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Abstract
Introduction  Soluble urokinase plasminogen activator receptor (suPAR) is a biologically active protein and increased lev-
els are associated with worse outcomes in critically ill patients. suPAR in bronchoalveolar fluid (BALF) may be helpful to 
differentiate between types of acute respiratory distress syndrome (ARDS) and may have potential for early detection of 
fungal infection.
Methods  We prospectively investigated levels of suPAR in BALF and serum in critically ill patients who underwent bron-
choscopy for any reason at the ICU of the Department of Internal Medicine, Medical University of Graz, Graz, Austria.
Results  Seventy-five patients were available for analyses. Median age was 60 [25th–75th percentile: 50–69] years, 27% 
were female, and median SOFA score was 12 [11–14] points. Serum suPAR levels were significantly associated with ICU 
mortality in univariable logistic regression analysis. There was no correlation between BALF and serum suPAR. Serum 
suPAR was higher in ARDS patients at 11.2 [8.0–17.2] ng/mL compared to those without ARDS at 7.1 [3.7–10.1] (p < 0.001). 
BALF-suPAR was significantly higher in patients with evidence of fungal lung infection compared to patients without fungal 
infection both in the general cohort (7.6 [3.2–9.4] vs 2.5 [1.1–5.3], p = 0.013) and in the subgroup of ARDS (7.2 [3.1–39.2] 
vs 2.5 [1.0–5.2], p = 0.022). All patients were classified as putative/probable invasive aspergillosis.
Conclusion  We found significant higher levels of serum suPAR in ARDS patients compared to those not fulfilling ARDS 
criteria. Serum and BALF-suPAR were significantly higher in those patients with evidence for invasive pulmonary aspergil-
losis. These findings may suggest testing this biomarker for early diagnosis of fungal infection in a greater cohort.
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Soluble urokinase plasminogen activator receptor (suPAR) 
is the dissolved form of the membrane-bound protein 
uPAR, which is found on endothelial cells, neutrophils, and 

activated macrophages [1]. suPAR is part of the three-finger 
fold protein toxin superfamily which has strong signaling 
capabilities [2, 3]. Circulating suPAR levels in blood are 
usually low but increase during inflammation and immune 
system activation. The normal serum levels for healthy 
individuals are reported to be 2–3 ng/mL [4]. Critically 
ill patients and patients with sepsis have elevated levels of 
suPAR, and suPAR is a strong prognostic marker for out-
comes. suPAR may also predict the occurrence of acute kid-
ney injury during intensive care unit (ICU) stay [5–7]. In a 
small retrospective study, suPAR in bronchoalveolar fluid 
(BALF) was higher in patients with bacterial acute respira-
tory distress syndrome (ARDS) compared to viral ARDS 
and controls without active pulmonary disease [8].

Besides bacterial and viral infections, ICU patients 
are also prone to develop pulmonary fungal infection. 
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Pulmonary fungal infections are a major threat for patients 
with ARDS but may also affect patients without ARDS on 
ICU [9–11]. Up to date, there is no data on suPAR levels 
in BALF in patients with pulmonary fungal infections. 
Early differentiation of ARDS etiology, however, is of 
paramount importance to guide preemptive antimicrobial 
treatment, and consequently improve overall ARDS out-
come as ARDS is still associated with high morbidity and 
mortality. We hypothesized that suPAR may have a role 
as a semi-quantitative biomarker in BALF and may help 
to differentiate between underlying pulmonary diseases 
including the presence of fungal infections.

In this study, we prospectively investigated concentra-
tions of suPAR in BALF and serum in unselected adult 
critically ill patients who underwent bronchoscopy for any 
reason at the ICU of the Department of Internal Medicine 
at the Medical University of Graz, Austria. Exclusion cri-
teria were patients in palliative care or comfort terminal 
care only, and a decline to participate. BALF and serum 
samples were obtained simultaneously. Sequential bron-
choscopies in patients who underwent more than one bron-
choscopy were not investigated. The presence or absence 
of ARDS was noted, as well as the underlying pathology 
or infectious causes. ARDS was defined according to the 
Berlin definition [12]. Evidence of mold infection was 
noted and classification of pulmonary fungal disease was 
made according to established consensus definitions [13, 
14].

