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Serial interval of SARS-CoV-2 was shortened over
time by nonpharmaceutical interventions
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Studies of novel coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), have reported varying estimates of epidemiological parameters,
including serial interval distributions—i.e., the time between illness onset in successive cases in a
transmission chain—and reproduction numbers. By compiling a line-list database of transmission pairs
in mainland China, we show that mean serial intervals of COVID-19 shortened substantially from
7.8 to 2.6 days within a month (9 January to 13 February 2020). This change was driven by enhanced
nonpharmaceutical interventions, particularly case isolation. We also show that using real-time
estimation of serial intervals allowing for variation over time provides more accurate estimates of
reproduction numbers than using conventionally fixed serial interval distributions. These findings could
improve our ability to assess transmission dynamics, forecast future incidence, and estimate the
impact of control measures.

I
n December 2019, a novel coronavirus dis-
ease [coronavirus disease 2019 (COVID-19)],
caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), was
first reported inWuhan, China. It has since

spread to more than 212 countries, causing
more than 10 million confirmed cases and
500,000 deaths worldwide as of 30 June 2020
(1). Recent studies have suggested that several
demographic and social factors can influence
the transmission of COVID-19, including age-
and gender-related differences in infection
risk (2–4), reduced risk of infection as a result
of intensive nonpharmaceutical interventions
(NPIs) (e.g., isolation and social distancing)
(5–7), and abrupt changes in social mixing
patterns because of lockdowns and confine-
ment (8–10). Serial interval, defined as the
duration between the symptom-onset time
of the infector and that of the infectee, is an
essential metric for estimating many other
key epidemiological parameters (e.g., repro-
duction number, generation time, and attack
rate), which are used in turn to predict dis-
ease trends and health care demands (11). In
early studies, before the availability of specific
data on COVID-19, the serial interval distribu-
tion of COVID-19 was assumed to be similar
to those of severe acute respiratory syndrome
(SARS) or Middle East respiratory syndrome
(MERS), with a mean >8 days (12, 13). Once
specific data became available on COVID-19
transmission pairs, several studies examined
the serial interval distribution of COVID-19 in
different locations, with estimates of themean

serial interval varying from 3.1 to 7.5 days
(6, 14–21). All of these studies have assumed
that the timing of transmission events can
be described by a single, stable distribution
of serial intervals at different stages of an
epidemic.
In fact, the serial interval depends on the

incubation period, the profile of infectiousness
after infection, and the variation in contact
structure of the population (as explained in
fig. S1) (22). The incubation period describes
the biological process of disease progression
and tends to follow a more similar distribu-
tion from one location to another, with minor
variations resulting from social or cultural dif-
ferences in how symptoms are perceived or
reported. However, the profile of infectious-
ness over time can vary because of human be-
havior. Changes in contact patterns and the
use of public health measures can reshape
the timing of infection events by limiting suc-
cessful contacts overall (e.g., social distancing)
or after illness onset (e.g., case isolation). In-
terventions such as the isolation of confirmed
and suspected cases, suspension of intra- and
intercity travel, and different forms of social
distancing were widely implemented in dif-
ferent Chinese cities. This provides an oppor-
tunity to study the temporal changes in the
serial interval distribution and its association
with NPIs. Here, we show that variation in
the serial interval can occur and has impor-
tant implications for the assessment of trans-
mission dynamics and the impact of control
measures.

We compiled a database of 1407 COVID-19
transmission pairs, in which symptom-onset
dates and social relationships were available
for both the infector and infectee of 677 trans-
mission pairs [see table S1 for entire database
(23) and supplementary materials for de-
tails]. Household and nonhousehold trans-
missions were identified on the basis of the
information on social relationships (e.g., fa-
milial members of the same household, non-
household relatives, colleagues, classmates,
friends, and other face-to-face contacts). The
data were reconstructed from the publicly
available reports of 9120 confirmed COVID-19
cases reported by 27 provincial and 264 urban
health commissions in China outside Hubei
province. Data from Hubei province were
excluded because there was less reliable in-
formation on chains of transmission during
the widespread community circulation of
COVID-19; outside Hubei province, it was
more straightforward to link connected cases
and derive serial intervals. We focused on
677 transmission pairs with infectors having
developed symptoms from 9 January through
13 February 2020. This 36-day period spans
a series of key interventions related to the
evolving epidemiology and transmission
dynamics of COVID-19 in mainland China
(24–26).
We first calculated the number of transmis-

sion pairs in our database by the onset dates
of infectors (fig. S3). Because many infec-
tors (339) developed symptoms during 23 to
29 January 2020, we defined this 1-week period
as the peak week, the previous 14-day period
(9 to 22 January 2020) as the prepeak period,
and the following 15-day period (30 January
to 13 February 2020) as the postpeak period.
We computed the serial interval as the num-
ber of days between the symptom-onset date
of the infector and that of the infectee for
each transmission pair. Empirical serial in-
terval distributions for transmission pairs,
counting from symptom onsets of the infec-
tors during each period, indicate that the se-
rial intervals shortened over time (Fig. 1A).
We estimated the serial interval distribu-

tion during each nonoverlapping period by
fitting a normal distribution to the corre-
sponding serial intervals data (supplementary
materials). Analysis of all 677 transmission
pairs revealed that the serial interval distribu-
tion had amean of 5.1 [95% credibility interval
(CrI): 4.7, 5.5] days and a standard deviation
(SD) of 5.3 (95% CrI: 5.0, 5.6) days (table S2)
overall, which is consistent with other recent

RESEARCH

Ali et al., Science 369, 1106–1109 (2020) 28 August 2020 1 of 4

1WHO Collaborating Centre for Infectious Disease Epidemiology and Control, School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong Special Administrative
Region, China. 2Department of Genetics, University of Cambridge, Cambridge CB2 3EH, UK. 3Mathematical Modelling of Infectious Diseases Unit, Institut Pasteur, UMR2000, CNRS, Paris 75015, France.
4College of Information and Communication Engineering, Dalian Minzu University, Dalian 116600, China. 5Department of Integrative Biology, University of Texas at Austin, Austin, TX 78705, USA. 6School of
Journalism and Communication, Beijing Normal University, Beijing 100875, China. 7Computational Communication Research Center, Beijing Normal University, Zhuhai 519087, China.
*These authors contributed equally to this work.
†Corresponding author. Email: bcowling@hku.hk

on A
ugust 27, 2020

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/


studies (16, 21, 27). However, fitting to data of
nonoverlapping periods of time revealed con-
siderable variation in serial interval distri-
butions (Fig. 1B). Before the peak, the mean
and SD of serial intervals were estimated to
be 7.8 (7.0, 8.6) days and 5.2 (4.7, 5.9) days,
respectively. During the peak, the mean and
SD reduced to 5.1 (4.6, 5.7) days and 5.0 (4.6, 5.4)
days, respectively. After the peak, these esti-
mates further shortened to 2.6 (1.9, 3.2) days
and 4.6 (4.2, 5.1) days, respectively (table S2).
Next, we examined the real-time change in

serial intervals by using a series of running
time windows with fixed lengths of 10, 14, or
18 days (fig. S10). In contrast to the use of a
constant distribution of serial intervals, our
analysis suggests that serial intervals were
gradually shortened over the study period
(Fig. 2A), which is robust to alternative spe-
cifications of time windows (fig. S10). By fit-
ting the transmission pairs data for each
running timewindow byMarkov chainMonte
Carlo (MCMC) (Fig. 2A and table S3), we esti-
mated that during the first 14-day period (9
to 22 January 2020), the serial intervals were
longer on average [mean: 7.8 (95% CrI: 7.0,
8.6) days; SD: 5.2 (95% CrI: 4.7, 5.9) days];

whereas during the last 14 days (30 January
to 13 February 2020), the serial intervals were
much shorter on average [mean: 2.2 (1.5, 2.9)
days; SD: 4.6 (4.1, 5.1) days]. Notably, themean
serial intervals were shortened bymore than a
factor of 3 over the 36-day period.
The transmission pair data also contain in-

formation for age, sex, household, and isola-
tion delay (i.e., time duration from symptom
onset to isolation) for most infectors. This al-
lows for a granular stratification. Using either
nonoverlapping or running time windows for
data stratified by each of these factors, we find
the same pattern of shorter serial intervals
over time (Figs. 1B and 2A and tables S2 and
S3). Therefore, we termed this changing serial
interval the effective serial interval, which ac-
counts for temporal changes caused by its po-
tential driving factors. Notably, the length of
effective serial intervals is positively associated
with the length of isolation delay (Fig. 2A; figs.
S5, S6, and S9; and tables S3 and S4), which
accounts for the decreasing isolation delay
over time (fig. S2). Therefore, early isolation
(shorter than the median isolation delay) trans-
lates into shorter serial intervals [mean: 3.3
(2.7, 3.8) days; SD: 4.5 (4.1, 4.9) days], and de-

