visualization shows, close to 90% of cases had a fever and two-thirds had a dry
cough. The third most common symptom was fatigue. Almost 40% of cases suffered from it. ‘Sputum
production’ was experienced by every third person. Sputum is not saliva. It is a thick mucus which is
coughed up from the lungs. Of the 55,924 cases, less than 1-in-5 (18.6%) experienced shortness of
breath (‘dyspnoea’). An earlier study, reported that a much higher share (55%) of cases suffered from
dyspnoea, but this was based on a much smaller number of cases (835 patients) (Wang et al., 2020).
Many of the most common symptoms are shared with those of the common flu or cold. So it is also
good to know which common symptoms of the common flu or the common cold are not symptoms
of COVID-19. COVID-19 infection seems to rarely cause a runny nose (Figure 6).

Figure 6. Symptoms
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How Long Is the Incubation Period of COVID-19?

The WHO writes “people with COVID-19 generally develop signs and symptoms, including mild

respiratory symptoms and fever, on an average of 5-6 days after infection” (Koh 2020). While the mean

incubation period is 5 to 6 days, the WHO adds that the incubation period can vary in a wide range of

between 1 to 14 days (Salzberger et al., 2020). This is based on the 55,924 confirmed cases in China.
There are reports of cases with longer incubation periods in the media.

How Long Does COVID-19 Last?

On average, the disease lasts two weeks. The WHO reports that “the median time from onset to
clinical recovery for mild cases is approximately 2 weeks” (Dawson 2020). Again, this is based on
the 55,924 confirmed cases in China. For severe and critical cases, it is 3 to 6 weeks according to the
same study. And for those who eventually died, the time from symptom onset to death ranged from
2 to 8 weeks. This is important when interpreting the case fatality rate (see below). Measures of the
CFR of an ongoing outbreak do (obviously) not include deaths of patients who will eventually die,
but have not died yet at the time of measurement. This means that the current CFR would be lower
than the eventual CFR.

How Does COVID-19 Progress?

The symptoms of the disease develop and change over time. It seems to be common that
symptoms start with a fever, followed by a dry cough (Caines 1936). After several days, some
patients experience shortness of breath. Symptoms can increase in severity as emphasized in
the following section. In severe and critical cases, it can lead to severe pneumonia, respiratory
failure, septic shock, and multiple organ dysfunction or failure. As we discuss in detail below,
for some cases COVID-19 leads to death.

The Severity of the Symptoms of COVID-19

This visualization shows the severity of symptoms suffered by 44,415 Chinese patients confirmed
to have coronavirus in the early period up to February 11 (Gao et al., 2020). It is likely that many
more cases were so mild that they were not identified as COVID-19. Estimates published by Read et
al. (2020) suggest that only around 5% of cases in China have been diagnosed and recorded (Read et
al., 2020). Symptoms were categorized as mild, severe, or critical and the research article describes
these as follows:

e Critical Cases: Critical cases include patients who suffered respiratory failure, septic shock,
and/or multiple organ dysfunction or failure;

e Severe Cases: This includes patients who suffered from shortness of breath, respiratory frequency
> 30/minute, blood oxygen saturation <93%, PaO2/FiO2 ratio <300 (The Permanente Journal
2020), and/or lung infiltrates >50% within 24—48 hours;

e  Mild Cases: The majority (81%) of these coronavirus disease cases were mild cases. Mild cases
include all patients without pneumonia or cases of mild pneumonia (Figure 7).

What Do We Know About the Risk of Dying From COVID-19?

What we want to know is the risk of dying once you are infected with COVID-19.

