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ABSTRACT

Background An understanding of differences in clinical
phenotypes and outcomes COVID-19 compared with
other respiratory viral infections is important to optimise
the management of patients and plan healthcare. Herein
we sought to investigate such differences in patients
positive for SARS-CoV-2 compared with influenza,
respiratory syncytial virus (RSV) and other respiratory
viruses.

Methods We performed a retrospective cohort study
of hospitalised adults and children (<15 years) who
tested positive for SARS-CoV-2, influenza virus A/B,

RSV, rhinovirus, enterovirus, parainfluenza viruses,
metapneumovirus, seasonal coronaviruses, adenovirus or
bocavirus in a respiratory sample at admission between
2011 and 2020.

Results A total of 6321 adult (1721 SARS-CoV-2)

and 6379 paediatric (101 SARS-CoV-2) healthcare
episodes were included in the study. In adults, SARS-
CoV-2 positivity was independently associated with
younger age, male sex, overweight/obesity, diabetes

and hypertension, tachypnoea as well as better
haemodynamic measurements, white cell count, platelet
count and creatinine values. Furthermore, SARS-

CoV-2 was associated with higher 30-day mortality

as compared with influenza (adjusted HR (aHR) 4.43,
95% Cl3.51 10 5.59), RSV (aHR 3.81, 95% Cl 2.72 to
5.34) and other respiratory viruses (aHR 3.46, 95% Cl
2.61 10 4.60), as well as higher 90-day mortality, ICU
admission, ICU mortality and pulmonary embolism in
adults. In children, patients with SARS-CoV-2 were

older and had lower prevalence of chronic cardiac and
respiratory diseases compared with other viruses.
Conclusions SARS-CoV-2 is associated with more
severe outcomes compared with other respiratory viruses,
and although associated with specific patient and
clinical characteristics at admission, a substantial overlap
precludes discrimination based on these characteristics.

INTRODUCTION

The clinical presentation of SARS-CoV-2 infected
adults in hospitals includes fever, cough or
dyspnoea, which are similar to those of other
respiratory viruses.'> Common characteristics
of hospitalised patients with COVID-19 are male
sex, cardiovascular disease, diabetes, hypertension

What is the key question?

» What are the differences in clinical phenotypes
and outcomes in patients with SARS-CoV-2 as
compared with influenza, respiratory syncytial
virus (RSV) and other respiratory viruses such
as seasonal coronaviruses, rhinovirus and
metapneumovirus?

What is the bottom line?

» Adult SARS-CoV-2 was associated with more
severe outcomes compared with influenza, RSV
and other respiratory viruses, and although
associated with specific patient and clinical
characteristics at admission, a substantial
overlap precluded discrimination based on
these characteristics.

Why read on?

» To our knowledge, this is the first extensive
comparison of baseline characteristics, clinical
presentation and patient outcomes in SARS-
CoV-2 as compared with influenza and several
other respiratory viruses.

or obesity.*® A substantial portion of patients
with COVID-19 require intensive care unit (ICU)
admission and develop severe complications such as
pulmonary embolism or acute kidney failure.*®”®
There is some evidence for lower susceptibility to
SARS-CoV-2 infection in children, as well as more
favourable disease outcome.”™* These observations
are primarily based on case series and how these
characteristics and outcomes compares in similar
cohorts of patients infected with other respiratory
infections is less well studied.

SARS-CoV-2 will likely remain endemic and
cocirculate in the population together with influ-
enza and other respiratory viruses."” '* To better
understand the pathogenesis of SARS-CoV-2 and
to optimise patient management and plan health-
care, it is important to understand variations in
clinical phenotypes and outcomes associated with
different respiratory viruses. In this study, the aim
was to investigate differences in baseline character-
istics, clinical presentation and outcomes for adult
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and paediatric patients with SARS-CoV-2 compared with other
respiratory viruses.

