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Key facts

. Prioritisation of COVID-19 vaccination should take into account several dimensions and needs to be
contextualised.

o The choice of optimal vaccination strategy depends on the objective, e.g. reducing mortality, saving life
years or reducing pressure on the healthcare system.

. The optimal prioritisation also depends on the characteristics of the vaccine, in particular its efficacy
against infection and therefore onward transmission.

o If a vaccine does not protect against transmission, the most effective and efficient approach is to
prioritise the vaccination of those groups at highest risk of severe disease and death.

o Substantial reductions in mortality and pressure on the healthcare system could be achieved by the
direct protection of high-risk groups, even if viral transmission is ongoing within the population.

. Vaccination of healthcare workers is beneficial since it improves the resilience of the healthcare system.

The benefit would be heightened if the vaccine were effective against infection, and therefore
transmission, since it would offer indirect protection to patients, residents of long-term care facilities
and other high-risk individuals.

. Although vaccinating adults aged 18-59 years is not the most effective or efficient strategy when
vaccine supply is limited, consideration should be given to specific groups or settings that may have a
disproportionate risk of exposure.

. Given the many unknowns in relation to COVID-19 vaccines’ characteristics, deployment, supply, and
uptake, and to future appearance of vaccine escape variants, non-pharmaceutical interventions should
continue to be applied, as recommended by public health authorities, in the initial months following the
introduction of COVID-19 vaccination.

. Vaccination strategies will need to be adaptable over time to unfolding events taking into account the
emerging evidence.

Background

Since December 2019 and as of December 2020 there have been over 15 000 000 cases of COVID-19 reported in the
European Union (EU), European Economic Area (EEA) and the United Kingdom (UK), including over 375 000 deaths
[1]. All EU/EEA and UK countries have reported COVID-19 cases, but the spread of the outbreak and the number of
infected people vary within and between countries. Most EU/EEA countries and the UK are experiencing a second
increase of cases during these final months of 2020 and although the number of performed tests is higher than those
carried out in spring, the high and rising positivity rate show that the actual cases have increased.

Suggested citation: European Centre for Disease Prevention and Control. COVID-19 vaccination and prioritisation strategies in the
EU/EEA. 22 December 2020. ECDC: Stockholm; 2020.

© European Centre for Disease Prevention and Control, Stockholm, 2020.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is mainly transmitted through saliva droplets, and
prolonged physical proximity is considered the main risk factor for infection. The virus affects infected individuals
differently according to age and preconditions. There is an increased risk of hospitalisation, admission to intensive
care units (ICU) and death with increased age and for those with certain underlying conditions [2,3]. It is
estimated that up to 30% of the population of the EU/EEA is either over 60 years old or has one of the underlying
conditions, such as hypertension, diabetes, cardiovascular disease, chronic respiratory disease, malignancies, Down
syndrome, liver disease, certain neurological diseases and weakened immune systems, associated with risk of
severe illness from COVID-19 [4]. Other factors, such as obesity and smoking, have also been observed to be
associated with risk of severe illness from COVID-19[5-8].

In the absence of a curative treatment or a vaccine, non-pharmaceutical interventions (NPI), such as physical
distancing, have been used to curb the pandemic. However, there are concerns about the long-term sustainability
of following such preventive measures in terms of population acceptance and compliance, as well as the potential
social and economic consequences. In addition to NPIs, the development and use of safe and effective vaccines
against COVID-19 is considered the most promising option for containing the pandemic in the long term.

An unprecedented number of vaccine candidates against a single disease and with various characteristics are
currently under development. These vaccines are being developed using different technological platforms, both
those already established and new ones, such as mRNA vaccines [9]. On 21 December 2020, the European
Medicines Agency (EMA) recommended granting a conditional marketing authorisation for the Pfizer/BioNTech
COVID-19 vaccine in the EU in people from 16 years of age. At the time of writing, the EMA Committee for
Medicinal Products for Human Use is performing a rolling review procedure for three vaccines (AstraZeneca/Oxford,
Janssen-Cilag International NV, and Moderna). One of these vaccine developers (Moderna) has now also applied
for Conditional Marketing Authorisation to the EMA [10]. On 2 December 2020, the UK government accepted the
recommendation from the UK Medicines and Healthcare Products Regulatory Agency to approve the
Pfizer/BioNTech COVID-19 vaccine for use in the UK [11].

At the time of writing, evidence of some of the key characteristics of COVID-19 vaccines, such as immunogenicity,
efficacy and safety, is becoming available [12-14]. It is not yet fully clear from Phase 3 clinical trials how effectively
the upcoming COVID-19 vaccines will reduce disease severity and deaths in the population and if they also will
prevent infection and decrease transmission of the disease. Also, the duration of protection from vaccination
against COVID-19 is unknown. Phase 3 trials are also limited in terms of statistical power and length of follow-up
for providing definite answers on clinical endpoints for specific target groups. Furthermore, since COVID-19 is a
novel disease, there are several unknowns despite intense ongoing research. The full extent of interaction between
host and virus is not known, and neither is the protective immunological response mechanism nor its duration.

It is expected that the initial supply of COVID-19 vaccines will be limited. It will therefore be very important for
countries to identify priority groups to be vaccinated in the first phase, before moving to subsequent phases in
which vaccines presumably will be offered to an increasingly larger part of the population, possibly on a routine
basis. The process of prioritising which groups to vaccinate in the initial phase needs to be fair, transparent and
continuously updated, based on new available knowledge. Countries will also need to develop comprehensive
vaccination strategies in line with their public health objectives, as well as taking into account incidence, burden
and geographical distribution of COVID-19. Over time, these strategies will need to be adapted to epidemiological
changes, new evidence on disease pathogenesis and risk groups, vaccine supply, and new knowledge about safety,
immunity and protection from the available vaccines.

Mathematical modelling is important for supporting the identification of priority groups for vaccination against
COVID-19 and the development of efficient and effective vaccination strategies. By using data on demography,
COVID-19 epidemiology, and prevalence of risk groups in the population, mathematical modelling can be utilised to
compare the potential impact of different vaccination strategies targeting different groups based on assumptions
on vaccine characteristics, vaccine supply and uptake [15]. Mathematical modelling alone is unable to provide a
single answer on what is the best strategy to adopt for the roll-out of COVID-19 vaccination. However, it can
provide insights into some of the most influential factors for decision-making according to different scenarios and
public health objectives.

This document builds on a previously published ECDC report, ‘Key aspects regarding the introduction and prioritisation
of COVID-19 vaccination in the EU/EEA and the UK’ [15]. By using mathematical modelling, this document provides
EU/EEA countries with information on factors that may affect the choice of COVID-19 vaccination strategies, according
to different target groups and based on scenarios of hypothetical vaccine characteristics.

The objectives of this document are to show:

. how the objective of a vaccination strategy should be informed by the characteristics of the vaccines available;
. how the prioritisation of certain population groups may help achieve the objective of the vaccination strategy.
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Target audience

The target audiences for this document include public health institutes and professionals involved in COVID-19
vaccination planning, national immunisation technical advisory groups (NITAGSs), Ministries of Health and other
decision-making bodies involved in the planning of COVID-19 vaccination campaigns at national and subnational
level in the EU/EEA.

