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Superspreading events (SSEs) have characterized previous 
epidemics of severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syndrome corona-
virus (MERS-CoV) infections1–6. For SARS-CoV-2, the degree 
to which SSEs are involved in transmission remains unclear, 
but there is growing evidence that SSEs might be a typical 
feature of COVID-197,8. Using contact tracing data from 1,038 
SARS-CoV-2 cases confirmed between 23 January and 28 
April 2020 in Hong Kong, we identified and characterized all 
local clusters of infection. We identified 4–7 SSEs across 51 
clusters (n = 309 cases) and estimated that 19% (95% con-
fidence interval, 15–24%) of cases seeded 80% of all local 
transmission. Transmission in social settings was associated 
with more secondary cases than households when controlling 
for age (P = 0.002). Decreasing the delay between symptom 
onset and case confirmation did not result in fewer secondary 
cases (P = 0.98), although the odds that an individual being 
quarantined as a contact interrupted transmission was 14.4 
(95% CI, 1.9–107.2). Public health authorities should focus on 
rapidly tracing and quarantining contacts, along with imple-
menting restrictions targeting social settings to reduce the 
risk of SSEs and suppress SARS-CoV-2 transmission.

As of 25 August 2020 there were a total of 4,711 
laboratory-confirmed cases of SARS-CoV-2 infection in Hong Kong. 
Since the first case was detected on 23 January, few were confirmed 
in Hong Kong up to 1 March, after which a substantial increase in 
international importations of COVID-19 cases (Fig. 1) resulted in 
a total ban on non-resident entry, mandatory 14-day monitored 
home quarantine for all resident arrivals and the implementation 
of various physical distancing measures9. After the number of cases 
began to subside, distancing measures were progressively relaxed 
from 8 May onward until a local resurgence of cases from 5 July 
brought their subsequent reintroduction (and maintenance at the 
time of writing).

For this study we collected information on 1,038 cases identi-
fied in Hong Kong up to 28 April. The majority (51.3%, 533/1,038) 
of SARS-CoV-2 infections confirmed during the study period (23 
January–28 April) were associated with at least 1 of 137 clusters. 
Cases were linked to clusters (≥2 confirmed cases) based on the 
reported contact histories between cases (Methods). The median 
cluster size was 2 and the largest involved 106 cases (Extended Data 
Fig. 1). Of the cluster cases, 220 (41.3%, 220/533) belonged to 22 
(22/137,16.0%) clusters initiated by another local case, compared to 
89 (89/533, 16.7%) cases that belonged to 29 local clusters initiated 

by an imported case (29/137, 21.0%). However, most clusters were 
characterized as solely overseas-acquired (63.0%, 86/137) clusters 
and involved 224 cluster cases (42.0%, 224/533) where no onward 
local transmission could be identified but infection and contact 
between them (as family, friends or co-workers) was established 
overseas. Among the 505 sporadic cases not linked to any other 
case, 90.9% were acquired overseas (459/505), while the remaining 
46 (9.1%) were sporadic cases infected locally based on recent travel 
histories. Overall, 31.4% (326/1,038) of all SARS-CoV-2 infections 
confirmed in Hong Kong during the study period were acquired 
within Hong Kong either within clusters or as untraceable sporadic 
local cases occurring through limited community transmission. 
Complete cluster composition is detailed in Supplementary Table 1. 
Of all cases confirmed in Hong Kong, 195 (18.8%, 195/1,038) were 
asymptomatic at confirmation (Supplementary Table 2) and, of 
these, most (83.1%, 162/195) were PCR-confirmed from 27 March 
onward (Extended Data Fig. 2).

The largest cluster comprised 106 cases and was traced back to 
a collection of four bars across Hong Kong (Fig. 2a), but the origi-
nal source could not be determined. The first cases associated with 
this ‘bar and band’ cluster were reported for two customers who 
reported exposure to a bar in Lan Kwai Fong on 7 March (onset 11 
March) before two staff members from the same bar fell ill on 10 and 
11 March (confirmed on 24 and 25 March, Extended Data Fig. 3). 
Transmission to the other three bars is suspected to have occurred 
via a number of musicians who performed at the four venues. The 
earliest onset among the musicians was on 17 March, with most sub-
sequently infected bar cases reporting exposures between 17 and 20 
March; this constitutes at least one or more probable SSE (SSE #1). 
Of the 73 primary bar cases, 39 customers, 20 staff and 14 musicians 
were infected; the remaining 33 infections were secondary, tertiary 
or quaternary family, work or social contacts traced to the primary 
cases. This single outbreak accounted for 10.2% (106/1,038) of all 
cases in Hong Kong during the study period, regardless of source, 
and 32.5% of all locally acquired SARS-CoV2 infections (106/326).

