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Key points

« COVID-19 generates a major economic burden, even after the
pandemic. The costs from lost productivity due to COVID-19 are about
twice as high as healthcare system costs in Australia and Japan,
seven times larger in the UK, and ten times larger in the Netherlands.

« Investing in COVID-19 vaccines is not just a health need, it benefits
the economy. Vaccines help protect societies and reduce pressure on
healthcare systems, while supporting economic stability by keeping
people working and productive. Continued investment in
comprehensive vaccination policies and COVID-19 vaccines is
essential to reduce its ongoing and future burden.

« Evaluating economic benefits demonstrates the additional value
to society of broadening vaccine eligibility. Compared to the status
quo, broadening vaccine eligibility would further reduce sick days,
long-term disability, and workforce dropouts caused by short-term
illness and long COVID, generating substantial additional benefit to

national economies.
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Why investigating the economic case for
ongoing COVID-19 vaccination matters

While public health strategies around COVID-19 have transitioned from a pandemic to an
endemic setting, the disease remains a persistent and evolving threat characterised by
year-round viral activity, surges, and an ongoing health and economic burden.
Nevertheless, recommendations for routine COVID-19 immunisation have become
increasingly restrictive worldwide, predominantly focusing on older adults (=65 years) and
population groups at risk of severe outcomes, and largely exclude healthy working-age
adults. Whereas the latter group are less likely to suffer severe health outcomes leading to
hospitalisation, they may still experience symptomatic illness and long-term
consequences, through long COVID and potential exacerbation of underlying conditions,
leading to lost productivity. This lost productivity means that COVID-19 infections in the
working-age population have a greater impact on the national economy.

Using a cost-of-illness analysis based on 2024 cost data, this report investigates the
economic burden of COVID-19 during the post-pandemic era and the potential economic
benefits of ongoing immunisation for healthcare systems and national economies. This
report focuses on four high-income countries currently recommending COVID-19
vaccination to older and at-risk adults, namely the United Kingdom, Australia, Japan and
the Netherlands.

COVID-19 continues to represent a significant economic
burden

We estimate that without annual autumn vaccination of older adults, the economic burden
of COVID-19 is substantial, averaging 0.48% of national GDP across the countries
studied (min%-max%: 0.26%-0.97%).

ANNUAL ECONOMIC BURDEN OF COVID-19 IN CASE OF NO VACCINATION

PROGRAMME
A = N
< e * -
TOTAL £6.98 bn A$7.35 bn ¥575tn €3.99 bn
TOTAL AS A % OF 0.26% 0.28% 0.97% 0.39%

NATIONAL GDP*

*National GDP 2023 (million, USD): UK: 3340,032: Australia: 1723 827: Japan: 4,212,945; Netherlands:
1118,124 (World Bank, 2024). Note: Based on incidence estimates for the following time frames: UK;
September 2024 - August 2025; Australia, March 2024~ February 2025; Japan, September 2023 - August
2024; Netherlands, October 2023 - September 2024.

This impact is twice the average pre-pandemic national spending on health prevention in
OECD countries, and significantly surpasses the economic costs of other respiratory
infections such as influenza, highlighting its continued impact in the post-pandemic era.
National economies bear a disproportionate share of the COVID-19 burden - twice as
large as the COVID-19 related healthcare system costs in Australia and Japan, more than
seven times as large in the UK, and ten times as large in the Netherlands.
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Annual vaccination of older adults and high-risk groups
protects healthcare systems but leaves national economies
exposed to the impact of COVID-19

Annual autumn COVID-19 vaccination of older adults (aged 60+ in the Netherlands and
65+ in the UK, Australia and Japan) and at-risk groups, aligned with 2023/2024 national
recommendations ', prevents significant healthcare costs and pressure. Based on
2023/2024 recommendations, COVID-19 vaccination programs reduce healthcare
burden by preventing 22% of COVID-19-related costs on average (min%-max%: 13%-
29%), primarily through averting severe cases and hospitalisations. This highlights the vital
role of annual vaccination strategies in protecting healthcare systems from additional
winter pressure due to seasonal infections. However, the economic benefits to national
economies are more modest, with 7% of economic losses averted (min%-max%: 3%-12%)
under vaccination strategies aligned with 2023/2024 recommendations.

Evaluating economic benefits demonstrates the additional
value to society of broadening vaccine eligibility

Broadening vaccination eligibility to the general population aged 50 and over? could avert
on average 13% (min%-max%: 5%-25%) of costs to the national economy, while
broadening vaccination eligibility to the population aged 18 and over? could increase the
proportion of the economic burden of COVID-19 on the national economy averted to 27%
on average (min%-max%: 8%-60%). Extended vaccination policies could address the
significant burden on national economies caused by absenteeism, long-term workforce
attrition, and consequent productivity losses linked to both acute and long COVID cases.

Long COVID is likely a major contributor to economic losses due to prolonged
absenteeism and reduced workforce participation. Though the full impact of long COVID
is difficult to quantify and compare due to a lack of systematic data across countries,
estimates suggest that long COVID alone could account for up to 49% of COVID-19
economic costs on the national economy in some countries, underscoring the need for
continued vaccination to mitigate these impacts.

T 60+ in the Netherlands, 65+ in Australia, Japan and the UK. High-risk groups are only modelled in the UK and the Netherlands. The definition of
high-risk varies between countries but typically includes people with underlying conditions.

2This is subject to regulatory approval, recommendation by the National Inmunization Technical Advisory Group (NITAG) and approval by
reimbursement decision-makers.

ohe.org a



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Policy recommendations

This report demonstrates the enduring economic burden posed by COVID-19 and
highlights the potential of COVID-19 vaccination strategies. While annual autumn
vaccination programmes for older adults and at-risk groups effectively reduce healthcare
system pressures, extending vaccination to younger working-age populations can unlock
broader economic benefits and long-term societal resilience, in particular during the
winter season. Maintaining and expanding these efforts is vital to mitigate both current
and future impacts of COVID-19.

Vaccination of the general population of older adults and groups at risk?®
should be maintained as a cornerstone of resilient healthcare systems

Increasingly limited vaccine recommendations and excluding population groups at risk of
severe outcomes hinder the ambition to build resilient healthcare systems. A more explicit
and systematic recognition of vaccines’ ability to mitigate pressure on healthcare system
capacity in health technology assessment and vaccination policies would be consistent
with this objective.

A decision-making and funding approach to annual immunisation that
appreciates broader economic benefits is needed

Now more than ever, it is essential to recognise the broader value of interventions, such as
vaccines, in decision-making and funding, especially as they help maintain healthy and
productive societies. This is particularly urgent in the face of global trends like
demographic ageing and increasing rates of chronic illness among working-age adults.
Without this broader perspective, decision-makers risk overlooking the role of public
health investments in supporting long-term economic productivity.

3 The eligibility criteria of the 2023/2024 COVID-19 vaccination programme in the countries under consideration typically include individuals
at higher risk of severe outcomes, such as the elderly (general population aged 60 or 65 years and older) and individuals with underlying
condlitions (at-risk groups). At-risks groups were included in the epidemiological models for the UK and the Netherlands but were not included
in the models in Australia and Japan.

ohe.org “
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Introduction

Background

Thanks to effective vaccination programmes that significantly altered the course of the
pandemic (Watson et al,, 2022), in May 2023 the WHO declared that COVID-19 is no
longer considered a global health emergency (Cheng et al., 2023; WHO, 2023). However,
in the post-pandemic period (i.e., since the announcement in May 2023), COVID-19
remains “an established and ongoing health issue” (WHO, 2023) requiring continued
vigilance and monitoring. In fact, COVID-19 is characterised by year-round disease activity
as well as winter spikes coinciding with those of other respiratory ilinesses that generate
pressure on healthcare systems (Wiemken et al., 2023). Moreover, since its emergence,
the likelihood of severe outcomes leading to hospitalisation and mortality remains higher

for COVID-19 infections compared to other seasonal respiratory infections (Xie, Choi and
Al-Aly, 2024; CDC, 2024).

Vaccination has played a central role in enabling the ongoing transition from pandemic to
post-pandemic burden. Conservative estimates indicate that COVID-19 vaccination
prevented over 150 million cases and 620 thousand deaths globally in its first rollout
(between December 2020 and September 2021) (Yang et al., 2023). Other estimates
factoring in indirect benefits of vaccination, such as reduced virus transmission, report
that 14.4 -19.8 million lives were saved in the first year of vaccination, equivalent to a 63%
decline in the global COVID-19 related mortality (Watson et al,, 2022). In 2024, the WHO
estimated that COVID-19 vaccines have reduced deaths due to the pandemic by at least
57%, saving more than 1.4 million lives in the WHO European Region (WHO, 2024), with
loannidis et al., (loannidis et al,, 2025) estimating that globally 2.5 million deaths were
averted during 2020-2024, saving 15 million life-years. Beyond the benefits associated
with averting COVID-19 morbidity and mortality, vaccines have also played a crucial role in
enabling countries to ease pandemic restrictions and move towards economic recovery.

Despite the ongoing health burden posed by COVID-19, recommendations for COVID-19
vaccination are becoming increasingly restrictive worldwide. Many countries now only
recommend COVID-19 vaccination to older adults and at-risk individuals, such as
individuals with underlying comorbidities and adults in regular contact with vulnerable
individuals. For example, Table 1 displays COVID-19 vaccination recommendations for four
high-income countries.
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Table 1. Recommendations on Annual Autumn COVID-19
vaccination
UK AUSTRALIA JAPAN NETHERLANDS
2023 65+ general population Recommended*: 65+ Recommended*: 60+ general population
& at-risk %elr(weral population & at- 65+ general population & at-risk
s & at-risk
(Fiilr consideration”: 18- For consideration*:
6 months+
2024 65+ general population 65+ general population 65+ general population 60+ general population
& at-risk & at-risk & at-risk & at-risk

Key: population groups recommended for vaccination: dark green = broader eligibility; light green = targeted to older adults and priority groups,
e.g. immunocompromised people with underlying medical conditions and health and social care workers in contact with vulnerable populations.
Notes: The table is based on 2023 and 2024 recommendations on the COVID-19 autumn’ vaccination. Recommendations for six-month
Spring’ booster dosage are not included here. The definition of at risk’ varies by country and has evolved over time. * Recommended = groups
who should receive COVID-19 vaccination. For consideration = groups who should consider COVID-19 vaccination upon discussion with a
healthcare provider.

References: Australia: (ATAGI, 2023, 2024); Japan: (Ministry of Health Labour and Welfare of Japan, 2023, 2024); Netherlands: (RIVM, 2024a;
b); UK: (UKHSA, 2024a).

Recommendations by health technology assessment (HTA) bodies and National
Immunization Technical Advisory Groups (NITAGs) on national immunisation programmes
are typically driven by the role of COVID-19 vaccines in preventing severe outcomes and
the associated healthcare resource impact. However, healthcare-related effects
constitute only a fraction of the ‘broader’ value of vaccination including, amongst others,
societal economic benefits from reduced work absence and increased labour force
participation (Bell, Neri and Steuten, 2021). Broader economic effects are likely to be high
among working-age adults who are less likely to suffer severe outcomes (e.g,,
hospitalisation) but may experience symptomatic iliness leading to work absenteeism. For
example, in the case of seasonal respiratory infections, including COVID-19, it has been
estimated that employees in the UK are impacted by respiratory infections for over an
entire workweek throughout the year (5.2 days), 1.1 of these days are due to absenteeism,
and the remaining 4.2 days are impacted by reduced productivity (presenteeism) (Hayes
et al, 2024). This corresponds to an annual national economic cost of £44 billion in the
UK (Hayes et al., 2024). In the Netherlands, respiratory infections were associated with a
total of 14.3 million lost working days annually, representing a monetary value of €4.7
billion (Beck et al.,, 2024).

COVID-19 infections are also uniquely associated with an additional risk of developing
long COVID, a complex condition associated with one or more of over 60 possible long-
term symptoms with varying severity (Subramanian et al., 2022). Coupled with uncertainty
on the prevalence and duration of these symptoms, estimating the additional labour
market impact of long COVID is a complex exercise. However, a tentative assessment of
the impact of long COVID suggests a potential reduction of the EU labour supply by
0.3%-0.5% in 2022 (Ramos et al., 2024).

With aging populations and rising chronic disease rates among younger population that
will increase the population at risk from severe illness if infected with COVID-19 and rising
level of workers taking sick days and economic inactivity, it is important to understand the
impact that COVID-19 has on both healthcare systems and the national economy so that
we can assess the full value provided by vaccinations.

ohe.org °
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12 Report overview

This report describes the ongoing economic burden of COVID-19 and the economic
benefits of immunisation for healthcare systems and national economies. Using a cost-of-
illness analysis, we first quantify the broader economic burden of COVID-19 and then
compare the benefits of ‘high-risk’ and ‘extended’ annual autumn vaccination strategies in
a post-pandemic setting.

The report focuses on four high-income countries characterised by narrowing
recommendations for COVID-19 vaccination, namely the United Kingdom, Australia, Japan
and the Netherlands. This selection aims to balance geographic representation,
differences in healthcare systems and ‘attitudes' towards COVID-19, with data availability.

ohe.org e
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Methodology

We conducted a cost-of-illness (COI) analysis to estimate the economic impact of
COVID-19 and the potential benefits of annual autumn COVID-19 vaccination
programmes. COl analyses evaluate the economic impact associated with the morbidity
and mortality of a disease from a societal perspective (Johns Hopkins University -
International Vaccine Access Center (IVAC), 2019; Ozawa et al., 2017).

Our COl analysis consisted of 3 steps (see Figure 1), applied to each of our four countries:
the United Kingdom, Australia, Japan and the Netherlands. The analysis focuses on a post-
pandemic setting, characterised by residual immunity from prior vaccination and infection,
and predictable patterns of transmission based on observed country-specific data. All
models consider a one-year time horizon. Sections 2.1- 2.3 provide an overview of each
step of the analysis, with further details on data and assumptions explained in the
Methodological Appendix in Section 9.

Steps of the cost-of-illness analysis

Disease model

1. Estimate the COVID-19

morbidity and mortality under SEIR dynamic model Static decision tree model
- g A 4 F N
different scenarios ;I; a [ -
Sector Cost component
Impact on the healthcare ~ Hospital care costs
2. Value the COVID-19 morbidity system Qutpatient care costs

and mortality according to the COI ) Patient's workplace productivity costs
emmsnErl Impact on the national

economy

3. Obtain the economic burden of
COVID-19 and
the economic benefits of
vaccination

Patients’ unpaid work productivity costs
Caregivers' productivity costs

COl averted by
Annual autumn vaccination
(elderly and at-risk groups)

Autumn vaccination extended
to general population

Aged 60+ | Aged 18+

COl if no annual autumn
vaccines were to be
provided

Abbreviations: COl — Cost of llness, SEIR - Susceptible-Exposed-Infected-Recovered

Step 1: Estimate the COVID-19 morbidity and mortality under
different scenarios

Disease Model

To estimate the COVID-19 morbidity and mortality in the UK, Australia and Japan, we base
our analysis on existing age-stratified Susceptible-Exposed-Infected-Recovered (SEIR)
dynamic transmission models for each setting. The methodology and data of these
epidemiological models have previously been described in Kohli et al. (2024) (UK), Lee et
al. (2024) (Australia) and Fust et al. (2024a) (Japan). The SEIR model is used to predict
the total number of COVID-19 infections (symptomatic and asymptomatic). Symptomatic
infections enter a decision tree describing the COVID-19 disease pathway and related
outcomes (detailed in the Methodological Appendix in Section 9.2).
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For the Netherlands, a dynamic transmission model was not available at the time of
analysis, so we base our analysis on an adaptation of a static decision tree model by
Zeevat et al. (2024). The epidemiological data are based on static model estimates which
were pragmatically adapted to capture indirect protection via a reduction in exposure risk,
as is typically accounted for in dynamic models.

All models account for prior COVID-19 vaccination history and have a one-year time
horizon. Further details on the disease models and the vaccine programme specifications
can be found in the Methodological Appendix in Section 9.2.

Population groups and coverage rates

The analyses consider working-age adults (18+) and older adults (265). Age-specific
COVID-19 vaccine coverage rates depend on the country and scenario modelled and are
provided in the Methodological Appendix, Table 16.

Post-pandemic modelling scenarios
In each country, the following scenarios were modelled:

¢ No annual autumn COVID-19 vaccination programme - this represents a
counterfactual scenario in which COVID-19 vaccination programmes are not in place.
This counterfactual scenario serves as a comparator to estimate the averted burden
attributable to vaccination.

e High-risk groups annual autumn vaccination programmes - annual autumn
vaccination of individuals at higher risk of severe outcomes based on 2023/2024
national recommendations. This scenario aims to reflect the eligibility criteria of the
2023/2024 COVID-19 vaccination programmes in the countries under
consideration, which typically include individuals at higher risk of severe outcomes.
The dynamic transmission models for Japan and Australia model the age-based
recommendation (general population aged 65 years and older). The dynamic model
for the UK and static model for the Netherlands include the full eligibility,
incorporating both older adults (aged 65 and 60 years and over, respectively) but
also include at-risk populations, in line with the 2023/2024 eligibility
recommendations outlined in Table 1.

o Note that some national recommendations include eligibility for a
second (spring) booster, however, eligibility for the spring booster is not
always the same as the autumn booster with any deviations in
recommendations being more restrictive, uptake of second boosters is
low in most countries and it is unclear if spring boosters will continue to
be recommended in future seasons. Accordingly, to ensure continued
relevance and comparability between our countries, we limit the focus of
our analysis to an annual autumn vaccination.

o The coverage rates mentioned above and resulting health outcomes are
based on the epidemiological models available at the time of analysis
(detailed in Section 9.2 of the Methodological Appendix).

e Extended annual autumn vaccination programmes - COVID-19 vaccination
programmes extended to individuals aged 50+ and 18+. In these scenarios, we lower
the age cut-off to the general population aged 50 and over and aged 18 and over,
thereby expanding the eligibility to the working-age general population without
underlying conditions. The assumed vaccination coverage rates for each scenario are
detailed in the Methodological Appendix in Section 9.2.
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Vaccine efficacy

The intervention considered an mRNA vaccine (mirroring the Moderna mRNA-1273
(Spikevax) bivalent original and Omicron containing BA4/5 vaccine) administered annually
in the autumn. Vaccine efficacy rates and waning rates are provided in Table 2 below,
where the efficacy rate is the protection provided by the vaccine against infection and
hospitalisation and the waning rate is the rate at which this protection (the vaccine
efficacy) declines each month after the administration of the vaccine.

Modelled vaccine efficacy and waning rates

SARS-COV-2 INFECTION COVID-19 HOSPITALISATION SOURCE

United Kingdom

Australia

Netherlands

Japan

Initial efficacy rate: 57.1%
Monthly waning rate: 4.8%
Initial efficacy rate: 57.1%
Monthly waning rate: 4.8%
Initial efficacy rate: 74.8%
Monthly waning rate: 4.6%
Initial: 54.7%

Monthly waning rate: 4.8%

Initial efficacy rate: 84.3%
Monthly waning rate: 1.4%
Initial efficacy rate: 84.3%
Monthly waning rate: 1.4%
Initial efficacy rate: 85.1%

Monthly waning rate: 3.6%
Initial: 84.9%

Monthly waning rate: 1.4%

Kohli et al, 2024b

Lee et al,, 2024

Zeevat et al., 2024

Fust et al,, 2024a

Note: Vaccine effectiveness against infection and hospitalisation was based on real-world evidence studies comparing populations vaccinated
with mRNA-1273 bivalent to vaccine naive populations.

Table 3.

22
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In addition, we assume that a proportion of patients with symptomatic infections develop

long COVID (Table 3).

Percentage of patients with symptomatic infections
that develop long COVID

PERCENTAGE OF PATIENTS WITH SYMPTOMATIC INFECTIONS
THAT DEVELOP LONG COVID

United Kingdom
Australia
Netherlands

Japan

3.7%

4.7%, (9.6% for hospitalised patients)*

10.4%
41%

* In the disease models for all countries except Australia, the percentage of patients with symptomatic infections
that develop long COVID is constant, independent of hospitalisation status. In Australia, 4.7% of non-hospitalised
patients develop long COVID, whereas 9.6% of hospitalised patients develop long COVID.

Step 2: Value the COVID-19 morbidity and mortality
according to the COI framework

We value the health (morbidity and mortality) outcomes estimated from the disease
models for each scenario using a COI framework (Table 4). The framework considers a
range of medical, non-medical and indirect costs to the healthcare system and the

national economy.
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Table 4. COI framework components
SECTOR COST COMPONENT
Impact on the healthcare Hospital care costs
system .
Outpatient care costs
Impact on the national Patient’s workplace productivity costs
economy

Patient’s unpaid work productivity costs

Caregivers’ productivity costs

The impact on the healthcare system consists of medical costs in hospital and outpatient
care settings, valued according to healthcare resource use by setting and related unit
costs.

The impact on the national economy consists of indirect costs, such as productivity losses
of formally employed individuals and individuals undertaking unpaid work, and the
productivity losses of patients’ caregivers. Patient productivity costs due to non-fatal
outcomes are valued based on changes in time use (e.g,, lost days of work due to
absenteeism and presenteeism), valued at the average wage rate. Caregiver productivity
costs are also valued based on percentage lost productivity, valued at the average wage
rate. Patient productivity costs due to fatal outcomes and non-fatal outcomes impacting
the labour force participation (e.g., long COVID) are valued using the human capital
approach, which estimates the value of productivity losses for patients for the remainder
of their working life based on the average annual wage.

For each cost component of the COI framework, we obtain country-specific inputs, where
available, for the relevant COVID-19 outcomes from the disease model, as well as vaccine-
related adverse events occurring in each of the vaccination scenarios.

All monetary values are reported in the country currencies and adjusted to 2024 values
using the Consumer Price Index (CPI), with 2024 used as the reference year for our
analysis.

Main inputs for healthcare system and productivity costs are provided in Table 5 below.
Further details on input parameters and full references for all countries are provided in the
Methodological Appendix in Section 9.4.

In addition to the main inputs in Table 5, to calculate caregiver productivity losses, we
apply a country-specific percentage reduction in caregiver productivity to an illness
duration of 8.57 days when caring for non-hospitalised older adults who do not receive
regular institutional/formal care, and an illness duration of 4.29 days when caring for
paediatric cases. Further details on input parameters and references are provided in the
Methodological Appendix in Section 9.4.

Finally, for the avoidance of all doubt, a COI averted approach does not consider the
direct medical and indirect costs of implementing each vaccination strategy, in terms of
vaccine administration and delivery costs and productivity losses associated with receiving
vaccination. As such, the COl results are to be interpreted as an upper bound of potential
costs averted due to vaccination.

ohe.org “
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Table 5. Healthcare system and productivity costs model inputs
UNITED AUSTRALIA THE JAPAN
KINGDOM NETHERLANDS
HOSPITALISATIONS Cost/critical care stay £28,643 A$49,846 €18,375 ¥1,366,787
Cost/non-critical care stay £2,584 A$28,693 €6,577 ¥508,683
OUTPATIENT CARE Number of primary care 0.88 2.05 1.00 233
visits/non-hospitalised
patient
] .. £47 A$189 €40 ¥28,054
Cost/primary care visit
PRODUCTIVITY Daily wage £132 A$279 €195 ¥18700
CosTS Absenteeism (workdays):
e Non-hospitalised patient 3.57 3.57 3.50 3.57
¢ Non-critical care stay 6.26 779 6.02 714
e  Critical care stay 8.96 15.57 11.89 13.86
o  Post-hospital recovery 13.09 19.29 19.29 32.86

Note: Costs are adjusted to 2024 values using the Consumer Price Index (CPI), with 2024 used as the reference year for our analysis.
1GBP = 19374 AUD; 11811 EUR; 193.5322 JPY

23 Step 3: Obtain the economic burden of COVID-19 and the
economic benefits of vaccination

The main outcomes of the analysis are:

e The economic burden of COVID-19, estimated as the COIl of COVID-19 in the case
of no COVID-19 vaccination programme.

e The economic benefits of vaccination, estimated as the COIl averted by each
vaccination scenario compared to no COVID-19 vaccination programme.

24 Exploring the ripple effects on the economy

An intrinsic limitation of the COI approach used to value the COVID-19 morbidity and
mortality is that it ignores the ripple effects on the economy of disease-related
productivity losses. Ripple effects may occur if the illness of individuals adversely affects
the productivity of other workers and disrupts macroeconomic supply chains (Beutels,
Edmunds and Smith, 2008). These may include, for example, effects on public sector
services with limited workforces, such as public transport or healthcare, where staff illness
could have a broader macroeconomic impact. For this reason, the impact of disease and
vaccination on the national economy estimated using the COI approach will be
underestimated. Therefore, we perform scenario analysis to estimate a plausible range of
the ripple effects on the economy due to the productivity losses from COVID-19.

We identified a study estimating the productivity losses due to ill health using a human
capital approach, which is commonly used in COl analyses, and other methods designed
to capture the ripple effects of ill health on the national economy (general equilibrium
models) (Hafner et al., 2023). The study demonstrates the consistent underestimation

ohe.org 9
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achieved by COlI approaches and provides a multiplier range of 3-16%. This range reflects
the spillover effects of diseases with different marginal productivity costs and prevalence
in the UK context on the wider economy (i.e., other individuals, other firms, the
government, other markets).

In this scenario analysis, we apply this multiplier to our estimates of the COVID-19-related
productivity losses to explore the potential ripple effects on the economy.
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3 Economic burden of COVID-19 in post-
pandemic settings

With 2024 as the reference year for costs, our counterfactual analysis shows that without
COVID-19 vaccination programmes, COVID-19 would have a substantial economic
impact in post-pandemic settings. It would cost on average the equivalent of 0.48%
(unweighted) of the national GDP among the countries under analysis (min%-max%:
0.26%-0.97%). National economies bear a larger share of this burden than healthcare
systems, around twice as large in Australia and Japan, more than seven times as large in
the UK, and more than ten times as large in the Netherlands.

Table 6. Annual economic burden of COVID-19 in case of no
COVID-19 vaccination
%I% a ® : AVERAGE
TOTAL £6.98 bn A$7.35 bn ¥ 574 tn €3.99 bn -
TOTALAS A % OF 0.26% 0.28% 0.97% 0.39% 0.48%

NATIONAL GDP#*

% ON HEALTHCARE 12% 35% 34% 9% 22%
SYSTEM

% ON NATIONAL 88% 65% 66% 91% 78%
ECONOMY

* National GDP 2023 (million, USD): UK: 3,340,032; Australia: 1723,827; Japan: 4,212,945; Netherlands: 1,118,124 (World Bank, 2024)
Note: Based on incidence estimates for the following time frames: UK, September 2024 - August 2025; Australia, March 2024-
February 2025; Japan, September 2023 - August 2024; Netherlands, October 2023 - September 2024.

The following sections further detail the COVID-19 outcomes under a counterfactual no
vaccination scenario and the associated broader economic burden for each country under
analysis. Results are expressed in country-specific currencies: British Pounds (£) for the
United Kingdom, Australian Dollars (A$) for Australia, Japanese Yen (¥) for Japan, and
Euros (€) for the Netherlands.

31 United Kingdom

Based on the COI approach, the total estimated economic burden from COVID-19 if
there were no autumn COVID-19 vaccination programme in the UK would be £6.98 billion
per year. This burden is generated by the COVID-19 health outcomes presented in the
Results Appendix (Section 8).

Of the total COVID-19 burden of £6.98 billion per year, £6.2 billion falls on the national
economy. This is nearly 7.5 times as large as the COVID-19 burden on the healthcare
system which amounts to £813 million per year (Figure 2).
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Figure 2.
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Annual economic burden of COVID-19 on the healthcare
system and national economy in the UK
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As shown in Figure 3, COVID-19 would impose a substantial economic burden on the UK
national economy, leading to an estimated 24 million workdays lost due to non-fatal illness
and 130,000 work-years lost due to premature deaths. Acute, non-severe COVID-19
cases - those not requiring hospitalisation - are responsible for over half of the burden on
the national economy, largely through lost productivity from absenteeism. The remaining
burden is split evenly between fatalities and long-term consequences of COVID-19, such
as long COVID. Notably, 89% of the burden on the national economy originates from
cases in working-age adults (18—64), underscoring the significance of working-age
populations in generating the COVID-19 burden on the UK national economy.

The healthcare system would also face a considerable burden, with COVID-19 accounting
for approximately 1.2 million hospital bed-days and over 3 million outpatient care
appointments. More than half of this burden stems from acute, severe COVID-19 cases
which required hospitalisation and subsequent outpatient appointments. Although older
adults are at greater individual risk of severe outcomes, the overall burden on the
healthcare system is almost equally driven by both working-age adults and older adults
(45% and 50% respectively). This reflects the larger size of the lower-risk working-age
population. The paediatric population does not generate a large healthcare burden due to
their lower risk of symptomatic infection and of severe outcomes.
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Figure 3. Components and drivers of the annual COVID-19
economic burden in the UK
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32 Australia

Based on the COIl approach, the total COVID-19 economic burden in case of no autumn
COVID-19 vaccination programme would be A$7.4 billion per year in Australia. This burden
is generated by the COVID-19 health outcomes presented in the Results Appendix
(section 8).

The burden of COVID-19 to the national economy is approximately A$4.8 billion per year,
more than 1.8 times as large as the economic burden of COVID-19 to the healthcare
system (A$2.6 billion per year) (Figure 4).
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Annual economic burden of COVID-19 on the healthcare
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As shown in Figure 5, COVID-19 would impose a substantial economic burden on the
Australian national economy, leading to an estimated 6.2 million workdays lost due to non-
fatal illness and 72,000 work-years lost due to premature deaths. Fatal COVID-19 cases
are responsible for over half of the burden on the national economy, while acute, non-
severe COVID-19 cases - those not requiring hospitalisation - are responsible for a third
of the burden, largely through lost productivity from absenteeism. Notably, 87% of the
national economy burden originates from cases in working-age adults (18—64),
underscoring the significance of working-age populations in generating the COVID-19
burden on the Australian national economy.

The healthcare system also faces a considerable burden, with COVID-19 accounting for
approximately 856 thousand hospital bed-days and over 1.6 million outpatient care
appointments. Three-quarters of this burden stems from acute, severe COVID-19 cases
which require hospitalisation and subsequent outpatient appointments. Cases in the
working-age population generate just under two-thirds of the COVID-19 burden on the
healthcare system. This reflects the larger size of the working-age population, despite their
lower individual risk. The paediatric population does not generate a large healthcare
burden due to their lower risk of symptomatic infection and of severe outcomes.
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Figure 5. Components and drivers of the annual COVID-19
economic burden in Australia
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33 Japan

Based on the COI approach, the total estimated COVID-19 economic burden with no
autumn COVID-19 vaccination programme is ¥5.7 trillion per year in Japan. This burden is
generated by the COVID-19 health outcomes presented in the Results Appendix (section
8).

The burden of COVID-19 to the national economy is approximately ¥3.8 trillion per year,
almost 2 times as large the economic burden of COVID-19 to the healthcare system (¥1.9
trillion per year) (Figure 6).
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Annual economic burden of COVID-19 on the healthcare
system and national economy in Japan

¥3,812
— ¥O1

¥351

m Hospital care costs

Outpatient care costs

¥1,926 Caregiver productivity
costs
Patient’s unpaid work
productivity costs

m Patient’s workplace

productivity costs

¥1,261

Healthcare system National economy

As shown in Figure 7, COVID-19 would impose a substantial economic burden on the
Japanese national economy, leading to an estimated 124 million workdays lost due to non-
fatal illness and almost 341 thousand work-years lost due to premature deaths. Acute,
non-severe COVID-19 cases - those not requiring hospitalisation - were responsible for
more than half of the burden, largely through lost productivity from absenteeism. Long-
term outcomes of COVID-19 (long COVID) are responsible for over a third of the burden,
both through lost productivity from absenteeism and reduced labour force participation.
Notably, 82% of this national economy burden originates from cases in working-age adults
(18—64), underscoring the significance of working-age populations in generating the
COVID-19 burden on the Japanese national economy.

The healthcare system would also face a considerable burden, with COVID-19 accounting
for almost 7 million hospital bed-days and 45 million outpatient care appointments. Acute,
non-severe COVID-19 cases - those not requiring hospitalisation - are responsible for
more than half (57%) of the burden, while more than a third (35%) of this burden stems
from acute, severe COVID-19 cases which required hospitalisation and subsequent
outpatient appointments. Although older adults are at greater individual risk of severe
outcomes, the overall burden on the healthcare system is almost equally driven by both
working-age adults and older adults (45% and 47% respectively). The paediatric
population does not generate a large healthcare burden due to their lower risk of
symptomatic infection and of severe outcomes.
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Components and drivers of the annual COVID-19
economic burden in Japan
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Netherlands

Based on the COIl approach, the total economic burden from COVID-19 in case of no
autumn COVID-19 vaccination programme is €3.99 billion per year in Netherlands. This
burden is generated by the COVID-19 health outcomes presented in the Results Appendix
(section 8).

The burden of COVID-19 to the national economy is approximately €3.6 billion per year,
10.6 times as large as the economic burden of COVID-19 to the healthcare system
(€345 million per year) (Figure 8).
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Annual economic burden of COVID-19 on the healthcare
system and national economy in the Netherlands
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As shown in Figure 9, COVID-19 would impose a substantial economic burden on the
Netherland’s national economy, leading to an estimated 10 million workdays lost due to
non-fatal illness and almost 45 thousand work-years lost due to premature deaths. Acute,
non-severe COVID-19 cases - those not requiring hospitalisation- and long-term
outcomes of COVID-19 (long COVID) are predominantly responsible for the total burden
on the national economy, generating 47% and 49% of the burden, respectively. This burden
is largely generated through lost productivity from absenteeism and, in the case of long
COVID, reductions in labour force participation. Notably, 93% of the burden on the
national economy originates from cases in working-age adults (18—64), underscoring the
significance of working-age populations in generating the COVID-19 burden on the
national economy.

The healthcare system also faces a considerable burden, with COVID-19 accounting for
more than 330 thousand hospital bed-days and over 1.8 million outpatient care
appointments. The majority (80%) of this burden stems from acute, severe COVID-19
cases which require hospitalisation and subsequent outpatient appointments. More than
two-thirds of the overall burden on the healthcare system is driven by cases in older
adults. The paediatric population does not generate a large healthcare burden due to their
lower risk of symptomatic infection and of severe outcomes.
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Figure 9. Components and drivers of the annual COVID-19
economic burden in the Netherlands
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Economic benefits of COVID-19 vaccination
recommendations

We estimate that annual autumn COVID-19 vaccination of older adults and at-risk
groups* aligned with 2023/2024 CQOVID-19 vaccination programme recommendations
could generate economic benefits equivalent to an (unweighted) average of 0.04% of the
national GDP in the countries under analysis (min%-max%: 0.02%-0.07%). Autumn
vaccination administered annually according to 2023/2024 recommendations would, on
average, avert the economic impact of COVID-19 on the health system by ~22%, and
reduce its economic impact on the national economy by ~7%.

An extended autumn vaccination policy lowering eligibility to the general population aged
50+ in the countries under analysis could generate economic benefits equivalent to an
average of 0.06% of the national GDP in the countries under analysis (min%-max%:
0.02%-0.10%). Benefits to the national economy drive the additional economic benefits of
vaccination in the UK, Japan, and the Netherlands. In Australia, the proportional benefits to
the healthcare system and national economy contribute more equally. This is observed
because there is a higher healthcare burden relative to the economic burden in Australia
compared to the other countries (see Section 3.2), attributable to high healthcare costs
(see main inputs in Table 5). Accordingly, the fall in healthcare costs is relatively more
important in this context.

