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Abstract
Background  Economic cost estimates have the potential to provide a valuable alternative perspective on the COVID-19 
burden. We estimate the premature mortality productivity costs associated with COVID-19 across Europe.
Methods  We calculated excess deaths between the date the cumulative total of COVID-19 deaths reached 10 in a country 
to 15th May 2020 for nine countries (Belgium, France, Germany, Italy, The Netherlands, Portugal, Spain, Sweden and 
Switzerland). Gender- and age-specific excess deaths and Years of Potential Productive Life Lost (YPPLL) between 30 and 
74 years were calculated and converted into premature mortality productivity costs €2020 for paid and unpaid work using 
the Human Capital and the Proxy Good Approaches. Costs were discounted at 3.5%.
Results  Total estimated excess deaths across the nine countries were 18,614 (77% in men) and YPPLL were 134,190 (77% 
male). Total paid premature mortality costs were €1.07 billion (87% male) with Spain (€0.35 billion, 33.0% of total), Italy 
(€0.22 billion; 20.6%) and The Netherlands (€0.19 billion; 17.5%) ranking highest. Total paid and unpaid premature mortality 
costs were €2.89 billion (77% male). Premature mortality costs per death ranged between €40,382 (France) and €350,325 
(Switzerland). Spain experienced the highest premature mortality cost as a proportion of Gross Domestic Product (0.11%).
Conclusion  Even in the initial period of the pandemic in Europe, COVID-19-related premature mortality costs were signifi-
cant across Europe. We provide policy makers and researchers with a valuable alternative perspective on the burden of the 
virus and highlight potential economic savings that may be accrued by applying timely public health measures.
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Introduction

The COVID-19 pandemic has spread rapidly across the 
globe affecting individuals, populations and the wider 
macroeconomy [1]. Public health measures including lock-
downs, physical distancing, closure of schools and non-
essential business, and travel restrictions are struggling to 
mitigate the spread of disease [1]. The global number of 
infections and deaths continues to rise and the economy 
looks set to enter one of the deepest recessions for 8 dec-
ades [2, 3]. These human, health and economic tolls are all 
intertwined and offer alternative perspectives on a growing 
global burden [2].

Europe accounted for one in five COVID-19 infections 
globally and two in five COVID-19-related deaths as of 1st 
June 2020 [2]. Older people with comorbidities are most at 
risk of death with those aged over 70 accounting for 85% 
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of all COVID-19-related deaths across Europe [2]. How-
ever, younger people with no known comorbidities can 
also experience rapid decline and death. While numbers of 
deaths from COVID-19 are useful for assessing the popula-
tion disease health burden, these have some well recognised 
limitations, including differences in definitions and methods 
of counting and disregard of deaths that are indirectly due 
to the virus [4]. Policymakers require a range of measures 
to appropriately assess the societal burden and make effi-
cient resources allocation decisions; these include economic 
metrics.

Economic cost estimates have the potential to provide a 
valuable alternative perspective on the burden of disease. 
They can facilitate evaluation of the costs and potential 
future benefits to society of past and future policy inter-
ventions (e.g. those aimed at ‘flattening the curve’ of the 
COVID-19 pandemic). The economic costs of a specific 
condition can be compared with those for other health prob-
lems to inform efficient resource allocation decisions such 
as rationing and population restrictions including lockdowns 
[5, 6].

Estimated direct healthcare costs of $3045 per COVID-
19 case in the US have been reported [7]. However, indirect 
costs can account for a significant proportion of the total 
economic cost of diseases and include the monetary value 
of productivity loss arising from absence from paid work 
and other unpaid activities (e.g. caring) due to morbidity 
and mortality [8]. Premature mortality is a major contribu-
tor of these costs and can impact on the potential for future 
economic growth [9].

We estimate, for the first time, the premature mortality 
costs associated with COVID-19-related excess mortality 
across nine European countries during the initial months 
of the outbreak. We employ a societal perspective using the 
human capital approach (HCA) and the proxy good approach 
(PGA). The results will support attempts to measure the effi-
ciency of public health containment measures so far and 
inform future policy initiatives that aim to minimise the eco-
nomic burden, in addition to the population health burden, 
of the disease.