The second-largest cluster comprised a total of 22 cases and 
was linked to two SSEs at a wedding and a preceding social event 
(Fig. 2b). Ten cases (SSE #2) resulted directly (and two indirectly) 
from the preceding social exposure (in total 13 cases including 
the source case); four of these subsequently attended the wedding. 
Transmission between wedding attendees could not be determined, 
but at least seven additional infections were confirmed among other 
guests (SSE #3). Two additional cases were identified among family  
members of an infected wedding guest. The third-largest cluster 
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totaled 19 cases and was associated with attendance at a local tem-
ple, with 12 cases directly linked (SSE #4) to exposure at the temple  
(Fig. 2c). The seven remaining cases (n = 7/19) were linked via 
secondary family exposures. The most recent case confirmed in 
this cluster was a monk who worked at the temple and reported 
no symptoms before confirmation. It is probable, but not defini-
tive, that given the other 11 primary cases reported attending the 
temple over multiple days, the monk was the source of some or all 
of the other 11 temple cases10. All remaining local and imported 
SARS-CoV-2 clusters in Hong Kong, including three additional 
SSEs (SSE #5–7), are shown in Fig. 2d. In total we directly observed 
two to four SSEs (given a superspreading threshold of 6–8 second-
ary cases; Methods) where the sources were identified, or four to 
seven SSEs if including SSEs without a determined source.

Among the 533 cluster cases, all 224 solely overseas-acquired 
cluster cases were excluded from subsequent paired analyses due 
to uncertainties concerning the chain of transmission while over-
seas. For the remaining 309 cases within clusters initiated by a local 
or imported infection, 244 (244/309, 79.0%) were identified into 
169 unique infector–infectee transmission pairs, with 91 unique 
infectors. The median serial interval (time between reported onset 
dates of all symptomatic infector–infectee pairs, n = 142) was 4 
days (interquartile range (IQR), 3–9 days), and the mean of the 
fitted normal distribution was 5.8 days (Fig. 3a, Supplementary 
Table 3 and Extended Data Fig. 4a). Seven instances of likely 
pre-symptomatic transmission were observed where onset of the 
infectee preceded that of the infector or occurred on the same day. 
The ages (two-sided t-test, P = 0.18) and sex (χ2 = 0.17 P = 0.68) of 
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the infectors and infectees were not significantly different; however, 
a significantly higher risk of transmission was observed between 
cases of similar age (P < 0.001, Extended Data Fig. 5).

From the observed offspring distribution and negative bino-
mial distribution, we estimated an overall reproductive number, 
R, of 0.58 (95% confidence interval (CI), 0.45–0.72) and disper-
sion parameter, k, of 0.43 (95% CI, 0.29–0.67) during the study 
period (Fig. 3b, Supplementary Table 4 and Extended Data Fig. 4b). 
Because not all cases could be clearly linked into infector–infectee 
pairs using epidemiological data alone (35/309, 11.0%), a likelihood 
model based on the final size of all local clusters (cluster size model) 
was implemented to account for any potential bias. This increased 
the estimate of R to 0.74 (95% CI, 0.58–0.97) and decreased k to 0.33 
(95% CI, 0.14–0.98). From these estimates we inferred that 17–19% 
(cluster size model and observed offspring distribution, respec-
tively) of SARS-CoV-2 infections were responsible for 80% of all 
transmission events in Hong Kong, while 69% of cases did not infect 
anyone (Supplementary Table 5).

