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Mathematical model 

 

Our model is a classic SEIR model where the system of equations (1)-(12) models the transmission of the coronavirus - SARS-CoV-19 virus- 

among a population of people susceptible to the virus (S), those exposed to the virus (E), those infectious with the virus (I) and those removed 

from the model (R). The schematic of the model is shown in Figure 2 of the main manuscript. Here we describe the specific equations, different 

sub cohorts of I and R and the terms within the equations.  

 

The infectious compartment is divided into symptomatic, Isym, and asymptomatic, Iasym infections, with a parameter that quantifies the proportion 

of all cases that are symptomatic cases defined as ρsym. In the literature, there is a mixed evidence on what this proportion is [1]. Hence we 

explored three values for this parameter ρsym, assuming ρsym=70% for the main study and varying it to 50% and 25% in the sensitivity analysis.  

 



People exposed to the virus become infectious with a force of infection βc(𝐼𝑠𝑦𝑚 + 𝐼𝑎𝑠𝑦𝑚)  where β represents the probability of transmission, and 

is related to their viral load, and c is the average number of contacts per person per day.  Following the conventions of previous literature [2], and 

in the context of COVID-19 transmission, a contact is defined as either an encounter with another person involving skin-to-skin contact, or a two-

way conversation without physical contact. Importantly, the effective transmission rate, βc, is modelled as a step function, varying at the times 

listed below. 

𝛽𝑐 =

{
 
 

 
 

𝛽0𝑐0, 𝑡 < 16 𝑀𝑎𝑟𝑐ℎ 2020
𝛽1𝑐0, 𝑡 ∈ (16 𝑀𝑎𝑟𝑐ℎ 2020, 23 𝑀𝑎𝑟𝑐ℎ 2020)

𝛽2𝑐1, 𝑡 ∈ (23 𝑀𝑎𝑟𝑐ℎ 2020, 29 𝐴𝑝𝑟𝑖𝑙 2020)

𝛽2𝑐2, 𝑡 ∈ (29 𝐴𝑝𝑟𝑖𝑙 2020, 28 𝑀𝑎𝑦 2020)

𝛽2𝑐3, 𝑡 ∈ (28 𝑀𝑎𝑦 2020, 4 𝐽𝑢𝑙𝑦 2020)

𝛽2𝑐4, 𝑡 ∈ (4 𝐽𝑢𝑙𝑦 2020 𝑜𝑛𝑤𝑎𝑟𝑑𝑠)

 

 

The initial effective transmission rate, β0c0, is derived from a fitted R0, and a rate of contacts, c0, of 10.7, is based on previous studies of average 

contact rates in the United Kingdom [4] For each of the time points at which βc can vary, representing changes in government policy and/or 

population behaviour, either β or c is held constant, and the other allowed to vary as a fitting parameter. The contact rate during the first period of 

lockdown, c1, is fixed at 3.1 based on the observed value reported in the literature [5], and subsequently allowed to vary as informed by the phased 

relaxing of the lockdown measures whilst β remains fixed to the calibrated value.  

 

A recent literature review suggested that COVID-19 infectiousness peaks in the first 5 days following symptom onset, while no live infection has 

been cultured after over 9 days following symptom onset [3]. Based on this, and taking in consideration that the single population average parameter 

for infectious period is likely to be shortened by self-isolation of a significant proportion of symptomatic patients, we simulated three scenarios 

for the infectiousness periods of 1, 3 and 5 days, with infectious period of 5 days used in the main study, and 1 and 3 days in the sensitivity analysis. 

 
𝑑𝑆(𝑡)

𝑑𝑡
= −𝛽𝑐. (𝐼𝑠𝑦𝑚 + 𝐼𝑎𝑠𝑦𝑚). 𝑆(𝑡)                      (1) 

𝑑𝐸(𝑡)

𝑑𝑡
=  𝛽𝑐. (𝐼𝑠𝑦𝑚 + 𝐼𝑎𝑠𝑦𝑚). 𝑆(𝑡) −  𝛼. 𝐸(𝑡)                    (2) 

𝑑𝐼𝑠𝑦𝑚(𝑡)

𝑑𝑡
=  𝜌𝑠𝑦𝑚 . 𝛼. 𝐸(𝑡) − 𝛾𝑠𝑦𝑚 . 𝐼𝑠𝑦𝑚(𝑡)                    (3)  