As of early March 2020, this is not known to researchers, and we therefore have to rely on a
number of metrics that allow us to get a perspective on the risk of mortality. However, to make sense
of these metrics we need to understand their definitions and the challenges in measuring them. This
is the focus of the section below. We provide an overview of what we know and what these measures
mean, to allow an interpretation of the current knowledge.
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Figure 7. The security of diagnosed cases in China
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THE DEFINITION OF THE CASE FATALITY RATE (CFR)

Most current discussions of the mortality risk of COVID-19 refer to the case fatality rate (CFR). This
is the metric we will focus on, but it is crucial to understand the caveats to this data, and how it differs
from alternative measures (Baker et al., 2015). The case fatality rate is the share who died from the
disease among individuals diagnosed with the disease. The CFR is calculated by dividing the total
number of deaths from a disease by the number of confirmed cases. It is expressed as a percentage
and used as a measure of disease severity. In the following section, we look at the challenges of
estimating the CFR. One of the key challenges is that the number of confirmed cases is often smaller
than the number of total cases. The trouble is that often many cases of a disease are never diagnosed.
This could be because cases with mild symptoms are often not tested or because not everyone who is
sick goes to a hospital where such cases could be diagnosed, or because testing facilities are limited.
The case fatality rate is sometimes called case fatality risk or case fatality ratio. The case fatality
rate should not be confused with the crude mortality rate from the disease. The crude mortality rate
measures the probability that any individual in the population will die from the disease — not just
those who are confirmed cases.

It is a very different measure. It’s calculated by dividing the number of deaths from the disease
by the total population. This crude mortality rate is sometimes also referred to as the crude death

7



International Journal of System Dynamics Applications
Volume 10 * Issue 3 « July-September 2021

rate. This is important to differentiate, because unfortunately people sometimes confuse case fatality
rates with crude death rates. A common example is the Spanish flu pandemic in 1918. The often cited
estimate by Johnson and Mueller (2002) is that 50 million people died globally from this pandemic
and this implies that 2.7% of the world population at the time died. This means the crude mortality
rate was 2.7%. But 2.7% is often misreported as the case fatality rate (Livingston & Bucher 2020),
If it was in fact the case that the crude mortality rate was 2.7% then the case fatality rate was much
higher, since not everyone in the world was infected with the Spanish flu (Pasqualoni 2020).

Measuring and Interpreting the Case Fatality Rate

It is important to understand the measurement challenges to understand what the case fatality rate
can and cannot tell us about a disease outbreak.

There is no single case fatality rate for a disease — it is context-specific, changing with time and
location (Youbin & Bao Hong 2020).

Unfortunately, it is common to report the CFR as a single value. But the CFR is not a biological
constant. The CFR is not a value which is tied to the given disease, but is instead reflective of the
severity of the disease in a particular context, at a particular time, in a particular population. The
probability that someone dies from a disease is not only dependent on the disease itself, but also the
social and individual response to it: the level and timing of treatment they receive, and the ability of
the given individual to recover from it. This means that the CFR can decrease or increase over time,
and that it can vary by location and by the characteristics of the infected population (age, sex, pre-
existing conditions). The CFR of COVID-19 differs by location and has changed during the early
period of the outbreak. In the chart, here we see that the case fatality rate of COVID-19 is not constant.
This chart was published in the Report of the WHO-China Joint Mission on Coronavirus Disease
2019 (COVID-19), in February 2020 (Nesteruk 2020). The plotted values of the COVID-19 CFR
here refer to several locations in China during the early stages of the outbreak, from the beginning
of January 2020 to 20th February 2020 (Chen et al., n.d.). We see that in the earliest stages of the
outbreak the CFR was much higher: 17.3% across China as a whole (in yellow) and greater than 20%
in the centre of the outbreak, in Wuhan (in blue). In the weeks that followed, the CFR declined. The
WHO reports that “the standard of care has evolved over the course of the outbreak™. The CFR fell
to 0.7% for patients with the onset of symptoms after February 1st. We also see that the CFR was
different in different locations (Nesteruk 2020). By 1st February the CFR in Wuhan was still 5.8%
while it was 0.7% across the rest of China. This makes clear that what we said about the CFR more
generally is true for the CFR of COVID-19 specifically. The CFR is not only reflective of the disease
itself, but specific to where and when people are diagnosed with the disease. It’s therefore incorrect
to report it as a single point value for the disease, and instead requires us to also report the time and
place (Wilder-Smith & Freedman 2006) (Figure 8).