Additional sensitivity analyses slightly increased (R = 0.62, 95% 
CI, 0.49–0.80) and decreased (k = 0.35, 95% CI, 0.25–0.56) the esti-
mates of R and k, respectively (relative to the observed offspring 
distribution) following the addition of likely but unconfirmed 
infector–infectee pairs from the wedding and temple clusters to the 
observed offspring distribution. Here, we assumed a single wedding 
guest infected seven other wedding guests and the temple monk 
infected all 11 other primary cases (Fig. 2b,c). These scenario esti-
mates differed again (R = 0.72, 95% CI, 0.53–0.94; k = 0.19, 95% CI, 
0.13–0.26) when assuming a single musician was the source of 67 
unresolved bar and band cluster cases, excluding the earlier cases 
preceding the musician. Given these scenarios, the expected pro-
portion of cases responsible for 80% of all SARS-CoV-2 transmis-
sion in Hong Kong was 18% (14–23%) in the first scenario and 13% 
(10–17%) in the second (Supplementary Table 5).

These results, however, should be interpreted in the context of 
constrained community transmission given the moderate levels 
of physical distancing practiced in Hong Kong, including school 
closures, some adults working at home, cancellation of mass gath-
erings, as well as improved hygiene and universal mask wear-
ing, which exceeded 98% compliance from February onward11,12.  
In the absence of such policies it is possible that even greater levels  

of superspreading could be expected. For example, findings 
from Shenzhen (China)13 estimated roughly comparable levels of 
SARS-CoV-2 overdispersion using contact tracing data (k = 0.58, 
95% CI, 0.35–1.18), but a study from Singapore14 reported k = 0.11 
(95% CI, 0.05–0.25). Other studies utilizing global cluster size data-
sets have estimated similarly high potential for SARS-CoV-2 super-
spreading (k = 0.10, 95% CI, 0.05–0.20), which together suggest that 
as few as 10% of cases could account for 80% of all SARS-CoV-2 
transmission15. However, such extreme degrees of overdispersion 
can be advantageous to disease control efforts if interventions can 
effectively target the core high-risk groups or settings responsible 
for the majority of transmission16,17.

We observed transmission within family households most fre-
quently (92/169, 54.4%), followed by social (56/169, 33.1%) and 
work (20/169, 11.8%) settings. Social settings, however, were associ-
ated with both younger cases (P = 0.026, Wilcoxon test) and more 
secondary cases compared to households with (P < 0.001, negative 
binomial regression) and without (P = 0.002) controlling for the age 
of individual infectors, although this was not the case for households 
versus work settings (Wilcoxon test, P = 0.64; regression, P = 0.92). 
Social venues such as bars, weddings, religious sites and restaurants, 
which have also been linked to an increased risk of SSE elsewhere18, 
therefore appear at increased risk for large outbreaks and likely 
constitute the core behavioral risk factor for SARS-CoV-2 SSEs. 
This is certainly due to the greater numbers of contacts expected 
in such settings; however, owing to a lack of reported numbers on 
confirmed contacts who tested negative, we were unable to control 
for this in our study. We also cannot account for any potential selec-
tion bias in our results where small family clusters are more readily 
traceable than smaller social clusters, which might go unrecog-
nized, thus biasing estimates of their frequency and size. Regardless, 
the potential for increased transmission or SSEs within social set-
tings is apparent, and suppression measures should therefore focus 
on eliminating the risk of superspreading by reducing the numbers 
of contacts within such settings. This could be achieved either via 
venue closures, reduced capacity measures/physical distancing poli-
cies and mask usage11.

Previous modeling has suggested that reduced delays between 
symptom onset and confirmation are important indicators in the 
control of SARS-CoV-2 outbreaks16. In our analysis, decreasing 
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delays from symptom onset to confirmation did not appear to cor-
relate with smaller local cluster sizes (Fig. 4a) unless excluding the 
two largest clusters (N < 20) (linear regression, F = 21.09, d.f. = 6, 
R2 = −0.74, two-sided P = 0.004). However, among recognized 
transmission pairs, there was no linear relationship between increas-
ing delay to confirmation of infectors and more secondary cases 
(Fig. 4b). By contrast, for SARS-CoV in 2003, delays in individual 
case confirmation had an adverse effect on disease control due to 
increased viral shedding during the late symptomatic period, which 
was highest approximately seven days after symptom onset19–21. For 
COVID-19, confirmation and isolation of cases will therefore have 
a limited effect on reducing transmission unless done very quickly, 
also noting the growing body of evidence of transmission during 
the pre- and early symptomatic periods22–24. In Hong Kong, the 
median time from symptom onset to confirmation was four days 
for local cluster cases and six days for infectors and, by this time, any 
onward transmission may have already occurred, although this does 
not take into account possible self-isolation prior to confirmation.

