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A B S T R A C T   

Introduction: During the recent SARS-CoV-2 pandemic, circulating calprotectin (cCLP) gained interest as 
biomarker to predict the severity of COVID-19. We aimed to investigate the prognostic value of cCLP measured in 
serum, heparin, EDTA and citrate plasma. 
Materials and methods: COVID-19 patients were prospectively included, in parallel with two SARS-CoV-2 negative 
control populations. The prognostic value of cCLP was compared with IL-6, CRP, LDH, procalcitonin, and the 4C- 
mortality score by AUROC analysis. 
Results: For the 136 COVID-19 patients, cCLP levels were higher compared to the respective control populations, 
with significantly higher cCLP levels in serum and heparin than in EDTA or citrate. Higher cCLP levels were 
obtained for COVID-19 patients with i) severe/critical illness (n = 70), ii) ICU admission (n = 66) and iii) need for 
mechanical ventilation/ECMO (n = 25), but iv) not in patients who deceased within 30 days (n = 41). The 
highest discriminatory power (AUC [95% CI]) for each defined outcome was i) CRP (0.835 [0.755–0.914]); ii) 
EDTA cCLP (0.780 [0.688–0.873]); iii) EDTA cCLP (0.842 [0.758–0.925]) and iv) the 4C-mortality score (0.713 
[0.608–0.818]). 
Conclusion: Measuring cCLP in COVID-19 patients helps the clinician to predict the clinical course of COVID-19. 
The discriminatory power of EDTA and citrate plasma cCLP levels often outperforms heparin plasma cCLP levels.   

1. Introduction 

Since the emergence of the severe acute respiratory syndrome coro
navirus 2 (SARS-CoV-2) in late 2019, more than 240 million proven in
fections and nearly 5 million deaths of coronavirus disease 2019 (COVID- 
19) were reported (https://www.worldometers.info/coronavirus/). 
Although to date nearly half of the world population has received at least 
one dose of a COVID-19 vaccine (https://ourworldindata.org/covid-vacc 
inations), SARS-CoV-2 variants able to escape vaccine-induced immu
nity may emerge [1]. Several risk scores, diagnostic imaging and bio
markers have been evaluated and compared to help predict severe 
complications and outcome in COVID-19 patients [2]. Nevertheless, early 
prediction of COVID-19 severity remains difficult, emphasizing the need 

for additional biomarkers in daily practice. 
Calprotectin (CLP) is a heterodimeric complex formed by two calcium- 

binding proteins S100A8 and S100A9, also known as myeloid-related 
protein (MRP)-8 and MRP-14. CLP is typically expressed and secreted by 
neutrophils, monocytes, and activated macrophages but can also be 
expressed and secreted by other cell lines including but not limited to 
dendritic cells, endothelial cells, keratinocytes and squamous mucosal 
epithelium [3]. CLP is part of the innate immune response and contributes 
to the inflammatory process through the recruitment of leucocytes, 
binding of arachidonic acid, and the expression of pro-inflammatory and 
anti-inflammatory mediators. CLP acts as an endogenous ligand of Toll- 
like receptor 4 (TLR4) and receptor for advanced glycation endproducts 
(RAGE) [4]. Furthermore, CLP has an antimicrobial activity and plays a 
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role in cell proliferation, differentiation and apoptosis [3]. 
Fecal CLP measurement is already used as a reliable biomarker in the 

diagnosis of inflammatory bowel disease [5]. Circulating CLP (cCLP) has 
gained recent attention as a biomarker of neutrophil-related inflam
mation and chronic inflammatory disorders such as rheumatoid arthritis 
[6], systemic lupus erythematosus [7], but also in pneumonia patients - 
next to elevated CLP levels in bronchoalveolar lavage fluid and lung 
tissue [8,9]. Recently, cCLP has been proposed in about a dozen inde
pendent studies as a promising serological biomarker to predict the 
severity of pathogen-associated tissue damage and the excessive cyto
kine storm in COVID-19 [10]. 

