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Abstract

Background It is yet to be better understood how outcomes during and after the critical illness potentially differ
between severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants from other lower respiratory tract
infections (LRTIs). We aimed to compare outcomes in adults admitted to an intensive care unit (ICU) with corona-
virus disease 2019 (COVID-19) during the Wild-type, Alpha, Delta, and Omicron periods with individuals admitted
with other LRTI.

Methods Population-based cohort study in Stockholm, Sweden, using health registries with high coverage, includ-
ing ICU-admitted adults from 1 January 2016 to 15 September 2022. Outcomes were in-hospital mortality, 180-day
post-discharge mortality, 180-day hospital readmission, 180-day days alive and at home (DAAH), and incident diagno-
ses registered during follow-up.

Results The number of ICU admitted individuals were 1421 Wild-type, 551 Alpha, 190 Delta, 223 Omicron, and 2380
LRTI. In-hospital mortality ranged from 28% (n=665) in the LRTI cohort to 35% (n=77) in the Delta cohort. The
adjusted cause-specific hazard ratio (CSHR) compared with the LRTI cohort was 1.33 (95% confidence interval [Cl]
1.16-1.53) in the Wild-type cohort, 1.53 (1.28-1.82) in the Alpha cohort, 1.70 (1.30-2.24) in the Delta cohort, and 1.59
(1.24-2.02) in the Omicron cohort. Among patients discharged alive from their COVID-19 hospitalization, the post-
discharge mortality rates were lower (1-3%) compared with the LRTI cohort (9%), and the risk of hospital readmission
was lower (CSHRs ranging from 0.42 to 0.68). Moreover, all COVID-19 cohorts had compared with the LRTI cohort
more DAAH after compared with before the critical illness.

Conclusion Overall, COVID-19 critical was associated with an increased hazard of in-hospital mortality,
but among those discharged alive from the hospital, less severe long-term outcomes were observed compared
with other LRTIs.
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Introduction

Mortality during coronavirus disease 2019 (COVID-
19) critical illness is substantial, with mortality rates
approaching or exceeding 30% [1-4]. Since the ancestral
strain of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), five variants of concerns have been
identified: Alpha, Beta, Gamma, Delta, and Omicron
[5]. Whilst an extensive body of evidence have demon-
strated acute infections with Omicron to be less severe
compared with preceding SARS-CoV-2 variants [6], simi-
lar mortality rates for intensive care unit (ICU) admitted
patients have been reported regardless of variant [7, 8].
Two French studies including patients admitted to ICUs
for severe COVID-19 observed no difference in in-ICU
mortality or 28-day mortality between the Delta and
the Omicron period [7, 8]. However, a Brazilian study
including ICU-admitted COVID-19 patients observed
a lower 60-day mortality during a period of Omicron
dominance compared with periods of nonvariant domi-
nance and Gamma and Delta dominance, respectively
[9]. Irrespective of SARS-CoV-2 variant and a substantial
critical illness mortality, most patients receiving intensive
care treatment for COVID-19 survive their acute illness
episode.

It is yet to be better understood how outcomes dur-
ing and after the critical illness potentially differ between
SARS-CoV-2 variants from other lower respiratory
tract infections (LRTIs). This is important to identify
potentially different recovery trajectories and to facili-
tate planning of follow-up strategies for patients having
experienced COVID-19 critical illness compared with
other LRTIs [10]. The SARS-CoV-2 virus has developed
substantially throughout the pandemic, motivating char-
acterizations of outcomes of COVID-19 critical illness
during different variant periods. These types of investi-
gations are often hampered by lack of population-based
data on mortality, inpatient care, outpatient specialist
care, and primary care. The aim of this study was to use
population-based health registries to compare outcomes
during and beyond COVID-19 critical illness overall as
well as for different SARS-CoV-2 variant periods com-
pared with other LRTTs.

Methods

Study design, setting, and population

Stockholm County in Sweden has a population of 2.4 mil-
lion inhabitants, served by six acute care hospitals with
ICUs. Throughout the pandemic, every hospital in Stock-
holm County expanded its ICUs, ensuring ICU capacity
was never surpassed. It is crucial to note that the criteria
for ICU admission remained consistent for both COVID-
19 and non-COVID-19 patients. However, as high-
lighted in a prior study by Strélin et al., the percentage
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of hospitalized patients admitted to the ICU dimin-
ished over time [11]. This suggests a possibility that, as
time progressed, the hospitalized COVID-19 popula-
tion exhibited milder symptoms. Furthermore, as treat-
ment strategies for COVID-19 evolved, intermediate care
wards began accommodating patients with more severe
conditions.

We conducted a population-based retrospective cohort
study including adults admitted to these ICUs with
COVID-19 or other LRTIs. We identified all individuals
aged 18 years or older who were hospitalized and treated
in the ICU any time from 1 January 2016 to 15 Septem-
ber 2022. Only individuals who had lived in Stockholm
County at least 1 year before the hospital admission
were considered to enable classification of underlying
health status. We identified all hospitalizations where
an International Statistical Classification of Diseases and
Related Health Problems 10™ Revision (ICD-10) code of
COVID-19 (U07.1 or U07.2) or other LRTIs (influenza
[J09.X-J11.X] and other LRTIs [J12.X- J18.X]) had been
registered during ICU treatment. For the COVID-19
cohort, a polymerase chain reaction (PCR) test positive
for SARS-CoV-2 any time from 14 days before hospital
admission or during the hospitalization was required.
Patients with a LRTI ICD-10 diagnosis and a posi-
tive SARS-CoV-2 test were excluded from the analyses.
Only the first hospitalization per individual and cohort
(COVID-19 or LRTI) were included. All hospitalizations
meeting these criteria were included in the analyses of in-
hospital mortality. Individuals who then were discharged
alive from the hospital any time up until 18 April 2022
were included in the analyses of long-term outcomes.
This date was selected to allow for 180 days of follow-up
before administrative censoring (15 October 2022).