Description of the mathematical model

The mathematical model used to conduct this analysis is an extension of the existing ECDC COVID-19 dynamic
compartmental model, which has previously been described in detail [16]. In brief, the model simulates the
transmission of SARS-CoV-2 in the EU/EEA and the progression to COVID-19 disease, including mild cases which
remain in the community and severe cases which are admitted to standard hospital wards or to intensive care
units. It is age-structured, accounting for the differential risk of severe disease and death by age.

The model incorporates data on non-pharmaceutical interventions and testing rates over time since February 2020
and is calibrated to available data on number of confirmed cases, hospital admissions, ICU admissions and COVID-
19 deaths for each member state of the EU/EEA. In this analysis, the model is fitted to epidemiological data up to
1 December 2020 to simulate the background naturally acquired immunity. We model the whole EU/EEA
population.

The objective of this analysis is to compare the relative effectiveness and efficiency of different vaccine
prioritisation strategies by target group. This analysis is not intended to make a forecast of how COVID-19
epidemiology will evolve in the EU/EEA in the vaccination era. The latter will depend on vaccine characteristics,
future policy on non-pharmaceutical interventions and other behavioural change. We model an artificial scenario of
steady ongoing transmission as a ‘test ground’ for exploring the factors that will influence vaccination policy. In the
baseline analysis, we make the limiting assumption that naturally acquired immunity lasts longer than 24 months.

We simulate the introduction of a number of different vaccination strategies comparing each with a universal
vaccination strategy where all adults are vaccinated. To illustrate the factors that may drive prioritisation, we
assume in the baseline scenario that the whole target group is vaccinated on the same day i.e. that there is
adequate supply and 100% uptake. We assume two vaccine doses are required per person. The impact of
vaccination is assessed as the total number of deaths prevented, life years saved and hospital and ICU admissions
prevented in one year following the date of vaccination.

We model alternative vaccine characteristics. If the vaccine prevents infection, the vaccinee becomes immune.

If the vaccine prevents mild disease then, if infected, the vaccinee has an asymptomatic infection. Individuals with
asymptomatic infection are assumed to transmit the virus 35% as effectively as symptomatic individuals [17]. We
assume that in the pre-vaccination era, 17% of cases are asymptomatic [18]. If the vaccine prevents severe
disease then, if infected, the vaccinee has a mild clinical presentation. We assume that cases with a mild clinical
presentation reduce their contacts by 75% after diagnosis, cases with severe presentation (equivalent to
hospitalisation) are assumed to be isolated after diagnosis.

Baseline characteristics used in the modelling of a
hypothetical vaccine against COVID-19

Baseline vaccine

Healthy adults under the age of 60 years
Efficacy against severe disease: 95%

Efficacy against any clinical disease: 50%
Efficacy against infection: 0%

Duration of protection: 24 months

Adults aged 60 years and over
Efficacy against severe disease: 70%
Efficacy against any clinical disease: 30%
Efficacy against infection: 0%

Duration of protection: 12 months

Adults under the age of 60 years with preconditions
Efficacy against severe disease: 70%

Efficacy against any clinical disease: 30%

Efficacy against infection: 0%

Duration of protection: 18 months
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Our baseline analysis assumes that the vaccine is 95% effective at preventing severe disease in healthy adults,
with protection lasting at least 12 months. The efficacy against severe disease is lower (70%) in adults aged 60
years and over and in those with relevant medical preconditions. The efficacy against clinical disease of any
severity is 50% in healthy adults and 30% in older adults and those with preconditions. In the baseline analysis we
assume no efficacy against infection and therefore onward transmission. However, we do consider alternative
scenarios where the vaccine has an efficacy of 20% or 50% against infection and a subsequently higher efficacy
against clinical disease.

For each strategy, we present its effectiveness in terms of deaths averted, life years saved and hospital and ICU
admission averted, compared with a strategy of vaccinating all adults. We also present the efficiency of each
strategy for each of these measures i.e. the relative impact of one dose of vaccine, compared with a universal
strategy. The full table of results is presented in the Annex.

Glossary

Efficacy: The reduction in incidence of infection or disease in a vaccinated group compared to an unvaccinated
group having accounted for other differences between the groups e.qg. in a clinical trial.

Effectiveness: The observed reduction in outcomes of interest e.g. death, disease incidence or life years saved
as a result of vaccination. This measure accounts for the ‘real world’ effects e.g. transmission dynamics,
demography and behaviour.

Efficiency: The ratio of effectiveness and number of doses administered i.e. the impact per dose on an
outcome of interest.

Strategy 1: Vaccination of people at risk of severe outcomes

Since the burden of COVID-19 morbidity and mortality is known to be disproportionately high in certain groups,
one potential strategy is to vaccinate those who are at greatest risk of developing severe disease, requiring
hospital or intensive care unit (ICU) treatment or dying. This may include older people or those with underlying
health conditions. Such a strategy would only be effective if the COVID-19 vaccines prevent severe disease within
these groups who, by their nature, may have reduced capacity to mount a sufficient immune response [19]. The
efficacy of the vaccine in older adults and those with underlying health conditions should be evaluated and
monitored through information from Phase 3 trials and post-marketing studies. Adjusting vaccine formulas,
increasing dosage or adding adjuvants may elicit adequate protection in some groups. Other groups may not be
eligible for vaccination due to certain health-related issues.

Strategy 1a: Vaccination of people at risk of severe
outcomes due to older age (=60 =70 or =80 years)

Introduction

Older adults are more likely to develop severe symptoms of COVID-19 and the risk of hospitalisation, ICU
admission and death increases sharply with age. Data collected by ECDC up until 6 December 2020 show that in
the EU/EEA and the UK, the chance of a person aged over 80 years being admitted to hospital with COVID-19 is
over four times higher than a person in their 50s. The chance that they will die from the disease is 7.4 times as
high [20]. Almost two thirds of all COVID-19 deaths in the EU/EEA and the UK up to 6 December 2020 were in
people aged 80 years and over, while 95% were people aged 60 years and over [20].

The primary objective of vaccinating older people is direct protection against developing severe disease. A
secondary objective, particularly in an initial period of limited vaccine supply, may be to alleviate the pressure on
the healthcare sector since fewer people would be admitted to hospital and intensive care units.

It is known that, due to immunosenescence, older adults often respond less effectively to vaccination [19]. As
such, the age-specific efficacy of COVID-19 vaccines must be balanced against the burden of disease in each age
group. Mathematical modelling is a helpful tool to illustrate this trade-off.

We model three age-dependent strategies:

1. Vaccination of all adults aged 60 years and over (~241 million doses)
2. Vaccination of all adults aged 70 years and over (~131 million doses)
3. Vaccination of all adults aged 80 years and over (~52 million doses)
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Results

If a vaccine only prevents severe disease, and that with an efficacy 25% lower in older adults, but does not
prevent transmission (direct protection), vaccinating only adults aged 60 years and over would prevent 90% of the
deaths that would be prevented by a universal adult vaccination programme. Adding all other adults aged 18-59
years would have little marginal benefit, accounting for the further 10%. Vaccinating only adults aged 80 years and
over would be 43% as effective, in terms of preventing death, as vaccinating all adults (Figure 1A).

Since the number of doses needed to vaccinate only those aged 80 years and over is significantly lower than the
other age-dependent strategies, this is the most efficient approach in terms of deaths averted per dose. One dose
of this vaccine administered to a person aged 80 years and over is almost six times more effective at preventing
death than a dose given in a universal vaccination programme (Figure 1C).

