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Supplementary materials 

We summarise here the modelling framework that is presented in Tran Kiem et al.1 and on 

which we rely for this analysis.  

Data sources 

Hospitalization data 

We use daily hospitalization data and death data reported in the SI-VIC database, the national 

exhaustive surveillance system describing the trajectories of COVID-19 patients admitted in 

French public and private hospitals. Available information includes age, hospitalization date, 

as well as outcome date and type. We restrict our analysis to general ward and intensive care 

units (ICU) patients and exclude patients hospitalized in psychiatric care, emergency care or 

long-term and rehabilitation care units. 

B.1.1.7 data 

We use data from Flash surveys, a series of six nationwide surveys (Flash #1 through Flash 

#6) performed between January 7th and March 30th, 2021 to describe the spread of variants 

in France.2 From the third round, private and public diagnostic laboratories voluntarily 

participate in these studies by sending samples to sequencing platforms.  From these surveys, 

we use the number of positive SARS-CoV-2 RT-PCR tests performed and the number of 

B.1.1.7 sequences among the positive samples. For model calibration, we removed the data 

from Flash#3 due to the small sample size. 

Vaccination data 

We use vaccination data from the VAC-SI database, the national exhaustive information 

system including the number of doses by age, vaccine brand and date of injection to account 

for past vaccine roll-out.3 These data indicate that by May 7th, 25.7% of the Metropolitan 

French adult population has received a first vaccine dose.  

Model parametrization 

We developed a deterministic SEEIR model stratified by age similar to the one used in Salje 

et al.4 and Andronico et al.5 We extended the model to account for the emergence of B.1.1.7 

and the progressive roll-out of vaccination in France. The metropolitan French population is 

divided into the following 13 age groups: [0-10), [10-18), [18-30), [30-40), [40-45), [45-50), [50-

55), [55-60), [60-65), [65-70), [70-75), [75-80), ≥ 80. We assume that individuals aged 0-9 y.o. 

and 10-17 y.o are respectively 50% and 75% less susceptible compared to adults.6,7 The 

model is implemented with the R software using the odin package.8 

Transmission model with two strains 

We consider a transmission model with two strains: the historical lineage that was circulating 

throughout 2020 in France and the variant B.1.1.7. Upon infection, susceptible individuals (S) 

move to the compartment E1hist or E1B.1.1.7 depending o9n the strains they have been infected 

by. After an average duration of 4.0 days (same natural history of the disease for all lineages), 

infected individuals move to the E2 compartment (E2hist or E2B.1.1.7) where they become 

infectious. They stay in this compartment for an average duration of 1.0 day before moving to 

https://paperpile.com/c/oIrkbD/numu
https://paperpile.com/c/oIrkbD/6N9E
https://paperpile.com/c/oIrkbD/sCq4
https://paperpile.com/c/oIrkbD/6dgQo
https://paperpile.com/c/oIrkbD/IOqc
https://paperpile.com/c/oIrkbD/jMYg+iMjW
https://paperpile.com/c/oIrkbD/7J8V
https://paperpile.com/c/oIrkbD/8zgo
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the I compartment (IM or IH for mild infections or infections requiring an admission in hospital) 

in which a fraction of them will develop symptoms. The average length of stay in I is equal to 

3 days. The proportion of individuals that will require an admission in hospital is age and strain-

dependent. We assume that individuals infected with B.1.1.7 strain have a 64% higher 

probability of being hospitalized.10 For the historical lineages, we use age-specific probabilities 

of hospitalization estimated from the joint analysis of age-stratified serological and 

hospitalization data in France.11 Finally, individuals in the Imild compartment will recover (R 

compartment), while individuals in the IH will move to the ĪH compartment before being 

admitted in hospital (compartment H). A schematic illustration of the model is depicted in 

Figure S4. 

