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Introduction
The coronavirus disease 2019 (COVID-19) pandemic, caused 
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), places extraordinary pressure on hospital resources. 
We have previously shown that soluble urokinase plasminogen 
activator receptor (suPAR) is a suitable biomarker to identify 
patients with COVID-19 symptoms who can be discharged 

from the Emergency Department (ED) at an early stage with-
out risk of severe disease trajectory.1 In the present study, we 
seek to examine suPAR as a possible decision tool that may 
guide physicians to allocate patients to facilities with and with-
out access to mechanical ventilation.

There are several reasons why the chronic inflammatory 
biomarker suPAR may be a suitable risk marker for patients 
with symptoms of COVID-19: Firstly, suPAR is a strong 
marker for readmission2 and mortality3 in unselected acute 
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ABSTRACT

OBjeCTIVeS: Elevated soluble urokinase Plasminogen Activator Receptor (suPAR) is a biomarker associated with adverse outcomes. We 
aimed to investigate the associations between plasma suPAR levels (testing the cut-offs ⩽4, 4-6, and ⩾6 ng/mL) with risk of 14-day mortal-
ity, and with the risk of mechanical ventilation in patients that tested positive for SARS-CoV-2.

MeThODS: Observational cohort study of patients presenting with symptoms of COVID-19 at Department of Emergency Medicine, Amager 
and Hvidovre Hospital, Denmark from March 19th, 2020 to April 3rd, 2020. Plasma suPAR was measured using suPARnostic technologies. 
Patients were followed for development of mechanical ventilation and mortality for 14 days. Validation of our findings were carried out in a 
similar sized COVID-19 patient cohort from Mikkeli Central Hospital, Finland.

ReSulTS: Among 386 patients with symptoms of COVID-19, the median (interquartile range) age was 64 years (46-77), 57% were women, 
median suPAR was 4.0 ng/mL (2.7-5.9). In total, 35 patients (9.1%) died during the 14 days follow-up. Patients with suPAR ⩽4 ng/mL (N = 196; 
50.8%) had a low risk of mortality (N = 2; 1.0%; negative predictive value of 99.0%, specificity 55.3%, sensitivity 95.2%, positive predictive 
value 17.4%). Among patients with suPAR ⩾6 ng/mL (N = 92; 23.8%), 16 died (17.4%). About 99 patients (25.6%) tested positive for SARS 
CoV-2 and of those 12 (12.1%) developed need for mechanical ventilation. None of the SARS-CoV-2 positive patients with suPAR ⩽4 ng/mL 
(N = 28; 38.8%) needed mechanical ventilation or died. The Mikkeli Central Hospital validation cohort confirmed our findings concerning 
suPAR cut-offs for risk of development of mechanical ventilation and mortality.

COnCluSIOnS: Patients with symptoms of COVID-19 and suPAR ⩽4 or ⩾6 ng/mL had low or high risk, respectively, concerning the need 
for mechanical ventilation or mortality. We suggest cut-offs for identification of risk groups in patients presenting to the ED with symptoms of 
or confirmed COVID-19.

KeyWORDS: Prognosis, mechanical ventilation, biomarker, COVID-19, suPAR

ReCeIVeD: April 22, 2021. ACCePTeD: July 2, 2021.

TyPe: Original Research

FunDIng: The author(s) disclosed receipt of the following financial support for the research, 
authorship, and/or publication of this article: LJHR was supported by a postdoctoral 
fellowship through grant R288-2018-380 from the Lundbeck Foundation.

DeClARATIOn OF COnFlICTIng InTeReSTS: The author(s) declared the following 
potential conflicts of interest with respect to the research, authorship, and/or publication of 
this article: All authors have completed the ICMJE uniform disclosure form at www.icmje.

org/coi_disclosure.pdf. JEO is a co-founder, shareholder, and CSO of ViroGates. JEO and 
OA are named inventors on patents on suPAR. The patents are owned by Copenhagen 
University Hospital Hvidovre, Denmark and licensed to ViroGates A/S. All other authors 
declare no financial relationships with any organization that might have an interest in the 
submitted work in the previous 3 years; no other relationships or activities that could 
appear to have influenced the submitted work.

CORReSPOnDIng AuThOR: Izzet Altintas, Department of Clinical Research, 
Copenhagen University Hospital Hvidovre, Kettegaard alle 30, Hvidovre 2650, Denmark.  
Email: Izzet.Altintas@regionh.dk

1034685 BMI0010.1177/11772719211034685Biomarker InsightsAltintas et al
research-article2021

*These authors contributed equally to this work.

https://uk.sagepub.com/en-gb/journals-permissions
www.icmje.org/coi_disclosure.pdf
www.icmje.org/coi_disclosure.pdf
mailto:Izzet.Altintas@regionh.dk
http://crossmark.crossref.org/dialog/?doi=10.1177%2F11772719211034685&domain=pdf&date_stamp=2021-08-15


2 Biomarker Insights 

medical patients. Thus, even if the patient tests negative for 
SARS-CoV-2, the suPAR result still has clinical value. 
Secondly, suPAR is associated with clinical severity and/or 
mortality in several viral infections, including Human 
Immunodeficiency Virus (HIV)4 and Hepatitis C,5 Crimean-
Congo hemorrhagic fever,6 Hantavirus7 infection, and in 
patients with SARS-CoV-2 infection.8,9 Thirdly, our target 
population was patients with symptoms of COVID-19: suPAR 
is elevated and associated with disease severity in patients with 
respiratory diseases including pediatric lower respiratory tract 
pneumonia,10 chronic obstructive pulmonary disease,11-13 and 
predicts risk of acute respiratory distress syndrome in patients 
with sepsis.14