METHODS

Patient population and study setting

We conducted a retrospective cohort study of hospitalised
patients from October 2011 to September 2020 at Karolinska
University Hospital, Stockholm, Sweden, an academic centre
with 1100 beds divided between two sites and serving a popula-
tion of 2.3 million inhabitants. Patients with the following PCR-
confirmed infections from respiratory samples (nasopharyngeal,
throat, sputum, tracheal or bronchoalveolar lavage samples) on
admission were included: influenza A (H3N2 and H1NT1), influ-
enza B (FluB), adenovirus, bocavirus, seasonal coronaviruses
species 229E, NL63, OC43 and HKU1, enterovirus, metapneu-
movirus, rhinovirus (RV), parainfluenza viruses type 1-4 (PIV),
respiratory syncytial virus (RSV) and SARS-CoV-2 (see online
supplemental eMethods 1 for additioal descriptions of PCR-
methods). Samples collected within —24 hours to +48hours
from the hospital admission were included. Repeated positive
tests within 90 days were excluded.

Data source and definitions

Data were obtained from a database of electronic health records
of all patients admitted between January 2010 and September
2020, including demographics, International Classification of
Diseases (ICD)-10 codes, body mass index (BMI), laboratory
findings, vital signs, microbiology, intensive care and mortality.
The study period start time of October 2011 was chosen to
ensure at least 1.5 years of data on previous comorbidities
and other variables. Specific individual comorbidities as well
as Charlson Comorbidity Index (CCI) and Elixhauser Comor-
bidity Index (ECI) scores were based on ICD-10 codes recorded
from Syears before and up until admission."”> BMI was based
on the most updated height and weight available. For labora-
tory parameters and vital signs, the worst value —24 hours to
+24hours from admission was used. See online supplemental
eMethods 1 for additional descriptions.

Outcomes

The primary outcome was 30-day mortality from hospital
admission. Secondary outcomes were length of stay (LOS) at
hospital, 90-day mortality, ICU admission (defined as units
that provide inotropic and non-invasive or invasive respiratory
treatment), LOS at ICU, mortality after ICU admission (calcu-
lated from ICU admission), acute kidney injury (AKI; based
on the Kidney Disease: Improving Global Outcomes (KDIGO)
criteria'® but without urine volume measurements), pulmonary
embolism (based on ICD-10 discharge code), acute myocardial
injury (AMI; cardiac troponin T>50ng/mL) and hospital-onset
bacteraemia (HOB; significant findings in blood cultures taken
>48 hours after admission).'” See online supplemental eMethods
2 for detailed definitions. Patients were followed for 30 days
for outcome measures, except for pulmonary embolism where
patients were followed until discharge and 90-day mortality.

Statistical analysis

Children (<15 years of age) and adults were analysed separately.
Analyses were performed using 10 virus categories as well as four
virus groups in adults—SARS-CoV-2, influenza, RSV and other
viruses—to correspond to differential virus testing indications.
Testing for other viruses is preferentially performed in patients
with more severe disease, with immunosuppression and tested

negative for other viruses. All analyses were restricted to patients
positive for only one virus group, in order to distinguish clinical
phenotypes and outcomes for each virus group. For rhinoviruses
and enteroviruses, PCR cross-reactivity, preventing classification
of 572 health care episodes (HCE) (82 adult and 490 paediatric)
into virus-specific groups.'”® These 572 HCEs were excluded
from virus-specific analyses, but adults were included in the
other viruses group.

Multiple imputation with predictive mean matching was used
to account for missing values for BMI, laboratory parameters
and vital signs (proportion missing values 5%-13%) with other
baseline characteristics and outcomes used as predictors (detailed
description in online supplemental file).

Comparisons between all 10 virus groups were performed
using %~ test for nominal and Kruskal-Wallis test for continuous
variables. Sex- and age category adjusted logistic regression anal-
yses were performed to compare baseline characteristics, labo-
ratory parameters and vital signs in patients with SARS-CoV-2
compared with influenza, RSV and other respiratory viruses.
To investigate overall differences in baseline characteristics and
clinical presentation between SARS-CoV-2 and influenza, RSV
and other respiratory viruses, three logistic regression models
were used. Predictors in the first model were age category, sex
and BMI category, the second also included specific comorbidi-
ties and the third included laboratory parameters and vital signs
as well. Model performance was assessed using area under the
receiver operating characteristics (AUROC).

