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Abstract

Background: The respiratory system is the main system affected by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
and a great number of infected people need hospitalization. Soluble
urokinase plasminogen activator receptor (suPAR) is a biomarker in-
dicative of acute and chronic inflammation. Current literature sup-
ports that suPAR has great predictive ability for mortality in patients
with coronavirus disease 2019 (COVID-19). The aim of this study
was to compare the value of suPAR and other laboratory biomarkers
in patients with chest infection and suspected COVID-19.

Methods: A total of 41 consecutive patients with chest infection were
enrolled in the study and were assigned into two groups according
to the real-time polymerase chain reaction (PCR) result for SARS-
CoV-2. The two groups had no significant difference in baseline data
(age, sex), arterial oxygen partial pressure (PO,)/fraction of inspired
oxygen (FiO,) ratio and mortality.

Results: Among patients with chest infection who required hospi-
talization, suPAR was significantly higher on admission in those with
COVID-19 when compared to patients with non-COVID-19. suPAR
had a great prognostic ability for in-hospital mortality in the COV-
ID-19 subgroup.

Conclusions: A single measurement of suPAR on admission can pro-
vide prognostic information for patients with suspected COVID-19
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pneumonia. In the subgroup of patients with positive real-time PCR
result for SARS-CoV2, suPAR was significantly higher and had an
excellent prognostic value for the in-hospital mortality.

Keywords: suPAR; Chest infection; COVID-19; Prognosis; Bio-
marker

Introduction

The novel coronavirus disease 2019 (COVID-19), caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has rapidly become a pandemic, exerting enormous
pressures on the global healthcare systems. Although the ma-
jority of the SARS-CoV-2 infected cases are presented with
mild symptoms, a significant number of patients worldwide
need hospitalization. Especially for sepsis cases, including
COVID-19, it is essential to find out more accurate biomarkers
in order to triage patients and identify those who may safely be
discharged home for self- isolation, those who should be hos-
pitalized, and those at risk of deterioration who may require
intensive care unit (ICU) admission.

The soluble urokinase plasminogen activator receptor (su-
PAR) is an easily measured biomarker related to inflammation;
it has been suggested to mirror the degree of the underlying
immune status, as it can be generated from activated immune
cells. suPAR levels may be associated with the progression,
severity and mortality risk in several inflammatory diseases
and critically ill patients of various etiology including sepsis
[1]. Moreover, the role of suPAR has been evaluated in the
diagnosis, assessment, and prognosis of several infectious,
autoimmune, and neoplastic disease processes [2]. Currently,
there are no reports comparing the values of suPAR between
COVID-19 and non-COVID-19 patients.

The aim of the study is to compare the value of suPAR
and other laboratory biomarkers in patients with chest infec-
tion and suspected COVID-19. Additionally, in this study we
evaluate the predictive value of suPAR for in-hospital mortal-
ity and investigate any potential correlation between suPAR
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Table 1. Demographic Characteristics and Laboratory Findings of the Two Groups of Patients

Variables All patients (n = 41) COVID-19-positive (n = 21) COVID-19-negative (n = 20) P value
Age (years) 61.63 £16.77 61.57+17.08 61.7+16.88 0.981
Sex (male, %) 29 (71%) 13 (62%) 16 (80%) 0.31
BMI 25.85(23.32-29.1) 25.4 (23.65-30.8) 26.4 (23.35-28.9) 0912
Smoking 12 (29%) 5 (24%) 7 (35%) 0.505
Diabetes 7 (17%) 3 (14%) 4 (20%) 0.696
Mortality 8 (19%) 5 (24%) 3 (15%) 0.7
LOHS (days) 9.5(7-12) 10 (8 - 12.5) 9(4-12) 0.577
PO,/FiO, 290 (192.5 - 382.1750) 266.425 (195 - 415.8) 290.4 (185 - 407.8) 0.457
Neutrophils (x 103/uL) 5,090 (3,040 - 8,500) 3,350 (2,230 - 5,795) 8,254.25 +£3,900.5 0.02
Lymphocytes (x 103/uL) 860 (576.5 - 1,305) 810 (570 - 1,085) 1,015 (564.75 - 1,937.5) 0.155
WBC (x 103/uL) 7,350 (4,485 - 11,755) 4,520 (3,515 - 7,560) 10,320 (6,967.5 - 14,802.5) <0.001
D-dimers (ng/pL) 840 (460 - 1,690) 872.5 (487.5-1,575) 840 (310 - 2,080) 0.822
Monocytes (x 103/uL) 470 (230 - 830) 230 (157.5 - 525) 605 (430 - 1,130) 0.02
CPK (U/L) 76 (39 - 157) 70 (44.5 - 152.5) 80 (35.75 - 183.2) 0.725
LDH (U/L) 257 (203 - 396.5) 329 (207 - 396.5) 231 (195.75 - 408.25) 0.322
CRP (mg/dL) 7.78 £5.06 7.66 +5.22 7.92 +£5.02 0.872
Ferritin (ng/mL) 524 (189.75 - 1,121.25) 560 (182 -1,317) 416 (174 - 1,024.5) 0.527
Platelets (< 10°/L) 249 (166.5 - 303) 187 (156 - 297.5) 274 (218 - 366) 0.98
Fibrinogen (mg/dL) 551.81+137.82 524.05+156.6 581.11 £ 11.76 0.213
suPAR (ng/mL) 10.1 (7.075 - 14.85) 12 (9.55-14.9) 7.3 (6.3 - 12.25) 0.021

