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Background: Burden of disease studies measure the public health impact of a disease in a society. The aim of this
study was to quantify the direct burden of COVID-19 in the first 12 months of the epidemic in Denmark.

Methods: We collected national surveillance data on positive individuals for SARS-CoV-2 with RT-PCR, hospitalization
data, and COVID-19 mortality reported in the period between 26" of February, 2020 to 25" of February, 2021. We cal-
culated disability adjusted life years (DALYs) based on the European Burden of Disease Network consensus COVID-19
model, which considers mild, severe, critical health states, and premature death. We conducted sensitivity analyses for
two different death-registration scenarios, within 30 and 60 days after first positive test, respectively.

Results: We estimated that of the 211,823 individuals who tested positive to SARS-CoV-2 by RT-PCR in the one-year
period, 124,163 (59%; 95% uncertainty interval (Ul) 112,782-133,857) had at least mild symptoms of disease. The

total estimated disease burden was 30,180 DALYs (95% Ul 30,126; 30,242), corresponding to 520 DALYs/100,000. The
disease burden was higher in the age groups above 70 years of age, particularly in men. Years of life lost (YLL) contrib-
uted with more than 99% of total DALYs. The results of the scenario analysis showed that defining COVID-19-related
fatalities as deaths registered up to 30 days after the first positive test led to a lower YLL estimate than when using a

Conclusion: COVID-19 led to a substantial public health impact in Denmark in the first full year of the epidemic. Our
estimates suggest that it was the the sixth most frequent cause of YLL in Denmark in 2020. This impact will be higher
when including the post-acute consequences of COVID-19 and indirect health outcomes.
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Background

Worldwide, the first reported outbreak caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was identified in December 2019 in Wuhan, China. On
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March 11 (2020), Coronavirus disease 2019 (COVID-19)
was categorized as a pandemic by the World Health
Organization [1]. In Denmark, the first case was noti-
fied February 26, 2020. Over the following year, Den-
mark registered over 200,000 cases and 2,600 deaths,
and implemented a range of public health measures to
limit spread of infections. These included an emergency
law extending the powers of the public health authorities
and law enforcement agencies, allowing the government
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to implement measures including restricting access to
public institutions and public transport; closing Danish
borders to all non-resident foreigners and foreigners not
working in Denmark; enforcing a lockdown in the spring
of 2020, reinforced in December 2020; implementing
restrictive measures such as closing of schools, adminis-
trative establishments and public places; and implement-
ing a widespread, free of charge, testing strategy launched
by the Statens Serum Institut (SSI) [2—4].

Since the beginning of the pandemic, countries have
been running efforts to measure the health impact of
the disease in their populations, including monitoring
and daily publication of numbers of suspected and con-
firmed COVID-19 cases, hospitalizations, hospitaliza-
tions requiring intensive care, and deaths. In Denmark,
the SSI is responsible for surveillance of COVID-19 in
humans, including case counts, admissions and deaths.
In addition, national surveys of prevalence of antibodies
to SARS-CoV-2 were carried out [5]. These metrics have
been useful to monitor the evolution of the epidemic
over time, the effects of measures to reduce transmission
of infection, and guide options for introducing or lifting
restrictions at different stages.

For assessing the health significance and severity of a
disease on the society, tools that account for the overall
health impact are needed [6]. Burden of disease stud-
ies use measures of mortality, morbidity and disabil-
ity caused by given diseases and are useful to compare
the public health impact of a disease across population
groups, across diseases in a country, or of the same dis-
ease across countries.

The aim of this study was to quantify the direct burden
of COVID-19 in the first 12 months of the epidemic in
Denmark.

