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Objectives: The aim of this study was to estimate how well the excess mortality reflected the burden
of coronavirus disease 2019 (COVID-19)-related deaths during the March-May 2020 COVID-19 outbreak
in Stockholm, Sweden, and whether the excess mortality during the outbreak might have resulted in a
compensatory reduced mortality after the outbreak.

Methods: Using previous 10-year or 5-year average mortality rates as a baseline, the excess mortality

KEYWORDS: estimates before, during, and after the COVID-19 outbreak in March-May 2020 in Stockholm were com-
Mortality pared.
ggf\{/su')c‘]’;/‘z Results: Weekly death estimates revealed that the immediate pre-outbreak and post-outbreak all-cause

mortality did not exceed to excess mortality regardless of whether previous 10-year or 5-year average
mortality was used. Forty-three days after the start of the outbreak, 74.4% of the total excess mortality
was reportedly explained by known COVID-19-related deaths, and the present study reports an update,
showing that 15 weeks after the start of the outbreak, the reported COVID-19-related deaths explained
>99% of the total excess mortality.
Conclusions: An exceptional outbreak feature of rapid excess mortality was observed. However, no ex-
cess but similarly low mortality was observed immediately prior to the outbreak and post-outbreak, thus
emphasizing the severity of the first wave of the COVID-19 outbreak in Stockholm.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Outbreak, Public health

tality during the outbreak might have resulted in a compensatory
reduced mortality after the outbreak.

1. Introduction

Excess all-cause mortality is increasingly being used to monitor
the timing and severity of COVID outbreaks; however the COVID-
attributable fraction of the all-cause mortality is not always clear

2. Methods

(www.euromomo.eu). When calculating weekly excess mortality,
fluctuations in mortality rates by calendar year are minimized by
calculating a baseline mortality over several years (Ledberg, 2020).
As there are also temporal trends in mortality (increased life ex-
pectancy), the average mortality estimation cannot use too many
years (Ledberg, 2020). The aim of this study was first to assess how
well the excess mortality reflected the burden of COVID-19-related
deaths during the March-May 2020 COVID-19 outbreak in Stock-
holm, Sweden, and then to investigate whether the excess mor-
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Weekly estimates of mortality in Stockholm for the past 10
years and for the year 2020 were retrieved from EuroStat (https://
appsso.eurostat.ec.europa.eu). A 10-year and 5-year average weekly
baseline of all-cause mortality was calculated, as described pre-
viously (Pimenoff et al, 2020). In addition, reported COVID-19-
related weekly deaths were retrieved from the most up-to-date
public repository of the Swedish Public Health Agency (www.
folkhalsomyndigheten.se).

3. Results

First, an investigation was performed to determine whether the
results would be sensitive to whether the previous 5 years or the
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Figure 1. All-cause mortality estimated using 10-year (2010-2019) and 5-year
(2015-2019) weekly average mortality estimates. Average all-cause mortality in the
previous 10 years (mortality_10: 2010-2019) and previous 5 years (mortality_5:
2015-2019), further split into the following timeframes: pre-outbreak (weeks 1-
12); outbreak (weeks 13-27); post-outbreak (weeks 28-42). The point-estimates
using the 10-year baseline are somewhat higher (although not statistically signif-
icant) than those using the 5-year baseline, but the variability is much less when
the 10-year average is used.

previous 10 years were used to calculate the average weekly mor-
tality estimates (Figure 1). The 10-year averages were slightly but
not significantly higher, and a clear seasonal trend was observed.
Figure 2 shows the stratified 10-year average all-cause weekly mor-
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tality rates per 100 000 inhabitants during three time periods: pre-
outbreak (weeks 1-11), outbreak (weeks 12-26), and post-outbreak
(weeks 27-42).

The year 2020 weekly all-cause mortality per 100 000 inhab-
itants in the Stockholm region before the outbreak was slightly
lower than the 10-year average mortality, but at the onset of the
outbreak in week 12, the reduced mortality was turned into ex-
cess mortality at the same time as reporting of COVID-19-related
deaths started (Figure 2A). After peaking in week 15 (mortality
rate 32.9/100 000 inhabitants), all-cause mortality declined below
the 10-year average in week 27 (Figure 2A). The 2020 accumulated
weekly all-cause mortality during the outbreak (between weeks 12
and 26) was 46% higher than the 10-year average all-cause mortal-
ity for the same timeframe (Figure 2A). Moreover, the number of
COVID-19-related deaths (2355 COVID deaths), including the up-
dates notified later in the outbreak, explained more than 99% of
the cumulative weekly excess mortality in week 27. To further un-
derstand the seasonal trends, estimated excess mortality was com-
pared before, during, and after the March-May 2020 outbreak of
COVID-19 in Stockholm, Sweden (Figure 2B). Stratified weekly mor-
tality revealed that the immediate pre-outbreak and post-outbreak
all-cause mortality were significantly similar and did not exceed to
excess mortality.