layed isolation (longer than the median iso-
lation delay) is associated with longer serial
intervals [mean: 6.8 (6.2, 7.3) days; SD: 5.3
(4.9, 5.7) days] (table S2). Stratification by age,
gender, or household shows no clear differences
in serial interval estimates. Our findings are ro-
bust to using alternative distributions (e.g.,
Gumbel distribution) for model fitting (fig. S11)
and the infector-based approach (fig. S14).
Our probabilistic, individual-based simulated

and regression models confirm that serial in-
tervals are positively associated with isolation
delay (section 5, supplementary materials). We
found that the serial intervals become shorter
on the basis of how much faster the infectors
are isolated, regardless of when an infector
starts to be infectious before symptom onset
(fig. S5). In an individual-based simulation
model with amean generation time of 7.8 days,
the simulatedmean serial intervals are reduced
from ~8.0 to ~1.2 days when the isolation delay
is reduced from 10 to 0 days.We found through
regression models that up to 51.5% of the
variability in daily empirical serial interval can
be explained by isolation delay and further
improved by other NPI factors, which explain
an additional 15.6 to 16.7% of the variability
(table S5).
In practice, the time-varying serial interval

may affect the estimation of epidemic param-
eters, including the transmissibility. The real-
time transmissibility of an infectious disease
is often characterized by the instantaneous
reproduction number (Rt), which is defined as
the expected number of secondary infections
caused by an infector on day t. The pathogen
spreads when Rt > 1 and is under control when
Rt < 1. To examine the effect of serial intervals
on Rt, we first obtained the daily number of
cases on the basis of the onset dates of infec-
tors and infectees among the 1407 transmis-
sion pairs (Fig. 2, B to D). By applying the
statistical method developed by Cori et al.
(28), we estimated Rt for each day between
20 January and 13 February 2020. We noticed
substantial differences in estimates of Rt be-
tween using a single stable serial interval
distribution and time-varying effective serial
interval distributions. The magnitude of this
difference is more prominent during the pre-
peak and postpeak periods than it is during
the peak week when Rt ≈ 1 (Fig. 2, B to D).
We observed that the serial interval for

COVID-19 in mainland China was shortened by
more than a factor of 3 in the 36 days between
9 January and 13 February 2020. This reduc-
tion was driven by intensive NPIs, particularly
the reduction of the isolation delay period. Iso-
lation of an infector 1 day earlier is expected
to reduce the mean serial interval by 0.7 days.
Thus, the serial interval was shortened by
>3 days if infectors were rapidly isolated
(Figs. 1B and 2A and tables S2 and S3). This
is consistent with advocating isolation of cases
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Fig. 1. Serial intervals of SARS-CoV-2 substantially shortened over time in mainland China. (A) Empirical
serial interval distributions. From top to bottom, transmission pairs were analyzed by selecting infectors who
developed symptoms during 9 to 22 January 2020 (prepeak); 23 to 29 January 2020 (peak week);
30 January to 13 February 2020 (postpeak); and 9 January to 13 February 2020 (whole period), respectively.
In each panel, vertical dashed lines in red and blue colors indicate the median and interquartile range
(IQR), respectively. (B) Estimated serial interval distributions by fitting a normal distribution using MCMC.
From top to bottom, each group of bars corresponds to the transmission pairs with infectors who developed
symptoms during the prepeak (162 pairs), peak week (339 pairs), postpeak (176 pairs), and whole 3
6-day period (677 pairs), respectively. Colored dots and bars correspond to the transmission pairs within
households (blue), outside households (yellow), with isolation delays shorter than the median isolation delay
of each period (green), and with isolation delays longer than the median isolation delay of each period
(orange), respectively. Dark gray bars correspond to transmission pairs with no stratification. Dots and bars
indicate the estimated median and IQR, respectively.
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and quarantining contacts within 1 day from
symptom onset, which has been estimated
to reduce COVID-19 transmission by 60% (8).
We have not identified any substantial effects
of gender or age of infectors on serial inter-
val, but the NPIs were found to be significant
for the transmission in communities rather
than in households (table S5). Other studies
(15, 20) have estimated that the infectious-
ness of COVID-19 is greater at symptom onset.
Although a short serial interval indicates that
a substantial proportion of transmission events
have occurred by the time symptoms are ap-
parent (14), because of prolonged viral shed-
ding (14, 29, 30) case isolation is still likely
to reduce further transmission. Changes in the

serial interval can therefore indicate effec-
tive implementation of specific transmission-
reduction measures.
There are some limitations to our work.

First, it is possible that there was recall bias
on the onset of first symptoms in the line-list
data; however, given the centralized pandemic
response in mainland China, we expected that
recall bias would not affect our main conclu-
sions (figs. S12 and S13). Second, other factors
may have influenced the reduction of effec-
tive serial intervals, as we can only explain
up to 72% of the variance in observed serial
intervals. Finally, our current transmission pair
data do not contain variables about the poten-
tial exposure window of each case, which do

not allow further inferences on the transmis-
sion potential.
Our results indicate that caution is needed

when attempting to generalize estimates of
the serial interval distribution to other places
or to other periods of time in the same place,
for example when estimating instantaneous
reproductive numbers (Fig. 2, B to D). The
real-time metric of effective serial intervals
indicates that transmission models also need
to account for the temporal variation in serial
intervals as an epidemic proceeds. Effective
serial intervals may provide better measure-
ments of instantaneous transmissibility (Rt)—
because they include the effects of possible
drivers of transmission—and could be helpful
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Fig. 2. Real-time effective serial intervals and instantaneous reproduction
number Rt. (A) Estimated serial interval distribution for each 14-day running
time window. Dark gray color indicates fitting data with no stratification, whereas
green and orange indicate fitting data with isolation delay shorter and longer,
respectively, than the median isolation delay of each running time window. Dots
and bars indicate the estimated median and IQR, respectively. (B to D) Daily
estimates of Rt by using real-time effective serial interval distributions [as in (A)]

versus using a single fixed serial interval distribution. Red curves and light pink
shaded regions indicate the median and 95% CrI, respectively, of daily Rt
estimated using real-time effective serial interval distributions. Black dashed
curves and light gray shaded regions indicate the median and 95% CrI,
respectively, of daily Rt estimated using a single serial interval distribution fixed,
with a mean of 7.1 and SD of 5.3 days in (B), a mean of 5.2 and SD of 4.7 days
in (C), and a mean of 3.0 and SD of 4.1 days in (D).
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to policy-makers because they offer real-time
information on the impact of public health
measures.
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Materials and Methods 
 

1. Reconstruction of transmission pairs  

In mainland China, 27 provincial and 264 urban health commissions publicly posted detailed 

reports (in Chinese) of 9,120 confirmed COVID-19 cases online during  January 15 – February 

29, 2020, which comprised 72.7% of all COVID-19 cases confirmed in mainland China outside 

Hubei Province. The original reports were the results of contact tracing and epidemiological 

investigations conducted by health authorities in mainland China. Each of the original case 

reports provides a detailed description on the demographic information (e.g., age, sex, job, 

residential city), travel history (e.g., returned from Hubei, transferred at Wuhan, never travelled 

recently),  potential contacts (e.g., close contacts, face-to-face proximity), social relationships 

with the contacts (e.g., familial member, classmate, colleague), and epidemiological timelines if 

known (e.g., potential times of infection, symptom onset, hospital visit(s), isolation, 

confirmation, and public disclosure). By screening all of these reported cases independently by 

three co-authors, we reconstructed 1,407 transmission pairs using the following protocols (31): 

(1) We first identified a pair or a group of confirmed cases by the information on their close 

contacts or familial ties. Specifically, we used the following criteria to determine whether two 

cases had a transmission pair due to the existence of close contact: (i) A clear statement of the 

keyword “close contacts” (密切接触 in Chinese); (ii) Statements indicating the existence of 

face-to-face proximity or physical contacts, such as “shared a meal (聚餐 in Chinese)”, 

“travelled together (自驾与亲属某某同行 in Chinese)”, “worked together (一起进行工作 in 

Chinese)”.(2) For an identified transmission pair reported with familial relationship between two 

cases, we used this familial relationship to determine whether it was household or non-household 

transmission. Specifically, we used the immediate familial relationships (e.g., a person’s spouse, 
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parents, and children) as the indicator of household transmission, and all other familial 

relationships (e.g., a person’s siblings with age ≥17) as well as close contacts without familial 

information as the indicator of non-household transmission. 