However, on average, preventing a COVID-19 death in a younger person would result in more life years saved. In
fact, vaccinating only adults aged 80 years and over with such a vaccine saves only 2% of the life years saved by
vaccinating all adults. Vaccinating adults aged 60 years and over with this vaccine would save 59% of the life years
saved by vaccinating all adults (Figure 1B). One dose of this vaccine administered to a person aged 80 years and
over is only 32% effective at saving life years as a dose given in a universal vaccination programme. However, one
dose of this vaccine administered in a programme that focuses on adults aged 60 years and over is 176% as
effective at saving life years as a dose given in a universal vaccination programme. This is the most efficient age
group to prioritise in terms of life years saved (Figure 1D).

If the vaccine has even limited efficacy against infection, and therefore transmission, (20% in healthy adults, 10%
in older adults and the baseline efficacy against clinical disease), it offers some indirect protection to those not
vaccinated by reducing transmission of the virus. In this case, the relative effectiveness and the efficiency of
prioritising older adults is reduced and vaccinating only adults aged 60 years and over prevents only 70% of deaths
compared with vaccinating all adults (Figure 1A). The stronger the efficacy against infection (and therefore
transmission), the larger the indirect effect and the lower the marginal benefit of prioritisation.

Figure 1. Relative effectiveness and efficiency of targeted vaccination by age, compared with a
programme in which all adults are vaccinated
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The risk of COVID-19 hospitalisation, ICU admission and death increases steeply after the age of 60 years [20].
Even if a vaccine were less efficacious at preventing disease in older people, the disproportionate burden of
morbidity and mortality in this group means that vaccination is beneficial. In terms of preventing death, vaccination
of the oldest individuals (those over the age of 80 years) is the most efficient use of a vaccine. However, given
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that they have shorter life expectancy, the most efficient choice in terms of life years saved is to vaccinate people
aged 60 years and over.

Vaccinating according to age group is a practical approach, and easy to communicate. It is historically associated
with good vaccine uptake and can be considered an efficient and pragmatic option to reduce COVID-19 morbidity
and mortality if vaccine supply is insufficient to vaccinate the whole population.

Epidemiological and demographic data and vaccine supply will contribute to driving decisions regarding which age
groups to target in each country. As age structures differ across EU/EEA countries, there will likely be a variation
on the age limits for vaccination of older adults in different countries. Based on individual country data and
depending on vaccine availability, countries may consider initially targeting older age groups with increased risk of
hospitalisation, ICU admission and death from COVID-19.

Strategy 1b: Vaccination of people at risk of severe
outcomes due to preconditions

Individuals with certain underlying health conditions (preconditions) have higher morbidity and mortality from
COVID-19 compared to healthy people [21]. The preconditions significantly associated with COVID-19-related
hospitalisation, ICU admissions and death include diabetes mellitus, chronic cardiovascular disease, chronic
respiratory disease, chronic kidney disease, immunocompromised states (e.g. organ transplant), cancer, chronic
liver disease, certain neurological disorders, trisomy 21 and sickle cell disease [5,7,8]. The individual risk of
hospitalisation and death increases with the number of preconditions. As knowledge about risk factors for severe
COVID-19 is still growing, the causality and magnitude of risk from each of these underlying medical conditions
should be monitored and periodically reviewed [22].

Targeting individuals with preconditions known to be associated with increased risk of severe COVID-19 disease
may be an efficient approach to reducing hospital admissions, ICU admissions and mortality. However, singling out
all individuals with relevant underlying health conditions may be challenging or controversial. Clinical trials may not
have tested the vaccines in a sufficient number of people with each underlying health condition. It is therefore
possible that vaccine efficacy and safety may be suboptimal in some of those groups. Moreover, some individuals
with underlying medical conditions may not be eligible for vaccination due to their health status.

Estimating the proportion of people in an age group who have one or more relevant preconditions is not
straightforward. In many EU/EEA countries, data are not available, and in some preconditions are counted
separately, meaning that some individuals may be double-counted. We base our estimates on data provided in a
modelling study using prevalence data and UN population estimates [23], and estimate the odds ratio of COVID-
19-related death given one or more preconditions from data reported to ECDC [24].

The proportion of adults aged 70 years and over who have at least one precondition known to be associated with
severe COVID-19 disease is high (76.8%). For this reason, we combine our analysis of prioritisation of vaccination
by preconditions with age-targeted strategies.

We model three strategies additionally targeting people with preconditions:

1. Vaccination of all adults aged 60 years and over and younger people with preconditions (~347 million doses)
2. Vaccination of all adults aged 70 years and over and younger people with preconditions (~158 million doses)
3. Vaccination of all adults aged 80 years and over and younger people with preconditions (~80 million doses)
Results

The marginal benefit of extending an age-targeted vaccination programme to include younger adults with relevant
preconditions is high. As defined above, 43% of the deaths prevented by a universal vaccination programme can
be prevented by only vaccinating adults aged 80 years and over. If younger adults with preconditions are included,
this increases to 97% of the deaths being prevented. Indeed, a strategy of vaccinating adults aged 60 years and
over and younger adults with preconditions is 98% as effective in preventing mortality as vaccinating all adults
(Figure 2A).

In terms of life years saved, extending a programme of vaccinating people aged 80 years and over to include
younger adults with preconditions increases the effectiveness from 2% to 83% of that of a universal vaccination
strategy (Figure 2B). This approach is the most efficient, in terms of life years saved, of all the age and
age/precondition strategies that we consider (Figure 2D). In terms of deaths averted, the inclusion of younger
people with preconditions is less efficient. The additional doses prevent fewer deaths than the doses that are
administered to adults aged 80 years and over (Figure 2C).
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Figure 2. Relative effectiveness and efficiency of vaccination targeted by age and preconditions,
compared with a programme in which all adults are vaccinated
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Implementing a strategy that prioritises the vaccination of those with preconditions may be challenging. Not all
individuals with an increased risk of severe COVID-19 will have a precondition clearly diagnosed and there will be
some with borderline classifications (e.g. mild hypertension, moderate obesity, glucose intolerance). In addition,
some preconditions may not be causally associated with severe COVID-19 and others may be only weakly
associated with an increased risk of severe COVID-19.

In an initial phase of COVID-19 vaccine deployment with limited supply, it could also be highly problematic to
perform a prioritisation among different types of preconditions, as data on the magnitude of the risk associated
with each precondition may not be fully reliable or applicable to all groups and contexts. Finally, communicating
such a strategy and reaching out to all individuals with one or more preconditions may be logistically complicated
or simply not feasible.

A large proportion of older adults has a precondition that places them at higher risk of severe disease or death
when infected with SARS-CoV-2. As a result, it may be more practical to target a whole age group, even though
the marginal benefit of including younger adults with preconditions is high. As vaccine supply increases, countries
will need to decide whether the challenge of targeting younger people at heightened risk is worthwhile or whether
it would be more pragmatic to extend to the whole age group.