Cohorts

Six cohorts were used in the study: All COVID-19, Wild-
type, Alpha, Delta, Omicron, and LRTI. The SARS-CoV-2
variant cohorts (Wild-type, Alpha, Delta, Omicron), were
defined based on the date of the PCR-positive test, using
the same variant periods as previously described by the
Public Health Agency of Sweden (see Additional file 1:
Table S1) [12]. If an individual had a sample sequenced
for any of these variants outside of the corresponding
variant period, the variant classification was based on the
sequenced sample.

Data sources

Data were linked using personal identification num-
bers, unique for each Swedish resident, from the Swed-
ish Intensive Care Registry (SIR), the Stockholm regional
healthcare data warehouse (VAL), the Registry of notifi-
able disease (SmiNet), the National Vaccination Register
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(NVR), and Statistics Sweden. SIR is an intensive care
quality registry recording all ICU admissions, including
data on diagnoses, medical procedures, and measure-
ments of disease severity [3]. VAL contains data from
healthcare databases within the Stockholm Region,
including demographics, migration, drug prescriptions,
and data on all inpatient stays and outpatient visits reim-
bursed by Region Stockholm [13]. This includes near
complete coverage of specialist care and 94% of primary
care [13]. SmiNet contains all PCR SARS-CoV-2 positive
test results notified in accordance with the Communica-
ble Diseases Act [14]. The data from NVR included all
COVID-19 vaccinations administered in Sweden to the
Stockholm County population. Data from Statistics Swe-
den were used to collect sociodemographic data [15]. The
data sources are described in more detail in Text S1.

Outcomes and variable definitions
In-hospital all-cause mortality was analysed up until
discharge from hospital. Long-term outcomes were ana-
lysed from the time of discharge alive and the following
180-days. The long-term outcomes were all-cause mor-
tality, all-cause hospital readmission, days alive and at
home (DAAH) [16], and the ten most common incident
diagnoses registered for each cohort within all health-
care during the follow-up period of 180 days. DAAH was
defined as the number of days not admitted to hospital,
not attending an outpatient care facility, not living in a
nursing home or receiving home care services, and not
calling the Swedish National Medical Advisory Service
(called 1177 in Swedish). Incident diagnoses were defined
as diagnoses registered by a physician which the indi-
vidual did not have registered during a period of 3 years
before or during the critical illness hospital admission.
Finally, to get a better understanding of the overall mor-
tality, irrespective if in-hospital or out-of-hospital, we
analyzed the 180-day all-cause mortality from the day
of admission. Similar to the cut-offs used for the other
long-term outcomes, individuals who were admitted to
the ICU any time up until 18 April 2022 were included to
allow for 180 days of follow-up before administrative cen-
soring (15 October 2022). Individuals were followed from
the day of ICU admission to the day of death, moving out
of the region, or 180 days, whichever occurred first.
Comorbidities were based on conditions with increased
risk of severe COVID-19 [17]. Data on disposable income
quartile were based on information from the year before
the hospital admission (or from 2019 for individuals
admitted in 2021 or 2022), with quartiles being calcu-
lated separately for each birthyear in the entire Stock-
holm County population. COVID-19 vaccination status
was based on the number of doses received until four-
teen days before the hospital admission. Classification of
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procedures in the ICU were based on national procedure
codes (Swedish: KVA codes). All study outcomes and
other collected variables are further described in Addi-
tional file 1: Table S1.

Statistical methods

We described characteristics of the six cohorts: All
COVID-19, SARS-CoV-2 Wild-type, Alpha, Delta, or
Omicron variants, and LRTI. Continuous values were
presented as medians with interquartile range (IQR), and
categorical values as numbers with percentages.

The crude 120-day cumulative incidences of in-hos-
pital mortality and alive hospital discharge were esti-
mated with the Aalen and Johansen estimator for each
cohort [18]. These results were presented overall as well
as stratified on age (18—64 years and > 65 years). Multi-
variable cause-specific Cox-proportional hazards regres-
sion models as well as Fine-Gray subdistribution hazard
models were used to compare the in-hospital mortality
in the All COVID-19, Wild-type, Alpha, Delta, and Omi-
cron cohorts with the LRTI cohort [19, 20]. Models were
adjusted for age, sex, region of birth, disposable income
quartile, and comorbidities (cancer, cardiac or cerebro-
vascular disease, chronic kidney failure, chronic liver
disease, chronic lung disease, diabetes, hypertension,
immunocompromised state, mental health disorder, neu-
rological disease, and obesity). Age was included as a con-
tinuous variable using restricted cubic splines with four
knots [21]. Cause-specific hazard ratios (CSHRs) and
subdistribution hazard ratios (SHR) with 95% confidence
intervals (Cls) were presented. To further investigate the
mortality across different age strata, age-stratified crude
mortality rates were also presented.

Characteristics of individuals discharged alive from
the hospital up until 18 April 2022 in the six cohorts
were then described. For these individuals, comorbid-
ity classification was based on diagnosis codes until the
day of hospital discharge, not until the day before hospi-
tal admission as in the cohorts for in-hospital mortality.
Individuals were censored at 180 days from the day after
hospital discharge, moving out of the region or death,
whichever occurred first. Multivariable Cox-proportional
hazards regression models were used to investigate 180-
day post-discharge mortality and 180-day hospital read-
mission in the COVID-19 cohorts compared with the
LRTI cohort. Furthermore, Fine-Gray subdistribution
hazard models were also used for hospital readmission
to further investigate the competing risk of death. For
180-day post-discharge mortality, adjustments were only
made for age and sex due to the low number of events
observed, whereas age, sex, region of birth, disposable
income quartile, and comorbidities were used for hospi-
tal readmission. The ten most common diagnoses for the
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first hospital readmission were also presented for each
cohort. DAAH 180 days after compared with 180 days
before the critical illness episode was analysed descrip-
tively (medians and IQRs) as well as modelled with
adjusted difference-in-differences analyses, a modelling
strategy based on linear probability models [22]. These
models were also adjusted for age, sex, region of birth,
disposable income quartile, and comorbidities. Results
from the models were presented with 95% ClIs based on
robust standard errors.