Methods

General approach

We focus on excess premature mortality during the initial 
phase of the COVID-19 outbreak up until 15th May 2020. 
We define premature mortality as excess mortality in the 
population over our study period, that is deaths from all 
causes in the study period, compared to average deaths from 
all causes over the same period for the previous 5 years for 
each country (baseline mortality) (except for France, see 

below); excess mortality is considered the most appropri-
ate epidemiological measure of the mortality impact of a 
pandemic, as it captures deaths directly due to infection, and 
deaths indirectly due to the pandemic, for example, because 
of delayed access to healthcare [10]. Countries selected 
included: Belgium, France, Germany, Italy, The Nether-
lands, Portugal, Spain, Sweden and Switzerland, where data 
were available in sufficient detail by gender and by age. We 
calculated years of potential productive life lost (YPPLL) for 
males and females aged between 30 and 74.

We applied the HCA to value YPPLL for paid work of 
employed individuals [11]. Unpaid work of employed and 
non-employed individuals was valued by the PGA [8]. Lei-
sure time is not valued. Productivity costs were expressed 
in 2020 Euros.

Data sources

Excess mortality data

Mortality data for our selected countries (except Germany) 
from 2015 to the 20th week of 2020 (week ending 15th May) 
were sourced from an exceptional temporary database col-
lection from Eurostat [12]. Mortality data were aggregated 
by gender and by age (5 year age bands from 0 to 90+ years), 
on a weekly basis. Baseline (usual pre-pandemic) mortality 
was based on data for 2015–2019, except for France where 
2018 and 2019 were taken as the baseline due to data una-
vailability. Mortality data for Germany from 2015, reported 
on a weekly basis, were sourced from the Federal Statistical 
Office [13], aggregated by age only (0–30, 30–50, 50–55, 
and 5-year age bands up to 95).

Economic data

Paid work We sourced average gross annual earnings by 
gender, age group (30–39, 40–49, 50–59, 60+) and country 
[14]. Wages were inflated to 2020 values using the Har-
monized Index of Consumer Price and future wage growth 
was approximated by per country Gross Domestic Product 
(GDP) growth between 2000 and 2018 [15]. We sourced 
unemployment rates and labour force participation rates by 
gender and age (< 30, 30–39, 40–49, 50–59, 60–64, 65–74) 
[16].

Unpaid work “Time Use Survey 2010” was used for pop-
ulation level estimates of unpaid work [17]. Unpaid pro-
duction was categorised by: (1) household work including 
food preparation and house cleaning for example; (2) family 
care including childcare and informal help to household and 
non-household members and (3) organisational work (e.g. 
volunteer work). Unpaid work time was stratified by coun-
try and gender. Time spent on non-paid activity by those 
in paid work and those not in paid work was differentiated. 
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Time allocated to household work was valued at the rate 
of country-specific ‘Elementary Occupation’ wages which 
included occupations such as cleaners and helpers and food 
preparation assistants. Family care and organisational work 
was valued at the rate of ‘Services and Sales Workers Per-
sonal’ which included, amongst others, services workers and 
personal care workers [18].

Theoretical background

There are numerous avenues by which an infectious dis-
ease influences the economy. Population health in terms of 
increased life expectancy and reduced mortality is positively 
associated with economic welfare and growth, and hence 
negative health shocks invariably impact the economy over 
time. Following the theory of human capital [19], we applied 
the Human Capital Approach (HCA) [11] to value the 
years of potential productive life lost following a COVID-
19-related premature death for employed individuals. The 
model views health as a durable capital stock that produces 
an output of healthy time [11]. In terms of application, the 
HCA involves the adoption of a societal, or welfare-based, 
perspective to measure the potential stream of output that 
could have been produced over the course of a lifetime. This 
approach assumes a loss of productivity at work and at home 
following a reduction in health status or death. The total 
value of production lost is set equal to the present value of 
all lost future earnings of the individual up to the age of 
retirement [8]. Non-paid work of the employed and non-
employed was costed by the PGA. The PGA assumes that 
time allocated to non-market activities can be valued at its 
shadow price or a market wage equivalent. The PGA can 
be used to value time spent on household tasks and caring 
not remunerated by the market. A market equivalent wage 
for a close substitute activity is used to value the unpaid 
productivity lost based on the cost of hiring a paid worker 
to perform the task [8].