4. Discussion

We and others have previously reported that the excess mor-
tality estimates tend to exceed the COVID-19-attributable mortality
data (Felix-Cardoso et al., 2020; Woolf et al., 2020), with only 74.4%
of the excess mortality being attributable to COVID-related deaths
in Stockholm when including the reports that had arrived up to 43
days after the start of the local outbreak (Pimenoff et al., 2020).
However, 15 weeks after the start of the outbreak, the reports
of COVID-related deaths during the first wave had increased and
now explained more than 99% of the excess mortality. This implies
that, in agreement with other studies (Ledberg, 2021; Woolf et al.,

0.46

5.2e-08

8.1e-07
201

Kruskal-Wallis, p = 1.3e-06

104

All-cause weekly excess death / 100,000 (normalized)

Outbreak
Excess mortality

pre—Outbreak post-Outbreak

Figure 2. Mortality during the COVID-19 outbreak, March-May 2020, in Stockholm, Sweden. (A) All-cause, excess, and COVID-19-attributable mortality in weeks 1-42 of
2020 in Stockholm. All-cause mortality in 2020 compared to the average all-cause mortality in the previous 10 years (2010-2019), split into ‘A’ pre-outbreak, ‘B’ outbreak,
and ‘C’ post-outbreak timeframes. The 2020 total all-cause mortality exceeds the average of the previous 10 years and becomes excess mortality at the same time as
reporting of COVID-19-related deaths started emerging in week 12 and declines below the 10-year average in week 27 (dashed vertical red lines). Excess all-cause mortality
is estimated along with the reported COVID-19-related mortality. (B) Total excess mortality differences before (pre-outbreak), during (outbreak), and after (post-outbreak) a

major outbreak of COVID-19, using the mean mortality of the last 10 years as a baseline.
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2020), excess all-cause mortality can give a more timely picture of
the burden of outbreaks associated with a substantial increase in
mortality rates, such as COVID-19, compared with early reporting
of COVID-19-attributable deaths.

However, for a comprehensive view of a local COVID-19 out-
break, an excess mortality measure may be affected by seasonal
mortality fluctuations and warrants careful investigation. Indeed,
a decrease in the magnitude of mortality fluctuations in Sweden
in the 20™ century has been associated with significantly high
life expectancy in the population (Ledberg, 2020). Hence, the is-
sue of whether the COVID-19-related excess mortality is followed
by a compensatory mortality deficit when many frail and elderly
in the Swedish population have died is also essential for our un-
derstanding of the impact of the pandemic (Woolf et al., 2020).
That is, previous reporting estimated that the elderly living in
care homes in Stockholm had at least a four-fold increased risk
of COVID-19 mortality during the first wave of COVID-19 between
March and May 2020 (Brandén et al., 2020). Similarly, the pooled
weekly total number of deaths estimated during the first wave of
COVID-19 in Sweden showed a more than three-fold higher ex-
cess mortality for over 65-year-olds compared to 45-65-year-olds
(www.euromomo.eu).

Here, we show that the immediate post-outbreak mortality
was similarly as low as the pre-existing, pre-outbreak mortal-
ity in Stockholm in 2020 and that this conclusion is not sen-
sitive to the exact methods of calculating the baseline average
mortality (Figure 2B). We suggest that these results may also be
partly explained by the disappearance of other relevant respira-
tory infections after March 2020 due to social distancing and in-
creased hygiene measures implemented at the beginning of the
pandemic. Moreover, a recent report characterizing the 15 most se-
vere all-cause mortality outbreaks in Sweden since the 19th cen-
tury - including COVID-19 - showed that the influenza A virus
outbreak in 1918 and the COVID-19 outbreak have been excep-
tional compared to any other severe outbreak observed in Sweden:
excess mortality increased rapidly to a high magnitude in both
outbreaks and eventually both sustained longer than 3 months
(Ledberg, 2021). Comparing the excess mortality estimates of the
outbreaks showed that mortality during the 1918 ‘Spanish flu’ in-
fluenza A outbreak was likely at least 13-fold higher than that dur-
ing COVID-19 (Ledberg, 2021). However, improved medical treat-
ments and better hygiene, particularly since the early 20t century,
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make it difficult to directly compare the severity of the two out-
breaks.

In summary, excess mortality was compared before, during, and
after the March-May 2020 outbreak of COVID-19 in Stockholm,
Sweden. The immediate post-outbreak low mortality was similar
to the pre-existing, pre-outbreak low mortality in 2020, thus em-
phasizing the severity of the COVID-19 outbreak. Furthermore, ex-
cess all-cause mortality represents a timely measure of the death
burden of the COVID-19 outbreak, which may not always be avail-
able solely from direct disease-attributable death reports.
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