(3) We then determined the infector and infectee of each transmission pair according to their 

travel histories and locations of exposure. When two cases were reported with a single 

epidemiological link (i.e., no other case involved in their transmission), they often had a 

straightforward transmission direction as follows: The infector had a recent travel history linked 

to Hubei province or a close contact with other case(s) recently visited Hubei province, whereas 

although reported with no recent travel history to Hubei province, the infectee had a close 

contact with the infector and no close contacts with people returned from other provinces. When 

a case had several possible infectors after evaluating their travel histories and exposure locations, 

we assumed that the infector of this transmission pair was the one who first developed symptom. 

Such situation was observed for some household transmissions. For example, given three 

confirmed cases i, j, and k from the same household outside Hubei province and only two family 

members i and j recently visited Hubei, case k could be infected by either case i or j, which is 

difficult to infer if the exposure times of cases i and j were not available from their public 

reports. As a simplification, we chose the infector of case j as the family member (i or j) with the 

earliest symptom onset. Our recent study (31) has validated the robustness of this approximation. 

 

2. Stratifications of transmission pairs 

Along with the stratification by household settings(as defined in protocol 2 in above section), we 

also stratified transmission pairs by the isolation delay, age, or sex.. Denote the isolation delay as 

the time duration from the symptom onset to isolation time for the infector of each transmission 



 
 

5 
 

pair. The shorter (longer) isolation delay is used to find the transmission pairs with isolation 

delays shorter (longer) than the median isolation delay across those transmission pairs that are 

identified by a given stratification condition (e.g., household transmission). The younger-age 

(older-age) are used to find the transmission pairs with infectors  younger (older) than the 

median age across all infectors of those transmission pairs that are identified with a given 

condition (e.g., household transmission). The indicator male and female are defined similarly. 

 

3. Estimation of serial interval distribution 

Given a reconstructed transmission pair, the serial interval was computed as the number of days 

between the reported symptom onset date of the infector and of the infectee. Serial interval 

distribution was estimated by fitting a normal (or Gumbel) distribution to the corresponding data 

via Markov Chain Monte Carlo (MCMC) with Gibbs sampling and non-informative flat prior. 

Normal distribution is a representative of symmetric distribution, and Gumbel distribution is a 

representative of asymmetric distribution. To fit a normal distribution, we estimated the mean 

and standard deviation of the normal distribution; to fit a Gumbel distribution, we estimated the 

location and scale parameters of the Gumbel distribution. We confirmed the convergence of 

MCMC chains via trace plot and diagnosis. We obtained the posterior distribution of parameters 

by running 100,000 iterations with a burn-in of 40,000 iterations and a thinning interval of 10. 

 
 
4. Mechanisms underlying the observed patterns  

From the view of a single transmission pair, the serial interval depends on the infectiousness 

profile of the infector and the incubation period of the infectee. On the other hand, from the view 

of each infector, the realized serial intervals may not only depend on the properties of each 
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transmission pair (i.e., infectiousness profile, incubation period) but may also depend on the 

properties of contacts (e.g., contact patterns (22, 32), structure of contacts (33, 34). Fig. S1 (A) 

illustrates the effect of these basic factors on shaping serial interval distribution.  

The influence of non-pharmaceutical intervals (NPIs) on re-shaping serial interval distribution 

can be understood from two aspects (Fig. S1 (B)-(C)). On one hand, the implementation of NPIs 

via enhanced contact tracing and scaling up testing capacities reduced the time delay in isolating 

cases (Fig. S2), which reduces the period of infectiousness and hence truncates the exposure 

window for susceptible individuals to acquire infection. On the other hand, the NPI-induced 

truncation on the period of infectiousness may also reduce or even avoid the generation of some 

secondary cases, skewing the serial interval distribution to the left. 
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Fig. S1: Illustration for the influence of non-pharmaceutical intervals (NPIs) on changing serial 
interval distribution. (A) Without NPIs, the distribution of serial intervals depends on the 
properties of contacts (e.g., contact patterns, structure of contacts) and properties of transmission 
pair (e.g., infectiousness profile, incubation period). (B) Rapid case identification and isolation 
can abruptly truncate the infectiousness profile of an infector, avoiding the generation of some 
secondary cases thereon. (C) Other NPIs (e.g., lockdown, confinement, travel restrictions) may 
reduce overall infectiousness but some were triggered by symptoms and hence have a larger 
effect on infectiousness after symptom onset. The overall effect narrows the infectiousness 
profile of an infector, lowering the probability in generating secondary cases. 
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Fig. S2: Temporal change of the time delay in isolating COVID-19 infectors from their symptom 
onset (i.e., isolation delay) in mainland China. (A) Empirical isolation delay distributions. From 
top to bottom, transmission pairs were analyzed by selecting infectors who developed symptoms 
during January 9  ̶  22, 2020 (pre-peak), January 23  ̶  29, 2020 (peak-week), January 30  ̶   
February 13, 2020 (post-peak), and January 9  ̶  February 13, 2020 (whole period), respectively. 
In each panel, vertical dashed lines in red and blue colors indicate the median and interquartile 
range (IQR). (B) Estimated isolation delay distributions by fitting a normal distribution to 
isolation delay data via MCMC. From top to bottom, each group of bars correspond to the 
transmission pairs with infectors who developed symptom during the pre-peak, peak-week, post-
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peak, and whole 36-day period, respectively. Colored dots and bars correspond to the 
transmission pairs within households (blue), outside households (yellow), and transmission pairs 
with no stratification (dark-grey). (C) Estimated isolation delay distribution for each running 
time window by fitting a normal distribution. Dark-grey color indicates fitting data with no 
stratification, whereas blue (yellow) indicates fitting household (non-household) data. Dots and 
bars in (B) and (C) indicate the estimated median and IQR, respectively. 

 
 
 

 

 

Fig. S3: Daily number of COVID-19 infectors (orange bar) and infectees (grey bar) by their 

symptom onset in China outside Hubei province during January 9 – February 13, 2020. The 1-

week period during January 23 – 29, 2020, is regarded as the peak-week period, because a large 

number of infectors (339, ~50% of data) developed symptom during this week. The earlier14-

day period (January 9–22, 2020) is regarded as the pre-peak period, and the later 15-day period 

(January 30 – February 13, 2020) is regarded as the post-peak period.        
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5. Effect of non-pharmaceutical interventions on shortening effective serial intervals 

over time 

This section tests the hypotheses (illustrated in the above section and Fig. S1) for the effect of 

NPIs on shortening serial intervals over time, by using a probabilistic model (section 5.1), 

individual-based simulations (section 5.2) and regression models (section 5.3) 

 
5.1 Probabilistic model of transmission pair 

 

Fig. S4. Schematic of a transmission pair. The infector i starts to be infectious and symptomatic, and then 

is isolated at time 𝑇௜
ா஺, 𝑇௜

ாௌ, and 𝑇௜
ூௌை, respectively. The infectee j is infected by the infector i at time 𝑇௝

ூ 

and becomes symptomatic at time 𝑇௝
ாௌ. Top panel illustrates the infectiousness profile of infector i, which 

is assumed to follow a gamma distribution. 
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Given a transmission pair in which the infectee j  is infected by the infector i  at time 𝑇௝
ூ, the 

serial interval denotes the time duration between the symptom onset time of infector 𝑇௜
ாௌ and  

symptom onset time of infectee 𝑇௝
ாௌ: 𝑆𝐼௜,௝ = 𝑇௝

ாௌ − 𝑇௜
ாௌ.  

Denote 𝑇௜
ா஺ as the time at which the infector i starts to be infectious, 𝑇௜

ூௌை the time at which the 

infector i is isolated, and 𝐷௜ = 𝑇௜
ூௌை − 𝑇௜

ாௌ the time delay from symptom onset to isolation of 

infector i, respectively. We term 𝐷௜ as the isolation delay. 

Following He et al. (20), we define the infectiousness of infector i as the probability to infect an 

infectee 𝜏 = 𝑇௝
ூ − 𝑇௜

ா஺ days after infector i starts to be infectious at time 𝑇௜
ா஺. The probability 

density function (pdf) of infectiousness is assumed to follow a gamma distribution (20): 𝛽௜(𝜏) =

ଵ

୻(௞)⋅ఏೖ
⋅ 𝜏௞ିଵ ⋅ exp ቀ−

ఛ

ఏ
ቁ, where 𝑘 and 𝜃 are the shape and scale parameters, respectively. Recent 

clinical (35-37), epidemiologic (16, 20, 38-40), and biological studies (41-43) suggest that the 

SARS-CoV-2 infection is able to shed virus particles before symptom onset, which can cause a 

substantial proportion of pre-symptom transmissions. Hence we consider that the infectiousness 

starts from 𝐶௜ days before symptom onset of infector i, i.e., 𝐶௜ = 𝑇௜
ாௌ − 𝑇௜

ா஺. Based on these 

settings, the expression of serial interval becomes: 

𝑆𝐼௜,௝ = 𝐸௝
ௌ + 𝜏 − 𝐶௜ 

where the first term 𝐸௝
ௌ = 𝑇௝

ாௌ − 𝑇௝
ூ is the incubation period of infectee j. Based on the detailed 

exposure history for the first 425 confirmed SARS-CoV-2 cases in Wuhan, Li et al. (17) 

suggested that the pdf of incubation period 𝑃(𝐸ௌ) follows a log-normal distribution with a mean 

of 5.22 days and standard deviation of 3.87 days.   