𝑑𝐼𝑎𝑠𝑦𝑚(𝑡)

𝑑𝑡
=  (1 − 𝜌𝑠𝑦𝑚). 𝛼. 𝐸(𝑡) − 𝛾𝑎𝑠𝑦𝑚 . 𝐼𝑎𝑠𝑦𝑚(𝑡)                   (4) 

 



The removed compartment (R) is divided into sub compartments to reflect the various pathways for patients depending on the severity and 

outcome of the COVID-19 infection. Cases are divided into asymptomatic, mild (not hospitalised) and severe (hospitalised), based on the 

proportion of symptomatic cases, ρsym, and the proportion of symptomatic cases requiring hospitalisation, ρsevere. 

 

Asymptomatic and “Mild” symptomatic cases have the following 2-stage routing to recovery following infection: 

 
𝑑𝑅𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐(𝑡)

𝑑𝑡
=  𝛾𝑎𝑠𝑦𝑚 . 𝐼𝑎𝑠𝑦𝑚(𝑡) −  

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐)
𝑅𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐(𝑡)                 (5) 

𝑑𝑅𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑(𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐)(𝑡)

𝑑𝑡
=  

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐)
𝑅𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑚𝑎𝑡𝑖𝑐(𝑡)                   (6) 

 
𝑑𝑅𝑚𝑖𝑙𝑑(𝑡)

𝑑𝑡
=  𝜌𝑚𝑖𝑙𝑑 . 𝛾𝑠𝑦𝑚 . 𝐼𝑠𝑦𝑚(𝑡) − 

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝑚𝑖𝑙𝑑)
𝑅𝑚𝑖𝑙𝑑(𝑡)                               (7) 

𝑑𝑅𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑(𝑚𝑖𝑙𝑑)(𝑡)

𝑑𝑡
=  

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝑚𝑖𝑙𝑑)
𝑅𝑚𝑖𝑙𝑑(𝑡)                      (8) 

 

Since this work concerns with acute capacity planning, we focus on the acute pathways, and do not account for deaths out of hospital, and the 

time to recovery/death for asymptomatic and mild symptomatic cases is not directly relevant and set to an arbitrary value of 7 days.  

 

Cases that require hospitalisation pass through multiple stages, first entering the ‘pre-hospitalised’ population. Cases are split according to 

whether critical care (ICU/ITU bed) is required, or only non-critical care (General and Acute, “GA” bed) is needed, based on the proportion, 

ρITU. The parameters thospitalisation(GA) and thospitalisation(ITU) refer to the time from symptoms to hospitalisation for non-critical and critical cases.  

 
𝑑𝑅𝑝𝑟𝑒−ℎ𝑜𝑠𝑝(𝑡)

𝑑𝑡
=  𝜌𝑠𝑒𝑣𝑒𝑟𝑒 . 𝛾. 𝐼𝑠𝑦𝑚(𝑡) − 

1

𝑡ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛(𝐺𝐴)
. (1 − 𝜌𝐼𝑇𝑈). 𝑅𝑝𝑟𝑒−ℎ𝑜𝑠𝑝(𝑡) − 

1

𝑡ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛(𝐼𝑇𝑈)
. 𝜌𝐼𝑇𝑈 . 𝑅𝑝𝑟𝑒−ℎ𝑜𝑠𝑝(𝑡)             (9) 

 

Non-critical (GA) and critical (ITU) cases then enter a hospitalised component, followed by recovery or fatality, based on the proportion of fatal 

non-critical cases, ρfatal(GA), and  proportion of fatal critical cases, ρfatal(ITU) and time to recovery and death for both non-critical and critical cases.  