BALF was obtained during routine bronchoscopy by 
instillation of sterile saline through a fiberoptic broncho-
scope. Samples were collected in sterile containers. suPAR 
was measured in batch with the commercially available 
suPARnostic® ELISA (ViroGates A/S, Copenhagen, Den-
mark) after recruitment.

The main endpoint was the investigation of BALF-
suPAR for ARDS etiology and mortality. The study pro-
tocol was approved by the Institutional Review Board of 
the Medical University of Graz, Austria (32–472 ex 19/20), 
registered in the WHO approved German study registry 
(DRKS00022458) and complied with the Declaration of 
Helsinki. Written informed consent was obtained from all 
conscious patients. In comatose non-survivors, the IRB 
waived the need for informed consent. All statistical analy-
ses were performed with SPSS 27 (SPSS Inc, IBM, Armonk, 
NY). Continuous variables were summarized as medians 
[25th–75th percentile], and categorical variables as absolute 
frequencies (%). Associations between variables were com-
puted with cross-tabulations, Mann–Whitney U tests, and 
Fisher’s exact tests, as appropriate. Spearman’s rank-based 
correlation coefficient was used for correlations analyses. 
Significance level was determined at 0.05.

During the study period from February 2021 to December 
2022, 76 consecutive patients were included. One patient 
withdrew consent; therefore, seventy-five patients were 
available for analyses. The median age was 60 [25th–75th 
percentile: 50–69] years, 27% were female, and the median 
SOFA score at sample recovery was 12 (11–14) points 
reflecting a high disease severity (Table 1). Median time 
to sample acquisition after endotracheal intubation was 2.5 
[0.5–17.0] h.

suPAR levels in BALF were median 2.7 [1.2–7.2] ng/
mL and serum levels were median 9.3 [6.3–13.2] ng/mL. 
Serum suPAR levels were significantly associated with ICU 
mortality in univariable logistic regression analysis (OR 
per 1 ng/mL increase 1.08 [1.01–1.17], p = 0.048). There 
was no correlation between BALF and serum suPAR levels 
(Spearman rho = – 0.043, p = 0.811). ARDS was present in 
42 patients with a median oxygenation index of 88 [72–169] 

Table 1   Parameters of the total 
cohort, and patients with or 
without ARDS

Bold p values are statistically significant
ARDS acute respiratory distress syndrome, SOFA sequential organ failure assessment, BALF bronchoal-
veolar lavage fluid, RRT​ renal replacement therapy, OI oxygenation index (paO2/FiO2), ICU LOS intensive 
care unit length of stay, suPAR soluble urokinase plasminogen activator receptor

Total cohort Patients with 
ARDS (N = 42, 
56%)

Patients without 
ARDS (N = 33, 
44%)

p value

Age (years) 60 [50–69] 60 [51–65] 61 [49–75] 0.525
Female sex 20 (27%) 16 (38%) 4 (12%) 0.017
SOFA score at BALF acquisition 12 [11–14] 12 [11–15] 12 [11–13] 0.515
Vasopressor at BALF acquisition 64 (85%) 36 (86%) 28 (85%) 0.916
RRT at BALF acquisition 4 (5%) 1 (2%) 3 (9%) 0.314
OI (mmHg) 123 [80–239] 88 [72–169] 143 [96–292] 0.006
ICU LOS (days) 8.4 [4.4–14.6] 10.7 [4.9–20.4] 7.4 [3.1–11.7] 0.058
ICU mortality 35 (47%) 22 (52%) 13 (39%) 0.352
suPAR in serum (ng/mL) 9.3 [6.3–13.2] 11.2 [8.0–17.2] 7.1 [3.7–10.1]  < 0.001
suPAR in BALF (ng/mL) 2.7 [1.2–7.2] 2.7 [1.2–6.0] 2.5 [1.4–7.4] 0.827
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mmHg. There were no significant differences in SOFA score 
between ARDS patients and other patients (12 (11–15) vs 12 
(11–13) points, p = 0.515). BALF-suPAR levels were similar 
in those patients with ARDS compared to those not fulfilling 
the ARDS definition. However, serum suPAR was higher 
in ARDS patients at 11.2 [8.0–17.2] ng/mL compared to 
those without ARDS at 7.1 [3.7–10.1] ng/mL (p < 0.001). In 
those patients with ARDS, suPAR was similar in bacterial 
compared to viral ARDS both in serum and BALF (p values: 
0.822 and 0.869).