Given an isolation delay 𝐷௜ that is assumed to occur before symptom onset of infectee, the pdf of 

serial intervals is obtained by integrating over the range of time interval 𝜏: 
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𝑃൫𝑆𝐼௜,௝൯ = න 𝛽௜(𝜏) ⋅ 𝑃൫𝐸௦ = 𝑆𝐼௜,௝ + 𝐶௜ − 𝜏൯
஼೔ା஽೔

଴

𝑑𝜏 

The cumulative distribution is given by ∫ 𝑃൫𝑆𝐼௜,௝൯
௫

ିஶ
𝑑𝑆𝐼௜,௝, and the mean serial interval is given 

by: ∫ 𝑆𝐼௜,௝
ஶ

ିஶ
𝑃൫𝑆𝐼௜,௝൯𝑑𝑆𝐼௜,௝. 

To compare with data of transmission pairs in which serial interval and isolation delay were 

available, we also computed the pdf of serial intervals with minimum isolation delay 𝐷௜
௠௜௡: 

𝑃൫𝑆𝐼௜,௝ , 𝐷௜
௠௜௡൯ = න 𝑃(𝐷௜) න 𝛽௜(𝜏) ⋅ 𝑃൫𝐸௦ = 𝑆𝐼௜,௝ + 𝐶௜ − 𝜏൯

஼೔ା஽೔

଴

𝑑𝜏
ஶ

஽೔
೘೔೙ 

𝑑𝐷௜ 

where 𝑃(𝐷௜) is the distribution of isolation delay 𝐷௜, which can be obtained by fitting isolation 

delay data. 

 

We parameterized the start time of infectiousness 𝐶௜, and the shape 𝑘 and scale 𝜃 of the gamma 

distribution of infectiousness with inferred results by He, X. et al. (20). We tested the following 

three scenarios which were selected from the high likelihood region estimated by He, X. et al. 

(20). 

Parameters Scenario-I Scenario-II Scenario-III 

𝐶௜ 2 days 4 days 6 days 

Shape 𝑘 2.15 2.74 1.53 

Scale 𝜃 1.34 1.71 4.38 

  

This simple model suggests that serial intervals become shorter the faster the infectors are 

isolated, regardless of when an infector starts to be infectious before illness onset (fig S5). 
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Fig. S5. Using probabilistic model to examine the effect of non-pharmaceutical interventions 
(NPIs) on shortening serial intervals over time. Serial intervals are estimated with the 
probabilistic model based on a transmission pair, in which the start time of infectiousness 𝐶௜ is 
considered as 2 (green), 4 (yellow), or 6 (orange) days before symptom onset of infector. Given 
each isolation delay 𝐷௜, the dot and vertical bar indicate the mean and interquartile range (IQR) 
of estimated distribution. 
 

 
5.2 Individual-based model for simulating serial intervals  

We also simulated the serial intervals by using an individual-based model. Specifically, we 

started with a number of cases who have been infected at the time origin. Each potential infector 

will infect a number of infectees, which follows a Poisson distribution with mean 𝑅௘, the 

effective reproduction number. The exact infection times will be simulated according to the 

generation time. However, knowledge on the generation time for COVID-19 is still limited, and 

hence was approximated by published serial intervals, with a gamma distribution and a mean of 

5.1 days (27), which is the same as our estimates during the peak-week period for COVID-19 in 

mainland China. In other scenarios, we assumed shorter and longer serial intervals respectively, 

which were the same as that estimated with means of 7.8 (as estimated from the pre-peak 
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period), 2.6 (as estimated from the post-peak period) and 8.4 days (as estimated for the 2003 

SARS epidemic (44)). From the simulated infection times, we added the simulated incubation 

period for all infectees, assuming a lognormal distribution with mean 5.2 days (17). The duration 

between the symptom onset times of the infector and infectee in each transmission pair would be 

the simulated serial intervals. We present the mean serial intervals and their 95% confidence 

intervals from 500 transmission pairs in 200 simulations under different initial effective 

reproduction number 𝑅௘ (e.g. 3.0, 2.5, 2.0, 1.5, 1.0, 0.5, 0.3) (25) to represent situations with 

different level of general control measures (e.g. social distancing, enhanced personal hygiene) in 

place, and reducing time delay from symptom onset to isolation (e.g. from 10 to 0 days) which 

was assumed to interrupt further transmission after a case has been isolated. 

The results from individual-based simulations suggest the possible association between serial 

interval and isolation delay (Fig. S6,  Table S4). Given a mean generation time of 7.8 days (as 

per our estimate for the pre-peak period of COVID-19 in mainland China), the simulated mean 

serial intervals reduces from ~8.0 to ~1.2 days when the isolation delay reduces from 10 to 0 

days. Given a mean generation time of 5.1 days (as per our estimate for the peak-week period of 

COVID-19 in mainland China, which is similar to the estimates by Zhang et. al. (27)), the 

simulated mean serial interval reduces from ~5.1 to ~1.5 days when the isolation delay reduces 

from 10 to 0 days. Similar outcomes were obtained with alternative generation times with a mean 

of 2.6 days (estimate for the post-peak period) and 8.4 days (as estimated for the 2003 SARS 

epidemic (44)) (Table S4). The temporal change of serial intervals is less sensitive to the 

variation in initial effective reproduction number, 𝑅௘ (a measure of initial transmission 
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accounting for the effect of control measures). Our analytical and simulated models validate that 

serial interval is positively associated with isolation delay.  

Fig. S6. Using individual-based simulation model to examine the effect of non-pharmaceutical 
interventions (NPI) on shortening serial intervals over time. Given each combination of isolation 
delay 𝐷௜ and initial effective reproduction number 𝑅௘, the dots and vertical bars indicate the 
median and IQR of estimated distribution, when the mean generation time (GT) is 7.8 days in 
(A) and 5.1 days in (B). 

5.3 Multivariable regression model 

Since the implementation of a cordon sanitaire around Wuhan on January 23, 2020, multiple NPI 

strategies have been implemented in more than 260 Chinese cities, including the isolation of 

confirmed and suspected cases, suspension of intra-city public transport, suspension of travel 

between cities, social distancing by closure of entertainment and public gathering venues (e.g., 

bars, cinemas and parks), as well as public services (e.g., shopping malls and restaurants), and 

recruitment of governmental staff and volunteers to enforce quarantine (Fig. S7). To study the 

influence of these factors on COVID-19 transmission, we developed a series of linear univariate 
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and multivariable regression models to predict empirical serial intervals with infectors that 

developed symptoms on each day. 

 

We evaluated the daily time series of following measures from transmission pairs. Denote, 𝜔(𝑡) 

and 𝑑(𝑡) as the observed serial interval and isolation delay on day 𝑡, respectively. We calculated 

𝜔(𝑡) by the median of all serial intervals with infectors developed symptoms on day 𝑡, and 𝑑(𝑡) 

by the median of time delay from symptom onset to isolation for infectors with symptoms during 

day 𝑡, who caused infectees further. To quantify the daily intensity of each NPI strategy in 

mainland China, we also counted the number of cities in mainland China that implemented each 

NPI measure on day 𝑡, using the interventions data from more than 260 Chinese cities (24)  (Fig. 

S7). The NPI measures include the isolation of suspected and confirmed cases, travel ban for 

intra-city and inter-city movement, social distancing by closing public services (e.g., hospitals, 

shopping malls, restaurants) and entertainment venues (e.g., cinema, bar, café) and recruiting 

government workers and volunteers to assist quarantine and social distancing. Denote 𝜂௞(𝑡) as 

the cumulative number of cities in mainland China that implemented the 𝑘-th intervention (𝑘 =

1, 2, … , 7) on day 𝑡..  

