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TRANSMISSION (SEIR) MODEL

We modified a previous transmission model! to the following discrete system of nonlinear equations:
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where S, is the susceptible population free from infection, E}, , is the exposed population but not
symptomatic, I}, is the symptomatic population and Ry, , is the recovered population. These
populations can either be unvaccinated, vaccinated or boosted, represented by the superscript V. The
transmission rate is given by the parameter 8. The length of time spent in the exposed state is given
by ¢ and the length of time spent in the infectious state is given by 1;.

We adjusted our contact matrix M; ; to a normalized contact matrices whose maximum eigenvalues
are equal to 1, similar to Salje et al. 20202. This normalization ensures that estimates of the force of
infection are little impacted by the contact matrix but by the effective reproductive number.

We use the relationship between the transmission rate and the reproductive number using?

Rerr
T; X Maximum (Eigenvalue(Mi,j))

where Maximum (E igenvalue(M; 1)) is the maximum eigenvalue of the contact matrix M; ;, and R.¢¢

is the effective reproductive number.

Vaccine immunity against transmission at time t is assumed to wane linearly at a rate § according to
the equation:

e(t) =—-6*t+¢

where ¢, is the initial vaccine efficacy. Different waning rates were explored and how they impact the

number of infections and severe cases.
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DISEASE MODEL

We assume that hospitalisations (both ward and ICU) and deaths, stratified by vaccination status, i.e.,
unvaccinated, vaccinated or boosted, are sampled from a Poisson distribution — with the Poisson‘s
rate given as a function the number of new cases. The disease model is given by the statistical model:

HY .~ Poisson(I; X tuosp.a)
LCy e~ Poisson((Ri: — Rit—1) X Hicovip,a)
ICUY .~ Poisson(1Y; X Wycua) + Poisson(Hy X fyicu.a)
Dead,;~ Poisson(1¥; X wpq) + Poisson(HY; X piyp,q) + Poisson(ICUY . X icup.a),

where H, ; is the number of new hospital admissions, LC, ; is the number with long COVID, ICU,,, is
the number of new patients admitted to the ICU and Dead, ; is the number of new deaths from
COVID disease at time t stratified by age a. The parameter pysp 4 is the overall probability of
hospitalisation for COVID disease for a subject of age a, u;covip 4 is the probability of developing long
COVID, pycu q is the probability of ICU admission from home, puy;cy 4 is the probability of ICU
admission for individuals currently hospitalised in wards, y;p, 4 is the probability of dying of COVID
prior to hospitalisation, uyp 4 is the probability of dying for subjects hospitalised in wards and y;cyp o
is the probability of dying for individuals hospitalised in the ICU.

Model parameters and data
Disease transmission was modelled in the UK population using the age distribution of the UK 2019

mid-year populations (Table S1).

The length of time spent by an infected individual exposed to the virus before they become infectious
(latent period) was assumed to be 3 days*. The length of time spent by an individual in an infectious
state was assumed to be 7 days* 5. The probability of ward hospitalizations, ICU admission, long
Covid and death are provided in Table S3. Recovered individuals were deemed to be resistant to

further infection.

Age-specific population mixing was modelled using published data (Table 52). We assume that
mixing patterns have not yet gone back to pre-pandemic levels. The effective reproductive number
was fixed at 1.5. The vaccination speed was assumed to be 0.3% and the maximum achievable vaccine
coverage was set to 90% across all age categories. All children <10 years remained unvaccinated.
Instead of starting the infection with exported cases, we can start the infection process in an setting,
with a certain level of infection in the population (incidence was varied between 10 and 600 per 100

000 population). In all scenarios, we assume that vaccination started 12 months ago.

The adverse events due to vaccination considered are myocarditis/pericarditis and the incidence used
was taken from the Center for Disease Control’ s Advisory Committee on Immunization Practices
(ACIP) meeting of June 23 20216 (Table S4).

Impact of boosters on hospitalisations
When assessing the impact of boosting on the number of hospitalisation averted over a certain period,
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3 months for illustration purposes, we assumed an infection rate of 400 per 100 000 population at any
time point after the primary series.
We generated outcomes for the following scenarios:

e Counterfactual scenario — we assumed that at a given primary series coverage, we stop
vaccinating at all and observe the number of severe cases in the next 3 months.

e Primary series with no booster — we assumed that booster is not implemented but coverage of
the primary series grows up to 90% in the population and observe the number of severe cases
in the next 3 months.

e Primary series with a booster — we assumed that primary series coverage continues to 90%
and booster is also introduced at the same rate at which the primary series started (0.3%),
and observe the number of severe cases in the next 3 months.

Using these scenarios, we calculated the impact per percentage point of primary series doses given
and the impact per percentage point of booster vaccine given on the number of hospitalisations. The

number of doses given were calculated using the number of people who were vaccinated in 3 months.