COVID-19: coronavirus disease 2019; BMI: body mass index; LOHS: length of hospital stay; PO,: arterial oxygen partial pressure; FiO,: fraction of
inspired oxygen; WBC: white blood cell; CRP: C-reactive protein; LDH: lactate dehydrogenase; CPK: creatinine kinase; suPAR: soluble urokinase

plasminogen activator receptor.

plasma levels and the commonly used inflammatory biomark-
ers of sepsis.

Materials and Methods

Patients aged 18 years or above, with symptoms of chest infec-
tion, who were admitted to the Department of Internal Medi-
cine of the University Hospital of Patras, Greece, were con-
secutively enrolled into the study. The study period was from
May 25, 2021 until June 15, 2021. All patients were initially
treated in an isolated sub-ward of the Department, modified
according to all the necessary precautions, as results from the
SARS-CoV-2 test were available after some hours. Patients
were divided into two groups: group A (patients whose real-
time polymerase chain reaction (PCR) for SARS-CoV-2 infec-
tion confirmed positive (n = 21)) and group B (patients whose
real-time PCR for SARS-CoV-2 infection was negative (n =
20)). Written informed consent was obtained from all the en-
rolled patients or a relative when necessary. The Ethics Com-
mittee of the Hospital approved the study protocol. The proce-
dures followed were in accordance with the ethical standards
of the responsible committee on human experimentation (insti-
tutional or regional) and with the Helsinki Declaration of the
World Medical Association.
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Demographic characteristics (age, gender, body mass in-
dex (BMI)), routine laboratory testing including white blood
cells (WBC), absolute lymphocyte count (ALC), coagulation
parameters (platelets, fibrinogen, D-dimers), C-reactive pro-
tein (CRP), ferritin, lactate dehydrogenase (LDH), creatinine
kinase (CPK), length of hospital stay, and final outcome of all
patients were recorded. The arterial oxygen partial pressure
(PO,)/fraction of inspired oxygen (FiO,) ratio was calculated
at the same time with blood analysis for all patients. For the
calculation of the plasma suPAR levels, the collected blood
samples were centrifuged for 5 min and suPAR levels were
measured with an enzyme immunoassay technique, alF QT
suPARnostic (ViroGates, Birkerod, Denmark). All the above
are presented in Table 1. The procedures followed were in ac-
cordance with the ethical standards of the responsible com-
mittee on human experimentation (institutional or regional)
and with the Helsinki Declaration of the World Medical As-
sociation.

Statistical analysis

Statistical analysis of data was performed using the SPSS-25
statistical software. The minimum value of the level of statis-
tical significance (P value) was set at 0.05. All data are pre-
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Figure 1. Boxplot of suPAR values in ng/mL (vertical) in patients with negative (left) and positive (right) real-time PCR (polymer-
ase chain reaction) results for COVID-19. The Mann-Whitney U test was used to calculated statistical differences. COVID-19:
coronavirus disease 2019; suPAR: soluble urokinase plasminogen activator receptor.

sented as mean+standard deviation for continuous variables
with a normal distribution, as median and interquartile range
for continuous variables with a non-normal distribution, or as
frequency and percentage for categorical variables. The Mann-
Whitney U test was used to compare non-parametric continu-
ous data, the unpaired Student’s 7-test was used to compare
data with normal distribution and the Fisher’s exact test was
used for categorical data.

Results

Forty-one patients were enrolled in the study. The mean age
of the participants was 61.6 + 16.8 years; 29.3% (n = 12) were
female and 70.7% (n = 29) were male. The overall mortality
of our cohort was 19%. Age, sex, PaO,/FiO,, length of hospi-
tal stay and mortality did not significantly differ between the
two groups (Table 1). Patients with a positive SARS-CoV-2
PCR test were assigned to group A and patients with a negative
SARS-CoV-2 PCR test were assigned to group B.

A total of 21 patients were included in group A, five of
which died. The mean age was 61.57 + 17.08 years. Four out
of five patients who died (80%) had extreme plasma suPAR
values (> 14.8 ng/mL). A total of 20 patients were included
in group B, three of which died. The mean age was 63.2 + 16
years.

Comparison between the two groups revealed statistical-
ly significant difference in the values of suPAR (P = 0.021),
white blood cells (P < 0.001), neutrophils (P = 0.02) and mono-
cytes (P < 0.02, Fig. 1). Specifically, median suPAR was 12
ng/mL in the COVID-19-positive (group A) vs. 7.3 ng/mL in
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the COVID-19-negative group (group B). suPAR did not have
great prognostic ability for in-hospital mortality in our entire
cohort (area under the ROC curve (AUC) = 0.611), but it had
excellent in the COVID positive subgroup (AUC = 0.792). In
group A, suPAR values greater than 14.6 ng/mL had a sensi-
tivity of 0.8 and specificity of 0.92 for predicting in-hospital
mortality. Although in group A, suPAR values differed numeri-
cally between non-survivors and survivors (median values 15
ng/mL and 11.43 ng/mL, respectively), due to the small sample
number, the difference was considered non-statistically signif-
icant (P =0.063).