Seven patients were diagnosed with pulmonary fungal 
infection during routine care. BALF-suPAR was signifi-
cantly higher in patients with evidence of pulmonary asper-
gillosis compared to patients without signs for fungal lung 
infection (7.6 [3.2–9.4] vs 2.5 [1.1–5.3] ng/mL, p = 0.013; 
Table 2). All patients were classified as putative/probable 
invasive aspergillosis. Similar results were found for the sub-
group of ARDS patients (7.2 [3.1–39.2] vs 2.5 [1.0–5.2] ng/
mL, p = 0.022; Table 2).

ARDS and invasive fungal infections are devastating 
diseases in critically ill patients admitted to ICU. Early rec-
ognition of underlying causes is necessary to allow for tar-
geted treatment. Diagnosis of fungal infections is difficult 
and confirmation using biopsy is not feasible in most cases. 
Hematological malignant diseases are well-known risk 

factors; however, recently influenza and COVID-19-asso-
ciated pulmonary aspergillosis have been increasingly rec-
ognized [9, 15, 16]. Serum galactomannan lacks sensitivity 
for pulmonary aspergillosis, while BALF-galactomannan 
has frequently been used in hematological patients to assess 
for fungal infections but its role in other patients is not fully 
delineated. In our study, we found suPAR in serum and in 
BALF to be higher in patients with evidence of invasive 
mold infection. Aspergillus species was the only type of 
mold that was found in our patients. BALF-suPAR was 
not significantly different between ARDS and non-ARDS 
patients, but BALF-suPAR in ARDS patients was signifi-
cantly higher in those patients with evidence for invasive 
pulmonary aspergillosis compared to those without fungal 
infection. These findings suggest a potential role of suPAR 
as a BALF-biomarker for early identification of pulmonary 
aspergillosis.

A limitation of our study is the absence of healthy con-
trols, but in patients without evidence of lung disease, 
BALF-suPAR levels were 1.0 [0.5–1.9] ng/mL [8]. Another 
limitation is the different recovery rate of the amount of 
saline used during bronchoscopy. As for all BALF biomark-
ers, standardization is hardly feasible due to differences in 
the amount of fluid present within bronchial tree independent 
of the sample volume used. Therefore, a semi-quantitative 

Table 2   Patients with evidence of invasive aspergillosis in the total cohort and subgroup of patients with ARDS

Bold p values are statistically significant
Of the presented patients, 3/7 were probable aspergillosis according to COVID-19-associated pulmonary aspergillosis criteria and 4/7 were 
classified as putative aspergillosis according to diagnosis criteria for pulmonary aspergillosis in critically ill patients. One additional patient had 
aspergillosis colonization and was not included into the analyses. However, the results were similar in an exploratory analysis including this sin-
gle additional patient
ARDS acute respiratory distress syndrome, SOFA sequential organ failure assessment, BALF bronchoalveolar lavage fluid, RRT​ renal replace-
ment therapy, OI oxygenation index (paO2/FiO2), ICU LOS intensive care unit length of stay, suPAR soluble urokinase plasminogen activator 
receptor

Total cohort: patients 
with invasive pul-
monary aspergillosis 
(N = 7)

Total cohort: patients 
without invasive pul-
monary aspergillosis 
(N = 68)

p value ARDS cohort: patients 
with invasive pul-
monary aspergillosis 
(N = 6)