Global Case Fatality Rate of COVID-19

Based on the discussion of the definition of the case fatality rate (CFR), we should stress again
that there is no single figure of CFR for any particular disease. The CFR varies by location, and is
typically changing over time. However, with a good understanding of the measure and its limitations,
CFR is helpful for understanding what we currently know about the severity of the disease and for
responding accordingly (Xu et al., 2020).

In the period up to and including 9th March 2020, the global Case Fatality Rate for COVID19
are as follows:

Case fatality rate globally = 3.48%
[based on 109,578 confirmed cases and 3809 deaths]
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Figure 8. Case fatality ratio
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time and by location, as of 20 February 2020

Case fatality rate in China: 3.86%
[based on 80,904 confirmed cases and 3123 deaths]

Case fatality rate for the rest of the world: 2.39%
[based on 28,674 confirmed and 686 deaths]

As explained above, this number has changed and it will continue to change. It’s currently
higher than the estimates of a CFR of around 2% that were published until early February. As
we’ve discussed above, this does not necessarily represent a worsening of the situation: as we saw
during the SARS outbreak, the CFR can rise during an outbreak because the outcome of more
cases becomes known. As we also explained above, it would be wrong to assume that this CFR
would be true everywhere, because it is a global average of confirmed deaths and cases. The early
CFR in Wuhan was very high as we see here; the large number of deaths there in the early period
impacts the average. Other studies for the Zhejiang province suggest that the CFR in China outside
of Wuhan was likely lower (Galli 2020).

Case Fatality Rate of COVID-19 By Age

The total population-level estimate of the case fatality rate (CFR) above is useful for understanding
the average severity of an outbreak, but does not tell us who within a population is most at risk. But
this understanding is crucial in an outbreak. Understanding the relative risk to different sections of a
population allows us to focus on the most vulnerable, and improve the allocation of health resources
to those who need them most.

The Chinese Center for Disease Control and Prevention has published system analysis recorded
cases and deaths in China for the period until February 11", 2020 which provides a breakdown of
all known cases, deaths and the CFR by specific demographics (age, sex, preexisting condition etc.)
(Jin et al., 2020). A breakdown of the CFR by age group is shown in the visualization. It shows very
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large differences of the CFR by age. For many infectious diseases young children are most at risk.
We see this for malaria: the majority of deaths (57% globally) are in children under five years of age.
The same was true for the largest pandemic in recorded history: During the ‘Spanish flu’ in 1918 it
was primarily children and young adults who died from the pandemic.

For the COVID-19 cases in China the opposite seems to be true, at least based on the information
available at the time of writing. The elderly are at the greatest risk of dying if infest (Figure 9).

Figure 9. Early-stage case fatality

Coronavirus: earlv-stage case fatality rates by  CEREE
age-group in China

in Data

Case Fatality Rate of COVID-19 by Preexisting Health Conditions

Early data from China suggests that those with underlying health conditions are at a higher risk.

The visualization here shows the case fatality rate for populations within China based on their
health status or underlying health condition. This is based on the same data from the Center for Disease
Control and Prevention’s initial breakdown of cases, deaths and CFR among specific demographics
in the population (Munster et al., 2020). This analysis was based on recorded deaths and cases in
China in the period up to February 11th 2020. The researchers found that the CFR for those with an
underlying health condition is much higher than for those without. More than 10% of those diagnosed
with COVID-19 who already had a cardiovascular disease, died as a result of the virus. Diabetes,
chronic respiratory diseases, hypertension, and cancer were all risk factors as well, as we see in the
chart. The CFR was 0.9% for those without a preexisting health condition. Above we saw that the
elderly are most at risk of dying from COVID-19. This might be partly explained by the fact that they
are also most likely to have underlying health conditions such as cardiovascular disease, respiratory
disease and diabetes; these health conditions make it more difficult to recover from the COVID-19
infection (Dutta 2017) (Figure 10).
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Figure 10. Early-stage fatality rates
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How Do Case Fatality Rates From COVID-19
Compare to Those of the Seasonal Flu?