Sequestering confirmed contacts of cases to mandatory govern-
ment quarantine was very effective at terminating chains of trans-
mission. In total, 51 local cluster cases were placed in quarantine 
after identification as a close contact of a confirmed case but prior 
to their own confirmation. This total excludes two imported cases 
under travel-related home quarantine. Of the 189 cases terminal 
to the observable chain of transmission, 45 were first placed in 
government quarantine as contacts (23.8%, n = 45/189). Only one 
quarantined contact, later confirmed as an asymptomatic case, was 
found to have passed on infection before sequestration (Fig. 2a,1). 

The odds, therefore, that a case was placed in government quar-
antine as a contact and terminated the chain of transmission (ter-
minal case) was 14.4 (95% CI, 1.9–107.2, Supplementary Table 6). 
The most important public health measures are therefore likely to 
be early case identification followed by rapid and parallel (before 
contacts are confirmed as cases) contact tracing and quarantine 
(though we did not have data on the timing of contract tracing in 
relation to case confirmation, nor the timing of subsequent test-
ing). Beyond such active suppression measures, intermittent phys-
ical distancing in high-risk social environments (together with 
mask wearing) may also be required to reduce transmission from 
unidentified infections and pre-symptomatic transmission, but 
must necessarily be balanced with the social, economic and edu-
cational costs associated with such policies. Notably, among infec-
tions acquired in Hong Kong, 14.1% (46/326) were sporadic local 
cases (that is, cases with neither traceable contact with another 
case/cluster nor a history of recent travel). This untraceable frac-
tion could be interpreted as an upper bound on the proportion of 
transmission arising from anonymous interactions, fomites and/
or aerosols. However, this finding may have to be restricted to the 
context of places similar to Hong Kong, where there is a wide-
spread adoption of suppression measures12.

Our study has some limitations. Primarily, because this study 
relies on contact tracing data, any degree of incompleteness in 
case and/or contact ascertainment could bias our results. Given 
that the source of 46 sporadic local cases could not be deter-
mined, as noted above, nor the source of 22 local index cluster 
cases, a degree of incompleteness and therefore bias is expected. In 
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fact, the expected difference between R (biased downward) and k 
(biased upward) from our observed estimates and our cluster size 
model (Supplementary Table 5) indicates the presence of such bias. 
However, the inference of R and k in our cluster size model can also 
be affected by bias, where R may be underestimated due to imperfect 
case ascertainment or overestimated when larger clusters are more 
readily observed than smaller clusters25. In either case, however, k is 
more likely to be overestimated, as imperfect observation, regard-
less of the cause, tends to bias estimates toward greater transmis-
sion homogeneity25. This means that the potential for SARS-CoV-2 
superspreading, as already suggested, and shown elsewhere15, could 
be greater than our results suggest.

It is also possible that some cases may have been incorrectly 
attributed to clusters where the true source infection was elsewhere, 
such as an undetected or asymptomatic case, despite evidence of 
close contact. However, because there appears to be little evidence 
of widespread community transmission in Hong Kong during 
the study period (only 31.4% (326/1,038) of all confirmed cases 
acquired SARS-CoV-2 in Hong Kong), the risk of such an occur-
rence is low, albeit not zero. Interestingly, our dataset did not contain 
any instances of nosocomial transmission, which has been observed 
for SARS-CoV-226,27. It should be noted, however, that hospital 
infection control in Hong Kong substantially strengthened follow-
ing the 2002–2003 SARS epidemic. Seroprevalence studies among 
frontline healthcare workers in Hong Kong will be able to confirm 
the effectiveness of infection control and whether any unrecognized 
nosocomial transmission has occurred. Future studies could also 
incorporate SARS-CoV-2 genetic sequence data to assist in uncov-
ering hidden chains of transmission within the city (including 
within hospitals) and to discretize clusters more accurately.

Overall, there is substantial heterogeneity in the transmissibility 
of SARS-CoV-2 infection and therefore potential for superspread-
ing with COVID-19. SSEs pose considerable challenges for local 
SARS-CoV-2 control as they can quickly overwhelm contact trac-
ing capacity, although most infected persons will generate few or 
no secondary infections but a small fraction can generate many. 