Methods

To estimate the burden of disease of COVID-19, we
obtained information on all individuals that tested posi-
tive for SARS-CoV-2 with RT-PCR in the period between
the 26™ of February, 2020 to the 25" of February, 2021
from The Danish Microbiological Database (MiBa),
which contains all microbiological test results from the
national TestCenter Denmark and all clinical micro-
biological departments in Denmark [7, 8]. Information
included age, sex and date of performance of the test.
Data on dates of admission and discharge from hospitals
for stays longer than 12 h, including intensive care units
(ICU), were obtained by linkage to the National Patient
Registry [9]. We defined an admission as ‘COVID-19-re-
lated’ if the patient had confirmed SARS-CoV-2 and the
first positive test was performed in the time window
from 14 days prior to admission date and until the date
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of discharge. If the first positive test was performed later
than two days after the admission date, the date of testing
was used as the ‘COVID-19-related’-admission date. We
defined intensive care treatment as ‘COVID-19-related’ if
the intensive care was provided during a COVID-19-re-
lated admission. Information about vital status within
60 days was obtained from the Civil Registry and The
National Cause of Death Register [10]. We defined death
as ‘COVID-19-related’ if it occurred within 30 days from
the first positive SARS-CoV-2 test. Deaths up to 60 days
after testing positive have also been recorded, under the
assumption that they may be associated with infection
with SARS-CoV-2. To test the impact using a 60-days
window in the overall burden of disease estimate, we also
carried out a scenario analysis using a 60-days window.

Disability-Adjusted Life Year (DALY)

The Disability-Adjusted Life Year (DALY) is a health gap
metric, measuring the healthy life years lost due to dis-
ease [6]. DALYs are calculated by adding the number of
years of life lost due to premature mortality (YLLs) and
the number of years lived with disability, adjusted for
severity (YLDs):

DALY = YLL + YLD 1)

The DALY accounts for all health states experienced
upon infection and is calculated on the basis of a disease
model (Fig. 1). We calculated DALYs for the whole study
period, segregating the population by sex and 10-year age
groups.

Years lived with disability (YLD)

To define morbidity due to COVID-19, we established
the direct health states that are experienced by indi-
viduals with COVID-19 in an incidence-based model
as defined by Wyper et al. [11]. In an incidence-based
approach, all health outcomes, including those in future
years, are assigned to the initial event. This approach
reflects the future burden of disease resulting from cur-
rent events.

To estimate the number of symptomatic cases among
all registered PCR-positive individuals, we obtained esti-
mates of the proportion of symptomatic SARS-CoV-2
infections from the Danish National Seroprevalence Sur-
vey of SARS-CoV-2 infection (DSS) [5]. In this survey,
a representative sample of the Danish population aged
12 year and older were invited to have a blood sample
analysed for SARS-CoV-2 antibodies, and at the same
time fill in an online questionnaire concerning symptoms
of infection. We multiplied the number of cases in each
age and sex group by a probability of a positive individual
being symptomatic. This probability was defined based
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Fig. 1 Disease model for COVID-19 (adapted from [11]). The dashed boxes describe post-acute health outcomes of COVID-19, which were not

included in the study

on the number of seropositive samples among surveyed
individuals, and the number of these individuals who
reported at least one relevant symptom [5] (Table 1). We
assumed the same probability of a positive case present-
ing symptoms for all individuals across age groups and
sex.

To define the severity of each health state, we extracted
disability weights (DWs) from the Global Burden of Dis-
ease Study [14] and from the European Disability Weight
study [15] (Table 1). The DW of a given health outcome
reflects the severity of the health outcome (i.e. reduc-
tion in health-related quality of life). For each health state
defined for symptomatic individuals, we combined data