 
𝑑𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐺𝐴)(𝑡)

𝑑𝑡
= 

1

𝑡ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛(𝐺𝐴)
. (1 − 𝜌𝐼𝑇𝑈). 𝑅𝑝𝑟𝑒−ℎ𝑜𝑠𝑝(𝑡) − 

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝐺𝐴)
. (1 − 𝜌𝑓𝑎𝑡𝑎𝑙(𝐺𝐴)). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐺𝐴)(𝑡) − 

1

𝑡𝑓𝑎𝑡𝑎𝑙(𝐺𝐴)
. 𝜌𝑓𝑎𝑡𝑎𝑙(𝐺𝐴). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐺𝐴)(𝑡)   (10) 

𝑑𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐼𝑇𝑈)(𝑡)

𝑑𝑡
= 

1

𝑡ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛(𝐼𝑇𝑈)
. 𝜌𝐼𝑇𝑈 . 𝑅𝑝𝑟𝑒−ℎ𝑜𝑠𝑝(𝑡) − 

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝐼𝑇𝑈)
. (1 − 𝜌𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈)). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐼𝑇𝑈)(𝑡) − 

1

𝑡𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈)
. 𝜌𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐼𝑇𝑈)(𝑡)    (11) 

 



𝑑𝑅𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑(𝑠𝑒𝑣𝑒𝑟𝑒)(𝑡)

𝑑𝑡
=  

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝐺𝐴)
. (1 − 𝜌𝑓𝑎𝑡𝑎𝑙(𝐺𝐴)). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐺𝐴)(𝑡) +

1

𝑡𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝐼𝑇𝑈)
. (1 − 𝜌𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈)). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐼𝑇𝑈)(𝑡) 

𝑑𝑅𝑓𝑎𝑡𝑎𝑙𝑖𝑡𝑦(𝑡)

𝑑𝑡
= 

1

𝑡𝑓𝑎𝑡𝑎𝑙(𝐺𝐴)
. 𝜌𝑓𝑎𝑡𝑎𝑙(𝐺𝐴). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐺𝐴)(𝑡) +

1

𝑡𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈)
. 𝜌𝑓𝑎𝑡𝑎𝑙(𝐼𝑇𝑈). 𝑅ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑒𝑑(𝐼𝑇𝑈)(𝑡)                   (12) 

 

where 

𝑎 =
1

𝑡𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛
 , 𝛾 =  𝛾𝑠𝑦𝑚 = 𝛾𝑎𝑠𝑦𝑚 =

1

𝑡𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑢𝑠
,  𝑅0 =

𝛽0𝑐0

𝛾
, 𝑅(𝑡) =

𝛽𝑐𝑆(𝑡)

𝑁
∫ 𝑒−𝛾
∞

0
𝑑𝑡, 𝜌𝑚𝑖𝑙𝑑 + 𝜌𝑠𝑒𝑣𝑒𝑟𝑒 = 1 for symptomatic cases 

 

Non-zero initial conditions are as follows: 

 
𝑑𝑆(𝑡=𝑡0)

𝑑𝑡
=  𝑁 − 𝐼0   

𝑑𝐼𝑠𝑦𝑚(𝑡=𝑡0)

𝑑𝑡
= 𝐼0 

 

Where N is the regional population.  

 

The system of equations (1)-(12) are integrated over a series of time points to generate susceptible, exposed, infected and recovered/removed 

populations over time. A time step of 0.25 days is used for improved fitting of the day 0 of the model, t0, and then interpolated to 1 day for 

calculation of residuals with observed data.  

 

Following integration, further compartments are derived for comparison with observed data: 

- Rhospitalised(GA) and Rhospitalised(ITU) are summed to give Rhospitalised(all).  

- Daily populations of new discharges and deaths are derived from the cumulative totals given by the Rrecovered(severe) and Rfatality 

compartments.  

 

  



Data 

 

The collated data used to calibrate the model against are summarised in Table S1.  

 
Table S1. Summary of COVID-19 datasets used to calibrate SEIR model parameters.  

Data Geograp

hy 

Reporting 

frequency 

Source Link 

Hospital 

deaths  

Trust-

level 

Daily (figures 

revised over time) 

NHS England COVID-19 

Daily Deaths  

https://www.england.nhs.uk/statis

tics/statistical-work-areas/covid-

19-daily-deaths/ 

Number of 

patients in 

Hospital, 

Hospitalisatio

ns (all, non-

critical care, 

and critical 

care) 

Trust-

level  

Daily (figures 

subject to revision 

over time) 

NHS COVID-19 

Dashboard (access 

restricted to NHS users)  

https://analytics.improvement.nhs.

uk/#/views/Covid-

19Dashboard/Coverpage?:iid=1 

Discharges Trust-

level  

Daily (figures 

subject to revision 

over time) 

NHS COVID-19 

Dashboard (access 

restricted to NHS users)  

https://analytics.improvement.nhs.