Indeed, we observed that 19% (15–24%) of cases were respon-
sible for 80% of all SARS-CoV-2 transmission in Hong Kong 
(Supplementary Table 5), while 69% (65–71%) of cases did not 
transmit to anyone. Assuming that local elimination is not pos-
sible, disease control efforts should focus on the rapid tracing and 
quarantine of confirmed contacts, along with the implementation 
of physical distancing policies including either closures or reduced 
capacity measures targeting high-risk social settings such as bars, 
weddings, religious sites and restaurants to prevent the occurrence 
of SSEs; this would have considerable effect in reducing the overall 
reproductive number. In lieu of an effective and widely available 
vaccine, these results have important implications for the con-
trol of COVID-19 and the implementation and continuation of  
public health measures such as physical distancing policies and 
lockdowns around the world (Table 1).
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Methods
Characterization of clusters and chains of SARS-CoV-2 transmission. Using 
case line lists and contact tracing data collected in Microsoft Excel by the Centre 
for Health Protection (CHP) of the Department of Health in Hong Kong, we 
characterized clusters of SARS-CoV-2 infections and chains of transmission 
within clusters up to 7 May 2020. All cases of SARS-CoV-2 infection were 
laboratory-confirmed via nasopharyngeal swab and PCR with reverse transcription 
(RT-PCR). In Hong Kong, all contacts of a confirmed case are traced and sent to 
mandatory government quarantine facilities for 14 days if negative at identification, 
or admitted to hospital if testing positive, regardless of symptom presentation. A 
close contact was defined as someone with prolonged face-to-face interaction with 
a confirmed case (with or without prior symptoms) in excess of 2 h if both persons 
were wearing a mask or 15 min without mask usage. However, data on mask 
usage among cases and contacts was not provided. Quarantined contacts who test 
positive in quarantine are transferred and isolated in hospital, while those who test 
negative at the end of the quarantine period are released back into the community. 
For imported cases, self-isolation at home (home quarantine) was mandatory  
(for all returning residents) if arriving after 20 March 2020.

We defined clusters as two or more confirmed infections with reported close 
contact. Local clusters were characterized by the travel history of the index case as 
either initiated by an imported case (that is, index acquired SARS-CoV-2 infection 
overseas based on reported onset dates and a recent history of overseas travel 
given a maximum 14-day incubation period) or initiated by a local case. Clusters 
of solely imported cases were characterized as overseas-acquired clusters if all 
cases were determined to have acquired SARS-CoV-2 infection overseas as before. 
Cases not linked to any cluster were categorized as sporadic local cases or sporadic 
imported cases if infection was acquired locally or overseas, respectively.

For cases within local and imported clusters (excludes overseas clusters), 
probable infector–infectee transmission pairs and chains of transmission within 
clusters were determined from reported contact histories data provided by the 
CHP. Within clusters, the case with the earliest onset date was considered the 
source of subsequent cases where contact was confirmed within the primary cluster 
setting. Subsequent transmission generations and clusters settings (secondary, 
tertiary, quaternary and so on) were traced back to the primary cluster case based 
on the reported contact histories only and did not rely on symptom onset dates, 
meaning that instances of asymptomatic or pre-symptomatic transmission were 
possible from cases intermediate to the chain of transmission. In such cases, 
asymptomatic transmission was characterized among infector–infectee pairs 
where close contact was confirmed and the infector reported no symptoms before 
confirmation, while pre-symptomatic transmission was characterized when the 
difference in days between the reported symptom onset of infector–infectee pairs 
was a non-positive integer. Symptom presentation was screened only at detection/
confirmation by a healthcare professional including retrospective self-report 
of onset dates. Cases within the largest clusters where the source and chain of 
transmission were highly uncertain were excluded from the paired analysis; 
however, subsequent generations of transmission where the source case could  
be linked to the primary setting were not excluded (for example results see  
Fig. 2a–c). The effect of quarantining contacts on eliminating onward transmission 
was determined by odds ratios given the terminal or intermediate position of the 
contact (later confirmed as a case) in the chain of transmission. Each transmission 
pair was characterized by the reported setting of contact as either family, social, 
work or local travel (such as on public transport).

