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We estimated the case-fatality risk for coronavirus disease
cases in China (3.5%); China, excluding Hubei Province
(0.8%); 82 countries, territories, and areas (4.2%); and on
a cruise ship (0.6%). Lower estimates might be closest to
the true value, but a broad range of 0.25%—3.0% probably
should be considered.
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he coronavirus disease (COVID-19) is spreading

globally; as of March 5, 2020, cases were reported
in China and 85 other countries, territories, and ar-
eas (1). Disease severity is a particularly crucial pa-
rameter for understanding this new disease (2), but
accurately estimating the case-fatality risk is difficult
because milder cases are not being diagnosed and
death is delayed.

We used data from the World Health Organiza-
tion (WHO) (1) to calculate crude estimates of the case-
fatality risk on March 5, 2020, for 4 populations: China;
China, excluding Hubei Province; a group of 82 coun-
tries, territories, and areas; and passengers and crew of
acruise ship (Table 1). However, given the critical need
to consider time lags to death when calculating case-
fatality risk (3), we used time lags from a recent study
from China (4). Yang et al. (4) reported that the median
time from symptom onset to radiological confirmation
of pneumonia was 5 days (interquartile range [IQR] 3-7
days); from symptom onset to intensive care unit (ICU)
admission was 11 days (IQR 7-14 days); and from ICU
admission to death was 7 days (IQR 3-11 days). There-
fore, a median of 13 days passed from pneumonia con-
firmation to death ([11-5] + 7 =13).

For our calculation, we assumed that the day of
radiological confirmation of pneumonia approxi-
mately equated to the reporting date for laboratory-
confirmed cases of COVID-19 to WHO. We obtained
cumulative COVID-19 case counts reported by WHO
on February 21 (5), which was 13 days before March
5, the date we used for calculating the crude case-fa-
tality risk. Our approach is broadly comparable to a
study that used earlier data to estimate the median
time delay of 13 days from illness onset to death (6).

By using the number of cumulative cases on Feb-
ruary 21 as the denominator for the adjusted case-fa-
tality risk (aCFR), we assumed that half of the addi-
tional cumulative reported deaths on March 5 could
be matched with cases reported on February 21. We
acknowledge our approach is fairly simplistic and
that it can be superseded when higher quality cohort-
based analyses become available.

The case-fatality risks, when adjusted for a 13-
day lag time from reporting to death, were 3.5% in
China; 0.8% in China, excluding Hubei Province;
4.2% in the group of 82 countries, territories, and
areas; and 0.6% for the cruise ship (Table). Our re-
sult for China, excluding Hubei Province, is similar
to a previous estimate of 0.9% (95% CI 0.6%-1.3%)
by using a time-delay adjusted case-fatality risk for
the same area (K. Mizumoto and G. Chowell, unpub.
data; https://www.medrxiv.org/content/10.1101/
2020.02.19.20025163v1).
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Table. Crude and adjusted estimates of case-fatality risk for COVID-19 in 4 populations*

Cumulative Cumulative Crude Adjusted Adjusted cumulative Adjusted CFR, %
Location deathst confirmed casest CFR, % deaths} confirmed casesi (95% CH§
Chinaf| 3,015 80,565 3.74 2,627 75,569 3.48 (3.35-3.61)
China, excluding Hubei Province# 113 13,099 0.86 104 12,907 0.81 (0.67-0.98)
82 countries, territories, and areas** 27 2,285 1.18 15 354 4.24 (2.58-6.87)
Cruise ship 6 706 0.85 4 634 0.63 (0.25-1.61)

*CFR, case-fatality risk; COVID-19, coronavirus disease.

tCalculated by using data on laboratory-confirmed COVID-19 cases reported by the World Health Organization on March 5, 2020 (7).

FCalculated by using cumulative confirmed cases as of February 21, 2020.

§Calculated using OpenEpi v3 (http://www.openepi.com) by using the Score (Wilson) method.

{lincludes Hong Kong, Macau, and Taiwan.

#We excluded Hubei Province because COVID-19 appears to have originated in this province and cases might have been missed because of shortages of

appropriate diagnostic tests or health system overload.

**Includes 82 countries, territories, and areas outside of China and reporting cases on March 5, 2020; excludes areas with >500 cases (i.e., ltaly, Iran, and
South Korea) because of the possibility of uncontrolled spread and missed diagnoses in these localities.