Clinical outcomes were compared among different virus
groups using regression analyses with adjustment for sex, age
category, BMI category and individual comorbidities: Cox
regression HRs for 30-day and 90-day mortality, ICU admission,
AMI, AKI and HOB, logistic regression ORs for pulmonary
embolism and negative binomial regression rate ratios for LOS.
The proportional hazards assumption was checked by Schoen-
feld residuals. Kaplan-Meier curves and standardised adjusted
survival functions were calculated for 30-day and 90-day
mortality."> In order to address potential time-related drifts in
clinical management as well as more extensive testing of SARS-
CoV-2 as compared with other viruses, predefined sensitivity
analyses were performed for the outcomes mortality and ICU
admission: (1) restriction to years 2015-2020, (2) restriction to
patients with admission temperature =38°C, or oxygen satura-
tion <95%, or respiratory rate >20, (3) stratification according
to calendar time of SARS-CoV-2 positivity (February—April 2020
vs May-September 2020) and (4) restriction to the index HCE
for each patient.

Statistical analyses were performed in R V.4.0.3.

RESULTS

In total, 782 345 inpatient admissions in 412 115 patients were
registered between October 2011 and September 2020, of
which 6700 adult and 8477 paediatric episodes tested positive
for a respiratory virus at admission (figure 1). There were 661
episodes with repeated positive tests within 90 days. In the anal-
ysis, 12 700 episodes with one respiratory virus detected were
included, 6321 adults (1721 SARS-CoV-2, 2468 influenza, 624
RSV and 1508 other viruses) and 6379 children (101 SARS-
CoV-2, 871 influenza, 2425 RSV and 2982 other viruses).

Patient characteristics and clinical presentation of SARS-
CoV-2 compared with other respiratory viruses among adults
Adult patients with SARS-CoV-2 were younger and more often
male (median age 58 years (IQR 42-71), 59% male) compared
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782 345 in-hospital admissions from
2011-10-01 to 2020-09-30

605 853 not tested

e

N

648 907 adult (>15 years)
in-hospital admissions

133 438 pediatric (<15 years)
in-hospital admissions

A

for respiratory virus
at admission

36 354 in-hospital
admissions negative

L

v

43 054 in-hospital admissions
tested for respiratory virus at
admission 2
19 737 SARS-CoV-2
23 219 Influenza

16 575 in-hospital admissions
tested for respiratory virus at
admission 2
3 119 SARS-CoV-2
13 340 Influenza

for respiratory virus

258 repeated
positive health care
episodes b

P

116 863 not tested
for respiratory virus
at admission

6 700 in-hospital admissions
positive for any of the
respiratory virus groups at
admission
1807 SARS-CoV-2
2 551 Influenza

8 477 in-hospital admissions
positive for any of the
respiratory virus groups at
admission
110 SARS-CoV-2
1031 Influenza

121 health care
episodes positive for
more than one virus

group

23219 RSV 13 338 RSV
8 874 AdV 9 689 AdV
8 788 EV 9580 EV
8781 sCoV 9 579 sCoV
8781 BoV 9 578 BoV
8781 PIV 9579 PIV
8780 RV 9578 RV
8780 MPV 9576 MPV
< | I 3
v v

8 098 in-hospital
admissions negative
for respiratory virus

679 RSV 2916 RSV
64 AdV 619 AdV
132 EV 858 EV

235 sCoV 504 sCoV
56 BoV 660 BoV
283 PIV 569 PIV
895 RV 2 749 RV

236 MPV 639 MPV

| |
v v

6321 in-hospital admissions
positive for only one respiratory

6379 in-hospital admissions
positive for only one respiratory

403 repeated
positive health care
episodes P

1 695 health care
episodes positive for
more than one virus

group

virus at admission
1721 SARS-CoV-2
2 468 Influenza
624 RSV
43 AdV
30 EV
183 sCoV
30 BoV
247 PIV
682 RV
211 MPV
82EV &RV e

virus at admission
101 SARS-CoV-2
871 Influenza

2 425 RSV

238 AdV
99 EV

234 sCoV
185 BoV
359 PIV
1413 RV
454 MPV

Figure 1 Flow chart of adult and paediatric healthcare episodes in the study. *Admission defined as —24 to +48 hours in relation to the admission
time point. "Repeated positive for same respiratory virus in respiratory sample within 3 months. ‘Eighty-two adult healthcare episodes with PCR
unable to discriminate between rhinoviruses and enteroviruses due to cross reactivity in the PCR assay. These cases were included in the other
viruses group but excluded from virus group-specific analyses. AdV, adenovirus; BoV, bocavirus; EV, enterovirus; MPV, metapneumoviruses; PIV,
parainfluenzaviruses; RSV, respiratory syncytial virus; RV, rhinovirus; sCoV, seasonal coronavirus.