Statistical analyses. The age and sex of unique infectors (n = 91) versus infectees 
(n = 169) were compared using a two-sided t-test and χ2 test, respectively. The age 
relationship between paired infector and infectee was assessed by linear regression 
(n = 169). We modeled the relationship between the number of secondary cases 
per infector by transmission setting using negative binomial regression with and 
without controlling for infector age. We used ‘family’ as the reference category 
while excluding ‘travel’ due to the small sample size (n = 99 unique infectors with 
seven infectors included more than once because they were associated with onward 
transmission across two or more settings but excluding one pair with transmission 
related to travel). Differences in the age of infectors (n = 99) by setting and all cases 
by setting (infectors n = 99 and infectees n = 168, excluding one infectee via travel) 
were assessed using non-parametric Kruskal–Wallis and Wilcoxon rank-sum 
tests, without adjustment for multiple comparisons. We modeled the relationship 
between the delay in days from symptom onset to confirmation and the number of 
secondary cases per infector by linear regression as a proxy for individual duration 
of potential infectiousness in the community (n = 98 infectors, including one 
travel-related infector but excluding two asymptomatic infectors whose delay could 
not be calculated). The mean delay from symptom onset to confirmation of 269 
symptomatic cases within local clusters was also assessed by linear regression by 
cluster size with (10 discrete cluster sizes) and without (eight discrete cluster sizes) 
excluding the largest two clusters.

Serial interval and observed offspring distribution. We calculated serial intervals 
as the difference between the symptom onset dates of each infector–infectee pair, 
excluding asymptomatic cases, and fitted normal, lognormal, gamma and Weibull 
distributions using the R package ‘fitdistrplus’ by maximum-likelihood, excluding 

seven non-positive intervals for the latter three distributions. We generated the 
observed offspring distribution by calculating the number of secondary cases and 
similarly fit negative binomial, geometric and Poisson distributions as before. 
Cases terminal to the inferred chain of transmission and sporadic local cases were 
considered to have zero secondary cases. We compared each fit distribution using 
Akaike information criterion (AIC) scores and calculated confidence intervals for 
parameters from 1,000 bootstrapped replicates.

Superspreading and individual variance of SARS-CoV-2 transmission. 
Following the approach described by Lloyd Smith et al., estimates of the effective 
reproductive number (R) were determined from the mean of the negative 
binomial distribution fit to the observed offspring distribution, and the degree 
of transmission heterogeneity from the corresponding dispersion parameter k 
(ref. 28). This was performed for all resolved pairs within clusters, including later 
generation pairs where prior transmission chains could not be determined from 
epidemiological data alone, which were excluded from the primary analysis. Owing 
to potential biases affecting the observed offspring distributions resulting from 
these exclusions, we performed a sensitivity analysis by generated two additional 
offspring distributions based on presumed but unconfirmed transmission 
scenarios (described in the results) where evidence was indicative but insufficient 
to fully resolve all pairs within clusters in the primary analysis. Furthermore, 
we implemented a likelihood-based branching process model to jointly infer R 
and k based on the final size of all local clusters, where sporadic local cases were 
considered clusters of size one as per Kucharski and Althaus29. For a given range 
of values for R (0.10–3.00) and k (0.01–55), the probability that an index case 
generates nj clusters of size j is given by25,30

rj ¼
Γ kjþ j� 1ð Þ
Γ kjð ÞΓ jþ 1ð Þ

R0
k

� �j�1

1þ R0
k

� �kjþj�1

and the likelihood, assuming that the branching chains are self-limited, is

L ¼
Y1

j¼1

r
nj
j

We repeated the above analyses after sub-setting the data into epochs (epoch 
one, January–February 2020; epoch two, March–May 2020) by illness onset date 
of the infector (observed offspring distribution) or the onset date of each cluster’s 
index case (cluster size model). Following from ref. 15, given parameters R and 
k, the expected proportion of cases responsible for 80% of transmission in Hong 
Kong is given by

1� P80% ¼
Z X

0
NB xb c; k; k

R0 þ k

 
dx

where X satisfies

1� 0:8 ¼ 1
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Z X

0
xb cNB xb c; k; k
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Z X

0
xb cNB xb c; k; k

R0 þ k

 
dx ¼

Z X�1

0
NB xb c; kþ 1;

k
R0 þ k

 
dx

The proportion of cases responsible for 0% of transmission (that is, did 
not spread to anyone) was calculated from the negative binomial distributions 
given all calculated parameters R and k where the number of secondary cases 
was input as zero (x = 0). Finally, when given R0, the superspreading threshold 
can be calculated as the 99th percentile of the Poisson(R0) distribution28 where 
Pr Z≤Z 99ð ÞjZ  Poisson R0ð Þ
� �

