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Measures of mortality in COVID-19: beyond the death toll
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Highlights

information to avoid misinterpretations.

« Different epidemiological measures of mortality are widely used to describe the effects of COVID-19
Pandemic globally in scientific and general literature. Each measure has their own limitations.

« Some measures like Case Fatality Ratio can give extreme values when the number of patients is low.
Infection Fatality Ratio is an excellent alternative to identifying the disease's exact mortality since there
could be undiagnosed cases that could be of relevance for the calculation.

« Dissemination and analysis of the mortality measures have to be done cautiously with other background

Background

The COVID-19 pandemic is currently identified as
the biggest challenge that mankind has ever faced
since World War II. Following its rise in Asia toward
the end of last year, the infection has spread to each
continent except Antarctica (1). As of 14 May 2020,
there had been 4.5 million confirmed cases and
300,710 deaths reported globally; and new cases and
deaths are continuously being reported from all
around the world (2). Both confirmed cases and
deaths are rapidly increasing in most of the countries

showing an exponential growth (3-4). It is also
reported that the true death toll has been higher than
the number reported in many places since only a few
countries are conducting adequate testing to identify
all the coronavirus deaths. Deaths that occur outside a
hospital can easily go undetected, untested, and
undiagnosed. Even within a hospital setting, if a
patient is not showing typical symptoms of severe
COVID-19 illness, it can end up as an unreported
death (5).

COVID-19 is different from other viral epidemics of
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the recent past in a few ways: it is more widespread
than Severe Acute Respiratory Syndrome (SARS);
more infectious than seasonal influenza; and has
killed more people than Ebola. Number of deaths due
to the pandemic is considered as an important
measure since COVID-19 is widely spread all over
the world compared to the SARS outbreak (5). The
basic reproduction number (R,), the average number
of individuals contracting the infection from an
infected person is higher (2.5) when compared to
seasonal influenza (2.0) (6). Compared to Ebola,
which killed 11,310 people between 2014 and 2016,
COVID-19 is showing a much higher number of
deaths - 287,399 by 13 May 2020 (7). Further, it is
different in the way that epidemiologists are tracking
its progress. Instead of relying principally on the
number of infections or the ratio of deaths to
infections - known as the case fatality rate,
researchers are looking at the daily deaths attributed
to COVID-19 to monitor the impact of the disease
and guide the response. Due to lack of testing in many
countries and the virus's ability to spread in people
who do not show symptoms, counting the number of
infections has been very difficult. Therefore, since
COVID-19 has also been more fatal than many other
recent epidemics, understanding the pandemic
mainly through its mortality parameters has been
useful (8).

The simplest measure of mortality is the number of
deaths. Since it is heavily influenced by the number
of people who are at risk of dying, demographers
typically measure mortality using rates. These rates
are numerous; crude death rates, specific death rates,
case fatality ratios, proportional mortality rates,
survival rates and standardized or adjusted rates are
some of them. 'Crude death rate' is the total number
of deaths which occurred in a year, as a proportion of
the total population of the same year (conventionally,
the mid-year population). 'Age-specific death rate' is
the number of deaths among a specific age group,
expressed as a proportion of the total population of
the same age group (9). Number of deaths occurring
among individuals due to any specific condition (or a
disease) given as a proportion to the total number who
had that same condition, is known as the 'case fatality
ratio'. The proportion of deaths attributable to a
specific cause outof the total number of deaths that
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happened during the same period is known as the
‘proportional death rate'. Standardized or age-
adjusted death rates are useful for comparisons
among populations with different age compositions
(10). 'Survival rate' is a frequently used measure in
conditions like cancers. It is the percentage of
individuals living after a period of time (usually 5
years) in a treatment or follow-up group with the
disease/condition (11). In addition to those, 'years of
potential lives lost' (YLL) is used as a cumulative
measurement of the life years lost due to premature
deaths. In some instances, it is calculated per death,
to identify the average life years lost due to premature
deaths by an individual. However, in COVID-19, the
total number of deaths and other related parameters
going beyond the often-used repertoire of mortality
measures seem to be of value in assessing the impact,
progression and the severity of the disease. They may
be useful tools to learn about the risk factors of
diseases as well as to compare the measures taken
across different populations. It is predicted that in the
absence of interventions, COVID-19 would have
resulted in 7.0 billion infections and 40 million
deaths globally this year (3). The improvised
mortality measures will shed light upon the epidemic
and its control (12). In this backdrop, the objective of
this article is to discuss the importance of mortality
measures as indicators of the impact of the pandemic
and interventions done.

