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Abstract
Obijective

To provide population-level knowledge on individuals at high risk of severe and fatal coronavirus
disease 2019 (COVID-19) in order to inform targeted protection strategies in the general population
and appropriate triage of hospital contacts.

Design, Setting, and Participants

Nationwide population-based cohort of all 228.677 consecutive Danish individuals tested (positive or
negative) for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA from the
identification of the first COVID-19 case on February 27%, 2020 until April 30", 2020.

Main Outcomes and Measures

We examined characteristics and predictors of inpatient hospitalization versus community-
management, and death versus survival, adjusted for age-, sex- and number of comorbidities.

Results

We identified 9,519 SARS-CoV-2 PCR-positive cases of whom 78% were community-managed, 22%
were hospitalized (3.2% at an intensive care unit) and 5.5% had died within 30 days. Median age varied
from 45 years (interquartile range (IQR) 31-57) among community-managed cases to 82 years IQR 75-
89) among those who died. Age was a strong predictor of fatal disease (odds ratio (OR) 14 for 70-79-
year old, OR 26 for 80-89-year old, and OR 82 for cases older than 90 years, when compared to 50-59-
year old and adjusted for sex and number of comorbidities). Similarly, the number of comorbidities was
strongly associated with fatal disease (OR 5.2, for cases with =4 comorbidities versus no
comorbidities), and 82% of fatal cases had at least 2 comorbidities. A wide range of major chronic
diseases were associated with hospitalization with ORs ranging from 1.3-1.4 (e.g. stroke, ischemic heart
disease) to 2.2-2.7 (e.g. heart failure, hospital-diagnosed kidney disease, chronic liver disease). Similarly,
chronic diseases were associated with mortality with ORs ranging from 1.2-1.3 (e.g. ischemic heart
disease, hypertension) to 2.4-2.7 (e.g. major psychiatric disorder, organ transplantation). In the absence

of comorbidities, mortality was relatively low (5% or less) in persons aged up to 80 years.
Conclusions and Relevance

In this first nationwide population-based study, increasing age and number of comorbidities were
strongly associated with hospitalization requirement and death in COVID-19. In the absence of
comorbidities, the mortality was, however, lowest until the age of 80 years. These results may help in
accurate identification, triage and protection of high-risk groups in general populations, i.e. when
reopening societies.



Introduction

Despite worldwide efforts to prevent the spread of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) the derived coronavirus disease 2019 (COVID-19) has become a global pandemic. As
per May 18", 2020 COVID-19 has led to more than 4,700,000 confirmed cases and 315,000 deaths
worldwide.' In Denmark, the first COVID-19 case was reported on February 27%, 2020, and after a few

weeks SARS-CoV-2 was widely transmitted in the Danish community.”

Hospital-based case series from the early stages of the pandemic have suggested that patient with
severe and fatal COVID-19 are likely to be older men with a high burden of comorbid diseases.””
However, a recent analysis from 169 hospitals in 11 countries suggested a median age of only 56 years
in fatal cases.® Most previous studies were testricted to hospitals and selected populations in areas
where the healthcare systems were overwhelmed by the epidemic. Currently, no studies examined
predictors of outcomes in nationwide population-based COVID-19 cohorts in countries with early
governmental restrictions and a low burden on the healthcare system. For an unselected nationwide
cohort, we describe clinical characteristics and predictors of hospitalization and death for all SARS-

CoV-2 PCR-positive cases in Denmark, where early lockdown and surplus healthcare capacity during

the epidemic may have influenced the risk of critical disease.

Methods

In this population-based study of a Danish COVID-19 cohort capturing all individuals with a positive
PCR test for SARS-CoV-2 in Denmark, we provide nationwide data on clinical characteristics and
predictors of hospitalization and death for all SARS-CoV-2 PCR-positive cases identified from
February 27", 2020 to April 30", 2020. For descriptive compatison, we also provide data on clinical
characteristics on all individuals with a negative PCR test for SARS-CoV-2 in Denmark. The test-
negative subjects can serve as controls in future studies of determinants of contracting COVID-19

infection, using test-negative designs.’

Handling of the epidemic in Denmark

From February 27", 2020 onwards spread of SARS-CoV-2 in Denmark was observed within clusters

and mainly suspected symptomatic COVID-19 cases with a relevant travel history (mainly from China



and Italy) were tested. As per March 12 community transmission was observed and it was decided to
shift from a containment to a mitigation strategy, where testing of patients who had suspected COVID-
19 requiring hospital admission was prioritized and contact tracing with quarantine was stopped. The
government instituted a comprehensive lockdown of the country on March 13®. On 18" March testing
of frontline health care workers in critical functions who had respiratory symptoms was possible and
from late March onwards, test capacity was gradually upscaled to include testing of individuals with
mild to moderate respiratory symptoms suspicious of COVID-19, as well as broader screening of
healthcare professionals. A controlled and gradual reopening of selected sectors of the country was

initiated on April 15®.
The Danish SARS-Col -2 cohort

We established the study cohort using data on SARS-CoV-2 PCR results from the Danish
Microbiology Database.'”"" Using the unique personal identifier assigned to all Danish citizens, the
study cohort was linked to the Danish administrative and health registries.””"” We obtained complete
information on use of prescription drugs, history of hospitalizations and comorbidities, authorized
health care worker status, admission to ICU, and date of death if any (for definitions of variables, see

Supplementary Table 1).

A case was defined as an individual tested one or more times with at least one positive PCR test result
for SARS-CoV-2 performed on oro- and nasopharyngeal swaps and/or on respiratory tract secretions
and aspirates. The date of the first positive PCR test was used as the index date while individuals with
negative SARS-CoV-2 PCR tests were included by the date of their first negative test. Hospital
admissions due to COVID-19 were defined as continuous in-hospital stays with a duration of 12 hours
or longer occurring up to 14 days after the index date. ICU treatment was defined as intensive care
treatment from two days before the index date to 14 days after and was identified using procedure
codes in the Danish National Patient Registry'* or by direct reporting from the Danish Regions to
Statens Serum Institut. Mortality was defined as deaths occurring from two days before the index date
to 30 days after and validated in the Danish Cause of Death Registry.”” Real time data updates were
available on the entire cohort. We included PCR positive cases with an index date prior to April 30%,
2020 in the main analysis. Since follow-up data availability ended May 15 and a minor proportion of
PCR-positive cases thus had less than 30 days of follow-up (i.e., cases diagnosed between April 16 and
April 30), we performed a sensitivity analysis in which we assessed predictors of 30-day mortality only

including individuals with an index date prior to April 15%, 2020.



Analysis

We first assessed the number of SARS-CoV-2 PCR positive cases in Denmark as well as the number of
individuals tested PCR negative for SARS-CoV-2. Second, we described clinical characteristics for
individuals with negative SARS-CoV-2 PCR results and for PCR positive cases further stratified by
disease severity, i.e. cases who were managed in the community, cases requiring hospitalization, cases
requiring ICU admission, and cases who died within 30 days (inside or outside hospitals). Third, we
charted the proportion of hospitalized cases and cases who died within 30 days, specified by age, and
assessed predictors of hospitalization and death by estimating crude, and age- and sex-adjusted odds
ratios (ORs) using logistic regression for the associations between single comorbidities and
hospitalization and death within 30 days. We chose a logistic regression over a conventional Cox
regression as we observed a high number of patients who died very shortly after being tested positive.
A survival analysis, like a Cox regression, would put undue emphasis on the time interval between the
positive test and death, whereas a logistic regression would merely reflect predictors of whether the
patient died or not. As a measure of relative risk, the OR is an overestimate when the risk of an
outcome is common. To examine if the outcome associations with age and sex depended on the related
burden of comorbidity, we additionally adjusted age and sex ORs for number of comorbidities.
Comorbidities were defined as an ever-recording of chronic lung disease, hypertension, ischemic heart
disease, heart failure, atrial fibrillation, stroke, diabetes, dementia, any cancer, chronic liver disease,
hospital-diagnosed kidney disease, alcohol abuse, substance abuse, major psychiatric disorders, organ
transplantation, overweight and obesity, and/or rheumatoid arthritis/connective tissue disease whereas
the number of comorbidities was defined as the total number of any of these co-existing conditions. In
a supplementary analysis, ORs were estimated for single comorbidities while adjusting for age, sex, and
additionally for total number of comorbidities. Finally, we investigated clinical characteristics of patients
diagnosed during different phases of the epidemic in Denmark, defined as the containment phase, the

mitigation phase, and during the gradual reopening.