Risk-benefit profile of vaccination

We assess the impact of current vaccine coverage, infection levels on the number of hospitalisations,
deaths, long COVID cases and also the number of adverse events (myocarditis/pericarditis) in the
vaccinated population during the period of study, i.e., 3 months. Using the incidence of myocarditis
(Table S4), we estimated the expected cases of myocarditis by age category and compared that to the

number of severe cases observed in the vaccinated population.
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Table S1. Population estimates for the UK

Age category Population Proportion (%)
0-4 years 3,857,263 5.77%
5-9 years 4,149,852 6.21%
10-14 years 3,953,866 5.92%
15-19 years 3,656,968 5.47%
20-24 years 4,153,080 6.22%
25-29 years 4,514,249 6.76%
30-34 years 4,497,132 6.73%
35-39 years 4,395,667 6.58%
40-44 years 4,019,539 6.02%
45-49 years 4,402,122 6.59%
50-54 years 4,661,015 6.98%
55-59 years 4,405,908 6.60%
60-64 years 3,755,185 5.62%
65-69 years 3,368,199 5.04%
70-74 years 3,318,867 4.97%
75-79 years 2,325,296 3.48%
80-85 years 1,715,328 2.57%
85+ years 1,647,271 2.47%

Source: Office for National Statistics”

Table S2. Daily contacts by different age groups in the UK
Ageof  Age group of participants
contact 00- 05- 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70+
04 09 14 19 24 29 34 39 44 49 54 59 64 69

00-04 149 059 025 018 042 061 057 074 018 020 036 015 018 026 0.07
05-09 074 382 053 044 037 042 068 099 066 015 0.17 019 041 030 0.07
10-14 036 073 319 079 017 014 032 051 0.69 027 020 019 017 026 0.17
15-19 026 022 052 310 085 012 017 029 048 051 027 013 009 026 037
20-24 039 019 009 038 132 049 028 016 023 044 020 028 011 0.15 0.00
25-29 053 037 011 020 058 064 035 021 023 025 030 030 020 0.04 0.03
30-34 077 072 029 017 031 042 080 021 027 038 023 020 023 015 0.07
35-39 073 065 061 035 020 024 047 076 047 029 018 011 032 004 0.03
40-44 038 059 058 047 027 029 025 049 045 040 012 019 023 015 0.30
45-49 022 023 022 034 046 029 017 017 035 058 0.15 019 014 0.11 0.20
50-54 026 021 014 017 022 017 015 014 019 027 033 035 020 0.04 0.07
55-59 022 012 010 010 0.14 022 013 021 0.05 025 017 052 032 044 0.10
60-64 022 015 010 010 010 014 015 020 019 013 0.09 024 027 030 0.13
65-69 0.05 008 007 0.08 007 012 008 0.16 011 004 005 0.07 017 037 043
70+ 009 009 010 0.08 019 010 005 013 024 029 023 022 011 022 0.70

Source: Mossong et al.$
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Table S3. Proportions of hospitalised patients, patients in critical care, and deaths, stratified

by age group

Age group Proportion of Proportion of Proportion of Proportion of Proportion
symptomatic symptomatic hospitalised critical care with long
cases requiring cases who end cases requiring  patients who COVID (%)
hospitalisation up dying (%) critical care (%)  end up dying
(%) (%)

0-9 years 0.1 0.0001 5.0 40.0 3.1*

10-19 years 0.3 0.0003 5.0 40.0 3.1*

20-29 years 1.2 0.03 5.0 50.0 3.1

30-39 years 3.2 0.08 5.0 50.0 4.7

40-49 years 4.9 0.15 6.3 48.6 4.7

50-59 years 10.2 0.60 12.2 48.2 3.8

60-69 years 16.6 2.2 27.4 48.4 3.8

70-79 years 24.3 51 43.2 48.6 1.5

80+ years 27.3 9.3 70.9 48.0 1.5

Source: Ferguson et al.?

Mortality in children taken from Smith et al. 20211

*We assumed the same frequency of long COVID in children and adolescents.
Source: Opinions and Lifestyle Survey

Table S4. Overall myocarditis/pericarditis rates per million doses following mRNA COVID-
19 vaccination (all doses)

Age category Overall Females Males
12-17 years 18.1 42 32.4
18-24 years 15.9 3.6 30.7
25-29 years 6.7 2.0 12.2
30-39 years 4.2 1.8 6.9
40-49 years 2.7 2.0 3.5
50-64 years 1.7 1.6 1.9
65+ years 1.1 1.1 1.2

Source: Shimabukuro®
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Table S5. The number of COVID-19 hospitalisations prevented per 100,000 primary series or
booster vaccines (logarithmic scale) for different levels of vaccination protection waning

Waning Coverage Hospitalisations averted
(per (per 100,000 vaccinations)
month)

Primary series = Booster

0.00% 0.1 46090 5723
0.2 13627 3825
0.4 1977 1487
0.6 302 504
0.8 31 104
3.03% 0.1 44692 5559
0.2 13487 3819
0.4 2053 1565
0.6 319 550
0.8 29 107
6.05% 0.1 42954 5372
0.2 13168 3763
0.4 2058 1625
0.6 327 603
0.8 32 162
9.08% 0.1 40719 5141
0.2 12608 3674
0.4 2018 1684
0.6 325 678
0.8 36 229
12.10% 0.1 37837 4837
0.2 11781 3545
0.4 1890 1725
0.6 314 766
0.8 39 344
15.13% 0.1 34327 4484
0.2 10624 3361
0.4 1651 1743
0.6 284 900
0.8 38 545
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Figure S1: Quantifying the risk-benefit within the context of a dynamic population

AE, adverse event
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Figure S2: Expected daily number of hospitalisations at three months as a function of
infection rate, vaccination status and vaccine coverage

NV, not vaccinated; V, vaccinated
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