 

We first used univariate linear regression models to test the association between each 

intervention measure and daily serial interval 𝜔(𝑡), and then significant factors are included one 

in addition to linear multi-variable regression model to predict the daily serial interval 𝜔(𝑡): 

𝜔(𝑡) ~ 𝛽଴𝑑(𝑡) + 𝛽௞𝜂௞(𝑡), 𝑘 = 1, 2, … , 7 

where each 𝛽௜ is a regression coefficient for respective factors. Because the isolation delay is 

expected to be a prime driver of serial intervals, we considered a baseline model as 𝜔௕௔௦௘(𝑡) =
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𝛽଴𝑑(𝑡), where 𝑑(𝑡) is the daily isolation delay (the median daily isolation delay). 𝜂ଵ(𝑡) and 

𝜂ଶ(𝑡) are the daily cumulative number of cities implemented the isolation on suspected and 

confirmed cases respectively. The travel restrictions consist of 𝜂ଷ(𝑡) and 𝜂ସ(𝑡), the daily 

cumulative number of cities implemented the inter-city and intra-city travel ban respectively. 

The social distancing measures are 𝜂ହ(𝑡), 𝜂଺(𝑡) and 𝜂଻(𝑡), the daily cumulative number of cities 

implemented the closure of public services, closure of entertainment venues, and recruitment of 

government workers and volunteers to assist quarantine, respectively. Finally, we estimated the 

contribution of each factor according to the improvement in predicting the daily serial interval 

𝜔(𝑡) by including each factor into the baseline model. 

The univariate regression model suggests that the isolation delay is the better predictor of daily 

serial interval (Fig. S8). The basic regression model that only accounting for isolation delay can 

explain up to 51.5% of the variability in daily empirical serial interval, indicating isolation delay 

as the prime factor. The improved models that combine the basic model with one of either the 

additional factors (NPI strategy or accumulation of population immunity) can explain a further 

maximum of 15.6% - 16.7% variability in daily empirical serial intervals (Table S5). The model 

fitting further suggests a potential explanation about for how serial intervals can be modulated by 

respective interventions over the span of outbreak (Fig. 9). We found that, per day of early 

isolation, the predicted serial interval decreased by 0.7 (95% confidence interval, CI: 0.4, 0.9) 

days on average. Although the effects of these additional factors in combination of isolation 

delay are identified specifically in non-household setting, we were not able to detect their 

individual contribution to change serial intervals (Table S5). 
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Fig. S7: Timelines for the number of Chinese cities (excluding cities in Hubei province) that 
were starting to implement each of the following 7 non-pharmaceutical interventions: isolation of 
confirmed cases, insolation of suspected cases, suspension of travel between cities (i.e., inter-city 
travel ban), suspension of intra-city public transport (intra-city travel ban), closure of public 
services (e.g., shopping malls, restaurants), closure of entertainment and public gathering venues 
(e.g., bar, cinema, park), and recruitment of governmental staff and volunteers to enforce 
quarantine (i.e., social mobilization). 
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Fig. S8. The univariate regression models to examine the effect of non-pharmaceutical 
interventions (NPI) on shortening serial intervals over time. Prediction of empirical serial 
intervals with infectors that developed symptom on each day (by univariate regression models), 
for (A) household, (B) non-household, and (C) all transmission pairs. Black dots and grey shaded 
regions indicate the median and IQR of empirical serial intervals. Red curves indicate the mean 
of serial intervals predicted by isolation delay of infectors. Dashed curves in other colors indicate 
the mean serial intervals predicted by individual factors including isolating confirmed cases, 
isolating suspected cases, inter-city travel ban, intra-city travel ban, closure of public services, 
closure of entertainment venues and social mobilization. 

Fig. S9. The multi-variable regression models to examine the effect of non-pharmaceutical 
interventions (NPI) on shortening serial intervals over time. Prediction of empirical serial 
intervals with infectors that developed symptom on each day (by multivariable regression 
models), for (A) household, (B) non-household, and (C) all transmission pairs. Black dots and 
grey shaded regions indicate the median and IQR of empirical serial intervals. Red curves 
indicate the mean (with 95% confidence interval in light-pink vertical bars) of serial intervals 
predicted with the basic regression model only accounting for the isolation delay of infectors. 
Dashed curves in other colors indicate the mean serial intervals predicted by extending the basic 
regression model to further account for any one of the following factors: isolating confirmed 
cases, isolating suspected cases, inter-city travel ban, intra-city travel ban, closure of public 
services, closure of entertainment venues and social mobilization. 
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6. Real-time transmissibility estimated under a single stable serial interval distribution 

versus effective serial interval distributions  

The real-time transmissibility of an infectious disease is often characterized by the instantaneous 

reproduction number (𝑅௧), which is defined as the expected number of secondary infections 

caused by an infector on day 𝑡 (28, 45, 46). The pathogen spreads when 𝑅௧ > 1 and is under 

control when 𝑅௧ < 1. To estimate 𝑅௧, a routine protocol is to approximate the generation time 

distribution with a single stable serial interval distribution. Let 𝑤௜ be the serial interval 

distribution that approximates the infectiousness profile of an infected individual at 𝑖-th day 

since infection. Then, the daily estimate of 𝑅௧ =
ூ೟

∑ ூ೟ష೔௪೔
೟
೔సభ

 is calculated as the ratio between the 

number of cases 𝐼௧ on day 𝑡 and the weighted average of infectiousness caused by cases infected 

before day t, i.e., ∑ 𝐼௧ି௜𝑤௜
௧
௜ୀଵ  (47).  

 

Because we considered time-varying serial interval distributions, 𝑅௧ is reconstructed as 𝑅௧ =

ூ೟

∑ ூ೟ష೔௪೔(௧)೟
೔సభ

, in which the infectiousness 𝑤௜(𝑡) describes the probability at which individuals who 

are infected for 𝑖 days before day t generate secondary infections at time 𝑡. We estimated the 

time-varying serial interval distribution using running time windows (Fig 2A).We compared 

daily 𝑅௧ estimated with time-varying effective serial interval distributions versus with a single 

fixed serial interval distribution (Figs. 2B-D). 

 

7.  Sensitivity analyses for results validation 

To validate our results, we performed following sensitivity analyses. 
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7.1. Sensitivity analysis on the length of running time windows and the probability 

distribution for fittingIn the main text, we have used 14-day running time windows to estimate 

the real-time serial interval distributions. Here, we examined the effect of using shorter or longer 

length of  running time windows. Using 7-day (Fig. S10A), 10-day (Fig. S10B), or 18-day (Fig. 

S10D) running time windows, we observed similar patterns of serial intervals shortened over 

time.  

We also examined the alternative estimates of serial interval distributions by fitting a Gumbel 

distribution to data (Fig. S11). The Gumbel distribution is chosen as a representative of 

asymmetric distributions. Using other asymmetric distributions (e.g., Logistic distribution (31)) 

should give similar conclusions.  
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Fig. S10: Empirical distributions of serial interval data in each running time window shifting 
from January 9 to February 13, 2020. From left to right, each column corresponds to the use of 
(A) 7-day, (B) 10-day, (C) 14-day, and (D) 18-day running windows, respectively. In each row 
of each column, the dates and the number on the left-hand side indicate the specific duration and 
sample size n of that time window, and the red dot and blue bar indicate the median and 
interquartile range (IQR) of serial interval data in that time window, respectively. 
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Fig. S11: Serial interval distribution estimated for each of the 14-day running time windows. The 
first running time window contains the transmission pairs with symptom onset of infectors 
during January 9 – 22, 2020; the second window contains the transmission pairs with symptom 
onset of infectors during January 10 – 23, 2020; and so on. Posterior samplers were obtained by 
fitting a Gumbel distribution to the serial interval data in each time window via MCMC. Dots 
and bars indicate the median and interquartile range (IQR) for the estimated distribution, 
respectively. Dark-grey color indicates the fitting for serial interval data with no stratification. 
Green (orange) indicates the fitting for the data with isolation delay shorter (longer) than the 
median isolation delay of each running time window.  
 
 
7.2. Examining the uncertainty in recall bias 

The centralized response in mainland China was established by the command system by which 

the State Council can coordinate a multi-sectoral joint response to promptly mobilize and deploy 

necessary resources (48, 49). Despite this, recall bias may be encountered when suspected or 

confirmed cases were checking for infection history and epidemiological timelines (e.g. 

symptom onset dates). As such, we performed a sensitivity analysis to account for the 

uncertainty in recalling symptom onset date for each case. For example, given a case who 

developed symptom on day 𝑇 and a recall bias of 𝜏 days, we randomly sampled the onset date of 

this case between 𝑇 − 𝜏 and 𝑇 + 𝜏. We tested the effect of recall bias by using 𝜏 =1, 2, or 4 days. 