with influenza (median age 68 years (IQR 51-79), 48% male),
RSV (median age 71 years (IQR 60-81), 44% male) and other
viruses (median age 61 years (IQR 40-72), 56% male) (p<0.001)
(table 1 and online supplemental eTable 4). After adjustment for
sex and age, SARS-CoV-2 admission was associated with over-
weight and obesity, as well as lower CCI and ECI compared with
influenza, RSV and other viruses (table 1). The only comor-
bidities that were over-represented among patients with SARS-
CoV-2 compared with influenza, RSV or other viruses were
diabetes and hypertension.

Patients with SARS-CoV-2 more often presented with
normal white cell count (WCC), platelet count and creatinine
values (table 1, online supplemental eTable 5 and eFigure 2).
In sex-adjusted and age-adjusted analyses, SARS-CoV-2 was
associated with tachypnoea and less often hypotension or tachy-
cardia, compared with all other virus groups, and less often
fever (temperature >38°C) compared with influenza (online

supplemental eTable 6 and eFigure 3). The prediction model that
included age, sex, BMI, comorbidity, laboratory parameters and
vital signs performed better compared with the simpler models,
mean AUROC 0.74 for SARS-CoV-2 versus influenza, 0.83 for
SARS-CoV-2 versus RSV and 0.82 for SARS-CoV-2 versus other
viruses (online supplemental eFigure 4 and eTable 7).

Paediatric SARS-CoV-2 in relation to other respiratory viruses
Children with SARS-CoV-2 were older, while the sex distribu-
tion was similar compared with other respiratory viruses: SARS-
CoV-2 median age 7 years (IQR 1-12), 55% male; influenza
median age 2 years (IQR 0-5), 56% male; RSV median age 0
years (IQR 0-1), 56% male; and RV median age 1year (IQR
0-3), 58% male (p<0.001and 0.80) (table 2). The proportion
of patients with at least one comorbidity differed between the
viruses, being 20% (20/101) in SARS-CoV-2, 23% (198/871)
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in influenza and 16% (396/2425) in RSV, while it was higher
(28%—43%) for the other viruses (p<0.001). Immunosup-
pression was the most prevalent comorbidity among patients
with SARS-CoV-2 (10/101, 10%). Chronic respiratory disease,
congenital malformations and chromosomal abnormalities
were more prevalent in all nine other virus groups compared
with SARS-CoV-2 (p<0.001). In the SARS-CoV-2 paediatric
cohort, 41% presented with a temperature >38°C and 24%
with increased respiratory rate or desaturation, which was lower
than in all other virus groups (online supplemental eFigure 3).
In children with SARS-CoV-2, the median LOS was 3 days (IQR
1-8), the 30-day and 90-day mortality were both 1% (1/101),
4% (4/101) were admitted to ICU and acute kidney injury based
on modified KDIGO stage 1 criteria was detected in 8% (8/101).

Clinical outcomes in SARS-CoV-2 compared with other
respiratory viruses among adults