Strategy 2: Vaccination of healthcare workers

Introduction

Healthcare workers are exposed to SARS-CoV-2 due to their professional activity. In addition, they are in close
contact with patients and vulnerable individuals at high risk of severe COVID-19. A study carried out between
March-April 2020 in the UK and the US estimated that frontline healthcare workers had a 3.4-fold higher risk than
people living in the general community for reporting a positive test, adjusting for the likelihood of receiving a test
[25]. However, it should be noted that due to improved infection prevention and control measures, including the
increased availability of personal protective equipment for healthcare workers in recent months, these earlier
estimates of higher risk of infection in healthcare workers during the early phase of the pandemic may have
decreased in some settings. Healthcare workers are, in addition, exposed to higher virus concentrations, especially
from severely ill patients, which may influence disease severity [8]. Healthcare workers are also considered
essential workers during a pandemic and are needed to ensure that a well-functioning healthcare system is
maintained while hospitals are under pressure. Additionally, the age range of healthcare workers and their average
health status means that they are also likely to respond well to vaccinations in general, and therefore also to
COVID-19 vaccination. For these and other possible reasons (e.g. reciprocity, in terms of honouring obligations to
those individuals who bear significant additional risks and burdens of COVID-19 response for the benefit of
society), healthcare workers can be considered as a priority group for COVID-19 vaccination.
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If vaccination against COVID-19 protects against infection and therefore transmission, vaccinating healthcare
workers will provide indirect protection to individuals who are hospitalised or residing in long-term care home
facilities, as well as those individuals who cannot be vaccinated due to certain health-related issues. Thus, the early
vaccination of healthcare workers would have a dual benefit.

If vaccination against COVID-19 only protects against symptomatic disease, and not against infection, the impact
of vaccinating healthcare workers will be reduced, as it will be limited to the direct protection of healthcare
professionals (including those at risk of severe COVID-19). Vaccinating healthcare workers will then mainly aim at
protecting them from severe COVID-19 and at maintaining staff availability during phases of high community
transmission, but will not indirectly protect patients or residents of long-term healthcare facilities.

The term *healthcare worker’ describes a large and diverse group of people. Such a strategy could focus on the
prioritisation of healthcare workers who are most exposed to SARS-CoV-2 (e.g. healthcare staff working in COVID-
19 wards or emergency rooms), those most at risk of transmitting the disease to vulnerable individuals (e.g.
nurses, healthcare staff in long-term care facilities, healthcare workers in haematology, transplant units or centres,
oncology, etc.) or all patient-facing staff in healthcare facilities, whether or not they are clinically trained.

We model a strategy of vaccinating all healthcare workers, assuming that they comprise 3% of the adult
population, assuming that the hazard ratio for infection is 3 [25]. We define the proportion of healthcare workers
in each age group using data from the OECD [26]:

1. Vaccination of healthcare workers (~27 million doses)

If a vaccine does not protect against infection and onward transmission, vaccinating healthcare workers has a
limited effect in terms of preventing death. Such a programme would prevent only 3% of the deaths of a universal
vaccination programme (Figure 3A), which means that although far fewer people are vaccinated, the relative
impact per dose is only 0.77 (Figure 3C). Vaccinating healthcare workers alone would save only 1% of the life
years saved by vaccinating all adults (Figure 3B), which means the relative efficiency in this regard is 0.27 (Figure
3D). Unless a vaccine protects against infection, and therefore transmission, the vaccination of healthcare workers
is the least effective and least efficient strategy in terms of both deaths averted and life years saved.

However, if a vaccine protects against infection, the relative effectiveness and efficiency of vaccinating healthcare
workers increases. Vaccinating healthcare workers with a vaccine that offers 20% efficacy against infection (and an
increased efficacy of 70% against clinical disease) would prevent 23% of the deaths prevented by a universal
vaccination programme (Figure 3A), which increases the relative impact of each dose to 6.13 (Figure 3C). That is,
each dose of this vaccine administered in a healthcare worker only programme prevents roughly six times as many
deaths as a dose given to an adult chosen at random. Vaccinating healthcare workers with a vaccine that offers
50% efficacy against infection would prevent 41% of the deaths prevented by a universal vaccination programme
(Figure 3A), which increases the relative impact of each dose to 10.95 (Figure 3C). That is, each dose of this
vaccine prevents roughly 11 times as many deaths as a dose given to an adult chosen at random.

The effectiveness and efficiency in terms of life years gained follows a similar pattern. If a vaccine has 20%
efficacy against infection, a healthcare worker programme would save 23% of the lives saved by vaccinating all
adults (Figure 3B), a relative impact of 10.87 (Figure 3D). A vaccine with 50% efficacy against infection (and an
increased efficacy of 95% against clinical disease) administered to healthcare workers only would save 41% of the
lives of a universal vaccination programme (Figure 3B), a relative impact of 11 (Figure 3D). That is, 11 times as
many life years are saved by each dose of the vaccine given to a healthcare worker than to an adult chosen at
random.

The higher the degree of protection against infection, the larger the indirect effect, making a healthcare worker
vaccination programme increasingly more effective and more efficient.
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Figure 3. Relative effectiveness and efficiency of targeted vaccination of healthcare workers, compared
with a programme where all adults are vaccinated
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Discussion

Prioritising healthcare workers for vaccination is of particular importance during outbreaks in healthcare settings or
when there is widespread community transmission, especially when the pressure on healthcare is high and
increasing. During a low community transmission phase of the pandemic, attention should be naturally shifted
more towards individuals at the highest risk of developing severe COVID-19.

It also needs to be noted that healthcare workers, after an initial phase of the pandemic where they were at high
risk of infection due to limited availability of personal protective equipment and of in-hospital COVID-19 control
procedures in many places, are now more effectively protecting themselves during work and may be at an
increased, but lower than before, risk of infection. Their exposure also depends on the pressure on the healthcare
system caused by large numbers of hospital admissions of COVID-19 patients.

Considerations should be given to prioritisation of healthcare workers based on individual exposure, risk of
transmission to patients (if the vaccine confers indirect protection), and individual risk of severe COVID-19 due to
age, preconditions or other conditions.

As outlined above, if a vaccine against COVID-19 does not prevent infection and onward transmission, the
objective of vaccinating healthcare workers is mainly to directly protect them against occupational exposure and to
maintain functional healthcare services. Considerations could be given to sub-prioritise healthcare workers
particularly exposed to risk of infection with SARS-CoV-2, aged 60 years and over with some underlying condition.
If the vaccine provides even a limited efficacy against infection and onward transmission, priority should be given
to healthcare workers in close contact with patients or residents at high medical risk of severe COVID-19 (e.g.
healthcare staff in long-term healthcare facilities or organ transplantation units).

Effectiveness and efficiency of vaccinating healthcare workers against COVID-19 would increase if the vaccine
prevents infection and onward transmission reasonably effectively.
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Strategy 3: Vaccination of adults 18-59 years old
Introduction

A vaccine that prevents infection with SARS-CoV-2 and not only COVID-19 disease will reduce transmission of the
virus in the population, offering indirect protection to those who are not themselves vaccinated. If this is the case,
theoretically the most efficient vaccination approach is to target the groups with the highest number of effective
contacts, as they are at risk both of exposure to the virus and of onward transmission [27]. For diseases like
influenza and pneumococcal disease, the main drivers of disease transmission are children or adolescents, thus
vaccinating them causes a strong indirect protection in the older age groups [28,29]. , It is not currently clear
whether a certain group of the population is a main driver of COVID-19 transmission.