The cumulative incidences of 180-day mortality from
the day of ICU-admission (irrespective if in-hospital
or out-of-hospital) were also described overall and age-
stratified (18—64 years and > 65 years). as for in-hospital
mortality.

Low levels of missing data were observed for region of
birth (<0.1% missing) and disposable income (0.2% miss-
ing). This was classified as missing data and all individu-
als were included in all models. Among variables used for
descriptive purposes only, data were missing for time to
ICU admission from COVID-19 symptom onset (2%),
partial pressure of oxygen divided by fraction of inspired
oxygen (PaO,/FiO,) (16%), and hospital length of stay
(individuals not discharged by 15 October 2022) (0.2%).

Statistical analyses were conducted using R version
4.1.0.

Results

Study population

A total of 4765 hospitalizations from 4748 individuals
were included: 1421 Wild-type, 551 Alpha, 190 Delta,
223 Omicron, and 2380 LRTI (Fig. 1). The number of
ICU-admitted hospitalizations per calendar month is
presented for each cohort in Additional file 1: Fig. S1. The
median (IQR) age was 63 (54-72) in the All COVID-19
cohort, 63 (54-71) years in the Wild-type cohort, 64 (54—
72) years in the Alpha cohort, 62 (49-71) years in the
Delta cohort, 68 (54-77) years in the Omicron cohort,
and 67 (56-75) years in the LRTI cohort (Table 1). Of
the SARS-CoV-2 variants, patients with Omicron were
most similar to the LRTI cohort, with more than 50%
being aged 65 years or older and around 20% of patients
being immunocompromised. A total of 74% (n=140)
and 31% (n=70) of individuals in the Delta and Omicron
cohorts were unvaccinated before the hospital admis-
sion, respectively. Characteristics of unvaccinated (or
one dose) Delta and Omicron patients compared with
patients having received at least two doses are shown in
Additional file 1: Table S2. A total of 36% (n=79) of the
unvaccinated patients were>65 years, compared with
62% (n=118) of patients having received >2 doses. Of
the 2380 LRTT hospitalizations, 246 were caused by influ-
enza and 2134 by other LRTIs. Characteristics of these
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groups are presented in Additional file 1: Table S3. The
median (IQR) age was 64 (51-74) for the influenza group
and 67 (56-75) for the other LRTIs group. The comorbid-
ity burden as well as the ICU characteristics were rather
similar for the two groups.

In-hospital mortality

In-hospital mortality was 32% (n=754) in the All
COVID-19 cohort, 30% (n=431) in the Wild-type
cohort, 33% (n=183) in the Alpha cohort, 33% (n=63)
in the Delta cohort, 35% (n=77) in the Omicron cohort,
and 28% (n=665) in the LRTI cohort. When compared
with the LRTI cohort, the adjusted CSHR was 1.42 (1.27-
1.59) in the All COVID-19 cohort, 1.34 (1.17-1.54) in the
Wild-type cohort, 1.54 (1.29-1.84) in the Alpha cohort,
1.72 (1.31-2.26) in the Delta cohort, and 1.59 (1.24—2.03)
in the Omicron cohort (Fig. 2). The adjusted SHRs were
similar to the adjusted CSHRs. Age-stratified in-hospital
mortality rates are presented in Additional file 1: Figs.
S2 and S3. Differences in mortality between COVID-
19 and LRTI was more pronounced among individuals
aged 65 years or older. The in-hospital mortality was 22%
(n=55) in the influenza group and 29% (n=610) in the
other LRTIs group.

Long-term outcomes

A total of 989 Wild-type, 368 Alpha, 127 Delta, 89 Omi-
cron, and 1613 LRTI episodes were included in the
follow-up after discharge from hospital (Table 2). The
median (IQR) age ranged from 56 (47-67) years for
patients with Delta to 64 (52-73) years for LRTIL. The
median (IQR) length of stay in the ICU was 7 (3—16) days
in the All COVID-19 cohort, with the shortest stay for
Omicron [2 (1-5) days], and 4 (2-12) days in the LRTI
cohort. Of the 1613 LRTI hospitalizations, 189 were
caused by influenza and 1424 by other LRTIs. A total of
40% (n=76) of were aged 65 years or older in the influ-
enza group, compared with 50% (n=718) in the other
LRTIs group (Additional file 1: Table S4).

The 180-day post-discharge mortality was 2% (n=31)
in the All COVID-19 cohort, 1% (n=14) in the Wild-
type cohort, 3% (n=10) in the Alpha cohort, 3% (n=4) in
the Delta cohort, 3% (n=3) in the Omicron cohort, and
9% (n=149) in the LRTI cohort (Table 3). This was 7%
(n=13) in the influenza group and 10% (n=136) in the
other LRTIs group. The point estimates of the adjusted
180-day post-discharge mortality CSHRs were below 0.5
for all COVID-19 cohorts compared with LRTL

The 180-day hospital readmission was 21% (n=331)
in the All COVID-19 cohort, it was highest in the Omi-
cron cohort, 34% (n=30), and 44% (n=713) in the
LRTI cohort. This was 39% (n=73) in the influenza
group and 45% (n=640) in the other LRTIs group. The
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1,527,400 hospitalisations from 647,437 |

individuals without an ICU admission

1,560,132 hospitalisations from 654,842
adults (>18 years) from 2016-01-01 to
2022-09-15

27,738 hospitalisations from 24,291
individuals without an ICD-10 diagnosis
code indicative of COVID-19 or LRTI
during the ICU stay

v

32,732 hospitalisations from 28,665
individuals with an ICU admission

112 COVID-19 hospitalisations from 112
individuals without a registered PCR test
positive for SARS-CoV-2

39 LRTI hospitalisations from 39
individuals with a registered PCR test
positive for SARS-CoV-2

7 repeated COVID-19 hospitalisations
from 7 individuals

71 repeated LRTI hospitalisations from 65
individuals

L 2

4,994 hospitalisations from 4,891
individuals with an ICD-10 diagnosis
code indicative of COVID-19 or LRTI

during the ICU stay

2,504 COVID-19 (2,491 individuals)
2,490 LRTI (2,419 individuals)