Elevated suPAR (>6 ng/mL) has been reported to be a 
strong predictor for need of mechanical ventilation in COVID-
19 patients: In a Greek study including 57 patients, positive 
predictive value (PPV) and negative predictive value (NPV) 
for prediction of severe respiratory failure defined as need of 
mechanical ventilation with an admission suPAR >6 ng/mL 
was 85.7% and 91.7%.8 The high PPV of suPAR in COVID-
19 was confirmed in an International Study of Inflammation in 
COVID-19 (ISIC) including 352 COVID-19 patients where 
45.8% of patients in the top suPAR tertile (>6.86 ng/mL) 
developed need of mechanical ventilation. In contrast, only 3 
(2.6%) developed need of mechanical ventilation in the lowest 
suPAR tertile (<4.6 ng/mL).9

At Copenhagen University Hospital Hvidovre, Denmark, 
suPAR has been measured in acutely admitted medical patients 
at the Emergency Department (ED) since 2013.2,3 In studies 
conducted before the COVID-19 pandemic, among unselected 
acute medical patients, it was found that suPAR <3 ng/mL 
was associated with low risk of readmission and mortality 
(approximately half of the admitted acute care medical 
patients), 3 to 6 ng/mL as medium risk, and >6 ng/mL as high 
risk requiring clinical attention.2,3

As the COVID-19 pandemic has caused increased burden 
on hospital resources, we aimed to find relevant suPAR cut-
offs that may aid in triage of patients seeking acute care. In the 
present study, we re-examine a previous study1 to test if base-
line suPAR levels ⩽4 ng/mL in patients with symptoms of 
COVID-19 can identify patients with low risk of 14-day mor-
tality and if baseline suPAR levels ⩾6 ng/mL can identify 
patients with high risk of mortality. Our secondary aim was to 
test if these suPAR cut-offs were associated with low and high 
risk, respectively, of mechanical ventilation and/or mortality in 
patients testing positive for SARS-CoV-2.

Methods
The study is a single center observational cohort study at 
Department of Emergency Medicine, Copenhagen University 
Hospital, Amager and Hvidovre, Hvidovre, Denmark.1 Patients 
included in the cohort were referred to the ED when primary 
sector-treatment due to COVID-19 symptoms and/or general 

health status was not feasible. Symptoms were mainly cough, 
fever, chest pain, arthralgia, shortness of breath, and headache.

Patient inclusion took place, during the first 3 weeks of the 
first COVID-19 wave in Denmark from March 19th, 2020, 
until April 3rd, 2020, and with follow-up until April 17th, 
2020. Clinicians deemed whether patients were eligible for 
mechanical ventilation if necessary, during follow up. The data 
collection is described in detail elsewhere.1 In brief, we col-
lected data on age, gender, number of comorbidities, national 
early warning score (NEWS), tobacco smoking habits, and 
duration of symptoms from electronic patient health records as 
well as blood biochemistry with the software Research 
Electronic Data Capture program (REDCap), and quality 
control of data was performed by 3 medical doctors (IA, MS, 
and JT).1

Furthermore, to validate our results, we included COVID-
19 patients among acute medical patients from a prospective 
observational study at Mikkeli Central Hospital in Finland, 
from March 2020 to May 2021—the Finnish validation cohort.

On admission, these patients had a standard panel of blood 
tests analyzed and suPAR is part of these standard blood tests.

Laboratory Measurements
Coronavirus testing

Samples for SARS-CoV-2 testing were collected at the ED 
and analyzed at the Department of Clinical Microbiology, 
Copenhagen University Hospital, Hvidovre on material 
obtained from expectorate, nasopharyngeal suction, tracheal 
secretion, or swab from pharynx using a RealStar® SARS-
CoV-2 RT-PCR Kit RUO (Altona Diagnostics, Hamburg, 
Germany) adapted to a Roche flow system. The limit of detec-
tion was reported to be 50 copies of RNA. The results of this 
test were not available to the ED physicians until 1 to 2 days 
after admission.

Biochemical analyses

Blood samples were obtained on admission at the ED (within 
the first 2 hours of hospital duration) and analyzed at the 
Department of Clinical Biochemistry, Copenhagen University 
Hospital, Hvidovre. White blood cell counts, hemoglobin, cre-
atinine, C-reactive protein (CRP), alanine aminotransferase 
(ALAT), lactate dehydrogenase (LDH), and bilirubin were 
measured using a COBAS 8000 analyzer (Roche Diagnostics, 
Mannheim, Germany). Cell counts (leukocyte, thrombocyte, 
lymphocyte, and neutrophils) were measured using flow 
cytometry on a Sysmex XN 9000 (Sysmex Corporation, Kobe, 
Japan).

Plasma suPAR was measured using suPARnostic® Quick 
Triage point-of-care test (ViroGates, Birkerød, Denmark) 
according to the manufacturer’s instructions and quantified 
using an aLF reader (QIAGEN, Hilden, Germany). Blood for 
this test (EDTA, 4 mL) was drawn on arrival at the ED (within 
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the first 2 hours of hospital duration) and centrifuged for 
3 minutes.

suPAR was measured in real time 24/7, but the result was 
not available to the attending physicians as clinical cut-off val-
ues were not yet established, thus it was unknown whether 
suPAR added value in triage of patients with symptoms of 
COVID-19.

In the validation cohort from Mikkeli Central Hospital in 
Finland, EDTA plasma suPAR levels were analyzed as part of 
the standard admission blood samples at the Eastern Finland 
laboratory ISLAB with the using suPARnostic® Turbilatex 
assay (ViroGates A/S, Birkerød, Denmark) on a Cobas c501 
clinical chemistry analyzer (Roche Diagnostics Ltd) according 
to the reagent manufacturer’s instructions.

Clinical Signs on Admission at ED
The Patient’s National Early Warning Score also known as 
NEWS (systolic and diastolic blood pressure, pulse, respiratory 
rate, O2-saturation, body temperature) and level of conscious-
ness or new confusion were assessed upon arrival.3

Furthermore, patients were asked for the number of days 
they experienced symptoms of infection before presenting at 
the ED. Symptoms included sore throat, cough (productive, 
non-productive), body pain, fatigue, headache, dizziness, nau-
sea/vomit, fever, abdominal pain, obstipation, diarrhea, dysuria, 
shortness of breaths, chest pain, arthralgia, cramps, chills, and 
hemoptysis.

