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Background
• Portugal experienced three waves of COVID-19
• Vaccination started at the end of December 2020
• Struggle to choose the right mix of measures to keep COVID-19 

under control but to allow for social and economic activity



Objectives
• What is the impact of vaccination on the transmission dynamics of 

SARS-CoV-2 in Portugal?
• When and which control measures can be relaxed as the 

vaccination is rollout in 2021?
• How are predictions affected if vaccine efficacy was reduced due to

antigenic escape variants?

Moore et al. Lancet Infectious Diseases. 18 March 2021. 
doi: 10.1016/S1473-3099(21)00143-2

Scientific Advisory Group for Emergencies. Report. 18 February 2021.

https://doi.org/10.1016/S1473-3099(21)00143-2


• 10 age classes/hospitalization classes/vaccination classes 
• 3 susceptibility classes (Jing et al. Lancet Inf Dis 2020; Goldstein et al. JID 2020)
• 5 seroprevalence classes

Transmission model
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Data & Fitting
The model is fitted to two data sets

• Data 1: age-stratified hospital admissions (n = 28,482)
• Period: 325 days after the first case (2 March 2020 – 15 January 2021)
• Start of the epidemic: 26 February 2020 
• Data 2: Age-stratified serological data (n = 2,301)
• Date: 28 May 2020

• Bayesian framework using Stan with R interface
• 32 parameters are estimated

Rozhnova et al. Nature Communications 12, 1614 (2021) Model-based evaluation 
of school- and non-school-related measures to control the COVID-19 pandemic.



Contact patterns
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First lockdown transition
We use a linear combination of matrices before and after lockdown
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Rozhnova et al. Nature Communications 12, 1614 (2021) Model-based evaluation 
of school- and non-school-related measures to control the COVID-19 pandemic.

Speed K1 and timing t1 of 
the transition in the contact 
patterns are estimated

Median estimated trajectory



Time-varying contact patterns
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• Relaxation of measures
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Model fit: Hospital admissions
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Model fit: Seroprevalence
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Time-varying contact patterns & Re(t)
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Vaccination program



Vaccination analyses 
• Maximum vaccination coverage of 90% (Makhoul et al. Vaccines 2021)
• Persons under 20 years of age are not vaccinated
• Vaccine efficacies for Pfizer vaccine (96% of total doses)
• Infection-blocking properties
• Vaccination is a single event conferring protection equivalent to 2 

vaccine doses
• Optimistic and pessimistic sets of vaccine efficacies (94% vs 55% efficacy 

in reducing susceptibility; Thompson et al. CDC 2021; Moustsen-Helms 
et al. medRxiv 2021; Chodick et al. medRxiv 2021)

• There is (no) behavior compensation in vaccinated persons



Vaccination rollout schedule
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• Morbidities in the vaccination plan are defined by ICPC-2 codes
• Data on the age distribution of morbidities from the Ministry of Health



Vaccination coverage
equal coverage in [20,50) y.o.
zero coverage in [0,20) y.o.
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Relaxation scenarios
• Scenario 1 Lifting all measures 
• Scenario 2 Partial lifting of measures as in autumn 2020
• Scenario 3 Partial lifting of measures as in summer 2020
• Scenario 4 Step-wise relaxation of measures



Scenarios 1, 2, 3
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Scenario 4: Step-wise relaxation

low epidemic activity

Re(t) > 1
circulation 8 Feb 2022
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Scenario 4: Different timing
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Scenario 4: Pessimistic assumptions
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Main limitations & work in progress
• Hospitalization data ends on 15 January 2021 (start of the third wave)

• No reinfection after natural infection/vaccination (Saad-Roy et al Science 

2021; Levine et al Science 2021) 

• No seasonality (Kissler et al Science 2021)

• No estimation of selective advantage of B.1.1.7
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Conclusion
• Quick relaxation might lead to new waves in 2021 
• Substantial measures prove necessary throughout 2021
• More favorable scenarios are relaxation of measures as in 

summer 2020 or a gradual relaxation until the end of 2021
• Another option would be increasing vaccination rates but this 

scenario does not seem to be feasible for Portugal



Thank you!