1,579 hospitalisations from 1,578
individuals not discharged alive up until
2022-04-18

812 COVID-19 (812 individuals)
432 Wild-type
183 Alpha
63 Delta
134 Omicron

767 LRTI (767 individuals)

A

L
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4,765 hospitalisations from 4,748
individuals (first hospitalisation per
individual in the COVID-19 and LRTI

group)

2,385 COVID-19 (2,385 individuals)
1,421 Wild-type
551 Alpha
190 Delta
223 Omicron

2,380 LRTI (2,380 individuals)

Characteristics
In-hospital mortality

T

v

3,186 hospitalisations from 3,177
individuals discharged alive up until
2022-04-18

1,573 COVID-19 (1,573 individuals)
989 Wild-type
368 Alpha
127 Delta
89 Omicron

1,613 LRTI (1,613 individuals)

Characteristics

180-day post-discharge mortality
180-day hospital re-admission
180-day days alive and at home
180-day registered diagnoses

Color legend

Included

Excluded

Analyses

Fig. 1 Study flow chart. Note The green boxes indicate the included hospitalizations and the red boxed indicate the excluded hospitalizations. The
blue boxes describe what analyses were performed for each part of the study population. COVID-19 Coronavirus disease 2019, ICD-10 International
Statistical Classification of Diseases and Related Health Problems 10th Revision, ICU Intensive care unit, LRTI Lower respiratory tract infection, PCR
Polymerase chain reaction, SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2

most common main hospital readmission diagnosis was
COVID-19, virus identified in the All COVID-19 cohort
(7%, 22/331) and mental and behavioural diseases due
to psychoactive substance use (7%, 48/713) in the LRTI
cohort (Additional file 1: Fig. S4). When compared with
the LRTI cohort, the adjusted CSHR for hospital read-
mission was 0.52 (0.45-0.60) in the All COVID-19
cohort, 0.46 (0.39-0.55) in the Wild-type cohort, 0.53
(0.41-0.68) in the Alpha cohort, 0.42 (0.28-0.65) in
the Delta cohort, and 0.68 (0.47-0.99) in the Omicron
cohort. The adjusted SHRs were nearly identical to the
adjusted CSHRs.