Baseline comorbidities were recorded. The most common 
baseline comorbidities were heart and lung diseases, previous 
strokes, and inflammatory diseases. Details on comorbidities 
are described elsewhere.1

Incident Organ Dysfunction or Worsening in 
Chronic Organ Dysfunction at 14 Days Follow Up
Organ dysfunction during hospitalization was defined as kid-
ney failure (defined as initiated dialysis), liver failure (defined 
as INR >1.6 for patients without anticoagulant therapy, and/
or ALAT >400 U/L, and/or bilirubin >50 μmol/L, and/or 
albumin <15 g/L); lung failure (defined as need of >10 L oxy-
gen/minutes and respiratory frequency ⩾28, need of non-inva-
sive ventilation [NIV], or need of ventilator treatment), 
mechanical ventilation (defined as need of endotracheal intu-
bation and ventilator treatment), heart failure (defined as 
Troponin T above 100 ng/mL, echocardiography with newly 
decreased pump function or lowering of pump function, or 
non-ischemic cardiac arrest).

Endpoints
The primary endpoint was the association between suPAR lev-
els and 14-day mortality with the primary aim of testing if 
suPAR was associated with 14-day mortality in patients with 
symptoms of COVID-19.

The secondary endpoints were (1) to investigate baseline 
differences between patients that turn positive or negative in 

SARS-CoV-2 testing and (2) to determine the risk, according 
to suPAR cut-offs for developing the need for mechanical ven-
tilation and other organ failures (see below) in SARS-CoV-2 
positive or negative patients.

The secondary outcomes evaluated at 14 days follow-up 
were: discharged within 24 hours, still admitted, died, treat-
ment with: oxygen, non-invasive ventilation (NIV), Continuous 
Positive Airway Pressure (CPAP), ventilator, Venovenous-
Extra Corporal Membrane Oxygenation (VV-ECMO), vaso-
pressor drugs, and development of organ failure for example, 
kidney failure, liver failure, lung failure, heart failure.

In the Mikkeli Central Hospital validation cohort, the same 
outcomes were obtained but follow-up was up to 90 days (range 
20-90 days).

For schematic illustration of patients with symptom of 
COVID-19 (N = 386) and outcomes during 14 days follow-up 
(in the Danish cohort), and up to 90 days of follow-up in the 
Finnish cohort with COVID-19 patients (N = 100), please see 
Figure 1.

Statistical Analysis
Continuous and categorical variables are presented as median 
(interquartile range [IQR]) and n (%), respectively. Calculations 
of negative predictive value (NPV), positive predictive value 
(PPV), sensitivity, and specificity were carried out.

Comparisons of baseline parameters between patients eligi-
ble/not eligible for intubation and SARS-CoV-2 status (posi-
tive/negative), and for the different suPAR cut-off categories 
were done by chi-squared test, Fishers exact test, or Wilcoxon 
sum rank test.

Because of multiple testing when comparing baseline or 
outcome variables, Bonferroni correction was applied, scaling 
the significance level according to the number of tests per-
formed. The significance levels are listed in the tables. The 
statistical program R v3.60 (R Foundation for Statistical 
Computing, Vienna, Austria) was used for analyzes and 
figures.

Ethics
The database and collection of clinical data and entering in 
REDCap was approved by the Danish Data Protection 
Agency (record no. P-2020-513) and by the Danish Patient 
Safety Authority (record no. 31-1521-319). The Mikkeli 
Central Hospital validation cohort was approved by the 
South Savo social- and healthcare authority (study approval 
684/13.02.03/2019).

Results
Baseline characteristics of patients presenting with 
symptoms of COVID-19

A total of 386 patients presenting at the ED with symptoms of 
COVID-19, mainly presenting with fever and cough, from 
March 19th, 2020 to April 3rd, 2020, were included in the 
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study. The median age was 64 years (IQR 46-77), and 221 
(57.3%) were women. The median admission suPAR level was 
4.0 ng/mL (IQR 2.7-5.9). Baseline data, including number of 
comorbidities, National Early Warning Score (NEWS), 
tobacco smoking, duration of symptoms, most pronounced 
symptoms as cough and fever with standard panel of blood 
tests were analyzed; including electrolytes, blood counts, liver 
function, kidney function, and markers of infection and inflam-
mation, for all 386 patients with symptoms of COVID-19 and 
stratified according to the suPAR cut-offs ⩽4, between 4 and 
6, and ⩾6 ng/mL, are shown in Table 1.

Fourteen-day mortality in patients with symptoms 
of COVID-19

Among the 386 patients presenting with symptoms of 
COVID-19 at the ED, a total of 35 patients died during a 
14-day follow-up (Figure 1). Out of 196 (50.8%) patients with 
baseline suPAR ⩽4 ng/mL, 2 patients (1%) died and among 
190 patients with baseline suPAR >4 ng/mL, 33 died (17%). A 
suPAR cut-off at 4 ng/mL will therefore result in a NPV for 
death of 99.0% for patients below cut-off and (PPV of 17.4% 
for patients above cut-off, a sensitivity of 94.3% and a specific-
ity of 55.3%) (Table 2).

Out of 92 patients with baseline suPAR ⩾6 ng/mL, 16 
(17.4%) died within 14 days, resulting in a NPV of 93.5%, PPV 

of 17.4%, a sensitivity of 48.6% and a specificity of 78.3% 
(Table 2).

Outcomes for patients with symptoms of COVID-19 as 
discharge, readmission, still admitted, types of organ failures, 
types of treatment, and death are stratified by baseline suPAR 
cut-offs and shown in Table 2. Patients presenting with symp-
tom of COVID-19 with suPAR ⩽4 ng/mL were more likely to 
be discharged within 24 hours than patients with higher suPAR 
levels (P < .001), whereas patients presenting with suPAR 
>6 ng/mL were more likely to remain hospitalized at 14 days 
follow-up compared to medium or low suPAR cut-off levels 
(P < .001) (Table 2).