Other

According to Danish law, studies based entirely on registry data do not require approval from an ethics
teview board."” Due to legal reasons, individual level raw data from Danish administrative and health

registries cannot be shared by the authors.



Results

We identified 9,519 cases with SARS-CoV-2 detected by PCR and 219,158 individuals with a negative
PCR test in the Danish SARS-CoV-2 cohort from February 27", 2020 to April 30®, 2020. The number
of new SARS-CoV-2 PCR positive cases peaked at around 470 cases per day 5-6 weeks after the
identification of the first case. The number of new positive cases, however, correlated closely with the

number of individuals being tested, thus mainly reflecting changes in instituted test strategies (Figure

1.

In general, we only observed minor differences in age, sex, medical history and prior drug use between
PCR positive cases and test-negative individuals (Table 1). Among all SARS-CoV-2 PCR positive cases
in Denmark, 22% required hospitalization while 3.2% were admitted to an ICU and 5.5% had a fatal
course of disease within 30 days from the positive test (Table 1). Of those who died, 22% were
managed in the community i.e., by definition they did not have an in-hospital admission longer than 12
hours within 14 days after the index date (Supplementary Table 2). The majority of hospitalized cases
were admitted on the date of the positive PCR test (59%) (Supplementary Figure 1). Forty-two
percent of all PCR positive cases were men, increasing to 74% among cases admitted to an ICU and
57% among cases who died within 30 days of the positive test (Table 1). When adjusted for age and
number of comorbidities, ORs for hospitalization and death were 1.8 and 2.1, respectively for men
(Table 2).

Among all PCR positive cases, the median age was 49 years IQR 34-63), varying from 45 years IQR
31-57) among cases who did not require hospitalization to 82 years (IQR 75-89) among those who died
(Table 1). The proportion of SARS-CoV-2 PCR positive cases requiring hospitalization increased
substantially with age to more than 60% among cases older than 70 years (Figure 2). Similarly, the
proportion of PCR positive cases with a fatal course increased from 17% by the age of 70-79 years to
29% by the age of 80-89 years (Figure 2). When adjusting for sex and number of comorbidities,
increasing age was a very strong predictor of fatal disease (OR 14 for 70-79-year old, OR 26 for 80-89-
year old, and OR 82 for cases older than 90 years, when compared to middle-aged adults, 50-59 years
(Table 2).

In general, comorbidities were more frequent among PCR positive hospitalized and fatal cases. Thus,
17% of community-managed cases had 2 or more comorbidities, while the corresponding proportion

was 57% among hospitalized and 82% among fatal cases. Similarly, the proportion of individuals who



had been hospitalized at least once during the last year was higher among hospitalized cases (33%) and

fatal cases (52%) than among PCR positive cases managed in the community (8%) (Table 1).

The most frequent comorbidities among hospitalized cases were hypertension (55%), COPD (22%),
ischemic heart disease (21%), and diabetes (19%) (Table 1). After adjustment for higher age and sex,
the association of many comorbidities with hospitalization risk reduced considerably (e.g. for dementia,
from OR 2.9 to OR 0.5). However, the other comorbidities remained predictive of COVID-19
hospitalization, ranging from OR 1.3 for e.g. cancer or stroke, OR 1.4 for atrial fibrillation or ischemic
heart disease, to OR 1.7 for chronic lung disease, OR 1.8 for hypertension, OR 1.9 for diabetes, and
peaking at OR 2.7 for hospital-diagnosed kidney disease and organ transplantation (Table 2). In large,
this pattern was also evident among fatal cases, though the absolute prevalence of comorbidities was
higher in fatal than hospitalized cases (Table 1 and 2). Among PCR positive cases with 4 or more
comorbidities, the ORs for hospitalization was 3.6 and 5.2 for death compared to PCR positive cases

without any comorbidities (Table 2).

Mortality increased substantially when combining increasing age with increasing number of
comorbidities (Figure 3). Among 60-69-year old cases and 70-79-year old cases with no comorbidities
the mortality was relatively low (1% and 5%), however, increasing to 9% and 28%, respectively among
those with 24 comorbidities. Among the oldest old cases mortality was high regardless of number of

comorbidities (Figure 3).

When we only included individuals with minimum follow-up of 30 days (index date prior to April 15th,

2020), the ORs for different predictors did not differ materially (data not shown).

When further adjusting for total number of comorbidities, the ORs for patients with individual
comorbidities declined considerably (Supplementary Table 3), suggesting that multimorbidity and
frailty in patients with e.g. hypertension, diabetes, or cardiopulmonary disease may be a key driver of

the observed associations.

Authorized healthcare workers comprised 23% of all PCR positive case (Table 1). Of these, 122 cases
(5.6%) required hospital admission, 12 cases (0.6%) required ICU admission, and <5 cases (<0.2%)

died within 30 days of the positive test.

Patient characteristics of all PCR positive cases changed markedly during the different stages of the
epidemic. Thus, the proportion of women increased from 32% in the initial stage (when travelers were

frequently tested) to 62% during the reopening stage (when healthcare workers were frequently tested).



The median age was highest during the mitigation phase (52 years, IQR 38-66) where predominantly

individuals requiring hospitalization were tested (Supplementary Table 4).

Discussion

In this nationwide cohort of SARS-CoV-2 PCR positive cases and test-negative individuals from the
general population in Denmark, we found that older age (e.g., >70 years), male sex, and number of
comorbidities were risk factors for hospitalization and death. In the absence of comorbidities, the
mortality was, however, 5% or below until the age of 80 years. After controlling for age and sex,
virtually all comorbidities that were prevalent in our population, including e.g. hypertension, heart or
lung disease, obesity, and diabetes were associated with severe disease or death from COVID-19.
Particularly strong associations were observed for hospital-diagnosed kidney disease, severe psychiatric

disorder, and organ transplantation.

To our knowledge, this is the first nationwide study in which clinical characteristics and predictors of
hospitalization and death of SARS-CoV-2 PCR positive cases are investigated at the population level in
a country controlling the outbreak with early restriction leading to surplus health care capacity during
the epidemic. The register-based approach and Denmark’s universal health care system is a major
strength of this study, since the Danish administrative and health registries allow complete nationwide
capture of an unselected cohort of all individuals tested for SARS-CoV-2 without restricting to those
treated at hospitals and irrespective of socio-economic differences. Population-based registries allowed
for complete, independent individual-level ascertainment of all previous hospital contacts and
prescription drug use, overcoming limitations of missing data in previous reports. Such complete
mapping of medical history allowed us to establish any effect modification caused by increasing age and

number of comorbidities.