The LOS in patients with SARS-CoV-2 was longer (6days
(IQR 3-11)) compared with influenza (4 days (IQR 2-7)), RSV
(5 days (IQR 3-9)) and other viruses (4days (IQR 2-8)). The
30-day mortality was 13% among patients with SARS-CoV-2 as
compared with 5% for influenza, 7% for RSV and 5% for the
other virus group (table 3 and figure 2). The adjusted 30-day
mortality HR (aHR) for SARS-CoV-2 was 4.43 (95% CI 3.51
to 5.59), 3.81 (95% CI 2.72 to 5.34) and 3.46 (95% CI 2.61
to 4.60) compared with influenza, RSV and other viruses,
respectively. This resulted in the following standardised 30-day
survival probabilities: SARS-CoV-2 0.83 (95% CI 0.79 to 0.87),
influenza 0.96 (95% CI 0.95 to 0.97), RSV 0.95 (95% CI 0.94
to 0.97) and other viruses 0.96 (95% CI 0.95 to 0.97) (figure 2).
The SARS-CoV-2 30-day mortality was 16% (154/981)
from February to April 2020 and 8% (62/740) from May to
September 2020. For patients with SARS-CoV-2 admitted from
May to September 2020, the 30-day mortality aHR compared
with influenza, RSV and other viruses were 3.09 (95% CI 2.22
to 4.30), 3.00 (95% CI 1.95 to 4.62) and 2.60 (95% CI 1.79
to 3.80) (online supplemental eTable 8). In analyses stratified
by age, the 30-day mortality aHR for patients aged 70 years or
older was 5.41 (95% CI 4.17 to 7.00), 4.93 (95% CI 3.37 to
7.23) and 5.03 (95% CI 3.61 to 7.01) in patients with SARS-
CoV-2 compared with influenza, RSV and other viruses, respec-
tively (online supplemental eTable 9). The corresponding aHR
for patients aged 50-69 years were 2.16 (95% CI 1.31 to 3.57),
1.71 (95% CI 0.81 to 3.60) and 2.07 (95% CI 1.13 to 3.79).
The excess mortality in patients with SARS-CoV-2 occurred in
the first 30 days, and in adjusted analyses, there was no signifi-
cantly increased mortality risk among patients with SARS-CoV-2
compared with the other virus groups from day 31 to day 90
(online supplemental eFigure 5).

Patients with SARS-CoV-2 had an increased risk of ICU
admission as compared with influenza and other viruses
(table 3). The ICU LOS was longer, and the 30-day mortality
after ICU admission was higher for patients with SARS-CoV-2
compared with all other virus groups. SARS-CoV-2 was asso-
ciated with an increased risk of pulmonary embolism, adjusted
ORs 5.26 (95% CI 3.34 to 8.28), 6.23 (95% CI 2.82 to 13.76)
and 3.34 (95% CI 2.06 to 5.40) compared with influenza, RSV
and other viruses, respectively, and also AMI compared with
influenza and RSV, aHR 1.42 (95% CI 1.18 to 1.71) and 1.58
(95% CI 1.19 to 2.09), respectively. A decreased risk of AKI
was observed for SARS-CoV-2 compared with influenza. For
HOB, no significant risk differences were observed in adjusted
analyses. The increased SARS-CoV-2 HR for mortality and ICU
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Table 2 Baseline characteristics and outcomes of the paediatric cohort

Virus group (no. of healthcare episodes)