An extended autumn vaccination policy lowering eligibility to the general population aged
18+ in the countries under analysis could generate economic benefits equivalent to an
average of 0.12% of the national GDP in the countries under analysis (min%-max%:
0.04%-0.19%). These improvements are driven by averted economic impact on the
national economy: the average percentage of the COVID-19 economic burden on national
economy averted by vaccination more than triples from 7% (min%-max%: 3%-12%) when
older adults and high risk groups are vaccinated to 27% (min%-max%: 8%-60%) when
vaccination is extended to the general population of adults aged 18+.

The following sections further detail the vaccine prevented COVID-19 outcomes and the
associated broader economic benefits in each country under analysis. As in Section 3,
results are expressed in country-specific currencies: British Pounds (&) for the United
Kingdom, Australian Dollars (A$) for Australia, Japanese Yen (¥) for Japan, and Euros (€) for
the Netherlands.

4 At-risks groups were included in the epidemiological models for the UK and the Netherlands but were not included in the models in Australia and
Japan.
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Table 7. Annual economic benefits of COVID-19 Vaccination
;IL: @ ° 4B AVERAGE
< -w
ECONOMIC BENEFITS Autumn vaccination of £836 m A$11 bn ¥397bn - €210m (g 049)
OF COVID-19 older adults** (0.03%) (0.04%) (0.07%) (0.02%)
VACCINATION (% OF
NATIONALGDP)* Autumn vaccination £11bn A$20bn  ¥616bn  €250m (g oGy
extended to 50+ (0.04%) (0.08%) (0.10%) (0.02%)
Autumn vaccination £1.8 bn A$4.5obn ¥1,104 bn €367 m 0.12%)
extended to 18+ (0.07%) (017%) (0.19%) (0.04%)
COVID-19 Autumn vaccination of 29% 20% 13% 24% (22%)
ECONOMIC BURDEN older adults**
ON HEALTHCARE . . . .
SYSTEM#*** AVERTED Autumn vaccination 33% 33% 18% 25% (27%)
BY VACCINATION (%) extended to 50+
Autumn vaccination 40% 64% 25% 25% (39%)
extended to 18+
COVID-19 Autumn vaccination of 10% 12% 4% 3% (7%)
ECONOMIC BURDEN older adults**
ON NATIONAL . . . .
ECONOMY##* Autumn vaccination 14% 25% 7% 5% 13%)
AVERTED BY extended to 50+
VACCINATION (%) o o, o o
Autumn vaccination 24% 60% 16% 8% (27%)

extended to 18+

* Note that the denominator (total GDP) is different for each country. ** Older adults (60+ in the Netherlands, 65+ in Australia, Japan and the
UK. At-risk groups additionally included for the UK and the Netherlands. See Table 1 for exact eligibility depending on 2023/2024 country
recommendations. ***Under no COVID-19 vaccination programme

41

ohe.org

United Kingdom

Compared to no COVID-19 autumn vaccination, vaccination aligned with the Joint
Committee on Vaccination and Immunisation (JCVI)’s 2023 autumn recommendations
(see Table 1) translates into overall economic benefits of £836 million per year, averting
12% of the total COVID-19 economic burden (Figure 10).

Extending COVID-19 vaccination eligibility to the general population aged 50+ and 18+
would increase the overall economic benefits to £1.1 billion and £1.8 billion per year,
respectively (16% and 26% of the COVID-19 economic burden).

The economic benefit per symptomatic infection averted under JCVI 2023 autumn
vaccination recommendations and vaccination extended to the 50+ general population
are closely aligned, at £528 and £569, respectively. As more young individuals in the
working-age population are vaccinated (the 18+ vaccination scenario), the economic
benefits per symptomatic infection averted reaches £686.

These economic benefits are driven by the vaccines administered and averted
symptomatic COVID-19 health outcomes presented in the Results Appendix (section 8).
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Averted productivity losses are the major driver of the economic benefits across all
vaccination scenarios. Specifically, the economic benefits to the national economy are
£603 million under the 2023 vaccination recommendations and £848 million and £1.47
billion under a vaccination policy extending vaccination to the general population aged
50+ and 18+, respectively (Figure 11). Compared to the 2023 recommendations for the
vaccination of older and at-risk adults, extending vaccination to the working-age
population could increase the economic benefits to the national economy by ~1.4 to over

two times.

Autumn vaccination according to the 2023 recommendations prevents 10% of the
COVID-19 economic burden on the national economy. The averted burden on the national
economy increases to 14% by extending eligibility to the 50+ aged population, or to 24%
by further lowering the age eligibility threshold for vaccinating the general population aged

18+ years.

The economic benefits to the UK healthcare system are £233 million under 2023
recommendations and £268 million and £326 million in the extended 50+ and 18+
vaccination scenarios, respectively (Figure 11). Averted hospitalisation costs are the main
driver of the healthcare system’s benefits across all scenarios.

Autumn vaccination in line with the 2023 recommendations is effective at preventing
29% of the COVID-19 economic burden on the healthcare system. The averted burden on
the healthcare system could further increase to 33% and 40% under the more inclusive

50+ and 18+ vaccination scenarios respectively.
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Figure 11. Annual economic benefits by vaccination scenario,
healthcare system and national economy breakdown,
UK
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42 Australia

Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the
2024 national age-based recommendation translates into overall economic benefits of
A$11 billion per year, averting 15% of the total COVID-19 economic burden (Figure 12).

Extending COVID-19 vaccination to the general population aged 50+ and 18+ would
increase the overall economic benefits to A$2.0 billion and A$4.5 billion per year,
respectively (28% and 61% of the COVID-19 economic burden).

These economic benefits are driven by the vaccines administered and averted
symptomatic COVID-19 health outcomes presented in the Results Appendix (section 8).

The economic benefit per symptomatic infection averted under autumn vaccination
according to the 2024 age-based recommendation for vaccination of older adults is
A$6,337, reflecting the high hospitalisation rates and costs observed in Australia.
Extending COVID-19 vaccination to the general population aged 50+ and 18+ is
associated with economic benefits per symptomatic infection averted of A$5,690 and
A$5,242, respectively. The rate at which cases prevented increases with extended COVID-
19 vaccination is higher than the rate of increase in costs averted, due to the relatively
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high number of non-hospitalised cases averted in Australia compared to other countries.
The estimated large costs per COVID-19 hospitalisation in the Australia context may
explain why this trend is observed when introducing vaccination among population groups
with lower likelihood of severe outcomes. Despite this trend, the benefits per infection
averted are high across all the vaccination scenarios.

Annual economic benefits by vaccination scenario,
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Averted productivity losses are the major driver of the economic benefits across all
vaccination scenarios. Specifically, the economic benefits to the national economy are
A$569 million under the 2024 age-based vaccination recommendation and A$1.2 billion
and A$2.8 billion under a vaccination policy extending vaccination to the population aged
50+ and 18+, respectively (Figure 13). Compared to the 2024 age-based vaccination
recommendations for older adults, extending vaccination to the working-age population
could increase the economic benefits to the national economy by two to five times.

Autumn vaccination according to the 2024 age-based vaccine recommendation prevents
12% of the COVID-19 economic burden on the national economy. The averted burden on
the national economy increases to 25% by extending eligibility to the 50+ aged
population, or to 60% by further lowering the age eligibility threshold for vaccinating the
general population aged 18+ years.

The economic benefits of autumn vaccination to the Australian healthcare system in line
with the 2024 age-based recommendation are A$515 million and A$856 million and A$1.7
billion in the extended 50+ and 18+ vaccination scenarios, respectively (Figure 13).
Averted hospitalisation costs are the main driver of the healthcare system’s benefits
across all scenarios.

Autumn vaccination according to the 2024 age-based vaccine recommendations is
effective at preventing 20% of the COVID-19 economic burden on the healthcare system.
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The averted burden on the healthcare system could further increase to 33% and 64%
under the 50+ and 18+ vaccination scenarios, respectively. The large proportion of burden
averted is driven by the high percentage of hospitalised cases averted by vaccination
across the scenarios considered according the epidemiological model (See the Results
Appendix, section 8).

Figure 13. Annual economic benefits by vaccination scenario,
healthcare system and national economy breakdown,
Australia
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4.3 Japan

Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the
2023 age-based recommendation translates into overall economic benefits of ¥397
billion per year, averting 7% of the total COVID-19 economic burden (Figure 14).

Extending COVID-19 vaccination to the general population aged 50+ and 18+ would

increase the overall economic benefits to ¥616 million and ¥1.1 trillion per year,
respectively (11% and 19% of the COVID-19 economic burden).

The economic benefits per infection averted increases from ¥154,535 under autumn
vaccination according to the 2023 age-based recommendation to ¥158,698 and
¥161,355 when vaccination is extended to the general population aged 50+ and 18+,
respectively.

These economic benefits are driven by the vaccines administered and averted
symptomatic COVID-19 health outcomes presented in the Results Appendix (section 8).
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The driver of the economic benefits in Japan depends on the vaccination scenario
considered. Specifically, the benefits to the national economy are ¥151 billion from autumn
vaccination according to the 2023 age-based recommendation and ¥277 billion and
¥620 billion under a vaccination policy extending vaccination to the population aged 50+
and 18+, respectively (Figure 15). Compared to the 2023 age-based recommendation for
older adults, extending vaccination to the working-age population could increase the
economic benefits to the national economy by about two to four times.

Autumn vaccination according to the 2023 age-based recommendation prevents 4% of
the COVID-19 economic burden on the national economy. The averted burden on the
national economy increases to 7% by extending eligibility to the 50+ aged population, or to
16% by further lowering the age eligibility threshold for vaccinating the general population
aged 18+ years.

The economic benefits to the Japanese healthcare system are ¥246 billion under autumn
vaccination according to the 2023 age-based recommendation, and ¥339 billion and
¥483 billion in the extended 50+ and 18+ vaccination scenarios (Figure 15). While averted
hospitalisation costs initially constitute a larger proportion (two-thirds) of the healthcare
system benefits, when vaccination is extended to the working-age populations outpatient
costs drive an increasing proportion of the healthcare system benefits.

Autumn vaccination of older adults is effective at preventing 13% of the COVID-19
economic burden on the healthcare system. The averted burden on the healthcare system
could further increase to 18% and 25% by lowering the age eligibility threshold to 50 years
and 18 years, respectively.
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Figure 15. Annual economic benefits by vaccination scenario,
healthcare system and national economy breakdown,
Japan
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Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the
Dutch Health Council’s 2023 recommendations® (see Table 1) translates into overall
economic benefits of €210 million per year, averting 5% of the total COVID-19 economic
burden (Figure 16).

Extending COVID-19 vaccination to the general population aged 50+ and 18+ would
increase the overall economic benefits to €250 million and €367 million per year,
respectively (6% and 9% of the COVID-19 economic burden).

The economic benefit per infection averted increases from €804 under autumn
vaccination according to the 2023 recommendations to €878 and €1,072 when
vaccination is extended to the general population aged 50+ and 18+, respectively.

These economic benefits are driven by the vaccines administered and averted
symptomatic COVID-19 health outcomes, as presented in the Results Appendix (section
8).

5 The Dutch Health Council recommendations as published by the National Institute for Public Health and the Environment (RIVM).
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Figure 16. Annual economic benefits by vaccination scenario,
Netherlands
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Averted productivity losses are the major driver of the economic benefits across all
vaccination scenarios. Specifically, the economic benefits to the national economy are
€127 million under autumn vaccination according to the Dutch Health Council's 2023
recommendations and €165 million and €279 million under a vaccination policy extending
vaccination to the population aged 50+ and 18+, respectively (Figure 17). Compared to the
2023 recommendations for older adults and at-risk groups, extending vaccination to the
working-age population could increase the economic benefits to the national economy by
1.3 to 2.2 times.

Autumn vaccination according to the Dutch Health Council’s 2023 recommendations
prevents 3% of the COVID-19 economic burden on the national economy. The averted
burden on the national economy increases to 5% by extending eligibility to the population
aged 50+, or to 8% by further lowering the age eligibility threshold for vaccinating the
general population aged 18+ years.

The economic benefits to the Netherlands healthcare system are €83 miillion under
autumn vaccination according to the Dutch Health Council's 2023 recommendations, or
24% of the COVID-19 economic burden (Figure 17). When COVID-19 vaccination
eligibility is extended to the population aged 50+, these benefits increase to €85 million
(25% of the burden), and when eligibility is extended to the population aged 18+, they
further increase to €88 million (25% of the burden). Averted hospitalisation costs are the
main driver of the healthcare system’s benefits across all scenarios.
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Figure 17. Annual economic benefits by vaccination scenario,
healthcare system and national economy breakdown,
Netherlands
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Exploring the ripple effects on the economy

Estimates of the ripple effects are obtained by applying a multiplier of 3%-16% (Hafner et
al,, 2023) to the productivity effects estimated with the COl approach. Figure 18 shows
the total economic benefits of vaccination to the national economy (i.e., patients’ and
caregivers’ productivity losses averted) when the ripple effects are included for each of
the vaccination scenarios in the four countries. The baseline values when no ripple effects
are included are also displayed for comparison. For example, in the UK, autumn vaccination
of older adults (65+) and at-risk groups according to 2023 recommendations is
estimated to yield a benefit of £603 million to the national economy. Applying a 3%
multiplier to account for ripple effects in the economy increases the estimated benefit to
£622 million, while a 16% multiplier increases the estimated benefit to £700 million.
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Figure 18. Annual economic benefits of vaccination to national economy when ripple effects are
included
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6.1

Vaccination for healthcare resilience and
economic performance

Discussion

The findings of this report suggest continued impact of COVID-19 as a disease disrupting
healthcare systems and national economies and highlight the significance of vaccination
as a tool to unlock healthcare system resilience and economic performance.

COVID-19 continues to represent a significant threat to our societies

Left unaddressed without further annual autumn vaccination programs, we estimated
based on 2023/2024 data that COVID-19 has a substantial economic burden, costing on
average the equivalent of 0.48% of the national GDP across the countries under analysis
(min%-max%: 0.26%-0.97%). This impact is approximately twice the average spending on
health prevention by OECD countries before the COVID-19 pandemic (0.26% of national
GDP)S8. Importantly, national economies bear a larger share of this burden than healthcare
systems, around twice as large in Australia and Japan, more than seven times as large in
the UK, and ten times as large in the Netherlands.

Drawing direct comparisons between our estimates and the economic impact of other
seasonal respiratory infections is challenging because of the heterogeneity in
methodologies used in the literature and a lack of studies in the UK, Australia, Japan and
the Netherlands. However, a US modelling study found that a seasonal influenza outbreak
in a non-vaccinated population could cost the economy around 0.07% of the national
GDP per year (Prager, Wei and Rose, 2017). A model in the UK focusing on the national
economy impact of influenza in unvaccinated working-age adults estimated an associated
annual loss of £1.85 billion” (Romanelli et al,, 2023). Based on 2023/2024 season
incidence estimates for Japan and the Netherlands and 2024/2025 season incidence
estimates in the UK and Australia, our COI estimates suggest that the annual economic
burden of unaddressed COVID-19 infections may be higher than that of seasonal
influenza. Further, similar to COVID-19, evidence on influenza from the US finds that
working-age adults (aged 18-64) have the highest numbers of symptomatic iliness and
outpatient visits, highlighting the importance of protecting this age group, given that they
often constitute a large percentage of a country’s’ population and represent the main
workforce, and that the rate of chronic medical conditions among this population is
increasing (Torcel-Pagnon et al., 2025).

Annual COVID-19 vaccination of older adults protects healthcare systems but leaves
national economies exposed to the impact of COVID-19.

On average, annual autumn vaccination according to 2023/2024 recommendations
generates economic benefits equivalent to 0.04% of national GDP in the countries under
analysis (min%-max%: 0.02%-0.07%). These benefits are generally similarly distributed
between healthcare systems and national economies. However, while on average 22% of
the COVID-19 economic impact on healthcare systems is averted through autumn
vaccination programs (min%-max%: 13%-29%), they prevent only 7% of the impact on the
national economy on average (min%-max%: 3%-12%).

6 Based on 8.8% GDP average spend on health (OECD, 2021), of which 3% was allocated to prevention on average (OECD, 2023a).
7 Our model estimates a £6.2 billion annual impact on the UK national economy, of which is 89% attributable to working-age adults.
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The economic benefits of the annual autumn COVID-19 immunisation to healthcare
systems are propelled by prevented hospital care costs. This result emphasises the
effectiveness of autumn COVID-19 vaccination programmes in preventing severe
COVID-19 cases among older adults and groups at higher risk of hospitalisation. In this
way, COVID-19 vaccination also plays a vital role in protecting healthcare systems from
additional winter pressure due to seasonal infections. In fact, vaccine-preventable
hospitalisations translate to missed opportunities to treat other patients in circumstances
of high bed-occupancy. Research on the ‘opportunity cost’ of missed treatment
opportunities demonstrates that the true value of vaccine-preventable hospitalisations in
situations of severe excess demand could be up to two 2 times larger than the simple
hospital cost savings (Neri et al., 2023; Brassel et al., 2022).

This analysis demonstrates the importance of vaccination of older adults and at-risk
groups for healthcare system resilience, yet vaccine recommendations are increasingly
limited and vaccination rates continue to decline. Our analysis of autumn vaccinations is
based on 2023/2024 recommendations for COVID-19 vaccinations, which continue to
exclude more population groups. For example, in the UK, the 2025 guidance from the JCVI
proposes to narrow eligibility to adults aged 75 and over and at-risk groups, compared to
adults aged 65 and over (and at-risk groups) before (JCVI, 2024). Therefore, the
vaccination rates used in the epidemiological models in this analysis, which are based on
historical data, are likely optimistic and so the economic benefits of the recent, more
restricted vaccine programmes may be lower than those demonstrated in this analysis.

Moreover, while the ongoing shift from the pandemic phase to a post-pandemic phase
may have resulted in a reduction in perceived risk and lower uptake rates, policy transitions
such as those ending free of charge COVID-19 vaccination programmes and moving to
out-of-pocket payments in Japan may further discourage vaccination, and lead to ever
lower vaccination rates (Nagano et al,, 2024b). These policy changes that limit the
proportion of the population protected by vaccination can hinder ambitions to build
resilient healthcare systems.

This analysis, however, demonstrates the substantial burden on the national economy that
persists, even with annual autumn COVID-19 vaccinations according to 2023/2024
recommendations, and shows that the burden is mostly generated by working-age adults
who are not eligible for vaccination.

Evaluating economic benefits demonstrates the additional value to society of
broadening vaccine eligibility

An extended vaccination policy lowering eligibility to the general population aged 50+ in
the countries under analysis could generate economic benefits equivalent to 0.06% of the
national GDP on average (min%-max%: 0.02%-0.10%), compared to 0.04% under the
2023/2024 vaccination recommendations. This improvement is driven by the averted
economic impact on the national economy, which is almost double compared to the
2023/2024 vaccination recommendations. Further expanding recommendations to the
general population aged 18+ in the countries analysed could generate economic benefits
equivalent to 0.12% of the national GDP on average (min%-max%: 0.04%-0.19%), with
more than triple the economic impact on the national economy averted compared to the
2023/2024 autumn vaccination recommendations. The economic benefits per infection
prevented also mostly follow an increasing trend across scenarios as vaccination eligibility
is extended, suggesting that more value could be accrued to overall society when working-
age individuals are vaccinated.

These results emphasise the critical contribution of COVID-19 vaccination to long-term
economic prosperity and workforce resilience. Importantly, COVID-19 vaccines have
enduring benefits to national economies extending well beyond the acute infection phase.
While a consistent share of COVID-19-related productivity losses is attributable to short-
term absenteeism due to non-severe infections (31%-53% across the countries analysed),
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premature mortality and long COVID with long-term implications on workforce
participation also play a major role (3%-46% and 18%-49% across the countries analysed,
respectively). In the case of long COVID, our estimates capture the disease impact on
both prolonged absenteeism and workforce participation dropout. Due to patchy and
heterogeneous evidence, our analysis uses plausible yet conservative assumptions
informed by country-specific evidence or extrapolated from comparable contexts (see the
Technical Appendix for a detailed description). Consequently, our estimates likely sit on
the lower end of the potential impact of long COVID. For example, we estimate that long
COVID has a burden of approximately £1.4 billion on the UK national economy?. Other
research in the UK based on long COVID cases presenting at clinics suggests £2 billion
as a lower bound of the likely impact of long COVID on the national economy (UCL,
2024).

6.2 Methodological notes

This work uses a COl analysis to estimate the economic burden of COVID-19 and the
economic benefits of vaccination to both healthcare systems and national economies. As
such, it does not directly assess the cost-benefit or cost-effectiveness profile of COVID-
19 vaccination, which consider the interventions’ benefits and costs and are central
criteria guiding HTA and reimbursement decisions.

However, cost-effectiveness evidence of COVID-19 vaccination strategies targeting older
adults (and at-risk groups) is available for the countries under analysis for Japan in Fust et
al. (2024a), the UK in Kohli et al. (2024), Australia in Lee et al. (2024) and the
Netherlands in Zeevat et al. (2024). Where analyses of vaccination programmes with
recommendations extended to the working-age population are performed, they also show
favourable cost-effectiveness profiles (Fust et al., 20244; Kohli et al., 2024). The
epidemiological models of these studies were used to model the COVID-19 morbidity and
mortality in our work.

Data availability at the time of analysis guided our methodological decisions. While
multiple COVID-19 vaccines are licensed for use in the countries analysed, for pragmatic
reasons, we model a vaccine with the same characteristics as the Spikevax vaccine, which
was analysed in these cost-effectiveness studies. Further, our analysis uses 2024 as the
reference year for costs, and we base our analysis on the epidemiological models from the
cost-effectiveness studies available, which project estimates for 2023/2024. While this
may, to an extent, limit the relevance of the findings given changing incidence trends and
vaccination recommendations since then, the insights from our study likely still hold that
the economic burden of COVID-19 and the benefits of vaccination programmes and
extending vaccination eligibility are largely driven by the impact on the national economy.

Given that our analysis includes various countries with different population demographics
and healthcare system contexts, we observe differences in the drivers and size of the
burden of COVID-19 and in the distribution of benefits. Furthermore, the disease models
we based our COl analysis on follow similar, but not identical, approaches for each country
and may yield different trends in health outcomes (shown in the Results Appendix in
Section 8). For example, for the UK, Australia, and Japan we consider a dynamic model
which captures indirect effects due to vaccination. The magnitude of the indirect effect is
driven by the vaccination rates considered. For the Netherlands, indirect effects were
included through pragmatic adaptation of the static model estimates to quantify the
magnitude of indirect protection due to reduced exposure risk. Additionally, according to
the disease models, we observe almost the same number of hospitalisations in Australia
as we do in the UK, despite a significantly lower number of overall cases. Details on the

8 22% of the annual COVID-19 burden on the national economy £6.165 billion.
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disease models can be found in Section 9.2 in the Methodological Appendix and in the
original analyses.

Further differences in our results can be explained by the use of country-specific data and
assumptions around costs to value morbidity and mortality, obtained from the secondary
literature or official sources where available. For example, the large number of hospital bed
days observed in Australia relative to the UK, which has a larger population, may be
explained by the longer hospital length of stay found in Australia (see Section 9.4.2.1in
the Methodological Appendix). All input parameters can be found in the Methodological
Appendix in Section 9.4. Our results are thus a function of unique combinations of
country-specific epidemiological data, vaccine efficacy, underlying cost structures, and
population demographics. Consequently, absolute results should be interpreted with these
methodological considerations in mind and cross-country comparisons made with caution.

Using the COI approach, we also do not exhaustively capture all the impact of COVID-19
and consequent benefits of vaccination. Most importantly, the analysis does not capture
the impact of COVID-19 and the availability of vaccination programmes on health-related
quality of life or wellbeing. The analysis also does not consider the cost of vaccination:
benefit-cost analysis has found that when benefits beyond the healthcare system are
monetised, adult vaccines can return up to 19 times their initial investment to society (El
Banhawi et al., 2024). Further, the COIl approach does not capture the ‘ripple effects’ of
disease-related productivity losses on the productivity of other workers or the
macroeconomy supply chains. Therefore, we perform a scenario analysis to showcase the
magnitude of the ‘ripple effects’ on the national economy based on a 3%-16% multiplier of
the disease-related productivity losses (Hafner et al., 2023). Due to a lack of availability of
specific data capturing the ripple effects of COVID-19, the multiplier range used in this
scenario analysis reflects diseases with different marginal productivity costs and
prevalence in the UK context.

Underestimation of the overall COVID-19 economic burden may also arise due to the
exclusion of certain states from the disease model used to estimate the COVID-19
morbidity and mortality in certain countries. We refer the reader to the Technical Appendix
for details on the country-specific exceptions. Our COI framework also excludes the
impact on individuals, driven by out-of-pocket costs, due to a lack of consistent data
availability on, for example, the cost of travel to and from appointments for carers and
patients, and additional out-of-pocket expenses such as for medicine, aids and equipment.

Finally, productivity costs due to fatal outcomes and non-fatal outcomes impacting labour
force participation (e.g., long COVID) were valued using the human capital approach,
which is most commonly used globally. We note that some countries, like the Netherlands,
use a friction cost approach which limits productivity losses to the time it takes to replace
an absent employee, or the ‘friction period’ (Kigozi et al., 2016) and thus generates lower
productivity cost estimates.
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Conclusion & policy recommendations

While the pandemic phase has ended, COVID-19 continues to pose challenges to
healthcare systems and national economies around the world. Disease activity levels of
COVID-19 and other respiratory illnesses, such as influenza and RSV, vary throughout
the year, yet winter spikes often coincide, generating substantial morbidity and mortality
and adding significant pressure on healthcare systems (Wiemken et al., 2023). These
challenges are further exacerbated by a global context in which countries are trying to
rebuild healthcare system resilience and are experiencing slow economic growth.

Vaccination of older adults and groups at risk should be maintained as a cornerstone of
resilient healthcare systems

Annual autumn COVID-19 vaccination of older adults generates substantial benefits to
healthcare systems, particularly to hospitals. Increasingly limited vaccine
recommendations, excluding population groups at risk of severe outcomes, may threaten
the ambition to build resilient healthcare systems and health equity. A more explicit and
systematic recognition of vaccines’ ability to mitigate pressure on healthcare system
capacity in HTA would be consistent with this objective.

A decision-making and funding approach to annual immunisation that appreciates broader
economic benefits is needed

Vaccination of working-age individuals is an effective approach to both short- and long-
term economic productivity. Adopting a societal perspective in HTA would facilitate the
recognition and realisation of these benefits. However, this perspective is not aligned with
healthcare budget allocation principles of some countries (e.g., the UK). Beyond the HTA
context, investing in public health and maintaining a healthy population should be
recognised as a driver of economic productivity, on par with more commonly endorsed
measures such as labour market reforms and investments in education, skills, and
emerging sectors like technology and the green economy (McKee, de Ruijter and Hervey,
2025). Employers often bear the high costs of absenteeism and presenteeism from
respiratory infections, including COVID-19, and so are likely to benefit financially from a
reduction in COVID-19 infections in the working-age population (Hayes et al,, 2024).
This indicates that there are incentives for funders beyond governments to invest in a
healthy workforce and boost economic productivity.

Finally, broader value recognition in decision-making and funding of interventions, such as
vaccines, that maintain a resilient healthcare system and healthy and productive societies
is needed now more than ever given global trends of demographic ageing and rising rates
of illness among working-age adults (Eurostat, 2021).



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

References

AHRQ), 2018. HCUPnet - Hospital Inpatient National Statistics. 2018 National Diagnoses -
Clinical Classification Software Refined (CCSR), Principal Diagnosis: CIRO05 Myocarditis
and Cardiomyopathy. Available at: https://hcupnet.ahrg.gov/#setup [Accessed 13 Oct.
2021].

Anon 2023. DeSC Healthcare. Insurance Database.

Anon 2023. StatLine - Werkzame beroepsbevolking; arbeidsduur, 2003-2022. [online]
Available at: https://opendata.cbs.nl/#/CBS/nl/dataset/82647NED/table [Accessed 22
Nov. 2023].

Anon 2023. StatLine - Ziekenhuisopnamen en -patiénten; diagnose-indeling ICD-10 (3-
teken niveau). [online] Available at:
https://opendata.cbs.nl/#/CBS/nl/dataset/84069NED/table [Accessed 27 Nov. 2023].

Anon 2024. Hospital Episode Statistics (HES). [online] NHS England Digital. Available at:
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-
services/hospital-episode-statistics [Accessed 3 Nov. 2024].

Anon 2024. NHS England » National Cost Collection for the NHS. [online] Available at:
https://www.england.nhs.uk/costing-in-the-nhs/national-cost-collection/ [Accessed 4
Nov. 2024].

ATAGI, 2023. ATAGI Update on the COVID-19 Vaccination Program. [online] Available at:
https://www.health.gov.au/news/atagi-update-on-the-covid-19-vaccination-program
[Accessed 11 Nov. 2024].

ATAGI, 2024. STATEMENT ON THE ADMINISTRATION OF COVID-19 VACCINES IN 2024.
[online] Available at: https://www.health.gov.au/sites/default/files/2024-03/atagi-

statement-on-the-administration-of-covid-19-vaccines-in-2024.pdf [Accessed 13 Nov.
2024].

Australian Bureau of Statistics, 2020. Disability, Ageing and Carers, Australia: Summary of
Findings, 2018. [online] Available at:
https://www.abs.gov.au/statistics/health/disability/disability-ageing-and-carers-australia-
summary-findings/latest-release [Accessed 13 May 20241].

Australian Bureau of Statistics, 2023a. National, state and territory population, Mar 2023.
[online] Available at:
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.abs.gov.au%2Fst
atistics%2Fpeople%2Fpopulation%2Fnational-state-and-territory-population%2Fmar-
2023%2F31010do002_202303 xIsx&wdOrigin=BROWSELINK [Accessed 13 May 2024].

Australian Bureau of Statistics, 2023b. Population clock and pyramid. [online] Available at:
https://www.abs.gov.au/statistics/people/population/population-clock-pyramid [Accessed
13 May 2024].

Australian Government Department of Health and Aged Care, 2024. Medicare Benefits
Schedule (MBS) online. [online] Available at:
https://www9.health.gov.au/mbs/search.cfm?q=00110&sopt=S [Accessed 13 May 2024].

Australian Government DoHaC, 2024. COVID-19 reporting. Available at:
https://www.health.gov.au/topics/covid-19/reporting.) [Accessed 23 Feb. 2024].

ohe.org @



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Australian Institute of Health and Welfare, 2023a. Admitted patient activity. [online]
Available at: https://www.aihw.gov.au/reports-data/myhospitals/intersection/activity/apc .

Australian Institute of Health and Welfare, 2023b. Demonstrating the utility of the
COVID-19 Register. [online] Available at: https://www.aihw.gov.au/reports/covid-
19/demonstrating-the-utility-of-the-covid-19-register/contents/about .

AusVaxSafety, 2023. Moderna bivalent COVID-19 vaccine 2023. [online] Available at:
https://ausvaxsafety.org.au/covid-19-vaccines/moderna-bivalent-covid-19-vaccine .

Baimukhamedov, C,, 2022. How long is long COVID. International Journal of Rheumatic
Diseases, p.10.1111/1756-185X.14494. 10.1111/1756-185X.14494.

Beck, E., Boersma, C., Molenaar, M., Pol, SV. der, Postma, M. and Westra, T.A., 2024. Labour
Productivity Impact of Respiratory Infections in the Netherlands. Value in Health, 27(12),
p.5232.10.1016/].jval.2024.10.1180.

Bekker, R., uit het Broek, M. and Koole, G., 2023. Modeling COVID-19 hospital admissions
and occupancy in the Netherlands. European Journal of Operational Research, 304(1),
pp-207—218.10.1016/}.ejor.2021.12.044.

Bell, E., Neri, M. and Steuten, L., 2021. Towards a Broader Assessment of Value in Vaccines:
The BRAVE Way Forward. Applied Health Economics and Health Policy. [online]
10.1007/s40258-021-00683-z.

van den Berg, B, Brouwer, W, van Exel, )., Koopmanschap, M., van den Bos, G.A.M. and
Rutten, F, 2006. Economic valuation of informal care: Lessons from the application of the
opportunity costs and proxy good methods. Social Science & Medicine, 62(4), pp.835—
845.10.1016/j.socscimed.2005.06.046.

Beutels, P, Edmunds, W,J. and Smith, R.,, 2008. Partially wrong? Partial equilibrium and the
economic analysis of public health emergencies of international concern. Health
Economics, 17(11), pp.1317—1322.

Brassel, S., Neri, M., Schirrmacher, H. and Steuten, L., 2022. The Value of Vaccines in
Maintaining Health System Capacity in England. Value in Health, p.S1098301522020964.
10.1016/j,jval.2022.06.018.

CDC, 2024. Respiratory Virus Hospitalization Surveillance Network (RESP-NET). [online]
Available at: https://www.cdc.gov/resp-net/dashboard/index.html .

Cheng, K, Wu, C,, Gu, S, Lu, Y., Wu, H. and Li, C., 2023. WHO declares the end of the
COVID-19 global health emergency: lessons and recommendations from the perspective
of ChatGPT/GPT-4. International Journal of Surgery (London, England), 109(9), pp.2859—
2862.10.1097/)$9.0000000000000521.

Chopra, V, Flanders, S.A., O’Malley, M., Malani, A.N. and Prescott, H.C., 2020. Sixty-Day
Outcomes Among Patients Hospitalized With COVID-19. Annals of Internal Medicine,
pp-M20-5661.10.7326/M20-5661.

Deloitte, 2020. The value of informal care in 2020. Deloitte Access Economics.

Department for Work and Pensions, 2023. Family Resources Survey: 2021 - 2022. [online]
GOV.UK. Available at: https://www.gov.uk/government/statistics/family-resources-survey-
financial-year-2021-to-2022 [Accessed 4 Nov. 2024].

ohe.org 0



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Department of Health and Aged Care, 2023. Coronavirus disease 2019 (COVID-19)
epidemiology reports, Australia, 2020—2023. [online] Australian Institute of Health and
Welfare. Available at: https://www.aihw.gov.au/reports/covid-19/demonstrating-the-utility-
of-the-covid-19-register/contents/summary [Accessed 13 May 2024].

El Banhawi, H., Chowdury, S, Neri, M., Radu, P, Besley, S., Bell, E, Brassel, S. and Steuten, L.,
2024.The Socioeconomic Value of Adult Immunisation Programmes. [OHE Consulting
Report] London: Office of Health Economics. Available at:
https://www.ohe.org/publications/the-socio-economic-value-of-adult-immunisation-
programmes/ .

Elayan, S., Angelini, V., Buskens, E. and de Boer, A., 2024. The Economic Costs of Informal
Care: Estimates from a National Cross-Sectional Survey in The Netherlands. The European
Journal of Health Economics. [online] 10.1007/s10198-023-01666-8.

e-STAT, 2023. Basic Survey on Wage Structure. [online] BUf#EEH O A4 0. Available at:
https://www.e-stat.go.jp/stat-
search/files?page=1&layout=datalist&toukei=00450091&tstat=000001011429&cycle=0
&tclass1=000001202310&tclass2=000001202312&tclass3=000001202328&tclass4vall
=0 [Accessed 9 May 2024].

European Commission and Zigante, V., 2018. Informal care in Europe: exploring
formalisation, availability and quality. [online] Publications Office of the European Union.
Available at: https://data.europa.eu/doi/10.2767/78836 [Accessed 23 Apr. 20241].