The existence of associations between largely any comorbidities and the risk of hospitalization and
death due to COVID-19 in our study is in accordance with previous studies of both COVID-19-

%1 and patients with severe influenza,” thus suggesting resemblances between COVID-19 and

patients
other severe respiratory infections with regards to populations at risk. Among the most frequent

comorbidities in our population, hypertension, obesity and diabetes seemed to be clear predictors of
both hospitalization and fatal disease, which corroborates previous hospital-based outcome studies *"*
and underscores the probable importance of metabolic health in COVID-19 outcomes.” Our data add

important new knowledge on the possible role of hospital-diagnosed kidney disease and organ



transplantation as strong risk factors, and furthermore suggest that people with alcohol/substance
abuse and psychiatric illness may be an especially vulnerable group, possibly in line with the

socioeconomic disparities that have been observed during the COVID-19 epidemic.”**

Importantly, the assessment of predictors in our study was performed without having any prespecified
hypotheses. We did not aim at estimating causal effects, but rather to identify factors that could help us
identify people at high risk of a severe COVID-19 course. The potential causal associations of specific
individual diseases with COVID-19 outcomes, including the potentially strong association observed for
e.g. metabolic diseases should be analyzed in future epidemiological studies designed to evaluate causal
effects, including detailed, hypothesis-specific confounder assessment. Any associations observed in
this study should therefore be interpreted with caution, and not as evidence of causality. Moreover, the
threshold for diagnosing comorbidities as well as COVID-19 may differ across age groups. Among
elderly multimorbid persons, Berksonian-like bias may have caused an overestimation of COVID-19-
outcome associations, if some hospital admissions were primarily related to worsening underlying

comorbidities rather than infection, and then led to testing and coincident detection of SARS-CoV-2.

It is of note that the different test strategies instituted in Denmark during the epidemic are crucial for
the observed characteristics of individuals with confirmed SARS-CoV-2 infection. In the early stages of
the pandemic, the national test strategy in Denmark was directed at those who were most sick and
potentially in need of medical care, which may have contributed to the rather high proportion of cases
hospitalized in our study. Also, the high absolute number of PCR positive healthcare professionals may
reflect widespread testing in this group to track down and limit in-hospital contamination, rather than a
particularly high level of contamination of healthcare professionals. Furthermore, the source of
transmission is unknown. It is a limitation in our study that the subgroup of healthcare professionals
only included individuals authorized as healthcare personnel, i.e. mainly nurses and doctors but not
professions where an authorization is not required e.g. hospital porters and nurse assistants. Further,
data on whether the healthcare professionals were involved in clinical work or working in other settings

was not available, thus some health care professionals without current patient contact were included.

In accordance with previous descriptive studies, older men with comorbidities dominated the subgroup
of cases with severe or fatal disease. ***’ Additionally, we found that men had a 2.1-fold risk of death
even when adjusting for age and number of comorbidities, thus suggesting that the higher risk of severe
or fatal disease among men cannot be explained by a higher burden of comorbidities in its entirety. In
our study, cases admitted to an ICU were markedly younger and less comorbid than cases with a fatal

course, which is likely explained by a qualified triage of patients suitable for intensive care treatment.



Also, COVID-19 cases with a fatal course who were not hospitalized (22% of fatalities) were older and
more likely to have dementia than those who died following hospitalization, thus similarly suggesting

triage of cases according to age and frailty. Of note, the median age of 82 years at death from COVID-
19 in our study is almost identical to the median age at death (81 years) of general population members

in Denmark.?®

Conclusion

In this first nationwide population-based study, increasing age, sex, and number and type of
comorbidities were closely associated with hospitalization requirement and death in SARS-CoV-2 PCR
positive cases. In the absence of comorbidities, the mortality was, however, lowest until the age of 80
years. These results may help in accurate identification, triage and protection of high-risk groups in

general populations, i.e. when reopening societies.
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Tables

Table 1. Baseline characteristics for the overall Danish SARS-CoV-2 cohort and specified by whether the infection was community-managed or
led to any hospitalization, hospitalization without ICU-admission, hospitalization with ICU-admission, or death.

Danish SARS-CoV-2 cohort

SARS-CoV-2 PCR positive cases

Hospitalized
SARS-CoV-2 test-  SARS-CoV-2 Community- Hospitalized Hospitalized, Hospitalized, | Fatal disease
Characteristic negative PCR positive managed non-ICU 1CU within 30 days>
individuals cases
N=219,158 N=9,519(100%) | N=7,429(78%) | N=2,090(22%) | N=1,790(19%) N=300(3.2%) | N=524(5.5%)

Age years, median (IQR) 47 (31-60) 49 (34-63) 45 (31-57) 71 (56-80) 72 (55-81) 68 (58-75) 82 (75-89)

0-9 12,246 (5.6%) 145 (1.5%) 135 (1.8%) 10 (0.5%) 10 (0.6%) 0@ 0@

10-19 12,054 (5.5%) 354 (3.7%) 342 (4.6%) 12 (0.6%) 12 (0.7%) 0@ 0@

20-29 24,904 (11%) 1,263 (13%) 1,212 (16%) 51 (2.4%) 45 (2.5%) 6 (2.0%) 0@

30-39 33,020 (15%) 1,315 (14%) 1,234 (17%) 81 (3.9%) 71 (4.0%) 10 (3.3%)

40-49 38,923 (18%) 1,739 (18%) 1,556 (21%) 183 (8.8%) 161 (9.0%) 22 (7.3%) 15 (2.9%)**

50-59 39,715 (18%) 1,776 (19%) 1,466 (20%) 310 (15%) 262 (15%) 48 (16%)

60-69 27,579 (13%) 1,152 (12%) 801 (11%y) 351 (17%) 271 (15%) 80 (27%) 51 (9.7%)

70-79 17,872 (8.2%) 857 (9.0%) 316 (4.3%) 541 (26%) 439 (25%) 102 (34%) 149 (28%)

80-89 9,922 (4.5%) 691 (7.3%) 260 (3.5%) 431 (21%) 399 (22%) 32 (11%) 197 (38%)

90+ 2,922 (1.3%) 227 (2.4%) 107 (1.4%) 120 (5.7%) 120 (6.7%) 0@ 112 (21%)
Sex

Female 137,848 (63%) 5,509 (58%) 4,552 (61%) 957 (46%) 878 (49%) 79 (26%) 225 (43%)

Male 81,310 (37%) 4,010 (42%) 2,877 (39%) 1,133 (54%) 912 (51%) 221 (74%) 299 (57%)
Authorized health care workers 34,705 (16%) 2,169 (23%) 2,047 (28%)) 122 (5.8%) 110 (6.1%) 12 (4.0%) (n<5)

Nurse 14,355 (41%) 1,115 (51%) 1,061 (52%) 54 (44%) 49 (45%) 5 (42%) 0@

Physician 4,963 (14%) 373 (17%) 348 (17%) 25 (20%) - (n<5) (n<5)

Other 15,387 (44%) 681 (31%) 638 (31%) 43 (35%) - (n<5) (n<5)
Number of comorbidities!

Median (IQR) 1(0-2) 0 (0-2) 0 (0-1) 2 (1-3) 2 (1-3) 2 (1-3) 3 (2-4)

0 109,577 (50%) 4,939 (52%) 4,489 (60%) 450 (22%) 386 (22%) 64 (21%) 24 (4.6%)

1 52,408 (24%) 2,161 (23%) 1,713 (23%) 448 (21%) 382 (21%) 66 (22%) 75 (14%)
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2

3

4+

Hospital admissions within the last year?

