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Early transmission dynamics in Wuhan

• Based on early exponential 

growth in non-linked cases 

(up to 3 January) case 

numbers doubled every 7.4 

days

• Basic reproductive number 

(R0) of 2.2

Li et al. 2020 NEJM



Incubation period

• Earliest estimates of the 

mean incubation period 5-6 

days, 95th percentile 12 

days

• But biased towards shorter 

incubation periods during 

rising epidemic
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Pre-symptomatic infectiousness
• We analyzed data on serial intervals 

between cases in transmission 

chains, and the incubation period 

distribution

• Estimated that most infectiousness 

occurred within a few days before 

and after symptom onset

• Caveat – this study used data from 

China during containment efforts, 

and post-symptomatic infectiousness 

may have been reduced by public 

health measures

He et al. 2020 Nat Med (corrected)

Infectiousness profile



Serial interval vs incubation period
• Mean incubation period 5-6 days

• The serial interval is the interval 

between illness onset dates in 

transmission chains

• If transmission mostly occurring 

around illness onset in infector, the 

serial interval distribution will be 

similar to the incubation period 

distribution (scenario 1, left)

BRIEF COMMUNICATIONNATURE MEDICINE

COVID-19. We showed substantial transmission potential before 
symptom onset. Of note, most cases were isolated after symptom 
onset, preventing some post-symptomatic transmission. Even 
higher proportions of presymptomatic transmission of 48% and 
62% have been estimated for Singapore and Tianjin, where active 
case finding was implemented7. Places with active case finding 

would tend to have a higher proportion of presymptomatic trans-
mission, mainly due to quick quarantine of close contacts and iso-
lation, thus reducing the probability of secondary spread later on 
in the course of illness. In a rapidly expanding epidemic wherein 
contact tracing/quarantine and perhaps even isolation are no lon-
ger feasible, or in locations where cases are not isolated outside the 
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Fig. 1 | Transmission of infectious diseases. a, Schematic of the relation between different time periods in the transmission of infectious disease.  
b, Human-to-human transmission pairs of SAR-CoV-2 virus (N= 77). We assumed a maximum exposure window of 21 days prior to symptom onset of the 
secondary cases. Detailed information on the transmission pairs and the source of information is summarized in Supplementary Tables 2 and 3.  
c, Estimated serial interval distribution (t op), inferred infectiousness profile (middle) and assumed incubation period (bott om) of COVID-19.
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Serial interval distribution changed over time
• Serial intervals shortened over time during 

the epidemic in mainland China because of 

effective detection and isolation of cases 

(reducing post-symptomatic transmission)

• Implications for Rt estimation:

Ali et al. 2020 Science

First release: 21 July 2020  www.sciencemag.org  (Page numbers not final at time of first release) 6 

 

 

  

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 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 fit t ing 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 (162 pairs), 
peak-week (339 pairs), post-peak (176 pairs), and whole 36-day period, respectively. Colored dots and bars 
correspond to the transmission pairs within households (blue), outside households (yellow), 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. Dots and bars indicate the estimated median and IQR, respectively. 
 

on July 28, 2020
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Fig. 2. Real-time effective serial intervals and instantaneous reproduction number Rt. (A) Est imated serial 
interval distribution for each 14-day running t ime window. Dark-grey color indicates fit t ing data with no 
stratification, whereas green (yellow) indicates fit t ing data with isolation delay shorter (longer) than the median 
isolation delay of each running t ime window. Dots and bars indicate the estimated median and IQR, respectively. 
(B to D) Daily estimates of Rt by using real-t ime effect ive serial interval distributions (as panel (A)) versus using 
a single fixed serial interval distribution. Red curves and light-pink shaded regions indicate the median and 95% 
CrI of daily Rt estimated using real-t ime effective serial interval distributions. Black dashed curves and light-grey 
shaded regions indicate the median and 95% CrI of daily Rt estimated using a single serial interval distribution 
fixed with (B) mean=7.1, sd=5.3 days, (C) mean=5.2, sd=4.7 days, and (D) mean=3.0, sd=4.1 days. 
 

on July 28, 2020
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Figure 3: Epidemic curve of confirmed and probable cases of COVID-19 in Hong Kong 

 

 
  

 Note: 

1. The case classification may be subject to changes when there is new information available. 

2. Asymptomatic cases are not shown in this epidemic curve. 

  