Table 1 COVID-19 disability weights by health states and corresponding symptoms

Name Description Data input/ calculation Duration (days) Disability weight Source
(95% uncertainty
interval)
Asymptomatic Has infection but experi- PCR-positive cases—Esti- ~ NA Nil Surveillance®®
ences no symptoms mated symptomatic cases
Mild to moderate Has a fever and aches, and ~ PCR-positive cases® Prob-  10° 0.051¢ Surveillance®
feels weak, which causes ability of a sero-positive (0.032-0.074) Survey of
some difficulty with daily ~ case having symptoms sero-preve-
activities (Beta(216,369)) lance + symp-
toms
Severe Has a high fever and pain, ~ Number of hospitalised Mean duration of hospital ~ 0.133¢ Surveillance®
and feels very weak, which  patients (non-intensive stays® (0.088-0.190)
causes great difficulty with  care)
daily activities
Critical Intensive care unit admis-  Number of hospitalised Mean duration of ICU stays  0.655% Surveillance?
sion patients (intensive care) (0.579-0.727)
N2
P 5]
€[13]

9 DWs were defined as Pert distributions, informed by the mean estimate and 95% uncertainty interval

€ If a patient was moved to ICU during her/his hospital stay, and then transferred again to the hospital, the days at ICU were excluded from hospital duration
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on the incidence from surveillance data, duration and
disability from literature, and calculated YLD by sum-
ming the product of the number of cases, duration (in
years) and disability weight, across all health states:

! !
YLD = Z YLD, = Z Numberofcases;, X duration,, X disabilityweight,

h=1 h=1
()
where s#=health state and /=number of health
states.

We classified time spent with symptoms as either
“mild to moderate”, “severe” and “critical” assuming
that all infected persons with symptoms were at least
in the “mild to moderate” state. We assumed that all
hospitalised cases had severe symptoms, and classified
all patients receiving intensive care (ICU) as “critical”
The mean duration of “mild to moderate” symptoms
was assumed to be 10 days [13]. We calculated the
duration of severe and critical cases as the mean dura-
tion of hospitalizations and ICU admissions, respec-
tively. The symptoms included in each of these three
states, the data input proxies, and the corresponding
disability weights are presented in Table 1. The names,
descriptions and disability weights of the health out-
comes “mild to moderate” and “severe” were based on
those from the GBD 2019 study for infectious diseases
of the lower respiratory tract [14]. The health out-
come “critical” was defined by the European Disability

Weight study [16].
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Years of life lost due to premature mortality (YLL)

YLL were estimated by multiplying the number of deaths
(M) in each age group by the residual life expectancy
(RLE) at the age of death:

YLL = M x RLE 3)

We applied the age conditional life expectancy defined
by the GBD 2019 reference life table, which assigns the
same values to both males and females [17]. For deaths
in patients aged 95 years or older we assigned the RLE of
individuals aged 95.

Uncertainty

To incorporate uncertainty in YLD estimates, we prop-
agated the uncertainty in the probability of a SARS-
CoV-2 infection being symptomatic, and of the disability
weights. We applied Monte Carlo simulation with 10,000
iterations. The model was implemented in R version 4.0.3
[18], and the code is available in Additional file 1.

Scenario analyses

Defining deaths that occurred within 30 days from the
first positive SARS-CoV-2 test as ‘COVID-19-related’
may lead to an underestimation of associated mortality
and YLL. To evaluate the impact of the assumption, we
calculated mortality and YLL using deaths that occurred
within 60 days from the first positive SARS-CoV-2 test,
and compared YLL and DALY estimates.

Table 2 Number of PCR-positive SARS-CoV-2 cases, estimated symptomatic cases, observed hospitalizations within 14 days from first
positive SARS-CoV-2 test, intensive care unit cases, and observed deaths within 30 days from first positive SARS-CoV-2 test in Denmark,

by age and sex (February 2020 to February 2021)