Estimation approach

The first step in the analysis was to calculate excess mortal-
ity. Since the pandemic took hold at different times in each 
country, the study period varied; the starting date was the 
week in which the cumulative total of COVID-19-related 
deaths reached 10 in that country (refer to Supplementary 
Table 1); the end date was 1st May 2020 (for France and 
Italy) and 15th May 2020 (for Belgium, Germany, The Neth-
erlands, Spain, Sweden and Switzerland). For each coun-
try, gender and age group, excess deaths were calculated by 
subtracting the number of deaths in the study period by the 
annual average over the same time period in 2015–2019 (or 
2018–2019 for France).

To be able to synthesise mortality data and economic data 
with differing age classes, we disaggregated excess deaths 
into mortality by year of age. For example, if there were 100 
deaths in the age class 55–59, this was disaggregated into 
a uniform distribution of 20 deaths at age 55, 20 at age 56, 
etc. We further performed a linear interpolation between 
mortality counts at the midpoint of each age class, essen-
tially smoothing between the different mortality counts of 
each age class. Inspection of excess mortality by age and 
gender revealed no notable excess mortality under 30 in any 
country, therefore, we restricted consideration to age 30 and 
older. In addition, any negative values in excess mortality for 
a particular age above 30 were set at zero, under the assump-
tion that COVID-19 did not have any beneficial effects in 
terms of mortality in the study period.

For each excess death, we estimated YPPLL relative to 
an upper age limit of 75. To estimate premature mortal-
ity costs, for each excess death, we multiplied YPPLL by 
country- gender- and age-adjusted market wages adjusting 
for country-specific annual GDP growth, and discounting 
future earnings by 3.5% annually [20]. We accounted for 
the effect of hypothetical potential future age progression 
of individuals had they lived—on wage, labour force par-
ticipation and unemployment probabilities. Estimates were 
summed to produce total premature mortality costs, by coun-
try, sex and age group. Each YPPLL was also apportioned 
a time allocated to non-paid work and estimated time spent 
on each unpaid non-market activity was multiplied by the 
relevant (substitute) market wage, aggregated to an annual 
cost and summed. Costs per death were calculated as total 
premature mortality costs (by cost type) divided by the num-
ber of excess deaths per country, and total paid premature 
mortality costs were compared as a percentage of Quarter 2 
2019 GDP by country.

Results

Excess deaths and years of potential productive life 
lost (YPPLL) by country and gender

The total estimated excess deaths between the ages of 30 and 
74 up to 15th May 2020 across the nine European countries 
was 18,614 (Table 1). Male deaths represented 76.7% of the 
total. Spain recorded the highest number of deaths (7573, 
with males accounting for 73.1%) followed by Italy (4201 
deaths, males 90.0%) and France (3687, males 67.3%). No 
excess deaths were estimated for Germany (therefore, Ger-
man figures are not reported subsequently).

Similar rankings were produced for YPPLL which 
totalled 134,190 (males 76.7%). The crude excess mortality 
rate per 100,000 of the population between 30 and 74 was 
highest in Spain (28.2/100,000), followed by Belgium (16.0) 
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and The Netherlands (14.6). The lowest was Switzerland 
(1.9/100,000).

Premature mortality costs by country and gender

Table 2 reports total paid COVID-19 premature mortality 
costs of €1.07 billion. Deaths in males accounted for 87.0% 
of the total. By country, Spain ranked highest with a cost of 
€0.35 billion (33.0% of the total), followed by Italy (€0.22 
billion; 20.6%) and The Netherlands (€0.19 billion; 17·5%).

Unpaid production lost due to premature mortality 
totalled €0.23 billion for employed people. Unpaid produc-
tion lost amongst non-employed people amounted to €1.59 
billion, or 1.5 times the size of paid production. France and 
Belgium in particular had an unpaid non-employed burden 
far in excess of their employed paid work burden (3.0 times 
and 2.5 larger).

Total paid and unpaid premature mortality loss was €2.89 
billion of which males accounted for 77.3%. Paid production 
costs accounted for 37.0% of the total; the proportion was 
lowest in France (23.6%) and highest in Portugal (66.0%).

