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1 THE MODEL
We modelled the transmission of SARS–CoV-2 by extending an age-structured SEIR (Suscep-
tible, Exposed, Infectious, Recovered) to include additional compartments of asymptomatic,
pre-symptomatic, symptomatic, and isolation of infected individuals (Figure 1). We further
included compartments to describe vaccination dynamics. The total population was divided
into five age groups as specified in the main text. We omitted the demographic variables of
births and deaths. With the variables described in Table 1, the model is expressed by the
following system of equations:

S′a =−SaIa−ξaSa

V ′a = ξaSa− (1− εa)VaIa

E ′a = (1−qa)SaIa−σEa

E ′a = (1−qa)(1− εa)VaIa−σEa

F ′a = qaSaIa−σFa

Fa = qa(1− εa)VaIa−σFa

A′a = paσEa +ρaσEa− (1−ga)ηAa−gaδAa

P′a = (1− pa)σEa +(1−ρa)σEa− (1−ga)θPa−gaδPa

I′a = (1−ga)θPa− (1− fa)γIa− faτIa

G′a = paσFa +ρaσFa−ηGa

H ′a = (1− pa)σFa +(1−ρa)σFa−
(

γθ

γ +θ

)
Ha

B′a = gaδAa−
(

δη

δ −η

)
Ba

C′a = gaδPa−
(

δθγ

δθ + γ(δ −θ)

)
Ca

Q′a = faτIa−
(

τγ

τ− γ

)
Qa
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Figure 1. Schematic model diagram for disease transmission dynamics.

R′a = (1−ga)ηAa +(1− fa)γIa +ηGa +
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)
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)
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)
Ca +

(
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)
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with the force of infection Ia , given by

Ia = β

(
6

∑
j=1

Ma, j

(
Pj +αA j + I j

)
N j

+
6

∑
j=1

M̃a, j

(
C j +αB j +Q j +αG j +H j

)
N j

)
.

In this model, β is the transmission parameter (calibrated to the effective reproduction number
R0 = 1.5). The basic reproduction number R0 denotes the average number of secondary
infections by an infected individual before recovering and becoming immune (or dying) and
measures the potential spread in the absence of containment interventions. We calibrated the
transmission parameter by calculating the spectral radius of the next-generation matrix [1].
A full description of all model parameters are given in Table 2. Transmission between and
within age groups was based on heterogeneous mixing with rates determined by age-specific
contact matrices [2, 3] for regular contacts M and during isolation M̃:

M =



0−4 5−10 11−18 19−49 50−64 65+ Age
2.34 2.35 1.88 4.31 1.14 0.55 0−4
0.41 0.41 8.83 4.26 0.88 0.43 5−10
0.46 0.46 10.02 4.83 0.99 0.49 11−18
0.51 0.52 2.01 8.63 1.96 0.68 19−49
0.27 0.27 1.23 5.48 3.07 1.21 50−64
0.16 0.17 0.87 3.26 1.75 1.96 65+

 ,
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Table 1. Description of the model state variables.

Variable Description
Sa Susceptible in age group a
Va Vaccinated in age group a
Ea Exposed in age group a (without vaccination)
Ea Exposed in age group a (with vaccination)
Fa identified within latent period in age group a (without vaccination)
Fa identified within latent period in age group a (with vaccination)
Aa Asymptomatic in age group a
Pa Pre-symptomatic in age group a
Ia Symptomatic in age group a
Ga Asymptomatic isolated in age group a directly from latency
Ha Pre-symptomatic isolated in age group a directly from latency
Ba Asymptomatic isolated in age group a
Ca Pre-symptomatic isolated in age group a
Qa Symptomatic isolated in age group a
Ra Recovered in age group a
Na Population size of age group a

and

M̃ =



0−4 5−10 11−18 19−49 50−64 65+ Age
0.64 0.65 0.53 1.21 0.32 0.15 0−4
0.11 0.12 2.3 1.21 0.25 0.12 5−10
0.12 0.13 2.8 1.35 0.28 0.14 11−18
0.14 0.15 0.56 2.41 0.55 0.19 19−49
0.07 0.08 0.34 1.53 0.86 0.34 50−64
0.05 0.05 0.24 0.91 0.49 0.55 65+



where, in each matrix, the elements {mi j | i, j ∈ (1, · · · ,6)} denote the average contact rates
between age groups i and j.

In our model, all newly infected individuals start in the latent stage for an average period of
1/σ days. After this period has elapsed, infected individuals move to a communicable silent
infection stage (i.e. asymptomatic or pre-symptomatic). Unlike asymptomatic cases, those
who enter pre-symptomatic stage will develop symptoms. We assumed that all symptomatic
cases initiate self-isolation within 24 hours of their symptom onset. The average infections
periods in different stages of the disease are summarized in Table 2. Recovery from infection
was assumed to provide immunity against re-infection during the simulations.

To include vaccination dynamics, we considered age-dependent vaccination rates to achieve
a 40% vaccine coverage in adults within 1 year, with a distribution of 80% for age groups
50+ and 22% for individuals aged 19-49. Vaccination was assumed to prevent infection
with an efficacy that is 50% lower than its efficacy against symptomatic disease (and 95% in
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Figure 2. Reduction of attack rate achieved with different rates of silent infections (i.e.,
asymptomatic and pre-symptomatic) identified and isolated among children, when only
adults were vaccinated. Colour curves indicate the average time from infection to
identification. Susceptibility of children under 10 years old was reduced by 50% compared to
other age groups. Vaccine efficacy was assumed to be 95% against symptomatic disease, but
50% lower against infection. Vaccination coverage of adults reached 40% within 1 year.

additional scenarios presented in Section 3 below). If infection occurred post-vaccination, we
assumed the probability of developing symptomatic disease is reduced by a factor ρa (Table
2) corresponding to the vaccine efficacy of 95% [13].

For simulating the model, we used a non-standard numerical method to discretize the system
and ran the simulations (in Matlab©) with introducing one latent individual into each age
group in the model. The time horizon of simulations was 1 years.

2 RESULTS WITH REDUCED SUSCEPTIBILITY OF CHILDREN
Evidence is accumulating that young children may have a reduced susceptibility to SARS-
CoV-2, with stronger immune responses that may prevent the development of symptomatic or
severe disease [14, 15]. We therefore simulated the model by considering a 50% reduction
of susceptibility for children under 10 years of age. Qualitatively, the effect of identifying
silent infections on the reduction of attack rates remains intact and the speed of identification
is critical for outbreak control. Projected attack rates for the range of 2-5 days delay in
identification of silent infections among children, when only adults are vaccinated, are
presented in Figure 2.
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3 RESULTS WITH 95% VACCINE EFFICACY AGAINST INFECTION
In the absence of data on vaccine efficacy against infection, we further simulated the model
with the same efficacy of 95% against symptomatic disease, while also considering 50%
reduced susceptibility for children under 10 years old. The results presented in Figure 3
below illustrate a qualitative similar patterns to those presented in Figure 2 of the main text,
indicating that the sharpest decline of attack rates occur with rapid identification of 0−15%
silent infections among children within 2-3 days post-infection.
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Figure 3. Reduction of attack rate achieved with different rates of silent infections (i.e.,
asymptomatic and pre-symptomatic) identified and isolated among children, when only
adults were vaccinated. Colour curves indicate the average time from infection to
identification. Susceptibility of children under 10 years old was reduced by 50% compared to
other age groups. Vaccine efficacy was assumed to be 95% against both infection and
symptomatic disease. Vaccination coverage of adults reached 40% within 1 year.
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