Eurostat, 2021. Self-reported work-related health problems and risk factors - key statistics.
[online] Available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Self-reported_work-
related__health_problems_and_risk_factors_-

_key_ statistics#:~:text=In%20the%20most%20recent’%20year%2C%202020%2C%2010
3%20%25,but%20substantially%20lower%20than%20in%202007%20%2814.6%20%25
%29. [Accessed 25 Nov. 2024].

Fens, T, Zon, S, Rosmalen, J., Brouwer, S. and van Asselt, A,, 2022. P4 Cost Analysis of Post-
COVID-19 Healthcare Consumption in the Netherlands. Value in Health, 25(12), pp.S1—
S2.

Fu, R, lizuka, T. and Noguchi, H., 2023. Long-Term Care in Japan. In: Long-Term Care
around the World. [online] University of Chicago Press. Available at:
https://www.nber.org/books-and-chapters/long-term-care-around-world/long-term-care-
japan [Accessed 8 May 2024].

Fukushima, A., Smela-Lipiriska, B., Tone, K. and lkeoka, H., 2018. Burden of lliness Associated
with Influenza Virus Infection in Japan: A Literature Review. Value in Health, 21, p.S67.
10.1016/].jval.2018.07.502.

Fust, K, Joshi, K, Beck, E., Maschio, M., Kohli, M, Lee, A., Hagiwara, Y., Van de Velde, N. and
Igarashi, A., 2024a. The Potential Economic Impact of the Updated COVID-19 mRNA Fall
2023 Vaccines in Japan. Vaccines, 12(4), p.434.10.3390/vaccines12040434.

Fust, K, Joshi, K, Beck, E., Maschio, M., Kohli, M, Lee, A., Hagiwara, Y., Van de Velde, N. and
Igarashi, A., 2024b. The Potential Economic Impact of the Updated COVID-19 mRNA Fall
2023 Vaccines in Japan. Vaccines, 12(4), p.434.10.3390/vaccines12040434.

Gonzdlez-Celestino, A, Gonzalez-Osorio, Y., Garcia-Iglesias, C, Echavayrfa—fﬁiguez, A,
Sierra-Mencia, A, Recio-Garcia, A, Trigo-Ldpez, )., Planchuelo-Gémez, A, Hurtado, M.L,,
Sierra-Martinez, L., Ruiz, M., Rojas-Hernandez, M., Pérez-Almendro, C,, Paniagua, M., Nufiez,

ohe.org @



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

G., Mora, M., Montilla, C., Martinez-Badillo, C., Lozano, AG., Gil, A,, Cubero, M., Cornejo, A.,
Calcerrada, |, Blanco, M., Alberdi-Iglesias, A, Fernandez-de-las-Pefas, C., Guerrero-Peral,
AL and Garcia-Azorin, D, 2023. Diferencias y similitudes entre la cefalea relacionada con
la COVID-19 y la cefalea relacionada con la vacuna de la COVID-19. Un estudio de casos
y controles. Revista de Neurologia, 77(10), p.229. 10.33588/rn.7710.2023063.

Hafner, M., Yerushalmi, E., Andersson, F.L. and Burtea, T,, 2023. Partially different? The
importance of general equilibrium in health economic evaluations: An application to
nocturia. Health Economics, 32(3), pp.654—674.

Halpin, S.J., Mclvor, C,, Whyatt, G., Adams, A, Harvey, O, McLean, L., Walshaw, C.,, Kemp, S.,
Corrado, J.,, Singh, R, Collins, T., O’Connor, RJ. and Sivan, M., 2021. Postdischarge
symptoms and rehabilitation needs in survivors of COVID-19 infection: A cross-sectionall
evaluation. Journal of Medical Virology, 93(2), pp.1013—1022.10.1002/jmv.26368.

Ham, D.I, 2022. Long-Haulers and Labor Market Outcomes. Institute Working Papers.
[online] Minneapolis: Federal Reserve Bank of Minneapolis. Opportunity and Inclusive
Growth Institute. Available at: https://doi.org/10.21034/iwp.60 [Accessed 23 Feb. 2024].

Hayes, H., Darrow, B., Cookson, G., Steuten, L. and Cole, A,, 2024. Employer Costs from
Respiratory Infections: Survey Data on the Business Burden. [OHE Contract Research
Report] London: Office of Health Economics. Available at:
https://www.ohe.org/publications/employer-costs-from-respiratory-infections/ .

Igarashi, A, Fukuda, A, Teng, L., Ma, F-F, Dorey, J. and Onishi, Y., 2020. Family Caregiving in
Dementia and Its Impact on Quality of Life and Economic Burden in Japan-Web Based
Survey. Journal of Market Access & Health Policy, 8(1), p.1720068.
10.1080/20016689.2020.1720068.

Igarashi, AM. and Maeda, H., 2023. Estimation of medical costs and
hosptialization/exacerbation rate of the COVID-19.

Independent Health and Aged Care Pricing Authority, 2021a. National Efficient Price
Determination 2020—21. [online] Available at:
https://www.ihacpa.gov.au/sites/default/files/2022-
02/National%20Efficient%20Price%20Determination%202020%E2%80%9321.pdf .

Independent Health and Aged Care Pricing Authority, 2021b. National Efficient Price
Determination 2020—21 - Price Weight Tables 2021. [online] Available at:
https://www.ihacpa.gov.au/sites/default/files/2022-
02/National%20Efficient%20Price%20Determination%202020%E2%80%9321%20-
%20Price%20Weight%20Tables.xlsx .

Independent Health and Aged Care Pricing Authority, 2021c. National Hospital Cost Data
Collection (NHCDC) Public Sector Report 2020-21. [online] Available at:
https://www.ihacpa.gov.au/sites/default/files/2023-06/nhcdc_appendix_table_2020-
21.xlsm [Accessed 13 May 2024].

loannidis, J.P.A., Pezzullo, A.M,, Cristiano, A. and Boccia, S., 2025. Global Estimates of Lives
and Life-Years Saved by COVID-19 Vaccination During 2020-2024. JAMA Health Forum,
6(7), p.e252223.10.1001/jamahealthforum.2025.2223.

JCVI, 2024. JCVI statement on COVID-19 vaccination in 2025 and spring 2026. [online]
GOV.UK. Available at: https://www.gov.uk/government/publications/covid-19-vaccination-
in-2025-and-spring-2026-jcvi-advice/jcvi-statement-on-covid-19-vaccination-in-2025-
and-spring-2026 [Accessed 14 May 2025].

ohe.org e



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Johns Hopkins University - International Vaccine Access Center (IVAC), 2019.
Methodology Report: Decade of Vaccines Economics (DOVE) Return on Investment
Analysis. [online] Available at:
https://staticl.squarespace.com/static/556deb8ee4b08a534b8360e7 /t/5d56d54c6da
€8d00014ef72d/1565971791774/DOVE-ROI+Methodology+Report+16AUG19.pdf
[Accessed 29 Jan. 2024].

Johnsen, S, Sattler, S.M., Miskowiak, KW, Kunalan, K., Victor, A., Pedersen, L., Andreassen,
H.F, Jergensen, B, Heebgll, H., Andersen, M.B., Marner, L., Heedersdal, C,, Hansen, H., Ditley,
S.B,, Porsbjerg, C. and Lapperre, T.S,, 2021. Descriptive analysis of long COVID sequelae
identified in a multidisciplinary clinic serving hospitalised and non-hospitalised patients.
ER) open research, 7(3), pp.00205—02021. 10.1183/23120541.00205-2021.

Jones, K, Weatherly, H., Birch, S,, Castelli, A, Chalkley, M., Dargan, A, Forder, J., Gao, J.,
Hinde, S., Markham, S., Ogunleye, D,, Premiji, S. and D, R,, 2023. Unit Costs of Health and
Social Care programme 2022. [online] Canterbury: Personal Social Services Research
Unit, University of Kent. Available at: 10.22024/UniKent/01.02.100519 .

Keita Fakeye, M.B., Samuel, LJ., Drabo, E.F,, Bandeen-Roche, K. and Wolff, J.L., 2023.
Caregiving-Related Work Productivity Loss Among Employed Family and Other Unpaid
Caregivers of Older Adults. Value in Health, 26(5), pp.712—720.
10.1016/j.jval.2022.06.014.

Kerksieck, P, Ballouz, T, Haile, S.R,, Schumacher, C, Lacy, )., Domenghino, A, Fehr, .S, Bauer,
G.F, Dressel, H., Puhan, M.A. and Menges, D., 2023. Post COVID-19 condition, work ability
and occupational changes in a population-based cohort. The Lancet Regional Health —
Europe, [online] 31.10.1016/j.lanepe.2023.100671.

Kigozi, J., Jowett, S, Lewis, M,, Barton, P. and Coast, J., 2016. Estimating productivity costs
using the friction cost approach in practice: a systematic review. The European Journal of
Health Economics, 17(1), pp.31—44. 10.1007 /s10198-014-0652-y.

Kohli, M., Maschio, M., Lee, A., Joshi, K, Sebestyen-Balogh, O., Carroll, S., Velde, NV. de and
Beck, E., 2024. The potential clinical impact and cost-effectiveness of the updated
COVID-19 mRNA Autumn 2024 vaccines in the United Kingdom.
10.1101/2024.08.19.24312243.

Kohli, M.A., Maschio, M., Joshi, K, Lee, A., Fust, K, Beck, E., Van de Velde, N. and Weinstein,
M.C., 2023. The potential clinical impact and cost-effectiveness of the updated COVID-
19 mRNA fall 2023 vaccines in the United States. Journal of Medical Economics, 26(1),
pp.15632—1545.10.1080/13696998.2023.2281083.

Kwon, J., Milne, R, Rayner, C., Rocha Lawrence, R, Mullard, J., Mir, G., Delaney, B., Sivan, M.
and Petrou, S., 2023. Impact of Long COVID on productivity and informal caregiving. The
European Journal of Health Economics. [online] Available at:
https://link.springer.com/content/pdf/10.1007 /s10198-023-01653-z.pdf .

Leclerc, QJ., Fuller, N.M,, Keogh, R.H., Diaz-Ordaz, K, Sekula, R,, Semple, M.G., ISARIC4C
Investigators, CMMID COVID-19 Working Group, Atkins, K.E.,, Procter, S.R. and Knight,
G.M,, 2021. Importance of patient bed pathways and length of stay differences in
predicting COVID-19 hospital bed occupancy in England. BMC health services research,
21(1), p.5666.10.1186/512913-021-06509-x.

Lee, A, Kohli, M., Maschio, M., Joshi, K, Beck, E., Moore, P. and Kruger, E., 2024. The
potential clinical impact and cost-effectiveness of a variant-adapted 2024 Winter and
Summer COVID-19 mRNA vaccination campaign in Australia.
10.1101/2024.12.18.24319245.

ohe.org @



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Markey, P, Bayliss, )., Jones, D., Trauer, J., Pilcher, D. and Ademi, Z,, 2023. Estimating
Australian Hospitalization Ratios and Costs for Wildtype SARS-CoV-2 in 2020. Current
Problems in Cardiology, 48(11), p.101917.10.1016 /j.cpcardiol.2023.101917.

McKee, M., de Ruijter, A. and Hervey, T., 2025. Health, the missing chapter in the Draghi
Report on Europe’s future. The Lancet Regional Health-Europe, 48, p.101150.

Medline, 2023. Mild to moderate COVID-19, MedlinePlus Medical Encyclopedia. [online]
MedlinePlus Medical Encyclopedia. Available at:
https://medlineplus.gov/ency/patientinstructions/000976.htm [Accessed 7 Feb. 20241].

Menges, D, Ballouz, T,, Anagnostopoulos, A., Aschmann, H.E,, Domenghino, A, Fehr, J.S. and
Puhan, M.A,, 2021. Burden of post-COVID-19 syndrome and implications for healthcare
service planning: A population-based cohort study. PloS One, 16(7), p.e0254523.
10.1371/journal.pone.0254523.

Metry, A., Pandor, A, Ren, S., Shippam, A., Clowes, M., Dark, P, McMullan, R. and Stevenson,
M., 2022. Therapeutics for people with COVID-19 [ID4038]. A Multiple Technology
Appraisal.

MHLW, 2023. Ikeda Study Report. MHLW.

Ministerie van Volksgezondheid, W. en S., 2016. Richtlijn voor het uitvoeren van
economische evaluaties in de gezondheidszorg - Publicatie - Zorginstituut Nederland.
[publicatie] Available at:
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/r
ichtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/richtlijn-
voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg.pdf [Accessed
20 June 2023].

Ministry of Health Labour and Welfare of Japan, 2023. Q&A regarding medical treatment
after changing its position under the Infectious Diseases Act. [online] Available at:
https://www.mhlw.go.jp/content/001087453.pdf .

Ministry of Health Labour and Welfare of Japan, 2024. About the new corona vaccine.
[online] Available at: https:/www.mhlw.go.jp/stf/seisakunitsuite/bunya/vaccine_ga.html#1
[Accessed 11 Nov. 2024].

Molteni, E., Sudre, C.H., Canas, L.S,, Bhopal, S.S,, Hughes, RC,, Antonelli, M., Murray, B,
Klaser, K, Kerfoot, E.,, Chen, L, Deng, )., Hu, C,, Selvachandran, S,, Read, K, Pujol, ).C,,
Hammers, A, Spector, T.D,, Ourselin, S, Steves, C.J., Modat, M., Absoud, M. and Duncan, E.L,
2021a. lliness duration and symptom profile in symptomatic UK school-aged children
tested for SARS-CoV-2. The Lancet Child & Adolescent Health, 5(10), pp.708—718.
10.1016/S2352-4642(21)00198-X.

Molteni, E., Sudre, C.H., Canas, L.S,, Bhopal, S.S,, Hughes, RC., Antonelli, M., Murray, B,
Klaser, K, Kerfoot, E.,, Chen, L, Deng, )., Hu, C,, Selvachandran, S,, Read, K,, Pujol, ).C,,
Hammers, A, Spector, T.D,, Ourselin, S, Steves, C.J., Modat, M., Absoud, M. and Duncan, E.L,
2021b. lliness duration and symptom profile in symptomatic UK school-aged children
tested for SARS-CoV-2. The Lancet Child & Adolescent Health, 5(10), pp.708—718.
10.1016/S2352-4642(21)00198-X.

MSD, 2023. A Neglected Burden: The Ongoing Economic Costs of COVID-19 in Australia,
Taiwan, South Korea, Singapore, and Hong Kong.

ohe.org e



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

Nagano, M., Kamei, K, Matsuda, H., Takahashi, C, Yang, J., Wada, K. and Yonemoto, N.,
2024a. Cost-effectiveness analysis of COVID-19 booster vaccination with BNT162b2 in
Japan. Expert Review of Vaccines, 23(1), pp.349—361.10.1080/14760584.2024.2323133.

Nagano, M., Tanabe, K., Kamei, K, Lim, S,, Nakamura, H. and Ito, S., 2024b. Public Health and
Economic Impact of Periodic COVID-19 Vaccination with BNT162b2 for Old Adults and
High-Risk Patients in an lllustrative Prefecture of Japan: A Budget Impact Analysis.
Infectious Diseases and Therapy, 13(10), pp.2165—2177.10.1007 /s40121-024-01032-y.

Nederland, Z., 2023. TRAMADOL HCL/PARACETAM AUR TAB FILMOMH 37,5/325MG |
Medicijnkosten.nl. [webcontent] Available at:
https://www.medicijnkosten.nl/medicijn?artikel=TRAMADOL+HCL%2FPARACETAM+AUR+
TAB+FILMOMH+37%2C5%2F325MG&id=07d21c743d7c5877b89d9ef18330e005
[Accessed 22 Nov. 2023].

Neri, M., Brassel, S., Schirrmacher, H., Mendes, D,, Vyse, A, Steuten, L. and Hamson, E,,
2023. Vaccine-Preventable Hospitalisations from Seasonal Respiratory Diseases: What Is
Their True Value? Vaccines, 11(5), p.945.

NHS, 2023. COVID-19 symptoms and what to do. [online] nhs.uk. Available at:
https://www.nhs.uk/conditions/covid-19/covid-19-symptoms-and-what-to-do/ [Accessed
4 Nov. 2024].

NHS England, 2023. 2021/22 National Cost Collection. Available at:
https://www.england.nhs.uk/publication/2021-22-national-cost-collection-data-
publication/ [Accessed 4 Nov. 2024].

Niimi, Y., 2021. Juggling paid work and elderly care provision in Japan: Does a flexible work
environment help family caregivers cope? Journal of the Japanese and International
Economies, 62, p.101171.10.1016/j jjie.2021101171.

NSW Health, K-A., 2023. NSW Respiratory Surveillance Report - fortnight ending 18
November 2023.

OECD, 2021. Health at a Glance 2021: OECD Indicators. Health at a Glance. [online]
OECD. 10.1787 /ae3016b9-en.

OECD, 2023a. Health at a Glance 2023. OECD Indicators. [online] Paris: Organisation for
Economic Co-operation and Development. Available at: https:/www.oecd-
ilibrary.org/social-issues-migration-health/share-of-informal-carers-among-the-
population-aged-50-and-over-2019-or-nearest-year_4fc2cb96-en [Accessed 7 May
2024].

OECD, 2023b. Labour force participation rate (indicator). doi:%2010.1787/8a801325-en.

OECD, 2023c. Unemployment rate by age group. [online] Paris: Organisation for
Economic Co-operation and Development. Available at: https://www.oecd-
ilibrary.org/employment/unemployment-rate/indicator/english_997c¢8750-en [Accessed
6 Feb. 2024].

ONS, 2023a. Employment, unemployment and economic inactivity by age group
(seasonally adjusted). [online] Office for National Statistics. Available at:
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemplo
yeetypes/datasets/employmentunemploymentandeconomicinactivitybyagegroupseasonall
yadjustedaO5sa/current [Accessed 6 Feb. 2024].

ohe.org @



OHE

ohe.org

OFFICE OF HEALTH ECONOMICS
CONTRACT RESEARCH

ONS, 2023b. Prevalence of ongoing symptoms following coronavirus (COVID-19)
infection in the UK. [online] Office for National Statistics. Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsa
nddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectioni
ntheuk/2february2023 [Accessed 4 Nov. 2024].

ONS, 2024. Self-reported coronavirus (COVID-19) infections and associated symptoms,
England and Scotland. [online] Office for National Statistics. Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsa
nddiseases/articles/selfreportedcoronaviruscovid19infectionsandassociatedsymptomseng
landandscotland/november2023tomarch2024 [Accessed 4 Nov. 2024].

Ozawa, S, Clark, S,, Portnoy, A,, Grewal, S,, Stack, M.L,, Sinha, A., Mirelman, A,, Franklin, H.,
Friberg, LK. and Tam, Y., 2017. Estimated economic impact of vaccinations in 73 low-and
middle-income countries, 2001—2020. Bulletin of the World Health Organization, 95(9),
p.629.

Park, M., Jit, M. and Wu, JT,, 2018. Cost-benefit analysis of vaccination: a comparative
analysis of eight approaches for valuing changes to mortality and morbidity risks. BMC
Medicine, 16(1), p.139. 10.1186/s12916-018-1130-7.

Postma, M.J,, Jansema, P, Scheijbeler, HW.KFH. and Van Genugten, M.L.L, 2005. Scenarios
on costs and savings of influenza treatment and prevention for Dutch healthy working
adults. Vaccine, 23(46—47), pp.5365—5371. 10.1016/jvaccine.2005.06.007.

Prager, F., Wei, D. and Rose, A, 2017. Total economic consequences of an influenza
outbreak in the United States. Risk Analysis, 37(1), pp.4—19.

Prosser, LA, Harpaz, R, Rose, A M., Gebremariam, A,, Guo, A,, Ortega-Sanchez, I.R., Zhou, F.
and Dooling, K, 2019. A Cost-Effectiveness Analysis of Vaccination for Prevention of

Herpes Zoster and Related Complications: Input for National Recommendations. Annals of
Internal Medicine, 170(6), pp.380—388. 10.7326/M18-2347.

Ramos, S.C, Maldonado, J.E,, Vandeplas, A. and Vanyold, |, 2024. Long COVID: a tentative
assessment of its impact on labour market participation & potential economic effects in
the EU. Economic Brief. [online] Luxembourg: Publications Office. Available at:
https://data.europa.eu/doi/10.2765/245526 [Accessed 23 Feb. 2024].

Reuschke, D,, Houston, D. and Sissons, P, 2024. Impacts of Long COVID on workers: A
longitudinal study of employment exit, work hours and mental health in the UK. Plos one,
19(6), p.e0306122.

RIVM, 2024a. COVID-19 vaccination. [online] Available at:
https://www.rivm.nl/en/coronavirus-covid-19/vaccination .

RIVM, 2024b. Deelname COVID-19-vaccinatie in Nederland Rijksinstituut voor
Volksgezondheid enMilieu - RIVM 16/01/2024. [online] Available at:
https://www.rivm.nl/sites/default/files/2024-01/Deelname-COVID-19-vaccinatie-in-
Nederland_20240115_1438_def.pdf.

Romanelli, R)., Cabling, M., Marciniak-Nuqui, Z., Marjanovic, S., Morris, S., Dufresne, E,,
Yerushalmi, E. and Hafner, M., 2023. The societal and indirect economic burden of
seasonal influenza in the United Kingdom. [online] RAND Corporation. Available at:
https://www.rand.org/pubs/research_reports/RRA2165-1.html [Accessed 13 Sept. 20241].

Rozenbaum, M.H.,, Mangen, M.-].J,, Huijts, SM., van der Werf, T.S. and Postma, M.J,, 2015.
Incidence, direct costs and duration of hospitalization of patients hospitalized with



OFFICE OF HEALTH ECONOMICS
) E CONTRACT RESEARCH

community acquired pneumonia: A nationwide retrospective claims database analysis.
Vaccine, 33(28), pp.3193—3199. 10.1016/j.vaccine.2015.05.001.

Statistics Bureau of Japan, 2021. Survey on Time Use and Leisure Activities. [online]
Available at: https://www.stat.go.jp/english/data/shakai/2021/pdf/timeuse-a2021.pdf .

Subramanian, A, Nirantharakumar, K, Hughes, S., Myles, P, Williams, T.,, Gokhale, KM.,
Taverner, T, Chandan, J.S., Brown, K. and Simms-Williams, N., 2022. Symptoms and risk
factors for long COVID in non-hospitalized adults. Nature medicine, 28(8), pp.1706—1714.

Teng, L., Mizukami, A, Ng, C,, Giannelos, N., Curran, D, Sato, T, Lee, C. and Matsuki, T,
2022. Cost-Effectiveness Analysis Update of the Adjuvanted Recombinant Zoster Vaccine
in Japanese Older Adults. Dermatology and Therapy, 12(6), pp.1447—1467.

10.1007 /513555-022-00744-8.

Torcel-Pagnon, L., Coudeville, L, Harris, RC. and Chaves, S.S., 2025. The Impact of
Influenza on US Working-Age Adults: Exploring the Benefits of the Recombinant Influenza
Vaccine. Clinical Infectious Diseases, p.ciaf200. 10.1093/cid/ciaf200.

Tsang, RS, Agrawal, U, Joy, M,, Byford, R, Robertson, C,, Anand, S.N,, Hinton, W., Mayor, N.,
Kar, D., Williams, J., Victor, W.,, Akbari, A,, Bradley, D.T,, Murphy, S., O’Reilly, D., Owen, RK,
Chuter, A, Beggs, )., Howsam, G., Sheikh, A, Richard Hobbs, F.D. and Lusignan, S. de, 2023.
Adverse events after first and second doses of COVID-19 vaccination in England: a
national vaccine surveillance platform self-controlled case series study. Journal of the
Royal Society of Medicine, 117(4), pp.134—148.

Tufts, J., Guan, N., Zemedikun, DT., Subramanian, A, Gokhale, K., Myles, P, Williams, T,
Marshall, T, Calvert, M., Matthews, K., Nirantharakumar, K., Jackson, L.J. and Haroon, S,,
2023. The cost of primary care consultations associated with long COVID in non-
hospitalised adults: a retrospective cohort study using UK primary care data. BMC Primary
Care, 24(1), p.245.10.1186/512875-023-02196-1.

UCL, 2024. Long Covid could cost the economy billions every year. [online] Available at:
https://www.ucl.ac.uk/news/2024 /nov/long-covid-could-cost-economy-billions-every-
year.

UKHSA, 2024a. Green Book, COVID-19 - SARS-CoV-2 Chapter 14a. [online] Available at:
https://assets.publishing.service.gov.uk/media/66e7fbf624c411826d81bb32/Greenbook-
chapter-14a-20240916.pdf [Accessed 22 July 2024].

UKHSA, 2024b. National Influenza and COVID-19 surveillance report Week 8 report (up
to week 7 2024 data).

Varma, S.K, Horton, A.E, Taylor, AL, Ditchfield, M.R,, Hope, S.A. and Rao, SJ., 2022.
Myocarditis after COVID-19 mRNA vaccination in Australia. The Medical Journal of
Australia, p.10.56694/mja2.51657.10.5694 /mja2.51657.

Waters, T. and Wernham, T,, 2022. Long COVID and the labour market. [online] The IFS.
10.1920/BN.IFS.2022.BN0346.

Watson, OJ., Barnsley, G., Toor, )., Hogan, A.B,, Winskill, P. and Ghani, AC., 2022. Global
impact of the first year of COVID-19 vaccination: a mathematical modelling study. The
Lancet infectious diseases, 22(9), pp.1293—1302.

Whittaker, H.R,, Gulea, C., Koteci, A, Kallis, C., Morgan, A.D., lwundu, C., Weeks, M., Gupta, R.
and Quint, J.K, 2021. GP consultation rates for sequelae after acute covid-19 in patients

ohe.org @



OHE

ohe.org

OFFICE OF HEALTH ECONOMICS
CONTRACT RESEARCH

managed in the community or hospital in the UK: population based study. BMJ, 375,
p.c065834. 10.1136/bmj-2021-065834.

WHO, 2023. WHO Director-General’'s opening remarks at the media briefing — 5 May
2023. [online] Available at: https://www.who.int/director-general/speeches/detail /who-
director-general-s-opening-remarks-at-the-media-briefing---5-may-2023 [Accessed 31
Oct. 2024].

WHO, 2024. COVID-19 vaccinations have saved more than 1.4 million lives in the WHO
European Region, a new study finds. [online] Available at:
https://wwwwho.int/europe/news/item/16-01-2024-covid-19-vaccinations-have-saved-
more-than-1.4-million-lives-in-the-who-european-region--a-new-study-finds [Accessed
14 Sept. 2025].

Wiemken, T.L,, Khan, F, Puzniak, L., Yang, W., Simmering, J., Polgreen, P, Nguyen, J.L, Jodar, L.
and McLaughlin, ].M,, 2023. Seasonal trends in COVID-19 cases, hospitalizations, and
mortality in the United States and Europe. Scientific reports, 13(1), p.3886.

Willis, G.A,, Preen, D.B., Richmond, P.C., Jacoby, P, Effler, PV.,, Smith, DW,, Robins, C., Borland,
M.L, Levy, A, Keil, A.D. and Blyth, C.C., 2019. The impact of influenza infection on young
children, their family and the health care system. Influenza and Other Respiratory Viruses,
13(1), pp.18—27.10.1111/irv.12604.

Woldegiorgis, M., Cadby, G., Ngeh, S, Korda, R., Armstrong, P, Maticevic, J., Knight, P,
Jardine, A, Bloomfield, L. and Effler, P,, 2023. Long COVID in a highly vaccinated population
infected during a SARS-CoV-2 Omicron wave — Australia, 2022.

Xie, Y., Choi, T. and Al-Aly, Z,, 2024. Mortality in Patients Hospitalized for COVID-19 vs
Influenza in Fall-Winter 2023-2024. JAMA, 331(22), pp.1963—1965.
10.1001/jama.2024.7395.

Yang, )., Vaghela, S, Yarnoff, B, De Boisvilliers, S., Di Fusco, M., Wiemken, T.L., Kyaw, M.H.,,
McLaughlin, .M. and Nguyen, J.L., 2023. Estimated global public health and economic
impact of COVID-19 vaccines in the pre-omicron era using real-world empirical data.
Expert Review of Vaccines, 22(1), pp.54—65.

Zeevat, F, Crépey, P, Dolk, FCK, Postma, AJ., Breeveld-Dwarkasing, V.N.A. and Postma, M.J.,
2021. Cost-Effectiveness of Quadrivalent Versus Trivalent Influenza Vaccination in the
Dutch National Influenza Prevention Program. Value in Health, 24(1), pp.3—10.
10.1016/j,jval.2020.11.002.

Zeevat, F, van der Pol, S., Westra, T, Beck, E., Postma, M. and Boersma, C., 2024. Cost-
effectiveness analysis of COVID-19 mRNA XBB.1.5 Fall 2023 vaccination in the
Netherlands. 10.1101/2024.09.26.24314420.

Ziauddeen, N.,, Gurdasani, D., O’Hara, M.E,, Hastie, C., Roderick, P, Yao, G. and Alwan, N.A,,
2022. Characteristics and impact of Long Covid: Findings from an online survey. PloS one,
17(3), p.e0264331.



OHE

OFFICE OF HEALTH ECONOMICS
CONTRACT RESEARCH

8 Results appendix
81 United Kingdom
The COVID-19 outcomes occurring under a no further vaccination scenario are presented
in Table 8.
Table 8 COVID-19 outcomes for symptomatic cases under no
further vaccination, United Kingdom
OUTCOME TYPE OUTCOMES TOTAL
ACUTE Non-severe Non-hospitalised infections 8,188,286
Severe Hospitalised infections 69,254
COVID-19-related myocarditis 11,025
LONG-TERM Long COVID cases 306,314
FATAL Deaths 13,454
The number of vaccines administered increases from 12.8 million in the 2023 vaccination
recommendation scenario to 17.1 million and 23.8 million in the 50+ and 18+ vaccination
scenarios, respectively. Table 9 displays COVID-19 acute and longer-term outcomes
prevented by different vaccination strategies.
Table 9 Prevented COVID-19 outcomes for symptomatic cases
under different autumn vaccination scenarios, United
Kingdom
OUTCOME TYPE OUTCOMES VACCINATION SCENARIO
2023 Extended to 50+ Extended to 18+
Recommendation population population
(65+ and high-risk)
ACUTE Non-  Non-hospitalised infections 1,556,254 1,932,152 2,586,966
severe
Severe Hospitalised infections 26,551 29,503 34,483
COVID-1-9_-reIated 2844 3,394 4148
myocarditis
LONG-TERM Long COVID cases 58,596 72,652 97,136
FATAL Deaths 5,762 6,313 7145
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82 Australia
The distribution of the COVID-19 outcomes occurring under a no further vaccination
scenario is presented in Table 10.

Table 10 COVID-19 outcomes for symptomatic cases under no
further vaccination, Australia

OUTCOME TYPE OUTCOMES TOTAL

ACUTE Non-severe Non-hospitalised infections 1,415,089
Severe Hospitalised infections 57,933

COVID-19-related myocarditis 1,548

LONG-TERM Long COVID cases 71,640

FATAL Deaths 4,483
The number of vaccines administered increases from 2.1 million in the 2024 vaccination
recommendation scenario to 3.7 million and 7.1 million in the 50+ and 18+ vaccination
scenarios, respectively. Table 11 displays COVID-19 acute and longer-term outcomes
prevented by different vaccination strategies.

Table 11 Prevented COVID-19 outcomes for symptomatic cases
under different autumn vaccination scenarios, Australia

OUTCOME TYPE OUTCOMES VACCINATION SCENARIO

ACUTE Non-

Extended to 18+
population

Extended to 50+
population

2024 Recommendation
(65+ and high-risk)

Non-hospitalised

. . 157,849 335,672 819,163
severe infections
Severe  Hospitalised 13177 20,887 38,232
infections
COVID—1-9-reIated 195 401 905
myocarditis
LONG-TERM Long COVID cases 8,566 17,608 41,880
FATAL Deaths 1,223 1,808 3,032
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83 Japan
The distribution of the COVID-19 outcomes occurring under a no further vaccination
scenario is presented in Table 12.
Table 12 COVID-19 outcomes for symptomatic cases under no
further vaccination, Japan
OUTCOME TYPE OUTCOMES TOTAL
ACUTE NON-SEVERE Non-hospitalised infections 34,550,950
SEVERE Hospitalised infections 689,973
COVID-19-related myocarditis 44838
LONG-TERM Long COVID cases 1,435,311
FATAL Deaths 61,738
The number of vaccines administered increases from 32.1 million in the 2023 vaccination
recommendation scenario to 49.9 million and 72.5 million in the 50+ and 18+ vaccination
scenarios, respectively. Table 13 displays COVID-19 acute and longer-term outcomes
prevented by different vaccination strategies.
Table 13 Prevented COVID-19 outcomes for symptomatic cases
under different autumn vaccination scenarios, Japan
OUTCOME TYPE OUTCOMES VACCINATION SCENARIO
2023 Recommendation Extended to 50+ Extended to 18+
(65+ and high-risk) population population
ACUTE Non- Non-hospitalised 5 106,546 3,667,658 6,588,505
severe infections
Severe  Hospitalised 161,630 211107 252,923
infections
COVID-19-related 57, 6793 10,090
myocarditis
LONG-TERM Long COVID cases 104,068 157,412 278,164
FATAL Deaths 17,495 20,616 23,673
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84 Netherlands

The distribution of the COVID-19 outcomes occurring under a no further vaccination
scenario is presented in Table 14.

Table 14 COVID-19 outcomes for symptomatic cases under no
further vaccination, Netherlands

OUTCOME TYPE OUTCOMES TOTAL
ACUTE Non-severe Non-hospitalised infections 2,595,146

Severe Hospitalised infections 32,266
LONG-TERM Long COVID cases 272,276
FATAL Deaths 4,621

The number of vaccines administered increases from 2.5 million in the 2023 vaccination
recommendation scenario to 2.8 million and 3.5 million in the 50+ and 18+ vaccination
scenarios, respectively. Table 15 displays COVID-19 acute and longer-term outcomes
prevented by different vaccination strategies.

Table 15 Prevented COVID-19 outcomes for symptomatic cases
under different autumn vaccination scenarios,
Netherlands
OUTCOME TYPE OUTCOMES VACCINATION SCENARIO
2023 Recommendation Extended to 50+ Extended to 18+
(60+ and high-risk) population population
ACUTE Non- Non-hospitalised 252,076 275,729 332,665
severe infections
Severe Hospitalised 9,568 9,654 9,782
infections
COVID-19-related 370 404 476
myocarditis
LONG-TERM Long COVID cases 26,878 29,346 35,280
FATAL Deaths 1,589 1,592 1,593
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Methodological appendix

91 Summary of the key elements of the model
Table 16 Key elements of the model for each country
UK JAPAN NETHERLANDS Australia
DISEASE MODEL Model type Dynamic SEIR*  Dynamic SEIR*  Static decision- Dynamic SEIR*
transmission transmission analytic model  transmission
model model with multiplier ~ model
DISEASE STATES Symptomatic infections v v v v
not hospitalised
Symptomatic infections, v v v v
hospitalised - no critical
care
Symptomatic infections, v v v v
hospitalised - critical
care
Hospital readmissions v X v v
Long covid v v v v
Severe long covid v X X v
POPULATIONS Paediatric (0 -17) 4 4 X v
INCLUDED Working age (18-64) v v v v
Older adults (65+) v v v v
COST-OF-ILLNESS Hospital care costs v v v v
FRAMEWORK
COMPONENTS Outpatient care costs v v v v
Patient's workplace v v v v
productivity costs
Patients’ unpaid work v v v v
productivity costs
v v v v

Caregivers' productivity
costs

*SEIR = susceptible-exposed-infected-recovered

92
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Step 1: Estimate the COVID-19 morbidity and mortality under
different scenarios

Disease model

For the UK, Australia and Japan, we base our analysis on existing age-stratified dynamic
susceptible-exposed-infected-recovered (SEIR) transmission models, which were

originally developed for the United States (Kohli et al., 2023) and adapted for each

country. We used the latest available models that include the data needed to perform the
analysis. The methodology and data of these epidemiological models have previously been
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described in Fust et al. (2024a) (Japan), Kohli et al. (2024) (UK), Lee et al. (2024)
(Australia). The SEIR model was used to predict the total number of infections
(asymptomatic and symptomatic) during a one-year analytic time horizon. The time
frames considered are: UK: Sept 2024 - Aug 2025; Australia: March 2024- Feb 2025;
Japan: Sept 2023 - Aug 2024.