uk/#/views/Covid-

19Dashboard/Coverpage?:iid=1 

Population 

estimates 

Borough-

level 

Every 2 years (Mid-

2019 estimates 

used) 

Office for National 

Statistics (ONS) 

Subnational population 

projections for England: 

2018-based 

https://www.ons.gov.uk/peoplepo

pulationandcommunity/population

andmigration/populationprojectio

ns/bulletins/subnationalpopulation

projectionsforengland/2018based 

 

The following notes/caveats on observed data sources are made: 

1. NHSE data on hospital deaths has undergone significant revision over time, with revisions in deaths for a given date of death possible, as 

testing and reporting evolves. Data was correct at time of collection (04 July 2020). 

2. Due to the need for rapid collection and dissemination of COVID-19 related data, observed data on hospitalisations and discharges is not 

validated and subject to revision. Data is reported to NHS England/Improvement by NHS Trusts, and the quality of reporting may vary 

between Trusts. 

https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths/
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths/
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths/
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://analytics.improvement.nhs.uk/#/views/Covid-19Dashboard/Coverpage?:iid=1
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/subnationalpopulationprojectionsforengland/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/subnationalpopulationprojectionsforengland/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/subnationalpopulationprojectionsforengland/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/subnationalpopulationprojectionsforengland/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/subnationalpopulationprojectionsforengland/2018based


3. Hospitalisation data reports on the number of hospitalised patients with confirmed COVID-19 in a bed on a daily basis. The true number 

may be higher due to a proportion of patients who are suspected cases awaiting confirmation with testing. This data is not backdated 

following confirmation of a suspected case.  

4. On dates where Trusts did not report on the number of hospitalised and discharged patients, missing data was interpolated. Similarly, in 

instances where observed data on the number of hospitalised and discharged patients appeared inaccurate – e.g. outliers with especially high 

or low values not in line with adjacent days, data points were replaced with interpolated data to reduce fitting being skewed by unreliable 

data points.  

 

Calibration process 

 

During the model calibration process, several parameters were fixed, shown in Table S2, and several parameters were allowed to vary, as detailed 

in Table S3, to fit the model epidemic projections to the observed data. Importantly, sets of fitted model parameters were generated for each of the 

nine scenarios of varying the infectious period (1,3 and 5 days) and proportion of symptomatic proportion (70%, 50% and 25% of all infections), 

and summarised in Error! Reference source not found.. Initial guesses and fitting limits were based on literature and observed data.  

 

The best fits were chosen based on the values that minimised the least square difference between the observed data and the model projected 

outcomes. Vectors containing residuals between observed and modelled populations are concatenated to allow simultaneous minimisation of the 

four observed datasets. Observed and modelled populations are normalised to the maximum observed value prior to calculation of residuals and 

concatenation. The concatenated residual vector is minimised using a least squares fitting method. In addition to the effective transmission rate, 

βc, the only other parameters which are allowed to vary in time are the mortality rates for all hospitalised cases and length of stay in hospital for 

patients who recover. This was chosen empirically based on observed data showing a slowing in the rate of deaths in comparison to discharges in 

the second half of the first pandemic wave. These observed changes are modelled by allowing the mortality rates for critical and non-critical cases 

to vary in time by multiplication with a fitted scaling factor. Similarly, the length of stay for recovering cases also varies with time based on a 

second scaling factor. In both cases, the scaling factors are applied linearly over a fixed period of time to model a more gradual change in patient 

outcomes over time. The time periods over which these parameters vary was determined empirically, based on obtaining the best calibration 

between observed and modelled populations. 

 
Table S2. Fixed parameters used in SEIR model.  

Parameter Value Source/Rationale 

Incubation time 5.1 days [6] 

Infectious time  1 day, 

3 days, 

Varied to represent multiple scenarios 



5 days 

Number of initial infections, I0 1 - 

Proportion of symptomatic cases, ρsym (%) 70%, 50%, 

25% 

Varied to represent multiple scenarios  

Intervention 1 date 16th March 

2020 

Announcement of UK social distancing measures 

Intervention 2 date 23rd March 

2020 

Announcement of UK “Lockdown” measures 

Intervention 3 date 29th April 

2020 

- 

Intervention 4 date (for forecasting scenarios) 4th July 

2020 

Announcement of easing of “Lockdown” measures in England, 

commencing 4th July 

Time from end of infectious period to recovery for asymptomatic cases, 

trecovery(asymptomatic) 

7 days This value is arbitrary, as this compartment does not feed directly 

into acute demand planning. 