More patients with elevated suPAR (>6 ng/mL) received 
treatment with mechanical ventilation and pressor drugs, and 
increased mortality was observed in these patients compared to 
patients with suPAR below 4 ng/mL (P < .001); only few 
patients developed kidney and liver failure but there was a 
trend that this occurred more frequently among patients with 
suPAR >6 ng/mL compared to patients with suPAR <4 ng/
mL (Table 2).

Baseline differences between SARS-CoV-2 positive 
and negative patients

Among the 386 patients with symptoms of COVID-19, 99 
(25.6%) tested positive for SARS-CoV-2 in the RT-PCR 

Figure 1. Schematic illustration of the path in the ED given to patients who were SARS-CoV-2 positive (N = 99) and negative (N = 287) with symptoms of 

COVID-19 (N = 386) and followed during 14 days. Shown are the difference in variables among SARS-CoV-2 positive and negative test results, the need of 

mechanical ventilation in eligible confirmed COVID-19 patients (N = 72) according to suPAR cut-offs, and finally, outcomes indicated as a 14-day mortality 

or survival in the whole cohort among patients with symptoms of COVID-19 (N = 386) and comparison to the validation COVID-19 cohort from Finland 

(N = 100).
Abbreviations: POC, point of care technology; suPAR, soluble urokinase Plasminogen Activator Receptor.
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Table 1. Baseline data for all patients stratified according to suPAR levels.

VARIABLE* SUPAR ⩽4 SUPAR 4-6 SUPAR ⩾6 TOTAL

N (%) 196 (50.8) 98 (25.4) 92 (23.8)  386

Age (y) 52 (38-66) 74 (61-82) 75 (62-83.3) 64 (46-77)

Female 123 (62.8) 56 (57.1) 42 (45.7) 221 (57.3)

Male 73 (37.2) 42 (42.9) 50 (54.3) 165 (42.7)

Number of comorbidities 1 (0-2) 2 (1-4) 3 (2-4) 2 (1-3)

Systolic blood pressure (mmHg), median (IQR) 135 (124-150) 136.5 (121.3-152) 131 (117-148) 135 (123-150)

Diastolic blood pressure (mmHg) 82 (75-91) 81,5 (70.3-89) 78 (67-86) 81 (72.3-89)

Pulse (beats/minute) 86 (74-97) 87 (81-100) 83 (74-96) 86 (76-97)

Respiratory rate (breaths/minute) 20 (16.8-22) 20 (18-24) 20 (18-26) 20 (18-23)

Saturation (%) 98 (96-100) 97 (95-98) 96 (93-98) 97 (95-99)

Temperature (°C) 37.3 (36.9-37.7) 37.5 (36.9-38.2) 37.5 (37-38.3) 37.4 (36.9-38)

NEWS on admission 1 (0-3) 2 (1-4.8) 3 (1-6) 2 (0-4)

suPAR (ng/mL) 2.7 (2.1-3.4) 4.8 (4.5-5.5) 8.1 (6.7-11.1) 4 (2.7-5.9)

Leukocyte count (E9/L) 8 (6.3-10.4) 8.3 (5.5-11.2) 9.1 (6.3-11.4) 8.3 (6.1-10.9)

Thrombocyte count (E9/L) 255 (202-301) 225 (171.5-286.8) 253 (188.5-357) 249 (192-302)

Lymphocyte count (E9/L) 1.9 (1.3-2.5) 1.2 (0.9-1.6) 1.1 (0.7-1.8) 1.5 (0.9-2.3)

Neutrophil count (E9/L) 4.9 (3.5-7.0) 5.95 (3.6-9.1) 6.65 (4.4-8.9) 5.3 (3.6-8.1)

Hemoglobin (mmol/L) 8.7 (8.1-9.3) 8.15 (7.5-8.9) 7.85 (6.7-8.9) 8.4 (7.6-9.1)

CRP (mg/L) 4.3 (1.0-22.5) 27.5 (7.1-80.8) 72 (19.8-130) 15.5 (2.4-65.8)

LDH (U/L) 182 (162.8-205.3) 227 (195.8-278.5) 247 (195-317) 199 (176-251)

ALAT (U/L) 23 (16-31) 23 (17-35) 24.5 (17-47.3) 23 (17-35)

Creatinine (μmol/L) 68 (60-82) 80 (66.3-100.8) 96 (74.5-129.8) 77 (62-96.5)

Bilirubin (μmol/L) 6 (4-10) 8 (5-12) 9 (6-14) 7 (5-12

Active smokers 51 (26) 14 (14.3) 19 (20.7) 84 (21.8)

Ex-smokers 57 (29.1) 41 (41.8) 42 (45.7) 140 (36.3)

Never smoked 82 (41.8) 41 (41.8) 29 (31.5) 152 (39.4)

Unknown 6 (3.1) 2 (2) 2 (2.2) 10 (2.6)

Duration of symptoms, days

 0-1 33 (17.2) 23 (24.7) 18 (20.2) 74 (19.8)

 2-3 38 (19.8) 21 (22.6) 21 (23.6) 80 (21.4)

 4-5 20 (10.4) 16 (17.2) 11 (12.4) 47 (12.6)

 6-7 30 (15.6) 6 (6.5) 11 (12.4) 47 (12.6)

 8-10 17 (8.9) 5 (5.4) 5 (5.6) 27 (7.2)

 11-13 6 (3.1) 6 (6.5) 4 (4.5) 16 (4.3)

(Continued)
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Table 2. Outcomes for all patients admitted to ED with symptoms of COVID-19 regarding suPAR (ng/mL) cut-offs during 14 days of follow-up.