In the model, individuals start the simulation in the Susceptible (S) state and move into the
Exposed (E) state according to the force of infection. After a time in E with asymptomatic
and non-transmissible infection, individuals move to the Infectious () state which
represents asymptomatic and symptomatic transmissible infections. After clearing the
infection, individuals move to the Recovered (R) state and remain there until they
transition back to S and lose their natural immunity. The total number of infections
(asymptomatic and symptomatic) is calculated for each month of the 1-year analytic time
horizon and outputted from the SEIR model by age groups. Only symptomatic infections
enter a decision tree describing the COVID-19 disease pathway and related outcomes.

For the Netherlands, we base our analysis on epidemiological data from an adaptation of a
static decision tree model over a 1-year analytic time horizon (October 2023 —
September 2024) by Zeevat et al. (2024). Here, static model estimates were
pragmatically adapted to quantify the magnitude of indirect protection due to reduced
exposure risk, as is typically accounted for in dynamic models and systematically account
for their impacts. This adaptation was achieved by using a dynamic transmission model
which accounts for the population-level impact of vaccination. For each coverage scenario
(18+ coverage, 50+ coverage, and 65+ coverage) in the dynamic model, a multiplier was
generated and applied to the corresponding static model for the Netherlands. The
multiplier was generated by taking the average ratio of the overall incidence in the
vaccinated arm and the unvaccinated arm across all months and age groups, generating a
single multiplier across each coverage scenario.

We use a common disease pathway across the countries in scope (Figure 19). Certain
disease states are excluded in some countries due to a lack of data (i.e., hospital
readmissions in Japan and severe long COVID in Japan and the Netherlands). The age
groups modelled for all countries are: paediatric, working age, and elderly, except in the
Netherlands where a population-level multiplier was applied to cases in adults ages 18 and
over, but paediatric cases were excluded (in line with Zeevat et al. (2024)).

Separately, the adverse consequences of vaccination were also estimated (Grade 3 local
and systemic solicited events, anaphylaxis, and vaccine-induced myocarditis/pericarditis).
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Figure 19 COVID-19 decision tree model
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Post-pandemic modelling scenarios

We estimate the COVID-19 morbidity and mortality under no COVID-19 vaccination
programme, annual autumn vaccination of older adults based on 2023/2024 vaccine
recommendations, and annual autumn vaccination extended to the general population aged
50+ and 18+, respectively. The intervention considered in the vaccination scenarios is an
mRNA vaccine (Moderna Spikevax bivalent vaccine) administered annually in autumn, with
efficacy and coverage values as reported in Table 17.

Note that some national recommendations include eligibility for a second (spring) booster,
however, uptake of second booster is low in most countries and it is unclear for how long
second boosters will continue to be recommended. Accordingly, to ensure continued
relevance of our analysis, and comparability between our countries, we limit the focus of
our analysis to an annual autumn vaccination.
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Table 17 Vaccination programmes specifications
VACCINE EFFICACY COVERAGE
SARS-CoV-2  COVID-19 2023/24 pxtendedto  Bxtended to 18+
. . e .- . 50+ population
infection hospitalisation recommendation .
population
UNITED 1019 Initial: 0.571 Initial: 0.843 0.27% 0.97% 2.01%
- ears . © . © . ©
KINGDOM Y Waning: 0.048  Waning: 0.014
20—29 years 2.67% 2.67% 24.52%
30—39 years 4.49% 4.49% 28.21%
40—49 years 7.88% 7.88% 36.63%
50—59 years 16.96% 46.36% 46.36%
60—69 years 44.09% 66.44% 66.44%
70—79 years 72.69% 72.69% 72.69%
80+ years 75.71% 75.71% 75.71%
References (Kohli et al, (Kohli et al,, 2024) Assumed the same  Assumed Calculated the ratio
2024) as coverage in Autumn 2022  of "Dose 3" uptake
UKHSA surveillance  uptake rates for rate for Age 10-19
data up to week 7 of ages 50-64 (and separately for
2024 (UKHSA, (UKHSA, 20-29, 30-39, 40-
2024b) 2024b) 49) to Age 50-59
"Dose 3" and apply
to Age 50-59 rate
for Autumn
2022. "Dose 3"
means "Number
Vaccinated (at least
3 Doses)" from
(UKHSA, 2024b).
AUSTRALIA 18-29 years Initial: 0.571 Initial: 0.843 0.0% 0.0% 23.3%
30-49 years Waning: 0.048 Waning: 0.014 0.0% 0.0% 34.5%
50-64 years 0.0% 34.5% 34.5%
65+ years 45.9% 45.9% 45.9%
References (Lee et al, 2024) (Lee etal,2024) Coverage rates for Winter 2024 Campaign based on
“Number of people who received at least 3 doses by age
band” (May 2022-March 2023) (Australian Government
DoHaC, 2024) scaled down based on 2023 observations
for vaccine uptake rates by age.
Uptake pattern based on “Number of people who received at
least 3 doses by age band” (May 2022-March 2023)
compressed to March 12024 to Aug 312024). (Australian
Government DoHaC, 2024)
NETHERLANDS 0-17 years Initial: 0.748 Initial: 0.851 0.00% 0.00% 0.00%
18-29 years  Waning:0.046  Waning:0.036 4349 1.34% 11.55%
30-39 years 1.32% 1.32% 11.55%
40-49 years 1.35% 1.35% 11.55%
50-59 years 1.37% 11.55% 11.55%
ohe.org
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60-64 years 32.00% 32.00% 32.00%
65-69 years 46.00% 46.00% 46.00%
70-79 years 57.67% 57.67% 57.67%

80+ years 63.31% 63.31% 63.31%
References (Zeevat et al., (Zeevat et al., Based on Autumn 2023 (RIVM, 2024b).

2024) 2024) Coverage scaled by the proportion of the population
considered to be high-risk.

JAPAN 10-19 years Initial: 0.547 Initial: 0.849 0.0% 0.0% 20.0%
20-29 years Waning: 0.048  Waning: 0.014 0.0% 0.0% 33.2%
30-39 years 0.0% 0.0% 42.8%
40-49 years 0.0% 0.0% 58.5%
50-59 years 0.0% 71.8% 71.8%
60-69 years 40.7%* 77.5% 77.5%
70-79 years 797% 79.7% 797%
80+ years 73.9% 73.9% 73.9%

Based on maximum uptake rate of the first COVID-19
Based on (Fust et Based on (Fust et booster (Fust et al,, 2024a) with coverage for ages 60+
References al, 20242) al, 2024a) reduced by 10% (i.e, 90% of base case value)
*Assumes zero coverage for ages 60-64.
ohe.org
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Step 2: Valuing the COVID-19 morbidity and mortality
according to the cost of illness (COI) framework

We value the COVID-19 morbidity and mortality estimated in each scenario using a COI
approach, which includes several direct medical and non-medical costs and indirect costs
to the healthcare system and the national economy.

Table 18 shows the cost components considered in the COI approach. Healthcare costs in
hospital and outpatient care settings consist of the direct medical costs to the healthcare
system. Productivity costs due to illness are indirect costs to the national economy due to
lost workdays of formally employed patients or patients undertaking unpaid work, and of
formally employed caregivers. Productivity costs due to premature mortality are also
indirect costs due to lost working years of patients dying prematurely.

The COIl components also apply to the vaccine-related adverse events occurring under
different vaccination strategies. In this way, we attempt to capture the COI of all the
morbidity and mortality occurring in the modelled scenarios.

By following the COl averted approach, we do not consider the direct medical and indirect
costs of implementing each vaccination strategy, in terms of vaccine administration and
delivery costs and productivity losses associated with receiving vaccination.

Cost-of-illness (COI) framework

SECTOR COST COMPONENTS
IMPACT ON THE Hospital care costs
HEALTHCARE SYSTEM Healthcare costs .
Outpatient care costs
IMAPCT ON THE Patient's workplace productivity costs

NATIONAL ECONOMY

Patient’s productivity costs
Patients’ unpaid work productivity costs

Caregiver’s workplace productivity losses due to patient

Caregivers' productivity costs ilness

ohe.org

For each cost component of the COI framework, we identify the applicable morbidity and
mortality outcomes of the disease model, and the population groups affected by the
specific outcome (all age groups, paediatric, working age, elderly). We obtain country-
specific inputs, where available, to estimate each COl component depending on the
relevant COVID-19 outcomes estimated by the disease model. A comprehensive list of
data inputs and sources for each country can be found in Section 9.4 of this Appendix.

All costs are presented in 2023 values. Costs found in other years are adjusted to 2023
levels using the relevant CPI for their country of origin. Costs incurred in the years after
vaccination (e.g. due to mortality) are discounted at appropriate country-specific rates to
reflect social preferences for the timing of consumption.

Healthcare costs

We consider healthcare costs of hospital care and outpatient care for COVID-19
infections and vaccine-related adverse events.
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Hospital care costs

For all patients hospitalised for acute COVID-19 infections, we included the cost of a
hospitalisation episode. This cost depended on the type of care (critical/non-critical) and,
in some countries, the length of stay and the age of the patient. A small percentage of
hospitalised patients required readmission. We assumed readmission occurred only once,
required the same type of care (critical/non-critical) and incurred the same costs as the
original hospitalisation.

We assume a percentage of long COVID patients develop severe long COVID (the
percentage may vary by hospitalisation status during acute infection) and require
hospitalisation once in non-critical care. Severe long COVID cases incur hospitalisation
costs depending on the length of stay. This disease state is not considered in the disease
model for Japan and the Netherlands due to a lack of data availability.

A percentage of COVID-19 patients also develop infection-related myocarditis and
require hospitalisation. These cases would be managed as cases of myocarditis, and we
assume the myocarditis-related hospitalisation costs, which were age-dependent in some
countries.

Based on data availability for each country, we assume that certain vaccine-related
adverse events (vaccine-related myocarditis and anaphylaxis cases) may require
hospitalisation.

Outpatient care costs

For all non-hospitalised symptomatic cases of COVID-19, we assume that a country-
specific proportion will seek outpatient care (see country input parameter tables).
Depending on data availability for each country, we calculated the outpatient care cost
based on the healthcare utilisation rate for each type of outpatient care (primary care or
emergency department) and the unit costs.

We assume that patients hospitalised for acute COVID-19 infections incur outpatient care
costs in the recovery period, for example due to primary or other specialist care
appointments. We apply these costs only to hospitalised patients who do not die in the
hospital. These follow-up costs are incurred per hospitalised case, so readmitted cases
incur outpatient costs only once. Resource use and unit costs varied by country depending
on data availability.

We assume that long COVID cases incur outpatient care costs, for example due to
primary or other specialist care appointments. Healthcare utilisation and unit costs varied
by country depending on data availability.

Depending on data availability for each country, we also determine outpatient care costs
for Grade 3 local/ systemic vaccine-related based on relevant healthcare utilisation and
the unit costs.

We calculated productivity losses associated with work that cannot be undertaken by
patients due to morbidity and mortality. This includes workplace’s productivity losses
associated with working time lost by individuals who are formally employed, and unpaid
work productivity losses associated with lost time providing (non-market) care.

To value workplace productivity losses, we used OECD data and official sources when
OECD data were not available. We calculated an adjusted population employment rate by
multiplying the labour force participation rate (%) by the reciprocal of the unemployment
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rate (%). Labour force participation rates were categorised for the following OECD age
categorisation groups: 18-24, 25-64 and 65-75. OECD unemployment rates were
reported for the age groups 18-24 and 25-75 and are applied accordingly. Given a lack of
standardised reporting across our selected countries and the higher rates of economic
inactivity in adults aged 65+, we assume no labour force participation for those older than
75. To calculate the expected value per lost workday, we multiply average daily wages
(obtained from official sources) by the adjusted population employment rate. All currency
values were converted to 2023 values. Given a lack of age-specific data, average daily
wages are assumed to be equal across the selected age groups. Assumptions around
time-use and workdays lost for acute, long-term, and fatal outcomes are described in the
following sections.

To value unpaid work productivity losses, we found the percentage of the working-age
(younger than 65 years) population and of the elderly (65-74) who are informal carers.
Akin to the formal market, we assume no informal care provision by individuals older than
75, although this likely leads to an underestimation of the averted productivity costs given
that elderly adults often provide a significant amount of informal care. Days of unpaid
work lost are valued at the same rate as workplace productivity losses, as we assume that
the value of unpaid labour is equivalent to that of paid labour (Park, Jit and Wu, 2018;
Deloitte, 2020). We assume the same changes in time-use and workdays lost for acute,
long-term, and fatal outcomes among informal carers as we do for formally employed
workers, described in the section below.

Patient’s productivity costs were calculated in association with the acute, fatal and long-
term outcomes of disease as described below.

Patient’s productivity costs due to acute outcomes

For each acute disease state, we assumed that patients are too ill to work (fully absent) for
a specific number of workdays. For symptomatic infections which are not hospitalised, we
assume a duration of presenteeism after the initial absenteeism period, in which patient
productivity is reduced by a certain percentage for the remaining illness duration.
Productivity loss of hospitalised cases is calculated as a sum of the period when the
patient is fully absent prior to hospitalisation, during the length of their hospital stay, and
for a full recovery period. For readmitted cases, the productivity loss associated with the
length of hospital stay is incurred twice.

For infection-related and vaccine-related myocarditis episodes, we assume a productivity
loss is incurred for the period in which the patient is fully absent during their hospital
length of stay. The same assumption is applied to vaccine-related anaphylaxis cases. For
other vaccine-related adverse events, we assume specific absenteeism periods based on
the literature and country-specific data.

All numbers of workdays lost are adjusted for the work week when necessary, assuming a
5-day work week.

Patient’s productivity costs due to fatal outcomes

For fatal outcomes, we estimate these using the human capital approach, which assumes
that when a patient dies, their productivity loss lasts for the remainder of their working life.
Accordingly, the productivity loss is a cost incurred annually from the age of infection until
they would stop working at the cut-off age of 75. We approximated the value of each year
of work lost based on the average annual pay, applying country-specific discount rates to
productivity losses from the second year following infection. We apply these productivity
losses differentially to patients of all age groups. For deaths among working-age patients,
the productivity losses accrue until the formal retirement age, after which the value of the
productivity loss is revised downward to reflect that some people stop working. The
revised productivity loss is incurred until a cut-off age of 75 when everyone is assumed to
stop working. For deaths among paediatric patients, the productivity losses accrue over a
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future period, beginning when they would reach the legal working age. The productivity
value is adjusted to reflect the proportion of paediatric patients who would be working at
different stages in life. For deaths among elderly patients (65+), the productivity loss value
only applies until age 75.

Patient’s productivity costs due to long-term outcomes

For long-term outcomes such as long COVID we consider time taken off work. However,
there is no empirically agreed-upon duration of long COVID (Baimukhamedov, 2022).
Based on the available data per country, the productivity loss of long COVID episodes is
based on time taken off work (or reduced productivity) in severe long COVID cases or,
where not modelled, severe cases.

We also apply additional long-term productivity losses to long COVID-19 cases (working
age or elderly) who prematurely leave the workforce or are unable to continue with unpaid
work. This assumption is based on evidence that people affected by post-COVID-19
conditions experience changes in their employment status, with some dropping out of the
workforce. Given the lack of country-specific data, we calculate an average value from two
studies which suggests that these patients represent 1.23% of all long COVID-19 cases
(Kerksieck et al,, 2023; Ziauddeen et al,, 2022). We do not differentiate between non-
hospitalised and hospitalised (severe) long COVID-19 patients, which may result in an
underestimation given that the study used has a relatively low proportion of hospitalised
long COVID patients.

Productivity losses of the long COVID-19 cases are calculated using the same approach
and parameters as productivity losses due to premature mortality, using the human capital
approach.

Caregiver’s productivity costs

We assume some level of caregiver productivity loss is accrued for non-hospitalised
(outpatient) symptomatic infections among paediatric and elderly cases. We also assume
that a percentage of long COVID patients (all ages) will require informal care from family
members. We value all caregiving productivity losses of employed family members
according to the opportunity cost method (van den Berg et al., 2006), using daily wages
as a measure of their opportunity cost. We assume that caregiving family members are
employed according to the formal employment rate, and that employed family members
will incur some degree of productivity loss while caring for COVID-19 patients.

We assume that each child under age 16 and a proportion of elderly patients aged 65+
(those who are not hospitalised and do not receive regular institutional/formal care) with a
symptomatic outpatient infection will receive informal care from a working-age family
member. When available, we use local data on COVID-19 (or similar) to approximate the
proportion of employed family members who experience productivity losses due to caring
for a sick child or elderly patient, and the average level of productivity loss due to providing
care for a child/elderly patient with acute outpatient illness.

We assume that a percentage of long COVID patients (all ages) will require informal care
from family members. Given the long-term nature of this health state, we assume only a
proportion of these long COVID cases will be significantly limited in daily activities and
require care, and that only a proportion of their informal caregivers will have reduced paid
work hours due to caregiving. If no specific data on the duration of caregiving for long
COVID patients is available, we assume that caregivers’ productivity losses are
accumulated for the same duration that long COVID patients themselves, on average,
experience work-related absenteeism or presenteeism.
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94 Input parameters by country

This section includes the parameters used for all countries included in the model. We
specify:

1. Healthcare resource use and unit costs for each disease state,

2. \Values used to calculate the patient and caregiver productivity losses associated with
different disease states,

3. Healthcare resource use and unit costs and productivity losses associated with
vaccine-related adverse events.

The first (left) column in the tables indicates the COVID-19 outcome to which the
parameter value is applied in the model, based on the outcome abbreviations listed in the
box. In the last (right) column, we include all sources and, where needed, explanations for
the parameter values used.

COVID-19 outcome abbreviations

Symptomatic infections, not hospitalised - NH

Symptomatic infections, hospitalised critical care - H.CC
Symptomatic infections, hospitalised non-critical care - H_.Non-CC
Long covid - LC

Severe long covid - SLC

Disease-related myocarditis - MYO

Adverse events - AE

ohe.org e



OHE

United Kingdom

United Kingdom - Healthcare costs

OFFICE OF HEALTH ECONOMICS
CONTRACT RESEARCH

Relevant PARAMETER VALUE REFERENCES/ EXPLANATION
COVID-19
outcome
HOSPITALIS H_CC Hospitalisation cost £28,642.5 (NHS England, 2023)
ATION 8
COSTS
H_Non-CC Hospitalisation cost £2,583.55 (NHS England, 2023)
SLC Hospitalisation cost (ages 0- £2,52759 (NHS England, 2023)
17)
SLC Hospitalisation cost (ages £3,299.28 (NHS England, 2023)
18+)
MYO Hospitalisation cost (ages 0- £9,279.23 Weighted average for non-elective long stay for
17) people aged less than 18 (NHS England, 2023)
MYO Hospitalisation cost (ages £4,57757 Weighted average for non-elective long stay for
18+) people aged over 18. (NHS England, 2023)
OUTPATIENT NH Proportion not hospitalized 34.91% (Tufts et al.,, 2023)
CARE who seek outpatient care
RESOURCE - — :
USE PER NH Primary care visit rate 0.88 (Whittaker et al., 2021)
EPISODE* NH Emergency visit rate 0.01 (Whittaker et al., 2021)
H_CC, Number of Chest X-rays, 2 (Metry et al., 2022)
H_Non-CC post-hospitalisation
H_CC, Number of GP visits, post- 6 (Metry et al., 2022)
H_Non-CC  hospitalisation
LC Outpatient care visit rate 1 Assumption, based on (Tufts et al., 2023)
OUTPATIENT NH,H_CC, Primary care visit cost £47.40 (Jones et al.,, 2023)
CAREUNIT H_Non-CC
COSTS* .
NH Emergency department visit £347.45 (NHS England, 2023)
cost
H_CC, Chest X-ray cost £47.72 (NHS England, 2023)
H_Non-CC
LC Outpatient care cost £75.92 Weighted average unit cost per long COVID

patient calculated from estimates of the annual
primary care resource use and costs associated
with Long COVID in (Tufts et al., 2023)

Note: All costs are adjusted from the baseline year of the original estimate to 2023 GBP (£) using the relevant CPI: *Outpatient care cost per
episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC -
symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC -
Severe long covid, MYO - Disease-related myocarditis

United Kingdom - Patients’ and caregivers’ productivity costs

RELEVANT PARAMETER VALUE REFERENCES/ EXPLANATION
COVID-19
OUTCOME
LABOUR N/A Daily wage (overall) £131.9 (ONS, 2023a)
FORCE
N/A Formal employment rate (16- 53.6% Calculated by adjusting the labour force
24) participation rate (%) for each age group by
ohe.org
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PARAMETER the unemployment rate (%) from (OECD,
S 2023b; ¢)
N/A Formal employment rate (25- 79.6% Calculated by adjusting the labour force
64) participation rate (%) for each age group by
the unemployment rate (%) from (OECD,
2023b; ¢)
N/A Formal employment rate (65- 10.79% Calculated by adjusting the labour force
74) participation rate (%) for each age group by
the unemployment rate (%) from (OECD,
2023b; ¢)
N/A Proportion of working age 3.53% (Department for Work and Pensions, 2023)
who are informal carers (16-
64)
N/A Proportion of elderly who are 8.42% (Department for Work and Pensions, 2023)
informal carers (65-74)
DURATION NH Absenteeism (days) 3.57 Recommendation for isolation for adults (5
OF PATIENT days) (NHS, 2023)
PRODUCTIV . . .
ITY Losses* NH Presenteeism (days) 175 Calculated, workday-adjusted remainder of

average illness duration (12 days) from
(Medline, 2023), assuming 35% work
impairment based on (Johnsen et al.,, 2021)

H_Non-CC Absenteeism, Hospitalisation 6.26 Equivalent to length of stay for non-critical
period (days) cases (Leclerc et al., 2021)

H_CC Absenteeism, Hospitalisation 8.96 Equivalent to length of stay for critical cases
period (days) (Leclerc et al., 2021)

H_CC, Absenteeism, Hospitalisation, 13.09 Baseline calculated based on weighted average

H_Non-CC Recovery (days) of employment status post-discharge data

from (Halpin et al., 2021)

LC Absenteeism (days) 0 Assumption, apply employment impact only to
severe long COVID cases, based on (Reuschke,
Houston and Sissons, 2024)

SLC Absenteeism, Additional due 28.43 Calculated, assuming that workers with severe
to severe long COVID (days) long COVID and symptoms for less than 28
weeks work zero hours (Reuschke, Houston and
Sissons, 2024). Weighted average derived
based on data on symptom duration (ONS,
2024) and proportion of severe cases (Kohli et

al, 2024).
MYO Absenteeism 477 (Hospital Episode Statistics (HES), 2024).
DURATION NH (ages Work-week adjusted duration 8.57 Duration of adult illness (Medline, 2023)
OF >65) of acute illness in adults
CAREGIVER (days)
S!
propucTiv NH (ages Proportion of elderly 89.87% Calculated, remainder of proportion of people
ITY LOSSES* >65) requiring care from a age 65+ receiving either formal or informal
working-age adult (%) care or a mixture of both. (Department for
Work and Pensions, 2023)
NH (ages Proportion of family members 23.3% Percentage of family or other unpaid caregivers
>65) experiencing productivity who were employed and experienced care-
losses due to care for sick giving related work productivity loss (Keita
elderly (%) Fakeye et al,, 2023)
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NH (ages Average productivity loss due 34.0% Productivity reduction among employed family
>65) to providing care for elderly caregivers reporting absenteeism or
(%) presenteeism due to caregiving of elderly
(Keita Fakeye et al., 2023)
NH (ages< Work-week adjusted duration 4.29 (Molteni et al,, 2021a)
16) of acute illness in children
(days)
NH (ages< Proportion of family members 23.3% Due to a lack of evidence specific to paediatric
16) experiencing productivity patients, we use the assumption in (Keita
losses due to care for sick Fakeye et al., 2023) on caregiving for older
child (%) adults
NH (ages< Average productivity loss due 34.0% Due to a lack of evidence specific to paediatric
16) to providing care for sick patients, we use the assumption in (Keita
child (%) Fakeye et al.,, 2023) on caregiving for older
adults
LC Work-week adjusted duration 19.6 weeks Assumption, midpoint of follow-up duration
of long COVID (Waters and Wernham, 2022)
LC Average productivity loss due 34.0% Due to a lack of evidence specific to paediatric
to providing care for a long patients, we use the assumption in (Keita
COVID patient (%) Fakeye et al.,, 2023) on caregiving for older
adults
LC Proportion of Long COVID 31.7% (Kwon et al,, 2023)
patients requiring any
informal care (%)
LC Proportion of Long COVID 22.8% (Kwon et al,, 2023)
caregivers having reduced
paid work hours for
caregiving (%)
LC Proportion of long COVID 19.27%

cases severely limited in their
ability to undertake daily
activities (%)

(ONS, 2023b)

Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic
infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long
covid, MYO - Disease-related myocarditis

United Kingdom - Vaccine adverse event costs

Relevant COVID- PARAMETER VALUE REFERENCES/ EXPLANATION
19 outcome
HEALTHCARE G3 local AE GP visits 0 Assumption
RESOURCE R . N
USE PER G3 systemic AE  GP visits 9.8% (Tsang et al,, 2023)
EPISODE Anaphylaxis Hospitalisation rate 100% Assumption
Vaccine related Hospitalisation rate 100% Assumption
myocarditis
UNIT COSTS Grade 3 systemic G3 systemic adverse £4.65 Assume patients only seek medical attention
PER AE event Unit Cost for headaches and lymphadenopathy. Unit cost
ADVERSE is calculated by adjusting cost by percentage
EVENT of the population who present to a general
EPISODE practice in England with an adverse event
within 1 week of a COVID-19 vaccine from
Tsang et al (2023), 9.82%. Medicinal costs for
painkillers are excluded.
ohe.org



OHE

Anaphylaxis

Anaphylaxis Unit Cost £506.13

OFFICE OF HEALTH ECONOMICS
CONTRACT RESEARCH

Utilising currency code WHO5Z, opting for the
non-elective short stay unit cost. A weighted
average cost of the codes was taken, weighted
by activity level (NHS England » National Cost
Collection for the NHS, 2024).

Vaccine-related

myocarditis

Myocarditis Unit Cost = £4577.57

NHS England. 2021/22. (NHS England »
National Cost Collection for the NHS, 2024).
Accessed December 2023. Utilising currency
code WHO5Z, opting for the non-elective short
stay unit cost. Value is a weighted average cost
of the listed codes, weighted by activity level.

DURATION
OF PATIENT
PRODUCTIVI

Grade 3 local AE

Absenteeism (days) 0.54

Due to lack of data assume same loss of time
as Grade 3 systemic adverse event, Table 2 in
(Gonzalez-Celestino et al., 2023)

TY

LOSSES#***
AE

Grade 3 systemic

Absenteeism (days) 0.54

Table 2 in (Gonzalez-Celestino et al., 2023)

Anaphylaxis

Absenteeism (days) 0.80

Weighted average of the mean length of stay
for relevant diagnostic codes, weighted by
activity level associated with anaphylactic
shock. (Hospital Episode Statistics (HES),
2024)

Vaccine-related

myocarditis

Absenteeism (days) 2.61

Weighted average of mean length of stay of for
relevant diagnostic codes containing
myocarditis and pericarditis (Hospital Episode
Statistics (HES), 2024).

Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity
parameters. Abbreviations: AE — adverse events

Australia

Australia - Healthcare costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME
HOSPITALIS H_CC Hospitalisation cost A$49,845.51 Calculated as a weighted average of the cost of
ATION ICU only and ICU + ventilator hospitalisations
COSTS (Markey et al., 2023), with weights
corresponding to the average probability of
care setting (Australian Institute of Health and
Welfare, 2023a).
H_Non-CC Hospitalisation cost A$28,692.7 (Markey et al., 2023)
2
SLC Hospitalisation cost (ages 0- N/A State not modelled for the population aged 0-
17) 17
SLC Hospitalisation cost (ages A$29,630.4 Calculated using the distribution of long
18+) 8 COVID episodes by hospital care settings
(Woldegiorgis et al., 2023) and costs (Markey
et al, 2023)
MYO Hospitalisation cost (ages 0- A$25,105.29 DRGs for endocarditis were used to estimate
17) myocarditis costs. Costs for infection related
myocarditis is estimated based on weighted
major and minor DRGs (Independent Health
and Aged Care Pricing Authority, 2021b, a; c)
ohe.org
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MYO Hospitalisation cost (ages A$25,105.29 DRGs for endocarditis were used to estimate
18+) myocarditis costs. Costs for infection related

myocarditis is estimated based on weighted

major and minor DRGs (Independent Health

and Aged Care Pricing Authority, 2021b, a; c)

OUTPATIENT NH Proportion not hospitalized 51.5% (Australian Institute of Health and Welfare,
CARE who seek outpatient care 2023b)
RESOURCE . .
USE PER NH Primary care visit rate 2.05 (Australian Institute of Health and Welfare,
EPISODE* 2023b)
NH Emergency visit rate 0.104 (NSW Health, 2023)
H_CC, Number of Chest X-rays, N/A Excluded because no post-hospitalisation chest
H_Non-CC post-hospitalisation x-rays were assumed in Australia
H_CC, Number of GP visits, post- 1.26 Assumption, calculated based on probability of
H_Non-CC hospitalisation seeking 2 general practice consultations

(63.3%) during hospitalisation recovery period
(Menges et al., 2021)

LC Primary care visit rate 0.382 (Woldegiorgis et al., 2023)
LC Emergency department visit 0.039 (Woldegiorgis et al., 2023)
rate
OUTPATIENT NH,H_CC, Primary care visit cost A$188.79 (Australian Government Department of Health
CAREUNIT H_Non-CC, and Aged Care, 2024)
COSTS* LC
NH, LC Emergency department visit A$887.92  (Independent Health and Aged Care Pricing
cost Authority, 2021c)
H_CC, Chest X-ray cost N/A Excluded because no additional post-infections
H_Non-CC costs were assumed in Australia

Note: All costs are adjusted from the baseline year of the original estimate to 2023 AUD (A$) using the relevant CPI: *Outpatient care cost per
episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC -
symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC -
Severe long covid, MYO - Disease-related myocarditis

Australia - Patients’ and caregivers’ productivity costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME
LABOUR N/A Daily wage (overall) 278.82 (Australian Bureau of Statistics, 2023b)
FORCE
PARAMETER N/A Formal employmentrate 64.73% Calculated by adjusting the labour force
s (16-24) participation rate (%) for each age group by the
unemployment rate (%) from (OECD, 2023b; c¢)
N/A Formal employment rate  80.08% Calculated by adjusting the labour force
(25-64) participation rate (%) for each age group by the
unemployment rate (%) from (OECD, 2023b; c)
N/A Formal employment rate  14.60% Calculated by adjusting the labour force
(65-74) participation rate (%) for each age group by the
unemployment rate (%) from (OECD, 2023b; c)
N/A Proportion of working age 12.3% Proportion of Australians who provide informal care
who are informal carers by age by (Australian Bureau of Statistics, 2020)
(16-64) weighted by population from (Australian Bureau of

Statistics, 2023a)
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N/A Proportion of elderly who 18.7% Proportion of Australians who provide informal care
are informal carers (65- by age by (Australian Bureau of Statistics, 2020)
74)
DURATION NH Absenteeism (days) 3.57 (Prosser et al., 2019)
OF PATIENT - : : :
propucTivi NH Presenteeism (days) 175 Calculated, remainder of average illness duration
TY LOSSES* (12 days) from (Medline, 2023), assuming 35%
work impairment based on (Johnsen et al.,, 2021)
H_Non-CC Absenteeism, 779 Based on LoS (Department of Health and Aged
Hospitalisation period Care, 2023)
(days)
H_CC Absenteeism, 15.57 Calculated as a weighted average of the LoS of ICU
Hospitalisation period only and ICU+ ventilator hospitalisations (Markey et
(days) al., 2023), with weights corresponding to the
average probability of care setting (Australian
Institute of Health and Welfare, 2023a).
H_CC, Absenteeism, 19.29 (Chopra et al., 2020)
H_Non-CC Hospitalisation, Recovery
(days)
LC Absenteeism (days) 0 Assumption, apply employment impact only to
severe long COVID cases, based on (Reuschke,
Houston and Sissons, 2024)
SLC Absenteeism, Additional 24.66 (Ham, 2022)
due to severe long COVID
(days)
MYO Absenteeism 214 Assumption, based on data from (Kohli et al., 2023)
DURATION NH (ages Work-week adjusted 8.57 Calculated from (Medline, 2023) (x 5/7)
OF >65) duration of acute illness in
adults (days)

CAREGIVERS

propucTivi NH (ages Proportion of elderly 85.9% Remaining proportion of elderly population (65+)
TY LOSSES* =65) requiring care from a who are not receiving formal or informal care

working-age adult (%) (OECD, 2021)

NH (ages Proportion of family 23.30% Same as assumption used for UK. US study

>65) members experiencing reporting proportion of employed family caregivers
productivity losses due to reporting either absenteeism or presenteeism over
care for sick elderly (%) a 1-month period owing to caregiving from (Keita

Fakeye et al., 2023)

NH (ages Average productivity loss 34% Same as assumption used for UK. US study

>65) due to providing care for reporting level of work productivity loss among
elderly (%) caregivers affected by any productivity loss from

(Keita Fakeye et al.,, 2023)

NH (ages< Work-week adjusted 4.29 (Molteni et al., 2021)

16) duration of acute illness in
children (days)

NH (ages< Proportion of family 53.4% (Willis et al., 2019) percentage of parents who take

16) members experiencing time off to care for a child with influenza
productivity losses due to
care for sick child (%)

NH (ages< Average productivity loss 25% (MSD, 2023)

16) due to providing care for
sick child (%)

LC Work-week adjusted 64 (MSD, 2023)

duration of long COVID
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LC Average productivity loss 21% Due to no data on long COVID, based on the
due to providing care for a number of caregiving hours per week provided by
long COVID patient (%) primary caregivers of elderly and disabled people in

Australia (Deloitte, 2020)

LC Proportion of Long COVID 31.70% Due to limited availability of country-specific data
patients requiring any on long COVID, use UK values from (Kwon et al.,
informal care (%) 2023), assuming same given same disease across

countries.

LC Proportion of Long COVID 22.80% Due to limited availability of country-specific data
caregivers having reduced on long COVID, use UK values from (Kwon et al.,
paid work hours for 2023), assuming same given same disease across
caregiving (%) countries.