Different mortality measures used in COVID-19

1. Death count/ total number of deaths per day

The total number of deaths in a day has emerged as a
useful statistic for tracking the progress of COVID-
19 in different regions. The rate at which the daily
death counts increase or decrease is an indicator of
what the virus is doing in a population (8). The trends
in the cumulative deaths in a country give a clear
indication as to whether the epidemic is under control
or whether more stringent measures need to be
adopted. The cumulative number of daily deaths due
to COVID-19 is considered a more accurately
reported measure over the daily number of confirmed
cases. However, it starts to rise only after two weeks
from the point of surge of cases. In such instances,
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early identification of exponential growth is easy
when the logarithmic scale is used (13).

In addition, graphs can be used to observe when
the bending of the curve occurs and are important
to investigate the relative effectiveness of different

Open 8Access

interventions across countries (14). The cumulative
death graphs also indicate the current and past trends
and whether they are about to get flattened in relation
to deaths. In Figure 1, it is clearly visible that daily
deaths are still rising in the USA while in other
countries, there is a decline or flattening trend as of 8
April 2020 (8).
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Figure 1: Mortality trend in selected countries (8)

The case definition is of paramount importance in
comparing these numbers and trends across the
countries. These case definitions have been updated
several times with changing disease patterns from the
beginning of the epidemic in China. There are
differences in the case definitions among countries
according to the local stages of the spread. Following
the new guidelines of Centres for Disease Control and
Prevention (CDC), as of 14 April 2020, CDC case
counts and death counts include both the confirmed
and probable cases and deaths (15). According to the
latest Sri Lankan guidelines, six scenarios have been
agreed upon to classify one to be suspected as
COVID-19, with different clinical presentations and
contact/travel history combinations. Suspected cases
are investigated, and confirmation of the diagnosis is
done through polymerase chain reaction (PCR)
testing. Labelling as a confirmed case is done solely
based on the PCR result, irrespective of the clinical
history (16).

2. Case fatality ratio (CFR)

This is a frequently used measure to assess the fatality
of a communicable disease. In epidemiological
terms, it is defined as the proportion of cases of a
specified condition that are fatal within a specified
time; also called the 'case fatality ratio' (CFR) (17). It
can be calculated as a proportion of those who died
due to the disease among those who acquired it (10).
Simply, it can be expressed by the following
equation.

Case fatality ratio =

No. of deaths due to the disease *100

No. of diagnosed patients

Calculation of the true case fatality ratio of COVID-
19, by applying the currently diagnosed number of
patients and deaths reported as COVID-19 to the
above formula is not practical. Current outcomes are
related to past cases due to the delay in the
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progression of the disease. Further, the accuracy of
data and the proportion of population tested are
different in various regions, and therefore the
comparison is challenging. The higher CFR value
reported in Wuhan, China may be a result of an
overestimate caused by the under-reporting of milder
and asymptomatic cases. Delays in the testing of
patients having symptoms of the novel corona viral
infection and being in the early stage of the epidemic
(where the deaths are yet to occur), can cause an
underestimation of the CFR in other regions (18).

The CFR is not constant, and it changes with the
context. It reflects the severity of the disease in a
particular context, at a particular time period and in a
specific population; and does not depend only on the
disease but also on the quality of treatment received
and the capacity of the health system to recover from
it. The CFR can decrease or increase over time as
responses change; and it can vary by location and the
characteristics of the infected population, such as age
or sex and those with pre-existing diseases.
Therefore, the elderly would expect to have a higher
CFR from COVID-19 than the younger age groups.

To calculate the final CFR according to the above
formula, the outcome of each patient (recovered or
dead) needs to be known. In COVID-19, there are
58.08% (n=2,263,086) among the total diagnosed
cases who are still alive up to 7 May 2020 and their
outcome remains uncertain (3). If it is calculated
using the currently diagnosed number of patients and
the current number of deaths, it is assumed that all the
patients who are still having the disease are going to
recover. According to the above assumption, the
global case fatality ratio would be 6.91%.