Transmissibility advantage of the B.1.1.7 strain 

In our baseline scenario, we assume that the B.1.1.7 variant is 60% more transmissible than 

the historical virus (corresponding to the lineages circulating in France during 2020), 

consistent with what was estimated in France.12 We consider an increased transmissibility of 

40% as a sensitivity analysis. We define the intervention reproduction number RI as the 

average number of persons infected by a case under the set of control measures put in place 

if there was no immunity in the population. This number is available for the B.1.1.7 variant 

(RI
B.1.1.7) and for the historical lineages (RI

hist). The parameter 𝛼 is the increased transmissibility 

associated with B.1.1.7. We then have the following relationship between the two reproduction 

numbers: 

RI
B.1.1.7 = (1 + 𝛼) * RI

hist  

We also assume that individuals infected with this strain have a 64% higher probability of being 

admitted to hospital than those infected with the historical virus.13  

Epidemiological trajectories 

The French government has announced that restrictive measures implemented since March 

2021 would be progressively lifted from May 19th, 2021. In our baseline scenario, we assume 

that between May 19, 2021 and July 1st, 2021, the intervention reproduction number RI of the 

historical virus is equal to 1.1. As sensitivity analyses, we explore values of 1.0 and 1.2. 

Between July 1st and September 1st, we assume that this value will increase to 1.3, as 

measured during the summer of 2020 when control measures were largely relaxed.14 We use 

the intervention reproduction number RI to capture the impact of climate or interventions on 

the transmission rate.  

Accounting for the emergence of B.1.1.7 

To calibrate our model, we utilize a two-step approach. We first fit a one-strain model to 

hospitalization data from March 2020 to January 2021, in order to obtain the state of the 

ordinary differential equations system on January 1st, 2021. We then use the latter as the 

initial condition to seed a second, two-strain, model that is calibrated from January 1st to May 

14th, 2021. The proportion of individuals infected with the B.1.1.7 variant on January 1st is 

estimated along with the other free parameters (see below). 

Accounting for vaccination 

Vaccine prioritization 

https://paperpile.com/c/oIrkbD/R4yk
https://paperpile.com/c/oIrkbD/6vUd
https://paperpile.com/c/oIrkbD/Rg8H
https://paperpile.com/c/oIrkbD/b361
https://paperpile.com/c/oIrkbD/784K
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Before May 7th, 2021, we use vaccination data from the VAC-SI database, an information 

system describing doses distributed by date of injection. Information about the age of the 

individual receiving the dose is available and the status of the distributed dose (first or second) 

is available. From May 7th, 2021, we consider a prioritization strategy based on age with the 

following prioritization order: (i) over 75 y.o., (ii) 65-74 y.o., (iii) 55-64 y.o., (iv) 50-64 y.o. and 

(v) 18-49 y.o.  The vaccination starts within a group when the target vaccine coverages are 

reached in groups of higher priority. We consider target vaccine coverages of 85% in 

individuals older than 65 y.o. and 70% in individuals aged 18-64 y.o. 

Vaccination campaign characteristics 

We consider a one-dose scheme for the Janssen vaccine and a two-doses distribution scheme 

for mRNA and Vaxzevria vaccines with a delay of 42 days between doses for mRNA vaccines 

and 84 days for Vaxzevria, in line with recommendations in France. We take into consideration 

the constraints associated with the vaccine delivery schedule (Table S2), the vaccination roll-

out pace and the delay between doses. First doses are distributed when available, always 

ensuring that second doses (if required) will be available within the assumed delay. Following 

the prioritization defined above, this allows us to define the number of individuals vaccinated 

in the different age groups by date of injection. We assume that vaccine protection is acquired 

15 days after administration of the first dose. 

Assessing the impact of Vaxzevria distribution campaigns 

Additional number of ICU admissions and deaths averted in the different age groups 

Under each scenario regarding the distribution of Vaxzevria, we compute the number of 

hospitalizations expected between May 1st and September 1st, 2021 in the different age 

groups. We then compute the number of hospitalizations averted compared to a reference 

scenario regarding the distribution of the Vaxzevria vaccine (either used only in those older 

than 55 y.o. or not distributed in the adult population). From this, we derive estimates of the 

number of ICU admissions and deaths averted in the different age groups. We compute 95% 

confidence intervals for the probabilities of ICU admission and death after hospitalization in 

the different age groups (Figure S3, Table S3) using the outcomes of patients from the SI-VIC 

database admitted in hospital during March 2021 (case resampling with 1,000 bootstrap 

samples). 