VARIABLE SUPAR ⩽4 SUPAR 4-6 SUPAR ⩾ 6 P-VALUE

N (%) 196 (50.8) 98 (25.4) 92 (23.8)  

Discharged within 24 hours N (%) 132 (67.3) 30 (30.6) 23 (25) <.001

Readmitted during follow up N (%) 19 (9.7) 12 (12.2) 8 (8.7) .68

Still admitted N (%) 6 (3.1) 7 (7.1) 17 (18.5) <.001

Need of oxygen N (%) 69 (35.2) 68 (69.4) 67 (72.8) <.001

NIV N (%) 4 (2) 1 (1) 2 (2.2) .79

CPAP N (%) 6 (3.1) 12 (12.2) 9 (9.8) .007

Ventilator N (%) 0 (0) 5 (5.1) 7 (7.6) .001

ECMO N (%) 0 (0) 0 (0) 1 (1.1) .201

Pressor drugs N (%) 0 (0) 4 (4.1) 8 (8.7) <.001

Kidney failure N (%) 0 (0) 2 (2) 4 (4.3) .019

Liver failure N (%) 0 (0) 2 (2) 2 (2.2) .124

Lung failure N (%) 6 (3.1) 13 (13.3) 18 (19.6) <.001

Heart failure N (%) 2 (1.0) 2 (2.0) 2 (2.2) .688

Died N (%) 2 (1.0) 17 (17.3) 16 (17.4) <.001

Abbreviations: CPAP, continuous positive airway pressure; ECMO, extra-corporal-membrane-oxygenation; NIV, non-invasive ventilation; suPAR, soluble urokinase 
Plasminogen Activator Receptor.
P value refers to differences between suPAR cut-off values. Bonferroni corrected significant level = .0036.
P-value compares differences in outcomes for all patients with symptom of COVD-19 according to different suPAR cut-off values during 14 days of follow-up.
Abbreviations: CPAP, continuous positive airway ventilation; ECMO, extra corporal membrane oxygenation; NIV, non-invasive ventilation.
Data are shown as N (%).
Bonferroni corrected significant level = .0036.

VARIABLE* SUPAR ⩽4 SUPAR 4-6 SUPAR ⩾6 TOTAL

 14-15 27 (14.1) 6 (6.5) 5 (5.6) 38 (10.2)

 15+ 21 (10.9) 10 (10.8) 14 (15.7) 45 (12)

Cough Yes 137 (69.9) 60 (61.2) 55 (59.8) 252 (65.3)

Fever Yes 84 (42.9) 56 (57.1) 51 (55.4) 191 (49.5)

Baseline data is defined as data available in the patient admission file during the first contact with the ED with symptoms of COVID-19. Data were stratified according to 
suPAR cut-off values. All biomarkers were measured at the first contact with ED.
Abbreviations: ALAT, alanine transaminase; CRP, C-reactive protein; LDH, lactate dehydrogenase; NEWS, national early warning score; suPAR, soluble urokinase 
Plasminogen Activator Receptor.
Abbreviations: ALAT, alanine transaminase; CRP, C-reactive protein; LDH, lactate dehydrogenase; NEWS, national early warning score; suPAR, soluble urokinase 
Plasminogen Activator Receptor.
Data showing as median (IQR) or N (%).
*All variable has 386 data available, except LDH = 311, duration of symptoms = 374, temperature = 381, CRP = 382, ALAT = 382, creatinine = 383, hospital duration = 384, 
and for pulse, thrombocyte, hemoglobin, and bilirubin 385 data were available.

Table 1. (Continued)

assay. The patients who tested positive for SARS-CoV-2 dif-
fered on several clinical and biochemical baseline parameters 
from the 287 patients who tested negative (Table 3). Patients 
with a positive SARS-CoV-2 test were older, had lower blood 
saturation and higher NEWS, higher suPAR, CRP levels, 

LDH and ALAT meanwhile having lower leukocyte, throm-
bocyte, lymphocyte, neutrophil counts (all P < .01) (Table 3). 
There was a trend of higher measured creatinine among SARS-
CoV-2 positive patients. The number of comorbidities did not 
differ between these 2 groups. Fever was more predominant 
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Table 3. Baseline clinical parameters and biochemical markers according to SARS-CoV-2 testing result performed when patients presented at ED. 
Baseline data are defined as data available in the patient admission file during the first contact in ED presenting with symptoms of COVID-19.

VARIABLE SARS-COV-2 NEGATIVE SARS-COV-2 POSITIVE P-VALUE

N (%) 287 (74.4) 99 (25.6)  

Age (y) 61 (43-77) 71 (59-80) <.001

Female (%) 165 (57.5) 56 (56.6) 1

Male (%) 122 (42.5) 43 (43.4)  

Number of comorbidities 2 (1-3) 2 (1-3) .29

Systolic blood pressure (mmHg) 136 (124-152) 130 (121-142) .054

Diastolic blood pressure (mmHg) 82 (73-91) 80 (70-87) .064

Pulse (bpm) 86 (75-99) 85 (77-95) .703

Respiratory rate (breaths/minute) 20 (17-23) 20 (18-23) .11

Saturation (%) 98 (96-100) 96 (95-98) <.001

Temperature (°C) 37.3 (36.8-37.7) 38 (37.3-38.6) <.001

National early warning score 2 (0-4) 3 (1-5) .003

suPAR (ng/mL) 3.7 (2.6-5.5) 5.0 (3.8-7.3) <.001

Leukocyte count (E9/L) 9.0 (7-11.7) 6.1 (4.6-7.7) <.001

Thrombocyte count (E9/L) 259 (207-311) 198 (159-264) <.001

Lymphocyte count (E9/L) 1.7 (1.1-2.5) 1.0 (0.7-1.4) <.001

Neutrophil count (E9/L) 5.9 (4.1-8.5) 4.1 (3.0-5.9) <.001

Hemoglobin (mmol/L) 8.5 (7.6-9.2) 8.3 (7.5-9.1) .482

CRP (mg/L) 8.4 (1.6-46.5) 42 (16-94) <.001

LDH (U/L) 192 (174-229) 248 (200-318) <.001

ALAT (U/L) 22 (16-31) 28 (21.5-43.5) <.001

Creatinine (μmol/L) 74 (62-93) 83.5 (65.3-102) .016

Bilirubin (μmol/L) 7 (5-12) 7.5 (5.0-10.8) .96

Active smoker 77 (26.8) 7 (7.1) <.001

Ex-smoker 101 (35.2) 39 (39.4)  