The median (IQR) number of reduced DAAH after
compared with before the critical illness was 21 (9-50) in
the All COVID-19 cohort, 24 (10-54) in the Wild-type
cohort, 19 (7-42) in the Alpha cohort, 13 (5-26) in the
Delta cohort, 24 (8—107) in the Omicron cohort, and 45
(16-171) in the LRTI cohort. This was 28 (11-113) in
the influenza group and 48 (16—175) in the other LRTIs
group. The All COVID-19 cohort had in adjusted dif-
ference-in-difference analyses 34 (95% CI 30-38) more
DAAH after compared with before the critical illness
episode compared with the LRTT cohort. These numbers
were 34 (95% CI 29-38) in the Wild-type cohort, 37 (95%
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Table 1 Characteristics of the cohorts
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Variable All COVID-19 Wild-type (n=1421) Alpha (n=551) Delta(n=190) Omicron (n=223) LRTI(n=2380)
(n=2385)
Baseline characteristics
Male sex 1684 (70.6) 1043 (73.4) 367 (66.6) 136 (71.6) 138 (61.9) 1506 (63.3)
Age, years 63.0 [54.0,72.0] 63.0 [54.0,71.0] 64.0[54.0,72.0] 61.5[49.2,71.01 680 [54.0,76.5] 67.0[56.0,75.0]
18-44 267 (11.2) 133 (94) 68 (12.3) 31(16.3) 35(15.7) 300 (12.6)
45-64 1030 (43.2) 650 (45.7) 230 (41.7) 86 (45.3) 64 (28.7) 734 (30.8)
65 or older 1088 (45.6) 638 (44.9) 253 (45.9) 73 (384) 124 (55.6) 1346 (56.6)
Region of birth
Africa 171(7.2) 4(8.0) 31(5.6) 16 (8.4) 10 (4.5) 71(3.0)
The Americas 124 (5.2) 85 (6.0) 27 (4.9) 7(3.7) 5122 27 (1.1)
Asia or Oceania 547 (22.9) 366 (25.8) 100 (18.1) 53(27.9) 28 (12.6) 178 (7.5)
Europe 368 (15.4) 210 (14.8) 87 (15.8) 39(20.5) 32(14.3) 302 (12.7)
Sweden 1172 (49.1) 646 (45.5) 305 (55.4) 75 (39.5) 146 (65.5) 1801 (75.7)
Missing 3(0.1) 0(0.0) 1(0.2) 0(0.0) 2(09) 1(0.0)
Yearly disposable income quartile
Quartile 1 920 (38.6) 520 (36.6) 201 (36.5) 94 (49.5) 105 (47.1) 1007 (42.3)
Quartile 2 626 (26.2) 380 (26.7) 145 (26.3) 48 (25.3) 53(23.8) 588 (24.7)
Quartile 3 479 (20.1) 298 (21.0) 111 (20.1) 29 (15.3) 41 (18.4) 423(17.8)
Quartile 4 353 (14.8) 223(15.7) 93 (16.9) 17 (89) 20 (9.0) 360 (15.1)
Missing 7(0.3) 0(0.0) 1(0.2) 2(1.1) 4(1.8) 2(0.1)
Cancer 127 (5.3) 72 (5.1) 27 (4.9) 842 20 (9.0) 327 (13.7)
Cardiac or cerebrovascu- 503 (21.1) 275(19.4) 115 (20.9) 35(184) 78 (35.0) 770 (32.4)
lar disease
Chronic kidney failure 174 (7.3) 86 (6.1) 36 (6.5) 16 (84) 36 (16.1) 212 (8.9)
Chronic liver disease 67 (2.8) 392.7) 16 (2.9) 3(1.6) 9 (4.0) 160 (6. 7)
Chronic lung disease 182 (7.6) 100 (7.0) 44 (8.0) 12 (6.3) 26 (11.7) 51 (189
Diabetes (type 1 or 2) 626 (26.2) 380 (26.7) 135 (24.5) 50(26.3) 61(27.4) 540 (22. )
Hypertension 1057 (44.3) 638 (44.9) 240 (43.6) 73 (384) 106 (47.5) 15 (46.8)
Immunocompromised 288 (12.1) 153 (10.8) 61 (11.1) 27 (14.2) 47 (21.1) 437 (184)
state
Mental health disorder 71 (3.0 36 (2.5) 16 (2.9) 4(2.1) 15(6.7) 138 (5.8)
Neurological disease 60 (2.5) 34 (24) 7(1.3) 4.0 15 (6.7) 176 (7.4)
Obesity 362 (15.2) 187 (13.2) 120 (21.8) 27 (14.2) 28(12.6) 183(7.7)
Charlson comorbidity 0.0[0.0, 2.0] 0.0[0.0,2.0] 0.0[0.0,2.0] 0.0[0.0,1.0] 1.0[0.0,3.0] 1.0[0.0,3.0]
index score
0 1265 (53.0) 761 (53.6) 293 (53.2) 120 (63.2) 91 (40.8) 868 (36.5)
1-2 732 (30.7) 450 (31.7) 172 (31.2) 43 (22.6) 67 (30.0) 708 (29.7)
3-4 227 (9.5) 124(8.7) 48(8.7) 7(89) 38(17.0) 432(18.2)
>5 161 (6.8) 86 (6.1) 38 (6.9) 10(5.3) 27 (12.1) 372(15.6)
COVID-19 vaccination status before hospitalization
Unvaccinated 2158 (90.5) 1421 (100.0) 527 (95.6) 140 (73.7) 70 (31.4) NA
One dose 31(1.3) 0(0.0) 20 (3.6) 5(2.6) 6(2.7) NA
Two doses 106 (4.4) 0(0.0) 4(0.7) 41 (21.6) 61(274) NA
Three doses 67 (2.8) 0(0.0) 0(0.0) 42.7) 63 (28.3) NA
Four doses 23(1.0) 0(0.0) 0(0.0) 0(0.0) 23(10.3) NA
ICU characteristics
Time to ICU admission 10.0[7.0,13.0] 10.0[7.0,13.0] 10.0[7.0,13.0] 10.0[7.0,14.0] 3.0[0.0,8.0] NA
from COVID-19 symptom
onset
Missing 49 (2.1) 18(1.3) 16 (2.9) 2(1.1) 13(5.8) NA
SAPS 3 score 56.0[49.0,65.0] 56.0[48.0,63.0] 57.0[51.0,66.0] 56.0[49.2,66.0] 59.0[51.0,70.5] 63.0[54.0,73.0]
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Table 1 (continued)
Variable All COVID-19 Wild-type (n=1421) Alpha (n=551) Delta(n=190) Omicron (n=223) LRTI(n=2380)
(n=2385)
PaO,/FiO, ratio 11.41[89,15.6] 11.4109.0,15.3] 106 [8.5,13.8] 11.2[86,150] 182[11.2,380] 19.3[12.1,30.3]
Missing 292 (12.2) 179 (12.6) 50(9.1) 17 (8.9) 46 (20.6) 498 (20.9)
Mechanical ventilation 1379 (57.8) 878 (61.8) 287 (52.1) 105 (55.3) 109 (48.9) 1307 (54.9)
Duration 1091[5.0,21.2] 11.91[6.1,22.3] 11.2[5.1,22.5] 931[4.8,14.38] 3.6[0.7,9.5] 7.2[3.0,153]
NIV or HFNO 1616 (67.8) 903 (63.5) 451 (81.9) 155 (81.6) 107 (48.0) 1332 (56.0)
Prone positioning 989 (41.5) 651 (45.8) 225 (40.8) 85 (44.7) 28 (12.6) 104 (4.4)
Length of stay in ICU 791[29,17.2] 9.0[3.7,19.0] 6.6[29,16.5] 8.1[3.2,16.3] 2.7109,75] 471[1.7,128]
Length of stay in hospital  21.0[12.0,39.0] 22.01[13.0,41.0] 21.0[12.0,400] 19.0[13.0,320] 14.0(7.0,29.0] 19.0 9.0, 39.0]
Missing 3(0.1) 1(0.1) 0(0.0) 0(0.0) 2(0.9) 7(0.3)

Numeric values are presented as median [interquartile range], and categorical values are presented as number (percentage)

COVID-19 Coronavirus disease 2019, FiO, Fraction of inspired oxygen, HFNO High flow nasal oxygen, ICU Intensive care unit, LRT/ Lower respiratory tract infection, NA
Not applicable, NIV Non-invasive ventilation, PaO, Partial pressure of oxygen, SAPS 3 Simplified acute physiology score 3

-== Cox proportional hazards models

Fine—Gray subdistribution hazard models

In-hospital mortality

Omicron versus LRTI A |

Delta versus LRTIA I

I 1.59 (95% CI 1.24-2.02)

Alpha versus LRTI

Wild-type versus LRTIA

All COVID-19 versus LRTI+

e

I 1.70 (95% CI 1.30-2.24)
1.53 (95% CI 1.28-1.82)
1.33 (95% CI 1.16-1.53)

1.41 (95% Cl 1.26-1.59)

08 10 12 1.4

16 18 20 22 24

Adjusted ratio (95% confidence interval)
Fig. 2 Alive hospital discharge and in-hospital all-cause mortality in the cohorts. Adjusted cause-specific hazard ratios (95% confidence interval)
and subdistribution hazard ratios for in-hospital all-cause mortality in the All COVID-19, Wild-type, Alpha, Delta, and Omicron cohort compared
with the LRTI cohort. The model was adjusted for age, sex, region of birth, yearly disposable income quartile, and all studied comorbidities (cancer,
cardiac or cerebrovascular disease, chronic kidney failure, chronic liver disease, chronic lung disease, diabetes, hypertension, immunocompromised
state, mental health disorder, neurological disease, and obesity). C/ Confidence interval, COVID-19 Coronavirus disease 2019, LRTI Lower respiratory

tract infection

CI 31-43) in the Alpha cohort, 40 (95% CI 31-50) in
the Delta cohort, and 16 (95% CI 2—30) in the Omicron
cohort.