3. Confirmed deaths relative to the size of the
population (crude death rate)

It can be insightful to know how many people have
died compared to the total population living in that
country. For instance, if 1000 people died in Iceland
out of a population of about 340,000, that would have
afar greater impact than the same number dying in the
USA, with its population of 331 million. Therefore,
the death counts in more populous countries tend to
be higher (19).
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When calculating the mortality rate, we need to
consider the number of actual cases (not merely the
reported ones, which will typically represent only a
small portion of the actual ones) that have already had
an outcome (positive or negative: recovery or death),
and the number of actual deaths related to the closed
cases examined. As of 1 May2020, 23,430 people are
estimated to have died out of a total population of
8,398,748 in New York City. This corresponds to a
0.28% crude mortality rate or 279 deaths per 100,000
population or 1 death in every 358 people. It is
noteworthy that the crude mortality rate will continue
to increase as more infections and deaths occur (3).

4. The 'excess mortality’

The World Health Organization (WHO) defines
'excess mortality' as mortality above what is expected
based on the non-crisis mortality rate in the
population of interest (20). It is therefore usually
attributable to a crisis condition and expressed as a
rate (the difference between observed and non-crisis
mortality rates) or as a total number of excess deaths.
This has become an important parameter in the
COVID-19 pandemic since there can be a significant
number of unreported deaths due to multiple reasons.
Reporting only hospital deaths, missing deaths of
untested COVID-19 infected individuals, false
negative testing, getting the infection after a negative
testing, poorly established and less accurate death
reporting systems are some of the key issues to be
concerned with when evaluating the impact of
pandemic on the mortality rates. There can be an
indirect increase of deaths too owing to its burden on
the health care system and less attendance for health
care. However, this pandemic situation can cause an
indirect reduction of the mortality owing to lock
downs and restrictions, deaths due to road traffic
accidents and other risky behaviours, which could
affect the measurement of 'excess deaths' unless
adjusted (20-21).

Excess 1-year mortality associated with the COVID-
19 pandemic has been estimated related to different
infection rates and various suppression levels of the
spread in a population-based cohort study conducted
in England. Number of excess deaths per 1-year
duration were 2, 4 and 7 with related relative risks
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(RR) of 1.5, 2.0 and 3.0, respectively, when full
suppression is present. On the other hand, without
any interventions, the estimations were 146,996,
293,991 and 587,982, respectively for the RR of 1.5,
2.0 and 3.0. This indicates the importance of
continuous interventions to prevent the spread of the
disease mainly among the high-risk age groups and
people with underlying high-risk conditions (21).

5. Specific death rates related to COVID-19
5.1 Deathrates and ethnicity

According to the latest figures reported from the
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United Kingdom, there is an over representation of
Black, Asian and minority ethnic groups (BAME)
among the critically ill patients. Nearly one third
(34%) out of 5000 critically ill individuals belong to
the BAME group, although their population is only
14% in the respective region. According to data
released by the CDC on 18 April 2020, 30% of all the
cases in the USA are among the Black Americans
which can be considered as an over representation
since they contribute to only 13% of the total
population. Health inequalities are considered as a
possible reason for this ethnic difference other than
the genetic backgrounds (22).

Other ethnic group 80

Other black background 53
Indian background 35

White Irish background 31
Other Asian background 30
Pakistani background 30
Black African background 30
White British background 27
Bangladeshi background 23
Other white background 22
Chinese background 15
Mixed ethnicity 10

Registered hospital deaths from Covid-19 per 100,000 in England

Black Caribbean background 72 |

Guardian graphic | Source: IFS. Note: in 9% of cases, an ethnic group could not be identified - these are excluded.
The ‘other white' population includes the Gypsy and Irish Traveller group, and "other ethnic group' includes the Arab
group

Far higher numbers of people from black Caribbean backgrounds have died from Covid-19 per 100,000 people than

other ethnic groups

Figure 2: Mortality comparison among various ethnic groups in England (23)

Reasons for overrepresentation of the BAME people
in COVID-19-related mortality and morbidity
statistics can differ among the subgroups (Figure 2).
These include differences in age structure,
occupational exposures and different levels of
economic vulnerability. Therefore, it is not possible
to attribute these differences to a single causal factor
(23).