This question is answered in the visualization here. We compare the CFR during the outbreak of COVID-19
in China with the CFR of the US seasonal flu in 2018-19. The case fatality rate of the seasonal flu in
the US is around 0.1% to 0.2%, while the case fatality rate for COVID-19, measured in the cited study,
was 2.3%. The US data is sourced from the US CDC. Here we present an upper and lower estimate for
the 2018-19 flu season. These two figures reflect whether we look at the percentage of deaths out of the
number of symptomatic illnesses (giving us 0.1%), or the number of medical visits (giving us 0.2%). In
the traditional calculation of CFR, we would tend to focus on the number of symptomatic illnesses. This
is analogous to the number of confirmed cases, on which the COVID-19 figures are based. However,
the US CDC derives these figures based on disease outbreak modelling which attempts to account for
underreporting — you can read more about how it derives its annual flu figures. This means that some of
the biases which tend to underestimate the actual number of cases have been corrected for. This is not
the case for the COVID-19 figures, so it may be an unfair comparison. Looking at estimates based on the
number of medical visits may discount from the US seasonal flu data many of the kind of mild cases that
may have been missed in the COVID-19 confirmed cases. However, this is likely to skew the comparison
slightly in the other direction: we know that not all of the confirmed cases included in COVID-19 figures
were of a severity such that they would have received a medical visit in the absence of the heightened
surveillance of the outbreak. So, here we present both figures of the US seasonal flu figures: the CFR
based on symptomatic illnesses, and those based on medical visits (shown in square brackets). It’s likely
that the fairest comparison to COVID-19 lies somewhere between these two values. You can find the data
for the reported cases, medical visits and deaths from the US Centers for Disease Control and Prevention
(CDC) here. The CDC reports 35,520,883 symptomatic cases of influenza in the US and 34,157 deaths
from the flu. To calculate the CFR based on symptomatic illnesses, we divide the number of deaths by the
number of confirmed cases and find a case fatality rate of 0.1% (Dyer 2020). The CFRs for COVID-19 are
again based on the numbers reported by the Chinese Center for Disease Control and Prevention (Hon &
Granville 1884). As before, the Chinese data refers to recorded deaths and confirmed cases in China as of
February 11%, 2020. As calculated above, the global CFR for COVID-19 continues to change over time,

81



International Journal of System Dynamics Applications
Volume 10 * Issue 3 « July-September 2021

and the global average CFR based on the WHO data is 3.4% (as of 9th March 2020). While the CFR for
COVID-19 is much higher than the CFR of the seasonal flu the two diseases are similar in the profile of the
fatality rate by age: elderly populations have higher case fatality rates. However, the CFR of COVID-19 is
much higher for all age groups, including young people. On top of each bar we have indicated how much
higher the CFR for COVID-19 is for each age group (Figure 11).

Figure 11. COVID-19 vs. Seasonal flu
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WHO Data on COVID-19

The World Health Organization (WHO) publishes a dashboard similar to that of Johns
Hopkins above. The WHO dashboard on global cases and deaths is embedded here. In this
dashboard, it is possible to see up-to-date country specific data by selecting the country
in the top right. In addition to this dashboard, the WHO publishes daily Situation Reports
which can be found here. It is the daily Situation reports that we rely on in our own published
datasets on case and death numbers. Unlike the daily Situation Reports, the WHO dashboard
is updated three times per day: any inconsistencies between the WHO dashboard and the data
we present will be explained by this fact. As we explained above, the Our World in Data team
found several minor errors in the WHO data. We documented these errors, corrected them,
reported them to the WHO, and are in close contact with colleagues at the WHO (Dong et
al., 2020) (Figure 12).

nCoV-2019 Data Working Group Data

The nCoV-2019 Data Working Group, which includes colleagues from the University of
Oxford, publishes epidemiological data from the outbreak via this global dashboard. From
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Figure 12. Confirmed cases
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this dashboard, it is possible to obtain the underlying data which includes demographic and
epidemiological descriptions of a long list of individual cases. Their data on the list of cases
includes individual travel history and key dates for each patient — date of onset of symptoms,
date of hospitalization and date of laboratory confirmation of whether the person was infected
with the COVID-19 virus or not. This data is intended to be helpful in the estimation of key
statistics for the disease: Incubation period, basic reproduction number (R0), age-stratified

risk, risk of importation. In previous disease outbreaks such global individual data was not
openly available.
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