Premature mortality costs by country, gender 
and age

Premature mortality costs by age for males across Europe 
tended to peak in the 55–64 age group (7 out of 8 coun-
tries; these analyses could not be conducted for Germany) 
(Fig. 1). This age group accounted for between 37.5% 
(Belgium) and 66.5% (Portugal) of the total male prema-
ture mortality costs across these countries. For females, 

the picture was less consistent with a range of age groups 
generating the highest costs across countries.

Premature mortality costs per death by country 
and gender

The mean premature mortality cost per death for paid 
work for employed individuals ranged between €40,382 in 
France and €350,325 in Switzerland (Table 3). The mean 
cost in males was higher than in females; this ranged from 
1.03 times higher in France to 13.84 times higher in Swe-
den (Supplementary Table 2).

The average unpaid productivity cost per premature 
death amongst non-employed people ranged between 
€19,584 in Portugal to €153,869 in Switzerland; these 
costs were between 0.35 (Portugal) and 3.0 (France) times 
the size of equivalent costs for paid lost productivity. For 
non-employed unpaid costs, female costs were larger than 
male costs for six of the eight countries.

Premature mortality costs compared to economic 
output (GDP)

Spain experienced the highest burden from premature 
mortality due to COVID-19 at 0.11% of their Quarter 2 
GDP for 2019, followed by The Netherlands (0.09%) and 
Italy/Sweden (0.05%) (Fig. 2). The lowest burden was 
recorded for Switzerland (0.02%).

Table 1   Number of excess deaths and years of potential productive life lost (30–74) by country and gender following initial country outbreak to 
1st June 2020

The starting point for each country varied and was defined as the week in which the cumulative total of COVID-19-related deaths reached 10 in 
that country
a No evidence of excess deaths recorded compared to the previous 5 years in Germany over the 30–74 age group

Region/country Excess deaths YPPLL

Males Females Total Rank Males Females Total Rank Death rate per 
100,000

Rank

Belgium 780 258 1037 5 5275 1447 6721 5 16·0 2
France 2482 1205 3687 3 15,315 8988 24,303 3 9·9 5
Germanya – – – – – – – – – –
Italy 3762 439 4201 2 24,452 1681 26,133 2 11·6 4
The Netherlands 1099 249 1348 4 8594 1049 9643 4 14·6 3
Portugal 188 83 271 7 1531 772 2303 7 4·4 7
Spain 5536 2037 7573 1 44,159 16,947 61,106 1 28·2 1
Sweden 377 26 402 6 3146 43 3189 6 7·1 6
Switzerland 56 39 95 8 423 370 793 8 1·9 8
Total (for 8 Euro-

pean countries)
14,280 4335 18,614 102,894 31,296 134,190
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Discussion

There is a requirement to balance the public health need 
to control COVID-19 transmission and minimise cases and 
deaths with the wider needs of society and the economy. 
Welfare economics provides a framework within which to 

assess allocative efficiency concerns over time relating to 
efficiency/equity trade-offs [21]. To undertake this, a range 
of metrics are necessary to inform policy makers’ decisions, 
and these include wider concepts of the COVID-19 burden 
with an associated monetary value that is standardised and 
can be compared to other diseases [6]. While costs are 

Fig. 1   Paid and unpaid premature mortality costs (€2020) due to excess mortality by country, gender and age following initial country outbreak* 
to 22nd May 2020
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Table 3   Paid and unpaid premature mortality costs per death (€2020) due to excess mortality by country and by gender following initial country 
outbreak to 22nd May 2020

The starting point for each country varied and was defined as the week in which the cumulative total of COVID-19-related deaths reached 10 in 
that country
a No evidence of excess deaths recorded compared to the previous 5 years in Germany over the 30–74 age group

