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Real estimates of
mortality following
COVID-19 infection

As of March 1, 2020, 79 968 patients
in China and 7169 outside of China had
tested positive for coronavirus disease
2019 (COVID-19)." Among Chinese
patients, 2873 deaths had occurred,
equivalent to a mortality rate of 3-6%
(95% C1 3-5-3-7), while 104 deaths from
COVID-19 had been reported outside
of China (1-5% [1-2-1-7]). However,
these mortality rate estimates are
based on the number of deaths relative
to the number of confirmed cases of
infection, which is not representative of
the actual death rate; patients who die
on any given day were infected much
earlier, and thus the denominator of
the mortality rate should be the total
number of patients infected at the
same time as those who died. Notably,
the full denominator remains unknown
because asymptomatic cases or patients
with very mild symptoms might not be
tested and will not be identified. Such
cases therefore cannot be included
in the estimation of actual mortality
rates, since actual estimates pertain to
clinically apparent COVID-19 cases.

The maximum incubation period
is assumed to be up to 14 days,’
whereas the median time from onset
of symptoms to intensive care unit
(ICU) admission is around 10 days.>*
Recently, WHO reported that the
time between symptom onset and
death ranged from about 2 weeks to
8 weeks.’

We re-estimated mortality rates by
dividing the number of deaths on a
given day by the number of patients
with confirmed COVID-19 infection
14 days before. On this basis, using
WHO data on the cumulative number
of deaths to March 1, 2020, mortality
rates would be 5-6% (95% Cl 5-:4-5-8)
for China and 15-2% (12-5-17-9)
outside of China. Global mortality
rates over time using a 14-day delay
estimate are shown in the figure,
with a curve that levels off to a
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Figure: Global COVID-19 mortality rates (Feb 11 to March 1, 2020)
Current WHO mortality estimates (total deaths divided by total confirmed cases), and mortality rates
calculated by dividing the total number of deaths by the total number of confirmed cases 14 days previously.

rate of 57% (5-5-5-9), converging
with the current WHO estimates.
Estimates will increase if a longer delay
between onset of illness and death
is considered. A recent time-delay
adjusted estimation indicates that
mortality rate of COVID-19 could be as
high as 20% in Wuhan, the epicentre
of the outbreak.® These findings
show that the current figures might
underestimate the potential threat of
COVID-19 in symptomatic patients.
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Estimating case fatality
rates of COVID-19

In their model, David Baud and
colleagues' exclude individuals who
die within 14 days of testing positive
for severe acute respiratory syndrome
coronavirus 2. If an individual con-
tracts symptoms on March 1, tests
positive on March 10, and dies on
March 11, they would not be included
in the denominator for case fatality
rate (CFR) on March 11. In addition,
patients might test positive up to
13 days after recovery.” As testing is
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expanded, an asymptomatic patient
infected 1 week before testing positive
on March 3 should, but will not, be
included in calculations for March 16.

For the stated purpose of the authors,
it might be useful to also include
everyone who was symptomatic
for 14 days before the calculated
date. Consider a CFR calculation
for March 15. If an individual was
symptomatic on March 1 and tested
positive on March 10, they would
not be included in the denominator,
even though the patient probably
contracted the disease before the
14-day lag time.

Moreover, patients with mild
symptoms might not undergo testing
and so might not be included in
the overall denominator. A further
consideration is the delay between
testing and receipt of results.
Consequently, individuals might not
test positive until after the suggested
14-day incubation period. With disease
spread, indications for COVID-19
testing will expand, thereby increasing
the denominator size. These factors
might act as time-varying confounding
variables in the authors’ calculation
of CFR.

One other published lag-time
calculation has included half the
additional cumulative deaths in the
numerator and time from illness to
death as the lag-time (13 days).? For
example, if calculating the CFR for
March 15, the denominator would be
cumulative cases until March 2, and
the numerator would be cumulative
deaths until March 2, in addition
to half of the deaths recorded from
March 2-15. This method assumes
a normal distribution of time from
illness to death.

Although underestimation of
CFRs risks the population not taking
the threat seriously, overestimation
might lead to unnecessary additional
panic and concern. During a rapidly
evolving pandemic, accurate mea-
sures of disease characterisation are
important. Future estimates will
probably involve patient-specific data

for refined calculation. However, the
provided CFR estimate of 15-2% for
countries outside China might be
a premature statistic owing to the
limitations of their methods.
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We congratulate David Baud and
colleagues® for their apt observations
regarding the burden of the
coronavirus disease 2019 (COVID-19)
epidemic and the possibly higher
than expected proportion of cases
that are fatal. Precision, however,
is as necessary in calculations as in
semantics.

According to the Dictionary of
Epidemiology, the mortality rate
is an "estimate of the portion of
a population that dies during a
specified period”.? In the case of this
outbreak, the mortality rate over a
period of 1 year per 100 000 Chinese
citizens would be around 0-23 (as of
March 16, 2020). Therefore, precisely
speaking, neither older estimates nor
Baud and colleagues’ new calculation
can be referred to as the mortality
rate.

In both trade press and newspapers,
the case fatality rate (CFR) is often
used to describe the situation
pertaining to COVID-19, as well as to
any other epidemic. The definition
of the CFR in the Dictionary of

Epidemiology states that it is “the
proportion of cases of a specified
condition that are fatal within a
specified time”.? On the one hand,
as accurately pointed out by Baud
and colleagues, the CFR might be
underestimated because of a type
of time-lag bias associated with
diagnosing and reporting cases.
Furthermore, calculations are based
on the questionable assumption
that all cases are being tested. On the
other hand, as Pueyo suggests,’ the
CFR might be overestimated due to
the definition of a case. During an
epidemic, cases might be defined
either as total cases (ie, every
confirmed case) or as closed cases
(ie, only those who have recovered
or died). Hence, the denominator
for the CFR might be either of these
numbers. In the initial phase of the
epidemic, the number of closed
cases is relatively small, and so the
CFR calculated per closed cases is an
overestimate. By contrast, when the
CFR is calculated per total cases, the
numerator is underestimated, and
thus the whole calculation becomes
an underestimate.

Baud and colleagues’ calculation,
although interesting, is biased
as well. As shown in the figure, it
vastly overestimates the fatality
of COVID-19 if one uses data from
the initial phase of the outbreak.
This overestimation is obviously
due to undertesting and a time-lag
bias, which is more pronounced
in the beginning of an outbreak.
As demonstrated in the figure,
irrespective of the method used, all
calculations are biased, especially in
the initial part of an outbreak, and
converge once all cases are closed.
Nevertheless, it seems that the CFR
calculated per total cases is the least
affected by reporting biases.

As of March 16, the CFR per total
cases in China is 4-00%, per closed
cases is 4-44%, and as calculated
with Baud and colleagues’ method
is 4-03%. However, despite the
downturn of the outbreak in China,
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