Median (IQR)

0

1

2

3

4+

Current drug use’

Antihypertensive drugs
ACE/ARBs
Calcium channel blockers
Beta-blockers
Thiazides

Loop-diuretics

Glucose-lowering drugs
Non-insulin glucose lowering drugs
Insulin
Insulin monotherapy

Antiplatelets

Anticoagulant therapy

Opioids

Benzodiazepines and derivates

Antipsychotics

Antidepressants

Systemic glucocorticoids

Inhaled corticosteroids

Leukotriene receptor antagonist

Lipid modifying agents

25,462 (12%)
14,514 (6.6%)
17,197 (7.8%)

0 (0-0)
183,917 (84%)
20,934 (9.6%)
6,758 (3.1%)
3,033 (1.4%)
4,516 (2.1%)

46,220 (21%)
30,140 (14%)
16,918 (7.7%)
17,155 (7.8%)
8,728 (4.0%)
10,452 (4.8%)
12,502 (5.7%)
10,095 (4.6%)
4,656 (2.1%)
2,407 (1.1%)
16,896 (7.7%)
10,127 (4.6%)
18,736 (8.5%)
12,942 (5.9%)
6,921 (3.2%)
23,807 (11%)
9,019 (4.1%)
19,881 (9.1%)
2,032 (0.9%)
27,036 (12%)

1,019 (11%)
630 (6.6%)
770 (8.1%)

0 (0-0)
8,199 (86%)
811 (8.5%)
229 (2.4%)
128 (1.3%)
152 (1.6%)

2,147 (23%)
1,428 (15%)
743 (7.8%)
774 (8.1%)
408 (4.3%)
538 (5.7%)
670 (7.0%)
560 (5.9%)
256 (2.7%)
110 (1.2%)
777 (8.2%)
517 (5.4%)
759 (8.0%)
482 (5.1%)
230 (2.4%)
902 (9.5%)
321 (3.4%)
677 (7.1%)
65 (0.7%)
1,277 (13%)

655 (8.8%)
285 (3.8%)
287 (3.9%)

0 (0-0)

6,808 (92%0)
446 (6.0%)
91 (1.2%)
50 (0.7%)
34 (0.5%)

1,113 (15%)
743 (10%)
355 (4.8%)
319 (4.3%)
232 (3.1%)
164 (2.2%)
327 (4.4%)
275 (3.7%)
109 (1.5%)
52 (0.7%)
323 (4.3%)
206 (2.8%)
383 (5.2%)
247 (3.3%)
128 (1.7%)
534 (7.2%)
137 (1.8%)
390 (5.2%)
35 (0.5%)
662 (8.9%)

364 (17%)
345 (17%)
483 (23%)

0 (0-1)
1,391 (67%)
365 (17%)
138 (6.6%)
78 (3.7%)
118 (5.6%)

1,034 (49%)
685 (33%)
388 (19%)
455 (22%)
176 (8.4%)
374 (18%)
343 (16%)
285 (14%)
147 (7.0%)
58 (2.8%)
454 (22%)
311 (15%)
376 (18%)
235 (11%)
102 (4.9%)
368 (18%)
184 (8.8%)
287 (14%)
30 (1.4%)
615 (29%)

298 (17%)
295 (16%)
429 (24%)

0 (0-1)
1,161 (65%)
321 (18%)
128 (7.2%)

105 (5.9%)

874 (49%)
567 (32%)
327 (18%)
384 (21%)
154 (8.6%)
332 (19%)
284 (16%)
239 (13%)
125 (7.0%)
45 (2.5%)
385 (22%)
281 (16%)
344 (19%)
211 (12%)
90 (5.0%)
323 (18%)
164 (9.2%)
253 (14%)

509 (28%)

66 (22%)
50 (17%)
54 (18%)

0 (0-0)
230 (77%)
44 (15%)
10 (3.3%)
(n<5)
13 (4.3%)

160 (53%)
118 (39%)
61 (20%)
71 (24%)
22 (7.3%)
42 (14%)
59 (20%)
46 (15%)
22 (7.3%)
13 (4.3%)
69 (23%)
30 (10%)
32 (11%)
24 (8.0%)
12 (4.0%)
45 (15%)
20 (6.7%)
34 (11%)
(n<5)
106 (35%)

103 (20%)
114 (22%)
208 (40%)

1(0-2)
252 (48%)
136 (26%)
59 (11%)
37 (7.1%)
40 (7.6%)

317 (60%)
187 (36%)
94 (18%)
166 (32%)
49 (9.4%)
174 (33%)
101 (19%)
82 (16%)
55 (10%)
19 (3.6%)
180 (34%)
147 (28%)
187 (36%)
103 (20%)
63 (12%)
155 (30%)
71 (14%)
83 (16%)
(n<5)
174 (33%)
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NSAID
Methotrexate
Biologics
Medical history*
Chronic lung diseases*
Hypertension*
Ischemic heart disease*
Heart failure
Atrial fibrillation
Stroke
Diabetes*
Dementia*
Any cancer
Chronic liver disease
Hospital-diagnosed kidney disease
Alcohol abuse*
Substance abuse*
Major psychiatric disorder*
Organ transplantation

Overweight and obesity*
Rheumatoid arthritis/connective tissue
disease

25,391 (12%)
1,128 (0.5%)
1,962 (0.9%)

35,008 (16%)
51,689 (24%)
18,524 (8.5%)
6,073 (2.8%)
10,874 (5.0%)
10,187 (4.6%)
15,113 (6.9%)
3,500 (1.6%)
18,234 (8.3%)
3,809 (1.7%)
5,346 (2.4%)
10,739 (4.9%)
7,714 (3.5%)
3,078 (1.4%)
948 (0.4%)
21,701 (9.9%)
9,037 (4.1%)

1,006 (11%)
47 (0.5%)
60 (0.6%)

1,250 (13%)
2,410 (25%)
869 (9.1%)
320 (3.4%)
558 (5.9%)
504 (5.3%)
785 (8.2%)
313 (3.3%)
735 (7.7%)
153 (1.6%)
280 (2.9%)
264 (2.8%)
163 (1.7%)
67 (0.7%)
41 (0.4%)
823 (8.6%)
361 (3.8%)

755 (10%)
30 (0.4%)
48 (0.6%)

784 (11%)
1,261 (17%)
424 (5.7%)
102 (1.4%)
229 (3.1%)
222 (3.0%)
378 (5.1%)
176 (2.4%)
379 (5.1%)
85 (1.1%)
100 (1.3%)
156 (2.1%)
108 (1.5%)
36 (0.5%)
21 (0.3%)
570 (7.7%)
209 (2.8%)

251 (12%)
17 (0.8%)
12 (0.6%)

466 (22%)
1,149 (55%)
445 (21%)
218 (10%)
329 (16%)
282 (13%)
407 (19%)
137 (6.6%)
356 (17%)
68 (3.3%)
180 (8.6%)
108 (5.2%)
55 (2.6%)
31 (1.5%)
20 (1.0%)
253 (12%)
152 (7.3%)

203 (11%)

409 (23%)
979 (55%)
383 (21%)
204 (11%)
296 (17%)
255 (14%)
336 (19%)
137 (7.7%)
299 (17%)
57 (3.2%)
160 (8.9%)
93 (5.2%)
25 (1.4%)
217 (12%)
133 (7.4%)

48 (16%)
(n<5)
(n<5)

57 (19%)
170 (57%)
62 (21%)
14 (4.7%)
33 (11%)
27 (9.0%)
71 (24%)
00)
57 (19%)
11 (3.7%)
20 (6.7%)
15 (5.0%)
(n<5)

6 (2.0%)
(n<5)
36 (12%)
19 (6.3%)

50 (9.5%)
5 (1.0%)
(n<5)

143 (27%)
378 (72%)
157 (30%)
98 (19%)
157 (30%)
126 (24%)
134 (26%)
112 (21%)
128 (24%)
14 (2.7%)
74 (14%)
33 (6.3%)
19 (3.6%)
12 (2.3%)
6 (1.1%)

53 (10%)
48 (9.2%)

"Number of comorbidities is the total number existing conditions listed under "Medical history”.
2Hospital admissions of more than 12 hours, from 365 days to 14 days prior to the index date.
3Current drug use is defined as at least one filled prescription within 6 months prior to the test date. Of note, there is a lag of 15 days on prescription data.
4Medical history is based on an ever-recording of hospital discharge diagnoses. Comorbidities marked by * are defined by hospital discharge diagnoses in

combination with drug use for the comorbidity (i.e. filled prescription within 6 months prior to the test date). For details on definitions, see Supplementary

Table 1.