LC Proportion of long COVID 30% European workers with long COVID whose
cases severely limited in activities are limited ‘a lot’ (Ramos et al.,, 2024)

their ability to undertake

daily activities (%)
Notes: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic
infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long
covid, MYO - Disease-related myocarditis

Australia - Vaccine adverse event costs

RELEVANT COVID- PARAMETER VALUE REFERENCES/ EXPLANATION
19 OUTCOME
HEALTHCARE G3 local AE GP visits 1.98% (AusVaxSafety, 2023)
RESOURCE R N -
USE PER G3 local AE Steroid cream use 100% Assumption, based on (Lee et al., 2024)
EPISODE  G3systemicAE  GPvisits 1.98% (AusVaxSafety, 2023)
G3 systemic AE Paracetamol use 100% Assumption, based on (Lee et al., 2024)
Anaphylaxis Hospitalisation rate 100% Assumption
Vaccine related Hospitalisation rate 100% Assumption
myocarditis
UNIT COSTS G3 local AE, GP GP visit A$42.11 (Australian Government Department of Health
PER systemic AE and Aged Care, 2024)
ADVERSE
EVENT
EPISODE G3 local AE Steroid cream cost A$30.00 Pharmaceutical benefits scheme code 10800K

in (Australian Government Department of
Health, 2023)

G3 systemic AE Paracetamol 500 mg A$7.30 Pharmaceutical benefits scheme code 10582Y
tablet cost in (Australian Government Department of
Health, 2023)

Anaphylaxis Anaphylaxis Unit Cost A$975.87  Calculated, using DRG separations and inlier
weights from the national hospital cost data
collection (NHCDCQ) tables and national
efficient price (NEP) determination (2020—21)
price weight tables from (Independent Health
and Aged Care Pricing Authority, 2021b, a; ¢)

Vaccine-related Myocarditis Unit Cost A$12,373.83 Calculated, using DRG separations and inlier

myocarditis weights from the national hospital cost data
collection (NHCDC) tables and national
efficient price (NEP) determination (2020—21)
price weight tables from (Independent Health
and Aged Care Pricing Authority, 2021b, a; c)
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DURATION  Grade 3 local AE Absenteeism (days) 0.50 Due to a lack of data for Australia, assume the
OF PATIENT same values as for Japan based on (Fust et al,,
PRODUCTIVI 2024a).
TY LOSSES*
% Grade 3 systemic Absenteeism (days) 050 Due to a lack of data for Australia, assume the
AE same values as for Japan based on (Fust et al,,
2024a).
Anaphylaxis Absenteeism (days) 143 Due to a lack of data for Australia, assume the

same values as for Japan based on (Fust et al,,
2024a). Assumption based on US data
(inpatient length of stay of 2 days and 8 hours
missed per day) (AHRQ, 2018)

Vaccine-related Absenteeism (days) 1.64 Assumption, based on inpatient LoS of 2.3 days
myocarditis from (Varma et al., 2022)

Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity
parameters. Abbreviations: AE — adverse events

Japan

Japan - Healthcare costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME
HOSPITALIS H_CC Hospitalisation cost ¥1,366,787 (Igarashi and Maeda, 2023)
ATION
COSTS H_Non-CC Hospitalisation cost ¥508,683 (lgarashi and Maeda, 2023)
SLC r7¢;spltal|satlon cost (ages 0- N/A Excluded - disease state not included for Japan
SLC rsc)f;)ltal|satlon cost (ages N/A Excluded - disease state not included for Japan
MYO :'7")3""ta"sat'°“ cost(ages 0~ y50262  (Igarashi and Maeda, 2023)
MYO :';’f)p'ta"sat'°“ cost(ages  yy0562  (lgarashi and Maeda, 2023)
OUTPATIENT Proportion not hospitalized
CARE NH who seek outpatient care 049 (Fust et al. 20242)
RESOURCE ) :
USE PER Calculated, taking the total outpatient care
EPISODE* NH Primary care visit rate 2.33 cost .by (.FUSt et al, 2024a) (¥65.’361) and
dividing it by the cost per outpatient care
episode in (Nagano et al., 2024a) (¥28,054)
NH Emergency visit rate 0 Assum.ed, primary care rate captures whole
outpatient care resource use
H_CC, Number of Chest X-rays,

H_Non-CC post-hospitalisation N/A Assumption

Assumed, the hospitalisation costs used by
0 (Igarashi and Maeda, 2023) include follow-up
treatment cost up to 6 months post-discharge

H_CC, Number of GP visits, post-
H_Non-CC hospitalisation

Assumed, taking the total long COVID cost by
Nagano et al (¥107,725) et al and dividing it by
the cost per outpatient care episode
(¥28,054)

LC Primary care visit rate 3.84
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OUTPATIENT NH,H_CC,

CAREUNIT H_Non-CC, Primary care visit cost ¥28,054 (Nagano et al., 2024a)
COSTS* LC
NH Emergency department visit N/A None assumed in Japan
cost
H_CC, None assumed in Japan
H_Non-CC Chest X-ray cost N/A

Note: All costs are adjusted from the baseline year of the original estimate to 2023 JPY (¥) using the relevant CPI: *Outpatient care cost per
episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC -
symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC -
Severe long covid, MYO - Disease-related myocarditis

Japan - Patients’ and caregivers’ productivity costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME
LABOUR N/A Daily wage (overall) ¥18700.00 (e-STAT, 2023)
FORCE
PARAMETER N/A Calculated by adjusting the labour force
s Formal employment rate (16- 46.75% participation rate (%) for each age group by the
24) it unemployment rate (%) from (OECD, 2023b;
c)
N/A Calculated by adjusting the labour force
Formal employment rate (25- 84.52% participation rate (%) for each age group by the
64) men unemployment rate (%) from (OECD, 2023b;
c)
N/A Calculated by adjusting the labour force
Formal employment rate (65- 24.99% participation rate (%) for each age group by the
74) = unemployment rate (%) from (OECD, 2023b;
c)
N/A Proportion of working age Age-weighted from (Statistics Bureau of Japan,
who are informal carers (16- 5.71% 2021)
64)
N/A Proportion of elderly who are 8.80% Age-weighted from (Statistics Bureau of Japan,
informal carers (65-74) ore 2021)
puraTIon NH Absenteeism (days) 3.57
OF PATIENT senteeism ays .
PRODUCTIVI (Fust et al,, 2024b)
TY LOSSES* Calculated, workday-adjusted remainder of
. average illness duration (12 days) from
NH Presenteeism (days) 175 (Medline, 2023), assuming 35% work
impairment based on (Johnsen et al., 2021)
H_Non-CC, Absenteeism, Hospitalisation .
H_CC period (days) 714 Adjusted 10 days LoS from (MHLW, 2023).
Subtracting LoS from 21 days used in (Nagano
Absenteeism, Hospitalisation, et al, 2024a) as the total number of working
H_Non-CC Recovery (days) 13.86 days lost for general ward patients (LoS +
recovery).
. P Subtracting LoS from 40 days used in (Nagano
H_CC Absentecism, Hospitalisation 32.86 et al, 2024a) as the total number of working

period (days) days lost for ICU patients (LoS + recovery)

Calculated, assuming a proportion of long
LC Absenteeism (days) 23.23 COVID cases switches to zero hours of work
(Waters and Wernham, 2022) for one year.
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SLC to severe long COVID (days) N/A Excluded - disease state not included for Japan
MYO Absenteeism 214 Assumption based on US data used in (Fust et
al,, 2024a)
DURATION NH (ages Work-week adjusted duration
OF >65) £ of acute illness in adults 8.57 Calculated from 12 days (Medline, 2023)
= (days)

CAREGIVERS

PRODUCTIVI NH (ages

Proportion of elderly requiring
care from a working-age adult 89%

Remaining proportion of elderly population
(65+) not receiving formal or informal care

TY LOSSES*
265) (%) from (Fu, lizuka and Noguchi, 2023)
Percentage of employed adults who become
NH (ages Proportion of family members the primary caregivers when parent/parent in-
>65) g experiencing productivity 23.3% law became in need of care (48%), adjusted by
- losses due to care for sick percentage who are in regular employment
elderly (%) (45%) from (Niimi, 2021)
NH (ages Average productivity loss due Assumption, using mean overall work
>65) g to providing care for elderly 28.9% impairment from (Igarashi et al., 2020) for
- (%) caregivers of elderly dementia patient in Japan.
Assumption, illness duration in symptomatic UK
NH (ages < school-aged children (6 days) from (Molteni et
16) ges= Work-week adjusted duration 4.29 al., 2021b). Assumed to be applicable across
of acute illness in children countries in the case of a lack of country-
(days) specific data, same virus.
Proportion of family members Assumption from (Fukushima et al., 2018) -
NH (ages< experiencing productivity 20% almost a fifth of parents took leave at work to
16) losses due to care for sick ° care for their children with influenza.
child (%)
NH (ages < Average productivity loss due Assumption, based on Asia Pacific report (MSD,
16) €%5=  ¢o providing care for sick child 25% 2023)
%
LC Work-week adjusted duration 60 Clinical case definition of long COVID (12
of long COVID weeks), same as (Nagano et al., 2024a).
Due to a lack of evidence specific to Long
LC Average productivity loss due 28.9% COVID patients, we use the mean overall work
to providing care for a long e impairment from (Igarashi et al,, 2020) for
COVID patient (%) caregivers of elderly dementia patients in Japan
Proportion of long COVID Due to limited availability of country-specific
LC patients requiring any 31.7% data on long COVID, we assume UK values
informal care (%) from (Kwon et al., 2023)
Proportion of long COVID Due to limited availability of country-specific
LC caregivers having reduced 208% data on long COVID, we assume UK values
paid work hours for caregiving ““°” from (Kwon et al., 2023).
(%)
Proportion of long COVID Due to limited availability of country-specific
LC cases severely limited in their 19.2% data on long COVID, we assume UK values

ability to undertake daily
activities (%)

from (Kwon et al., 2023).

Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic
infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long
covid, MYO - Disease-related myocarditis

Japan - Vaccine adverse event costs

RELEVANT
COVID-19
OUTCOME

PARAMETER

VALUE

REFERENCES/ EXPLANATION
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HEALTHCARE G3 local AE GP visits 0 (Teng et al., 2022) cited in (Fust et al., 2024b)
RESOURCE - — N —
USE PER G3 systemic GP visits 20% (Teng et al., 2022) cited in (Fust et al,, 2024b)
EpiIsoDE ~ AE
Anaphylaxis Hospitalisation or ED visit 100% 60% assumed hospitalised, 40% assumed ED
rate visit (Teng et al., 2022) cited in (Fust et al,,
2024b)
Vaccine Hospitalisation rate 100% Assumption, in line with (Fust et al., 2024b)
related

myocarditis

UNIT COSTS G3local AE GP visits 0 (Teng et al., 2022) cited in (Fust et al., 2024a)

PER

ADVERSE Grade 3 G3 systemic adverse event  788.00 (Teng et al., 2022) cited in (Fust et al., 2024a).

EVENT systemic AE  Unit Cost

EPISODE Anaphylaxis Anaphylaxis Unit Cost 128,733 (Teng et al., 2022) cited in (Fust et al., 2024a).
Vaccine- Myocarditis Unit Cost 20,262 (DeSC Healthcare. Insurance Database.,
related 2023) cited in (Fust et al,, 2024a).
myocarditis

DURATION  Grade 3local Absenteeism (days) 0.50 Assumption, in line with (Fust et al,, 20242a).

OF PATIENT AE

PRODUCTIVI

TY Grade 3 Absenteeism (days) 0.50 Assumption, in line with (Fust et al., 2024a)

LOSSES*,** SyStemiC AE

Anaphylaxis Absenteeism (days) 143 Assumption, in line with (Fust et al., 2024a).
Based on US data (inpatient length of stay of 2
days and 8 hours missed per day) (AHRQ,

2018).
Vaccine Absenteeism (days) 1.61 Assumption, in line with (Fust et al., 2024a).
related Based on US data (inpatient length of stay of
myocarditis 2.25 days and 8 hours missed per day) (AHRQ,
2018).

Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity
parameters. Abbreviations: AE — adverse events

Netherlands

Netherlands - Healthcare costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME
HOSPITALIS (Rozenbaum et al., 2015) cited in (Zeevat et al.,
ATION e re e 2024) based on costs for individuals
COSTS H_CC Hospitalisation cost €18375.00 hospitalised with community-acquired
pneumonia
(Rozenbaum et al., 2015) cited in (Zeevat et al,,
H_Non-CC Hospitalisation cost €6577.00 2024.')’ k?ased on costs forllndlwdugls
hospitalised with community-acquired
pneumonia
SLC Hospitalisation cost (ages O- N/A Disease state not included in the Netherlands
17) model
SLC Hospitalisation cost (ages N/A Disease state not included in the Netherlands
18+) model
MYO Hospitalisation cost (ages O- N/A Age group not included in the Netherlands

17) model

ohe.org a
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Hospitalisation cost (ages
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CONTRACT RESEARCH

(Prosser et al., 2019) cited in (Zeevat et al.,

MYO 18+) €4681.40 2024)
OUTPATIENT Proportion not hospitalized o
CARE NH who seek outpatient care 29.6% (Zoovat et al, 2021)
RESOURCE R . -
USE PER NH Primary care visit rate 1 Assumption
EPISODE* NH Emergency visit rate 0 Assumption
H_CC, Number of Chest X-rays, .
H_Non-CC post-hospitalisation N/A Assumption
Assumed, based on ratio of outpatient care
H_CC, Number of Primary care visits, o8 cost for hospitalised cases (€117 from (Zeevat
H_Non-CC post-hospitalisation ' et al, 2024)) and non-hospitalised cases
(€40.31)
Assumed, based on ratio of outpatient care
LC Primary care visit rate 3.58 cost of long COVID (€144.25 from (Fens et al,,
2022)) and non-hospitalised cases (€40.31)
OUTPATIENT NH,H_CC, Dutch Costing Manual (Ministerie van
CAREUNIT H_Non-CC, Primary care visit cost 40.31 Volksgezondheid, 2016) cited in (Zeevat et al.,

COSTS* LC

2024)

Note: All costs are adjusted from the baseline year of the original estimate to 2023 EUR (€) using the relevant CPI: *Outpatient care cost per
episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC -
symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC -
Severe long covid, MYO - Disease-related myocarditis

Netherlands - Patients’ and caregivers’ productivity costs

RELEVANT
COVID-19
OUTCOME

PARAMETER VALUE REFERENCES/ EXPLANATION

LABOUR N/A
FORCE
PARAMETERS

Daily wage (overall) 194.67 Dutch Statistics (StatLine -

Werkzame beroepsbevolking;
arbeidsduur, 2003-2022, 2023) and
Dutch Costing Manual (Ministerie
van Volksgezondheid, 2016)

N/A

Formal employment rate (16-24) 74.93% Calculated by adjusting the labour

force participation rate (%) for each
age group by the unemployment
rate (%) from (OECD, 2023b; ¢)

N/A

Formal employment rate (25-64) 83.27% Calculated by adjusting the labour

force participation rate (%) for each
age group by the unemployment
rate (%) from (OECD, 2023b; c)

N/A

Formal employment rate (65-74) 10.73% Calculated by adjusting the labour

force participation rate (%) for each
age group by the unemployment
rate (%) from (OECD, 2023b; c)

N/A

Proportion of working age who are 3.00% Table 4 (European Commission and

informal carers (16-64)

Zigante, 2018)

N/A

Proportion of elderly who are 6.74% Share of daily informal carers among

informal carers (65-74)

the population aged 50 and over,
from Health at a Glance 2023
Report (OECD, 2023a).

DURATION OF NH Absenteeism (days) 3.50 (Postma et al., 2005) cited in
PATIENT (Zeevat et al., 2024)
PRODUCTIVIT

Y LOSSES*
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NH Presenteeism (days) 175 (Postma et al., 2005) cited in
(Zeevat et al., 2024)
H_Non-CC Absenteeism, Hospitalisation 6.02 (Bekker, uit het Broek and Koole,
period (days) 2023) cited in (Zeevat et al,, 2024)
H_CC Absenteeism, Hospitalisation 11.89 (Bekker, uit het Broek and Koole,
period (days) 2023) cited in (Zeevat et al., 2024)
H_CC, H_Non- Absenteeism, Hospitalisation, 19.29 (Chopra et al., 2020) cited in
cC Recovery (days) (Zeevat et al., 2024).
LC Absenteeism (days) 1 (Zeevat et al,, 2024)
SLC Absenteeism, Additional due to N/A Disease state not included in
severe long COVID (days) Netherlands model
MYO Absenteeism 5.03 Age-weighted average, based on
(StatLine - Ziekenhuisopnamen en -
patiénten; diagnose-indeling ICD-10
(3-teken niveau), 2023) data cited
in (Zeevat et al,, 2024)
DURATION OF NH (ages >65) Work-week adjusted duration of 8.57 Calculated from 12 days (Medline,
CAREGIVERS’ acute illness in adults (days) 2023)
PRODUCTIVIT
Y LOSSES*
NH (ages =65) Proportion of elderly requiring 88.10% Remaining proportion of elderly
care from a working-age adult (%) population (65+) who are not
receiving formal or informal care
(OECD, 2021)
NH (ages >65) Proportion of family members 23.30% Assumption, same as UK. Proportion
experiencing productivity losses of employed family caregivers
due to care for sick elderly (%) reporting either absenteeism or
presenteeism over a 1-month period
owing to caregiving from (Keita
Fakeye et al.,, 2023)
NH (ages >65) Average productivity loss due to  34.00% Assumption, same as UK. Level of
providing care for elderly (%) work productivity loss among
caregivers affected by any
productivity loss from (Keita Fakeye
etal, 2023)
NH (ages < 16) Work-week adjusted duration of  N/A Age group not included in
acute illness in children (days) Netherlands model
NH (ages < 16) Proportion of family members N/A Age group not included in
experiencing productivity losses Netherlands model
due to care for sick child (%)
NH (ages < 16) Average productivity loss dueto  N/A Age group not included in
providing care for sick child (%) Netherlands model
LC Work-week adjusted duration of 43 Dutch National Institute for Public
long COVID Health and the Environment (RIVM)
guidance on Long COVID, number
of patients declines from 4 weeks
after COVID and continues to
decline after 12 weeks (60 days)
LC Average productivity loss due to  28.93% Due to a lack of evidence specific to
providing care for a long COVID Long COVID patients, we use the
patient (%) assumption by (Elayan et al.,, 2024)
on productivity losses due to long-
term care
ohe.org
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LC Proportion of Long COVID 31.70% Due to limited availability of
patients requiring any informal country-specific data on long
care (%) COVID, use UK values from (Kwon

et al,, 2023), assuming same given
same disease across countries.

LC Proportion of Long COVID 22.80% Due to limited availability of
caregivers having reduced paid country-specific data on long
work hours for caregiving (%) COVID, use UK values from (Kwon

et al,, 2023), assuming same given
same disease across countries.

LC Proportion of long COVID cases  30% European workers with long COVID
severely limited in their ability to whose activities are limited ‘a lot’
undertake daily activities (%) (Ramos et al., 2024)

Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic
infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long
covid, MYO - Disease-related myocarditis

Netherlands - Vaccine adverse event costs

RELEVANT
COVID-19 PARAMETER VALUE REFERENCES/ EXPLANATION
OUTCOME

HEALTHCARE GS3 local AE, GP visits
RESOURCE GS3 systemic

Assumption, no GP visits assumed in (Zeevat
N/A et al,, 2024) for G3 local and systemic adverse

USE PER AE ts. iust f inkill

EPISODE events, just expenses for painkillers
G3 local AE, Painkiller Assumption, expenses for painkillers assumed
G3 systemic 100% in (Zeevat et al., 2024) for G3 local and
AE systemic adverse events

Anaphylaxis Hospitalisation rate Assumption: only ED visits assumed for

N/A anaphylaxis cases in (Zeevat et al., 2024)
Anaphylaxis ED visit rate 100% Assumption: ED visits assumed for all
° anaphylaxis cases in (Zeevat et al., 2024)
Vaccine Hospitalisation rate o Assume 1 hospitalisation (5.3 days) as in
related 100%
L. (Zeevat et al., 2024)
myocarditis
UNIT COSTS G3local AE, Painkiller Unit cost
PER G3 systemic Cost of painkillers, Medicijnkosten.nl
AD VERSE AE €0.24 (Nederland, 2023) in Mod
FVENT ederland, in Moderna paper
EPISODE
. . . Dutch Costing Manual (Ministerie van
Anaphylaxis ED visit Cost €316.40 Volksgezondheid, 2016) in (Zeevat et al., 2024)
Vaccine Dutch Costing Manual (Ministerie van
related Hospitalisation Cost €3,082 Volksgezondheid, 2016) in (Zeevat et al,,
myocarditis 2024), based on hospital LoS
DURATION  Grade 3 local . Assumption, (Zeevat et al., 2024)
OF PATIENT AE Absenteeism (days) N/A
PropucTivi Grade 3 A i Z l,2024
TY rade 3 Absenteeism (days) ssumption, (Zeevat et al., )
LOSSES*,** systemlc AE N/A
Dutch statistics (StatLine -
. . Ziekenhuisopnamen en -patiénten; diagnose-
Anaphylaxis Absenteeism (days) indeling ICD-10 (3-teken niveau), 2023) cited
0.71 in (Zeevat et al,, 2024).
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Dutch statistics (StatLine -

Ziekenhuisopnamen en -patiénten; diagnose-

indeling ICD-10 (3-teken niveau), 2023) cited
214 in (Zeevat et al,, 2024).
Notes: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity
parameters. Abbreviations: AE — adverse events

Vaccine
related Absenteeism (days)
myocarditis
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	Executive summary
	Why investigating the economic case for
	ongoing COVID-19 vaccination matters
	COVID-19 continues to represent a significant economic burden
	Annual vaccination of older adults and high-risk groups protects healthcare systems but leaves national economies exposed to the impact of COVID-19
	Evaluating economic benefits demonstrates the additional value to society of broadening vaccine eligibility

	While public health strategies around COVID-19 have transitioned from a pandemic to an endemic setting, the disease remains a persistent and evolving threat characterised by year-round viral activity, surges, and an ongoing health and economic burden. Nevertheless, recommendations for routine COVID-19 immunisation have become increasingly restrictive worldwide, predominantly focusing on older adults (≥65 years) and population groups at risk of severe outcomes, and largely exclude healthy working-age adults. Whereas the latter group are less likely to suffer severe health outcomes leading to hospitalisation, they may still experience symptomatic illness and long-term consequences, through long COVID and potential exacerbation of underlying conditions, leading to lost productivity. This lost productivity means that COVID-19 infections in the working-age population have a greater impact on the national economy.
	Using a cost-of-illness analysis based on 2024 cost data, this report investigates the economic burden of COVID-19 during the post-pandemic era and the potential economic benefits of ongoing immunisation for healthcare systems and national economies. This report focuses on four high-income countries currently recommending COVID-19 vaccination to older and at-risk adults, namely the United Kingdom, Australia, Japan and the Netherlands.
	We estimate that without annual autumn vaccination of older adults, the economic burden of COVID-19 is substantial, averaging 0.48% of national GDP across the countries studied (min%-max%: 0.26%-0.97%). 
	ANNUAL ECONOMIC BURDEN OF COVID-19 IN CASE OF NO VACCINATION PROGRAMME
	€3.99 bn
	¥ 5.75 tn
	A$7.35 bn
	£6.98 bn
	TOTAL
	0.39%
	0.97%
	0.28%
	0.26% 
	TOTAL AS A % OF NATIONAL GDP*
	*National GDP 2023 (million, USD): UK: 3,340,032; Australia: 1,723,827; Japan: 4,212,945; Netherlands: 1,118,124 (World Bank, 2024). Note: Based on incidence estimates for the following time frames: UK, September 2024 - August 2025; Australia, March 2024- February 2025; Japan, September 2023 - August 2024; Netherlands, October 2023 - September 2024.
	This impact is twice the average pre-pandemic national spending on health prevention in OECD countries, and significantly surpasses the economic costs of other respiratory infections such as influenza, highlighting its continued impact in the post-pandemic era. National economies bear a disproportionate share of the COVID-19 burden - twice as large as the COVID-19 related healthcare system costs in Australia and Japan, more than seven times as large in the UK, and ten times as large in the Netherlands.
	Annual autumn COVID-19 vaccination of older adults (aged 60+ in the Netherlands and 65+ in the UK, Australia and Japan) and at-risk groups, aligned with 2023/2024 national recommendations , prevents significant healthcare costs and pressure. Based on 2023/2024 recommendations, COVID-19 vaccination programs reduce healthcare burden by preventing 22% of COVID-19-related costs on average (min%-max%: 13%-29%), primarily through averting severe cases and hospitalisations. This highlights the vital role of annual vaccination strategies in protecting healthcare systems from additional winter pressure due to seasonal infections. However, the economic benefits to national economies are more modest, with 7% of economic losses averted (min%-max%: 3%-12%) under vaccination strategies aligned with 2023/2024 recommendations.
	Broadening vaccination eligibility to the general population aged 50 and over could avert on average 13% (min%-max%: 5%-25%) of costs to the national economy, while broadening vaccination eligibility to the population aged 18 and over2 could increase the proportion of the economic burden of COVID-19 on the national economy averted to 27% on average (min%-max%: 8%-60%). Extended vaccination policies could address the significant burden on national economies caused by absenteeism, long-term workforce attrition, and consequent productivity losses linked to both acute and long COVID cases. 
	Long COVID is likely a major contributor to economic losses due to prolonged absenteeism and reduced workforce participation. Though the full impact of long COVID is difficult to quantify and compare due to a lack of systematic data across countries, estimates suggest that long COVID alone could account for up to 49% of COVID-19 economic costs on the national economy in some countries, underscoring the need for continued vaccination to mitigate these impacts.
	Policy recommendations
	This report demonstrates the enduring economic burden posed by COVID-19 and highlights the potential of COVID-19 vaccination strategies. While annual autumn vaccination programmes for older adults and at-risk groups effectively reduce healthcare system pressures, extending vaccination to younger working-age populations can unlock broader economic benefits and long-term societal resilience, in particular during the winter season. Maintaining and expanding these efforts is vital to mitigate both current and future impacts of COVID-19.
	Vaccination of the general population of older adults and groups at risk should be maintained as a cornerstone of resilient healthcare systems
	Increasingly limited vaccine recommendations and excluding population groups at risk of severe outcomes hinder the ambition to build resilient healthcare systems. A more explicit and systematic recognition of vaccines’ ability to mitigate pressure on healthcare system capacity in health technology assessment and vaccination policies would be consistent with this objective.
	A decision-making and funding approach to annual immunisation that appreciates broader economic benefits is needed
	Now more than ever, it is essential to recognise the broader value of interventions, such as vaccines, in decision-making and funding, especially as they help maintain healthy and productive societies. This is particularly urgent in the face of global trends like demographic ageing and increasing rates of chronic illness among working-age adults. Without this broader perspective, decision-makers risk overlooking the role of public health investments in supporting long-term economic productivity. 
	1 Introduction
	1.1 Background
	1.2 Report overview

	Thanks to effective vaccination programmes that significantly altered the course of the pandemic (Watson et al., 2022), in May 2023 the WHO declared that COVID-19 is no longer considered a global health emergency (Cheng et al., 2023; WHO, 2023). However, in the post-pandemic period (i.e., since the announcement in May 2023), COVID-19 remains “an established and ongoing health issue” (WHO, 2023) requiring continued vigilance and monitoring. In fact, COVID-19 is characterised by year-round disease activity as well as winter spikes coinciding with those of other respiratory illnesses that generate pressure on healthcare systems (Wiemken et al., 2023). Moreover, since its emergence, the likelihood of severe outcomes leading to hospitalisation and mortality remains higher for COVID-19 infections compared to other seasonal respiratory infections (Xie, Choi and Al-Aly, 2024; CDC, 2024). 
	Vaccination has played a central role in enabling the ongoing transition from pandemic to post-pandemic burden. Conservative estimates indicate that COVID-19 vaccination prevented over 150 million cases and 620 thousand deaths globally in its first rollout (between December 2020 and September 2021) (Yang et al., 2023). Other estimates factoring in indirect benefits of vaccination, such as reduced virus transmission, report that 14.4 -19.8 million lives were saved in the first year of vaccination, equivalent to a 63% decline in the global COVID-19 related mortality (Watson et al., 2022). In 2024, the WHO estimated that COVID-19 vaccines have reduced deaths due to the pandemic by at least 57%, saving more than 1.4 million lives in the WHO European Region (WHO, 2024), with Ioannidis et al., (Ioannidis et al., 2025) estimating that globally 2.5 million deaths were averted during 2020-2024, saving 15 million life-years. Beyond the benefits associated with averting COVID-19 morbidity and mortality, vaccines have also played a crucial role in enabling countries to ease pandemic restrictions and move towards economic recovery.
	Despite the ongoing health burden posed by COVID-19, recommendations for COVID-19 vaccination are becoming increasingly restrictive worldwide. Many countries now only recommend COVID-19 vaccination to older adults and at-risk individuals, such as individuals with underlying comorbidities and adults in regular contact with vulnerable individuals. For example, Table 1 displays COVID-19 vaccination recommendations for four high-income countries.
	Table 1.   Recommendations on Annual Autumn COVID-19 vaccination
	NETHERLANDS
	JAPAN
	AUSTRALIA
	UK
	60+ general population & at-risk
	Recommended*: 
	Recommended*: 65+ general population & at-risk
	65+ general population & at-risk
	2023
	65+ general population & at-risk
	For consideration*: 18-64 
	For consideration*: 
	6 months+
	60+ general population & at-risk
	65+ general population & at-risk
	65+ general population & at-risk
	65+ general population & at-risk
	2024
	References: Australia: (ATAGI, 2023, 2024); Japan: (Ministry of Health Labour and Welfare of Japan, 2023, 2024); Netherlands: (RIVM, 2024a; b); UK: (UKHSA, 2024a).
	Recommendations by health technology assessment (HTA) bodies and National Immunization Technical Advisory Groups (NITAGs) on national immunisation programmes are typically driven by the role of COVID-19 vaccines in preventing severe outcomes and the associated healthcare resource impact. However, healthcare-related effects constitute only a fraction of the ‘broader’ value of vaccination including, amongst others, societal economic benefits from reduced work absence and increased labour force participation (Bell, Neri and Steuten, 2021). Broader economic effects are likely to be high among working-age adults who are less likely to suffer severe outcomes (e.g., hospitalisation) but may experience symptomatic illness leading to work absenteeism. For example, in the case of seasonal respiratory infections, including COVID-19, it has been estimated that employees in the UK are impacted by respiratory infections for over an entire workweek throughout the year (5.2 days), 1.1 of these days are due to absenteeism, and the remaining 4.2 days are impacted by reduced productivity (presenteeism) (Hayes et al., 2024). This corresponds to an annual national economic cost of £44 billion in the UK (Hayes et al., 2024).  In the Netherlands, respiratory infections were associated with a total of 14.3 million lost working days annually, representing a monetary value of €4.7 billion (Beck et al., 2024). 
	COVID-19 infections are also uniquely associated with an additional risk of developing long COVID, a complex condition associated with one or more of over 60 possible long-term symptoms with varying severity (Subramanian et al., 2022). Coupled with uncertainty on the prevalence and duration of these symptoms, estimating the additional labour market impact of long COVID is a complex exercise. However, a tentative assessment of the impact of long COVID suggests a potential reduction of the EU labour supply by 0.3%-0.5% in 2022 (Ramos et al., 2024).
	With aging populations and rising chronic disease rates among younger population that will increase the population at risk from severe illness if infected with COVID-19 and rising level of workers taking sick days and economic inactivity, it is important to understand the impact that COVID-19 has on both healthcare systems and the national economy so that we can assess the full value provided by vaccinations. 
	This report describes the ongoing economic burden of COVID-19 and the economic benefits of immunisation for healthcare systems and national economies. Using a cost-of-illness analysis, we first quantify the broader economic burden of COVID-19 and then compare the benefits of ‘high-risk’ and ‘extended’ annual autumn vaccination strategies in a post-pandemic setting.
	The report focuses on four high-income countries characterised by narrowing recommendations for COVID-19 vaccination, namely the United Kingdom, Australia, Japan and the Netherlands. This selection aims to balance geographic representation, differences in healthcare systems and 'attitudes' towards COVID-19, with data availability.
	2 Methodology
	2.1 Step 1: Estimate the COVID-19 morbidity and mortality under different scenarios
	Disease Model
	Vaccine efficacy

	2.2 Step 2: Value the COVID-19 morbidity and mortality according to the COI framework
	2.3 Step 3: Obtain the economic burden of COVID-19 and the economic benefits of vaccination
	2.4 Exploring the ripple effects on the economy