Expected number of TTS in the different age groups 

We compute the expected number of TTS occurring in the different age groups These 

estimates were performed at a time where few individuals had received a second dose of 

Vaxzevria which made it difficult to assess the risk of TTS after the second dose. In our 

baseline scenario, we assume that risk estimated from the EMA would correspond to a risk 

per dose (i.e. that the risk of TTS is the same after the two doses). As a sensitivity analysis, 

we consider a scenario where no TTS occurs after the second dose.  

Statistical framework 

Model parameters are estimated using Markov Chain Monte Carlo (MCMC) sampling using 

flat, non-informative, priors. The likelihood function is given by: 
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𝐿 =  ∏ 𝑔1( 𝐻𝑖
𝑜𝑏𝑠 | 𝐻𝑖

𝑒𝑥𝑝
 ) 

𝑖

⋅ ∏ 𝑔2( 𝑁𝑗
𝐵.1.1.7, 𝑁𝑗

𝑝𝑜𝑠
, 𝑝𝑗

𝐵.1.1.7 )

𝑗

 

where 𝑔1 is the density of a Poisson distribution, 𝑔2 the density of a Binomial distribution, 𝐻𝑖
𝑜𝑏𝑠 

and 𝐻𝑖
𝑒𝑥𝑝

 the observed and expected total (all age groups) number of hospital admissions for 

day i, 𝑁𝑗
𝐵.1.17 the observed number of B.1.1.7 sequences among the 𝑁𝑗

𝑝𝑜𝑠
 positive PCR tests 

on date j, and 𝑝𝑗
𝐵.1.1.7 is the expected proportion B.1.1.7 infections - defined as the proportion 

of individuals in the E2B.1.1.7 and IB.1.1.7 compartments among all individuals in the E2 and I 

compartments - on date j. 

The first term represents the contribution from hospitalization data so that the index i runs over 

all days from January 1st to May 14th, 2021. The second term represents instead the 

contribution from the observed proportion of B.1.1.7 among positive tests so that the index j 

runs over the dates of Flash#1 through Flash#6 surveys, excluding Flash#3. Model 

parameters and estimates are summarized in Table S4. The model fit to the data is 

represented in Figure S5. 
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Supplementary figures 

Figure S1 

 
Figure S1: Number of doses (both first and second) administered by date of injection 

and stratified by vaccine type in France. The dashed lines correspond to daily data and the 

continuous lines correspond to the 7-day rolling average. These numbers come from data 

reported in the VAC-SI dataset (Data on individuals vaccinated against COVID-19).15  
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Figure S2 

 

Figure S2: Comparison between risks of TTS estimated by the EMA and risks of 

specific blood clots estimated by the Winton Centre for Risk and Evidence 

Communication.16 Risks computed by the Winton Centre for Risk and Evidence 

Communication are based on UK data up until April 28th, 2021. Horizontal lines correspond 

95% confidence intervals for risks computed by the EMA.  

https://paperpile.com/c/oIrkbD/GThx3
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Figure S3 

 

 

Figure S3: Probabilities of ICU admission and death given hospitalization in the 

different age groups. The ranges correspond to 95% confidence intervals derived from 1,000 

bootstrap samples. Violin plots correspond to the distribution of the different samples drawn 

to derive these intervals. 
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Figure S4 

 
Figure S4: Schematic illustration of the transmission model accounting for the 

emergence of B.1.1.7 in France. See supplementary materials.  
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Figure S5 

 

Figure S5. Fit to the data. (A) Daily hospital admissions through time. The blue line and 

area correspond to model posterior mean and 95% credible intervals, while the grey line 

corresponds to data. (B) Proportion of B.1.1.7 through time. The purple line and area 

correspond to model posterior mean and 95% credible intervals, black dots represent data 

used for calibration, while the white dot represents data not used for calibration (Flash#3).  
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Supplementary tables 

Table S1: Incidence rates of TTS in vaccinated individuals 30 days post-vaccination 

computed by the EMA. Results are reported per 100,000.  

