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Abstract: We estimated the serial interval of novel coronavirus (2019-nCoV) infections from
26 infector-infectee pairs. Accounting for right truncation, the median serial interval was
estimated at 2.6 days and is shorter than estimates of the median incubation period, suggesting

that a substantial proportion of secondary transmission occurs before illness onset.

Tothe Editor: The epidemic of novel coronavirus (2019-nCoV) infections that began in
China has rapidly grown and cases have been reported worldwide. To understand the turnover
of case generations and transmissibility of the disease an empirical estimate of the serial
interval—the time from illness onset in aprimary case to illness onset in the secondary
case—is needed (1). However, estimates of the serial interval can only be obtained by linking
dates of onset for infector-infectee pairs, and these dates are not always exactly determined.
Nonetheless, if pairs are found through contact tracing, even inexact dates can be utilized to

infer the seria interval (2). A published epidemiological study used contact tracing data from
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cases reported in Hubei Province early in the epidemic (mostly in December 2019) to estimate
the mean serial interval at 7.5 days (3), which is consistent with the 8.4-day mean serial interval
reported for severe acute respiratory syndrome (SARS) from Singaporean household contact

data (4). However, there were only six infector-infectee pairsin this dataset and sampling bias
may have been introduced to the variance and mean. Here we compiled a dataset including 20

additional known infector-infectee pairs to estimate the serial interval using alarger dataset.

By scanning publicly available case reports we were able to aggregate 26
infector-infectee pairs of confirmed cases with known or coarsely reported dates of onset (see
Supplementary Table). For three infectees with no known reported date of illness onset, we set
the lower possible date of onset at the last date of exposure of the infector. For an additional
case where the infector exposure date was also unknown, we set the lower possible date of
onset to December 1, 2019. Its upper date of illness onset was set to date of diagnosis. For al
other cases we set the lower possible date of onset as the reported date of onset, and the upper
date of onset as the reported date of onset plus one day. We employed a doubly interval
censored likelihood to obtain the maximum likelihood estimate of the seria interval (2):

ERi rSRi
L(6,;D) = nj g(e)f(s — e)dsde, 1)

i YELi YSLi

wherei represents the identity of each pair, E(RL) isthe interval for symptom onset of the
infector and SR,L) istheinterval for symptom onset of theinfectee. Here g(.) isthe probability
density function (p.d.f.) of exposure following auniform distribution, and f(.) isthe p.d.f. of the
serial interval, assumed to be governed by three different distributions, i.e., lognormal, gamma
and Weibull distribution. Since the epidemic continues to increase, an alternative p.d.f. that
accounts for right truncation was also considered, i.e.,
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wherer isthe exponential growth rate estimated at 0.14 (5) and T is the latest time of
observation. For both likelihood with and without truncation, Widely Applicable Information
Criterion (WAIC) was compared and the model with minimum WAIC value was selected as

the best fit model.

For both with and without truncation due to sampling in the early stage of the epidemic,
the lognormal distribution model was selected as the best fit model (WAIC=49.8 and 130.3,
respectively). Without truncation, the median serial interval was estimated at 3.1 days (95%
credible interval (Crl): 2.1, 4.2). The mean and standard deviation (SD) of serial interval were
estimated at 4.2 days (95% Crl: 2.9, 5.7) and 3.9 days (95% Crl: 1.9, 6.4), respectively.
Accounting for the right truncation, the median, mean and SD of the serial interval were
estimated at 2.6 days (95% credible interval (Crl): 1.8, 3.5), 3.4 days (95% Crl: 2.5, 4.4) and
2.9 days (95% Crl: 1.7, 4.4), respectively. Figure 1A shows the best-fit distributions overlaid
with the published distribution of SARS (4). The difference between these distributions
suggests that using serial intervals from SARS data will result in overestimation of the basic

reproduction number of 2019-nCoV.

Our mean estimate of 2.6 days indicates that 2019-nCoV infection leadsto rapid cycles
of transmission from one generation of cases to the next. The shorter serial interval compared
to SARSimpliesthat contact tracing methods must compete against the rapid replacement of
case generations, and the number of contacts will likely soon exceed what available healthcare

workers are able to handle.

More importantly, the estimated median serial interval is shorter than the preliminary
estimate of the median incubation period (5.0 days) (3,6). Figure 1B illustrates when the serial
interval takes shorter value than the incubation period, indicating that pre-symptomatic
transmission must have taken place and could be more frequent than the symptomatic

transmission. This must be regarded as bad news. A substantial proportion of secondary
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transmission occurring before illness onset means that there are many transmissions not
preventable by caseisolation of symptomatic cases. By the time contacts are traced they may
have already become infectious and generated secondary cases (7). Rapid cycles of
transmission and substantial pre-symptomatic transmissions make containment via contact

tracing alone very challenging.
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Figure. Serial interval of novel coronavirus (2019-nCoV) infections and its relationship with the

incubation period.

A. Serial interval distribution of novel coronavirus (2019-nCoV) infections. The solid line shows the

estimated serial interval distribution of 2019-nCoV infections using the best-fit lognormal distribution. A
distribution based on a published estimate of the serial interval for severe acute respiratory syndrome
(3) is overlaid as a dashed line for comparison. B. The relationship between incubation period and serial

interval. If the transmission takes place during symptomatic period, serial interval is longer than the
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incubation period. However, the relationship can be reversed if pre-symptomatic transmission takes
place, and sometimes, the order of illness onset as a function of time is reversed between primary case

and its secondary case.
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