All cases? Symptomatic cases® Severe cases®  Critical cases® Deaths?
Age group Female Male Female Male Female Male Female Male Female Male
0-9 6,839 7,396 4,009 [3,641;4,322] 4,335[3,938;4,674] 53 43 6 2 0 1
10-19 15,851 16,571 9,291 [8,439; 10,0171 9,714 [8,823; 10472] 59 46 4 5 0 0
20-29 20,441 19,361 11,983 [10,883; 12,917] 11,349[10,308; 12,235] 221 123 1M 10 0 0
30-39 14,833 14,148  8,695[7,898;9,373] 8,293 [7,533; 8,941] 296 224 18 22 4 2
40-49 16,627 14440 9,746 [8,853;10,507] 8,464 [7,688;9,125] 372 456 37 44 2 4
50-59 15897 14,742 9,317 [8,464; 10,046] 8,641 [7,849;9,316] 626 868 54 149 21 32
60-69 8215 8582 4,815 [4,373;5,191] 5,030 [4,569; 5,423] 672 1,066 105 203 73 122
70-79 5162 5323 3,026 [2,748; 3,262] 3,120 [2,834; 3,364] 1,086 1575 137 308 228 394
80-89 3,239 2362 1,899 [1,725; 2,047] 1,384 [1,258; 1,493] 1,111 1,148 50 97 439 518
90+ 1,269 525 744 [676; 802] 308 [280; 332] 375 266 7 5 323 220
Total 108373 103,450 63,525 [57,700; 68,484] 60,639 [55,080;65,373] 4,871 5815 429 845 1,090 1,293
Total (female +male) 211,823 124,164 [112,780; 133,857] 10,686 1274 2,383

? Registered to Surveillance
b Estimated (mean and 95% Uncertainty Interval)
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Results

We estimated that of the 211,823 individuals who
tested positive to SARS-CoV-2 by RT-PCR in the one-
year period, 124,163 (59%; 95% uncertainty interval
(UI) 112,782-133,857), corresponding to 59% (95% Ul
53 — 63%), had at least one disease symptom (Table 2).
We estimated that 7% of symptomatic cases exhibited
severe symptoms, 1% critical symptoms, and 2% had died
within 30 days. In absolute numbers, the highest number
of mild and moderate cases were registered in the age
groups 20—29, 40—49 and 50-59 years of age. In contrast,
the incidence of severe cases, critical cases and deaths
increased with age, with the highest (absolute) number of
deaths registered in the age group 80—89 (Table 2).

The total estimated disease burden was 30,181 DALYs
due to COVID-19 (95% UI 30,126; 30,242) (Table 3), or
520 DALYs/100,000. The DALY was higher in the age
groups above 70 years of age, particularly in men (Fig. 2).
A total of 232 years of life were lost due to disability
(YLD) in the one year period (Table 3), overall equal to
around 1% of total DALY. Mild cases contributed over-
all with 35% of YLD, severe with 5%, and critical cases
with 60% (Supplementary material, Additional file 2). The
2,383 deaths registered in the one-year period resulted
in the loss of 29,689 years of life lost due to premature
mortality (YLL). The total YLL was larger in males than
in females, and larger in the age group 70-79 years old.
Except in females aged 0-29 and males aged 10-19, YLL
contributed with more than 99% of total DALY (Table 3).

Scenario analysis
The results of the scenario analysis showed that defining
COVID-19-related fatalities as deaths registered within
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60 days of the first positive test led to a higher YLL esti-
mate than when using death within 30 days (Table 4). The
418 deaths’ difference lead to 6,885 more YLL. Differ-
ences were distributed across sex and age groups.

Discussion

COVID-19 has had an unquestionable impact on socie-
ties globally. In Denmark, we estimated that 30,181 life
years were lost in the first full year of the epidemic. Over
99% of DALYs were associated with the premature death
of nearly 2,400 individuals. On average, fatal cases lost
13 years due to premature death. Our estimates included
only the direct immediate health impact of the pandemic.
However, the impact of COVID-19 on health occurs
through two main pathways: directly, as an infectious dis-
ease; and indirectly, as a risk factor for secondary nega-
tive outcomes, for example, through increases in mental
health issues due to national lockdowns or delay to medi-
cal treatment (including surgery), follow-up and delay in
diagnoses through restrictions to vital healthcare services
[19]. The indirect impact is expected to be large and to
expand beyond the termination of the epidemic. Further-
more, several patients report post-acute consequences of
COVID-19 (“long COVID”) [20, 21]. Data on the propor-
tion of patients that experience these symptoms, and on
the duration and the disability associated with health out-
comes, were not sufficient to include in our model. How-
ever, we acknowledge that not including them will have
led to an underestimation of the burden of COVID-19.