Age group Incidence rate 

20-29 y.o. 1.93 (1.09 - 3.04) 

30-39 y.o. 1.78 (1.13 - 2.63) 

40-49 y.o. 2.09 (1.47 - 2.81) 

50-59 y.o. 1.14 (0.75 - 1.62) 

60-69 y.o. 0.98 (0.62 - 1.46) 

70-79 y.o. 0.50 (0.16 - 1.12) 

Over 80 y.o. 0.45 (0.09 - 1.25) 

Total 1.34 (1.12 - 1.57) 
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Table S2: Delivery calendar used for doses allocation (in million doses). These numbers 

are computed based on a delivery calendar communicated by the French Ministry of Health 

on May 3rd, 2021. 

 Pfizer/BioNTech Moderna Vaxzevria Janssen 

December 2021 0.5 0 0 0 

January 2021 2.0 0.1 0 0 

February 2021 2.5 0.4 1.6 0 

March 2021 4.9 0.9 2.8 0 

April 2021 8.1 1.0 3.0 0.4 

May 2021 10.1 1.8 2.9 1.4 

June 2021 19.8 2.4 4.4 5.7 

July 2021 10.0 3.8 4.8 5.9 

August 2021 10.0 5.7 4.8 5.9 
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Table S3: Probabilities of ICU admission and death given hospitalisation. These 

numbers are computed from the trajectory of COVID-19 patients admitted in metropolitan 

French hospitals during March 2021 (see Methods). 

Age group Probability of ICU admission after 
hospitalisation (95% confidence 

interval) 

Probability of death after 
hospitalisation (95% confidence 

interval) 

18-29 y.o. 0.15 (0.13 - 0.17) 0.007 (0.003 - 0.012) 

30-39 y.o. 0.2 (0.18 - 0.22) 0.01 (0.006 - 0.014) 

40-44 y.o. 0.26 (0.24 - 0.29) 0.01 (0.006 - 0.014) 

45-49 y.o. 0.28 (0.26 - 0.3) 0.03 (0.02 - 0.04) 

50-54 y.o. 0.31 (0.29 - 0.32) 0.04 (0.04 - 0.05) 

55-59 y.o. 0.32 (0.3 - 0.33) 0.05 (0.04 - 0.06) 

60-64 y.o. 0.35 (0.34 - 0.37) 0.09 (0.08 - 0.1) 

65-69 y.o. 0.37 (0.36 - 0.38) 0.13 (0.12 - 0.14) 

70-74 y.o. 0.34 (0.33 - 0.35) 0.17 (0.16 - 0.18) 

75-79 y.o. 0.27 (0.25 - 0.28) 0.24 (0.22 - 0.25) 

over 80 y.o. 0.08 (0.08 - 0.09) 0.33 (0.32 - 0.34) 
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Table S4: Model parameters and estimates. The estimates correspond to the baseline 

scenario (60% transmission advantage of B.1.1.7 with respect to the historical lineages, and 

vaccines 90% effective against severe disease and 80% effective against infection). 

Parameter Estimate (Mean and 95% CI) 

Proportion of B.1.1.7 on January 1st, 2021 2.3% [2.2%, 2.4%] 

B.1.1.7 intervention reproduction number RI 
from January 1st to January 14th, 2021 

2.19 [2.17, 2.21] 

B.1.1.7 intervention reproduction number RI 
from January 15th to January 31st, 2021 

1.66 [1.64, 1.69] 

B.1.1.7 intervention reproduction number RI 
from February 1st to February 14th, 2021 

1.61 [1.58, 1.64] 

B.1.1.7 intervention reproduction number RI 
from February 15th to February 28th, 2021 

1.60 [1.56, 1.63] 

B.1.1.7 intervention reproduction number RI 
from March 1st to March 19th, 2021 

1.60 [1.58, 1.62] 

B.1.1.7 intervention reproduction number RI 
from March 20th to April 4th, 2021 

1.37 [1.35, 1.39] 

B.1.1.7 intervention reproduction number RI 
from April 5th to April 23rd, 2021 

1.33 [1.31, 1.35] 

B.1.1.7 intervention reproduction number RI 
after April 24th, 2021 

0.96 [0.93, 1.00] 
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