Subsequently, in the subgroup analysis, we investigated
potential correlations between suPAR and other laboratory
values. In group A, there was an inverse correlation between
the values of suPAR and monocytes with borderline statistical
significance (P = 0.041). In group B, we found no significant
correlations.

Discussion

The major finding in our study was that among patients with
chest infection, suPAR is statistically significant higher on ad-
mission in patients requiring hospitalization with COVID-19
when compared to those with non-COVID-19. The two groups
did not differ in mortality, length of hospital stay, age, gender,
and disease severity as measured by the PaO,/FiO, ratio.
Another finding was that almost all the patients diagnosed
with COVID-19 who died had elevated plasma levels of su-
PAR on admission. This finding is in agreement with studies
conducted prior to the COVID-19 pandemic, where elevated
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suPAR was found to be a strong marker of disease severity, re-
admission, and mortality in patients admitted to the emergency
department [3, 4].

Many biomarkers have been used as prognostic indexes
of sepsis, but in the cases of COVID-19 this issue remains a
matter of debate due to the unpredictable course of the SARS-
CoV-2 infection. In the DISCOVER study, prospectively re-
cruited COVID-19 patients admitted to a UK hospital were
analyzed in an attempt to identify on admission biomarkers
indicative of poor outcome. Among the evaluated new and
commonly used biomarkers, it was showed that interleukin-6
(IL-6) and suPAR had the best performance for the prediction
of COVID-19 outcomes [5]. A prospective study evaluated the
association between suPAR and the incidence of severe com-
plications of COVID-19. The primary endpoint of the study
was the time from admission until the development of a com-
posite outcome, such as acute respiratory distress syndrome
(ARDS), ICU admission, or death. In a total of 403 COVID-19
patients, suPAR had an excellent prognostic utility in predict-
ing severe complications in hospitalized COVID-19 patients
[2]. In the study by Rovina et al, plasma suPAR levels were
found increased in COVID-19 patients and it was finally sug-
gested that suPAR can be an early predictor of severe respira-
tory failure [6].

suPAR, a marker of immune activation, has been shown
to predict deterioration in several infectious and inflammatory
disorders, also its role has been investigated in many viral dis-
cases and has been well correlated to disease severity [7, 8].
Data from literature suggest that plasma suPAR levels of pa-
tients with various pathologies, such as obesity, diabetes, car-
diac diseases, and cancer are elevated (> 4 ng/mL), with good
statistical significance, when compared to healthy individuals.
Many of these pathologies are corresponding to comorbidities
of patients with SARS-CoV-2 infection. It is also well docu-
mented that elevated plasma suPAR levels are indicative of
an underlying prolonged inflammation. As a result, elevated
suPAR levels and prolonged background inflammation mirror
a dysregulated uPA/uPAR system, raising the question wheth-
er the uPA/uPAR system could be a field for investigation in
SARS-CoV-2 infection [9]. In daily clinical practice, suPAR
is an easily measured inflammatory biomarker. Results can
quickly be obtained on-site in many hospital settings, even in
the emergency department, avoiding the need for samples to be
passed through the clinical laboratory, or can even be obtained
prior to hospitalization (time to result 20 min) guiding clini-
cians’ decisions [10].

We identified three additional studies that report the dif-
ferences of suPAR values between viral and bacterial causes
of infection, with ambiguous results. According to a study by
Lin et al [11], suPAR values were lower in blood stream infec-
tions when caused by viral infections compared to bacterial
infections. Moreover, no differences were found between the
two groups, in lower respiratory tract infections in a pediatric
population and in meningitis [12, 13].

In our study, we also found statistically significant cor-
relation between suPAR and monocytes in the group of pa-
tients with SARS-CoV-2 infection. In the studied cohort, all
COVID-19 patients with plasma suPAR levels > 10 ng/mL
had monocytes and lymphocytes absolute counts below nor-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

mal levels, elevated CRP, ferritin and LDH. It has been already
observed that lymphocyte and monocyte populations decrease
in COVID-19, and recent research showed a link between neu-
trophil-to-monocyte ratio and COVID-19 in hospital mortality
[2].

The main limitation of our study is its small sample size,
however, it was a homogeneous patients’ sample. Secondly
it was performed in a single tertiary center and included pa-
tients with moderate to severe disease requiring hospitaliza-
tion. Third, there was no separation between viral and bacterial
causes of pneumonia in non-COVID patients.

Conclusions

A single measurement of suPAR on admission can provide
prognostic information for patients with suspected COVID-19
pneumonia. In the subgroup of patients with positive real-time
PCR result for SARS-CoV2, suPAR was significantly higher
and had an excellent prognostic value for the in-hospital mor-
tality.
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