Individuals in risk groups for severe disease and death from COVID-19 are expected to be more risk-averse
compared to the rest of the population that is not at high risk of severe COVID-19. Furthermore, many countries
are adopting cocooning strategies to protect the groups most at risk of severe COVID-19, who are thus less
exposed to infection compared to the rest of the population. Therefore, people at lower risk of severe COVID-19
due to younger age or absence of underlying conditions are expected to have more effective contacts for disease
transmission. Moreover, the role of asymptomatic transmission from young and middle-aged adults in COVID-19
pandemic has been recognised [30]. Additionally, some societal groups are at increased risk of infection due to
their living conditions or to occupational exposure. For these reasons, vaccination of the adult population under the
age of 60 years (which includes most individuals with a high number of social contacts and those living in societal
or occupational settings where risk of transmission is high) could be considered an effective way to achieve control
of viral circulation in the community if a vaccine provides sterilising immunity. However, vaccinating younger
people with a vaccine that only reduces disease severity may lead to them taking less stringent measures to self-
isolate and therefore actually increasing transmission with no protective benefit to vulnerable people.

There are some practical challenges to consider concerning this approach. Firstly, this group is largely composed
by healthy and active adults, who are not a usual target of vaccination campaigns and can be hard to reach or may
be hesitant to take the vaccine since they do not see benefit to themselves. Secondly, the number needed to
vaccinate to prevent a COVID-19 hospitalisation or death by targeting all individuals 18-60 years old may be high
in a non-intensive viral circulation scenario, thus making the whole approach quite inefficient. Thirdly, if the
upcoming COVID-19 vaccination does not protect against infection and onward transmission, this approach is not a
viable option as its objective is to efficiently reduce viral transmission within the community. Lastly, and more
importantly, this approach may have a stronger impact on the number of COVID-19 infections compared to other
approaches, but a smaller one on hospitalisations and deaths, as the latter tend to occur much more often in the
older age groups not targeted by this approach.

We model a strategy of vaccinating all adults ages 18-59 years:

1. Vaccination of all adults aged 18-59 (~249 million doses)

Results

If a vaccine prevents COVID-19 disease but does not prevent infection, and thereby transmission, it may lead to a
reduction in the number of infected people who are self-isolating. As a consequence, the level of community
transmission may increase, leading to a higher number of confirmed cases, hospital and ICU admissions and
deaths. A programme to vaccinate 18-59 year olds with a vaccine that only offers direct protection against disease
may lead to a decrease in deaths in younger adults, but an increase in older adults due to the increased
background transmission. We estimate that overall the number of deaths may be the same as if there had not
been a vaccination programme (Figure 4A) but, since the deaths that do occur are instead in older people, some
life years would be saved (Figure 4B).

However, if a vaccine has 20% efficacy against infection (and an increased efficacy of 70% against clinical disease)
and therefore offers indirect protection through the reduction of transmission, vaccinating younger adults (18-59)
would prevent 69% of the deaths prevented by a universal vaccination programme (Figure 4A). This leads to a
two-fold increase in efficiency compared with vaccinating all adults, since the number of doses required is lower
(Figure 4C). Since most of the deaths prevented are due to reduced circulation of the virus and not direct
protection of the vaccine, the relative effectiveness in terms of life years saved is 72%, compared with vaccinating
all adults (Figure 4B).

If a vaccine has 50% efficacy against infection (and an increased efficacy of 95% against clinical disease), and
therefore offers indirect protection through the reduction of transmission, vaccinating younger adults (18-59 years)
would prevent 88% of the deaths prevented by a universal vaccination programme (Figure 4A) since circulation of
the virus is reduced to a low level. In terms of deaths averted, a strategy to vaccinate only younger adults has 2.5
times as much impact per dose as a strategy to vaccinate all adults (Figure 4C). The relative effectiveness in terms
of life years saved is 89%, compared with vaccinating all adults (Figure 4B), meaning that a dose of the vaccine
administered in a programme to vaccinate younger adults saves 2.6 times the number of life years of a dose
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administered in a universal vaccination programme. This is because in a programme that aims to reduce the
transmission of the virus, there is a diminishing marginal benefit of each additional dose and fewer people are
vaccinated in a targeted programme.

Figure 4. Relative effectiveness and efficiency of targeted vaccination of adults aged 18 to 59 years,
compared with a programme in which all adults are vaccinated, by efficacy of vaccine against infection
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Discussion

Given the practical challenges of targeting younger adults (aged 18-59), it is unlikely that this approach will be part
of a COVID-19 strategy in the initial phase, when supply will be more limited. If a vaccine is unsafe or inefficacious
in older adults and those with underlying conditions, a programme of indirect protection could be considered. This
approach would reduce COVID-19 morbidity and mortality, only if the vaccine prevents infection and therefore
onwards transmission. Otherwise, vaccination of adults 18-59 years of age should not be considered as an optional
strategy in the initial phases of COVID-19 vaccine deployment. It is possible that some specific groups or
occupations more at risk of exposure to the virus can be identified and considered in certain settings and contexts.
However, in general, other approaches should be prioritised in the context of initial limited supply or in case the
COVID-19 vaccines showed very limited efficacy against SARS-CoV-2 infection and onward transmission.
Vaccinating all adults aged 18-59 years with a vaccine effectively preventing transmission is a potential approach
for reducing viral circulation and reaching disease control. However, it is not the most rapid, effective or ethical
way of reducing hospitalisations and deaths in groups at increased medical risk of severe COVID-19.

Strategy 4: Universal vaccination (everyone aged 18 years
and over)

Introduction

Universal vaccination against COVID-19 implies that the vaccine is given to the whole population and aims to
vaccinate every single individual who is eligible for vaccination.

If the available COVID-19 vaccines are effective against SARS-CoV-2 infection and onward transmission, universal
vaccination would lead to a strong reduction of viral circulation in the whole population, and may eventually lead to
herd protection, depending on the vaccine efficacy and the duration of protection. A vaccine efficacious against
SARS-CoV-2 infection and onward transmission will also indirectly protect individuals who cannot be vaccinated. If
a high vaccination coverage is sustained over time with high vaccine efficacy and long duration of protection,
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universal vaccination will also make possible to set COVID-19 elimination goals. COVID-19 eradication is not
considered a feasible goal due to the existence of non-human reservoirs of SARS-CoV-2.

Universal vaccination could be considered the most equal approach, albeit assuming enough vaccine doses
available for everyone who can get vaccinated. Unfortunately, this is unlikely to be the case for several months
following the introduction of COVID-19 vaccines into the market, as vaccine supply is foreseen to be limited in the
presence of a large global demand.

If the COVID-19 vaccine is only able to prevent symptomatic disease (and not infection and onward transmission),
universal vaccination will not be able to effectively lead to indirect protection and herd immunity. Additionally,
different groups of the population may respond differently to the vaccines.

As the duration of protection from vaccination against COVID-19 is currently unknown, a short duration of
protection will imply the need for re-vaccination of a very large numbers of individuals with massive implications
for vaccine production, procurement, supply and logistics.

Finally, universal vaccination, involving tens of millions of individuals over a relatively short period of time, could
increase the risk of reporting adverse events non-causally associated with vaccination. This has the potential to
undermine COVID-19 vaccination acceptance and uptake, as well as vaccination confidence in general.

We model the strategy of vaccinating all adults as the baseline for our analysis of prioritisation strategies:

1. Vaccination of all adults aged 18-59 (~720 million doses)
Results

All results shown for the other strategies are reported as comparison with vaccination of all adults (see above).

Discussion

Vaccinating everyone is the most effective approach if the aim is to minimise the overall burden of COVID-19, but
it comes at a very high price in terms of time, cost, resources and logistics. Supply will not be sufficient to
vaccinate everyone for many months after the introduction of the vaccines against COVID-19, so the
implementation of a universal vaccination is not considered feasible during at least the first half of 2021.
Additionally, with a universal vaccination there would be more concerns about vaccine uptake, in particular among
people not at heightened risk of severe disease. This may lead to several pockets of unvaccinated individuals in the
population that cannot be traced or reached without well-functioning immunisation information systems in place.