5.2 The case fatality ratio of COVID-19 by
location

The CFRs of COVID-19 vary widely across
countries. However, it is not necessarily an accurate

comparison of the true likelihood that someone with
COVID-19 will die of the disease. According to the
Report of the WHO-China Joint Mission on
Coronavirus Disease 2019, the CFR has changed
during the early period of the outbreak. In the earliest
stages of the outbreak, the CFR was much higher.
Seventeen per cent across China as a whole and
greater than 20% in the epicentre of the outbreak in
Wuhan, and in the weeks that followed, the CFR
declined reaching as low as 0.7% for patients who
first showed symptoms after 1 February 20202. CFR
was different at different locations. By 1 February,
the CFR in Wuhan was still 5.8% while it was 0.7%
across the rest of China (24).
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In comparison, CFR in Sri Lanka was 0.88% with the
reporting of the first COVID 19 death and a total of
113 confirmed cases in late March. It reached a peak
of 3.7% with 189 total confirmed cases in around 10
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days and nearly after one and a half months, the CFR
has declined to 1.08% with 835 confirmed cases
(Figure 3).
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Figure 3: Country-wise distribution of the Case Fatality Ratios COVID-19 (25)

Distribution of the CFRs at country level is positively
skewed with a mean of 4.1 and a median of 2.73, with
a huge variation. The country-specific CFRs for
COVID-19 range from 0% to 31.25%. This can be
misleading due to extreme CFR values with a lower
number of diagnosed patients. For example, CFR is
12.5% in the Mauritania because Mauritania has 1
death per 8 cases, while the USA has 5.92%
(n=74,809) of deaths among diagnosed individuals,
with the highest number of cases (1,263,243)
reported globally up to 7 March 2020. The CFR for
COVID-19 in Sri Lanka was 1.09% on 7 May 2020
(26).

5.3 The CFR of COVID-19 by pre-existing
health conditions

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 were also having a cardiovascular disease died
as result of the virus. Diabetes, chronic respiratory
diseases, hypertension and cancer are the other
common morbidities associated with increased
fatality among COVID-19 patients (Figure 4). The
CFR was 0.9% up to 11 February 2020 for those
without any pre-existing health condition (4). The
elderly are at higher risk of dying from COVID-19.
This might be partly explained by the fact that they
are more 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.
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Case fatality rate (CFR) is calculated by dividing the total number of deaths from a disease by the number of confirmed cases.
Data is based on early-stage analysis of the COVID-19 outbreak in China in the period up to February 11, 2020.
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Figure 4: Coronavirus: early-stage case fatality ratios by underlying health conditions in China (27)

5.4 Casefatality ratio of COVID-19 by age

The CFR for total population does not indicate which
age group within a population is most at risk.
However, this understanding is crucial in an outbreak.
Understanding the relative risk to different age
categories in a population allows focusing on the
most vulnerable population and improving the
allocation of health resources to those who need them
the most. Current data across countries suggest that
the elderly are at a higher risk. Further, the CFR for
people with underlying health conditions is shown to

be higher than that for those without. One possible
reason for this could be that elderly are more likely to
have underlying health conditions.

5.5 Case fatality ratio of COVID 19 compared to
other diseases

The CFR of MERS-CoV of 34% by end of November
2019 (globally) is much higher, while the US
seasonal flu with a CFR of approximately 0.1% is
much lower than the current CFR for COVID-19
(28).

Seasonal Flu
Case fatality rates for the influenza season 2018-19 in the USA.
Symptomatic cases are calculated based on models which aim to account for

brackets, which may be a closer comparison to COVID-19 case fatality rates.
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Figure 5: Case fatality ratios: COVID-19 versus US Seasonal Flu (19)
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A comparison has been done between the CFR during
the outbreak of COVID-19 in China in 2019-2020
with CFR of the US seasonal flu in 2018-19 (Figure
5). The CFR of seasonal flu in the US is around 0.1%
to 0.2%, while the CFR for COVID-19 measured in
the study was 2.3%. However, as this is not the case
for COVID-19 figures, it may be an unfair
comparison. Mild cases may have been missed in the
COVID-19 outbreak. However, this is likely to skew
the comparison slightly in the other direction.

