The progress of the COVID-19 epidemic in Sweden: an analysis
The course of the COVID-19 pandemic in Sweden is of great interest, as it is one of very few
advanced nations where no lockdown order that heavily restricted people's movements and other
basic freedoms was imposed. As there has been much comment, some of it ill-informed, on how the
COVID-19 epidemic has developed in Sweden, but relatively little detailed analysis published in
English, it is worth exploring what their excellent publicly-available data reveal.
I present here plots of weekly new cases and deaths, with accompanying comments. I have been able
to access detailed daily data from 2 April on.1
Overall development of the epidemic
Figure 1 shows the overall picture for confirmed weekly total new COVID-19 cases, intensive care
admissions and deaths in Sweden. The dashed line normalises new cases by the dividing by the
number of tests carried out each week, relative to those for the week to 10 April. Both actual and
normalised weekly new cases have been divided by 10 in order to make their scale comparable to
that for ICU admissions and deaths.
Several points are noteworthy:


Recorded new cases continued rising until mid-April, and after gently declining from then
until late May have doubled since then. All or most of that increase appears to have been be
due to a decision on 5 June to expand testing. By the end of June testing was at about double
the rate in May, which in turn averaged approximately 25% higher than in April.



Allowing for the increase in testing over time, the incidence of COVID-19 appears to have
declined by about 30% from mid-April until the late May and has since remained broadly
stable.



Deaths peaked in mid-April and have fallen by two-thirds since then.



It follows that the infection fatality rate has fallen substantially since early in the epidemic.



Deaths have been remarkably high in relation to confirmed cases. To a substantial extent this
reflects Swedish policy of focussing testing in hospital, where the disease is severe, prior to
June. It also reflects the spread of infections to care homes, where death rates are very high,
relatively early in the epidemic.



Far more people have died than have been put into an intensive care unit (ICU). This likely
reflects a combination of deaths outside hospital and an apparent Swedish policy of not
generally putting people aged 80+ into intensive care.2 For admissions before late April, 49%
of 70+ year old patients (who only comprised 15% of total ICU patients) died, and most of
those were people in their seventies, for whom the prognosis is much better than for older
patients.

Fig. 1 Total weekly COVID-19 confirmed cases, intensive care admissions and deaths in
Sweden
Analysis by age group
The changing age composition of new cases over time is shown in Figure 2. The number of cases
among people aged 70+ has been declining since mid-April. Until the end of May this more than
countered gently rising infections in age groups younger than 60, with infections among 60-69 year
olds broadly stable. But since then confirmed infections in people under 60 have rocketed, and there
has also been a noticeable increase in infections among people aged 60-69.
It is likely that the bulk of these increases simply reflect the widening of testing in June. The total
number of tests in the latest week was double that four weeks previously. The Swedish Public Health
Agency estimates that the current reproduction number, Rt, in Sweden during mid- June was
approximately 0.9, implying a decline of about 10% a week in the true number of new infections.
However, comparing Figures 1 and 2 suggests that while infections in the oldest age groups are
reducing steadily, this is being counterbalanced by an increase in infections among young people,
resulting in little overall trend in the total number of infections.

Fig. 2 Weekly COVID-19 confirmed cases by age group in Sweden
Weekly COVID-19 recorded deaths have declined very substantially since mid-April, across all age
groups (Figure 3). The data show the number of people with confirmed COVID-19 who died,
regardless of the cause of death.

Fig. 3 Weekly COVID-19 recorded deaths by age group in Sweden
Figure 4 shows weekly deaths by age group as a proportion of new cases two weeks previously.
Since most cases are only confirmed after hospitalisation, the average delay from a case being
confirmed to death occurring is around two weeks.3 This ratio therefore should provide a reasonable

estimate of the hospital case fatality ratio (CFR). It has declined substantially for all age groups,
albeit proportionately less for ages 80+, where it remains very high, although not unusually so.
The estimated hospital CFR for ages 50–69 has declined by an order of magnitude, while that for
ages 70–79 has declined by a factor of three. The reasons for this extremely welcome trend are not
entirely clear. Much of the reduction over the last few weeks is very likely due to a widening of the
testing regime to include milder cases of disease, with more cases now being found outside
hospitals.4 Nevertheless, a good part of the decline is likely real: most countries have seen a decline
in the hospital CFR over time.