5 Fatal disease was defined as all-cause mortality within 30 days from the index date. For 26 % (IN=2500) of the cohort less than 30 days of follow-up was

available.

**Age categories (30-39, 40-49, 50-59 years) collapsed to ensure anonymity.
ICU: intensive care unit; IQR: interquartile range; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ACE: angiotensin-converting enzyme
inhibitor; ARB: angiotensin receptor blocker; NSAID: non-steroidal anti-inflammatory drugs.
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Table 2. Predictors of hospitalization and having a fatal course among SARS-CoV-2 PCR positive cases.

Hospitalization Death within 30 days®
Age-, sex-, and Age-, sex-, and
o Crude OR Agfa— and sex- numbe.r .o.f Ag.e— and sex- numbefr .o.f
Characteristics (95%CI) adjusted OR corporbldﬂ:les Crude OR (95%CI) adjusted OR corporb1d1t1es
(95%CI) adjusted OR (95%CI) adjusted OR
(95%CD! (95%CDh!
Age, years!
0-9 0.4 (0.2-0.7) 0.3 (0.2-0.6) 0.4 (0.2-0.9) NA NA NA
10-19 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.2 (0.1-0.4) NA NA NA
20-29 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.3 (0.2-0.3) NA NA NA
30-39 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.4 (0.3-0.5) NA NA NA
40-49 0.6 (0.5-0.7) 0.6 (0.5-0.7) 0.6 (0.5-0.8) NA NA NA
50-59 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.)
60-69 2.1 (1.7-2.5) 2.0 (1.7-2.4) 1.6 (1.4-2.0) 5.8 (3.2-10.6) 5.4 (3.0-9.9) 4.2 (2.3-7.6)
70-79 8.1 (6.7-9.7) 7.7 (6.3-9.2) 4.8 (3.9-5.9) 26.5 (15.2-46.1)  24.0 (13.8-41.9) 13.5 (7.6-24.0)
80-89 7.8 (6.4-9.5) 8.0 (6.6-9.8) 4.5 (3.6-5.0) 50.2 (28.9-87.1) 51.0 (29.4-88.7)  26.4 (14.9-46.8)
90+ 5.3 (4.0-7.1) 5.9 (4.4-7.9) 3.5 (2.6-4.7) 122.6 (68.2-220.4) 146.6 (81.0-265.1) 82.2 (44.7-151.1)
Sex!
Female 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.)
Male 1.9 (1.7-2.1) 1.8 (1.6-2.0) 1.8 (1.6-2.0) 1.9 (1.6-2.3) 2.1 (1.7-2.6) 2.1 (1.7-2.7)
Authorized health care workers
Non-health cate worker 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ret.) 1.00 (ref.) 1.00 (ret.)
Nurse 0.1 (0.1-0.2) 0.4 (0.3-0.5) 0.4 (0.3-0.6) NA NA NA
Physician 0.2 (0.1-0.3) 0.4 (0.3-0.6) 0.4 (0.3-0.7) NA NA NA
Other 0.2 (0.1-0.3) 0.4 (0.3-0.6) 0.4 (0.3-0.6) NA NA NA
Number of comorbidities?
0 1.00 (ret.) 1.00 (ret.) 1.00 (ret.) 1.00 (ret.)
1 2.6 (2.3-3.0) 1.7 (1.4-2.0) 7.4 (4.6-11.7) 2.4 (1.5-4.0)
2 5.5 (4.7-6.5) 2.0 (1.7-2.5) 23.0 (14.7-36.1) 2.9 (1.8-4.8)
3 12.1 (10.0-14.5) 3.2 (2.6-3.9) 45.2 (28.9-70.9) 3.8 (2.3-6.3)
4+ 16.8 (14.1-20.0) 3.6 (2.9-4.5) 75.8 (49.2-116.7) 5.2 (3.2-8.3)
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Hospital contacts within the last year3

0

1

2

3

4+

Medical history*

Chronic lung diseases*

Hypertension*

Ischemic heart disease*

Heart failure
Loop-diuretic use**

Atrial fibrillation

Stroke

Diabetes*

Non-insulin glucose lowering drug use**
Any insulin use**
Insulin monotherapy use**

Dementia*

Any cancer

Chronic liver disease

Hospital-diagnosed kidney disease

Alcohol abuse*

Substance abuse*

Major psychiatric disorder*
Benzodiazepines and derivates use**
Antipsychotic use**

Antidepressant use**

Organ transplantation

Overweight and obesity*

Rheumatoid arthritis/connective tissue disease

1.00 (ref)
4.0 (3.4-4.7)
7.4 (5.7-9.7)
7.6 (5.3-10.9)

17.0 (11.5-25.0)

2.4 (2.1-2.8)
6.0 (5.4-6.6)
45 (3.9-5.2)
8.4 (6.6-10.6)
9.7 (8.0-11.7)
5.9 (4.9-7.0)
5.1 (4.2-6.1)
45 (3.9-5.2)
4.1 (3.5-4.9)
5.1 (3.9-6.5)
4.0 (2.8-5.9)
2.9 (2.3-3.6)
3.8 (3.3-4.5)
2.9 (2.1-4.0)
6.9 (5.4-8.9)
2.5 (2.0-3.3)
1.8 (1.3-2.5)
3.1 (1.9-5.0)
3.7 (3.1-4.4)
2.9 (2.2-3.8)
2.8 (2.4-3.2)
3.4 (1.8-6.3)

1.7 (1.4-1.9)
2.7 (2.2-3.4)

1.00 (ref)
2.2 (1.8-2.6)
3.3 (2.4-4.5)
2.6 (1.8-4.0)
7.7 (5.0-11.9)

1.7 (1.5-2.0)
1.8 (1.5-2.0)
1.4 (1.2-1.7)
2.2 (1.7-2.9)
2.4 (2.0-3.0)
1.4 (1.1-1.7)
1.3 (1.0-1.6)
1.9 (1.6-2.2)
1.8 (1.4-2.2)
2.1 (1.6-2.8)
2.2 (1.4-3.4)
0.5 (0.4-0.7)
1.3 (1.1-1.6)
2.5 (1.7-3.6)
2.7 (2.0-3.6)
1.7 (1.2-2.3)
1.4 (0.9-2.0)
2.1 (1.2-3.8)
1.7 (1.3-2.1)
1.4 (1.0-1.8)
1.3 (1.1-1.5)
2.7 (1.3-5.4)

2.0 (1.7-2.4)
1.4 (1.1-1.8)

1Age was adjusted for sex and number of comorbidities while sex was adjusted for age and number of comorbidities.