The most common incident diagnoses were COVID-
19 in own medical history in the All COVID-19 cohort

(49%, 708/1438), Wild-type COVID-19 cohort (58%,
522/903), Alpha cohort (43%, 141/328), and Delta
cohort (31%, 37/120). Malaise and fatigue was the most
common diagnosis in the Omicron cohort (12%, 9/75),
and dyspnoea was the most common diagnosis in the
LRTI cohort (7%, 85/1174) (Additional file 1: Fig. S5).
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Table 2 Characteristics of the cohorts discharged alive from the hospital
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Variable Al COVID-19 (n=1573) Wild-type (n=989) Alpha(n=368) Delta(n=127) Omicron (n=89) LRTI(n=1613)
Baseline characteristics
Male sex 1076 (68.4) 703 (71.7) 237 (64.4) 92 (72.4) 44 (49.4) 1008 (62.5)
Age, years 60.0 [50.0, 68.0] 60.0 [52.0,67.0] 60.5[48.0,68.0] 56.0[46.5,66.5] 61.0[47.0,74.0] 64.0[52.0,73.0]
18-44 233(14.8) 22(123) 65(17.7) 28 (22.0) 18 (20.2) 263 (16.3)
45-64 808 (51.4) 534 (54.0) 176 (47.8) 63 (49.6) 35(39.3) 556 (34.5)
65 or older 532(33.8) 333(337) 127 (34.5) 6(28.3) 36 (40.4) 794 (49.2)
Region of birth
Africa 123(7.8) 84 (8.5) (5.7) 12 (9.4) 6(6.7) 53(3.3)
The Americas 86 (5.5) 61 (6.2) 8(4.9) 4(3.) 3(34) 16 (1.0)
Asia or Oceania 379 (24.1) 253 (25.6) (19.8) 38(29.9) 15(16.9) 138 (8.6)
Europe 233 (14.8) 142 (14.4) 52(14.1) 24(18.9) 15(16.9) 203 (12.6)
Sweden 750 (47.7) 449 (45.4) 204 (55.4) 49 (38.6) 48 (53.9) 1203 (74.6)
Missing 2(0.1) 0(0.0) 0(0.0) 0(0.0) 2(2.2) 0(0.0)
Yearly disposable income quartile
Quartile 1 595 (37.8) 355(35.9) 129 (35.1) 61 (48.0) 50 (56.2) 712 (44.1)
Quartile 2 419 (26.6) 272 (27.5) 101 (274) 31 (24.4) 15(16.9) 393 (24.4)
Quartile 3 317 (20.2) 209 (21.1) 75 (20.4) 21(16.5) 12 (13.5) 280 (17.4)
Quartile 4 236 (15.0) 153 (15.5) 62 (16.8) 12 (94) 9(10.1) 228 (14.1)
Missing 6(04) 0(0.0) 1(03) 2(1.6) 3(34) 0(0.0)
Cancer 64 (4.1) 40 (4.0) 14 (3.8) 3(24) 7(7.9) 169 (10.5)
Cardiac or cerebrovascular 482 (30.6) 308 (31.1) 102 (27.7) 31(244) 41 (46.1) 714 (44.3)
disease
Chronic kidney failure 113(7.2) 67 (6.8) 23(6.2) 9(7.1) 14 (15.7) 158 (9.8)
Chronic liver disease 52(33) 32(3.2) 11 (3.0) 2(1.6) (7 9) 129 (8.0)
Chronic lung disease 125 (7.9) 78(7.9) 32(8.7) 5(3.9) 0(11.2) 330 (20.5)
Diabetes (type 1 or 2) 411 (26.1) 265 (26.8) 89 (24.2) 30 (23.6) 27(30.3) 384 (23.8)
Hypertension 689 (43.8) 449 (45.4) 160 (43.5) 42 (33.1) 38(42.7) 739 (45.8)
Immunocompromised state 163 (10.4) 98 (9.9) 29 (7.9) 17 (134) 9(21.3) 246 (15.3)
Mental health disorder 53 (34) 27 2.7) 13(3.5) 5(3.9) 8 (9.0) 99 (6.1)
Neurological disease 35(2.2) 2120 4(1.1) 3(24) 7(7.9) 2 (6.9)
Obesity 377 (24.0) 226 (22.9) 120 (32.6) 22(17.3) 9(10.1) 147 (9.1)
Charlson comorbidity index 1.0 [0.0, 2.0] 1.0[0.0, 2.0] 0.0[0.0,2.0] 0.0[0.0,1.0] 1.0[0.0,3.0] 2.0[0.0,3.0]
score
0 785 (49.9) 476 (48.1) 194 (52.7) 81 (63.8) 34(38.2) 505 (31.3)
1-2 516 (32.8) 345 (34.9) 114 (31.0) 33 (26.0) 24 (27.0) 516 (32.0)
3-4 72(10.9) 110(11.1) 31(84) 10(7.9) 21(23.6) 334(20.7)
>5 100 (6.4) 58(5.9) 29(7.9) 3(24) 10(11.2) 258 (16.0)
COVID-19 vaccination status before hospitalization
Unvaccinated 1475 (93.8) 989 (100.0) 354 (96.2) 101 (79.5) 31(34.8) NA
One dose 18 (1.1) 0(0.0) 11(3.0) 5(39) 2(2.2) NA
Two doses 57 (3.6) 0(0.0) 3(0.8) 19 (15.0) 35(39.3) NA
Three doses 23(1.5) 0(0.0) 0(0.0) 2(1.6) 21(23.6) NA
Four doses 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) NA
ICU characteristics
Time to ICU admission 10.0[7.0,13.0] 10.0[7.0,13.0] 10.0[7.0,13.0] 100[80,13.0] 3.0[0.0,9.0] NA
from COVID-19 symptom
onset
Missing 29(1.8) 12(1.2) 1(3.0) 2(1.6) 4(4.5) NA