Fig. 4 Weekly COVID-19 deaths by age group in Sweden as fraction of new cases
2 weeks before
Infection fatality rate over time
The decline in total deaths (Figure 1) is to a fair extent due to the changing age composition of new
cases, as well as a moderate reduction in total infections, with an increasing proportion of cases
among younger age groups and a substantial decrease at ages 80+, which account for most deaths.
But within some of the key older age groups, which account for the vast bulk of deaths, the number
of deaths (Figure 3) appears to have dropped in relation to the number of cases as adjusted for the
widening of testing – certainly for ages 60-69.
The Swedish Public Health Agency estimated the infection fatality rate (IFR), based on a selection of
confirmed cases that have been tested in Stockholm County and who fell ill on March 21-30, 2020,
after adjusting by the estimated proportion of infections that resulted in confirmed cases. 5 Of all
people who they estimated to be infected with COVID-19 around the second half of March, 0.58%
died. 6 In the group At age 70 and over, mortality was 4.3% (1.9% for ages 70-79) , while it was
0.09% for persons younger than 70 years.7 8 The overall deaths were pushed up by the spread of
infections to care homes, residents of which accounted at that point for 40%–50% of total deaths.
The order of magnitude decline in COVID-19 CFR at ages below 70 since mid-April implies that,
even assuming that all the change in confirmed cases between early April and mid June is due to the
three-fold expansion of testing, the IFR below age 70 is now much lower than the previously
estimated 0.09%. The data indicate a current level of circa 0.015%. Even for ages 60-69, where the
IFR for infection in mid-March was estimated at 0.45%, the implied IFR is now little over 0.1%.

It is not clear what has caused such a large reduction in IFRs for COVID-19 at ages below 70 years.
Sweden is not the only country in which the IFR appears to have declined. There is little evidence of
the SARS-CoV-2 virus having mutated and become less damaging. However, treatment of serious
cases has no doubt improved; less use of invasive ventilation could be one factor here. Seasonal
factors may also play a role. The body's ability to fight infections and heal damage appears to be
affected by sunlight exposure, with vitamin D and nitric oxide pathways perhaps both being
involved.
Another important factor in the decline in the IFR over time could be population heterogeneity in
susceptibility to COVID-19 infection, in particular variability arising from biological rather than
social connectivity factors. More susceptible individuals may not only be more likely to succumb to
COVID-19, but more likely to die of the disease once infected. Since more susceptible individuals
will tend to become infected earlier in the epidemic than less susceptible individuals, a correlation
between susceptibility to infection and risk of death if infected would automatically lead to the IFR
declining over the course of the epidemic. 9
Regional analysis
I turn now to regional analysis. Figure 5 shows weekly confirmed new cases for each of the 21 regions
in Sweden. Although widening of testing varied between regions, it is evident that Västra Götaland
dominates the overall increase in cases over time. However, the increase in testing during the first
half of June appears to have been much larger in Västra Götaland than elsewhere, so the true increase
in disease incidence is likely far smaller than the increase in confirmed cases suggests. Cases in
Jönköping also rose sharply in June, albeit from a much lower level. Cases in the Stockholm region
remain high.
Tracking serious cases only, so as to adjust for the widening of the test regime, comparison of the
latest analysed week (24 - week ending19 June) with the average of the previous three weeks shows
an increasing number of cases in Västernorrland, decreasing numbers in Jönköping, Stockholm,
Sörmland, Uppsala, Västra Götaland and Östergötland, and an unchanged number for other region s.10

Fig. 5 Weekly COVID-19 confirmed cases by region in Sweden
Regions have varying populations, so confirmed cases per 100,000 head of population give a better
picture of relative disease incidence (Figure 6).

Fig. 6 Weekly COVID-19 confirmed cases per 100,000 head of population by
region in Sweden
Deaths by region are shown in Figure 7. They are dominated by deaths in Stockholm region, which
continue to be higher than elsewhere, although since mid-May deaths in Västra Götaland have
become a much more substantial proportion of the total.