Data and model assumptions
To estimate the proportion of SARS-CoV-2 positive
individuals that experienced symptoms, we used data

Table 3 Total number of years of life lost due to disability (YLD), years of life lost due to premature mortality (YLL) and disability
adjusted life years (DALY) due to COVID-19 in Denmark by age and sex (February 2020-February2021)

YLD? yLL® DALY®
Age group Female Male Female Male Female Male
0-9 7.21[6.1;89] 7416.3;89] 0 84.5 7.216.1;89] 91.9[90.8;934]
10-19 144114;183] 1541012.3;18.1] 0 0 144[114;183] 1541012.3;18.1]
20-29 23 [20; 27] 20[14.8;23.2] 0 0 23[19.7; 26.6] 20[14.8;23.2]
30-39 1[18;25] 174014.7;212] 2151 1121 236.1[232.7;240.3] 129.5[126.9;133.3]
40-49 3[20;27] 25.7 [22.6;29.3] 91.1 180.3 114.21110.8;118.2] 205.9 [202.9; 209.6]
50-59 1[29; 34] 38.7[34.9;42.7] 761.3 1,179.2 792.7 [789.8; 795.6] 1,217.8[1,214.1;1,221.9]
60-69 7 [25; 30] 38.8[354;424]  2,000.7 3,276.2 2,028 [2,026; 2,030.5] 3,315[3,311.6;3,318.5]
70-79 7 [3441] 51[46.2;56.2] 4128.8 7264.8 4,165.5 [4,163; 4,169.3] 731581[7,311;7,321]
80-89 6 [34;39] 36.5[34.5;38.7] 4076.4 51526 4,11251[4,110.1; 4,115.6] 5,189.1 [5,187.1;5,191.3]
90+ 2[11;13] 841[7.6;9.3] 649.1 517 661.3 [660; 662] 525.5[524.6; 526.3]
Total 233 [207; 263] 259 [229; 290] 11,9225 17,7667  12,1551[12,129.7,12,1856]  18,025.9 [17996; 18,056.7]

1

Total (female + male)

491.9[436.7; 553.3]

29,689

30,181 [30,125.8; 30,242.3]

2 Estimated mean (95% Uncertainty Interval)
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Fig. 2 A Disability adjusted life years (DALY) per 100.000 due to COVID-19 in Denmark by age and sex (February 2020-February2021). B Relative
contribution of YLD and YLL in females and males to the total DALY by age group

Table 4 Number of deaths and years of life lost (YLL) by sex and age group using registered deaths at 60 and at 30 days after first
SARS-CoV-2 positive test

Definition of death 30 days after SARS-CoV-2 positive test 60 days after SARS-CoV-2 positive test

Deaths YLL Deaths YLL
Age group Female Male Female Male Female Male Female Male
0-9 0 1 0 845 0 1 0 845
10-19 0 0 0 0 0 0
20-29 0 0 0 2 0 1231
30-39 4 2 2151 1121 5 3 267.5 163.6
40-49 2 4 91.1 180.3 5 9 2272 409.3
50-59 21 32 7613 1179.2 30 45 1094.5 1650.5
60-69 73 122 2000.7 32762 88 161 24192 43493
70-79 228 394 4128.8 7264.8 268 485 4872.2 8977.2
80-89 439 518 40764 5152.6 508 589 47212 5896.7
90+ 323 220 649.1 517 368 233 744.7 554.2
Total 1090 1292 11,9225 17,766.7 1272 1528 14,3464 22,2082
Total 2,382 29,689 2,800 36,555

(females + males)