SARS-CoV-2 EV
Baseline characteristics (101) Influenza (871) RSV (2425) RV (1413) (99) PIV(359) MPV (454) sCoV (234) AdV (238) BoV (185) P value*
Male sex 55 (55) 484 (56) 1362 (56) 824 (58) 57 (58) 196 (55) 267 (59) 138 (59) 141 (59) 109 (59) 0.80
Age at admission, median 7(1-12) 2 (0-5) 0(0-1) 1(0-3) 1(0-3) 1(0-2) 2(0-3) 1(0-4) 1(1-3) 1(1-2)  <0.001
(IQR), years
Age categories, n (%)
<1 25 (25) 242 (28) 1673 (69) 606 (43) 44 (44) 150 (42) 135 (30) 93 (40) 52 (22) 45 (24) <0.001
1-4 20 (20) 377 (43) 689 (28) 535 (38) 38(38) 159 (44) 242 (53) 92 (39) 151 (63) 125 (68) <0.001
5-15 56 (55) 252 (29) 63 (3) 272 (19) 17(17) 50 (14) 77(17) 49 (21) 35(15) 15(8) <0.001
Comorbidities, n (%)
Prematurity and perinatal 3 (3) 61(7) 201 (8) 168 (12) 3(3) 45(13) 59 (13) 36 (15) 27 (1) 25(14) <0.001
diseasest
Chronic cardiac diseaset 2(2) 27 (3) 41(2) 75 (5) 3(3) 22 (6) 24 (5) 18 (8) 10 (4) 11 (6) <0.001
Chronic respiratory 7(7) 170 (20) 512 (21) 414 (29) 18(18) 101 (28) 161 (35) 70 (30) 53(22) 63 (34) <0.001
diseaset
Congenital malformations 7 (7) 107 (12) 220 (9) 263 (19) 10(10) 65 (18) 106 (23) 53 (23) 38 (16) 36 (19) <0.001
and chromosomal
abnormalitiest
Solid tumourt 4(4) 16 (2) 17(1) 64 (5) 3(3) 10 (3) 8(2) 13 (6) 6(3) 6(3) <0.001
Haematological 3(3) 19 (2) 15(1) 68 (5) 1(1) 7(2) 12 (3) 15 (6) 3(1) 6(3) <0.001
malignancyt
Immunosuppressiont 10 (10) 66 (8) 57 (2) 177 (13) 5(5) 24 (7) 29 (6) 37 (16) 20 (8) 29 (16) <0.001
Al?y othhe comorbidities 20 (20) 198 (23) 396 (16) 494 (35) 16 (16) 110 (31) 157 (35) 100 (43) 66 (28) 68 (37) <0.001
above
Outcomes
(I;ength of stay, median (IQR), 3 (1-8) 3(2-4) 4(2-6) 3(2-5) 3(2-5) 3(2-5) 4(2-6) 3(2-6) 3(2-4) 3(2-5) <0.001
ays
Mortality, n (%)
30dayst 1(1) 6(1) 3(0 15 (1) 0(0) 2(1) 0(0) 6(3) 2(1) 4(2) <0.001
90 days§ 1(1) 6(1) 4(0) 24(2) 0(0) 3(1) 2(0) 703) 4(2) 6(3) <0.001
ICU
ICU admitted, n (%)% 4(4) 32(4) 146 (6) 61 (4) 4(4) 21 (6) 35(8) 19 (8) 16 (7) 16 (9) 0.009
Length of ICU stay, median 6 (4-6) 1(0-4) 1(0-3) 1(0-2) 0 (0-0) 0(0-2) 1(0-4) 1(0-2) 0(0-1) 1(0-3) 0.102
(IQR), days§
Acute kidney injury, n (%) 8(8) 49 (6) 43(2) 102 (7) 3(3) 9(3) 20 (4) 24(10) 12 (5) 14(8) <0.001
ths/p)iial-onset bacteraemia, 2(2) 11(1) 14 (1) 29(2) 0(0) 3(1) 6(1) 9 (4) 6(3) 2(1) <0.001
n (%,

*Comparison of all virus groups using % test for nominal and Kruskal-Wallis test for continuous variables.

tBased on ICD-10 codes from -5 years to +24 hours from admission time point. See list of ICD-10 codes for each comorbidity category in online supplemental eTable 1.
$Analysis restricted to patients with a minimum of 30-day follow-up time, that is, patients admitted until 1 September 2020. SARS-CoV-2 (99), influenza (871), RSV (2 425), RV (1380), EV (98), PIV (359), MPV (454),

sCoV (234), AdV (238) and BoV (184).

§Analysis restricted to patients with a minimum of 90-day follow-up time, that, patients admitted until 1 July 2020. SARS-CoV-2 (81), influenza (871), RSV (2425), RV (1356), EV (98), PIV (359), MPV (454), sCoV (234),

AdV (238) and BoV (183).

flAnalysis restricted to ICU-admitted patients. SARS-CoV-2 (4), influenza (32), RSV (146), RV (61), EV (4), PIV (21), MPV (35), sCoV (19), AdV (16) and BoV (16).
AdV, adenovirus; BoV, bocavirus; EV, enterovirus; ICU, intensive care unit; MPV, metapneumovirus; PIV, parainfluenzavirus; RSV, respiratory syncytial virus; RV, rhinovirus; sCoV, seasonal coronaviruses.

admission were consistent across sensitivity analyses (online
supplemental eTable 8), but with more favourable outcomes for
the SARS-CoV-2 cohort admitted from May to September 2020
as compared with February—April 2020. Adjusted mortality HRs
were similar for analyses based on complete cases and multiple
imputed data, and no significant difference was observed in
30-day mortality, 90-day mortality or ICU admission between
2015-2020 and 2011-2014 for influenza, RSV as well as other
viruses (online supplemental eTable 10 and eFigure 6).