Never smoked 102 (35.5) 50 (50.5)  

Unknown 7 (2.4) 3 (3)  

Days with symptoms before admission

 0-1 67 (24) 7 (7.4) <.001

 2-3 59 (21.1) 21 (22.1)

 4-5 31 (11.1) 16 (16.8)

 6-7 36 (12.9) 11 (11.6)

 8-10 15 (5.4) 12 (12.6)

(Continued)
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VARIABLE SARS-COV-2 NEGATIVE SARS-COV-2 POSITIVE P-VALUE

 11-13 6 (2.2) 10 (10.5)

 14-15 27 (9.7) 11 (11.6)

 16+ 38 (13.6) 7 (7.4)

Cough Yes 180 (62.7) 72 (72.7) .093

Fever Yes 124 (43.2) 67 (67.7) <.001

Abbreviations: ALAT, alanine aminotransferase; CRP, C-reactive protein; LDH, lactate dehydrogenase; suPAR, soluble urokinase Plasminogen Activator Receptor.
P-value compares differences in baseline clinical and biochemical markers according to the different SARS-CoV-2 result. Bonferroni-corrected significance level = .002.
Abbreviations: ALAT, alanine transaminase; CRP, C-reactive protein; LDH, lactate dehydrogenase; NEWS, national early warning score; suPAR, soluble urokinase 
Plasminogen Activator Receptor.
Parentheses refer to median (IQR) or N (%).
Bonferroni-corrected significance level = .002.

Table 3. (Continued)

among the SARS-CoV-2 negative compared to SARS-CoV-2 
positive patients. There were fewer active smokers among 
patients who tested positive for SARS-CoV-2 (7.1% vs 27.0%, 
P < .001) (Table 3).

Outcomes according to suPAR levels in patients 
with a confirmed SARS-CoV-2 positive test and 
eligible for mechanical ventilation

At baseline, clinicians deemed whether patients were eligible 
for mechanical ventilation, if necessary. Among the 386 with 
symptoms of COVID-19, 310 were assessed eligible to receive 
mechanical ventilation if needed, while 76 were not, due to 
frailty and/or the patient requested not to receive mechanical 
ventilation (Figure 1). Those not eligible for mechanical venti-
lation were, in general, older (median age 82 [IQR 75-86]) 
patients with several comorbidities (median 3 [IQR 2-5]) 
(Table 3).

Of the 99 SARS-CoV-2 positive patients, a total of 72 
(72.7%) patients were deemed eligible to receive mechanical 
ventilation if needed. Table 4 shows 14-day outcomes among 
the eligible COVID-19 patients stratified by baseline suPAR 
levels. During follow-up, 11 patients (15.3%) developed need 
for mechanical ventilation. Of these, 6 (8.3%) died during the 
14-day follow-up. One patient with need for mechanical ven-
tilation died before being intubated resulting in a total of 12 
patients who developed need for mechanical ventilation and/or 
died (Table 4).

As shown in Table 4, 28 of the SARS-CoV-2 positive 
patients eligible for mechanical ventilation (38.8%) had a 
suPAR level ⩽4 ng/mL, and none of these patients developed 
need of mechanical ventilation or died. Of the 44 patients eli-
gible for intubation with baseline suPAR >4 ng/mL, 12 died 
or developed need for mechanical ventilation. A suPAR cut-off 
equal to 4 ng/mL for COVID-19 patients eligible for mechan-
ical ventilation therefore results in a PPV for death or mechan-
ical ventilation for 27.2% and a NPV for 100%. The specificity 
is 46.7%, and sensitivity is 100%. Among the 22 SARS-CoV-2 

positive patients eligible for mechanical ventilation with a 
suPAR ⩾6 ng/mL, 7 (31.8%) developed need for mechanical 
ventilation or died, resulting in a PPV of 31.8%, NPV of 90.0%, 
sensitivity for 58.3%, specificity for 81.7%.

The majority of SARS-CoV-2 positive patients (N = 28) dis-
charged within 24 hours had a suPAR ⩽4 ng/mL. Regarding 
those patients that remained hospitalized at 14 days follow up, 
there was a trend that SARS-CoV-2 positive patients with 
suPAR ⩾6 ng/mL had longer hospitalizations (P = .02) (Table 4).

Among SARS-CoV-2 positive patients, there was a trend for 
those with suPAR ⩽4 ng/mL who had less need of treatment 
with oxygen, NIV, CPAP, ECMO, pressor drugs, and dialysis 
compared to SARS-CoV-2 positive patients with respectively 
suPAR 4 to 6 ng/mL and suPAR ⩾6 ng/mL (Table 4).

Validation of results from Mikkeli Central Hospital 
COVID-19 cohort

To validate the suPAR cut-offs for COVID-19, we obtained 
suPAR data from Mikkeli Central Hospital in Finland. A total 
of 100 acute medical patients presenting at the Emergency 
Department and testing positive for SARS-CoV-2 were 
included. Baseline and outcome data according to suPAR cut-
offs are shown in Table 5.

In the Finnish COVID-19 patient cohort, there was an 
increase in suPAR with increasing age while no difference was 
observed with regard to sex. None of the 25 (25%) patients 
with a suPAR level ⩽4 ng/mL required oxygen therapy, devel-
oped AKI or need of mechanical ventilation or died resulting 
in a NPV below 4 ng/mL of 100%. In patients with suPAR 
above 6 ng/mL, 13 (26.5%) died, resulting in a PPV of 27.0%.

Discussion
Based on previous studies on the use of suPAR in the ED2,15 
and in patients with COVID-198,9 we tested specific cut-offs 
for suPAR (⩽4, 4-6, ⩾6 ng/mL) for patients presenting with 
symptoms of COVID-19, before the SARS-CoV-2 test result 
was known. We found that a suPAR level ⩽4 ng/mL was 
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Table 4. Outcomes (during 14-days follow-up) for SARS-CoV-2 positive patients who were eligible for mechanical ventilation. Bonferroni-corrected 
significance level = .003. Data are shown N (%). Treatment during in-hospitalization and outcomes during 14 days of follow-up among eligible for 
mechanical ventilation in COVID-19 patients. Furthermore, outcomes according to suPAR cut-offs is shown.