Pires et al. BMC Public Health (2022) 22:1315

from a national Danish seroprevalence survey. Using
this estimate may have underestimated the proportion
of symptomatic cases and consequently underestimated
the YLD. The seroprevalence study measured the propor-
tion of symptomatic SARS-CoV-2 infections as opposed
to the proportion of symptomatic diagnosed with a
SARS-CoV-2 infection. Though the test activity has
been extremely high in Denmark throughout most of the
epidemic, including testing of asymptomatic individu-
als, it is estimated that on average only one out of three
SARS-CoV-2 infections was diagnosed and captured by
the surveillance system within the study period [5]. This
may be even more pronounced in the first two months
of the epidemic, where test capacity was low and people
with severe symptoms were prioritized for testing. The
sample size in the seroprevalence study did not allow for
stratifying the proportion of symptomatic SARS-CoV-2
infections on age or sex, which is why we assumed the
same prevalence of symptomatic individuals across age
and sex. Because it has been suggested that the propor-
tion of non-symptomatic or mild symptomatic infected
individuals is higher in younger individuals [22, 23], using
the same proportion for all age groups may have led to
an overestimation in younger age groups. On the other
hand, as children below 12 years of age has not been rec-
ommended routine tests unless symptomatic, a higher
proportion of diagnosed SARS-CoV-2 cases amongst
younger children are expected to be symptomatic com-
pared to the older children.

COVID-19 infection progresses from mild to severe
and further to critical disease, as described in our disease
model. However, in a high proportion of cases, there is
a transition from more to less severe health states, with
continuation of milder symptoms. In our model, we
quantified the disability due to the transition from criti-
cal back to severe health states by adding the subsequent
duration of hospital stay, after release of ICU. However,
we did not account for further transition to mild symp-
toms of the disease. While it is possible that patients
continue experiencing symptoms after being discharged
from hospital and thus this assumption will lead to an
underestimation of YLD, we expect this to have a minor
impact on the total burden of disease, as the severity
(reflected by the DW) is minor. Hospital admissions due
to COVID-19 were registered as any patient admitted
to the hospital for more than 12 h in the 14-days period
after first positive SARS-CoV-2 test, or when the first
positive test was during an ongoing hospitalisation, no
matter the reason for admission.

We defined ‘COVID-19-related deaths’ as a death that
occurred within 30 days from the first positive SARS-
CoV-2 test of the patient. This definition operated on
death of all causes, and was not limited to deaths with
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a detailed evaluation of the cause of death registered in
The National Cause of Death Register. To determine the
impact of choosing a more sensitive definition of COVID-
19-related deaths, we conducted a scenario analysis using
mortality within 60 days of positive SARS-CoV-2 test as
input data. Not surprisingly, this analysis showed that
using registration at 60 days after testing positive led to
a higher (23%) COVID-19-related death count (i.e. addi-
tional 418 deaths and 6,865 YLL). It is recognised that
COVID-19 may give rise to an extended course of illness,
sometimes gradually worsening over weeks and result-
ing in deaths after a period of more than one month. At
the same time however, increasing the time window of
the definition will increase the risk of including incidents
where death have occurred for other or partially other
causes than the SARS-CoV-2 infection.

Independent of the 30- or 60-days windows, it is a limi-
tation that we defined ‘COVID-19-related deaths’ as any
death occurring within a time window from the positive
first SARS-CoV-2 test, as stated in the National Cause of
Death register. Thus, persons may die from other causes
than COVID-19 within these time windows, or die from
COVID-19 later than 60 days. In such cases, there is a
risk that our figures could both overestimate and under-
estimate the true number of COVID-19 related deaths.
However, we could not validate exact causes of death
in COVID-19 positive persons as stated on death cer-
tificates, but more detailed analyses of causes of death in
the future might improve the accuracy of the figures for
covid-19 related deaths in Denmark.