Fig. 7 Weekly COVID-19 recorded deaths by region in Sweden
The very large and almost monotonic decrease in deaths in Stockholm region, confirms that the less
steep decline in cases from mid-April to the end of May (which occurred despite some increase in

testing) is genuine. As already indicated, the sharp increase in confirmed cases in June is an artefact
produced by the widening of testing; serious cases decline in Stockholm county.
Prevalence of COVID-19 infections
Analysis of samples collected at week 21 (late May) shows that antibodies were detected at 6.3% of
the studied population. Seroprevalence remains lowest among adults 65-95 years (3.9%), compared
to adults 20-64 years (7.6%) and children 0-19 years (7.5%). The Stockholm region had the highest
proportion of antibody positive (10%) followed by Skåne (4.5%) and Västra Götaland (2.7%). The
number of collected samples for other regions were less than 100 and therefore cannot provide
reliable results.11
Cumulative confirmed cases as a proportion of population up to the end of week 19 (15 May), who
would be expected to develop antibodies by early in week 21, were 0.32% for the whole of Sweden,
0.47% for Stockholm region, 0.11% for Skane and 0.29% for Västra Götaland. So, up to mid-May, if
the foregoing prevalence estimates are correct then confirmed cases represented about 1 in 20 of
people who had developed antibodies to the SARS-CoV-2 virus, but with an inter-region range of at
least 1 in 40 to 1 in 10.
However, previous results showed higher prevalence, and prevalence cannot decrease over time. A
fairly large sample study that sought response from a random sample of households in the Stockholm
area obtained 446 valid results from tests on an average date of 11 April (week 16), reflecting
infections up to late March. It found 10% prevalence. 12 And a study based on blood donors showed
about 11% had developed antibodies in mid-April, although the sample size was only 100.
Moreover, the antibody tests used appear to have a sensitivity of only 70-80 percent, so 20-30% will
test negative even though they have been infected. But the tests have 100% specificity – no one will
test false positively. 13 There is no indication that any of these seroprevalence results have been
adjusted for the relatively low sensitivity of the test used. So it seems likely that in all cases the true
prevalence was 25-43% higher than that reported.
Many people with mild COVID-19 symptoms or asymptomatic infection probably do not develop
antibodies in their blood, either developing antibodies only in their mucus or not at all. Antibodies
are only one component of the adaptive immune system, and immunity conveyed by the
development of SARS-CoV-2 specific T-cells may be more important; it is likely to be longer
lasting.
Having regard to all these factors, it seems entirely possible that 20% rather than 10% would be a
better estimate of the proportion of the population of Stockholm region that had been infected by late
May.
Future outlook
It seems clear from the trend in cases since then that, as I intimated previously14, by mid- April the
herd immunity threshold had been reached in Stockholm county. Moreover, both there and in Västra
Götaland, the two regions that have dominated deaths to date, deaths have been declining since midMay. Regression of the logarithmic change in deaths over the last seven weekly data points gives
similar results in both regions. The fits are good15 and the slope estimates, averaging them, imply
that each week's death figure is only 81% to 86% ( at ± 1 standard error) of the previous week's
figure. Skåne, the next largest region by population, also has a downward trend in deaths, but the
regression fit is less good and the slope estimate is not significant (p = 0.1). Those three regions
make up 53% of Sweden's population. For Sweden as a whole the fit is as good as for Stockholm
country and Västra Götaland , with a slightly slower rate of decline: each week's estimate deaths are
84% to 88% of the previous week's. This range is slightly below the R value in mid-June estimated
by the Swedish Public Health Agency, which has fluctuated around 0.9. The difference is likely to
reflect the declining proportion of new cases made up by older age groups (Figure2) and the
declining infection fatality rate for ages under 70.