DISCUSSION

This observational study of 12 700 adult and paediatric admis-
sions to a University Hospital in Stockholm, Sweden, showed
that although SARS-CoV-2 was associated with younger age
in adults and an overall lower comorbidity burden, there was
a marked increased risk of 30-day mortality, ICU admission,

ICU mortality and pulmonary embolism compared with other
respiratory viruses. The mortality increase was most pronounced
among the elderly and was attenuated during the later part of the
study period, possibly due to improved management of patients
with SARS-CoV-2. These findings were consistent across
sensitivity analyses, considering potential change over time in
diagnostic procedures, patient management and clinical presen-
tation at admission, which highlights important differences in
healthcare demands between SARS-CoV-2 and other respiratory
viruses.

Combined with data from others studies, our results indicate
substantial differences in outcomes for patients with SARS-
CoV-2 compared with other respiratory viruses. In a study from
Denmark where SARS-CoV-2 positive patients were compared
with influenza, the unadjusted 30-day mortality was three times
higher for patients with SARS-CoV-2, and a study from the UK
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Figure 2 Unadjusted Kaplan-Meier curves (A) and standardised survival function curves (B) for mortality by virus group. (A) Unadjusted Kaplan-
Meier curves and risk tables for 30-day (left) and 90-day (right) mortality. P value represents result of significance testing using log-rank tests. The
30-day mortality Kaplan-Meier curves for the influenza and other viruses groups overlap. (B) Complete case-based standardised survival functions
for 30-day (left) and 90-day (right) mortality. For 30-day mortality, complete data were available for 1272 SARS-CoV-2, 2220 influenza, 591 RSV
and 1386 other viruses healthcare episodes. For 90-day mortality, complete data were available for 1194 SARS-CoV-2, 2118 influenza, 555 RSV and
1315 other viruses healthcare episodes. The survival functions were all standardised and adjusted for sex, age, BMI category, diabetes, hypertension,
cardiac disease, respiratory disease, chronic kidney disease and malignancy as presented in table 1. The 30-day mortality curves for the influenza,
RSV and other viruses groups overlap. AdV, adenovirus; BMI, body mass index; BoV, bocavirus; EV, enterovirus; MPV, metapneumoviruses; PIV,
parainfluenzaviruses; RSV, respiratory syncytial virus; RV, rhinovirus; sCoV, seasonal coronavirus.

comparing two cohorts of ICU patients admitted with diagnostic
codes of COVID-19 and other respiratory viruses reported an
almost doubled mortality in the COVID-19 cohort.”” *° A French
study based on diagnostic codes reported a three times increased
in-hospital mortality in 89 530 patients with COVID-19
compared with 45 819 patients with influenza, with the risk
increase being more pronounced for patients aged =60 years.*!

A study based on data from the US Department of Veterans
Affairs healthcare system, with 95% of patients being male,
reported a five times higher mortality in patients with COVID-19
compared with influenza.*? These studies corroborate our find-
ings of a threefold and fourfold increased 90-day and 30-day
mortality in patients with SARS-CoV-2 compared with patients
hospitalised with influenza or RSV.

Previous case series have demonstrated cardiac and circula-
tory complications in COVID-19, with reported acute myocar-
dial injury incidence between 7% and 40% in hospitalised
patients and 2%-9% developing pulmonary embolism.>
However, acute cardiovascular events have also been associated
with influenza and RSV, and previous studies based on diag-
nostic codes reported higher proportion of influenza patients
developing cardiovascular complications as compared with
patients with COVID-19.2" 283% In our study, SARS-CoV-2 was
associated with an increased risk of troponin-defined acute
myocardial injury compared with influenza and RSV, and there

was a 3-5 fold increased risk of pulmonary embolism in patients
with SARS-CoV-2 compared with the other virus groups. This
is concordant with studies from Denmark, France and the USA
that reported an increased risk of thromboembolic events in
patients with SARS-CoV-2 compared with influenza.” 2! *° Yet,
retrospective studies comparing thromboembolic and cardiac
events in patients with COVID-19 compared with other viruses
might suffer from bias since they rely on ICD-10 discharge
codes as well as likely differential testing strategies in patients
with COVID-19. In our study, troponin T was assessed in 65%
of SARS-CoV-2 compared with 27% and 29% in influenza and
RSV patients. Also, elevated troponin might indicate myocar-
ditis that has been associated with COVID-19, rather than isch-
aemic heart disease.”'