Time from end of infectious period to recovery for mild (non-

hospitalised) symptomatic cases, trecovery(mild) 

7 days This value is arbitrary, as this compartment does not feed directly 

into acute demand planning.  

 

 

  



Table S3. Fitted parameters used in SEIR model, for varying permutations of infectious period, tinfectious, and proportion of symptomatic cases, ρsym. 

Parameter 

Fitted value 

tinfectious = 5 days tinfectious = 3 days tinfectious = 1 day 

ρsym = 70% ρsym = 50% 

ρsym = 

25% 

ρsym = 

70% ρsym = 50% ρsym = 25% ρsym = 70% ρsym = 50% ρsym = 25% 

R0  3.50 3.38 3.41 3.16 3.19 3.28 3.30 3.30 3.36 

βc following Intervention 1, as a proportion of 

initial βc (%) 
90% 69% 69% 67% 69% 69% 69% 69% 69% 

βc following Intervention 2, as a proportion of 

initial βc (%) 
17% 18% 19% 17% 20% 22% 17% 17% 23% 

βc following Intervention 3, as a proportion of 

initial βc (%) 
22% 23% 24% 31% 30% 30% 31% 31% 29% 

Day 0 of SEIR model, t0 23/01/2020 15/01/2020 13/01/2020 25/01/2020 25/01/2020 25/01/2020 16/02/2020 16/02/2020 16/02/2020 

Time from end of incubation to hospitalisation 

(non-critical care cases), thospitalisation(GA) 
3.1 days 4.3 days 3.7 days 7.6 days 6.2 days 4.3 days 8.3 days 8.2 days 4.5 days 

Time from end of incubation to hospitalisation 

(critical care cases), thospitalisation(ITU)  
5.1 days 6.2 days 6.7 days 9.2 days 7.6 days 8.9 days 12.5 days 10.6 days 7.6 days 

Time from hospitalisation to recovery (non-

critical care cases), trecovery(GA) 
6.3 days 6.1 days 3.1 days 6.2 days 5.8 days 6.7 days 5.6 days 5.6 days 5.8 days 

Time from hospitalisation to recovery (critical 

care cases), trecovery(ITU) 
11.3 days 9.6 days 10.6 days 11.6 days 10.7 days 11.5 days 10.3 days 11.0 days 10.8 days 

Time from hospitalisation to death (non-

critical care cases), tfatality(GA) 
5.1 days 6.4 days 6.4 days 5.0 days 6.5 days 5.0 days 5.4 days 5.5 days 5.6 days 

Time from hospitalisation to death (critical 

care cases), tfatality(ITU) 
20 days 17.7 days 19.9 days 13.8 days 14.0 days 9.2 days 18.3 days 13.3 days 20.0 days 

Proportion of cases requiring hospitalisation, 

ρsevere (%) 
6.0% 4.7% 6.0% 3.1% 3.4% 4.5% 4.5% 6.2% 5.8% 

Proportion of hospitalised cases requiring 

critical care, ρITU (%) 
21.9% 21.9% 24.6% 18.4% 19.2% 32.1% 20.4% 19.1% 22.1% 

Proportion of fatal non-critical care 

hospitalised cases, ρfatal(GA) (%) 
29.3% 34.3% 34.7% 28.2% 33.8% 23.6% 32.0% 30.1% 33.4% 

Proportion of fatal critical care hospitalised 

cases, ρfatal(ITU) (%) 
60.0% 59.9% 59.8% 55.1% 60.0% 56.1% 60.0% 60.0% 60.0% 

Recovery time scaling factor (varied linearly 

between 22/04/20 and 25/04/20) 
1 1.10 1.10 1.12 1.11 1.03 1.32 1.32 1.08 



Mortality rate scaling factor (varied linearly 

between 08/04/20 and 25/04/20) 
0.38 0.40 0.40 0.32 0.41 0.36 0.32 0.34 0.35 
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Figures 

 

 
Figure S1: Calibration of the mathematical model to the number of hospitalisations (all and in critical care beds), discharges and deaths in North East London 

NHS trusts, for varying combinations of infectious period and proportion of symptomatic infection. Observed data is given by coloured markers, and 

modelled data by solid lines. Effective reproduction number over time R(t) (left axis) is displayed with dashed line.  