	We conducted a cost-of-illness (COI) analysis to estimate the economic impact of COVID-19 and the potential benefits of annual autumn COVID-19 vaccination programmes. COI analyses evaluate the economic impact associated with the morbidity and mortality of a disease from a societal perspective (Johns Hopkins University - International Vaccine Access Center (IVAC), 2019; Ozawa et al., 2017).
	Our COI analysis consisted of 3 steps (see Figure 1), applied to each of our four countries: the United Kingdom, Australia, Japan and the Netherlands. The analysis focuses on a post-pandemic setting, characterised by residual immunity from prior vaccination and infection, and predictable patterns of transmission based on observed country-specific data. All models consider a one-year time horizon. Sections ‎2.1- ‎2.3 provide an overview of each step of the analysis, with further details on data and assumptions explained in the Methodological Appendix in Section ‎9.
	Figure 1 .  Steps of the cost-of-illness analysis
	       Abbreviations: COI – Cost of Illness, SEIR - Susceptible-Exposed-Infected-Recovered
	To estimate the COVID-19 morbidity and mortality in the UK, Australia and Japan, we base our analysis on existing age-stratified Susceptible-Exposed-Infected-Recovered (SEIR) dynamic transmission models for each setting. The methodology and data of these epidemiological models have previously been described in Kohli et al. (2024) (UK),  Lee et al. (2024) (Australia) and Fust et al. (2024a) (Japan). The SEIR model is used to predict the total number of COVID-19 infections (symptomatic and asymptomatic). Symptomatic infections enter a decision tree describing the COVID-19 disease pathway and related outcomes (detailed in the Methodological Appendix in Section ‎9.2).
	For the Netherlands, a dynamic transmission model was not available at the time of analysis, so we base our analysis on an adaptation of a static decision tree model by Zeevat et al. (2024). The epidemiological data are based on static model estimates which were pragmatically adapted to capture indirect protection via a reduction in exposure risk, as is typically accounted for in dynamic models. 
	All models account for prior COVID-19 vaccination history and have a one-year time horizon. Further details on the disease models and the vaccine programme specifications can be found in the Methodological Appendix in Section ‎9.2.
	Population groups and coverage rates
	The analyses consider working-age adults (18+) and older adults (≥65). Age-specific COVID-19 vaccine coverage rates depend on the country and scenario modelled and are provided in the Methodological Appendix, Table 16. 
	Post-pandemic modelling scenarios 
	In each country, the following scenarios were modelled: 
	 No annual autumn COVID-19 vaccination programme - this represents a counterfactual scenario in which COVID-19 vaccination programmes are not in place. This counterfactual scenario serves as a comparator to estimate the averted burden attributable to vaccination. 
	 High-risk groups annual autumn vaccination programmes - annual autumn vaccination of individuals at higher risk of severe outcomes based on 2023/2024 national recommendations. This scenario aims to reflect the eligibility criteria of the 2023/2024 COVID-19 vaccination programmes in the countries under consideration, which typically include individuals at higher risk of severe outcomes. The dynamic transmission models for Japan and Australia model the age-based recommendation (general population aged 65 years and older). The dynamic model for the UK and static model for the Netherlands include the full eligibility, incorporating both older adults (aged 65 and 60 years and over, respectively) but also include at-risk populations, in line with the 2023/2024 eligibility recommendations outlined in Table 1. 
	o Note that some national recommendations include eligibility for a second (spring) booster, however, eligibility for the spring booster is not always the same as the autumn booster with any deviations in recommendations being more restrictive, uptake of second boosters is low in most countries and it is unclear if spring boosters will continue to be recommended in future seasons. Accordingly, to ensure continued relevance and comparability between our countries, we limit the focus of our analysis to an annual autumn vaccination.  
	o The coverage rates mentioned above and resulting health outcomes are based on the epidemiological models available at the time of analysis (detailed in Section ‎9.2 of the Methodological Appendix).
	 Extended annual autumn vaccination programmes - COVID-19 vaccination programmes extended to individuals aged 50+ and 18+. In these scenarios, we lower the age cut-off to the general population aged 50 and over and aged 18 and over, thereby expanding the eligibility to the working-age general population without underlying conditions. The assumed vaccination coverage rates for each scenario are detailed in the Methodological Appendix in Section ‎9.2.
	The intervention considered an mRNA vaccine (mirroring the Moderna mRNA-1273 (Spikevax) bivalent original and Omicron containing BA4/5 vaccine) administered annually in the autumn. Vaccine efficacy rates and waning rates are provided in Table 2 below, where the efficacy rate is the protection provided by the vaccine against infection and hospitalisation and the waning rate is the rate at which this protection (the vaccine efficacy) declines each month after the administration of the vaccine. 
	Table 2.   Modelled vaccine efficacy and waning rates
	SOURCE
	COVID-19 HOSPITALISATION 
	SARS-COV-2 INFECTION
	Kohli et al, 2024b
	Initial efficacy rate: 84.3%
	Initial efficacy rate: 57.1%
	United Kingdom
	Monthly waning rate: 1.4%
	Monthly waning rate: 4.8%
	Lee et al., 2024
	Initial efficacy rate: 84.3%
	Initial efficacy rate: 57.1%
	Australia
	Monthly waning rate: 1.4%
	Monthly waning rate: 4.8% 
	Zeevat et al., 2024
	Initial efficacy rate: 85.1%
	Initial efficacy rate: 74.8%
	Netherlands
	Monthly waning rate: 3.6%
	Monthly waning rate: 4.6%
	Fust et al., 2024a
	Initial: 84.9%
	Initial: 54.7%
	Japan
	Monthly waning rate: 1.4%
	Monthly waning rate: 4.8%
	Note: Vaccine effectiveness against infection and hospitalisation was based on real-world evidence studies comparing populations vaccinated with mRNA-1273 bivalent to vaccine naïve populations.
	In addition, we assume that a proportion of patients with symptomatic infections develop long COVID (Table 3).
	Table 3.   Percentage of patients with symptomatic infections that develop long COVID
	PERCENTAGE OF PATIENTS WITH SYMPTOMATIC INFECTIONS THAT DEVELOP LONG COVID
	3.7%
	United Kingdom
	4.7%, (9.6% for hospitalised patients)*
	Australia
	10.4%
	Netherlands
	4.1%
	Japan
	 * In the disease models for all countries except Australia, the percentage of patients with symptomatic infections that develop long COVID is constant, independent of hospitalisation status. In Australia, 4.7% of non-hospitalised patients develop long COVID, whereas 9.6% of hospitalised patients develop long COVID. 
	We value the health (morbidity and mortality) outcomes estimated from the disease models for each scenario using a COI framework (Table 4). The framework considers a range of medical, non-medical and indirect costs to the healthcare system and the national economy. 
	Table 4.   COI framework components 
	COST COMPONENT
	SECTOR
	Hospital care costs
	Impact on the healthcare system
	Outpatient care costs
	Patient’s workplace productivity costs
	Impact on the national economy
	Patient’s unpaid work productivity costs
	Caregivers’ productivity costs
	The impact on the healthcare system consists of medical costs in hospital and outpatient care settings, valued according to healthcare resource use by setting and related unit costs. 
	The impact on the national economy consists of indirect costs, such as productivity losses of formally employed individuals and individuals undertaking unpaid work, and the productivity losses of patients’ caregivers. Patient productivity costs due to non-fatal outcomes are valued based on changes in time use (e.g., lost days of work due to absenteeism and presenteeism), valued at the average wage rate. Caregiver productivity costs are also valued based on percentage lost productivity, valued at the average wage rate. Patient productivity costs due to fatal outcomes and non-fatal outcomes impacting the labour force participation (e.g., long COVID) are valued using the human capital approach, which estimates the value of productivity losses for patients for the remainder of their working life based on the average annual wage.
	For each cost component of the COI framework, we obtain country-specific inputs, where available, for the relevant COVID-19 outcomes from the disease model, as well as vaccine-related adverse events occurring in each of the vaccination scenarios. 
	All monetary values are reported in the country currencies and adjusted to 2024 values using the Consumer Price Index (CPI), with 2024 used as the reference year for our analysis.
	Main inputs for healthcare system and productivity costs are provided in Table 5 below. Further details on input parameters and full references for all countries are provided in the Methodological Appendix in Section ‎9.4.
	In addition to the main inputs in Table 5, to calculate caregiver productivity losses, we apply a country-specific percentage reduction in caregiver productivity to an illness duration of 8.57 days when caring for non-hospitalised older adults who do not receive regular institutional/formal care, and an illness duration of 4.29 days when caring for paediatric cases. Further details on input parameters and references are provided in the Methodological Appendix in Section 9.4.
	Finally, for the avoidance of all doubt, a COI averted approach does not consider the direct medical and indirect costs of implementing each vaccination strategy, in terms of vaccine administration and delivery costs and productivity losses associated with receiving vaccination. As such, the COI results are to be interpreted as an upper bound of potential costs averted due to vaccination. 
	Table 5.   Healthcare system and productivity costs model inputs
	JAPAN
	THE NETHERLANDS
	AUSTRALIA
	UNITED KINGDOM
	¥1,366,787
	€18,375
	A$49,846
	£28,643
	Cost/critical care stay
	HOSPITALISATIONS
	¥508,683
	€6,577
	A$28,693
	£2,584
	Cost/non-critical care stay
	2.33
	1.00
	2.05
	0.88
	Number of primary care visits/non-hospitalised patient
	OUTPATIENT CARE
	¥28,054
	€40
	A$189
	£47
	Cost/primary care visit
	¥18700
	€195
	A$279
	£132
	Daily wage
	PRODUCTIVITY COSTS
	Absenteeism (workdays): 
	3.57
	3.50
	3.57
	3.57
	 Non-hospitalised patient
	7.14
	6.02
	7.79
	6.26
	 Non-critical care stay
	13.86
	11.89
	15.57
	8.96
	 Critical care stay 
	32.86 
	19.29
	19.29
	13.09
	 Post-hospital recovery
	Note: Costs are adjusted to 2024 values using the Consumer Price Index (CPI), with 2024 used as the reference year for our analysis.
	1 GBP = 1.9374 AUD; 1.1811 EUR; 193.5322 JPY
	The main outcomes of the analysis are:
	 The economic burden of COVID-19, estimated as the COI of COVID-19 in the case of no COVID-19 vaccination programme.
	 The economic benefits of vaccination, estimated as the COI averted by each vaccination scenario compared to no COVID-19 vaccination programme.
	An intrinsic limitation of the COI approach used to value the COVID-19 morbidity and mortality is that it ignores the ripple effects on the economy of disease-related productivity losses. Ripple effects may occur if the illness of individuals adversely affects the productivity of other workers and disrupts macroeconomic supply chains (Beutels, Edmunds and Smith, 2008). These may include, for example, effects on public sector services with limited workforces, such as public transport or healthcare, where staff illness could have a broader macroeconomic impact. For this reason, the impact of disease and vaccination on the national economy estimated using the COI approach will be underestimated. Therefore, we perform scenario analysis to estimate a plausible range of the ripple effects on the economy due to the productivity losses from COVID-19. 
	We identified a study estimating the productivity losses due to ill health using a human capital approach, which is commonly used in COI analyses, and other methods designed to capture the ripple effects of ill health on the national economy (general equilibrium models) (Hafner et al., 2023). The study demonstrates the consistent underestimation achieved by COI approaches and provides a multiplier range of 3-16%. This range reflects the spillover effects of diseases with different marginal productivity costs and prevalence in the UK context on the wider economy (i.e., other individuals, other firms, the government, other markets).
	In this scenario analysis, we apply this multiplier to our estimates of the COVID-19-related productivity losses to explore the potential ripple effects on the economy.
	3 Economic burden of COVID-19 in post-pandemic settings
	3.1 United Kingdom
	3.2 Australia
	3.3 Japan
	3.4 Netherlands

	With 2024 as the reference year for costs, our counterfactual analysis shows that without COVID-19 vaccination programmes, COVID-19 would have a substantial economic impact in post-pandemic settings. It would cost on average the equivalent of 0.48% (unweighted) of the national GDP among the countries under analysis (min%-max%: 0.26%-0.97%). National economies bear a larger share of this burden than healthcare systems, around twice as large in Australia and Japan, more than seven times as large in the UK, and more than ten times as large in the Netherlands. 
	Table 6.  Annual economic burden of COVID-19 in case of no COVID-19 vaccination
	AVERAGE
	-
	€3.99 bn
	¥ 5.74 tn
	A$7.35 bn
	£6.98 bn
	TOTAL
	0.48%
	0.39%
	0.97%
	0.28%
	0.26%
	TOTAL AS A % OF NATIONAL GDP*
	22%
	9%
	34%
	35%
	12%
	% ON HEALTHCARE SYSTEM
	78%
	91%
	66%
	65%
	88%
	% ON NATIONAL ECONOMY
	* National GDP 2023 (million, USD): UK: 3,340,032; Australia: 1,723,827; Japan: 4,212,945; Netherlands: 1,118,124 (World Bank, 2024)
	Note: Based on incidence estimates for the following time frames: UK, September 2024 - August 2025; Australia, March 2024- February 2025; Japan, September 2023 - August 2024; Netherlands, October 2023 - September 2024.
	The following sections further detail the COVID-19 outcomes under a counterfactual no vaccination scenario and the associated broader economic burden for each country under analysis. Results are expressed in country-specific currencies: British Pounds (£) for the United Kingdom, Australian Dollars (A$) for Australia, Japanese Yen (¥) for Japan, and Euros (€) for the Netherlands. 
	Based on the COI approach, the total estimated economic burden from COVID-19 if there were no autumn COVID-19 vaccination programme in the UK would be £6.98 billion per year. This burden is generated by the COVID-19 health outcomes presented in the Results Appendix (Section 8). 
	Of the total COVID-19 burden of £6.98 billion per year, £6.2 billion falls on the national economy. This is nearly 7.5 times as large as the COVID-19 burden on the healthcare system which amounts to £813 million per year (Figure 2). 
	Figure 2. Annual economic burden of COVID-19 on the healthcare system and national economy in the UK
	As shown in Figure 3, COVID-19 would impose a substantial economic burden on the UK national economy, leading to an estimated 24 million workdays lost due to non-fatal illness and 130,000 work-years lost due to premature deaths. Acute, non-severe COVID-19 cases - those not requiring hospitalisation - are responsible for over half of the burden on the national economy, largely through lost productivity from absenteeism. The remaining burden is split evenly between fatalities and long-term consequences of COVID-19, such as long COVID. Notably, 89% of the burden on the national economy originates from cases in working-age adults (18–64), underscoring the significance of working-age populations in generating the COVID-19 burden on the UK national economy.
	The healthcare system would also face a considerable burden, with COVID-19 accounting for approximately 1.2 million hospital bed-days and over 3 million outpatient care appointments. More than half of this burden stems from acute, severe COVID-19 cases which required hospitalisation and subsequent outpatient appointments. Although older adults are at greater individual risk of severe outcomes, the overall burden on the healthcare system is almost equally driven by both working-age adults and older adults (45% and 50% respectively). This reflects the larger size of the lower-risk working-age population. The paediatric population does not generate a large healthcare burden due to their lower risk of symptomatic infection and of severe outcomes.
	Figure 3. Components and drivers of the annual COVID-19 economic burden in the UK
	*Acute non-severe = non-hospitalised infections; Acute severe = hospitalised infections, myocarditis cases; Long-term = long Covid cases; Fatal = deaths. Fatal cases are a subset of the hospitalised infections and generate healthcare system costs as part of the acute severe outcomes. 
	Based on the COI approach, the total COVID-19 economic burden in case of no autumn COVID-19 vaccination programme would be A$7.4 billion per year in Australia. This burden is generated by the COVID-19 health outcomes presented in the Results Appendix (section 8). 
	The burden of COVID-19 to the national economy is approximately A$4.8 billion per year, more than 1.8 times as large as the economic burden of COVID-19 to the healthcare system (A$2.6 billion per year) (Figure 4). 
	Figure 4.  Annual economic burden of COVID-19 on the healthcare system and national economy in Australia
	As shown in Figure 5, COVID-19 would impose a substantial economic burden on the Australian national economy, leading to an estimated 6.2 million workdays lost due to non-fatal illness and 72,000 work-years lost due to premature deaths. Fatal COVID-19 cases are responsible for over half of the burden on the national economy, while acute, non-severe COVID-19 cases - those not requiring hospitalisation - are responsible for a third of the burden, largely through lost productivity from absenteeism. Notably, 87% of the national economy burden originates from cases in working-age adults (18–64), underscoring the significance of working-age populations in generating the COVID-19 burden on the Australian national economy.
	The healthcare system also faces a considerable burden, with COVID-19 accounting for approximately 856 thousand hospital bed-days and over 1.6 million outpatient care appointments. Three-quarters of this burden stems from acute, severe COVID-19 cases which require hospitalisation and subsequent outpatient appointments. Cases in the working-age population generate just under two-thirds of the COVID-19 burden on the healthcare system. This reflects the larger size of the working-age population, despite their lower individual risk. The paediatric population does not generate a large healthcare burden due to their lower risk of symptomatic infection and of severe outcomes.
	Figure 5.  Components and drivers of the annual COVID-19 economic burden in Australia
	*Acute *Acute non-severe = non-hospitalised infections; Acute severe = hospitalised infections, myocarditis cases; Long-term = long Covid cases; Fatal = deaths. Fatal cases are a subset of the hospitalised infections and generate healthcare system costs as part of the acute severe outcomes.
	Based on the COI approach, the total estimated COVID-19 economic burden with no autumn COVID-19 vaccination programme is ¥5.7 trillion per year in Japan. This burden is generated by the COVID-19 health outcomes presented in the Results Appendix (section 8). 
	The burden of COVID-19 to the national economy is approximately ¥3.8 trillion per year, almost 2 times as large the economic burden of COVID-19 to the healthcare system (¥1.9 trillion per year) (Figure 6). 
	Figure 6.  Annual economic burden of COVID-19 on the healthcare system and national economy in Japan
	As shown in Figure 7, COVID-19 would impose a substantial economic burden on the Japanese national economy, leading to an estimated 124 million workdays lost due to non-fatal illness and almost 341 thousand work-years lost due to premature deaths. Acute, non-severe COVID-19 cases - those not requiring hospitalisation - were responsible for more than half of the burden, largely through lost productivity from absenteeism. Long-term outcomes of COVID-19 (long COVID) are responsible for over a third of the burden, both through lost productivity from absenteeism and reduced labour force participation. Notably, 82% of this national economy burden originates from cases in working-age adults (18–64), underscoring the significance of working-age populations in generating the COVID-19 burden on the Japanese national economy.
	The healthcare system would also face a considerable burden, with COVID-19 accounting for almost 7 million hospital bed-days and 45 million outpatient care appointments. Acute, non-severe COVID-19 cases - those not requiring hospitalisation - are responsible for more than half (57%) of the burden, while more than a third (35%) of this burden stems from acute, severe COVID-19 cases which required hospitalisation and subsequent outpatient appointments. Although older adults are at greater individual risk of severe outcomes, the overall burden on the healthcare system is almost equally driven by both working-age adults and older adults (45% and 47% respectively). The paediatric population does not generate a large healthcare burden due to their lower risk of symptomatic infection and of severe outcomes.
	Figure 7.  Components and drivers of the annual COVID-19 economic burden in Japan
	*Acute non-severe = non-hospitalised infections; Acute severe = hospitalised infections, myocarditis cases; Long-term = long Covid cases; Fatal = deaths. Fatal cases are a subset of the hospitalised infections and generate healthcare system costs as part of the acute severe outcomes.
	Based on the COI approach, the total economic burden from COVID-19 in case of no autumn COVID-19 vaccination programme is €3.99 billion per year in Netherlands. This burden is generated by the COVID-19 health outcomes presented in the Results Appendix (section 8). 
	The burden of COVID-19 to the national economy is approximately €3.6 billion per year, 10.6 times as large as the economic burden of COVID-19 to the healthcare system (€345 million per year) (Figure 8). 
	Figure 8.  Annual economic burden of COVID-19 on the healthcare system and national economy in the Netherlands
	As shown in Figure 9, COVID-19 would impose a substantial economic burden on the Netherland’s national economy, leading to an estimated 10 million workdays lost due to non-fatal illness and almost 45 thousand work-years lost due to premature deaths. Acute, non-severe COVID-19 cases - those not requiring hospitalisation- and long-term outcomes of COVID-19 (long COVID) are predominantly responsible for the total burden on the national economy, generating 47% and 49% of the burden, respectively. This burden is largely generated through lost productivity from absenteeism and, in the case of long COVID, reductions in labour force participation. Notably, 93% of the burden on the national economy originates from cases in working-age adults (18–64), underscoring the significance of working-age populations in generating the COVID-19 burden on the national economy.
	The healthcare system also faces a considerable burden, with COVID-19 accounting for more than 330 thousand hospital bed-days and over 1.8 million outpatient care appointments. The majority (80%) of this burden stems from acute, severe COVID-19 cases which require hospitalisation and subsequent outpatient appointments. More than two-thirds of the overall burden on the healthcare system is driven by cases in older adults. The paediatric population does not generate a large healthcare burden due to their lower risk of symptomatic infection and of severe outcomes.
	Figure 9. Components and drivers of the annual COVID-19 economic burden in the Netherlands
	*Acute non-severe = non-hospitalised infections; Acute severe = hospitalised infections, myocarditis cases; Long-term = long Covid cases; Fatal = deaths. Fatal cases are a subset of the hospitalised infections and generate healthcare system costs as part of the acute severe outcomes. **Paediatric cases are not included in the disease model in the Netherlands
	4 Economic benefits of  COVID-19 vaccination recommendations
	We estimate that annual autumn COVID-19 vaccination of older adults and at-risk groups aligned with 2023/2024 COVID-19 vaccination programme recommendations could generate economic benefits equivalent to an (unweighted) average of 0.04% of the national GDP in the countries under analysis (min%-max%: 0.02%-0.07%). Autumn vaccination administered annually according to 2023/2024 recommendations would, on average, avert the economic impact of COVID-19 on the health system by ~22%, and reduce its economic impact on the national economy by ~7%.  
	An extended autumn vaccination policy lowering eligibility to the general population aged 50+ in the countries under analysis could generate economic benefits equivalent to an average of 0.06% of the national GDP in the countries under analysis (min%-max%: 0.02%-0.10%). Benefits to the national economy drive the additional economic benefits of vaccination in the UK, Japan, and the Netherlands. In Australia, the proportional benefits to the healthcare system and national economy contribute more equally. This is observed because there is a higher healthcare burden relative to the economic burden in Australia compared to the other countries (see Section ‎3.2), attributable to high healthcare costs (see main inputs in Table 5). Accordingly, the fall in healthcare costs is relatively more important in this context. 
	An extended autumn vaccination policy lowering eligibility to the general population aged 18+ in the countries under analysis could generate economic benefits equivalent to an average of 0.12% of the national GDP in the countries under analysis (min%-max%: 0.04%-0.19%). These improvements are driven by averted economic impact on the national economy: the average percentage of the COVID-19 economic burden on national economy averted by vaccination more than triples from 7% (min%-max%: 3%-12%) when older adults and high risk groups are vaccinated to 27% (min%-max%: 8%-60%) when vaccination is extended to the general population of adults aged 18+.
	The following sections further detail the vaccine prevented COVID-19 outcomes and the associated broader economic benefits in each country under analysis. As in Section ‎3, results are expressed in country-specific currencies: British Pounds (£) for the United Kingdom, Australian Dollars (A$) for Australia, Japanese Yen (¥) for Japan, and Euros (€) for the Netherlands.
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	* Note that the denominator (total GDP) is different for each country. ** Older adults (60+ in the Netherlands, 65+ in Australia, Japan and the UK). At-risk groups additionally included for the UK and the Netherlands. See Table 1 for exact eligibility depending on 2023/2024 country recommendations. ***Under no COVID-19 vaccination programme
	4.1 United Kingdom
	Compared to no COVID-19 autumn vaccination, vaccination aligned with the Joint Committee on Vaccination and Immunisation (JCVI)’s 2023 autumn recommendations (see Table 1) translates into overall economic benefits of £836 million per year, averting 12% of the total COVID-19 economic burden (Figure 10). 
	Extending COVID-19 vaccination eligibility to the general population aged 50+ and 18+ would increase the overall economic benefits to £1.1 billion and £1.8 billion per year, respectively (16% and 26% of the COVID-19 economic burden). 
	The economic benefit per symptomatic infection averted under JCVI 2023 autumn vaccination recommendations and vaccination extended to the 50+ general population are closely aligned, at £528 and £569, respectively. As more young individuals in the working-age population are vaccinated (the 18+ vaccination scenario), the economic benefits per symptomatic infection averted reaches £686.
	These economic benefits are driven by the vaccines administered and averted symptomatic COVID-19 health outcomes presented in the Results Appendix (section 8). 
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	4 Economic benefits of  COVID-19 vaccination recommendations
	4.1 United Kingdom
	4.2 Australia
	4.3 Japan
	4.4 Netherlands