Male sex, overweight, obesity, diabetes and hypertension were
more common in patients with SARS-CoV-2 compared with the
other respiratory viruses, which strengthen evidence that these
are risk factors for hospitalisation with COVID-19.° ¢ 3132 Yer,
the overall comorbidity burden of patients with SARS-CoV-2,
as measured by CCI and ECI scores, were lower. Patients with
SARS-CoV-2 in our study were somewhat younger than reported
from other cohorts, which was adjusted for in the analyses.'” *
The younger age distribution could partly be explained by differ-
ences in the affected patient populations and hospitalisation
patterns during the SARS-CoV-2 pandemic.
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Few studies have directly compared with what extent clinical
presentation at admission can be used to differentiate SARS-
CoV-2 from other respiratory viruses, and current evidence
is based on studies of small sample sizes.** 3 3* Patients with
SARS-CoV-2 more often presented with normal haemody-
namic measurements, WCC, platelet count and creatinine
values and were more often tachypnoeic. No clear difference
was observed for saturation, measured as worst peripheral
capillary oxygen saturation (SpO2), or when accounting for
oxygen treatment using the SpO2/fraction of inspired oxygen
(FiO2) ratio. Prediction models of increased complexity,
although increasing in performance, demonstrated limited
virus discriminating capability, for example, model 3 resulted
in 60% sensitivity and 80% specificity to differentiate between
SARS-CoV-2 and influenza. Future prospective studies should
assess if symptoms and laboratory tests such as ferritin and
interleukin-6 are associated with SARS-CoV-2 compared with
other viruses.*

Among children, no difference in sex distribution was observed,
whereas patients with SARS-CoV-2 were older compared with
other respiratory viruses in line with a previous study that
reported patients with COVID-19 to be older compared with
patients with influenza.”' Paediatric patients with SARS-CoV-2
were more likely to present without an increased body tempera-
ture and dyspnoea, possibly due to more frequent screening of
SARS-CoV-2 compared with other respiratory viruses. Paediatric
patients with SARS-CoV-2 had a lower prevalence of chronic
respiratory diseases and congenital malformations compared
with other viruses. Severe outcomes were rare in the paediatric
cohort.

Strengths of our study include the large study size, similar
strict inclusion criteria regardless of viral infections and ample
access to clinical data that enabled thorough analyses of clin-
ical phenotype as well as adjustment for confounding. The strict
virological inclusion criteria increased the internal validity of the
study and reduced the risk of including patients transferred from
other hospitals to the Karolinska University Hospital, which was
more common during the SARS-CoV-2 epidemic. Even though
the study population comprised a large portion of consecutively
admitted patients with viral infections in the Stockholm region
during a 9-year period, to verify generalisability, confirmation
of the findings is warranted in patients from other geograph-
ical regions and hospitals. Data were collected from patient
records, which depends on correct entry by healthcare staff.
Yet, the risk of misclassification is likely independent of type of
respiratory infections, and we restricted our analysis to routinely
collected data. To increase internal validity, we restricted the
analyses to episodes positive for only one virus, which might
hamper the generalisability to all patients positive with respi-
ratory virus. Yet, this would have minor impact on the results
among adults since we only excluded 1.8% of admissions. Indi-
cations for SARS-CoV-2 testing might have differed compared
with other respiratory viruses. Yet, the results were robust in
sensitivity analyses restricting the study population to patients
with fever, reduced oxygen saturation or increased respiratory
rate at admission. However, the results for other viruses than
SARS-CoV-2, influenza and RSV need to be interpreted with
caution due to differential testing indications. Finally, due to
the pandemic, hospitalisation patterns in different age groups,
length of stay and ICU admission criteria might differ compared
with the earlier study period.

CONCLUSION

SARS-CoV-2 is associated with an increased risk of mortality,
ICU admission and pulmonary embolism in hospitalised patients
compared with influenza, RSV and other respiratory viruses.
Although SARS-CoV-2 is associated with specific patient and
clinical characteristics at admission compared with other respira-
tory viruses, substantial overlap precludes discrimination based
on these characteristics.
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