Region/country Employed individuals Non-employed individuals

Paid production lost Unpaid production lost Unpaid production losT

Males Females Total Rank Males Females Total Rank Males Females Total Rank

Belgium 61,897 18,914 51,228 6 13,614 7,978 12,215 4 129,553 133,515 130,536 2
France 40,825 39,470 40,382 8 8,458 15,836 10,869 5 119,462 121,679 120,186 3
Germanya – – – – – – – – – – – –
Italy 57,584 7,876 52,385 5 6,615 2,904 6,226 8 32,844 60,924 35,781 7
The Netherlands 161,291 38,229 138,562 3 35,124 11,781 30,812 3 103,506 62,028 95,845 4
Portugal 58,015 51,472 56,013 4 4,260 20,829 9,329 7 10,024 41,272 19,584 8
Spain 52,937 29,501 46,633 7 9,561 11,703 10,137 6 82,289 110,955 90,000 5
Sweden 156,899 11,337 147,634 2 44,428 4,536 41,889 2 79,393 26,899 76,052 6
Switzerland 426,831 241,452 350,325 1 109,905 93,538 103,151 1 138,800 175,315 153,869 1
Average (for 8 

European coun-
tries)

137,789 63,237 119,451 30,356 23,745 29,669 109,083 97,297 107,517

Region/country Employed + non-employed individuals

Total production

Males Females Total Rank

Belgium 68,355 53,469 64,660 4
France 56,248 58,995 57,146 5
Germany – – – –
Italy 32,348 23,901 31,464 7
The Netherlands 99,973 37,346 88,407 3
Portugal 24,099 37,858 28,309 8
Spain 48,262 50,719 48,923 6
Sweden 93,573 14,257 88,525 2
Switzerland 225,179 170,102 202,448 1
Average (for 8 European countries) 92,409 61,426 85,546

Fig. 2   Paid and unpaid pre-
mature mortality costs due to 
excess mortality compared 
to Quarter 2 Gross Domestic 
Product (GDP) (%) by country 
for 2019
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incurred now by Governments tackling the pandemic, the 
benefits are spread out over many years. Our estimates of 
premature mortality costs across Europe provide a comple-
mentary perspective for policymakers and help to inform the 
debate over appropriate government resource allocation at 
the expense of other routine health activities and widespread 
disruption of the economy. In particular, our estimates com-
plement those published by the Office for National Statistics 
on all-cause mortality patterns of selected European coun-
tries [10].

COVID‑19 comparative burden across Europe

Our estimates of productivity costs associated with excess 
premature mortality during the first phase of the COVID-
19 outbreak across nine European countries ranged from 
€0.015 billion in Portugal to €0.35 billion in Spain (paid 
productivity costs), and from €0.023 billion in Portugal to 
€1.1 billion in Spain (paid and unpaid productivity costs). 
Spain experienced the greatest economic burden from the 
initial phase of the pandemic ranking highest for not only 
number of deaths (as has been reported elsewhere) [10], but 
also for YPPLL, premature mortality costs (paid and unpaid) 
and costs compared to GDP.

Moreover, our estimates revealed varied findings as we 
altered the lens of analysis. For example, France, ranked 
third in terms of total deaths, YPPLL, and second for pre-
mature mortality costs, fell to the lowest ranked country 
(eighth) in terms of cost per death (paid) and second lowest 
for premature mortality costs as a percentage of GDP. In 
contrast, Switzerland changed from lowest burden for deaths 
per 100,000 of the population to highest for premature mor-
tality costs per death. This change in ranking is primarily 
due to combining the epidemiological data and the economic 
data to produce cost estimates of premature mortality. Swit-
zerland’s national gross wage and employment rate are in 
excess of many other European countries, and therefore, the 
comparative monetary burden of COVID-19 for Switzerland 
is in excess of the pure public health burden as measured by 
mortality and years of life lost.

The premature mortality costs for COVID-19 are consid-
erable compared to the economic burden of other diseases in 
Europe over a similar time frame. For example, our prema-
ture mortality cost estimate for Spain over a 9-week period 
during the first phase of COVID-19 infections was €0.35 
billion which extrapolates to an annual figure of €2 billion or 
0.18% of 2020 GDP. Over an equivalent timeframe in Spain, 
all-cause mortality accounted for €10 billion in productiv-
ity costs in 2020 (value inflated from original 2009 figure 
according to Spanish CPI data from 2009 to 2020) or 0.89% 
of GDP [22]. The COVID-19 premature mortality burden 
would be 1.5 times larger than the burden of all circulatory 
system disease-related premature mortality costs in Spain in 

2020 (€1.4 billion) and almost 70% of the cost of cancer in 
Spain in 2020 (€3.0 billion).