VARIABLE SUPAR ⩽4 NG/ML SUPAR 4-6 NG/ML SUPAR ⩾6 NG/ML P VALUE

N (%) 28 (38.8) 22 (30.6) 22 (30.6)  

Discharged within 24 hours (%) 16 (57.1) 6 (27.3) 5 (22.7) .0219

Readmitted during follow up (%) 5 (18.5) 2 (10) 2 (10.5) .629

Still admitted (%) 2 (7.1) 3 (13.6) 8 (36.4) .0232

Need of oxygen (%) 10 (35.7) 13 (59.1) 15 (68.2) .0573

NIV (%) 0 (0) 0 (0) 0 (0) .607

CPAP (%) 1 (3.6) 5 (22.7) 5 (22.7) .0884

Ventilator (%) 0 (0) 4 (18.2) 7 (31.8) .00729

ECMO (%) 0 (0) 0 (0) 1 (4.5) .316

Pressor drugs (%) 0 (0) 3 (13.6) 7 (31.8) .00543

Dialysis (%) 0 (0) 1 (4.5) 3 (13.6) .109

Kidney failure (%) 0 (0) 2 (9.1) 3 (13.6) .152

Liver failure (%) 0 (0) 2 (9.1) 1 (4.5) .278

Lung failure (%) 1 (3.6) 4 (18.2) 8 (36.4) .0114

Heart failure (%) 0 (0) 2 (9.1) 0 (0) .0966

Died (%) 0 (0) 4 (18.2) 2 (9.1) .0687

Abbreviations: CPAP, continuous positive airway pressure; ECMO, extra-corporal-membrane-oxygenation; NIV, non-invasive ventilation; suPAR, soluble urokinase 
Plasminogen Activator Receptor.
Abbreviations: CPAP, continuous positive airway ventilation; CRP, C-reactive protein; ECMO, extra corporal membrane oxygenation; NIV, non-invasive ventilation; suPAR, 
soluble urokinase Plasminogen Activator Receptor.
Bonferroni-corrected significance level = .003. Data are shown N (%).

Table 5. Mikkeli Central Hospital, Finland, validation cohort table: treatment and outcomes such as AKI, need of ventilator treatment (mechanical 
ventilation) and death among COVID-19 patients are shown. The biomarkers, suPAR and CRP are given as median and IQR. Furthermore, are 
shown, admitted COVID-19 patients to hospital, ICU, discharged to home, length of stay, and when death occurred after patients tested positive for 
SARS-CoV-2 infection.

VARIABLE ALL SUPAR ⩽4 NG/ML SUPAR 4-6 NG/ML SUPAR ⩾6 NG/ML P VALUE

N  100 25 26 49 NA

Sex, male N (%) 56 (56) 14 (56) 13 (50) 29 (59.2) .75

Age, Median (IQR) 63 (42-76) 35 (27-56) 59 (36-66) 75 (64-83) <.001

suPAR (ng/mL), Median (IQR) 5.95 (4.1-8.6) 3.5 (3.2-3.7) 5.1 (4.4-5.6) 8.8 (7.1-12.0) NA

CRP, Median (IQR) 19 (4-41) 3.0 (3.0-3.7) 22 (9.3-4.8) 27 (16.5-80.0) .001

Admitted hospital N (%) 61 (61) 7 15 39 <.001

Admitted ICU N (%) 4 (4) 0 0 4 .11

Discharged to home N 35 (35) 18 11 6 <.001

Need of oxygen N (%) 39 (39) (3 NA) 0 (0) (1 NA) 11 (42.3) (1 NA) 28 (57.1) (1 NA) <.001

AKI N (%) 2 (2.0) 0 (0) 0 (0) 2 (4.1) .35

Ventilator N (%) 5 (5.0) 0 (0) 0 (0) 5 (10.2) .06

Hosp stay, Days (IQR) 6 (1-11.3) 1 (1-2) 4 (1-7) 8 (5-17) <.001

Mortality N (%) 13 (13.0) 0 (0) 0 (0) 13 (26.5) <.001

Abbreviations: AKI, acute kidney injury; CRP, C-reactive protein; ICU, intensive care unit; NA, not available; suPAR, soluble urokinase plasminogen activator receptor.
Parentheses refer to median (IQR) or N (%).
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associated with low risk of 14-day mortality (NPV = 99.0%). It 
has been shown that elevated suPAR is associated with disease 
severity, readmission,2 and mortality.3 However, as an unspe-
cific biomarker reflecting overall patient disease severity, low 
suPAR seems useful as a potential discharge biomarker.2,3 In 
addition, a study found that more patients had been discharged 
when clinicians had access to suPAR.16

In this study, approximately 25% of the patients that pre-
sented with symptoms of COVID-19 during the first wave of 
the pandemic, tested positive for SARS-CoV-2, and approxi-
mately 80% of the positive patients were eligible for mechani-
cal ventilation when required. In patients with a positive 
SARS-CoV-2 test, an elevated suPAR (⩾6 ng/mL) was associ-
ated with disease severity as shown by the higher number of 
long-term hospital admission, increased number of patients 
developing respiratory and organ failures (Table 4). This is in 
agreement with studies showing increased risk of mechanical 
ventilation in COVID-19 patients with suPAR >6 ng/mL 
compared to suPAR <6 ng/mL8 and increased risk of acute 
kidney injury in COVID-19 patients in the top tertile 
(>6.82 ng/mL) compared to lower tertiles.9 In fact, suPAR 
may be causative of acute kidney injury, as shown in studies 
before COVID-19.17,18