1.00 (ref)
1.9 (1.6-2.3)
2.7 (2.0-3.8)
2.1 (1.4-3.1)
5.4 (3.5-8.4)

1.00 (ref)
6.4 (5.1-7.9)
10.9 (7.9-15.1)
12.8 (8.6-19.2)
11.3 (7.7-16.5)

2.7 (2.2-3.3)
8.9 (7.3-10.8)
5.0 (4.1-6.1)
9.1 (7.0-11.8)

11.8 (9.6-14.5)
9.2 (7.4-11.3)
7.2 (5.8-9.0)
4.4 (3.6-5.4)
3.3 (2.6-4.3)
5.1 (3.8-7.0)
3.7 (2.2-6.1)

11.9 (9.3-15.3)
4.5 (3.6-5.5)
1.7 (1.0-3.1)
7.0 (5.3-9.3)
2.5 (1.8-3.7)
2.3 (1.4-3.8)
3.8 (2.0-7.2)
5.6 (4.4-7.1)
7.2 (5.3-9.8)
4.6 (3.8-5.7)
3.0 (1.2-7.1)

1.2 (0.9-1.6)
2.8 (2.0-3.8)

1.00 (ref))
2.1 (1.7-2.8)
2.9 (2.0-4.2)
2.8 (1.8-4.4)
2.9 (1.9-4.5)

1.4 (1.1-1.8)
1.3 (1.1-1.7)
1.2 (0.9-1.5)
1.7 (1.3-2.2)
2.0 (1.6-2.5)
1.6 (1.2-2.0)
1.4 (1.1-1.8)
1.6 (1.3-2.1)
1.3 (1.0-1.8)
2.0 (1.4-2.9)
1.6 (0.9-2.8)
1.9 (1.4-2.5)
1.3 (1.0-1.7)
1.6 (0.8-3.0)
2.0 (1.4-2.7)
1.6 (1.1-2.5)
1.8 (1.0-3.1)
2.4 (1.1-5.0)
2.0 (1.5-2.6)
3.6 (2.5-5.2)
1.7 (1.4-2.2)
2.7 (1.0-7.5)
1.5 (1.1-2.1)
1.0 (0.7-1.5)

1.00 (ref)
1.8 (1.4-2.4)
2.5 (1.7-3.6)
2.2 (1.4-3.5)
2.2 (1.4-3.4)
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Number of comorbidities is the total number of coexisting conditions listed under "Medical history .

SHospital admissions of more than 12 hours, from 365 days to 14 days prior to the index date.

“Medical history is based on an ever-recording of hospital discharge diagnoses. Comorbidities marked by * are defined by hospital discharge diagnoses in combination with
drug use for the comorbidity (i.e. filled prescription within 6 months prior to the test date). ** denotes exclusive use of drugs that are close markers of specific underlying
comorbidities, assessed independently of presence or absence of hospital diagnoses for the comorbidity. For details on definitions, see Supplementary Table 1.

5>Death was defined as all-cause mortality within 30 days from the index date.

OR: odds ratio; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Grey boxes for Medical history indicate that ORs for single comorbidities were not adjusted for total number of comorbidities in the main analysis, because some
comorbidities may be an effect of the index comorbidity. For further exploratory analyses and details, see Supplementary Table 3.
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Figures

Figure 1. New SARS-CoV-2 PCR positive cases and the number of individuals tested negative for
SARS-CoV-2 per day during the stages of the ongoing epidemic. The dotted lines illustrate the shift
from containment to mitigation strategy as well as to the reopening of the society. Note logarithmic y-

axis.
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Figure 2. Distribution of hospitalization and death according to age in all SARS-CoV-2 PCR positive

casces.
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Fatal cases were defined as all PCR-positive cases who died within 30 days from the index date, irrespective of cause of
death.
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Figure 3. Heatmap illustrating mortality among SARS-CoV-2 PCR positive cases, specified by age and

number of comorbidities.

Age group (years)

Total number of comorbidities is assessed as the total number of any of the following conditions: Chronic lung disease,

90+

50-89

70-79

60-69

50-59

40-49

30-39

20-29

10-19

0-9

1 2 3
Number of comorbidities

Mortality
=21
11-20%
2-10%:

B =1%

hypertension, ischemic heart disease, heart failure, atrial fibrillation, stroke, diabetes, dementia, cancer, chronic liver disease,

hospital-diagnosed kidney disease, alcohol abuse, substance abuse, major psychiatric disorder, organ transplantation,
overweight and obesity, and rheumatoid atthritis/connective tissue disease. Mortality was defined as all-cause mortality
within 30 days from the index date.

Stated mortality rates are rounded to the nearest number (green <1.50%; yellow 1.50%-10.49%; orange 10.50%-20.49%; red

>20.49%).
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Supplementary
Supplementary Table 1. ICD-10- and ATC-codes used to define drug and comorbidity.

Coding system Codes
Current drug use'
Antihypertensive drugs ATC C0O3A CO07 C08 C09
ACE/ARBs ATC C09
Calcium channel blockers ATC C08
Beta-blockers ATC C07
Thiazides ATC CO3A
Loop-diuretics ATC C03C
Glucose-lowering drugs ATC A10A A10B
Non-insulin glucose lowering ATC A10B
drugs
Insulin ATC A10A
Insulin monotherapy ATC A10A, not A10B
Antiplatelets ATC BO1AC
Anticoagulant therapy ATC BO1AA, BOIAEO7, BO1AF
Opioids ATC NO2A
Benzodiazepines and derivates ATC NO5BA NO5CD-F
Antipsychotics ATC NO5AA NO5AB NO5AC NO5AD NO5AE
NO5AF NO5AG NO5AH NO5AX NO5ALO01
NO5ALO05
Antidepressants ATC NOGA
Systemic glucocorticoids ATC HO2AB
Inhaled corticosteroids ATC RO3AK RO3AL RO3BA
Lipid modifying agents ATC C10
NSAIDs ATC MO1TA (excluding MO1AX)
Methotrexate ATC L04AX03
Biologics SKS BOHJ16A BOHJ18A1-5 BOHJ18B1-8
BOHJ18C1 BOHJ19H4 BOHJ19H6 BOH]J26
BWHB84
ATC LO4AA21 LO4AA23-6 .0O4AA28 .O4AA33
L04AA34 LO4AA36 LO4AB01 LO4AB02
L04AB04 LO4AB05 L04AC02 LO4ACO3
L04ACO05 LO4ACO7 LO4ACO8 LO4AC10-4
LO4AC16 LO4AC17
D11AHO05 LO1XCO02
Medical bistory’
Chronic lung disease ICD-10 J41-]47
ATC RO3AK, RO3AL, RO3BA, RO3AC12, RO3AC13,
R0O3AC18, RO3AC19, RO3CC12, RO3BB04,
R0O3BB05, R03BB06, RO3BB07
Hypertension ICD-10 110 111 112 113 I15
ATC C08, CO3A, C07, CO9
Ischemic heart disease ICD-10 120 121 122 123 124 125
ATC NO2BA CO1DA B01AC24
Heart failure ICD-10 1099A 1110 1130 1132 150
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Atrial fibrillation ICD-10 148
Stroke ICD-10 160 161 162 163 164 169
Diabetes ICD-10 E10 E11 E13 E14
ATC A10
Dementia ICD-10 FO00 FO1 FO2 FO3 F1073 F1173 F1273 F1373
F1473 F1573 F1673 F1873 F1973
ATC NO6D
Any cancer ICD-10 C00-C97, excluding C44
Chronic liver disease ICD-10 K700-K704 K709 K71-K74 K760 K766 B150
B160 B162 B18 B190 185
Hospital-diagnosed kidney ICD-10 112 113 N00-N05 NO7 NO8 N11 N14 N18 N19
disease E102 E112 E142
Alcohol abuse ICD-10 F10 E244 G312 G621 G721 1426 K292 K70
K852 K860 Q860 2502 2714 2721
ATC NO7BB
Substance abuse ICD-10 F11-F19
ATC NO7BC
Organ transplantation ICD-10 794
Overweight and obesity ICD-10 Eo66
ATC A08
Severe mental illness ICD-10 F20 F25 F30 F31
(schizophrenia, schizoaffective
disorder, or bipolar disorder)
ATC NO5AN

ICurrent drug use is defined as at least one filled prescription within 6 months prior to the test date. Of note, there is a lag

of 15 days on prescription data.