This sensitivity analysis validates the robustness of our results (Figs. S12, S13). 
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Fig. S12: Sensitivity analysis of empirical serial interval distributions by accounting for 
uncertainty in recall bias. Left column (A) shows original results without resampling of recall 
bias. Middle and right columns show the results obtained by resampling the onset date of each 
case with a recall bias of 𝜏 =2 days (B) and  𝜏 =4 days (C), respectively. In each column, from 
top to bottom, the transmission pairs were analyzed by selecting infectors who developed 
symptom during January 9  ̶  22, 2020 (pre-peak), January 23  ̶  29, 2020 (peak-week), January 
30  ̶   February 13, 2020 (post-peak), and January 9  ̶  February 13, 2020 (whole period), 
respectively. In each panel, vertical dashed lines in red and blue colors indicate the median and 
interquartile range (IQR).  
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Fig. S13: Sensitivity analysis of the estimated serial interval distributions by accounting for 
uncertainty in recall bias. Serial interval distribution is estimated by fitting a normal distribution 
via MCMC. From top to bottom, each group of bars correspond to the transmission pairs with 
infectors who developed symptom during the pre-peak, peak-week, post-peak, and whole 36-day 
period, respectively. Dark-grey color shows original results without resampling of recall bias. 
Other colors show the results obtained by resampling the onset date of each case with a recall 
bias of 𝜏 =1 day (orange), 𝜏 =2 days (green), and  𝜏 =4 days (yellow), respectively Dots and 
bars indicate the estimated median and interquartile range (IQR). 

7.3. Infector-based serial interval versus transmission pair based serial interval 

In our main analysis, the serial interval distributions are calculated in terms of infector-infectee 

pairs. It is also worth testing the serial interval distribution as the distribution of mean serial 

interval per infector. If there is significant correlation between the number of infectees and the 

isolation delay as per infector, then serial interval distribution based on infectors would be 
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different from that based on transmission pairs.  Fig. S14 showsthe distribution of mean serial 

interval per infector  for non-overlapping periods. Compared Fig. S14 to Fig. 1, the infector-

based calculation of serial intervals is essentially the same as the transmission pair based 

calculation of serial intervals. 

Fig. S14: Temporal change for infector-based serial intervals of COVID-19 in mainland China. 
(A) Empirical serial interval distributions. From top to bottom, transmission pairs were analyzed 
by selecting infectors whodeveloped symptom during January 9  ̶  22, 2020 (pre-peak), January 
23  ̶  29, 2020 (peak-week), January 30  ̶   February 13, 2020 (post-peak), and January 9  ̶  
February 13, 2020 (whole period), respectively. In each panel, vertical dashed lines in red and 
blue colors indicate the median and interquartile range (IQR). (B) Estimated serial interval 
distributions by fitting a normal distribution via MCMC. From top to bottom, each group of bars 
correspond to the transmission pairs with infectors who developed symptom during the pre-peak, 
peak-week, post-peak, and whole 36-day period, respectively. Colored dots and bars correspond 
to the infectors with isolation delay shorter than the median isolation delay of each period 
(green), and with isolation delay longer than the median isolation delay of each period (orange), 
respectively. Dark-grey bars correspond to transmission pairs with no stratification. 
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Table S1: Entire dataset of 1,407 transmission pairs in mainland China is available at our 
GitHub: https://github.com/PDGLin/COVID19_EffSerialInterval_NPI(23). 
   
 
 
Table S2: Estimated mean and standard deviation (sd) of serial intervals. The columns entitled 
“Pre-peak period”, “Peak-week period”, “Post-peak period”, and “Whole period” correspond to 
fitting transmission pair data with infectors developed symptom during the pre-peak period 
(January 9  ̶  22, 2020), peak-week period (January 23  ̶  29,  2020), post-peak period (January 30 
 ̶  February 13, 2020), and the whole 36-day period (January 9  ̶  February 13, 2020). Each cell in 
this table presents the estimated median and 95% CrI. Model fitting is performed by fitting a 
normal distribution via MCMC. Fitting with alternative distributions (e.g., Gumbel distribution) 
gives similar estimates. 
 

Factors Pre-peak period Peak-week period Post-peak period Whole period 
Mean  sd n Mean  sd n Mean sd n Mean sd n 

Household 7.2  
(5.9, 8.5) 

 

5.4  
(4.6, 6.5) 

 

69 
 

5.2  
(4.5, 6.0) 

 

5.1  
(4.6, 5.7) 

 

175 
 

3.0  
(2.0, 3.9) 

 

4.7  
(4.1, 5.5) 

 
94 

5.0  
(4.4, 5.6) 

 

5.2  
(4.9, 5.7) 

 
338 

Non-
household 

8.3  
(7.2, 9.3) 

 

5.1  
(4.5, 6.0) 

 

93 
 

5.0  
(4.2, 5.7) 

 

4.9  
(4.4, 5.5) 

 
164 

2.1  
(1.1, 3.1) 

 

4.5  
(3.9, 5.3) 

 
82 

5.2  
(4.6, 5.8) 

 

5.3  
(4.9, 5.7) 

 
339 

Shorter 
isolation 

5.3  
(4.1, 6.4) 

 

4.4  
(3.7, 5.4) 

 

60 
 

4.1  
(3.3, 4.9) 

 

4.7  
(4.2, 5.3) 

 
140 

1.6  
(0.7, 2.5) 

 

3.9  
(3.4, 4.7) 

 
77 

3.3  
(2.8, 3.8) 

 

4.5  
(4.1, 4.9) 

 
292 

Longer 
isolation 

9.4   
(8.3, 10.4) 

 

5.0  
(4.3, 5.8) 

 

91 
 

6.0  
(5.2, 6.8) 

 

5.2  
(4.7, 5.8) 

 
168 

3.4  
(2.4, 4.4) 

 

4.6  
(4.0, 5.4) 

 
80 

6.8  
(6.2, 7.3) 

 

5.3  
(4.9, 5.7) 

 
324 

Younger 
age 

7.4  
(6.3, 8.5) 

 

4.9  
(4.2, 5.8) 

 
77 

5.0  
(4.3, 5.8) 

 

4.8  
(4.3,5.4) 

 
159 

3.2  
(2.0, 4.3) 

 

5.1  
(4.4, 6.0) 

 
80 

5.1  
(4.6, 5.7) 

 

5.1  
(4.7, 5.5) 

 
316 

Older age 8.8  
(7.4, 10.0) 

 

5.6  
(4.8, 6.6) 

 
74 

5.2  
(4.5, 6.0) 

 

5.2  
(4.7, 5.8) 

 
175 

2.1  
(1.3, 3.0) 

 

4.2  
(3.7, 4.9) 

 
94 

5.1  
(4.5, 5.7) 

 

5.5  
(5.1, 5.9) 

 
343 

Male 7.9  
(6.9, 9.0) 

 

5.3  
(4.6, 6.1) 

 
101 

5.1  
(4.4, 5.8) 

 

5.3  
(4.8, 5.8) 

 
203 

2.4  
(1.5, 3.2) 

 

4.5  
(3.9, 5.1) 

 
114 

5.0  
(4.5, 5.6) 

 

5.4  
(5.1, 5.8) 

 
418 

Female 7.8  
(6.5, 9.2) 

 

5.2  
(4.3, 6.3) 

 
59 

5.1  
(4.3, 5.9) 

 

4.6  
(4.1, 5.2) 

 
133 

3.0  
(1.7, 4.2) 

 

4.9  
(4.1, 5.9) 

 
62 

5.2  
(4.6, 5.9) 

 

5.0  
(4.6, 5.5) 

 
254 

All pairs 7.8  
(7.0, 8.6) 

 

5.2  
(4.7, 5.9) 

 

162 
 

5.1  
(4.6, 5.7) 

 

5.0  
(4.6, 5.4) 

 
339 

2.6  
(1.9, 3.2) 

 

4.6  
(4.2, 5.1) 

 
176 

5.1  
(4.7, 5.5) 

 

5.3  
(5.0, 5.6) 

 
677 

Note: SI=Serial interval, sd= Standard deviation, n=size of the transmission pairs 
 
 
 
 
 
 
 
 
 

  



 
 

28 
 

Table S3: Estimated mean serial intervals for transmission pairs with infectors developed 
symptom during the early period (first 14-day running time window during January 9 – 22, 2020) 
and the end period (last 14-day running time window during January 31 – February 13, 2020). 
Transmission pairs are stratified by different factors (i.e., isolation delay, age, or gender) and 
settings (i.e., household, non-household, or all transmission pairs). Each cell in this table presents 
the estimated median and 95% CrI. Model fitting is performed by fitting a normal distribution to 
the serial interval data truncated by a 14-day time window. Fitting with alternative distributions 
(e.g., Gumbel distribution) gives similar estimates. 