If the estimated logarithmic rate of decline in weekly COVID-19 deaths in Sweden seen over the last
six weeks continues, only about 1,100 further deaths would occur. That would bring total deaths up
to approximately 6,400, or 0.06% of the total population. Of the first 4,500 deaths, some 40%
involved people living in care homes,16 a slightly lower proportion than earlier in the epidemic. To
date, the average age at death was 82, and in only 6% of cases did a death not involve a co-morbidity
(other health condition).
Conclusions
Notwithstanding that a month ago antibodies were only detected in 6.3% of the Swedish population,
the declining death rate since mid-May strongly suggests that the herd immunity threshold had been
surpassed in the three largest regions, and in Sweden as a whole, by the end of April.
In the absence of a change in trends, it seems likely that the epidemic will peter out after a thousand
or so more deaths, implying an overall infection fatality rate of 0.06% of the population (0.04%
excluding COVID-19 deaths of people in care homes). This is broadly comparable to excess deaths
from influenza infections over two successive above-average seasons, such as 2016–17 plus 2017–
18.17
The absence of a lockdown order, with the government largely trusting people to make their own
individual decisions regarding their behaviour, informed by their particular circumstances, has
enabled life to continue with less disruption and reduction of people's autonomy in Sweden than in
most other western European countries. While this has also meant that COVID-19 deaths to date
have been higher than in some (but not all) other countries in which a lockdown was imposed, the
wider spread of the epidemic in Sweden means that the future COVID-19 outlook there is better.
The herd immunity threshold is likely lower at present than it would be if people were behaving
completely normally; it may also be seasonally lower. However, the continuing spread of infections
since the peak of the epidemic, particularly among young people, should provide some margin of
safety against its resurging when behaviour returns closer to normal and summer ends. That is, there
is less risk of a second wave of the epidemic next winter. And if a second wave occurs, fewer
measures should be needed to control it than in other countries.
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On 2 April 2020 the cumulative number of cases was only one-twelfth its current level, and only 5% of the
deaths recorded to date had occurred. Updated data for 19, 20 and 21 June were not prepared. In order to
avoid these days and plot as many weeks as possible, I use data for Thursday 2 April 2020 and each 7 days
thereafter, ending 25 June. For consistency between the breakdowns by age and region, I use the data as
originally reported on each date, not the final adjusted daily figures (which are not reported by age group).
There is some lag in reporting, particularly for deaths.
2
Such a policy would be understandable, as the prognosis for 80+ year-olds given invasive ventilation in
ICUs is extremely poor, with many of those who do survive then having a poor quality of life.
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The average delay between a case being confirmed and death occurring is 12 days.
(https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/t/the-infection-fatality-rate-ofcovid-19-in-stockholm-technical-report/) However, there is a significant delay between sickness arising and
cases being confirmed. On average, it takes 11 days between sickness and the start of intensive care.
4
The earlier increase in testing, from mid-April to mid-May, appears to have largely been targeted at, and
detected more cases in, health and care staff. In week 20 (mid-May) the proportion of confirmed cases
comprised of healthcare and care staff was as high as 74% in the Kronoberg region.
https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-20-final.pdf
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They assumed that the estimated infections were spread evenly over the population of the Stockholm region,
that is an age-independent atack rate.
6
Measuring instead by the number of excess deaths in the relevant period over the estimated average number
suggests a slightly higher overall mortality rate of 0.7%. However, mortality earlier in the 2019-20 winter
period was lower than average, as it also was in the 2018-19 winter, so there were probably more than usual
very old people likely to die from infection when COVID-19 struck. By week 23 (week ending 5 June 2020)
the difference between the two measures was only about 10% (4,811 vs 5,353).
(https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-25-final.pdf)
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https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-24_final.pdf
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https://www.folkhalsomyndigheten.se/contentassets/53c0dc391be54f5d959ead9131edb771/infectionfatality-rate-covid-19-stockholm-technical-report.pdf
9
If much of the variability involved arose from whether and how many cross-reactive T-cells – such as arise
from previous exposure to common cold coronaviruses – an individual possessed, the much smaller decline
in IFR for 70+ age groups might perhaps be due to the T-cell senescence that occurs in old people.
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https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-25-final.pdf
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https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-24_final.pdf
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https://www.kth.se/aktuellt/nyheter/10-procent-av-stockholmarna-smittade-1.980727
13
https://www.svt.se/nyheter/inrikes/11-procent-av-stockholmarna-har-antikroppar-mot-covid-19
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https://judithcurry.com/2020/05/10/why-herd-immunity-to-covid-19-is-reached-much-earlier-than-thought/
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The R-squared is close to 0.90 in both cases.
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https://www.folkhalsomyndigheten.se/globalassets/statistik-uppfoljning/smittsammasjukdomar/veckorapporter-covid-19/2020/covid-19-veckorapport-vecka-22-final.pdf
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https://www.folkhalsomyndigheten.se/contentassets/4b4dd8c7e15d48d2be744248794d1438/rapportoverdodlighet-vecka-23-2020.pdf