 



  



 

 
Figure S2: Projections of the mathematical model forecasting the number of COVID-19 cases over time for low numbers of average daily contacts, c = 3 to 6, 

for varying combinations of infectious period and proportion of symptomatic infection. We observed that a resurgence in the number of cases occurs if proportion 

of symptomatic infection is lower and infectiousness period is shorted with increased social interaction and c>5 or 6.  



 

 
Figure S3: Projections of the mathematical model forecasting the number of COVID-19 cases over time for high numbers of average daily contacts, c = 7 to 

12, for varying combinations of infectious period and proportion of symptomatic infection. We observed that a resurgence in the number of cases occurs for 

any combination of proportion of symptomatic infection and infectiousness period when average daily contacts are >6.  



 

  



 

 
 

Figure S4: Projections of the mathematical model forecasting the number of patients hospitalised with COVID-19 over time for low numbers of average daily 

contacts, c = 3 to 6, for varying combinations of infectious period and proportion of symptomatic infection. We observed that a resurgence in the number of 

hospitalisations occurs if proportion of symptomatic infection is lower and infectiousness period is shorted with increased social interaction and c>5 or 6. 



 

 

 
Figure S5: Projections of the mathematical model forecasting the number of patients hospitalised with COVID-19 over time for high numbers of average daily 

contacts, c = 7 to 12, for varying combinations of infectious period and proportion of symptomatic infection. We observed that a resurgence in the number of 



hospitalisations occurs for any combination of proportion of symptomatic infection and infectiousness period when average daily contacts are >6, with acute 

bed capacity exceeded with larger c depending on scenarios. 

 
Figure S6: Projections of the mathematical model forecasting the cumulative number of deaths of patients hospitalised due to COVID-19 over time for low 

numbers of average daily contacts, c = 3 to 6, for varying combinations of infectious period and proportion of symptomatic infection. We observed that a 



resurgence COVID-19 associated deaths occurs if proportion of symptomatic infection is lower and infectiousness period is shorted with increased social 

interaction and c>5 or 6. 

 

 
Figure S7: Projections of the mathematical model forecasting the cumulative number of deaths of patients hospitalised due to COVID-19 over time for high 

numbers of average daily contacts, c = 7 to 12, for varying combinations of infectious period and proportion of symptomatic infection. We observed that a 



resurgence in the COVID-19 related deaths occurs for any combination of proportion of symptomatic infection and infectiousness period when average daily 

contacts are >6. 

 
Figure S8: Predicted size of the secondary COVID-19 wave (black lines), in terms of the peak in all COVID-19 hospitalisations, as a function of the daily 

number of contacts, c, from 4 July, for varying combinations of infectious period and proportion of symptomatic infection. Estimates for hospital capacity levels 

(coloured lines) in various scenarios are given for reference.  

 



 
Figure S9: Predicted size of the secondary COVID-19 wave (black lines), in terms of the peak in critical care COVID-19 hospitalisations, as a function of the 

daily number of contacts, c, from 4 July, for varying combinations of infectious period and proportion of symptomatic infection. Estimates for hospital capacity 

levels (coloured lines) in various scenarios are given for reference.  

 

 



 
Figure S10: Cumulative number of COVID-19 cases as a function of the average number of daily contacts, c, from 4 July 2020, for varying combinations of 

infectious period and proportion of symptomatic infection. The cumulative totals for 2020 are considered, including forecasts up to 31 December 2020. 

 



 
Figure S11: Cumulative number of hospital deaths and discharges from hospital for patients with COVID-19 as a function of the average number of daily 

contacts, c, from 4 July 2020, for varying combinations of infectious period and proportion of symptomatic infection. The cumulative totals for 2020 are 

considered, including forecasts up to 31 December 2020. 

 



 
Figure S12: Cumulative number of patients hospitalised due to COVID-19 as a function of the average number of daily contacts, c, from 4 July 2020, for varying 

combinations of infectious period and proportion of symptomatic infection. The cumulative totals for 2020 are considered, including forecasts up to 31 

December 2020. 
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