CFR for COVID-19 is much higher than the CFR of
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seasonal flu. The two diseases are similar in the
profile of the fatality ratio by age where the elderly
populations have a higher CFR. However, the CFR of
COVID-19 is much higher for all age groups,
including young people.

5.6 Focusing on closed cases

To avoid uncertainty of the outcome of the currently
active cases, some use fatality ratios among the
closed cases (cases with an outcome) as a descriptive
measure of COVID-19

100
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Figure 6: Country-wise distribution of the fatality ratios among closed cases of COVID-19 (25)

If it is to calculate the fatality among closed cases at
global level, the average is 11.74% on 7 May 2020.
When the fatalities among closed cases are separately
analyzed for countries (with at least one closed case),
the country-specific values show a wide variation. It
ranges from 0 to 100 (mean 12.55 and median 6.71).
Therefore, the global mean value of fatality among
closed cases may not be applicable in local contexts.

Even if the value is given for a specific country, there
can be extremely lower values with lower recovered
cases. As an example, USA with the highest number
of deaths (74,809) has a fatality ratio of 25.9% among
closed cases, while the Comoros show 100% fatality
ratio with one death as of 7 May 2020 (25).

6. Infection fatality ratio (IFR): a way to tackle
the undiagnosed

Parameters like CFR, fatality among closed cases and
the recovered proportion among closed cases depend
on the number of diagnosed patients (cases).
According to the WHO, 80% of infected individuals
have a milder form of the disease and some can be
asymptomatic (29). The number of diagnosed cases
depends on the surveillance case definition as well as
the availability and usage of the diagnostic facilities.
Total infected individuals in the community with
COVID-19 can be calculated by using mathematical
methods (models) (30). These methods are designed
based on the current pieces of evidence on disease
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transmission patterns. After calculating the total
number of individuals with the infection, the
following equation can be used to calculate the
infection fatality ratio (IFR); the proportion of deaths
due to COVID-19 among individuals who got the
infection.

Infection fatality ratio =

No. of deaths occurred due to the disease *100

Total no.of infected individuals

The current estimate of the IFR for COVID-19 ranges
from 0.3% to 1% as at 19 February according to the
WHO (30). These estimates depend on the accuracy
of the mathematical model used. It can vary with the
accuracy of the available data on disease transmission
patterns used to build the model. The only available
method for finding the exact number of individuals
with the infection is testing at population level
(population-level serological studies). IFR can be
used to overcome the challenge of comparison among
settings with different testing strategies and
capacities (31).

7. Death rate among patients admitted to
hospital (hospital fatality rate)

Death rates also can be calculated using the number of
hospital admissions as the denominator. This is
usually expressed with the rates of ICU admissions.
This is not a measure for the general COVID-19
mortality since this has a selection bias (27).
According to the news reported on 29 April 2020,
33% had died among a sample of 17,000 patients
admitted to UK hospitals and 49% discharged while
the rest was still getting treatment (32). Case fatality
among the hospital admissions remains in between
35% to 40%, which is equal to fatality rates of Ebola
among hospital admissions (33) .

Applicability of the evidence to Sri Lanka

In a setting with a comparatively lower number of
tests done proportionate to the population like Sri
Lanka, mortality parameters can shed light on the
progression of the epidemic as well as the
effectiveness of the interventions made, if the missing
or undiagnosed cases remain constant. Also, in an
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event of community transmission leading to a higher
number of deaths, these mortality measures are
important to identify the differentials between
different groups. Dissemination of more informative
mortality data such as age-specific death rates,
ethnicity-specific death rates along with background
information like the total number diagnosed is
helpful to better understand and compare the scenario
with other regions.

Conclusions

Epidemiological measures of fatality are used widely
in assessing the impact of the disease as well as its
response to the COVID-19 pandemic. Usage of CFR
or fatality among closed cases to describe the current
on-going pandemic of COVID-19 must be done with
caution. Since there is a wide variation among
countries, the use of global means alone may not be
suitable. Country-wise calculations can give extreme
values in the lower number for diagnosed or closed
cases. Provision of additional information can be
helpful to prevent misinterpretations. Accuracy of
the TFR including the estimated numbers of infected
individuals based on mathematical models can be
tested only by population-based serological studies.
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