ARDS cohort: patients 
without invasive pul-
monary aspergillosis 
(N = 36)

p value

Age (years) 60 [58–71] 59 [50–69] 0.799 60 [52–71] 59 [50–65] 0.636
Female sex 3 (43%) 17 (25%) 0.375 3 (50%) 13 (36%) 0.658
SOFA score at BALF 

acquisition
13 [12–16] 12 [10–13] 0.056 13 [12–17] 12 [10–15] 0.182

Vasopressor at BALF 
acquisition

5 (71%) 59 (87%) 0.272 5 (83%) 31 (86%) 1.000

RRT at BALF acquisi-
tion

0 (0%) 4 (6%) 1.000 0 (0%) 1 (3%) 1.000

OI (mmHg) 91 [68–189] 125 [80–243] 0.623 86 [68–170] 89 [72–178] 0.820
ICU LOS (days) 10.3 [6.2–31.0] 7.9 [3.5–14.5] 0.172 10.1 [5.9–25.5] 11.1 [4.9–19.9] 0.766
ICU mortality 4 (57%) 31 (46%) 0.699 4 (67%) 18 (50%) 0.665
suPAR in serum (ng/

mL)
12.3 [10.9–17.6] 9.0 [5.2–11.8] 0.049 14.7 [10.1–17.6] 11.1 [7.9–16.4] 0.449

suPAR in BALF (ng/
mL)

7.6 [3.2–9.4] 2.5 [1.1–5.3] 0.013 7.2 [3.1–39.2] 2.5 [1.0–5.2] 0.022
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use of suPAR is a more reasonable approach. However, due 
to sample size, the optimal cutoff has yet to be determined.

To our knowledge, this study is the first prospective inves-
tigation of suPAR levels in serum and BALF in critically 
ill ICU patients undergoing bronchoscopy. We showed sig-
nificant higher levels of serum suPAR in ARDS patients 
compared to those not fulfilling ARDS criteria. Serum and 
BALF-suPAR were significantly higher in those patients 
with evidence for invasive pulmonary aspergillosis. These 
findings may suggest testing this biomarker for early diag-
nosis of fungal infection in a greater cohort.

Acknowledgements  We are very thankful for the help of Corinna 
Schabhüttl, Bsc, who was running the suPAR tests. In addition, we 
want to thank all colleagues from the intensive care unit for the incred-
ible support during the recruitment process.

Author contributions  ACR and PE designed the study. JP, RR, and 
GH provided valuable input to the study protocol. ACR, SH, GH, GS, 
FE, RK, and PE were involved in data acquisition and patient care. 
ACR, TN, SH, and PE performed data analysis. ACR and PE wrote the 
manuscript. All authors provided critical input to the manuscript and 
approved the final version.

Funding  Open access funding provided by Medical University of Graz. 

Availability of data and materials  The datasets used and/or analyzed 
during the current study are available from the corresponding author 
on reasonable request.

Declarations 

Conflict of interest  Krause R received investigator initiated research 
grants from Merck and Pfizer and served as a speaker for Pfizer, Gile-
ad, Astellas, Basilea, Merck and Angelini. The other authors report no 
conflict of interest or financial disclosures.

Ethics approval and consent to participate  The study protocol was 
approved by the Institutional Review Board of the Medical University 
of Graz, Austria (32-472 ex 19/20), registered in the WHO approved 
German study registry (DRKS00022458) and complied with the Dec-
laration of Helsinki.

Consent for publication  Written informed consent was obtained from 
all conscious patients. In comatose non-survivors, the IRB waived the 
need for informed consent.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Desmedt S, Desmedt V, Delanghe JR, Speeckaert R, Speeckaert 
MM. The intriguing role of soluble urokinase receptor in inflam-
matory diseases. Crit Rev Clin Lab Sci. 2017;54:117–33.

	 2.	 Huai Q, Mazar AP, Kuo A, Parry GC, Shaw DE, Callahan J, et al. 
Structure of human urokinase plasminogen activator in complex 
with its receptor. Science (New York, NY). 2006;311:656–9.