	* Note that the denominator (total GDP) is different for each country. ** Older adults (60+ in the Netherlands, 65+ in Australia, Japan and the UK). At-risk groups additionally included for the UK and the Netherlands. See Table 1 for exact eligibility depending on 2023/2024 country recommendations. ***Under no COVID-19 vaccination programme
	Compared to no COVID-19 autumn vaccination, vaccination aligned with the Joint Committee on Vaccination and Immunisation (JCVI)’s 2023 autumn recommendations (see Table 1) translates into overall economic benefits of £836 million per year, averting 12% of the total COVID-19 economic burden (Figure 10). 
	Extending COVID-19 vaccination eligibility to the general population aged 50+ and 18+ would increase the overall economic benefits to £1.1 billion and £1.8 billion per year, respectively (16% and 26% of the COVID-19 economic burden). 
	The economic benefit per symptomatic infection averted under JCVI 2023 autumn vaccination recommendations and vaccination extended to the 50+ general population are closely aligned, at £528 and £569, respectively. As more young individuals in the working-age population are vaccinated (the 18+ vaccination scenario), the economic benefits per symptomatic infection averted reaches £686.
	These economic benefits are driven by the vaccines administered and averted symptomatic COVID-19 health outcomes presented in the Results Appendix (section ‎8). 
	Figure 10. Annual economic benefits by vaccination scenario, UK
	Averted productivity losses are the major driver of the economic benefits across all vaccination scenarios. Specifically, the economic benefits to the national economy are £603 million under the 2023 vaccination recommendations and £848 million and £1.47 billion under a vaccination policy extending vaccination to the general population aged 50+ and 18+, respectively (Figure 11). Compared to the 2023 recommendations for the vaccination of older and at-risk adults, extending vaccination to the working-age population could increase the economic benefits to the national economy by ~1.4 to over two times.
	Autumn vaccination according to the 2023 recommendations prevents 10% of the COVID-19 economic burden on the national economy. The averted burden on the national economy increases to 14% by extending eligibility to the 50+ aged population, or to 24% by further lowering the age eligibility threshold for vaccinating the general population aged 18+ years.
	The economic benefits to the UK healthcare system are £233 million under 2023 recommendations and £268 million and £326 million in the extended 50+ and 18+ vaccination scenarios, respectively (Figure 11). Averted hospitalisation costs are the main driver of the healthcare system’s benefits across all scenarios.
	Autumn vaccination in line with the 2023 recommendations is effective at preventing 29% of the COVID-19 economic burden on the healthcare system. The averted burden on the healthcare system could further increase to 33% and 40% under the more inclusive 50+ and 18+ vaccination scenarios respectively.
	Figure 11. Annual economic benefits by vaccination scenario, healthcare system and national economy breakdown, UK 
	Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the 2024 national age-based recommendation translates into overall economic benefits of A$1.1 billion per year, averting 15% of the total COVID-19 economic burden (Figure 12). 
	Extending COVID-19 vaccination to the general population aged 50+ and 18+ would increase the overall economic benefits to A$2.0 billion and A$4.5 billion per year, respectively (28% and 61% of the COVID-19 economic burden).
	These economic benefits are driven by the vaccines administered and averted symptomatic COVID-19 health outcomes presented in the Results Appendix (section 8). 
	The economic benefit per symptomatic infection averted under autumn vaccination according to the 2024 age-based recommendation for vaccination of older adults is A$6,337, reflecting the high hospitalisation rates and costs observed in Australia. Extending COVID-19 vaccination to the general population aged 50+ and 18+ is associated with economic benefits per symptomatic infection averted of A$5,690 and A$5,242, respectively. The rate at which cases prevented increases with extended COVID-19 vaccination is higher than the rate of increase in costs averted, due to the relatively high number of non-hospitalised cases averted in Australia compared to other countries. The estimated large costs per COVID-19 hospitalisation in the Australia context may explain why this trend is observed when introducing vaccination among population groups with lower likelihood of severe outcomes. Despite this trend, the benefits per infection averted are high across all the vaccination scenarios. 
	Figure 12. Annual economic benefits by vaccination scenario, Australia
	Averted productivity losses are the major driver of the economic benefits across all vaccination scenarios. Specifically, the economic benefits to the national economy are A$569 million under the 2024 age-based vaccination recommendation and A$1.2 billion and A$2.8 billion under a vaccination policy extending vaccination to the population aged 50+ and 18+, respectively (Figure 13). Compared to the 2024 age-based vaccination recommendations for older adults, extending vaccination to the working-age population could increase the economic benefits to the national economy by two to five times.
	Autumn vaccination according to the 2024 age-based vaccine recommendation prevents 12% of the COVID-19 economic burden on the national economy. The averted burden on the national economy increases to 25% by extending eligibility to the 50+ aged population, or to 60% by further lowering the age eligibility threshold for vaccinating the general population aged 18+ years.
	The economic benefits of autumn vaccination to the Australian healthcare system in line with the 2024 age-based recommendation are A$515 million and A$856 million and A$1.7 billion in the extended 50+ and 18+ vaccination scenarios, respectively (Figure 13). Averted hospitalisation costs are the main driver of the healthcare system’s benefits across all scenarios.
	Autumn vaccination according to the 2024 age-based vaccine recommendations is effective at preventing 20% of the COVID-19 economic burden on the healthcare system. The averted burden on the healthcare system could further increase to 33% and 64% under the 50+ and 18+ vaccination scenarios, respectively. The large proportion of burden averted is driven by the high percentage of hospitalised cases averted by vaccination across the scenarios considered according the epidemiological model (See the Results Appendix, section ‎8). 
	Figure 13. Annual economic benefits by vaccination scenario, healthcare system and national economy breakdown, Australia
	Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the 2023 age-based recommendation translates into overall economic benefits of ¥397 billion per year, averting 7% of the total COVID-19 economic burden (Figure 14). 
	Extending COVID-19 vaccination to the general population aged 50+ and 18+ would increase the overall economic benefits to ¥1.2 trillion and ¥1.2 trillion per year, respectively (11% and 19% of the COVID-19 economic burden). 
	The economic benefits per infection averted increases from ¥154,535 under autumn vaccination according to the 2023 age-based recommendation to ¥158,698 and ¥161,355 when vaccination is extended to the general population aged 50+ and 18+, respectively.
	These economic benefits are driven by the vaccines administered and averted symptomatic COVID-19 health outcomes presented in the Results Appendix (section ‎8).
	Figure 14. Annual economic benefits by vaccination scenario Japan
	The driver of the economic benefits in Japan depends on the vaccination scenario considered. Specifically, the benefits to the national economy are ¥151 billion from autumn vaccination according to the 2023 age-based recommendation and ¥277 billion and ¥620 billion under a vaccination policy extending vaccination to the population aged 50+ and 18+, respectively (Figure 15). Compared to the 2023 age-based recommendation for older adults, extending vaccination to the working-age population could increase the economic benefits to the national economy by about two to four times.
	Autumn vaccination according to the 2023 age-based recommendation prevents 4% of the COVID-19 economic burden on the national economy. The averted burden on the national economy increases to 7% by extending eligibility to the 50+ aged population, or to 16% by further lowering the age eligibility threshold for vaccinating the general population aged 18+ years.
	The economic benefits to the Japanese healthcare system are ¥246 billion under autumn vaccination according to the 2023 age-based recommendation, and ¥339 billion and ¥483 billion in the extended 50+ and 18+ vaccination scenarios (Figure 15). While averted hospitalisation costs initially constitute a larger proportion (two-thirds) of the healthcare system benefits, when vaccination is extended to the working-age populations outpatient costs drive an increasing proportion of the healthcare system benefits. 
	Autumn vaccination of older adults is effective at preventing 13% of the COVID-19 economic burden on the healthcare system. The averted burden on the healthcare system could further increase to 18% and 25% by lowering the age eligibility threshold to 50 years and 18 years, respectively.
	Figure 15. Annual economic benefits by vaccination scenario, healthcare system and national economy breakdown, Japan
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	Compared to no COVID-19 vaccination programme, autumn vaccination aligned with the Dutch Health Council’s 2023 recommendations (see Table 1) translates into overall economic benefits of €210 million per year, averting 5% of the total COVID-19 economic burden (Figure 16). 
	Extending COVID-19 vaccination to the general population aged 50+ and 18+ would increase the overall economic benefits to €250 million and €367 million per year, respectively (6% and 9% of the COVID-19 economic burden). 
	The economic benefit per infection averted increases from €804 under autumn vaccination according to the 2023 recommendations to €878 and €1,072 when vaccination is extended to the general population aged 50+ and 18+, respectively.
	These economic benefits are driven by the vaccines administered and averted symptomatic COVID-19 health outcomes, as presented in the Results Appendix (section ‎8).
	Figure 16. Annual economic benefits by vaccination scenario, Netherlands
	Averted productivity losses are the major driver of the economic benefits across all vaccination scenarios. Specifically, the economic benefits to the national economy are €127 million under autumn vaccination according to the Dutch Health Council’s 2023 recommendations and €165 million and €279 million under a vaccination policy extending vaccination to the population aged 50+ and 18+, respectively (Figure 17). Compared to the 2023 recommendations for older adults and at-risk groups, extending vaccination to the working-age population could increase the economic benefits to the national economy by 1.3 to 2.2 times.
	Autumn vaccination according to the Dutch Health Council’s 2023 recommendations prevents 3% of the COVID-19 economic burden on the national economy. The averted burden on the national economy increases to 5% by extending eligibility to the population aged 50+, or to 8% by further lowering the age eligibility threshold for vaccinating the general population aged 18+ years.
	The economic benefits to the Netherlands healthcare system are €83 million under autumn vaccination according to the Dutch Health Council’s 2023 recommendations, or 24% of the COVID-19 economic burden (Figure 17). When COVID-19 vaccination eligibility is extended to the population aged 50+, these benefits increase to €85 million (25% of the burden), and when eligibility is extended to the population aged 18+, they further increase to €88 million (25% of the burden). Averted hospitalisation costs are the main driver of the healthcare system’s benefits across all scenarios.
	Figure 17. Annual economic benefits by vaccination scenario, healthcare system and national economy breakdown, Netherlands
	5 Exploring the ripple effects on the economy
	Estimates of the ripple effects are obtained by applying a multiplier of 3%-16% (Hafner et al., 2023) to the productivity effects estimated with the COI approach.  Figure 18 shows the total economic benefits of vaccination to the national economy (i.e., patients’ and caregivers’ productivity losses averted) when the ripple effects are included for each of the vaccination scenarios in the four countries. The baseline values when no ripple effects are included are also displayed for comparison. For example, in the UK, autumn vaccination of older adults (65+) and at-risk groups according to 2023 recommendations is estimated to yield a benefit of £603 million to the national economy. Applying a 3% multiplier to account for ripple effects in the economy increases the estimated benefit to £622 million, while a 16% multiplier increases the estimated benefit to £700 million.  
	Figure 18. Annual economic benefits of vaccination to national economy when ripple effects are included
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	The findings of this report suggest continued impact of COVID-19 as a disease disrupting healthcare systems and national economies and highlight the significance of vaccination as a tool to unlock healthcare system resilience and economic performance.
	Left unaddressed without further annual autumn vaccination programs, we estimated based on 2023/2024 data that COVID-19 has a substantial economic burden, costing on average the equivalent of 0.48% of the national GDP across the countries under analysis (min%-max%: 0.26%-0.97%). This impact is approximately twice the average spending on health prevention by OECD countries before the COVID-19 pandemic (0.26% of national GDP). Importantly, national economies bear a larger share of this burden than healthcare systems, around twice as large in Australia and Japan, more than seven times as large in the UK, and ten times as large in the Netherlands.
	Drawing direct comparisons between our estimates and the economic impact of other seasonal respiratory infections is challenging because of the heterogeneity in methodologies used in the literature and a lack of studies in the UK, Australia, Japan and the Netherlands. However, a US modelling study found that a seasonal influenza outbreak in a non-vaccinated population could cost the economy around 0.07% of the national GDP per year (Prager, Wei and Rose, 2017). A model in the UK focusing on the national economy impact of influenza in unvaccinated working-age adults estimated an associated annual loss of £1.85 billion (Romanelli et al., 2023). Based on 2023/2024 season incidence estimates for Japan and the Netherlands and 2024/2025 season incidence estimates in the UK and Australia, our COI estimates suggest that the annual economic burden of unaddressed COVID-19 infections may be higher than that of seasonal influenza. Further, similar to COVID-19, evidence on influenza from the US finds that working-age adults (aged 18-64) have the highest numbers of symptomatic illness and outpatient visits, highlighting the importance of protecting this age group, given that they often constitute a large percentage of a country’s’ population and represent the main workforce, and that the rate of chronic medical conditions among this population is increasing (Torcel-Pagnon et al., 2025).
	On average, annual autumn vaccination according to 2023/2024 recommendations generates economic benefits equivalent to 0.04% of national GDP in the countries under analysis (min%-max%: 0.02%-0.07%). These benefits are generally similarly distributed between healthcare systems and national economies. However, while on average 22% of the COVID-19 economic impact on healthcare systems is averted through autumn vaccination programs (min%-max%: 13%-29%), they prevent only 7% of the impact on the national economy on average (min%-max%: 3%-12%).
	The economic benefits of the annual autumn COVID-19 immunisation to healthcare systems are propelled by prevented hospital care costs. This result emphasises the effectiveness of autumn COVID-19 vaccination programmes in preventing severe COVID-19 cases among older adults and groups at higher risk of hospitalisation. In this way, COVID-19 vaccination also plays a vital role in protecting healthcare systems from additional winter pressure due to seasonal infections. In fact, vaccine-preventable hospitalisations translate to missed opportunities to treat other patients in circumstances of high bed-occupancy. Research on the ‘opportunity cost’ of missed treatment opportunities demonstrates that the true value of vaccine-preventable hospitalisations in situations of severe excess demand could be up to two 2 times larger than the simple hospital cost savings (Neri et al., 2023; Brassel et al., 2022). 
	This analysis demonstrates the importance of vaccination of older adults and at-risk groups for healthcare system resilience, yet vaccine recommendations are increasingly limited and vaccination rates continue to decline. Our analysis of autumn vaccinations is based on 2023/2024 recommendations for COVID-19 vaccinations, which continue to exclude more population groups. For example, in the UK, the 2025 guidance from the JCVI proposes to narrow eligibility to adults aged 75 and over and at-risk groups, compared to adults aged 65 and over (and at-risk groups) before (JCVI, 2024). Therefore, the vaccination rates used in the epidemiological models in this analysis, which are based on historical data, are likely optimistic and so the economic benefits of the recent, more restricted vaccine programmes may be lower than those demonstrated in this analysis. 
	Moreover, while the ongoing shift from the pandemic phase to a post-pandemic phase may have resulted in a reduction in perceived risk and lower uptake rates, policy transitions such as those ending free of charge COVID-19 vaccination programmes and moving to out-of-pocket payments in Japan may further discourage vaccination, and lead to ever lower vaccination rates (Nagano et al., 2024b). These policy changes that limit the proportion of the population protected by vaccination can hinder ambitions to build resilient healthcare systems.
	This analysis, however, demonstrates the substantial burden on the national economy that persists, even with annual autumn COVID-19 vaccinations according to 2023/2024 recommendations, and shows that the burden is mostly generated by working-age adults who are not eligible for vaccination.
	Evaluating economic benefits demonstrates the additional value to society of broadening vaccine eligibility 
	An extended vaccination policy lowering eligibility to the general population aged 50+ in the countries under analysis could generate economic benefits equivalent to 0.06% of the national GDP on average (min%-max%: 0.02%-0.10%), compared to 0.04% under the 2023/2024 vaccination recommendations. This improvement is driven by the averted economic impact on the national economy, which is almost double compared to the 2023/2024 vaccination recommendations. Further expanding recommendations to the general population aged 18+ in the countries analysed could generate economic benefits equivalent to 0.12% of the national GDP on average (min%-max%: 0.04%-0.19%), with more than triple the economic impact on the national economy averted compared to the 2023/2024 autumn vaccination recommendations. The economic benefits per infection prevented also mostly follow an increasing trend across scenarios as vaccination eligibility is extended, suggesting that more value could be accrued to overall society when working-age individuals are vaccinated. 
	These results emphasise the critical contribution of COVID-19 vaccination to long-term economic prosperity and workforce resilience. Importantly, COVID-19 vaccines have enduring benefits to national economies extending well beyond the acute infection phase. While a consistent share of COVID-19-related productivity losses is attributable to short-term absenteeism due to non-severe infections (31%-53% across the countries analysed), premature mortality and long COVID with long-term implications on workforce participation also play a major role (3%-46% and 18%-49% across the countries analysed, respectively). In the case of long COVID, our estimates capture the disease impact on both prolonged absenteeism and workforce participation dropout. Due to patchy and heterogeneous evidence, our analysis uses plausible yet conservative assumptions informed by country-specific evidence or extrapolated from comparable contexts (see the Technical Appendix for a detailed description). Consequently, our estimates likely sit on the lower end of the potential impact of long COVID. For example, we estimate that long COVID has a burden of approximately £1.4 billion on the UK national economy. Other research in the UK based on long COVID cases presenting at clinics suggests £2 billion as a lower bound of the likely impact of long COVID on the national economy (UCL, 2024).
	This work uses a COI analysis to estimate the economic burden of COVID-19 and the economic benefits of vaccination to both healthcare systems and national economies. As such, it does not directly assess the cost-benefit or cost-effectiveness profile of COVID-19 vaccination, which consider the interventions’ benefits and costs and are central criteria guiding HTA and reimbursement decisions. 
	However, cost-effectiveness evidence of COVID-19 vaccination strategies targeting older adults (and at-risk groups) is available for the countries under analysis for Japan in Fust et al. (2024a), the UK in Kohli et al. (2024), Australia in Lee et al. (2024) and the Netherlands in Zeevat et al. (2024). Where analyses of vaccination programmes with recommendations extended to the working-age population are performed, they also show favourable cost-effectiveness profiles (Fust et al., 2024a; Kohli et al., 2024). The epidemiological models of these studies were used to model the COVID-19 morbidity and mortality in our work. 
	Data availability at the time of analysis guided our methodological decisions. While multiple COVID-19 vaccines are licensed for use in the countries analysed, for pragmatic reasons, we model a vaccine with the same characteristics as the Spikevax vaccine, which was analysed in these cost-effectiveness studies. Further, our analysis uses 2024 as the reference year for costs, and we base our analysis on the epidemiological models from the cost-effectiveness studies available, which project estimates for 2023/2024. While this may, to an extent, limit the relevance of the findings given changing incidence trends and vaccination recommendations since then, the insights from our study likely still hold that the economic burden of COVID-19 and the benefits of vaccination programmes and extending vaccination eligibility are largely driven by the impact on the national economy.
	Given that our analysis includes various countries with different population demographics and healthcare system contexts, we observe differences in the drivers and size of the burden of COVID-19 and in the distribution of benefits. Furthermore, the disease models we based our COI analysis on follow similar, but not identical, approaches for each country and may yield different trends in health outcomes (shown in the Results Appendix in Section ‎8). For example, for the UK, Australia, and Japan we consider a dynamic model which captures indirect effects due to vaccination. The magnitude of the indirect effect is driven by the vaccination rates considered. For the Netherlands, indirect effects were included through pragmatic adaptation of the static model estimates to quantify the magnitude of indirect protection due to reduced exposure risk. Additionally, according to the disease models, we observe almost the same number of hospitalisations in Australia as we do in the UK, despite a significantly lower number of overall cases. Details on the disease models can be found in Section ‎9.2 in the Methodological Appendix and in the original analyses. 
	Further differences in our results can be explained by the use of country-specific data and assumptions around costs to value morbidity and mortality, obtained from the secondary literature or official sources where available. For example, the large number of hospital bed days observed in Australia relative to the UK, which has a larger population, may be explained by the longer hospital length of stay found in Australia (see Section 9.4.2.1 in the Methodological Appendix). All input parameters can be found in the Methodological Appendix in Section 9.4. Our results are thus a function of unique combinations of country-specific epidemiological data, vaccine efficacy, underlying cost structures, and population demographics. Consequently, absolute results should be interpreted with these methodological considerations in mind and cross-country comparisons made with caution. 
	Using the COI approach, we also do not exhaustively capture all the impact of COVID-19 and consequent benefits of vaccination. Most importantly, the analysis does not capture the impact of COVID-19 and the availability of vaccination programmes on health-related quality of life or wellbeing. The analysis also does not consider the cost of vaccination: benefit-cost analysis has found that when benefits beyond the healthcare system are monetised, adult vaccines can return up to 19 times their initial investment to society (El Banhawi et al., 2024). Further, the COI approach does not capture the ‘ripple effects’ of disease-related productivity losses on the productivity of other workers or the macroeconomy supply chains. Therefore, we perform a scenario analysis to showcase the magnitude of the ‘ripple effects’ on the national economy based on a 3%-16% multiplier of the disease-related productivity losses (Hafner et al., 2023). Due to a lack of availability of specific data capturing the ripple effects of COVID-19, the multiplier range used in this scenario analysis reflects diseases with different marginal productivity costs and prevalence in the UK context. 
	Underestimation of the overall COVID-19 economic burden may also arise due to the exclusion of certain states from the disease model used to estimate the COVID-19 morbidity and mortality in certain countries. We refer the reader to the Technical Appendix for details on the country-specific exceptions. Our COI framework also excludes the impact on individuals, driven by out-of-pocket costs, due to a lack of consistent data availability on, for example, the cost of travel to and from appointments for carers and patients, and additional out-of-pocket expenses such as for medicine, aids and equipment. 
	Finally, productivity costs due to fatal outcomes and non-fatal outcomes impacting labour force participation (e.g., long COVID) were valued using the human capital approach, which is most commonly used globally. We note that some countries, like the Netherlands, use a friction cost approach which limits productivity losses to the time it takes to replace an absent employee, or the ‘friction period’ (Kigozi et al., 2016) and thus generates lower productivity cost estimates. 
	While the pandemic phase has ended, COVID-19 continues to pose challenges to healthcare systems and national economies around the world. Disease activity levels of COVID-19 and other respiratory illnesses, such as influenza and RSV, vary throughout the year, yet winter spikes often coincide, generating substantial morbidity and mortality and adding significant pressure on healthcare systems (Wiemken et al., 2023). These challenges are further exacerbated by a global context in which countries are trying to rebuild healthcare system resilience and are experiencing slow economic growth. 
	Annual autumn COVID-19 vaccination of older adults generates substantial benefits to healthcare systems, particularly to hospitals. Increasingly limited vaccine recommendations, excluding population groups at risk of severe outcomes, may undermine threats to the ambition to build resilient healthcare systems and health equity. A more explicit and systematic recognition of vaccines’ ability to mitigate pressure on healthcare system capacity in HTA would be consistent with this objective. 
	Vaccination of working-age individuals is an effective approach to both short- and long-term economic productivity. Adopting a societal perspective in HTA would facilitate the recognition and realisation of these benefits. However, this perspective is not aligned with healthcare budget allocation principles of some countries (e.g., the UK). Beyond the HTA context, investing in public health and maintaining a healthy population should be recognised as a driver of economic productivity, on par with more commonly endorsed measures such as labour market reforms and investments in education, skills, and emerging sectors like technology and the green economy (McKee, de Ruijter and Hervey, 2025). Employers often bear the high costs of absenteeism and presenteeism from respiratory infections, including COVID-19, and so are likely to benefit financially from a reduction in COVID-19 infections in the working-age population (Hayes et al., 2024). This indicates that there are incentives for funders beyond governments to invest in a healthy workforce and boost economic productivity. 
	Finally, broader value recognition in decision-making and funding of interventions, such as vaccines, that maintain a resilient healthcare system and healthy and productive societies is needed now more than ever given global trends of demographic ageing and rising rates of illness among working-age adults (Eurostat, 2021). 
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	The COVID-19 outcomes occurring under a no further vaccination scenario are presented in Table 8.
	Table 8  COVID-19 outcomes for symptomatic cases under no further vaccination, United Kingdom
	TOTAL
	OUTCOMES
	OUTCOME TYPE
	Non-severe
	ACUTE
	8,188,286
	Non-hospitalised infections
	Severe
	69,254
	Hospitalised infections
	11,025
	COVID-19-related myocarditis
	306,314
	Long COVID cases
	LONG-TERM
	13,454
	Deaths
	FATAL
	The number of vaccines administered increases from 12.8 million in the 2023 vaccination recommendation scenario to 17.1 million and 23.8 million in the 50+ and 18+ vaccination scenarios, respectively. Table 9 displays COVID-19 acute and longer-term outcomes prevented by different vaccination strategies.
	Table 9   Prevented COVID-19 outcomes for symptomatic cases under different autumn vaccination scenarios, United Kingdom
	VACCINATION SCENARIO
	OUTCOMES
	OUTCOME TYPE
	Extended to 18+ population
	Extended to 50+ population
	2023 Recommendation (65+ and high-risk)
	Non-severe
	ACUTE
	2,586,966
	1,932,152
	1,556,254
	Non-hospitalised infections
	Severe
	34,483
	29,503
	26,551
	Hospitalised infections
	COVID-19-related myocarditis
	4,148
	3,394
	2,844
	LONG-TERM
	97,136
	72,652
	58,596
	Long COVID cases
	7,145
	6,313
	5,762
	Deaths
	FATAL
	The distribution of the COVID-19 outcomes occurring under a no further vaccination scenario is presented in Table 10.
	Table 10   COVID-19 outcomes for symptomatic cases under no further vaccination, Australia
	TOTAL
	OUTCOMES
	OUTCOME TYPE
	Non-severe
	ACUTE
	1,415,089
	Non-hospitalised infections
	Severe
	57,933
	Hospitalised infections
	COVID-19-related myocarditis
	1,548
	71,640
	Long COVID cases
	LONG-TERM
	4,483
	Deaths
	FATAL
	The number of vaccines administered increases from 2.1 million in the 2024 vaccination recommendation scenario to 3.7 million and 7.1 million in the 50+ and 18+ vaccination scenarios, respectively. Table 11 displays COVID-19 acute and longer-term outcomes prevented by different vaccination strategies.
	Table 11   Prevented COVID-19 outcomes for symptomatic cases under different autumn vaccination scenarios, Australia 
	 VACCINATION SCENARIO
	OUTCOMES
	OUTCOME TYPE
	Extended to 18+ population
	Extended to 50+ population
	2024 Recommendation (65+ and high-risk)
	Non-hospitalised infections
	Non-severe
	ACUTE
	819,163
	335,672
	157,849
	Hospitalised infections
	Severe
	38,232
	20,887
	13,177
	COVID-19-related myocarditis
	905
	401
	195
	41,880
	17,608
	8,566
	Long COVID cases
	LONG-TERM
	3,032
	1,808
	1,223
	Deaths
	FATAL
	The distribution of the COVID-19 outcomes occurring under a no further vaccination scenario is presented in Table 12.
	Table 12   COVID-19 outcomes for symptomatic cases under no further vaccination, Japan
	TOTAL
	OUTCOMES
	OUTCOME TYPE
	NON-SEVERE
	ACUTE
	34,550,950
	Non-hospitalised infections
	SEVERE
	689,973
	Hospitalised infections
	44,838
	COVID-19-related myocarditis
	1,435,311
	Long COVID cases
	LONG-TERM
	61,738
	Deaths
	FATAL
	The number of vaccines administered increases from 32.1 million in the 2023 vaccination recommendation scenario to 49.9 million and 72.5 million in the 50+ and 18+ vaccination scenarios, respectively. Table 13 displays COVID-19 acute and longer-term outcomes prevented by different vaccination strategies.
	Table 13   Prevented COVID-19 outcomes for symptomatic cases under different autumn vaccination scenarios, Japan
	VACCINATION SCENARIO
	OUTCOMES
	OUTCOME TYPE
	Extended to 18+ population
	Extended to 50+ population
	2023 Recommendation (65+ and high-risk)
	Non-hospitalised infections
	Non-severe
	ACUTE
	6,588,505
	3,667,658
	2,406,546
	Hospitalised infections
	Severe
	252,923
	211,107
	161,630
	COVID-19-related myocarditis
	10,090
	6,793
	4,774
	278,164
	157,412
	104,068
	Long COVID cases
	LONG-TERM
	Deaths
	23,673
	20,616
	17,495
	FATAL
	The distribution of the COVID-19 outcomes occurring under a no further vaccination scenario is presented in Table 14.
	Table 14  COVID-19 outcomes for symptomatic cases under no further vaccination, Netherlands
	TOTAL
	OUTCOMES
	OUTCOME TYPE
	Non-severe
	ACUTE
	2,595,146
	Non-hospitalised infections
	Severe
	32,266
	Hospitalised infections
	COVID-19-related myocarditis
	3,509
	272,276
	Long COVID cases
	LONG-TERM
	4,621
	Deaths
	FATAL
	The number of vaccines administered increases from 2.5 million in the 2023 vaccination recommendation scenario to 2.8 million and 3.5 million in the 50+ and 18+ vaccination scenarios, respectively. Table 15 displays COVID-19 acute and longer-term outcomes prevented by different vaccination strategies.
	Table 15   Prevented COVID-19 outcomes for symptomatic cases under different autumn vaccination scenarios, Netherlands
	VACCINATION SCENARIO
	OUTCOMES
	OUTCOME TYPE
	Extended to 18+ population
	Extended to 50+ population
	2023 Recommendation (60+ and high-risk)
	332,665
	275,729
	252,076
	Non-hospitalised infections
	Non-severe
	ACUTE
	9,782
	9,654
	9,568
	Hospitalised infections
	Severe
	476
	404
	370
	COVID-19-related myocarditis
	35,280
	29,346
	26,878
	Long COVID cases
	LONG-TERM
	1,593
	1,592
	1,589
	Deaths
	FATAL
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	Table 16   Key elements of the model for each country
	Australia
	NETHERLANDS
	JAPAN
	UK
	Dynamic SEIR* transmission model 
	Static decision-analytic model with multiplier
	Dynamic SEIR* transmission model 
	Dynamic SEIR* transmission model 
	Model type
	DISEASE MODEL
	Symptomatic infections not hospitalised
	DISEASE STATES
	Symptomatic infections, hospitalised - no critical care
	Symptomatic infections, hospitalised - critical care
	Hospital readmissions
	Long covid
	Severe long covid
	Paediatric (0 -17)
	POPULATIONS INCLUDED
	Working age (18-64)
	Older adults (65+)
	Hospital care costs
	COST-OF-ILLNESS FRAMEWORK COMPONENTS
	Outpatient care costs
	Patient's workplace productivity costs
	Patients’ unpaid work productivity costs
	Caregivers' productivity costs
	*SEIR = susceptible-exposed-infected-recovered 
	For the UK, Australia and Japan, we base our analysis on existing age-stratified dynamic susceptible-exposed-infected-recovered (SEIR) transmission models, which were originally developed for the United States (Kohli et al., 2023) and adapted for each country. We used the latest available models that include the data needed to perform the analysis. The methodology and data of these epidemiological models have previously been described in Fust et al. (2024a) (Japan), Kohli et al. (2024) (UK), Lee et al. (2024) (Australia). The SEIR model was used to predict the total number of infections (asymptomatic and symptomatic) during a one-year analytic time horizon. The time frames considered are: UK: Sept 2024 - Aug 2025; Australia: March 2024- Feb 2025; Japan: Sept 2023 - Aug 2024.  
	In the model, individuals start the simulation in the Susceptible (S) state and move into the Exposed (E) state according to the force of infection. After a time in E with asymptomatic and non-transmissible infection, individuals move to the Infectious (I) state which represents asymptomatic and symptomatic transmissible infections. After clearing the infection, individuals move to the Recovered (R) state and remain there until they transition back to S and lose their natural immunity. The total number of infections (asymptomatic and symptomatic) is calculated for each month of the 1-year analytic time horizon and outputted from the SEIR model by age groups. Only symptomatic infections enter a decision tree describing the COVID-19 disease pathway and related outcomes. 
	For the Netherlands, we base our analysis on epidemiological data from an adaptation of a static decision tree model over a 1-year analytic time horizon (October 2023 – September 2024) by Zeevat et al. (2024). Here, static model estimates were pragmatically adapted to quantify the magnitude of indirect protection due to reduced exposure risk, as is typically accounted for in dynamic models and systematically account for their impacts. This adaptation was achieved by using a dynamic transmission model which accounts for the population-level impact of vaccination. For each coverage scenario (18+ coverage, 50+ coverage, and 65+ coverage) in the dynamic model, a multiplier was generated and applied to the corresponding static model for the Netherlands. The multiplier was generated by taking the average ratio of the overall incidence in the vaccinated arm and the unvaccinated arm across all months and age groups, generating a single multiplier across each coverage scenario.
	We use a common disease pathway across the countries in scope (Figure 19). Certain disease states are excluded in some countries due to a lack of data (i.e., hospital readmissions in Japan and severe long COVID in Japan and the Netherlands). The age groups modelled for all countries are: paediatric, working age, and elderly, except in the Netherlands where a population-level multiplier was applied to cases in adults ages 18 and over, but paediatric cases were excluded (in line with Zeevat et al. (2024)). 
	Separately, the adverse consequences of vaccination were also estimated (Grade 3 local and systemic solicited events, anaphylaxis, and vaccine-induced myocarditis/pericarditis).
	Figure 19   COVID-19 decision tree model
	/
	We estimate the COVID-19 morbidity and mortality under no COVID-19 vaccination programme, annual autumn vaccination of older adults based on 2023/2024 vaccine recommendations, and annual autumn vaccination extended to the general population aged 50+ and 18+, respectively. The intervention considered in the vaccination scenarios is an mRNA vaccine (Moderna Spikevax bivalent vaccine) administered annually in autumn, with efficacy and coverage values as reported in Table 17. 
	Note that some national recommendations include eligibility for a second (spring) booster, however, uptake of second booster is low in most countries and it is unclear for how long second boosters will continue to be recommended. Accordingly, to ensure continued relevance of our analysis, and comparability between our countries, we limit the focus of our analysis to an annual autumn vaccination.
	Table 17           Vaccination programmes specifications 
	COVERAGE
	VACCINE EFFICACY
	Extended to 18+ population
	Extended to 50+ population
	2023/24 recommendation 
	COVID-19 hospitalisation
	SARS-CoV-2 infection
	Initial: 0.843
	Initial: 0.571
	UNITED KINGDOM
	3.91%
	0.27%
	0.27%
	10-19 years
	Waning: 0.014
	Waning: 0.048
	24.52%
	2.67%
	2.67%
	20–29 years
	28.21%
	4.49%
	4.49%
	30–39 years
	36.63%
	7.88%
	7.88%
	40–49 years
	46.36%
	46.36%
	16.96%
	50–59 years
	66.44%
	66.44%
	44.09%
	60–69 years
	72.69%
	72.69%
	72.69%
	70–79 years
	75.71%
	75.71%
	75.71%
	80+ years
	Calculated the ratio of "Dose 3" uptake rate for Age 10-19 (and separately for 20-29, 30-39, 40-49) to Age 50-59 "Dose 3" and apply to Age 50-59 rate for Autumn 2022.  "Dose 3" means "Number Vaccinated (at least 3 Doses)" from (UKHSA, 2024b).
	Assumed Autumn 2022 uptake rates for ages 50-64 (UKHSA, 2024b)
	Assumed the same as coverage in UKHSA surveillance data up to week 7 of 2024 (UKHSA, 2024b)
	(Kohli et al., 2024)
	(Kohli et al., 2024)
	References
	23.3%
	0.0%
	0.0%
	Initial: 0.843
	Initial: 0.571
	18-29 years
	AUSTRALIA
	Waning: 0.014
	Waning: 0.048
	34.5%
	0.0%
	0.0%
	30-49 years
	34.5%
	34.5%
	0.0%
	50-64 years
	45.9%
	45.9%
	45.9% 
	65+ years
	Coverage rates for Winter 2024 Campaign based on “Number of people who received at least 3 doses by age band” (May 2022-March 2023) (Australian Government DoHaC, 2024) scaled down based on 2023 observations for vaccine uptake rates by age. 
	(Lee et al., 2024)
	(Lee et al., 2024)
	References
	Uptake pattern based on “Number of people who received at least 3 doses by age band” (May 2022-March 2023) compressed to March 1 2024 to Aug 31 2024). (Australian Government DoHaC, 2024)
	0.00%
	0.00%
	0.00%
	Initial: 0.851
	Initial: 0.748
	0-17 years
	NETHERLANDS
	Waning: 0.036
	Waning: 0.046
	11.55%
	1.34%
	1.34%
	18-29 years
	11.55%
	1.32%
	1.32%
	30-39 years
	11.55%
	1.35%
	1.35%
	40-49 years
	11.55%
	11.55%
	1.37%
	50-59 years
	32.00%
	32.00%
	32.00%
	60-64 years
	46.00%
	46.00%
	46.00%
	65-69 years
	57.67%
	57.67%
	57.67%
	70-79 years
	63.31%
	63.31%
	63.31%
	80+ years
	Based on Autumn 2023  (RIVM, 2024b).
	(Zeevat et al., 2024)
	(Zeevat et al., 2024)
	References
	Coverage scaled by the proportion of the population considered to be high-risk. 
	20.0%
	0.0%
	0.0%
	Initial: 0.849
	Initial: 0.547
	10-19 years
	JAPAN
	Waning: 0.014
	Waning: 0.048
	33.2%
	0.0%
	0.0%
	20-29 years
	42.8%
	0.0%
	0.0%
	30-39 years
	58.5%
	0.0%
	0.0%
	40-49 years
	71.8%
	71.8%
	0.0%
	50-59 years
	77.5%
	77.5%
	40.7%*
	60-69 years
	79.7%
	79.7%
	79.7%
	70-79 years
	73.9%
	73.9%
	73.9%
	80+ years
	Based on maximum uptake rate of the first COVID-19 booster (Fust et al., 2024a) with coverage for ages 60+ reduced by 10% (i.e., 90% of base case value)
	Based on (Fust et al., 2024a)
	Based on (Fust et al., 2024a)
	References
	*Assumes zero coverage for ages 60-64.
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	9.3 Step 2: Valuing the COVID-19 morbidity and mortality according to the cost of illness (COI) framework
	Hospital care costs
	Outpatient care costs
	Patient’s productivity costs due to acute outcomes
	Patient’s productivity costs due to fatal outcomes
	Patient’s productivity costs due to long-term outcomes
	Caregiver’s productivity costs

	9.4 Input parameters by country
	United Kingdom - Healthcare costs
	United Kingdom - Patients’ and caregivers’ productivity costs
	United Kingdom - Vaccine adverse event costs
	Australia - Healthcare costs
	Australia - Patients’ and caregivers’ productivity costs
	Australia - Vaccine adverse event costs
	Japan - Healthcare costs
	Japan - Patients’ and caregivers’ productivity costs
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	Netherlands - Patients’ and caregivers’ productivity costs
	Netherlands - Vaccine adverse event costs