After an initial phase of limited supply, universal vaccination is the preferable strategy only if the vaccine is very
safe and effective, protects against infection and onward transmission, and induces a sufficiently long duration of
protection. In such a case, and given sufficiently high and sustained vaccine uptake, an elimination strategy is a
realistic goal and herd protection is attainable.
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Final considerations

One significant source of uncertainty in predicting the future epidemiology of COVID-19 is the duration of
naturally acquired immunity. If people who have previously been infected with the virus become susceptible
again, this will have an impact on vaccine prioritisation strategies. Strategies that aim to reduce the circulation
of the virus with a vaccine that has some effect on reducing transmission will be more robust to increasing re-
susceptibility of the population than strategies that focus on direct protection. This is because each dose of
vaccine effectively reduces susceptibility of the population beyond the person who is vaccinated, in contrast to
the loss of naturally acquired immunity, which increases it. The model has been fitted to epidemiological data up
until 1 December 2020 to give a baseline of naturally acquired immunity. We assume that vaccination takes
place on 1 January 2021, but in reality it will be later for most people and staged. Depending on the non-
pharmaceutical measures in place in the meantime, the immunity profile of the population may change over
time either due to additional infection or waning immunity.

In our baseline analysis, we assume that duration of vaccine protection is longer than the timeframe we consider.
As vaccine protection wanes, more doses will be needed to maintain immunity. A strategy that relies on indirect
protection is more resilient to waning immunity than a direct protection strategy. If the virus were to mutate
substantially, a higher proportion of the population would be susceptible and vaccine efficacy may be reduced. In
this case, the effectiveness of any vaccination programme would be diminished.

In this baseline analysis, we also assume that the vaccine is administered at one point in time. This is unrealistic
and vaccines will become available in batches, in line with production. In this case, prioritisation strategies which
focus on direct protection would see a step-wise impact over time. A strategy based on the ability of a vaccine to
reduce infection, and therefore transmission, would have a ‘smoother’ impact in such a supply scenario, since each
additional dose has a smaller marginal effect in reducing the circulation of the virus in the community.

We assume that vaccine uptake, and therefore acceptance, is 100%. This is also a limiting assumption and
consideration should be given to the relative uptake between groups. If it is comparable across the population, it
would not affect the optimal prioritisation strategy.

If a COVID-19 vaccine is efficacious in preventing symptomatic disease in older adults but does not prevent
transmission, the highest impact in terms of both deaths averted and life years saved is gained by vaccinating
adults aged 60 years and over and younger adults with preconditions. There is little marginal benefit in vaccinating
healthcare workers, and in this case vaccinating healthcare workers (either alone or in conjunction with older
people) is the least effective and least efficient strategy in terms of both deaths averted and life years saved. When
it comes to maximising the health benefits in an initial limited supply scenario, the highest efficiency in terms of
deaths averted is gained from vaccinating adults aged 80 years and over, but in terms of life years saved the most
efficient strategy is to extend the programme to include younger adults with preconditions.

If a COVID-19 vaccine also moderately prevents transmission, the highest impact in terms of both deaths averted
and life years saved is also gained by vaccinating adults aged 60 years and over and younger adults with
preconditions. However, the added benefit of prioritising older adults over the rest of the adult population is
reduced. During the initial limited vaccine supply, the highest efficiency in terms of deaths averted is also to
vaccinate adults aged 80 years and over, although including healthcare workers is almost as efficient and prevents
more deaths in total. In terms of life years saved, vaccinating healthy adults aged 18-60 years becomes the most
efficient strategy, although a plentiful supply of vaccine would be needed.

With a vaccine that also prevents transmission, the option of reducing viral circulation in the population by
vaccinating younger individuals who are possibly more exposed to the virus, and therefore at risk of onward
transmission, becomes a more competitive option to consider. However, in the short term and with limited supply,
this option would not be the one that would guarantee the maximum gains in terms of reduced hospitalisations
and deaths. This approach is therefore not optimal in the roll-out of COVID-19 vaccines, but could become an
interesting supplementary option as supply increases, depending on the capacity of the vaccine or vaccines to
prevent infection and onward transmission.

Other target groups not included in the mathematical modelling

Another primary group that can be considered for prioritisation for vaccination is essential workers, who are
considered critical for maintaining societal functioning. This could include social care workers, frontline workers,
teachers, childcare providers, transportation workers and food and essential goods retail workers. Reducing
infection and sickness within these groups allows these workers to continue providing services to the general
population and to indirectly protect those vulnerable to severe disease that need to access these services, such as
taking public transportation and going to grocery stores.

Occupational settings where there is a lack of physical distancing are also increasing the risk for viral transmission
due to the risk of close contacts with COVID-19 cases [31]. Insufficient or incorrect use of personal protective
equipment is also considered a risk factor. Additional settings with little ability to physical distance may include
prisons, migrant centres, crowded housing and homeless shelters and those living in other closed environments
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such as people living with disabilities in care homes and supported living settings. Consideration should be given to
these specific settings when deciding upon priorities for COVID-19 vaccination.

In the initial phases of the vaccine deployment, it is expected that demand will exceed supply. It will be important
to manage expectations through appropriate communication about limited supply, vaccine safety and efficacy,
priority groups and the rationales behind these choices. Vaccine acceptance is expected to become increasingly
relevant over time as supply grows. Transparent communication about vaccine safety and efficacy characteristics,
and objectives of the vaccination, will need to be initiated as early as possible by all institutional sources in order to
counter any misinformation or disinformation.

People with previous COVID-19 infection were not excluded from Phase 3 trials, and there is no current evidence
of harm or absence of efficacy. As the exact duration of natural immunity from COVID-19 infection is currently
unknown, at this stage it is advisable not to exclude people with previous COVID-19 infection from vaccination.
Nevertheless, these aspects need to be followed up and updated according to the emerging evidence.

Important unknowns remain and should not to be overlooked. For example, potential viral antigenic drifts could
generate immune escape variants that the vaccine could not protect against. The estimates of vaccine efficacy to
date are also based on short follow-up after vaccination, so it is currently unclear what the duration of protection
of each vaccine will be. Additionally, it is not known from the Phase 3 trials whether COVID-19 vaccines can
prevent infection and onward transmission, and if so, to what extent. Therefore, it remains uncertain whether the
vaccination strategies can be developed with the aim of reducing viral circulation in the community through herd
protection. There is also currently no information about vaccine safety and efficacy in pregnant and lactating
women who are possibly at increased risk of severe COVID-19, in children below the age of 12 years and in people
with certain preconditions (e.g. immunocompromised individuals). There are limited data available about vaccine
safety and efficacy in adolescents 12-18 years old, in people with certain preconditions and in frail individuals.
Finally, there is no information about safety and effectiveness of off-label schedules (e.g. use of half-dose,
combined use of different vaccines, prolonged intervals between doses) in case of limited vaccine supply or
logistical issues. Other significant unknowns pertain to manufacturing and logistics, as this is an unprecedented
global effort with very large numbers and many uncertainties about manufacturing and potential delays in
distribution and issues with storage.