¼ 0:01
I

. Therefore, with the global consensus of R0 in 
the range 2–3 (refs. 31,32), we defined the superspreading threshold for SARS-CoV-2 
here as 6 to 8 secondary cases. All statistical analyses were performed in R version 
3.6.1 (R Foundation for Statistical Computing). Ethics approval for this study was 
obtained from the Institutional Review Board of the University of Hong Kong. Data 
collection and analysis were part of a continuing public health outbreak investigation. 
Accordingly, informed consent to be included in this study was not required.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
All anonymized data collected is publicly available at https://github.com/dcadam/
covid-19-sse.

Code availability
The code used for analysis is publicly available at https://github.com/dcadam/
covid-19-sse.
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Extended Data Fig. 1 | SARS-CoV-2 cluster size in Hong Kong by onset date of the index case. SARS-CoV-2 cluster size in Hong Kong by onset date of 
the index case. Arrow indicates the earliest onset position (2020-03-10) of the largest local SARS-CoV-2 cluster (N = 106 cases) which is excluded here 
for visualization purposes only. The decreasing trend in clusters size was not significant (linear regression, F = 1.25, df = 135, R2 = 0.001, p-value = 0.27). 
Shaded area indicates the 95% confidence interval of the regression. Final cluster sizes are plotted as integers however a slight vertical jitter is applied here 
also for visualization purposes.
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Extended Data Fig. 2 | Epidemic curve of daily SARS-CoV-2 infection in Hong Kong by symptom presentation. Epidemic curve of daily SARS-CoV-2 
infection in Hong Kong by symptom presentation. Asymptomatic cases are indexed here by detection/confirmation date otherwise illness onset date is 
used. (Total = 1,038; Symptomatic = 843 [81.2%]; Asymptomatic = 195 [18.8%]).
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Extended Data Fig. 3 | Characteristics of 106 ‘bar and band’ SARS-CoV-2 cluster cases in Hong Kong. a, Epidemic curve of cases by onset date and 
transmission generation. Asymptomatic cases are included by date of confirmation. b, Age distribution of cases by generation. c, Period of symptom 
onset-to-confirmation and isolation of cases Asymptomatic cases are excluded due to a lack of reported onset date. *Two of the first customers described 
in the results with the earliest exposure dates linked to the cluster. ^Two staff at the first bar with the earliest onset and extended periods from onset to 
isolation. MThe first musician case who traveled between the other bars and is a potential but unconfirmed source of the remaining primary cases many of 
which reported exposure to the bar between the infectious period of the musician.
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Extended Data Fig. 4 | Characteristics of SARS-CoV-2 transmission in Hong Kong with additional fitted distributions. a, Serial interval distribution 
among symptomatic SARS-CoV-2 infector-infectee pairs (n = 142) with fitted gamma (solid line), Weibull (dashed line) and lognormal (dotted) 
distributions. All distributions were fitted excluding observations ≤0. b, Empirical offspring distribution of n = 91 SARS-CoV-2 infectors, n = 153 terminal 
infectees and n = 46 sporadic local cases in Hong Kong with fitted geometric (solid – triangle) and Poisson distributions (dotted – square). Distribution 
parameters for a and b are shown in Supplementary Tables 3, 4.
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Extended Data Fig. 5 | Age comparison among and between 169 SARS-CoV-2 transmission pairs. a, Age group distribution of infectors and infectees. 
The mean age difference between infectors (μ = 42.5) and infectees (μ = 46.1) was not significantly different (Two-sided t-test, t = −1.33 [−7.57, 1.49], df 
= 193.88, p-value = 0.18 without adjustment. Pairs were dependent only on the intermediate position in the transmission chain, so cases could be both 
an infector and infectee. b, Contact patterns among pairs by age group. The size of each point indicates the relative number of pairs in each combination. 
A significant positive trend by age group is shown (linear regression, F = 15.24, df = 156, R2 = 0.08, two=sided p-value = 0.000141 without adjustment). 
Shaded area indicates the 95% confidence interval of the regression. Age was missing for one case confirmed outside of Hong Kong and is excluded here.
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