 

Factors 
Household Non-household All pairs 

Early period End period Early period End period Early period End period 

Isolation 
delay 

Shorter isolation 
4.9  

(3.1, 6.7) 
 

1.9  
(0.5, 3.5) 

 

6.1  
(4.5, 7.8) 

 

0.7  
(0.0, 2.0) 

 

5.3  
(4.1, 6.4) 

 

1.4  
(0.5, 2.3) 

 

Longer isolation 
8.9  

(7.1, 10.6) 
 

3.1  
(1.7, 4.5) 

 

9.6  
(8.2, 11.0) 

 

2.6  
(1.0, 4.1) 

 

9.4  
(8.3, 10.4) 

 

3.0  
(1.9, 4.1) 

 

Age 

Younger age 
6.6  

(5.2, 8.1) 
 

3.1  
(1.2, 5.0) 

 

8.0  
(6.3, 9.6) 

 

2.7  
(1.2, 4.3) 

 

7.4  
(6.4, 8.6) 

 

2.9  
(1.7, 4.1) 

 

Older age 
 

8.2  
(5.8, 10.4) 

 

2.2  
(1.0, 3.3) 

 

9.2  
(7.7, 10.7) 

 

1.0  
(0.1, 2.4) 

 

8.7  
(7.5, 10.0) 

 

1.6  
(0.7, 2.5) 

 

Gender 

Male 
 

7.1  
(5.4, 8.8) 

 

1.7  
(0.5, 2.9) 

 

8.5  
(7.2, 9.8) 

 

2.1  
(0.7, 3.5) 

 

7.9  
(6.9, 9.0) 

 

1.9  
(0.9, 2.8) 

 

Female 
 

7.6  
(5.4, 9.7) 

 

4.7  
(2.5, 6.9) 

 

8.1  
(6.3, 9.9) 

 

1.5  
(0.2, 3.0) 

 

7.8  
(6.5, 9.2) 

 

2.8  
(1.5, 4.1) 

 

All above factors 
7.2  

(5.9, 8.5) 
 

2.6  
(1.5, 3.6) 

 

8.3  
(7.2, 9.3) 

 

1.8  
(0.7, 2.8) 

 

7.8  
(7.0, 8.6) 

 

2.2  
(1.5, 2.9) 
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Table S4: Estimated mean serial intervals (with the 95% CI in brackets) from the simulated 
scenarios under different combinations of isolation delay and initial effective reproduction 
number 𝑅௘. We approximated the generation time by serial interval distribution with a mean of 
2.6 days in scenario-I, 5.1 days in scenario-II, 7.8 days in scenario-III and 8.4 days in scenario-
IV.  

Simulated serial intervals (Scenario-I: generation time approximated by serial intervals with mean 2.6 days) 
Isolation delay (d)  𝑹𝒆=3.0  𝑹𝒆=2.5  𝑹𝒆=2.0  𝑹𝒆=1.5  𝑹𝒆=1.0  𝑹𝒆=0.5  𝑹𝒆=0.3 

0 1.6 (0.7, 2.3) 1.5 (0.8, 2.2) 1.6 (0.9, 2.2) 1.6 (1.0, 2.0) 1.5 (0.9, 2.1) 1.6 (1.1, 2.1) 1.5 (1.0, 2.0) 

1 2.3 (1.5, 2.9) 2.3 (1.5, 2.9) 2.2 (1.5, 2.9) 2.2 (1.5, 2.8) 2.2 (1.7, 2.8) 2.3 (1.7, 2.8) 2.3 (1.7, 2.8) 

2 2.6 (1.9, 3.2) 2.5 (1.8, 3.3) 2.6 (1.9, 3.2) 2.6 (1.9, 3.2) 2.6 (2.1, 3.2) 2.6 (2.1, 3.2) 2.6 (2.1, 3.1) 

3 2.6 (1.9, 3.3) 2.6 (1.8, 3.3) 2.6 (2.0, 3.3) 2.6 (2.0, 3.2) 2.6 (2.1, 3.2) 2.6 (2.1, 3.1) 2.6 (2.2, 3.1) 

4 2.6 (1.8, 3.3) 2.6 (1.8, 3.3) 2.6 (1.8, 3.3) 2.6 (2.0, 3.2) 2.6 (2.0, 3.2) 2.6 (2.1, 3.1) 2.6 (2.1, 3.0) 

5 2.6 (1.9, 3.2) 2.6 (1.9, 3.2) 2.6 (2.0, 3.3) 2.6 (1.9, 3.2) 2.6 (2.0, 3.2) 2.6 (2.1, 3.2) 2.6 (2.1, 3.1) 

6 2.6 (1.9, 3.3) 2.6 (1.9, 3.3) 2.6 (1.9, 3.1) 2.6 (2.0, 3.2) 2.6 (2.0, 3.2) 2.6 (2.1, 3.2) 2.6 (2.1, 3.1) 

7 2.6 (2.0, 3.2) 2.6 (1.8, 3.3) 2.6 (1.8, 3.2) 2.6 (2.0, 3.2) 2.6 (2.1, 3.3) 2.6 (2.1, 3.1) 2.6 (2.1, 3.1) 

8 2.6 (1.9, 3.3) 2.6 (1.8, 3.3) 2.6 (1.9, 3.3) 2.6 (2.0, 3.2) 2.6 (2.0, 3.2) 2.6 (2.1, 3.1) 2.6 (2.2, 3.2) 

9 2.6 (1.9, 3.4) 2.6 (1.9, 3.3) 2.6 (2.0, 3.3) 2.6 (1.9, 3.2) 2.6 (2.0, 3.1) 2.6 (2.1, 3.2) 2.6 (2.0, 3.1) 

10 2.6 (1.8, 3.2) 2.6 (1.9, 3.3) 2.6 (1.9, 3.2) 2.6 (2.0, 3.3) 2.6 (2.0, 3.1) 2.6 (1.9, 3.1) 2.6 (2.1, 3.1) 

Simulated serial intervals (Scenario-II: generation time approximated by serial intervals with mean 5.1 days) 
Isolation delay (d)  𝑹𝒆=3.0  𝑹𝒆=2.5  𝑹𝒆=2.0  𝑹𝒆=1.5  𝑹𝒆=1.0  𝑹𝒆=0.5  𝑹𝒆=0.3 

0 1.5 (0.8, 2.2) 1.5 (0.8, 2.2) 1.5 (0.7, 2.1) 1.5 (0.9, 2.1) 1.5 (1.0, 2.0) 1.5 (0.9, 1.9)  1.5 (1.0, 2.0) 

1 2.3 (1.5, 3.0) 2.3 (1.7, 3.0) 2.3 (1.7, 3.0) 2.3 (1.6, 2.9) 2.3 (1.8, 2.8) 2.4 (1.9, 2.9) 2.3 (1.9, 2.7) 

2 3.0 (2.4, 3.7) 3.0 (2.4, 3.5) 3.0 (2.3, 3.8) 3.0 (2.4, 3.6) 3.0 (2.5, 3.6) 3.1 (2.5, 3.6) 3.0 (2.5, 3.6) 

3 3.5 (2.8, 4.3) 3.6 (2.8, 4.1) 3.5 (2.8, 4.1) 3.5 (2.9, 4.2) 3.6 (3.0, 4.1) 3.6 (3.0, 4.3) 3.5 (3.1, 4.0) 

4 3.9 (3.2, 4.6) 4.0 (3.3, 4.6) 4.0 (3.2, 4.5) 4.0 (3.4, 4.6) 4.0 (3.4, 4.5) 4.0 (3.5, 4.5) 4.0 (3.5, 4.5) 

5 4.3 (3.5, 5.0) 4.3 (3.5, 5.0) 4.3 (3.6, 4.8) 4.3 (3.7, 4.9) 4.4 (3.9, 4.9) 4.3 (3.7, 4.9) 4.3 (3.8, 4.9) 

6 4.6 (3.8, 5.3) 4.5 (3.9, 5.2) 4.6 (3.8, 5.2) 4.5 (3.8, 5.2) 4.5 (3.9, 5.1) 4.5 (4.0, 5.0) 4.6 (4.0, 5.1) 

7 4.7 (3.9, 5.5) 4.7 (4.0, 5.3) 4.7 (4.1, 5.3) 4.7 (4.2, 5.3) 4.7 (4.1, 5.2) 4.7 (4.2, 5.2) 4.7 (4.1, 5.2) 

8 4.9 (4.1, 5.5) 4.9 (4.2, 5.5) 4.9 (4.1, 5.6) 4.8 (4.1, 5.5) 4.8 (4.2, 5.3) 4.9 (4.3, 5.4) 4.9 (4.3, 5.4) 

9 4.9 (4.1, 5.6) 4.9 (4.2, 5.6) 4.9 (4.3, 5.6) 5.0 (4.2, 5.6) 4.9 (4.3, 5.6) 5.0 (4.4, 5.6) 4.9 (4.4, 5.5) 