Decisions on whom to vaccinate first depend on several additional factors, including vaccine products’
characteristics, target groups for which data on COVID-19 vaccine safety and efficacy are currently available,
ethical and equity considerations, logistics (e.g. how to effectively deliver the vaccine to the target groups,
ultracold storage requirements), procurement and supply, and vaccine acceptance in different target groups,
among others.

Issues with vaccines supply, logistics and storage may have an impact on the implementation of vaccination
strategies and may affect their overall impact. As vaccine supply will not immediately be enough for all people in
the target groups for vaccination, the impact of any vaccination strategy will not initially be sufficient to lift non-
pharmaceutical interventions. More clarity in the coming months about different vaccines’ characteristics (number
of doses needed, interval between doses, reactogenicity and safety, effectiveness in different groups and against
different endpoints, duration of protection) and trends in vaccine supply, deployment and uptake will help Member
States decide when and how to lift non-pharmaceutical interventions. Vaccination strategies will thus need to be
adaptable and data-driven.

Prioritisation of COVID-19 vaccination should take into account several dimensions and needs to be contextualised.
By looking at the impact of vaccination on health outcomes, based on modelling, we can conclude the following:

. The choice of optimal strategy depends on the objective, e.g. reducing mortality, saving life years or
reducing pressure on the healthcare system.

. The optimal prioritisation also depends on the characteristics of the vaccine, in particular its efficacy against
infection and therefore onward transmission.

. If a vaccine does not protect against transmission, the most effective and efficient approach is to prioritise
the vaccination of those groups at highest risk of severe disease and death.

. Substantial reductions in mortality and pressure on the healthcare system could be achieved by the direct

protection of high-risk groups, even if viral transmission is ongoing within the population.

14



COVID-19 vaccination and prioritisation strategies in the EU/EEA

. Vaccination of healthcare workers is beneficial since it improves the resilience of the healthcare system. The
benefit would be heightened if the vaccine were effective against infection, and therefore transmission, since it
would offer indirect protection to patients, residents of long-term care facilities and other high-risk individuals.

. Although vaccinating adults aged 18-59 years is not the most effective or efficient strategy when vaccine
supply is limited, consideration should be given to specific groups or settings that may have a
disproportionate risk of exposure.

ECDC internal contributors

Kim Brolin, Edoardo Colzani, Helen Johnson, Kate Olsson, Lucia Pastore Celentano

15



COVID-19 vaccination and prioritisation strategies in the EU/EEA

References

10.

11.

12.

13.

14.

15.

16.

17.

European Centre for Disease Prevention and Control (ECDC). COVID-19 Pandemic. Stockholm: ECDC; 2020.
Available from: https://www.ecdc.europa.eu/en/cases-2019-ncov-eueea

Chiappetta S, Sharma AM, Bottino V, Stier C. COVID-19 and the role of chronic inflammation in patients
with obesity. Int J Obes (Lond). 2020 Aug;44(8):1790-2.

Costa FF, Rosario WR, Ribeiro Farias AC, de Souza RG, Duarte Gondim RS, Barroso WA. Metabolic syndrome
and COVID-19: An update on the associated comorbidities and proposed therapies. Diabetes Metab Syndr.
2020 Sep - Oct;14(5):809-14.

European Centre for Disease Prevention and Control (ECDC). High-risk groups for COVID-19. Stockholm:
ECDC; 2020. Available from: https://www.ecdc.europa.eu/en/covid-19/high-risk-groups

National Health Service UK. Who's at higher risk from coronavirus NHS; 2020. Available from:
https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-higher-risk/whos-at-higher-risk-from-
coronavirus

Mayo Clinic. Pregnancy and COVID-19: What are the risks? Available from:
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/pregnancy-and-covid-19/art-
20482639

World Health Organisation Europe. Health workers at risk, older adults and residents of long-term care
facilities to be prioritized for COVID-19 vaccination. Copenhagen: WHO Euro; 2020. Available from:
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-
19/news/news/2020/11/health-workers-at-risk,-older-adults-and-residents-of-long-term-care-facilities-to-be-
prioritized-for-covid-19-vaccination

Centers for Disease Control and Prevention. Scientific Evidence for Conditions that Increase Risk of Severe
Iliness. CDC; November 2020. Available from: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-
precautions/evidence-table.html

Callaway E. The race for coronavirus vaccines: a graphical guide. Nature. 2020 Apr;580(7805):576-7.

European Medicines Agency. Treatments and vaccines for COVID-19. Amsterdam: EMA; 2020. Available
from: https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-
disease-covid-19/treatments-vaccines-covid-19#medicines-undergoing-evaluation-section

GOV UK Department of Health and Social Care. UK authorises Pfizer/BioNTech COVID-19 vaccine. 2020.
Available from: https://www.gov.uk/government/news/uk-authorises-pfizer-biontech-covid-19-vaccine

Ramasamy MN, Minassian AM, Ewer KJ, Flaxman AL, Folegatti PM, Owens DR, et al. Safety and
immunogenicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost regimen in young and old
adults (COV002): a single-blind, randomised, controlled, phase 2/3 trial. Lancet. 2020 Nov 18.

Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, et al. Safety and efficacy of the
ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four randomised
controlled trials in Brazil, South Africa, and the UK. Lancet. 2020 Dec 8.

Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and Efficacy of the
BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020 Dec 10.

European Centre for Disease Prevention and Control (ECDC). Key aspects regarding the introduction and
prioritisation of COVID-19 vaccination in the EU/EEA and the UK. Stockholm: ECDC; 2020. Available from:
https://www.ecdc.europa.eu/sites/default/files/documents/Key-aspects-regarding-introduction-and-
prioritisation-of-COVID-19-vaccination.pdf

European Centre for Disease Prevention and Control. Projected baselines of COVID-19 in the EU/EEA and
the UK for assessing the impact of de-escalation of measures. Stockholm: 2020. Available from:
https://www.ecdc.europa.eu/sites/default/files/documents/Projected-baselines-COVID-19-for-assessing-
impact-measures.pdf

Buitrago-Garcia D, Egli-Gany D, Counotte MJ, Hossmann S, Imeri H, Ipekci AM, et al. Occurrence and
transmission potential of asymptomatic and presymptomatic SARS-CoV-2 infections: A living systematic
review and meta-analysis. PLoS Med. 2020 Sep;17(9):e1003346.

16


https://www.ecdc.europa.eu/en/cases-2019-ncov-eueea
https://www.ecdc.europa.eu/en/covid-19/high-risk-groups
https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-higher-risk/whos-at-higher-risk-from-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-higher-risk/whos-at-higher-risk-from-coronavirus/
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/pregnancy-and-covid-19/art-20482639
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/pregnancy-and-covid-19/art-20482639
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/11/health-workers-at-risk,-older-adults-and-residents-of-long-term-care-facilities-to-be-prioritized-for-covid-19-vaccination
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/11/health-workers-at-risk,-older-adults-and-residents-of-long-term-care-facilities-to-be-prioritized-for-covid-19-vaccination
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/11/health-workers-at-risk,-older-adults-and-residents-of-long-term-care-facilities-to-be-prioritized-for-covid-19-vaccination
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines-covid-19#medicines-undergoing-evaluation-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines-covid-19#medicines-undergoing-evaluation-section
https://www.gov.uk/government/news/uk-authorises-pfizer-biontech-covid-19-vaccine
https://www.ecdc.europa.eu/sites/default/files/documents/Key-aspects-regarding-introduction-and-prioritisation-of-COVID-19-vaccination.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Key-aspects-regarding-introduction-and-prioritisation-of-COVID-19-vaccination.pdf

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

COVID-19 vaccination and prioritisation strategies in the EU/EEA

Byambasuren O, Cardona M, Bell K, Clark J, McLaws M, Glasziou P. Estimating the extent of asymptomatic
COVID-19 and its potential for community transmission: systematic review and meta-analysis. medRixv.
2020.