2Medical history is based on an evet-recording of hospital discharge diagnoses, with or without combination with drug

redemption data.

ACE: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; NSAID: non-steroidal anti-

inflaimmatory drugs.
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Supplementary Table 2. Baseline characteristics for SARS-CoV-2 PCR positive cases with a fatal course within 30 days, stratified by whether
cases were managed in the community or hospitalized prior to their death.

SARS-CoV-2 PCR positive cases with fatal course

All Hospitalized
All Community- Hospitalized Non-ICU 1CU admission
Characteristic managed** admission
N=524 (100%) N=115 (22%) N=409 (78%) N=330 (63%) N=79 (15%)

Age years, median (IQR) 82 (75-89) 87 (79-92) 81 (74-87) 82 (75-88) 73 (68-77)

0-29 0 (-)#* 0 (-)** 0 (-)** 0 ()% 0 (-)**

30-59 15 (2.9%)** (n<5)*ex kK ok 6 (7.6%)***

60-69 51 (9.7%) 6 (5.2%) 45 (11%) 27 (8.2%) 18 (23%)

70-79 149 (28%) 22 (19%) 127 (31%) 86 (26%) 41 (52%)

80-89 197 (38%) 42 (37%) 155 (38%) 141 (43%) 14 (18%)

90+ 112 (21%) 44 (38%) 68 (17%) 68 (21%) 0()
Sex

Female 225 (43%) 67 (58%) 158 (39%) 146 (44%) 12 (15%)

Male 299 (57%) 48 (42%) 251 (61%) 184 (56%) 67 (85%)
Authorized health care workers (n<5) 0(¢) (n<5) 0(¢) (n<5)

Nurse 00 00) 00) 00 00)

Physician (n<5) 00) (n<5) 0() (n<5)

Other (0<5) 00) (n<5) 00 (n<5)
Number of comorbidities!

Median [IQR] 324 324 324 325 3 (1-4)

0 24 (4.6%) 8 (7.0%) 16 (3.9%) 11 (3.3%) 5 (6.3%)

1 75 (14%) 20 (17%) 55 (13%) 39 (12%) 16 (20%)

2 103 (20%) 27 (23%) 76 (19%) 58 (18%) 18 (23%)

3 114 (22%) 22 (19%) 92 (22%) 73 (22%) 19 (24%)

4+ 208 (40%) 38 (33%) 170 (42%) 149 (45%) 21 (27%)
Hospital contacts within the last year?

Median [IQR] 10-2) 0(0-1) 1(0-2) 10-2) 0 (0-1)

0 252 (48%) 61 (53%) 191 (47%) 143 (43%) 48 (61%)
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2

3

4+

Current drug use’

Antihypertensive drugs
ACE/ARBs
Calcium channel blockers
Beta-blockers
Thiazides

Loop-diuretics

Glucose-lowering drugs

Non-insulin glucose lowering drugs

Insulin

Insulin monotherapy
Antiplatelets
Anticoagulant therapy
Opioids
Benzodiazepines and derivates
Antipsychotics
Antidepressants
Systemic glucocorticoids
Inhaled corticosteroids
Leukotriene receptor antagonist
Lipid modifying agents
NSAID
Methotrexate
Biologics

Medical history*

Chronic lung diseases*

Hypertension*

136 (26%)
59 (11%)
37 (7.1%)
40 (7.6%)

317 (60%)
187 (36%)
94 (18%)
166 (32%)
49 (9.4%)
174 (33%)
101 (19%)
82 (16%)
55 (10%)
19 (3.6%)
180 (34%)
147 (28%)
187 (36%)
103 (20%)
63 (12%)
155 (30%)
71 (14%)
83 (16%)
(n<5)
174 (33%)
50 (9.5%)
5 (1.0%)
(n<5)

143 (27%)
378 (72%)

32 (28%)

11 (9.6%)

7 (6.1%)
(n<5)

53 (46%)
26 (23%)
10 (8.7%)
26 (23%)
12 (10%)
35 (30%)
13 (11%)
8 (7.0%)
8 (7.0%)
5 (4.3%)
31 (27%)
31 (27%)
51 (44%)
27 (23%)
22 (19%)
49 (43%)
15 (13%)
13 (11%)
(n<5)
25 (22%)
(n<5)
00)
00)

22 (19%)
75 (65%)

104 (25%)
48 (12%)
30 (7.3%)

264 (65%)
161 (39%)
84 (21%)
140 (34%)
37 (9.0%)
139 (34%)
88 (22%)
74 (18%)
47 (11%)
14 (3.4%)
149 (36%)
116 (28%)
136 (33%)
76 (19%)
41 (10%)
106 (26%)
56 (14%)
70 (17%)
(n<5)
149 (36%)
5 (1.2%)
(n<5)

121 (30%)
303 (74%)

88 (27%)
40 (12%)

216 (65%)
128 (39%)
70 (21%)
116 (35%)
29 (8.8%)
121 (37%)
69 (21%)
57 (17%)
40 (12%)
120 (36%)
101 (31%)
120 (36%)
68 (21%)
93 (28%)
50 (15%)
60 (18%)
(n<5)
115 (35%)
(n<5)
(n<5)

99 (30%)
253 (77%)

16 (20%)
8 (10%)
(n<5)
5 (6.3%)

48 (61%)
33 (42%)
14 (18%)
24 (30%)
8 (10%)
18 (23%)
19 (24%)
17 (22%)
7 (8.9%)
(n<5)
29 (37%)
15 (19%)
16 (20%)
8 (10%)
(n<5)
13 (16%)
6 (7.6%)
10 (13%)
(n<5)
34 (43%)
16 (20%)
(n<5)
00)

22 (28%)
50 (63%)

27



Ischemic heart disease* 157 (30%) 33 (29%)) 124 (30%) 101 (31%) 23 (29%))
Heart failure 98 (19%) 18 (16%) 80 (20%) 73 (22%) 7 (8.9%)
Atrial fibrillation 157 (30%) 38 (33%) 119 (29%) 107 (32%) 12 (15%)
Stroke 126 (24%) 31 (27%) 95 (23%) 87 (26%) 8 (10%)
Diabetes* 134 (26%) 21 (18%)) 113 (28%) 90 (27%) 23 (29%))
Dementia* 112 (21%) 41 (36%) 71 (17%) 71 (22%) 00
Any cancer 128 (24%) 22 (19%)) 106 (26%) 87 (26%) 19 (24%)
Chronic liver disease 14 2.7%) 00) 14 (3.4%) : (n<5)
Hospital-diagnosed kidney disease 74 (14%) 9 (7.8%) 65 (16%) 56 (17%) 9 (11%)
Alcohol abuse* 33 (6.3%) (n<5) : : 6 (7.6%)
Substance abuse* 19 (3.6%0) (n<5) - - (n<5)
Major psychiatric disorder 12 (2.3%) (n<5) - - (n<5)
Organ transplantation 6 (1.1%) 0() 6 (1.5%) (n<5) (n<5)
Overweight and obesity* 53 (10%) 7 (6.1%) 46 (11%) 36 (11%) 10 (13%)
Rheumatoid arthritis/connective tissue 48 (9.2%) 9 (7.8%) 39 (9.5%) 32 (9.7%) 7 (8.9%)
disease

!Number of comorbidities is the total number of coexisting conditions listed under "Medical history”.