10 5.1 (4.2, 5.8) 5.0 (4.2, 5.8) 5.0 (4.3, 5.6) 5.0 (4.3, 5.6) 5.0 (4.4, 5.7) 5.0 (4.4, 5.6) 5.0 (4.5, 5.5) 

Simulated serial intervals (Scenario-III: generation time approximated by serial intervals with mean 7.8 days) 
Isolation delay (d)  𝑹𝒆=3.0  𝑹𝒆=2.5  𝑹𝒆=2.0  𝑹𝒆=1.5  𝑹𝒆=1.0  𝑹𝒆=0.5  𝑹𝒆=0.3 

0 1.2 (0.3, 2.0) 1.3 (0.5, 2.1) 1.3 (0.5, 2.0) 1.3 (0.7, 2.1) 1.3 (0.7, 1.9) 1.3 (0.8, 1.9) 1.3 (0.6, 2.0) 

1 2.4 (1.6, 3.1) 2.4 (1.7, 3.0) 2.4 (1.8, 3.1) 2.4 (1.9, 3.0) 2.5 (1.9, 3.1) 2.4 (1.9, 2.9) 2.4 (1.9, 3.1) 

2 3.6 (2.8, 4.2) 3.5 (2.8, 4.3) 3.5 (2.8, 4.2) 3.5 (2.9, 4.1) 3.5 (2.8, 4.2) 3.6 (2.9, 4.1) 3.5 (2.9, 4.1) 

3 4.6 (3.8, 5.4) 4.6 (3.9, 5.3) 4.6 (3.9, 5.2) 4.6 (4.0, 5.2) 4.6 (4.1, 5.2) 4.6 (4.1, 5.2) 4.6 (4.1, 5.1) 

4 5.6 (4.9, 6.3) 5.6 (4.9, 6.4) 5.6 (5.0, 6.3) 5.6 (4.9, 6.2) 5.6 (5.0, 6.1) 5.7 (5.1, 6.1) 5.6 (5.1, 6.1) 

5 6.5 (5.8, 7.3) 6.6 (5.8, 7.2) 6.6 (5.9, 7.2) 6.6 (5.9, 7.2) 6.5 (6.0, 7.0) 6.6 (5.9, 7.1) 6.6 (6.1, 7.1) 

6 7.3 (6.6, 8.1) 7.3 (6.6, 7.9) 7.3 (6.6, 7.9) 7.3 (6.8, 7.9) 7.3 (6.8, 7.9) 7.3 (6.8, 7.9) 7.3 (6.8, 7.8) 

7 7.7 (6.8, 8.4) 7.8 (7.0, 8.5) 7.7 (7.1, 8.4) 7.7 (7.1, 8.2) 7.7 (7.1, 8.4) 7.7 (7.1, 8.2) 7.7 (7.1, 8.2) 

8 7.8 (7.0, 8.5) 7.8 (7.0, 8.6) 7.8 (7.1, 8.5) 7.8 (7.2, 8.4) 7.8 (7.2, 8.3) 7.8 (7.3, 8.3) 7.8 (7.3, 8.3) 

9 7.8 (6.9, 8.5) 7.8 (7.1, 8.5) 7.8 (7.1, 8.4) 7.8 (7.2, 8.4) 7.8 (7.2, 8.3) 7.8 (7.2, 8.4) 7.8 (7.3, 8.3) 

10 7.8 (7.1, 8.5) 7.8 (7.1, 8.4) 7.8 (7.0, 8.5) 7.8 (7.2, 8.3) 7.8 (7.1, 8.4) 7.8 (7.3, 8.3) 7.8 (7.3, 8.4) 

Simulated serial intervals (Scenario-IV: generation time approximated by serial intervals with mean 8.4 days) 
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Isolation delay (d)  𝑹𝒆=3.0  𝑹𝒆=2.5  𝑹𝒆=2.0  𝑹𝒆=1.5  𝑹𝒆=1.0  𝑹𝒆=0.5  𝑹𝒆=0.3 
0 1.2 (0.4, 2.1) 1.2 (0.4, 2.0) 1.3 (0.4, 2.0) 1.2 (0.5, 1.7)    1.3 (0.6, 1.9) 1.2 (0.6, 1.9) 1.2 (0.5, 2.0) 
1 2.4 (1.5, 3.1) 2.3 (1.7, 3.0) 2.3 (1.6, 3.0) 2.4 (1.6, 3.0) 2.4 (1.9, 3.0) 2.3 (1.7, 2.9) 2.4 (1.7, 3.1) 
2 3.4 (2.7, 4.3) 3.5 (2.7, 4.2) 3.5 (2.8, 4.2) 3.5 (2.8, 4.2) 3.5 (2.9, 4.0) 3.5 (2.9, 3.9) 3.4 (2.9, 4.0) 

3 4.6 (3.8, 5.3) 4.5 (3.8, 5.2) 4.6 (4.0, 5.2) 4.6 (4.0, 5.1) 4.6 (4.1, 5.1) 4.5 (4.1, 5.0) 4.5 (4.0, 5.0) 

4 5.6 (4.8, 6.3) 5.7 (5.0, 6.3) 5.7 (5.0, 6.4) 5.6 (5.0, 6.2) 5.6 (5.0, 6.1) 5.6 (5.0, 6.2) 5.6 (5.1, 6.1) 

5 6.6 (5.9, 7.5) 6.6 (5.8, 7.4) 6.6 (5.9, 7.2) 6.6 (6.1, 7.3) 6.6 (6.1, 7.2) 6.6 (6.0, 7.1) 6.6 (6.1, 7.1) 

6 7.5 (6.8, 8.2) 7.5 (6.8, 8.1) 7.5 (6.8, 8.1) 7.5 (7.0, 8.1) 7.5 (6.9, 8.1) 7.5 (7.0, 8.0) 7.5 (7.1, 8.1) 

7 8.2 (7.5, 8.9) 8.1 (7.4, 8.7) 8.2 (7.4, 8.9) 8.1 (7.5, 8.7) 8.1 (7.5, 8.7) 8.2 (7.6, 8.6) 8.1 (7.6, 8.7) 

8 8.4 (7.5, 9.2) 8.4 (7.7, 9.0) 8.4 (7.7, 9.1) 8.4 (7.9, 8.9) 8.4 (7.8, 9.0) 8.4 (7.8, 9.0) 8.4 (7.8, 8.9) 

9 8.4 (7.6, 9.1) 8.4 (7.8, 9.1) 8.4 (7.6, 9.0) 8.4 (7.8, 9.0) 8.4 (7.9, 9.0) 8.4 (7.9, 8.9) 8.4 (7.8, 9.0) 

10 8.4 (7.6, 9.1) 8.4 (7.6, 9.1) 8.4 (7.8, 9.0) 8.4 (7.7, 8.9) 8.4 (7.8, 9.1) 8.4 (7.8, 8.9) 8.4 (7.8, 8.9) 

Table S5: Proportions of variance in empirical serial intervals explained by the potential factors from the multi-
variable regression models.  

Models 
(Factors) 

Household 
transmissions 

Non-household 
transmissions 

All transmissions 

𝑅ଶ %∆𝑅ଶ 𝑑𝑓 𝑅ଶ %∆𝑅ଶ 𝑑𝑓 𝑅ଶ %∆𝑅ଶ 𝑑𝑓 
Isolation delay† 0.3859  23$ 0.4685 23$ 0.5151 -  34$ 
+ Isolation of suspected* 0.4255 3.96 22 0.7663 29.78 22$ 0.6716 15.64 33 
+ Isolation of confirmed* 0.4269 4.10 22 0.7643 29.59 22$ 0.6711 15.60 33 
+ Inter-city travel ban* 0.3987 1.28 22 0.7317 26.32 22$ 0.6473 13.22  33$ 
+ Intra-city travel ban* 0.4045 1.86 22 0.7278 25.93 22$ 0.6557 14.06  33$ 
+ Closure of public services* 0.4267 4.08 22 0.7734 30.50 22$ 0.6823 16.72 33 
+ Closure of entertainment venues* 0.4257 3.98 22 0.7685 30.00 22$ 0.6765 16.14 33 
+ Social mobilization* 0.4135 2.76 22 0.7547 28.62 22$ 0.6724 15.73 33 

† Basic Model: Predicting empirical serial intervals by accounting for isolation delay only. 
* Models improved by combining the basic model with each factor.
$ Statistically significant (both the coefficients for isolation delay and additional factors) 
% Δ𝑅ଶ measures the change in the explained variance from the model in comparison to the basic model. 
i.e.  % Δ𝑅ଶ = (𝑅௠௢ௗ௘௟௦

ଶ − 𝑅௕௔௦௜௖ ௠௢ௗ௘௟
ଶ ) × 100 
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