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8043 cases are still open, of which 
2622 are serious or critical. According 
to Wu and McGoogan’s estimates 
based on 72 314 cases from Wuhan,4 
81% of patients are classified as mild, 
14% as severe, and 5% as critical. 
CFRs in these subgroups are 0%, 
0%, and 49%, respectively. Based on 
these estimates, of 8043 open cases 
in China, about 377 are in a critical 
condition and of those 184 will die. 
Therefore, once all active cases are 
closed, we might expect the CFR in 
China to be around 3·85%.

On a technical note, Baud and 
colleagues’ calculation seems to be an 
attempt at reporting the cumulative 
death rate, which is defined as “the 
proportion of a group that dies over 
a specified time”, rather than the 
mortality rate.2

In summary, the CFR calculated 
per total cases seems to remain the 
best tool to express the fatality of 
the disease, even though it might 
underestimate this figure in the initial 
phase of an outbreak.
All calculations were based on data acquired from 
worldometer.info/coronavirus and are available in 
the appendix. We declare no competing interests.
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In their Correspondence, David Baud 
and colleagues1 suggest that case fatality 
rates (CFRs) for coronavirus disease 
2019 have been underestimated and 
propose to divide deaths at time t by 
cases at time t minus 14 days to correct 
this underestimation and provide 
so-called real estimates. Many biases 
in both directions afflict CFR estimates 
during outbreaks,2 and experts have 
spent 2 decades (since the outbreak 
of severe acute respiratory syndrome 
coronavirus) finding ways to overcome 
these.3 The delay problem highlighted 
by Baud and colleagues produces falsely 
low estimates, whereas the under-
ascertainment of mild cases produces 
falsely high estimates.4 These issues are 
well appreciated in the field and have 
been discussed in the popular press in 
recent weeks.5,6

No expert thinks the 3·6% raw ratio of 
deaths to cases on March 1 is an accurate 
estimate of the CFR because it suffers 
from all of these biases. The authors 
make the situation worse: correcting for 
delay (with an invalid method) without 
correcting for ascertainment of mild 
cases inflates the estimates, bringing 
them further from what most experts 
believe are the true numbers, around 
the 1–2% range for symptomatic cases.7,8

Baud and colleagues’ estimates are 
not real; they are in fact less real than the 
biased calculations they claim to correct. 
Especially in a time of great urgency, 
authors have a responsibility to read 
and understand relevant background 
literature and look for obvious flaws in 
their own analysis. This work does not 
appear to have met that standard. The 
fact that peer review did not pick up 
these flaws should be a caution against 
hastening the peer review process at the 
expense of due care.
I declare no competing interests.
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Authors’ reply
We thank David Dongkyung Kim 
and Akash Goel,1 Piotr Spychalski 
and colleagues,2 and Marc Lipsitch3 
for their critical reading of our 
Correspondence.4 In response to the 
points raised regarding our statistical 
methods, we agree that our model 
might not be appropriate for the early 
epidemic period because of the rapid 
increase in the number of cases in the 
14 days preceding reported deaths. 
During this period, many patients 
were certainly diagnosed with 
coronavirus disease 2019 (COVID-19) 
at the time they developed critical 
illness or even at the time of 
death. By contrast, asymptomatic 
patients and those with mild disease 
remained untested. These two factors 
probably explain the overestimates 
of mortality at the beginning of the 
curve (Feb 12–24 in our model,4 as 
exemplified in the appendix).

As mentioned by Spychalski and 
colleagues, “irrespective of the 
method used, all calculations are 
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older individuals in the population. 
With larger numbers of vulnerable 
individuals exposed, one will observe 
higher overall mortality rates. In 
addition, mortality will vary across 
communities depending on access 
to tertiary medical centres and well 
equipped critical care units.

For the time being, in Europe, we 
are still in the early epidemic period, 
with a rapid increase in the number 
of cases; additional data are needed 
for the assessment of cumulative 
mortality rates due to confirmed 
COVID-19 cases over time.6 Thus, the 
goal of our publication was to share 
our vision of the potential impact 
of COVID-19 using a model that 
integrated the viral incubation period 
and the time to death following 
diagnosis. As with every model, 
estimates will improve as the number 
of cases increase.
We declare no competing interests.
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biased, especially in the initial part 
of an outbreak, and converge once 
all cases are closed”. During and 
after the epidemic peak, patient 
denominators correspond to the 
best estimates of people presenting 
with clinical COVID-19 because of 
access to diagnostic testing and 
stabilisation of the number of new 
daily cases. At that time, we consider 
that patients were screened close 
to symptom onset. According to 
reports from WHO,5 the time from 
symptom onset to death ranges 
from 2 to 8 weeks. In our estimates, 
we chose to use the minimum time 
between symptom onset and death 
so not to overestimate mortality 
rates. Another factor that is still 
unknown and could bias the model 
is the number of asymptomatic 
cases, as acknowledged in our 
Correspondence. Most asymptomatic 
patients are not captured by 
screening, leading to underestimates 
in the denominator. We presented 
our model as a mortality rate 
estimate among people presenting 
with c l inical  COVID-19—that 
is, symptomatic cases. In our 
experience, patients are mostly 
interested in knowing mortality rates 
when symptomatic, and less so of 
asymptomatic carriers.

There are other limitations that 
would apply to any statistical method, 
such as the possible change in testing 
frequency due to a shortage of tests. In 
some places, patients might even die 
before being tested. In the extreme, 
the mortality rate would reach 100% 
if only patients who had died were 
tested, whereas mortality rates 
would significantly drop if the entire 
population was to be tested. Thus, 
ideally, estimates should be adjusted 
according to test availability. Another 
consideration is that mortality in this 
epidemic is highly age-dependent, 
and so will vary according to the 
number of older individuals in the 
population. In high-income countries, 
the demographic pyramid is such 
that there are higher proportions of 

The many estimates of 
the COVID-19 case 
fatality rate

Since the outbreak of coronavirus 
disease 2019 (COVID-19) began in 
December, a question at the forefront 
of many people’s minds has been 
its mortality rate. Is the mortality 
rate of COVID-19 higher than that 
of influenza, but lower than that of 
severe acute respiratory syndrome 
(SARS)?

The trend in mortality reporting 
for COVID-19 has been typical for 
emerging infectious diseases. The 
case fatality rate (CFR) was reported 
to be 15% (six of 41 patients) in the 
initial period,1 but this estimate was 
calculated from a small cohort of 
hospitalised patients. Subsequently, 
with more data emerging, the CFR 
decreased to between 4·3% and 
11·0%,2,3 and later to 3·4%.4 The rate 
reported outside China in February was 
even lower (0·4%; two of 464).5

This pattern of decreasing CFRs 
is not surprising during the initial 
phase of an outbreak. Hard outcomes 
such as the CFR have a crucial part in 
forming strategies at national and 
international levels from a public 
health perspective. It is imperative that 
health-care leaders and policy makers 
are guided by estimates of mortality 
and case fatality.

However, several factors can restrict 
obtaining an accurate estimate of 
the CFR. The virus and its clinical 
course are new, and we still have 
little information about them. Health 
care capacity and capability factors, 
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