Our suggestion for specific cut-offs allows other researchers 
to test and validate these cut-offs. To have sufficient clinical 
relevance, in the general screening of acute medical patients 
admitted to the ED with or without SARS-CoV-2 test result, 
we propose that a suPAR cut-off level for identifying low-risk 
patients should have a NPV >95%, for example, for supporting 
the decision of discharge to own residence or transfer to other 
facilities. Although based on a small sample, we found that a 
suPAR cut-off of 4 ng/mL had a NPV of 99.0% for a 14-day 
mortality follow-up. In patients with a positive SARS-CoV-2 
test result, our study suggests that suPAR, measured using a 
simple point-of-care device, may be useful for risk stratification 
according to the need of mechanical ventilation. A suPAR level 
<4 ng/mL had a NPV of 100% for the need for mechanical 
ventilation during the 14 days of follow-up among COVID-19 
positive patients. However, transfer to facilities with isolation 
capacity but without the availability of mechanical ventilation 
should not only be based on a suPAR value alone, but also be 
carried out after thorough clinical examination and reviewing 
other relevant biomarkers such as CRP levels and NEWS, by 
ED physicians.1

In agreement with other studies, we found that suPAR 
⩾6 ng/mL is associated with an elevated risk of need for 
mechanical ventilation or mortality.8,9 Currently, many poten-
tial treatments and drugs that may aid COVID-19 patients are 
in the pipeline or being tested. In trials that include patients at 
high risk of adverse outcomes, the possible benefit may out-
weigh the potential side effects. The first clinical trial to only 
include COVID-19 patients with suPAR >6 ng/mL has been 
carried out (suPAR-guided Anakinra Treatment for Validation 

of the Risk and Management of mechanical ventilation by 
COVID-19, ClinicalTrials.gov Identifier: NCT04357366).19 
The study showed that the 14-day incidence of mechanical 
ventilation was 22.3% (95%CI 16.0-30.2) among suPAR-
guided Anakinra-treated patients and 59.2% (95%CI 50.6-
67.3; P 4.6 × 10−8) among patients with standard supportive 
treatment. A double-blinded randomized controlled trial, 
“suPAR-Guided Anakinra Treatment for Management of 
Severe Respiratory Failure by COVID-19 (SAVE-MORE),” 
is currently recruiting patients with suPAR above 6 ng/mL at 
40 hospitals in Greece and Italy (ClinicalTrials.gov identifier: 
NCT04680949).19

Major differences between patients who tested 
positive or negative for SARS-CoV-2

We observed several differences with respect to clinical signs, 
biomarkers, and cell counts between patients who tested posi-
tive and negative for SARS-CoV-2, respectively. Patients who 
tested positive for SARS-CoV-2 were older, had lower blood 
saturation, and strikingly lower white cell counts as well as 
elevated suPAR, CRP, ALAT, and LDH levels, underpinning 
the severe impact of this viral infection on multiple parameters. 
These differences are worth noting as the SARS-CoV-2 test-
ing may not always be immediately available, and testing may 
produce false negatives.20

Validation of suPAR cut-offs in COVID-19 
patients from Mikkeli Central Hospital, Finland

To validate the proposed suPAR cut-offs, we reached out to 
our Finnish colleagues who measure suPAR as part of the rou-
tine biomarkers in acute medical patients seeking care in the 
Emergency Department. This independent validation con-
firmed that COVID-19 patients with suPAR ⩽4 ng/mL were 
in low risk of negative outcomes as none of the Finnish patients 
with suPAR below 4 ng/mL developed need of mechanical 
ventilation or died. In fact, the Finish COVID-19 patients that 
developed respiratory failure or died all had a baseline suPAR 
measurement of above 6 ng/mL. This confirms our proposed 
suPAR cut-offs and may aid in decision of triage and in deci-
sion taking by medical staff at the ED.

Perspectives of the f indings

In this study, we show that patients tested positive for SARS-
CoV-2 had elevated suPAR levels and that suPAR was associ-
ated with adverse outcomes. However, no specific suPAR 
cut-offs have previously been tested in patients with symptoms 
of COVID-19 or in patients with verified COVID-19. We 
suggest specific cut-offs for suPAR regarding risk of need for 
mechanical ventilation or mortality in COVID-19 patients by 
categorizing patients into 3 groups: suPAR ⩽4 ng/mL, suPAR 
4 to 6 ng/mL, and suPAR ⩾6 ng/mL. These specific cut-offs 
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would allow other researchers to test whether suPAR has rele-
vance in their patient populations and could be used as a gen-
eral screening tool in the ED.

Limitations

Most patients included in our study were of Caucasian ethnic-
ity due to the homogeneous Danish and Finnish populations. 
Further studies for example, larger multi-center analyses of 
more ethnically diverse patient samples would be needed.

COVID-19 patients with suPAR levels between 4 and 6 ng/
mL are in a gray area and our data does not provide any specific 
guidance for those. We suggest that COVID-19 patients with 
suPAR levels between 4 and 6 ng/mL whom are discharged 
should be informed to be aware of acute aggravation in symp-
toms and, to contact relevant health care services for re-evalua-
tion by physicians at the hospital if needed, while in the 
meantime being aware of relevant rules concerning quarantine.

In conclusion, suPAR is a risk marker for patients present-
ing at the ED with symptoms of COVID-19, whether they get 
a positive or negative SARS-CoV-2 test result. Patients with 
baseline suPAR ⩾6 ng/mL were at increased risk of mortality 
during follow-up and patients with a positive SARS-CoV-2 
test and suPAR >4 were at increased risk of developing need 
for mechanical ventilation compared to patients with suPAR 
<4 ng/mL. We suggest that patients with symptoms of 
COVID-19 and a suPAR level <4 ng/mL in need of hospital 
treatment can be transferred to facilities without ventilator 
access after a thorough clinical evaluation by the physician. In 
patients with symptoms of COVID-19, high admission suPAR 
level might be a potent indicator of imminent health risk, 
which has the potential to aid physicians to implement critical 
clinical decisions in a short time span.

We have suggested cut-offs for the use of suPAR and risk of 
adverse outcomes in acute medical patients with symptoms of 
COVID-19. Further studies are needed to validate the suPAR 
cut-offs when discharging or transferring patients with symp-
toms of COVID-19 to their own place of residence or to facili-
ties without ventilator access.
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