	 3.	 Galat A. The three-fingered protein domain of the human genome. 
Cell Mol Life Sci. 2008;65:3481–93.

	 4.	 Haupt TH, Kallemose T, Ladelund S, Rasmussen LJ, Thorball 
CW, Andersen O, et al. Risk factors associated with serum levels 
of the inflammatory biomarker soluble urokinase plasminogen 
activator receptor in a general population. Biomark Insights. 
2014;9:91–100.

	 5.	 Reisinger AC, Niedrist T, Posch F, Hatzl S, Hackl G, Prattes J, 
et al. Soluble urokinase plasminogen activator receptor (suPAR) 
predicts critical illness and kidney failure in patients admitted to 
the intensive care unit. Sci Rep. 2021;11:17476.

	 6.	 Hayek SS, Leaf DE, Samman Tahhan A, Raad M, Sharma S, Wai-
kar SS, et al. Soluble urokinase receptor and acute kidney injury. 
N Engl J Med. 2020;382:416–26.

	 7.	 Raggam RB, Wagner J, Pruller F, Grisold A, Leitner E, Zollner-
Schwetz I, et al. Soluble urokinase plasminogen activator recep-
tor predicts mortality in patients with systemic inflammatory 
response syndrome. J Intern Med. 2014;276:651–8.

	 8.	 Reisinger AC, Hackl G, Niedrist T, Hoenigl M, Eller P, Prattes J. 
SuPAR levels in BAL fluid from patients with acute respiratory 
distress syndrome—a pilot study. Crit Care. 2020;24:576.

	 9.	 Hatzl S, Reisinger AC, Posch F, Prattes J, Stradner M, Pilz S, et al. 
Antifungal prophylaxis for prevention of COVID-19-associated 
pulmonary aspergillosis in critically ill patients: an observational 
study. Crit Care. 2021;25:335.

	10.	 Schauwvlieghe A, Rijnders BJA, Philips N, Verwijs R, Vander-
beke L, Van Tienen C, et al. Invasive aspergillosis in patients 
admitted to the intensive care unit with severe influenza: a retro-
spective cohort study. Lancet Respir Med. 2018;6:782–92.

	11.	 Tortorano AM, Dho G, Prigitano A, Breda G, Grancini A, Emmi 
V, et al. Invasive fungal infections in the intensive care unit: a mul-
ticentre, prospective, observational study in Italy (2006–2008). 
Mycoses. 2012;55:73–9.

	12.	 Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson 
ND, Caldwell E, et al. Acute respiratory distress syndrome: the 
Berlin Definition. JAMA. 2012;307:2526–33.

	13.	 Koehler P, Bassetti M, Chakrabarti A, Chen SCA, Colombo AL, 
Hoenigl M, et al. Defining and managing COVID-19-associated 
pulmonary aspergillosis: the 2020 ECMM/ISHAM consensus 
criteria for research and clinical guidance. Lancet Infect Dis. 
2021;21:e149–62.

	14.	 Blot SI, Taccone FS, Van den Abeele AM, Bulpa P, Meersseman 
W, Brusselaers N, et al. A clinical algorithm to diagnose invasive 
pulmonary aspergillosis in critically ill patients. Am J Respir Crit 
Care Med. 2012;186:56–64.

	15.	 Prattes J, Valentin T, Hoenigl M, Talakic E, Reisinger AC, Eller 
P. Invasive pulmonary aspergillosis complicating COVID-19 in 
the ICU—A case report. Med Mycol Case Rep. 2021;31:2–5.

	16.	 Prattes J, Wauters J, Giacobbe DR, Salmanton-Garcia J, Maertens 
J, Bourgeois M, et al. Risk factors and outcome of pulmonary 
aspergillosis in critically ill coronavirus disease 2019 patients—a 
multinational observational study by the European Confederation 
of Medical Mycology. Clin Microbiol Infect. 2022;28:580–7.

http://creativecommons.org/licenses/by/4.0/

	Soluble urokinase plasminogen activator receptor (suPAR) in bronchoalveolar fluid and blood in critically ill patients—a prospective cohort study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Acknowledgements 
	References