Crooke SN, Ovsyannikova IG, Poland GA, Kennedy RB. Immunosenescence and human vaccine immune
responses. Immun Ageing. 2019;16:25.

European Centre for Disease Prevention and Control (ECDC). COVID-19 Weekly Surveillance Summary
Severity Stockholm: ECDC; 2020. Available from: https://covid19-surveillance-
report.ecdc.europa.eu/#2 Severity

European Centre for Disease Prevention and Control. COVID-19 risk factors and risk groups 2020. Available
from: https://www.ecdc.europa.eu/en/covid-19/latest-evidence/epidemiology

European Centre for Disease Prevention and Control (ECDC). Weekly surveillance summary Risk groups
most affected Stockholm: ECDC; 2020. Available from: https://covid19-surveillance-
report.ecdc.europa.eu/#3 Risk groups most affected

Clark A, Jit M, Warren-Gash C, Guthrie B, Wang HHX, Mercer SW, et al. Global, regional, and national
estimates of the population at increased risk of severe COVID-19 due to underlying health conditions in
2020: a modelling study. Lancet Glob Health. 2020 Aug;8(8):e1003-e17.

European Centre for Disease Prevention and Control. Weekly surveillance summary - Risk groups most
affected 2020. Available from: https://covid19-surveillance-
report.ecdc.europa.eu/#3 Risk groups most affected

Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo CG, Ma W, et al. Risk of COVID-19 among front-line
health-care workers and the general community: a prospective cohort study. Lancet Public Health. 2020
Sep;5(9):e475-e83.

Organisation for Economic Co-operation and Development. OECD Stat Health Care Resources. Available
from: https://stats.oecd.org

European Centre for Disease Prevention and Control. Transmission of COVID-19 2020. Available from:
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/transmission

Eichner M, Schwehm M, Eichner L, Gerlier L. Direct and indirect effects of influenza vaccination. BMC Infect
Dis. 2017 Apr 26;17(1):308.

Hanquet G, Krizova P, Valentiner-Branth P, Ladhani SN, Nuorti JP, Lepoutre A, et al. Effect of childhood
pneumococcal conjugate vaccination on invasive disease in older adults of 10 European countries:
implications for adult vaccination. Thorax. 2019 May;74(5):473-82.

European Centre for Disease Prevention and Control (ECDC). Increased transmission of COVID-19 in the
EU/EEA and the UK — 24 September 2020 Stockholm: ECDC; 2020. Available from:
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-risk-assessment-increased-
transmission-12th-update-september-2020.pdf

European Centre for Disease Prevention and Control (ECDC). Transmission of COVID-19 Stockholm: ECDC;
2020. Available from: https://www.ecdc.europa.eu/en/covid-19/latest-evidence/transmission

17


https://www.ecdc.europa.eu/en/covid-19/latest-evidence/epidemiology
https://covid19-surveillance-report.ecdc.europa.eu/#3_Risk_groups_most_affected
https://covid19-surveillance-report.ecdc.europa.eu/#3_Risk_groups_most_affected
https://covid19-surveillance-report.ecdc.europa.eu/#3_Risk_groups_most_affected
https://covid19-surveillance-report.ecdc.europa.eu/#3_Risk_groups_most_affected
https://stats.oecd.org/
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/transmission
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-risk-assessment-increased-transmission-12th-update-september-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-risk-assessment-increased-transmission-12th-update-september-2020.pdf
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/transmission

Annex. Comparison of the relative effectiveness and efficiency of different prioritisation strategies

Prioritisation group

Number of

administered

Relative

impact per
Relative dose in
reduction in terms of reduction in dose in
number of hospital number of terms of ICU
hospital admissions ICU admissions
admissions averted admissions averted

Relative
Relative impact
impact Relative

Relative
per dose Relative impact per
per dose number in terms
in terms of life of life
of deaths | years years

averted saved saved

Relative
reduction
in number
of deaths

Al 720
60+ 241 90%
70+ 131 74% 1.66 71%
80+ 52
preconditions 347 2.04 1.79 1.36
Baseline vaccine | preconditions 286 2.44
80+ and
preconditions 249 2.79
Healthcare workers
only 27 1.33
60+ and HCW 265 241
80+ and HCW 80 3.27
18-59 249 43% 1.25
. . All 720
Baseline vaccine
+20% efficacy 60+ 241 70% 2.11 1.28 69% 3.82
against infection 7, 131 57% 3.12 3.38 1.40 55% 5.56
in younger
adults, 10% 80+ 52 2.86 1.62
efficacy against = 60+ and
adults & those 70 + and
with preconditions 286 83% 2.10 80% 3.44 1.87 83% 3.85
preconditions 80+ and
preconditions 249 83% 2.41 80% 83% 4.41

Suggested citation: European Centre for Disease Prevention and Control. COVID-19 vaccination and prioritisation strategies in the EU/EEA. 22 December 2020. ECDC: Stockholm; 2020.

© European Centre for Disease Prevention and Control, Stockholm, 2020.
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Prioritisation group = administered

Healthcare workers

only

Number of

27

COVID-19 vaccination and prioritisation strategies in the EU/EEA

Relative Relative

Relative impact

impact Relative per dose Relative dose in Relative

Relative per dose number in terms

impact per Relative
impact per
reduction in terms of reduction in dose in
number of hospital number of terms of ICU
admissions ICU admissions
admissions averted

reduction in terms of life of life
in number of deaths | years years hospital
of deaths averted saved saved admissions averted

60+ and HCW 265 78% 57% 1.55
80+ and HCW 80 46% 31% 2.82
18-59 249 74% 2.15 78% 2.40 73% 3.88
All 720
60+ 241 2.60 1.83
70+ 131 3.91 2.73 2.12
80+ 52 2.43
60+ and
20% effica
agai‘:15t ilnfecg'tion preconditions 347 .0 1.93
70% efficacy preconditions 286 2.44 41 2.32
disease preconditions 249 2.80 2 2.66
Healthcare workers
only 27
60+ and HOW 265 2.23
80+ and HCW 80 2.94
18-59 249 69% 1.99 72% 2.10 79% 2.29 68%
All 720
60+ 241
50% efficacy 704 131
against infection
in all adults, 80+ 52
95% efficacy 60+ and
against clinical precondlt|0ns 347
disease 70 + and
preconditions 286
80+ and
preconditions 249
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Relative Relative
Relative impact impact per Relative
impact Relative per dose Relative dose in Relative impact per
Relative per dose number in terms reduction in terms of reduction in dose in
Number of reduction in terms of life of life number of hospital number of terms of ICU
doses in number of deaths | years years hospital admissions ICU admissions

Prioritisation group = administered of deaths averted saved saved admissions averted admissions averted

Healthcare workers

only
60+ and HOW

80+ and HCW 5.62
| 18-59 249 88% 2.53 89% 2.58 93% 2.68 88% 2.54

*: + denotes years and over
Colour legend.: colours represent a gradient where green is the comparatively most beneficial figure and red is the comparatively least beneficial figure
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