SAPS 3 score
PaO,/FiO, ratio

53.0[47.0,60.0]
11.7[9.2,159]

53.0[46.0,60.0]
11.7[9.3,15.6]

54.0 [48.0, 60.0]
11.1[89,15.1]

52.01[480,57.5]
124[94,16.2]

54.0[45.0,61.0]
20.0[12.2,44.6]

60.0 [52.0,68.0]
21.8[13.1,33.2]
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Table 2 (continued)

Variable All COVID-19 (n=1573) Wild-type (n=989) Alpha(n=368) Delta(n=127) Omicron (n=89) LRTI(n=1613)
Missing 193 (12.3) 122 (12.3) 34(9.2) 11 (8.7) 26 (29.2) 376 (23.3)

Mechanical ventilation 798 (50.7) 553 (55.9) 156 (42.4) 55 (43.3) 34(38.2) 811 (50.3)
Duration 10.9[5.3,22.6] 11.8[6.3,23.7] 10.3[5.1,24.0] 7.0[29,14.1] 2.110.5,4.8] 7.8[3.1,16.1]

NIV or HFNO 1074 (68.3) 632 (63.9) 301 (81.8) 101 (79.5) 40 (44.9) 872 (54.1)

Prone positioning 591 (37.6) 415 (42.0) 121 (32.9) 47 (37.0) 8(9.0) 51(3.2)

Length of stay in ICU 6.8[2.7,16.0] 841[3.3,187] 511[23,119] 6.0[24,124] 2.1[0.8,4.6] 44101.7,124]

Length of stay in hospital 24.0[13.0,48.0] 27.01[15.0,51.0] 23.0[12.0,500] 21.0[13.0,45.0] 13.0[7.0,25.0] 21.0[11.0,45.0]

Numeric values are presented as median [interquartile range], and categorical values are presented as number (percentage)

COVID-19 Coronavirus disease 2019, FiO, Fraction of inspired oxygen, HFNO High flow nasal oxygen, ICU Intensive care unit, LRT/ Lower respiratory tract infection, NA
Not applicable, NIV Non-invasive ventilation, PaO, Partial pressure of oxygen, SAPS 3 Simplified acute physiology score 3

Table 3 Long-term outcomes in the cohorts

Outcome Cohort Outcome description® Adjusted estimate (95% Clybe

180-day post-discharge mortality All COVID-19 0(31/1573) 0.26 (0.17-0.38)

Cox proportional hazards model regression Wild-type 4 (14/989) 0.18 (0.10-031)
Alpha .7 (10/368) 0.36 (0.19-0.68)
Delta 1(4/127) 047 (0.17-1.27)
Omicron 4(3/89) 0.39(0.12-1.21)
LRTI .2 (149/1613) Reference

180-day hospital readmission All COVID-19 1.0 (331/1573) 0.52 (0.45-0.60)

Cox proportional hazards model regression Wild-type 200 (198 /989) 046 (0.39-0.55)
Alpha .5(79/368) 0.53 (0.41-0.68)
Delta 18.9 (24/127) 042 (0.28-0.65)
Omicron 33.7(30/89) 0.68 (0.47-0.99)
LRTI 442 (713/1613) Reference

180-day hospital readmission All COVID-19 0(331/1573) 0.52 (0.45-0.60)

Fine-Gray subdistribution hazard model regression Wild-type 200 (198/989) 046 (0.39-0.55)
Alpha .5(79/368) 0.53 (041-0.69)
Delta 18.9 (24/127) 042 (0.27-0.66)
Omicron 33.7 (30/89) 0.68 (0.48-0.99)
LRTI 44.2(713/1613) Reference

180-day days alive and at home after minus before All COVID-19 21 [-50,-9] 33.85 (29.70-38.00)

th.e critica\.illnelss hospitalizatign Wild-type —24[=54,—10] 33.54 (29.04-38.03)

Difference-in-differences analysis
Alpha -19[-42,-7] 36.70 (30.60-42.81)
Delta —13[-26,-5] 40.44 (31.25-49.62)
Omicron —241[-107,-8] 16.07 (2.07-30.08)
LRTI —45 [— —16] Reference

Cl Confidence interval, COVID-19 Coronavirus disease 2019, LRTI Lower respiratory tract infection

2 Percentages and number of individuals are presented for 180-day post-dicharge all-cause mortality and 180-day all-cause hospital readmission. Median and
interquartile number of days are presented for 180-day days alive and at home after minus before the critical illness hospitalization

b Cause-specific Cox-proportional hazards regression modelling was used to model 180-day post-discharge all-cause mortality. 180-day all-cause hospital readmission
was analysed with both Cause-specific Cox-proportional hazards regression modelling and Fine-Gray subdistribution hazard regression modelling. Difference-in-
differences analyses was used to model 180-day days alive and at home after minus before the critical illness hospitalization

©Models were adjusted for age, sex, region of birth, yearly disposable income quartile, and all studied comorbidities (cancer, cardiac or cerebrovascular disease,
chronic kidney failure, chronic liver disease, chronic lung disease, diabetes, hypertension, immunocompromised state, mental health disorder, neurological disease,
and obesity). For 180-day post-discharge mortality, adjustments were only made for age and sex due to the low number of events observed
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180-day all-cause mortality from the day of ICU admission
The 180-day mortality from the day of ICU admission
was 33% (756/2318) in the All COVID-19 cohort, 31%
(442/1421) in the Wild-type cohort, 35% (192/551) in
the Alpha cohort, 35% (67/190) in the Delta cohort, 35%
(55/156) in the Omicron cohort, and 34% (768/2272) in
the LRTI cohort. This was 27% (65/244) in the influenza
group and 35% (703/2028) in the other LRTIs group. The
overall and age-stratified cumulative incidences are pre-
sented in Additional file 1: Fig. S6. Overall, among indi-
viduals who died within 180 days, more than 90% had
died within the first 90 days since the date of the ICU
admission.