	We value the COVID-19 morbidity and mortality estimated in each scenario using a COI approach, which includes several direct medical and non-medical costs and indirect costs to the healthcare system and the national economy.
	Table 18 shows the cost components considered in the COI approach. Healthcare costs in hospital and outpatient care settings consist of the direct medical costs to the healthcare system. Productivity costs due to illness are indirect costs to the national economy due to lost workdays of formally employed patients or patients undertaking unpaid work, and of formally employed caregivers. Productivity costs due to premature mortality are also indirect costs due to lost working years of patients dying prematurely. 
	The COI components also apply to the vaccine-related adverse events occurring under different vaccination strategies. In this way, we attempt to capture the COI of all the morbidity and mortality occurring in the modelled scenarios.
	By following the COI averted approach, we do not consider the direct medical and indirect costs of implementing each vaccination strategy, in terms of vaccine administration and delivery costs and productivity losses associated with receiving vaccination.
	Table 18   Cost-of-illness (COI) framework
	COST COMPONENTS
	SECTOR
	Hospital care costs 
	IMPACT ON THE HEALTHCARE SYSTEM
	Healthcare costs
	Outpatient care costs 
	Patient's workplace productivity costs
	IMAPCT ON THE NATIONAL ECONOMY
	Patient’s productivity costs 
	Patients’ unpaid work productivity costs
	Caregiver’s workplace productivity losses due to patient illness
	Caregivers' productivity costs
	For each cost component of the COI framework, we identify the applicable morbidity and mortality outcomes of the disease model, and the population groups affected by the specific outcome (all age groups, paediatric, working age, elderly). We obtain country-specific inputs, where available, to estimate each COI component depending on the relevant COVID-19 outcomes estimated by the disease model. A comprehensive list of data inputs and sources for each country can be found in Section ‎9.4 of this Appendix.
	All costs are presented in 2023 values. Costs found in other years are adjusted to 2023 levels using the relevant CPI for their country of origin. Costs incurred in the years after vaccination (e.g. due to mortality) are discounted at appropriate country-specific rates to reflect social preferences for the timing of consumption.
	Healthcare costs
	We consider healthcare costs of hospital care and outpatient care for COVID-19 infections and vaccine-related adverse events.
	For all patients hospitalised for acute COVID-19 infections, we included the cost of a hospitalisation episode. This cost depended on the type of care (critical/non-critical) and, in some countries, the length of stay and the age of the patient. A small percentage of hospitalised patients required readmission. We assumed readmission occurred only once, required the same type of care (critical/non-critical) and incurred the same costs as the original hospitalisation. 
	We assume a percentage of long COVID patients develop severe long COVID (the percentage may vary by hospitalisation status during acute infection) and require hospitalisation once in non-critical care. Severe long COVID cases incur hospitalisation costs depending on the length of stay. This disease state is not considered in the disease model for Japan and the Netherlands due to a lack of data availability.
	A percentage of COVID-19 patients also develop infection-related myocarditis and require hospitalisation. These cases would be managed as cases of myocarditis, and we assume the myocarditis-related hospitalisation costs, which were age-dependent in some countries.
	Based on data availability for each country, we assume that certain vaccine-related adverse events (vaccine-related myocarditis and anaphylaxis cases) may require hospitalisation.
	For all non-hospitalised symptomatic cases of COVID-19, we assume that a country-specific proportion will seek outpatient care (see country input parameter tables). Depending on data availability for each country, we calculated the outpatient care cost based on the healthcare utilisation rate for each type of outpatient care (primary care or emergency department) and the unit costs. 
	We assume that patients hospitalised for acute COVID-19 infections incur outpatient care costs in the recovery period, for example due to primary or other specialist care appointments. We apply these costs only to hospitalised patients who do not die in the hospital. These follow-up costs are incurred per hospitalised case, so readmitted cases incur outpatient costs only once. Resource use and unit costs varied by country depending on data availability.
	We assume that long COVID cases incur outpatient care costs, for example due to primary or other specialist care appointments. Healthcare utilisation and unit costs varied by country depending on data availability.
	Depending on data availability for each country, we also determine outpatient care costs for Grade 3 local/ systemic vaccine-related based on relevant healthcare utilisation and the unit costs.
	Patient’s productivity costs
	We calculated productivity losses associated with work that cannot be undertaken by patients due to morbidity and mortality. This includes workplace’s productivity losses associated with working time lost by individuals who are formally employed, and unpaid work productivity losses associated with lost time providing (non-market) care. 
	To value workplace productivity losses, we used OECD data and official sources when OECD data were not available. We calculated an adjusted population employment rate by multiplying the labour force participation rate (%) by the reciprocal of the unemployment rate (%). Labour force participation rates were categorised for the following OECD age categorisation groups: 18-24, 25-64 and 65-75. OECD unemployment rates were reported for the age groups 18-24 and 25-75 and are applied accordingly. Given a lack of standardised reporting across our selected countries and the higher rates of economic inactivity in adults aged 65+, we assume no labour force participation for those older than 75. To calculate the expected value per lost workday, we multiply average daily wages (obtained from official sources) by the adjusted population employment rate. All currency values were converted to 2023 values. Given a lack of age-specific data, average daily wages are assumed to be equal across the selected age groups. Assumptions around time-use and workdays lost for acute, long-term, and fatal outcomes are described in the following sections.
	To value unpaid work productivity losses, we found the percentage of the working-age (younger than 65 years) population and of the elderly (65-74) who are informal carers. Akin to the formal market, we assume no informal care provision by individuals older than 75, although this likely leads to an underestimation of the averted productivity costs given that elderly adults often provide a significant amount of informal care. Days of unpaid work lost are valued at the same rate as workplace productivity losses, as we assume that the value of unpaid labour is equivalent to that of paid labour (Park, Jit and Wu, 2018; Deloitte, 2020). We assume the same changes in time-use and workdays lost for acute, long-term, and fatal outcomes among informal carers as we do for formally employed workers, described in the section below.   
	Patient’s productivity costs were calculated in association with the acute, fatal and long-term outcomes of disease as described below.
	For each acute disease state, we assumed that patients are too ill to work (fully absent) for a specific number of workdays. For symptomatic infections which are not hospitalised, we assume a duration of presenteeism after the initial absenteeism period, in which patient productivity is reduced by a certain percentage for the remaining illness duration. Productivity loss of hospitalised cases is calculated as a sum of the period when the patient is fully absent prior to hospitalisation, during the length of their hospital stay, and for a full recovery period. For readmitted cases, the productivity loss associated with the length of hospital stay is incurred twice. 
	For infection-related and vaccine-related myocarditis episodes, we assume a productivity loss is incurred for the period in which the patient is fully absent during their hospital length of stay. The same assumption is applied to vaccine-related anaphylaxis cases. For other vaccine-related adverse events, we assume specific absenteeism periods based on the literature and country-specific data.
	All numbers of workdays lost are adjusted for the work week when necessary, assuming a 5-day work week. 
	For fatal outcomes, we estimate these using the human capital approach, which assumes that when a patient dies, their productivity loss lasts for the remainder of their working life. Accordingly, the productivity loss is a cost incurred annually from the age of infection until they would stop working at the cut-off age of 75. We approximated the value of each year of work lost based on the average annual pay, applying country-specific discount rates to productivity losses from the second year following infection. We apply these productivity losses differentially to patients of all age groups. For deaths among working-age patients, the productivity losses accrue until the formal retirement age, after which the value of the productivity loss is revised downward to reflect that some people stop working. The revised productivity loss is incurred until a cut-off age of 75 when everyone is assumed to stop working. For deaths among paediatric patients, the productivity losses accrue over a future period, beginning when they would reach the legal working age. The productivity value is adjusted to reflect the proportion of paediatric patients who would be working at different stages in life. For deaths among elderly patients (65+), the productivity loss value only applies until age 75.
	For long-term outcomes such as long COVID we consider time taken off work. However, there is no empirically agreed-upon duration of long COVID (Baimukhamedov, 2022). Based on the available data per country, the productivity loss of long COVID episodes is based on time taken off work (or reduced productivity) in severe long COVID cases or, where not modelled, severe cases.
	We also apply additional long-term productivity losses to long COVID-19 cases (working age or elderly) who prematurely leave the workforce or are unable to continue with unpaid work. This assumption is based on evidence that people affected by post-COVID-19 conditions experience changes in their employment status, with some dropping out of the workforce. Given the lack of country-specific data, we calculate an average value from two studies which suggests that these patients represent 1.23% of all long COVID-19 cases (Kerksieck et al., 2023; Ziauddeen et al., 2022). We do not differentiate between non-hospitalised and hospitalised (severe) long COVID-19 patients, which may result in an underestimation given that the study used has a relatively low proportion of hospitalised long COVID patients.
	Productivity losses of the long COVID-19 cases are calculated using the same approach and parameters as productivity losses due to premature mortality, using the human capital approach.
	We assume some level of caregiver productivity loss is accrued for non-hospitalised (outpatient) symptomatic infections among paediatric and elderly cases. We also assume that a percentage of long COVID patients (all ages) will require informal care from family members. We value all caregiving productivity losses of employed family members according to the opportunity cost method (van den Berg et al., 2006), using daily wages as a measure of their opportunity cost. We assume that caregiving family members are employed according to the formal employment rate, and that employed family members will incur some degree of productivity loss while caring for COVID-19 patients.
	We assume that each child under age 16 and a proportion of elderly patients aged 65+ (those who are not hospitalised and do not receive regular institutional/formal care) with a symptomatic outpatient infection will receive informal care from a working-age family member. When available, we use local data on COVID-19 (or similar) to approximate the proportion of employed family members who experience productivity losses due to caring for a sick child or elderly patient, and the average level of productivity loss due to providing care for a child/elderly patient with acute outpatient illness.
	We assume that a percentage of long COVID patients (all ages) will require informal care from family members. Given the long-term nature of this health state, we assume only a proportion of these long COVID cases will be significantly limited in daily activities and require care, and that only a proportion of their informal caregivers will have reduced paid work hours due to caregiving. If no specific data on the duration of caregiving for long COVID patients is available, we assume that caregivers’ productivity losses are accumulated for the same duration that long COVID patients themselves, on average, experience work-related absenteeism or presenteeism.
	This section includes the parameters used for all countries included in the model. We specify:
	1. Healthcare resource use and unit costs for each disease state, 
	2. Values used to calculate the patient and caregiver productivity losses associated with different disease states, 
	3. Healthcare resource use and unit costs and productivity losses associated with vaccine-related adverse events.
	The first (left) column in the tables indicates the COVID-19 outcome to which the parameter value is applied in the model, based on the outcome abbreviations listed in the box. In the last (right) column, we include all sources and, where needed, explanations for the parameter values used.  
	United Kingdom
	(NHS England, 2023)
	£28,642.58
	Hospitalisation cost
	H_CC
	(NHS England, 2023)
	£2,583.55
	Hospitalisation cost
	H_Non-CC
	Hospitalisation cost (ages 0-17)
	(NHS England, 2023)
	£2,527.59
	SLC
	(NHS England, 2023)
	£3,299.28
	Hospitalisation cost (ages 18+)
	SLC
	Weighted average for non-elective long stay for people aged less than 18 (NHS England, 2023)
	£9,279.23
	Hospitalisation cost (ages 0-17)
	MYO 
	Weighted average for non-elective long stay for people aged over 18. (NHS England, 2023)
	£4,577.57
	Hospitalisation cost (ages 18+)
	MYO
	(Tufts et al., 2023)
	34.91%
	Proportion not hospitalized who seek outpatient care
	NH
	(Whittaker et al., 2021)
	 0.88
	Primary care visit rate
	NH
	(Whittaker et al., 2021)
	 0.01
	Emergency visit rate 
	NH
	(Metry et al., 2022)
	 2
	Number of Chest X-rays, post-hospitalisation
	H_CC, H_Non-CC  
	(Metry et al., 2022)
	 6
	Number of GP visits, post-hospitalisation
	H_CC, H_Non-CC  
	Assumption, based on (Tufts et al., 2023)
	 1
	Outpatient care visit rate
	LC
	(Jones et al., 2023)
	£47.40
	Primary care visit cost
	NH, H_CC, H_Non-CC  
	(NHS England, 2023)
	£347.45
	Emergency department visit cost
	NH
	(NHS England, 2023)
	 £47.72
	Chest X-ray cost
	H_CC, H_Non-CC  
	Weighted average unit cost per long COVID patient calculated from estimates of the annual primary care resource use and costs associated with Long COVID in (Tufts et al., 2023)
	 £75.92
	Outpatient care cost
	LC
	Note: All costs are adjusted from the baseline year of the original estimate to 2023 GBP (£) using the relevant CPI; *Outpatient care cost per episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	(ONS, 2023a)
	£131.9
	Daily wage (overall)
	N/A
	LABOUR FORCE PARAMETERS
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from (OECD, 2023b; c)
	53.6%
	Formal employment rate (16-24)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	79.6%
	Formal employment rate (25-64)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	10.79%
	Formal employment rate (65-74)
	N/A
	(Department for Work and Pensions, 2023)
	3.53%
	Proportion of working age who are informal carers (16-64)
	N/A
	(Department for Work and Pensions, 2023)
	8.42%
	Proportion of elderly who are informal carers (65-74)
	N/A
	Recommendation for isolation for adults (5 days) (NHS, 2023) 
	3.57
	Absenteeism (days)
	NH
	DURATION OF PATIENT PRODUCTIVITY LOSSES*
	Calculated, workday-adjusted remainder of average illness duration (12 days) from (Medline, 2023), assuming 35% work impairment based on (Johnsen et al., 2021)
	1.75
	Presenteeism (days)
	NH
	Equivalent to length of stay for non-critical cases (Leclerc et al., 2021)
	6.26
	Absenteeism, Hospitalisation period (days)
	H_Non-CC
	Equivalent to length of stay for critical cases (Leclerc et al., 2021)
	8.96
	Absenteeism, Hospitalisation period (days)
	H_CC 
	Baseline calculated based on weighted average of employment status post-discharge data from (Halpin et al., 2021) 
	13.09
	Absenteeism, Hospitalisation, Recovery (days) 
	H_CC, H_Non-CC 
	Assumption, apply employment impact only to severe long COVID cases, based on (Reuschke, Houston and Sissons, 2024)
	0
	Absenteeism (days)
	LC
	Calculated, assuming that workers with severe long COVID and symptoms for less than 28 weeks work zero hours (Reuschke, Houston and Sissons, 2024). Weighted average derived based on data on symptom duration  (ONS, 2024) and proportion of severe cases (Kohli et al., 2024).
	28.43
	Absenteeism, Additional due to severe long COVID (days)
	SLC
	(Hospital Episode Statistics (HES), 2024). 
	4.77
	Absenteeism
	MYO
	Duration of adult illness (Medline, 2023)
	8.57
	Work-week adjusted duration of acute illness in adults (days)
	NH (ages ≥65)
	DURATION OF CAREGIVERS’ PRODUCTIVITY LOSSES*
	Calculated, remainder of proportion of people age 65+ receiving either formal or informal care or a mixture of both. (Department for Work and Pensions, 2023)
	89.87%
	Proportion of elderly requiring care from a working-age adult (%)
	NH (ages ≥65)
	Percentage of family or other unpaid caregivers who were employed and experienced care-giving related work productivity loss (Keita Fakeye et al., 2023)
	23.3%
	Proportion of family members experiencing productivity losses due to care for sick elderly (%)
	NH (ages ≥65)
	Productivity reduction among employed family caregivers reporting absenteeism or presenteeism due to caregiving of elderly (Keita Fakeye et al., 2023)
	34.0%
	Average productivity loss due to providing care for elderly (%)
	NH (ages ≥65)
	(Molteni et al., 2021a)
	4.29
	Work-week adjusted duration of acute illness in children (days)
	NH (ages ≤ 16)
	Due to a lack of evidence specific to paediatric patients, we use the assumption in (Keita Fakeye et al., 2023) on caregiving for older adults
	23.3%
	Proportion of family members experiencing productivity losses due to care for sick child (%)
	NH (ages ≤ 16)
	Due to a lack of evidence specific to paediatric patients, we use the assumption in (Keita Fakeye et al., 2023) on caregiving for older adults
	Average productivity loss due to providing care for sick child (%)
	NH (ages ≤ 16)
	34.0%
	Assumption, midpoint of follow-up duration (Waters and Wernham, 2022)
	19.6 weeks
	Work-week adjusted duration of long COVID 
	LC
	Due to a lack of evidence specific to paediatric patients, we use the assumption in (Keita Fakeye et al., 2023) on caregiving for older adults
	34.0%
	Average productivity loss due to providing care for a long COVID patient (%)
	LC
	(Kwon et al., 2023)
	31.7%
	Proportion of Long COVID patients requiring any informal care (%)
	LC
	(Kwon et al., 2023)
	22.8%
	Proportion of Long COVID caregivers having reduced paid work hours for caregiving (%)
	LC
	19.27%
	Proportion of long COVID cases severely limited in their ability to undertake daily activities (%)
	LC
	(ONS, 2023b)
	Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	Assumption
	0
	GP visits
	G3 local AE
	(Tsang et al., 2023)
	9.8%
	GP visits 
	G3 systemic AE
	Assumption
	100%
	Hospitalisation rate
	Anaphylaxis
	Assumption
	100%
	Hospitalisation rate
	Vaccine related myocarditis
	Assume patients only seek medical attention for headaches and lymphadenopathy. Unit cost is calculated by adjusting cost by percentage of the population who present to a general practice in England with an adverse event within 1 week of a COVID-19 vaccine from Tsang et al (2023), 9.82%. Medicinal costs for painkillers are excluded. 
	£4.65
	G3 systemic adverse event Unit Cost  
	Grade 3 systemic AE
	Utilising currency code WH05Z, opting for the non-elective short stay unit cost. A weighted average cost of the codes was taken, weighted by activity level (NHS England » National Cost Collection for the NHS, 2024).
	£506.13
	Anaphylaxis Unit Cost
	Anaphylaxis
	NHS England. 2021/22. (NHS England » National Cost Collection for the NHS, 2024). Accessed December 2023. Utilising currency code WH05Z, opting for the non-elective short stay unit cost. Value is a weighted average cost of the listed codes, weighted by activity level. 
	£4577.57
	Myocarditis Unit Cost  
	Vaccine-related myocarditis
	Due to lack of data assume same loss of time as Grade 3 systemic adverse event, Table 2 in (González-Celestino et al., 2023)
	0.54
	 Absenteeism (days)
	Grade 3 local AE
	DURATION OF PATIENT PRODUCTIVITY LOSSES*,**
	Table 2 in (González-Celestino et al., 2023)
	0.54
	 Absenteeism (days)
	Grade 3 systemic AE
	Weighted average of the mean length of stay for relevant diagnostic codes, weighted by activity level associated with anaphylactic shock. (Hospital Episode Statistics (HES), 2024)
	0.80
	 Absenteeism (days)
	Anaphylaxis
	Weighted average of mean length of stay of for relevant diagnostic codes containing myocarditis and pericarditis (Hospital Episode Statistics (HES), 2024). 
	2.61
	 Absenteeism (days)
	Vaccine-related myocarditis
	Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity parameters. Abbreviations: AE – adverse events
	Australia
	Calculated as a weighted average of the cost of ICU only and ICU + ventilator hospitalisations (Markey et al., 2023), with weights corresponding to the average probability of care setting (Australian Institute of Health and Welfare, 2023a). 
	A$49,845.51
	Hospitalisation cost
	H_CC
	(Markey et al., 2023)
	A$28,692.72
	Hospitalisation cost
	H_Non-CC
	State not modelled for the population aged 0-17
	N/A
	Hospitalisation cost (ages 0-17)
	SLC
	Calculated using the distribution of long COVID episodes by hospital care settings (Woldegiorgis et al., 2023) and costs (Markey et al., 2023)
	A$29,630.48
	Hospitalisation cost (ages 18+)
	SLC
	DRGs for endocarditis were used to estimate myocarditis costs. Costs for infection related myocarditis is estimated based on weighted major and minor DRGs (Independent Health and Aged Care Pricing Authority, 2021b, a; c)
	A$25,105.29
	Hospitalisation cost (ages 0-17)
	MYO 
	DRGs for endocarditis were used to estimate myocarditis costs. Costs for infection related myocarditis is estimated based on weighted major and minor DRGs (Independent Health and Aged Care Pricing Authority, 2021b, a; c)
	A$25,105.29
	Hospitalisation cost (ages 18+)
	MYO
	(Australian Institute of Health and Welfare, 2023b)
	51.5%
	Proportion not hospitalized who seek outpatient care
	NH
	(Australian Institute of Health and Welfare, 2023b)
	2.05
	Primary care visit rate
	NH
	(NSW Health, 2023)
	0.104
	Emergency visit rate 
	NH
	Excluded because no post-hospitalisation chest x-rays were assumed in Australia
	N/A
	Number of Chest X-rays, post-hospitalisation
	H_CC, H_Non-CC  
	Assumption, calculated based on probability of seeking 2 general practice consultations (63.3%) during hospitalisation recovery period (Menges et al., 2021)
	1.26
	Number of GP visits, post-hospitalisation
	H_CC, H_Non-CC  
	(Woldegiorgis et al., 2023)
	0.382
	Primary care visit rate
	LC
	(Woldegiorgis et al., 2023)
	0.039
	Emergency department visit rate
	LC
	(Australian Government Department of Health and Aged Care, 2024) 
	A$188.79
	Primary care visit cost
	NH, H_CC, H_Non-CC, LC  
	(Independent Health and Aged Care Pricing Authority, 2021c) 
	A$887.92 
	Emergency department visit cost
	NH, LC
	Excluded because no additional post-infections costs were assumed in Australia
	N/A
	Chest X-ray cost
	H_CC, H_Non-CC  
	Note: All costs are adjusted from the baseline year of the original estimate to 2023 AUD (A$) using the relevant CPI; *Outpatient care cost per episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	(Australian Bureau of Statistics, 2023b)
	278.82
	Daily wage (overall)
	N/A
	LABOUR FORCE PARAMETERS
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from (OECD, 2023b; c)
	64.73%
	Formal employment rate (16-24)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	80.08%
	Formal employment rate (25-64)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	14.60%
	Formal employment rate (65-74)
	N/A
	Proportion of Australians who provide informal care by age by (Australian Bureau of Statistics, 2020) weighted by population from (Australian Bureau of Statistics, 2023a)
	12.3%
	Proportion of working age who are informal carers (16-64)
	N/A
	Proportion of Australians who provide informal care by age by (Australian Bureau of Statistics, 2020) 
	18.7%
	Proportion of elderly who are informal carers (65-74)
	N/A
	(Prosser et al., 2019)
	3.57
	Absenteeism (days)
	NH
	DURATION OF PATIENT PRODUCTIVITY LOSSES*
	Calculated, remainder of average illness duration (12 days) from (Medline, 2023), assuming 35% work impairment based on (Johnsen et al., 2021)
	1.75
	Presenteeism (days)
	NH
	Based on LoS (Department of Health and Aged Care, 2023)
	7.79
	Absenteeism, Hospitalisation period (days)
	H_Non-CC
	Calculated as a weighted average of the LoS of ICU only and ICU+ ventilator hospitalisations (Markey et al., 2023), with weights corresponding to the average probability of care setting (Australian Institute of Health and Welfare, 2023a).
	15.57
	Absenteeism, Hospitalisation period (days)
	H_CC 
	(Chopra et al., 2020)
	19.29
	Absenteeism, Hospitalisation, Recovery (days) 
	H_CC, H_Non-CC 
	Assumption, apply employment impact only to severe long COVID cases, based on (Reuschke, Houston and Sissons, 2024)
	0
	Absenteeism (days)
	LC
	(Ham, 2022) 
	24.66
	Absenteeism, Additional due to severe long COVID (days)
	SLC
	Assumption, based on data from (Kohli et al., 2023)
	2.14
	Absenteeism
	MYO
	Work-week adjusted duration of acute illness in adults (days)
	NH (ages ≥65)
	DURATION OF CAREGIVERS’ PRODUCTIVITY LOSSES*
	Calculated from (Medline, 2023) ( x 5/7) 
	8.57
	Remaining proportion of elderly population (65+) who are not receiving formal or informal care (OECD, 2021)
	85.9%
	Proportion of elderly requiring care from a working-age adult (%)
	NH (ages ≥65)
	Same as assumption used for UK. US study reporting proportion of employed family caregivers reporting either absenteeism or presenteeism over a 1-month period owing to caregiving from (Keita Fakeye et al., 2023)
	23.30%
	Proportion of family members experiencing productivity losses due to care for sick elderly (%)
	NH (ages ≥65)
	Same as assumption used for UK. US study reporting level of work productivity loss among caregivers affected by any productivity loss from (Keita Fakeye et al., 2023)
	34%
	Average productivity loss due to providing care for elderly (%)
	NH (ages ≥65)
	(Molteni et al., 2021)
	4.29
	Work-week adjusted duration of acute illness in children (days)
	NH (ages ≤ 16)
	(Willis et al., 2019) percentage of parents who take time off to care for a child with influenza
	53.4%
	Proportion of family members experiencing productivity losses due to care for sick child (%)
	NH (ages ≤ 16)
	(MSD, 2023)
	25%
	Average productivity loss due to providing care for sick child (%)
	NH (ages ≤ 16)
	(MSD, 2023) 
	64
	Work-week adjusted duration of long COVID 
	LC
	Due to no data on long COVID, based on the number of caregiving hours per week provided by primary caregivers of elderly and disabled people in Australia (Deloitte, 2020)
	21%
	Average productivity loss due to providing care for a long COVID patient (%)
	LC
	Due to limited availability of country-specific data on long COVID, use UK values from (Kwon et al., 2023), assuming same given same disease across countries. 
	31.70%
	Proportion of Long COVID patients requiring any informal care (%)
	LC
	Due to limited availability of country-specific data on long COVID, use UK values from (Kwon et al., 2023), assuming same given same disease across countries.
	22.80%
	Proportion of Long COVID caregivers having reduced paid work hours for caregiving (%)
	LC
	European workers with long COVID whose activities are limited ‘a lot’ (Ramos et al., 2024)
	30%
	Proportion of long COVID cases severely limited in their ability to undertake daily activities (%)
	LC
	Notes: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	(AusVaxSafety, 2023)
	1.98%
	GP visits
	G3 local AE
	Assumption, based on (Lee et al., 2024)
	100%
	Steroid cream use
	G3 local AE
	(AusVaxSafety, 2023)
	1.98%
	GP visits 
	G3 systemic AE
	Assumption, based on (Lee et al., 2024) 
	100%
	Paracetamol use
	G3 systemic AE
	Assumption
	100%
	Hospitalisation rate
	Anaphylaxis
	Assumption
	100%
	Hospitalisation rate
	Vaccine related myocarditis
	(Australian Government Department of Health and Aged Care, 2024)
	A$42.11
	GP visit  
	G3 local AE, GP systemic AE
	Pharmaceutical benefits scheme code 10800K in (Australian Government Department of Health, 2023)
	A$30.00
	Steroid cream cost
	G3 local AE
	Pharmaceutical benefits scheme code 10582Y in (Australian Government Department of Health, 2023)
	A$7.30
	Paracetamol 500 mg tablet cost
	G3 systemic AE
	Calculated, using DRG separations and inlier weights from the national hospital cost data collection (NHCDC) tables and national efficient price (NEP) determination (2020–21) price weight tables from  (Independent Health and Aged Care Pricing Authority, 2021b, a; c)
	A$975.87
	Anaphylaxis Unit Cost
	Anaphylaxis
	Calculated, using DRG separations and inlier weights from the national hospital cost data collection (NHCDC) tables and national efficient price (NEP) determination (2020–21) price weight tables from  (Independent Health and Aged Care Pricing Authority, 2021b, a; c)
	A$12,373.83
	Myocarditis Unit Cost  
	Vaccine-related myocarditis
	Due to a lack of data for Australia, assume the same values as for Japan based on (Fust et al., 2024a). 
	0.50
	 Absenteeism (days)
	Grade 3 local AE
	DURATION OF PATIENT PRODUCTIVITY LOSSES*, **
	Due to a lack of data for Australia, assume the same values as for Japan based on (Fust et al., 2024a).
	0.50
	 Absenteeism (days)
	Grade 3 systemic AE
	Due to a lack of data for Australia, assume the same values as for Japan based on (Fust et al., 2024a). Assumption based on US data (inpatient length of stay of 2 days and 8 hours missed per day) (AHRQ, 2018)
	1.43
	 Absenteeism (days)
	Anaphylaxis
	Assumption, based on inpatient LoS of 2.3 days from (Varma et al., 2022)
	Vaccine-related myocarditis
	1.64
	 Absenteeism (days)
	Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity parameters. Abbreviations: AE – adverse events
	Japan
	(Igarashi and Maeda, 2023)
	¥1,366,787
	Hospitalisation cost
	H_CC
	(Igarashi and Maeda, 2023)
	¥508,683
	Hospitalisation cost
	H_Non-CC
	Hospitalisation cost (ages 0-17)
	Excluded - disease state not included for Japan
	N/A
	SLC
	Hospitalisation cost (ages 18+)
	Excluded - disease state not included for Japan
	N/A
	SLC
	Hospitalisation cost (ages 0-17)
	(Igarashi and Maeda, 2023)
	 ¥20,262
	MYO 
	Hospitalisation cost (ages 18+)
	(Igarashi and Maeda, 2023) 
	¥20,262
	MYO
	Proportion not hospitalized who seek outpatient care
	(Fust et al., 2024a)
	0.49
	NH
	Calculated, taking the total outpatient care cost by (Fust et al., 2024a) (¥65,361) and dividing it by the cost per outpatient care episode in (Nagano et al., 2024a) (¥28,054)
	2.33
	Primary care visit rate
	NH
	Assumed, primary care rate captures whole outpatient care resource use
	 0
	Emergency visit rate 
	NH
	Number of Chest X-rays, post-hospitalisation
	H_CC, H_Non-CC  
	Assumption
	 N/A
	Assumed, the hospitalisation costs used by (Igarashi and Maeda, 2023)  include follow-up treatment cost up to 6 months post-discharge
	Number of GP visits, post-hospitalisation
	H_CC, H_Non-CC  
	 0
	Assumed, taking the total long COVID cost by Nagano et al (¥107,725) et al and dividing it by the cost per outpatient care episode (¥28,054)
	3.84
	Primary care visit rate
	LC
	NH, H_CC, H_Non-CC, LC  
	(Nagano et al., 2024a)
	¥28,054
	Primary care visit cost
	None assumed in Japan
	Emergency department visit cost
	N/A
	NH
	None assumed in Japan
	H_CC, H_Non-CC  
	N/A
	Chest X-ray cost
	Note: All costs are adjusted from the baseline year of the original estimate to 2023 JPY (¥) using the relevant CPI; *Outpatient care cost per episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	(e-STAT, 2023)
	¥18700.00
	Daily wage (overall)
	N/A
	LABOUR FORCE PARAMETERS
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from (OECD, 2023b; c)
	N/A
	Formal employment rate (16-24)
	46.75%
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	N/A
	Formal employment rate (25-64)
	84.52%
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	N/A
	Formal employment rate (65-74)
	24.99%
	Age-weighted from (Statistics Bureau of Japan, 2021)
	Proportion of working age who are informal carers (16-64)
	N/A
	5.71%
	Age-weighted from (Statistics Bureau of Japan, 2021)
	Proportion of elderly who are informal carers (65-74)
	N/A
	8.80%
	DURATION OF PATIENT PRODUCTIVITY LOSSES*
	3.57
	Absenteeism (days)
	NH
	(Fust et al., 2024b)
	Calculated, workday-adjusted remainder of average illness duration (12 days) from (Medline, 2023), assuming 35% work impairment based on (Johnsen et al., 2021)
	1.75
	Presenteeism (days)
	NH
	Absenteeism, Hospitalisation period (days)
	H_Non-CC, H_CC 
	Adjusted 10 days LoS from (MHLW, 2023).
	7.14
	Subtracting LoS from 21 days used in (Nagano et al., 2024a) as the total number of working days lost for general ward patients (LoS + recovery).
	Absenteeism, Hospitalisation, Recovery (days) 
	13.86
	H_Non-CC 
	Subtracting LoS from 40 days used in (Nagano et al., 2024a) as the total number of working days lost for ICU patients (LoS + recovery)
	Absenteeism, Hospitalisation period (days)
	32.86 
	H_CC
	Calculated, assuming a proportion of long COVID cases switches to zero hours of work (Waters and Wernham, 2022) for one year. 
	23.23
	Absenteeism (days)
	LC
	Absenteeism, Additional due to severe long COVID (days)
	Excluded - disease state not included for Japan
	N/A
	SLC
	Assumption based on US data used in (Fust et al., 2024a)
	2.14
	Absenteeism
	MYO
	Work-week adjusted duration of acute illness in adults (days)
	DURATION OF CAREGIVERS’ PRODUCTIVITY LOSSES*
	NH (ages ≥65)
	Calculated from 12 days (Medline, 2023) 
	8.57
	Remaining proportion of elderly population (65+) not receiving formal or informal care from (Fu, Iizuka and Noguchi, 2023)
	Proportion of elderly requiring care from a working-age adult (%)
	NH (ages ≥65)
	89%
	Percentage of employed adults who become the primary caregivers when parent/parent in-law became in need of care (48%), adjusted by percentage who are in regular employment (45%) from (Niimi, 2021)
	Proportion of family members experiencing productivity losses due to care for sick elderly (%)
	NH (ages ≥65)
	23.3%
	Assumption, using mean overall work impairment from (Igarashi et al., 2020) for caregivers of elderly dementia patient in Japan. 
	Average productivity loss due to providing care for elderly (%)
	NH (ages ≥65)
	28.9%
	Assumption, illness duration in symptomatic UK school-aged children (6 days) from (Molteni et al., 2021b). Assumed to be applicable across countries in the case of a lack of country-specific data, same virus. 
	NH (ages ≤ 16)
	4.29
	Work-week adjusted duration of acute illness in children (days)
	Assumption from (Fukushima et al., 2018) - almost a fifth of parents took leave at work to care for their children with influenza. 
	Proportion of family members experiencing productivity losses due to care for sick child (%)
	NH (ages ≤ 16)
	20%
	Assumption, based on Asia Pacific report (MSD, 2023)
	Average productivity loss due to providing care for sick child (%)
	NH (ages ≤ 16)
	25%
	Clinical case definition of long COVID (12 weeks), same as (Nagano et al., 2024a).
	Work-week adjusted duration of long COVID 
	60
	LC
	Due to a lack of evidence specific to Long COVID patients, we use the mean overall work impairment from (Igarashi et al., 2020) for caregivers of elderly dementia patients in Japan
	Average productivity loss due to providing care for a long COVID patient (%)
	28.9%
	LC
	Due to limited availability of country-specific data on long COVID, we assume UK values from (Kwon et al., 2023)
	Proportion of long COVID patients requiring any informal care (%)
	31.7%
	LC
	Due to limited availability of country-specific data on long COVID, we assume UK values from (Kwon et al., 2023).
	Proportion of long COVID caregivers having reduced paid work hours for caregiving (%)
	22.8%
	LC
	Due to limited availability of country-specific data on long COVID, we assume UK values from (Kwon et al., 2023).
	Proportion of long COVID cases severely limited in their ability to undertake daily activities (%)
	19.2%
	LC
	Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	(Teng et al., 2022) cited in (Fust et al., 2024b)
	0
	GP visits
	G3 local AE
	(Teng et al., 2022) cited in  (Fust et al., 2024b)
	20%
	GP visits 
	G3 systemic AE
	60% assumed hospitalised, 40% assumed ED visit (Teng et al., 2022) cited in  (Fust et al., 2024b)
	100%
	Hospitalisation or ED visit rate
	Anaphylaxis
	Assumption, in line with  (Fust et al., 2024b)
	100%
	Hospitalisation rate
	Vaccine related myocarditis
	(Teng et al., 2022) cited in (Fust et al., 2024a)
	0
	GP visits
	G3 local AE
	(Teng et al., 2022) cited in (Fust et al., 2024a).
	788.00
	G3 systemic adverse event Unit Cost  
	Grade 3 systemic AE
	(Teng et al., 2022) cited in (Fust et al., 2024a).
	128,733
	Anaphylaxis Unit Cost
	Anaphylaxis
	(DeSC Healthcare. Insurance Database., 2023) cited in (Fust et al., 2024a).
	20,262
	Myocarditis Unit Cost  
	Vaccine-related myocarditis
	Assumption, in line with  (Fust et al., 2024a).
	0.50
	 Absenteeism (days)
	Grade 3 local AE
	Assumption, in line with  (Fust et al., 2024a)
	0.50
	 Absenteeism (days)
	Grade 3 systemic AE
	Assumption, in line with  (Fust et al., 2024a). Based on US data (inpatient length of stay of 2 days and 8 hours missed per day) (AHRQ, 2018).
	1.43
	 Absenteeism (days)
	Anaphylaxis
	Assumption, in line with  (Fust et al., 2024a). Based on US data (inpatient length of stay of 2.25 days and 8 hours missed per day) (AHRQ, 2018).
	1.61
	 Absenteeism (days)
	Vaccine related myocarditis
	Note: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity parameters. Abbreviations: AE – adverse events
	Netherlands
	(Rozenbaum et al., 2015) cited in (Zeevat et al., 2024) based on costs for individuals hospitalised with community-acquired pneumonia
	€18375.00
	Hospitalisation cost
	H_CC
	(Rozenbaum et al., 2015) cited in (Zeevat et al., 2024), based on costs for individuals hospitalised with community-acquired pneumonia
	€6577.00
	Hospitalisation cost
	H_Non-CC
	Disease state not included in the Netherlands model
	Hospitalisation cost (ages 0-17)
	N/A
	SLC
	Disease state not included in the Netherlands model
	Hospitalisation cost (ages 18+)
	N/A
	SLC
	Age group not included in the Netherlands model
	Hospitalisation cost (ages 0-17)
	N/A
	MYO 
	(Prosser et al., 2019) cited in (Zeevat et al., 2024)
	Hospitalisation cost (ages 18+)
	€4681.40
	MYO
	Proportion not hospitalized who seek outpatient care
	(Zeevat et al., 2021) 
	29.6%
	NH
	Assumption
	1
	Primary care visit rate
	NH
	Assumption
	 0
	Emergency visit rate 
	NH
	Number of Chest X-rays, post-hospitalisation
	H_CC, H_Non-CC  
	Assumption
	 N/A
	Assumed, based on ratio of outpatient care cost for hospitalised cases (€117 from (Zeevat et al., 2024)) and non-hospitalised cases (€40.31)
	Number of Primary care visits, post-hospitalisation
	H_CC, H_Non-CC  
	 2.8
	Assumed, based on ratio of outpatient care cost of long COVID (€144.25 from (Fens et al., 2022)) and non-hospitalised cases (€40.31)
	 3.58
	Primary care visit rate
	LC
	Dutch Costing Manual (Ministerie van Volksgezondheid, 2016) cited in (Zeevat et al., 2024)
	NH, H_CC, H_Non-CC, LC 
	40.31
	Primary care visit cost
	Note: All costs are adjusted from the baseline year of the original estimate to 2023 EUR (€) using the relevant CPI; *Outpatient care cost per episode derived by multiplying resource use by relevant unit costs. Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	Dutch Statistics (StatLine - Werkzame beroepsbevolking; arbeidsduur, 2003-2022, 2023) and Dutch Costing Manual (Ministerie van Volksgezondheid, 2016)
	194.67
	Daily wage (overall)
	N/A
	LABOUR FORCE PARAMETERS
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from (OECD, 2023b; c)
	74.93%
	Formal employment rate (16-24)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	83.27%
	Formal employment rate (25-64)
	N/A
	Calculated by adjusting the labour force participation rate (%) for each age group by the unemployment rate (%) from  (OECD, 2023b; c)
	10.73%
	Formal employment rate (65-74)
	N/A
	Table 4 (European Commission and Zigante, 2018) 
	3.00%
	Proportion of working age who are informal carers (16-64)
	N/A
	Share of daily informal carers among the population aged 50 and over, from Health at a Glance 2023 Report (OECD, 2023a). 
	6.74%
	Proportion of elderly who are informal carers (65-74)
	N/A
	(Postma et al., 2005) cited in (Zeevat et al., 2024)
	3.50
	Absenteeism (days)
	NH
	DURATION OF PATIENT PRODUCTIVITY LOSSES*
	(Postma et al., 2005) cited in (Zeevat et al., 2024)
	1.75
	Presenteeism (days)
	NH
	(Bekker, uit het Broek and Koole, 2023) cited in (Zeevat et al., 2024)
	6.02
	Absenteeism, Hospitalisation period (days)
	H_Non-CC
	(Bekker, uit het Broek and Koole, 2023) cited in (Zeevat et al., 2024)
	11.89
	Absenteeism, Hospitalisation period (days)
	H_CC 
	(Chopra et al., 2020) cited in (Zeevat et al., 2024).
	19.29
	Absenteeism, Hospitalisation, Recovery (days) 
	H_CC, H_Non-CC 
	(Zeevat et al., 2024)
	11
	Absenteeism (days)
	LC
	Disease state not included in Netherlands model
	N/A
	Absenteeism, Additional due to severe long COVID (days)
	SLC
	Age-weighted average, based on (StatLine - Ziekenhuisopnamen en -patiënten; diagnose-indeling ICD-10 (3-teken niveau), 2023) data cited in (Zeevat et al., 2024)
	5.03
	Absenteeism
	MYO
	Calculated from 12 days (Medline, 2023) 
	8.57
	Work-week adjusted duration of acute illness in adults (days)
	NH (ages ≥65)
	DURATION OF CAREGIVERS’ PRODUCTIVITY LOSSES*
	Remaining  proportion of elderly population (65+) who are not receiving formal or informal care (OECD, 2021)
	88.10%
	Proportion of elderly requiring care from a working-age adult (%)
	NH (ages ≥65)
	Assumption, same as UK. Proportion of employed family caregivers reporting either absenteeism or presenteeism over a 1-month period owing to caregiving from (Keita Fakeye et al., 2023)
	23.30%
	Proportion of family members experiencing productivity losses due to care for sick elderly (%)
	NH (ages ≥65)
	Assumption, same as UK. Level of work productivity loss among caregivers affected by any productivity loss from (Keita Fakeye et al., 2023)
	34.00%
	Average productivity loss due to providing care for elderly (%)
	NH (ages ≥65)
	Age group not included in Netherlands model
	N/A
	Work-week adjusted duration of acute illness in children (days)
	NH (ages ≤ 16)
	Age group not included in Netherlands model
	N/A
	Proportion of family members experiencing productivity losses due to care for sick child (%)
	NH (ages ≤ 16)
	Age group not included in Netherlands model
	N/A
	Average productivity loss due to providing care for sick child (%)
	NH (ages ≤ 16)
	Dutch National Institute for Public Health and the Environment (RIVM) guidance on Long COVID, number of patients declines from 4 weeks after COVID and continues to decline after 12 weeks (60 days)
	43
	Work-week adjusted duration of long COVID 
	LC
	Due to a lack of evidence specific to Long COVID patients, we use the assumption by (Elayan et al., 2024) on productivity losses due to long-term care
	28.93%
	Average productivity loss due to providing care for a long COVID patient (%)
	LC
	Due to limited availability of country-specific data on long COVID, use UK values from (Kwon et al., 2023), assuming same given same disease across countries. 
	31.70%
	Proportion of Long COVID patients requiring any informal care (%)
	LC
	Due to limited availability of country-specific data on long COVID, use UK values from (Kwon et al., 2023), assuming same given same disease across countries.
	22.80%
	Proportion of Long COVID caregivers having reduced paid work hours for caregiving (%)
	LC
	European workers with long COVID whose activities are limited ‘a lot’ (Ramos et al., 2024)
	30%
	Proportion of long COVID cases severely limited in their ability to undertake daily activities (%)
	LC
	Note: *Days adjusted by length of working week (x 5/7). Abbreviations: NH - symptomatic infections, not hospitalised, H_CC - symptomatic infections, hospitalised, critical care, H_Non-CC - symptomatic infections, hospitalised non-critical care, LC - long covid, SLC - Severe long covid, MYO - Disease-related myocarditis
	GP visits
	G3 local AE, G3 systemic AE
	Assumption, no GP visits assumed in (Zeevat et al., 2024) for G3 local and systemic adverse events, just expenses for painkillers 
	N/A
	Assumption, expenses for painkillers assumed in (Zeevat et al., 2024) for G3 local and systemic adverse events
	Painkiller
	G3 local AE, G3 systemic AE
	100%
	Assumption: only ED visits assumed for anaphylaxis cases in (Zeevat et al., 2024)
	Hospitalisation rate
	Anaphylaxis
	N/A
	Assumption: ED visits assumed for all anaphylaxis cases in (Zeevat et al., 2024)
	ED visit rate
	Anaphylaxis
	100%
	Hospitalisation rate
	Vaccine related myocarditis
	Assume 1 hospitalisation (5.3 days) as in (Zeevat et al., 2024)
	100%
	Painkiller Unit cost
	G3 local AE, G3 systemic AE
	Cost of painkillers, Medicijnkosten.nl (Nederland, 2023) in Moderna paper
	€0.24
	Dutch Costing Manual (Ministerie van Volksgezondheid, 2016) in (Zeevat et al., 2024)
	€316.40
	ED visit Cost
	Anaphylaxis
	Dutch Costing Manual (Ministerie van Volksgezondheid, 2016) in (Zeevat et al., 2024), based on hospital LoS
	Vaccine related myocarditis
	€3,082
	Hospitalisation Cost  
	Assumption, (Zeevat et al., 2024)
	Grade 3 local AE
	DURATION OF PATIENT PRODUCTIVITY LOSSES*,**
	 Absenteeism (days)
	N/A
	Assumption, (Zeevat et al., 2024)
	Grade 3 systemic AE
	 Absenteeism (days)
	N/A
	Dutch statistics (StatLine - Ziekenhuisopnamen en -patiënten; diagnose-indeling ICD-10 (3-teken niveau), 2023) cited in (Zeevat et al., 2024). 
	 Absenteeism (days)
	Anaphylaxis
	0.71
	Dutch statistics (StatLine - Ziekenhuisopnamen en -patiënten; diagnose-indeling ICD-10 (3-teken niveau), 2023) cited in (Zeevat et al., 2024). 
	Vaccine related myocarditis
	 Absenteeism (days)
	2.14
	Notes: *Days are adjusted for the work week (x 5/7); **Total adverse event productivity costs are calculated using formal workplace productivity parameters. Abbreviations: AE – adverse events
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