Similarly, across Europe, our estimated premature mortal-
ity costs for COVID-19 were comparable to cardiovascular 
disease which is ranked highest for all-cause mortality in 
the region. For example, COVID-19 premature mortality 
costs were €0·19 billion over a 9-week period [or €1.1 bil-
lion extrapolated annual figure (0.14% of GDP)] for The 
Netherlands. Premature mortality costs for cardiovascular 
disease were estimated at €1.3 billion in The Netherlands 
(0.19% of GDP) in 2015 [23].

Fewer comparable estimates are available for communica-
ble diseases. Estimates of the economic burden of influenza 
in the US revealed a per death cost for premature mortality 
of $114,470 in 2015 which is close to our average €137,789 
per excess COVID-19-associated death across Europe [24]. 
This tentatively suggests that the cost per death is similar 
for COVID-19 and seasonal influenza, with the total burden 
dependent on the number of excess deaths. Comparative 
cost per death estimates in Europe for cancer for example is 
€219,241 [25] which equate to almost 1.6 times the size of 
COVID-19 estimates.

Our findings provide insight into the significant challenge 
posed by the outbreak of the COVID-19 pandemic across 
Europe and the economic impact of uncontained commu-
nity spread infections in terms of premature mortality in 
the initial phase of the infection. We reveal how this can 
translate from a major public health burden to an economic 
one as well, and how the economic lens transforms and 
changes how the burden is experienced by individual coun-
tries depending on the underlying age profile of premature 
deaths, and the extant country-specific economic and labour 
characteristics.

COVID‑19 gender and age burden

Our results revealed that the premature mortality cost burden 
in the productive population (assumed 30–74 years of age) 
is heaviest in the male population. This is the case across a 
range of metrics including deaths, where the male/female 
ratio ranged between 1.42 in Switzerland to 14.71 in Swe-
den, and our economic estimates where premature mortality 
costs in the employed population was between 2.13 (France) 
and 203.59 (Sweden) more burdensome in males. This con-
trasts with non-communicable diseases such as cardiovascu-
lar disease where the male/female premature mortality cost 
ratio was 1.21 in France and 1.15 in Sweden and for cancer 
(2.01 for France and 1.06 for Sweden) [26, 27]. In particu-
lar, our estimates revealed that amongst the employed, male 
premature mortality costs represented almost 87% (or €0.93 
billion) of the total productivity costs. This finding is driven 
by male costs tending to be highest in the 55–64 age group, 
or younger, where individuals earn higher wages and have 
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the potential to generate more years of life lost compared to 
older age groups. This is in contrast to female costs which 
are highest in the 65–74 age group across two of the coun-
tries studied (Italy and Sweden). This percentage of the bur-
den apportioned to males was reduced somewhat when we 
aggregated paid and unpaid productivity costs together in a 
more appropriate societal measure of work lost (76%); how-
ever, they still remained dominant in our total aggregated 
premature mortality cost measure.

Economic burden and COVID‑19 public health 
measures

Containing and mitigating the spread of COVID-19 and 
reducing the number and severity of waves of infection are 
necessary to enable effective management and treatment of 
cases. At the time of writing, Europe is enduring a third 
serious wave of COVID-19 infections, hospitalisations and 
deaths [28]. A shortage of vaccines is hindering progress. 
Controlling further phases of outbreaks and an associated 
surge in the demand for diagnostic and treatment services 
through the implementation of vaccination programmes will 
entail obvious public health benefits in the form of avoid-
able mortality. Our results show that there are considerable 
economic benefits to an efficient and wide-ranging public 
health response in terms of minimising excess deaths and 
associated premature mortality costs.

We would note that in spite of their magnitude, our costs 
are a lower bound of the economic costs of COVID-19. 
A broad spectrum of productivity costs are arising due to 
infection (or exposure to someone who was infected) with 
an associated need to self-isolate and, in many cases, not 
go to work [29]. Evidence is also emerging of longer-term 
“post-viral” health consequences which may impact on the 
productivity of populations [30]. While not accounting for 
the entirety of potential productivity costs associated with 
COVID-19 due to their emerging nature, our results never-
theless show the considerable economic benefits that could 
be accrued from appropriate public health measures.