’Hospital admissions of more than 12 hours, from 365 days to 14 days prior to the index date.

3Current drug use is defined as at least one filled prescription within 6 months prior to the test date. Of note, there is a lag of 15 days on prescription data.

“Medical history is based on an ever-recording of hospital discharge diagnoses. Comorbidities marked by * are defined by hospital discharge diagnoses in combination with
drug use for the comorbidity (i.e. filled prescription within 6 months prior to the test date). For details on definitions, see Supplementary Table 1.

** These patients died without having a recorded hospital admission (defined as hospitalizations lasting 12 hours or more) within 14 days of the index date. Of note, 15 of
these patients were recorded as being admitted to hospital at time of death (mainly due to death occurring very shortly after admission).

¥ Age categories (0-29, 30-59) collapsed to ensutre anonymity.

IQR: interquartile range; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. ICU: intensive care unit; ACE: angiotensin-converting enzyme inhibitor; ARB:
angiotensin receptor blocker; NSAID: non-steroidal anti-inflammatory drugs.
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Supplementary Table 3. Predictors of hospitalization and having a fatal course within 30
days among SARS-CoV-2 PCR positive cases, when adjusting single comorbidities for
age-, sex-, and additionally for total number of comorbidities.

Chronic lung diseases*
Hypertension*
Ischemic heart disease*
Heart failure
Loop-diuretics
Atrial fibrillation
Stroke
Diabetes*
Non-insulin glucose lowering drugs
Insulin
Insulin monotherapy
Dementia*
Any Cancer

Chronic liver disease

Hospital-diagnosed kidney disease

Alcohol abuse*

Substance abuse*

Major psychiatric disorder*
Benzodiazepines and derivates
Antipsychotics
Antidepressants

Organ transplantation

Overweight and obesity*

Rheumatoid arthritis/connective tissue
disease

1.2 (1.0-1.4)
1.0 (0.9-1.2)
0.9 (0.7-1.1)
1.4 (1.1-1.9)
1.8 (1.4-2.3)
0.9 (0.7-1.1)
0.9 (0.7-1.1)
1.2 (1.0-1.4)
1.2 (0.9-1.4)
1.3 (1.0-1.8)
1.4 (0.9-2.2)
0.4 (0.3-0.5)
1.0 (0.8-1.2)
1.5 (1.1-2.2)

1.7 (1.3-2.3)
1.1 (0.8-1.5)
0.8 (0.6-1.2)
1.4 (0.8-2.5)
1.5 (1.2-1.8)
1.1 (0.8-1.5)
1.1 (0.9-1.3)
1.4 (0.7-2.8)
1.3 (1.0-1.6)
1.0 (0.8-1.3)

Hospitalization Death within 30 days?
Characteristic Age-, sex., and number of Age-, sex., and number of
comorbidities adjusted OR (95%CI) | comorbidities adjusted OR (95%CI)
Medical history!

1.1 (0.9-1.4)
0.7 (0.5-0.9)
0.7 (0.6-1.0)
1.1 (0.8-1.5)
1.5 (1.2-2.0)
1.1 (0.9-1.4)
1.0 (0.8-1.3)
1.1 (0.9-1.5)
1.0 (0.7-1.3)
1.4 (1.0-2.0)
1.1 (0.6-2.0)
1.6 (1.2-2.1)
1.0 (0.8-1.3)
1.1 (0.6-2.1)

1.4 (1.0-2.0)
1.2 (0.8-1.9)
1.2 (0.7-2.2)
1.9 (0.9-3.9)
1.8 (1.4-2.4)
3.2 (2.2-4.7)
1.5 (1.2-1.9)
1.8 (0.7-4.8)
1.0 (0.7-1.4)
0.8 (0.6-1.2)

IMedical history is based on an ever-recording of hospital discharge diagnoses. Comorbidities matked by * are defined by
hospital discharge diagnoses in combination with drug redemptions (i.e. filled prescription within 6 months prior to the test
date. Of note, there is a lag of 15 days on prescription data). For details on definitions, see Supplementary Table 1.
?Death was defined as all-cause mortality within 30 days from the index date.
OR: odds ratio; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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Supplementary Table 4. Clinical characteristics of SARS-CoV-2 PCR positive cases during
subperiods of the epidemic, i.e. containment phase, mitigation phase, and during reopening of the

society.

Containment phase!
27t Feb to 11t Mar

Mitigation phase?
12t Mar to 14% Apr

During re-opening?
15t Apr onwards

All individuals tested (IN)
PCR positive cases (IN)
Age, median [IQR]

<18 years

19-59 years

60-74 years

275 years
Sex

Female

Male
Health care workers (IN)
Number of comorbidities

0

1

2

3

4+

2559
N=756
43 (32-50)
30 (4.0%)
671 (89%)
49 (6.5%)
6 (0.8%)

243 (32%)
513 (68%)
50 (6.6%)
0 (0-1)
552 (73%)
160 (21%)
35 (4.6%)

9 (1.2%)*

71631
N=6,059
52 (38-66)
183 (3.0%)

3,759 (62%)

1,155 (19%)
962 (16%)

3,598 (59%)
2,461 (41%)
1,482 (24%)
1(0-2)
2,929 (48%)
1,403 (23%)
705 (12%)
469 (7.7%)
553 (9.1%)

144,968
N=2,704
45 (29-61)
215 (8.0%)

1,734 (64%)
383 (14%)
372 (14%)

1,668 (62%)
1,036 (38%)
637 (24%)
0 (0-1)
1,458 (54%)
598 (22%)
279 (10%)
155 (5.7%)
214 (7.9%)

ITest strategy during the containment phase: mainly testing of suspected symptomatic COVID-19 cases with a relevant
travel history (mainly from China and Italy)

?Test strategy during the mitigation phase: Initially testing of individuals with suspected COVID-19 requiring hospital
admission, and testing of symptomatic frontline health care workers in critical functions (e.g. ICU personnel). From late-
March onwards, upscaled to include testing of individuals with mild to moderate respiratory symptoms suspicious of
COVID-19, as well as broader screening of healthcare professionals

3Test strategy during re-opening: Gradually upscaled to include testing of any individuals with mild to severe symptoms
suspicious of COVID-19.

*Number of comorbidities (3 and 4+) collapsed to ensure anonymity.

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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Supplementary Figure 1. Hospitalization (A), ICU admission (B) and death in timely relation to the
date of having a positive test for SARS-CoV-2 (C).

A) SARS-CoV-2 PCR positive cases who were hospitalized: date of hospital admission relative to
sample date
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B) SARS-CoV-2 PCR positive cases who were admitted to ICU: date of ICU admission relative to
sample date
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C) SARS-CoV-2 PCR positive cases who died: date of death relative to sample date

Frequency

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days relative to sampledate

524 in total
21 died before or on sampledate
206 died >14 days after sampledate