Discussion

In this population-based study including 2385 COVID-
19 and 2380 LRTTI patients from all ICUs in Stockholm
County, we found all variant cohorts (Wild-type, Alpha,
Delta, Omicron) to have an increased hazard of in-hos-
pital mortality compared with the LRTT cohort. However,
among those patients discharged alive from the hospi-
tal, more favourable outcomes in the COVID-19 cohort
compared with the LRTI cohort were observed. This
included lower 180-day post-discharge all-cause mortal-
ity and hospital re-admission as well as more DAAH.

To our knowledge, this is the first study to examine the
trajectory of patients in the ICU with COVID-19 and dif-
ferent SARS-CoV-2 variants compared with other LRTI
patients in a population-based setting. Studies are often
limited by lack of data from both before, during, and
after the critical illness episode, in particular data on pri-
mary care and other outpatient care services. A French
study including more than 100,000 critically ill COVID-
19 patients and around 19,000 pre-pandemic influenza
patients found a 25% hospital mortality in COVID-
19 patients and a 21% hospital mortality in influenza
patients, with an increased adjusted mortality hazard
ratio in the COVID-19 cohort [23]. However, this study
was conducted during a pre-vaccination era up until
June 2021. Regarding long-term outcomes, we observed
a rather low 180-day post-discharge mortality (2%) in
the COVID-19 cohort. This finding is similar to a study
including patients admitted to 60 Spanish ICUs during
the first wave of the pandemic, where a one-year mor-
tality rate from day of ICU admission was 35%, with 2%
dying after hospital discharge [2]. In our study, not only
180-day post-discharge mortality, but also the hospital
readmission and DAAH outcomes were more favour-
able in the COVID-19 cohort compared with the LRTI
cohort. These findings should be contrasted to those
observed in an Australian observational study investi-
gating new disability at 6 months in mechanically venti-
lated COVID-19 versus non COVID-19 patients, where
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no difference was observed [10]. Important differences
between our study and the Australian study should be
noticed. First, the Australian study restricted the study
population to patients mechanically ventilated for 24 h
or more, whereas we included all critically ill patients.
Furthermore, patients were actively followed, whereas we
considered data from health registries. Both approaches
have their inherent strengths and limitations. We might
not have accurately captured the health status of patients
by relying on data from health registries, whereas in the
Australian study, recall bias might have been introduced
when patients should assess baseline function 6 months
later. Furthermore, our study compared COVID-19
patients with other LRTIs, whereas Hodgson et al.
included all non-COVID-19 patients.

Our findings of rather similar cumulative incidences
and SHRs for in-hospital mortality across the different
SARS-CoV-2 variant cohorts are in line with two French
studies, observing no difference in in-ICU mortality or
28-day mortality between the Delta and the Omicron
period [7, 8]. Importantly, the actual number of patients
included during each variant period have decreased
(1421 Wild-type, 551 Alpha, 190 Delta, and 223 Omi-
cron), likely caused by increased population-level immu-
nity from vaccinations and previous infections and less
severe intrinsic of in particular Omicron compared
with previous variants. It is also evident that patients in
the Omicron cohort were older and had more comor-
bidities compared with the other variant cohorts, factors
greatly influencing the risk of severe COVID-19 disease
outcomes.

Strengths of our study include the multicentre setting
including critically ill patients from all ICUs in Stock-
holm County, linking several population-based data
sources with high coverage. This enabled us to char-
acterize and account for differences in patient charac-
teristics, including underlying medical conditions and
sociodemographic factors. Furthermore, we were able to
investigate DAAH, a patient-centred outcome consider-
ing death, hospitalization, outpatient care services, nurs-
ing home, home care services, and telecare services [16,
24]. Finally, by including not only COVID-19 patients
from the earlier phases of the pandemic, we were able
to assess COVID-19 critical illness throughout differ-
ent variant periods, demonstrating how the Omicron
cohort became more similar to the LRTI cohort. Regard-
ing limitations, we could only include a fairly low number
of omicron patients. Although we restricted our analyses
to patients with a COVID-19 diagnostic code we cannot
fully ascertain whether patients were admitted due to or
with their respiratory infection. Yet, if there was non-dif-
ferential misclassification between the different variants
and LRTI cohorts it would result in limited bias on the
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relative estimates. Furthermore, although describing and
accounting for medical conditions, it is highly plausible
that administrative codes don't give a granular enough
picture of the severity of these conditions, possibly
resulting in residual confounding. The effect of COVID-
19 vaccination was not analyzed in this study given the
low number of patients having received two doses or
more before the hospitalization (n=196). It is plausible
that COVID-19 vaccination status before the hospitali-
zation will have an effect of the risk of severe outcomes,
even among patients requiring intensive care treatment.
Finally, ICU capacities and admission criteria differ sub-
stantially by geographical setting, thus making it more
difficult to evaluate the generalizability of our study and
similar studies. The number of critical care beds per
100,000 inhabitants were shown to vary substantially
across Europe in a study from 201, with 5.8 beds in Swe-
den compared with for example 29.2 beds in Germany,
6.6 beds in United Kingdom, and around 12 beds in both
Italy and France [25].

Conclusion

In large multicentre cohorts of critically ill COVID-19
and LRTI patients, we found that all SARS-CoV-2 vari-
ant periods had an increased hazard of in-hospital mor-
tality compared with the LRTI cohort. However, among
those discharged alive from the hospital, more favourable
post-discharge outcomes were observed in the COVID-
19 cohorts, indicating different clinical trajectories and
patient populations in COVID-19 critical illness com-
pared with other LRTTs.
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