Our premature mortality cost estimates revealed that Italy 
and Spain were the most burdened European countries in 
the first phase of COVID-19 infections. While a compara-
tively low capacity in their healthcare systems [31] may have 
impeded their response to COVID-19, these two countries 
were the first in Europe to experience the uncontrolled out-
break of COVID-19 infections. Governments in both cases 
were taken by surprise and the respective populations were 
not sufficiently alarmed to adjust their social behaviour to 
the risks of becoming infected [32]. Hence, for example, 
Italy witnessed compliance issues with initial restrictions 
and had limited time to prepare contact tracing and appro-
priate testing [33].

On average across Europe, the initial section of the expo-
nential curve of the first wave of COVID-19 infections was 
flatter in countries that were affected later [32] and this is 
indicated in our premature mortality cost results. This late-
comer advantage, where the virus was already expected, 
allowed countries such as Germany to harness peoples’ 
changing behaviour and their voluntarily decision to imple-
ment social distancing measures, supported by earlier offi-
cial decisions in relation to lockdown. Measures taken in 
Germany (widespread testing, rapid results, contract trac-
ing and early border closure) [30], against the background 
of a well-financed and resourced healthcare system [31], 
managed to mitigate the worst effects of the first phase of 
the pandemic as evidenced by our results which indicate 
no discernible excess deaths, and hence limited premature 
mortality costs, in the 30–74 age group.

Interestingly, Sweden emerged as the fourth most heavily 
burdened country compared to GDP in our study. Sweden, 
unlike other European countries, opted for a no-lockdown 
approach which entailed keeping the economy open and not 
closing schools for those under 16 [34]. Such a light touch 
approach may benefit the wider economy in terms of eco-
nomic growth, but our premature mortality cost estimates 
highlight the complex trade-offs that policy makers must 
contend with during a time of uncertainty.

Impact on labour market, labour and economic 
growth

COVID-19 has implications for European labour markets 
and economic growth. The size and quality of a county’s 
labour force and its economic growth are intrinsically 
linked. While the virus disproportionately impacts older 
age groups, we have shown in the cases of Spain (61,106), 
France (24,303), and in Italian males in particular (24,452), 
considerable excess mortality in age cohorts participating 
in the labour force which has led to substantial YPPLL over 
the relatively short time frame covered. For example, if we 
examine an age cohort of the labour force in which the vast 
majority of premature COVID-19-related deaths occurred in 
our study—those aged above 55—we find between 0.01% 
(Switzerland) and 0.20% (Spain) of those active in this age 
cohort died due to COVID-19-related premature mortal-
ity. The negative impact on European labour markets has 
increased further with successive waves of infection.

Strengths and limitations

Our results provide insight into the potential effectiveness, 
or otherwise, of public health strategies implemented across 
Europe including restrictions on population movement and 
activities. The cost estimates also contribute to the raw 
material for appropriate and effective Health Technology 
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assessment frameworks applied to COVID-19 therapies. 
We produce standardised costs that can be compared with 
other diseases to inform future resource allocation decisions 
amongst public health decision makers.

Our study employed YPPLL as a standard comparator 
of the disease burden and modified this for 75 years of age 
upper threshold following previous OECD recommendations 
[35]; this also accords with our societal perspective for the 
analysis including unpaid costs and increasing average life 
expectancies across Europe. Going beyond the traditional 
retirement age in Europe (65) may have hindered the qual-
ity of the economic data used in the analysis. In addition, 
although all-cause excess mortality can be a good proxy for 
the effect of COVID-19, due to the absence of other major 
public health events across Europe during the study time-
frame [36], there are caveats to its use.

Conclusion

Our study shows that COVID-19-related premature mortal-
ity costs are significant across Europe. Our results provide a 
valuable alternative, and novel, perspective on the burden of 
the virus, over and above traditional public health measures. 
Importantly, the findings highlight economic savings that 
may be accrued by applying timely public health measures.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10198-​021-​01351-8.
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