Other studies estimated DALYs or YLL for COVID-
19 in multiple countries in the initial stages of the pan-
demic, including Denmark [24—26]. While these studies
retrieved data from publically available data resources
(such as from the European Centre for Disease Preven-
tion and Control (ECDC), the World Bank Group (WBG)
and the World Health Organization (WHO) [24], or
resources created to gather and analyse COVID-19 data
internationally [26]), those data were provided by the
same surveillance system we collected our data from
(SSI). Thus, discrepancies in estimates are explained by
differences in the time period covered, in the disease
models and calculations performed, or level of detail of
data used (for example the age of the patient at time of
death. National burden of disease efforts have the advan-
tages of having direct access to country-specific detailed
and national expertise on surveillance systems and dis-
eases, thus allowing for adopting approaches that fit
within their country contexts [27].

Burden of COVID-19 in Denmark in perspective
The Global Burden of Disease study (GBD) estimated
that the leading causes of disease in Denmark in 2019
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were ischemic heart disease (1,712 DALYs/100,000
population), low back pain (1,631 DALYs/100,000)
and chronic obstructive pulmonary disorders (1,597
DALYs/100,000) [28]. When ranking diseases by
YLL (Le., accounting only for premature mortality)
the ranking is led by ischemic heart disease (1,638
YLLs/100,000), lung cancer (1,457 YLL/100,000) and
obstructive pulmonary disorders (1,069 YLLs/100,000).
If there were no major changes in disease burden in
2020 (results not available at the time of writing of this
article), our results indicate that COVID-19 was the
sixth leading disease cause of YLL in Denmark in 2020.
While estimates for other diseases for the year cov-
ered in the study were not available, other studies have
found differences on premature mortality in countries
globally. For example, Islam et al. [29] analyzed data for
various countries, and estimated a reduction in total
YLL in Denmark in 2020. Given our estimated YLL for
COVID-19 during the first year of the pandemic, such
results suggest that other causes of premature mortality
have been reduced.

Several countries have estimated the burden of COVID-
19 in the same or similar time periods. In Europe, several
groups have made efforts to harmonize methodologies
and adopt comparable approaches to estimate DALYs,
which we have followed and adapted [11]. At the time of
writing of this article (October 2021), the Netherlands
[13], Scotland [30], Germany [31] and Malta [32] have
published DALY estimates. All estimates are consist-
ent in the contribution of YLL to total burden (between
approximately 99% in the Netherlands and Germany to
95% in Malta). The highest DALY/100,000 was estimated
in Scotland (1,770-1,980 DALYs/100,000), and the low-
est in Germany (368 DALY/100,000). The progress of the
epidemic, the population structures, data availability and
data assumptions, and model choices are reflected in dif-
ferences in estimates of these countries. In general, DALY
differences between countries in 2020 reflect how hard
each country was hit by the epidemic, and the age dis-
tribution of deaths in each country. Relative to a number
of other European countries, the Danish seroepidemio-
logical studies suggest that Denmark was only affected
mildly by the 2020 epidemic [5].The vaccine program was
initiated in Denmark on December 27%, 2020. By the end
of the period of this study (end of February, 2021), 7% of
the population had received their first dose of COVID-19
vaccinations. While the impact of COVID-19 vaccination
in the Danish population is therefore limited in the study
period, we expect that it will be visible in the following
year. As 75% of the Danish population in the relevant age
groups has been fully vaccinated by October 30, 2021, it
is important to measure the disease burden in 2021 using
the same methods and metrics.
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Conclusion

COVID-19 has caused a substantial disease burden in
Denmark in the first year. Our estimates excluded the
burden associated with post-acute symptoms of COVID-
19, as well as the burden caused with indirect health
effects of COVID-19 pandemic and implemented disease
mitigation strategies. Still, we found that COVID-19 was
the 6% leading cause of premature mortality in the coun-
try in 2020. When applied to data from subsequent time
periods, we expect our model will be able to show the
effect of population-wide vaccination.
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