0

20

40

60

80

100

120

140
1

7
/0

1

2
4

/0
1

3
1

/0
1

0
7

/0
2

1
4

/0
2

2
1

/0
2

2
8

/0
2

0
6

/0
3

1
3

/0
3

2
0

/0
3

2
7

/0
3

0
3

/0
4

1
0

/0
4

1
7

/0
4

2
4

/0
4

0
1

/0
5

0
8

/0
5

1
5

/0
5

2
2

/0
5

2
9

/0
5

0
5

/0
6

1
2

/0
6

1
9

/0
6

2
6

/0
6

0
3

/0
7

1
0

/0
7

1
7

/0
7

2
4

/0
7

3
1

/0
7

0
7

/0
8

1
4

/0
8

2
1

/0
8

2
8

/0
8

0
4

/0
9

1
1

/0
9

1
8

/0
9

2
5

/0
9

0
2

/1
0

0
9

/1
0

1
6

/1
0

2
3

/1
0

3
0

/1
0

0
6

/1
1

1
3

/1
1

2
0

/1
1

2
7

/1
1

0
4

/1
2

N
u

m
b

er
 o

f 
ca

se
s

Date of onset

Number of confimed and probable cases = 6803

Imported case Local case

Possibly local case Epidemiologically linked with imported case

Epidemiologically linked with local case Epidemiologically linked with possibly local case

Epidemic curve of confirmed and probable cases of COVID-19 in Hong Kong (as of 5 Dec 2020)

https://www.chp.gov.hk/files/pdf/local_situation_covid19_en.pdf

March-April
~1000 cases, mostly 
imported, some 
local transmission

July-September
~4000 cases, mostly 
local transmission November-December

~2000 cases so far, 
mostly local transmission

https://www.chp.gov.hk/files/pdf/local_situation_covid19_en.pdf


Rt

https://covid19.sph.hku.hk/



Clustering of local COVID-19 infections in March

Adam et al. 2020 Nat Med



Clustering of COVID-19 infections

Adam et al. 2020 Nat Med



Serial interval and offspring distribution

19% of cases responsible for 80% of transmission events 
(overdispersion parameter k=0.33)

70% of cases did not 
transmit infection to 
anyone else

Adam et al. 2020 Nat Med



Onset-to-confirmation delays
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Implications of superspreading events

• Contact tracing and quarantine from SSEs will be particularly 

productive (distribution of illness onset dates can provide inferences 

on how many infections might not yet have been detected)

• If 80% of infections are acquired from 20% of cases, backwards contact 

tracing could identify SSEs, with forward contact tracing then 

identifying new cases and transmission chains



Population responses
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Civil servants
special work arrangements

Resumed special work arrangements Resumed
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How do respiratory viruses spread?

Wei et al. 2016 Am J Infect Control



Leung NHL et al. 2020 Nat Med

Influenza virus
>5µm <5µm



Human coronaviruses (not COVID-19)

Leung NHL et al. 2020 Nat Med

>5µm <5µm



Rhinoviruses

Leung NHL et al. 2020 Nat Med
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Figure 3: Epidemic curve of confirmed and probable cases of COVID-19 in Hong Kong 

 
  

 Note: 

1. The case classification may be subject to changes when there is new information available. 

2. Asymptomatic cases are not shown in this epidemic curve. 
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Impact of control measures

• Many cases identified in quarantined individuals -> potentially 

prevented onwards transmission

• Masks should be effective, but many local clusters have occurred in 

mask-off settings (e.g. bars, restaurants, dance-hall cluster, etc.)

• In addition to test+trace and universal masking, social distancing 

measures have been needed to bring second and third waves under 

control



Susceptibility and severity in children
• Figure on left – early data from Wuhan 

on susceptibility and severity

• Throughout the pandemic we have 

consistently seen low rates of 

confirmed cases in children, and 

generally mild illnesses in this age 

group

• Still somewhat unclear whether 

children can have mild/asymptomatic 

infections and act as sources of 

transmission in the community

Wu et al. 2020 Nat Med



School measures in Hong Kong
• Schools were closed between February and May but reopened 

for a period of around 4-6 weeks (depending on age group) in 
June and July while community incidence of COVID-19  was at a 
low level. Various measures were implemented to protect 
against transmission:

• Daily temperature checks 

• Universal masking 

• All schools switched from full-day to half-day, omitting lunch hours

• Arrival and dismissal times staggered or spread 

• Increased desk spacing and use of partitions. Group work and contact 
sports were limited as much as possible. Assemblies, extra-curricular and 
after-school activities were cancelled.

• We identified 15 cases in children where there could have been 
opportunities for transmission in schools, but transmission did 
not occur, perhaps because children could be less efficient 
spreaders of COVID-19, and perhaps because of the 
precautionary measures in place. 

Fong et al. 2020 Eurosurveill



Mass testing scheme
• Universal testing conducted for first two weeks in September

• 1.7 million people tested (22% of population), identifying 32 cases that might otherwise not have 

been identified (see figure below), with positivity rate 1.9 per 100,000 tested.

• Results provide confirmation that there were some silent infections in the community, but not a lot
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Conclusions

• Face masks and test+trace important but not sufficient to stop COVID-19 

spread in the second, third and fourth waves.

• Infections in crowded mask-off settings have been particularly important –

superspreading phenomenon

• Work-at-home, bar/karaoke/gym/leisure centre closures and restaurant 

measures were sufficient to control the second wave and the third wave

• Preventing imported infections will be important between waves

• Hoping for “back to normal” via mass vaccination by late 2021
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