Of our results, the least generalizable might be
the result for China, which could be elevated be-
cause of undiagnosed mild cases, initial shortages of
test kits, and elevated risk for death due to initial
high demands on the healthcare system in Wuhan.
The aCFR for the group of 82 countries, territories,
and areas also might be affected by missed mild cas-
es if some of the areas had undetected transmission.
In terms of undiagnosed mild cases, the aCFR for
the cruise ship population likely is the most accurate
even though the 95% CI is broad. In addition, the
aCFR for the cruise ship had a higher denominator
due to inclusion of asymptomatic test-positive cases.
Among 3,711 crew and passengers, 255 asymptom-
atic cases were identified (7); some of these persons
subsequently might have developed symptoms.
Thus, the aCFR for the cruise ship partially could
reflect an infection-fatality risk. Also of note, 2,165
persons on the cruise ship were >60 years of age
(7), and data from China indicates a much higher
case-fatality risk among this age group (8); thus, a
higher case-fatality risk might be expected in the
cruise ship population than in other communities
sampled. Considering these issues of generalizabil-
ity, the aCFR of 0.8% for China, excluding Hubei
Province, might be most accurate.

Nevertheless, given the residual uncertainties,
health sector decision-makers and disease modelers
probably should consider a broad range of 0.25%-
3.0% for COVID-19 case-fatality risk estimates. The
higher values could be more appropriate in resource
poor settings where the quality of hospital and inten-
sive care might be constrained. Higher values might
also be appropriate in high-income countries with
limited surge capacity in hospital services because
elevated case-fatality risks could be seen at the peak
of local epidemics. Because COVID-19 is expected to
further spread globally, ongoing work using country-
specific cohorts will be needed to more robustly clari-
fy the case-fatality risk of this new disease.
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We estimate the distribution of serial intervals for 468 con-
firmed cases of coronavirus disease reported in China as
of February 8, 2020. The mean interval was 3.96 days
(95% CI 3.53—4.39 days), SD 4.75 days (95% CI 4.46—
5.07 days); 12.6% of case reports indicated presymptom-
atic transmission.
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Key aspects of the transmission dynamics of coro-
navirus disease (COVID-19) remain unclear (1).
The serial interval of COVID-19 is defined as the time
duration between a primary case-patient (infector)
having symptom onset and a secondary case-patient
(infectee) having symptom onset (2). The distribu-
tion of COVID-19 serial intervals is a critical input
for determining the basic reproduction number (R )
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and the extent of interventions required to control
an epidemic (3).

To obtain reliable estimates of the serial interval,
we obtained data on 468 COVID-19 transmission events
reported in mainland China outside of Hubei Province
during January 21-February 8, 2020. Each report con-
sists of a probable date of symptom onset for both the
infector and infectee, as well as the probable locations
of infection for both case-patients. The data include only
confirmed cases compiled from online reports from 18
provincial centers for disease control and prevention
(https:/ / github.com/MeyersLabUTexas/COVID-19).

Fifty-nine of the 468 reports indicate that the in-
fectee had symptoms earlier than the infector. Thus,
presymptomatic transmission might be occurring.
Given these negative-valued serial intervals, COV-
ID-19 serial intervals seem to resemble a normal distri-
bution more than the commonly assumed gamma or
Weibull distributions (4,5), which are limited to posi-
tive values (Appendix, https:/ /wwwnc.cdc.gov/EID/
article/26/7/20-0357-Appl.pdf). We estimate a mean
serial interval for COVID-19 of 3.96 (95% CI 3.53-4.39)
days, with an SD of 4.75 (95% CI 4.46-5.07) days (Fig-
ure), which is considerably lower than reported mean
serial intervals of 8.4 days for severe acute respiratory
syndrome (5) to 14.6 days (6) for Middle East respi-
ratory syndrome. The mean serial interval is slightly
but not significantly longer when the index case is
imported (4.06 [95% CI 3.55-4.57] days) versus locally
infected (3.66 [95% CI 2.84-4.47] days), but slightly
shorter when the secondary transmission occurs with-
in the household (4.03 [95% CI 3.12-4.94] days) versus
outside the household (4.56 [95% CI 3.85-5.27] days).
Combining these findings with published estimates for
the early exponential growth rate COVID-19 in Wuhan
(7), we estimate an R, of 1.32 (95% CI 1.16-1.48) (5),
which is lower than published estimates that assume a
mean serial interval exceeding 7 days (7,8).

These estimates reflect reported symptom onset
dates for 752 case-patients from 93 cities in China,
who range in age from 1 to 90 years (mean 45.2 years,
SD 17.21 years). Recent analyses of putative COV-
ID-19 infector-infectee pairs from several countries
have indicated average serial intervals of 4.0 days
(95% C13.1-4.9 days; n = 28; unpub. data, H. Nishiura
et al., unpub. data, https://doi.org/10.1101/2020.02.
03.20019497), 4.4 days (95% CI 2.9-6.7 days, n = 21; S.
Zhao et al., unpub. data, https://doi.org/10.1101/20
20.02.21.20026559], and 7.5 days (95% CI 5.3-19, n =
6; 8). Whereas none of these studies report negative
serial intervals in which the infectee had symptoms
before the infector, 12.6% of the serial intervals in our
sample were negative.
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