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The role of modelling in the 
Covid pandemic
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Example 1:
Early measures to control 
the pandemic

Work by Joel Koo, Bo Dickens, Minah Park,

Sun Yinxiaohe, Sun Haoyang, Lim Jue Tao, Clarence Tam,

Annelies Wilder-Smith, Sharon Quaye, Rachael Pung, Vernon Lee, Louis Chai



Data-driven simulation model

Developed a highly detailed 

individual-based 

representation of Singapore 

using many data sources, 

developed for a flu 

pandemic and reworked 

based on early Chinese 

studies

Schools, businesses, business sectors,

hospitals, public housing, private housing,

age profile, household structure, distance

home to work, etc for the resident

population

Night

Day



How critical a comprehensive approach is

Koo et al (2020)

Lancet Inf Dis

Just quarantine and isolation, or just 

workplace distancing, or just school 

closure: not enough to prevent spread 

once imported

Advocated for a combination of 

strategies to buy time
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How critical the timing of lockdown is

Dickens et al (2020)

Lancet West Pac
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How critical the timing of lockdown is

Dickens et al (2020)

Lancet West Pac
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Lockdown has to be followed by 

something else if cases >0 or 

border open or herd immunity 

isn’t reached or the epidemic will 

resurge after lockdown



How critical institutional isolation is
No isolation

Home-based isolation

Institutional isolation

Dickens et al (2020) Lancet 395:1541–2

Dickens et al (2020)

Lancet 395:1541–2

0.4 secondary infections (CH/SG)

Lewis et al (2020) Clin Inf Dis ciaa1166

Ng et al (2020) Lancet Inf Dis 10.1016/S1473-3099(20)30833-1

In HH of :

1.3 secondary infections (US)



For the most part, it worked… in 2020

Lockdown

General community

Imported

Excluding outbreaks among

foreign workers in dorms: ~200 

000 additional infections

Reopening to travel was not 

accompanied by surge in 

autochthonous cases



Example 2:
Border control

Work by Bo Dickens, Joel Koo, Lim Jue Tao,

Sun Haoyang, Hannah Clapham, Annelies Wilder-Smith,

Minah Park, Sun Yinxiaohe, Zeng Zitong, Sharon Quaye, Wee Hwee Lin

Note: this work is funded in part by Becton Dickinson, a medical

device company which develops PCR and 

antigen tests.



Pre-departure 

test

On arrival

test

Mid-quarantine 

test

Exit quarantine 

test

What %age 

missed?

Infected

travellers



Pre-
test

Test on 
arrival

Quarantine
Mid-
test

Exit test

None PCR None None None

PCR Ag Q3 D3 PCR

Ag Q5 D5 Ag

Q7 D7

Q10 D10

Q14

Q21

Risk in 
source
country

Disparate data sources



Prevalence 2% 1% 0.5% 0.15%

Infected 
travellers (/10 

000)
200 100 50 15

Quarantine % missed
N 
missed

3d 17% 33 17 8 2

7d 7% 15 7 4 1

10d 4% 7 4 2 1

14d 2% 3 2 1 0

On arrival

PCR

Quarantine 
exit

PCR

Prevalence is of infection within the last 14d
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Prevalence 2% 1% 0.5% 0.15%

Infected 
travellers (/10 

000)
200 100 50 15

Quarantine % missed
N 
missed

3d 17% 34 17 9 3

7d 8% 15 8 4 1

10d 4% 8 4 2 1

14d 2% 5 2 1 0

On arrival

Antigen

Quarantine 
exit

Antigen

Prevalence is of infection within the last 14d



Border policies work

• In a low Covid strategy, amount of spillovers from travel can be 

calibrated through good use of testing and quarantine

• Although Ag tests are not as sensitive as PCR tests, that difference 

is markedly reduced as part of a bundle of tests and quarantine: 

use the most practical rather than most sensitive test

• This approach requires policy makers have a risk budget:

How many missed travellers am I willing to accept to get 

10 000 travellers into the country?

• For lower risk ports of departure you can substantial reduce 

quarantine length with minimal additional risk to destination

Dickens et al (2021).

J Travel Med taab088.



Example 3:
The journey to 
endemicity

Work by Goh Fang Ting, Bo Dickens,

Hannah Clapham, Vernon Lee, Rachael Pung



Vaccination has brought substantial benefits, but…

ICU admission

Infection

w/ under 12s

• Accounting for age-specific severity and 

prioritisation for older age groups, risk of 

severe disease dropped markedly since early 

2021

• But risk of infection fell by less even before 

accounting for any waning

• Vaccinating children

will bring little 

additional herd 

immunity



We can’t completely avoid the pandemic…

• If  is 5–8, and the  against infection is 0.4–0.6 then even complete vaccination is not 

enough for herd immunity without additional measures

Pandemic mitigation Endemic virusLiminal epidemic

Temporary suppression of  to buy 

time for vaccination through 

control measures

Long term suppression of  

through immunity

Development of population 

immunity through ‘letting go’ the 

control measures

(or to put faith in boosters)



Impact of policies on transmissibility

Phase 3HA

Phase 2HA

Transition

Stabilisation
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Projections show how sensitive the results are to 

If  herd immunity when 29% infected

If  herd immunity when 12% infected

If  herd immunity when 6% infected

and wave ends when 54% infected

and wave ends when 34% infected

and wave ends when 17% infected
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Projections show how sensitive the results are to 
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Relaxation of SMMs

Further relaxation of SMMs

Herd immunity (with some restrictions)

Herd immunity (with fewer restrictions)

Half population infected??

As immunity builds, more and more SMMs 

can be relaxed, until endemic state is 

reached





Thanks to:

• Funding from the National Medical Research Council, the Ministry of Education, the 

National University of Singapore, and Becton Dickinson

• My fabulous team and collaborators

• National Medical Research Council for the invitation