To date, the preferred matrix to measure cCLP remains topic of 
debate. Studies evaluating cCLP in and beyond the context of COVID-19 
interchangeably used serum and plasma matrices, hampering the 
interpretation and comparison of the results obtained as serum and 
plasma cCLP concentrations differ significantly [11–14]. The latter is 
mainly due to the in vitro lability of neutrophils and the platelet acti
vation in serum, both enhancing the release of CLP into the extracellular 
matrix [10], whilst ethylene-diamine-tetra-acetic acid (EDTA) and cit
rate plasma, chelate calcium ions, inhibiting calcium dependent cCLP 
secretion and resulting in significantly reduced cCLP levels [11,13,14]. 

The aim of this monocentric study was to investigate if the prognostic 
value of cCLP on the clinical course of COVID-19 patients differed when 
cCLP was measured in various sample matrices. This was done by 
assessing the prognostic values of cCLP measured in both serum, lithium 
heparin, EDTA and citrate plasma in COVID-19 patients with confirmed 
SARS-CoV-2 infection presenting at the emergency department of the OLV 
Hospital Aalst, a secondary care hospital in Belgium. These values were 
compared to five other inflammatory biomarkers: C-reactive protein 
(CRP), interleukin-6 (IL-6), lactate dehydrogenase (LDH), procalcitonin 
(PCT) - and one disease severity scoring system (the 4C-mortality score). 

2. Materials and methods 

2.1. Study and control populations 

Study patients were prospectively included between November 2020 
and May 2021 at the OLV Hospital, Aalst, Belgium. Study populations 
included patients with primary diagnosis of SARS-CoV-2 (confirmed by 
real-time reverse transcription polymerase chain reaction (rRT-PCR)) who 
presented at the emergency department (ED) requiring hospitalization at 
i) a non-ICU ward or ii) ICU ward. Control populations were defined as i) 
patients presenting at the ED for whom a non-elective hospitalization was 
needed at a non-ICU ward and ii) patients who underwent cardiovascular 
(CV) surgery followed by hospitalization at the CV-ICU ward. All control 
patients had negative rRT PCR SARS-CoV-2 screening result. 

2.2. Sample and data collection 

The primary biomarkers of interest concerning the inflammatory 
response to COVID-19 were cCLP (measured in heparin, EDTA and citrate 
plasma and serum), CRP, IL-6, LDH and PCT. 

After routine laboratory analysis, including CRP, LDH and PCT analysis, 
was performed on blood samples taken at the ED, aliquots of serum, heparin 
plasma, EDTA plasma and citrate plasma were stored at − 20 ◦C, compliant 
with the pre-analytic requirements for analyzing cCLP (i.e. for serum 
samples: centrifugation within 2 h after blood draw; for EDTA samples: 
storage at − 20 ◦C within 72 h after blood draw [12]). Batch analyses of 
cCLP (EliATM Calprotectin 2 assay on Phadia 200 instrument; serum/ 
plasma protocol research use only, Thermo Fisher Scientific) and IL-6 
(Elecsys IL-6 on cobas c801, Roche) were performed on stored aliquots. 

Patient demographics, medical history including medication use and 
co-morbidities, vital signs at admission and clinical course were extracted 
from the electronic medical records. Data on the clinical outcomes of 
hospitalized patients were recorded until discharge or until 30 days after 
ED presentation. The 4C-mortality score (International Severe Acute 

Respiratory and emerging Infections Consortium (ISARIC) World Health 
Organization (WHO) Clinical Characterization Protocol) [15–17] was 
calculated based on the collected clinical and biochemical data. 

The study was performed with full respect for individuals’ rights to 
confidentiality and in accordance with procedures supervised by Local 
Authorities responsible for Ethical Research (Belgian registration num
ber of ethical approval B1262021000002). 

2.3. Outcomes 

To evaluate the prognostic value of the included biomarkers for 
COVID-19 disease severity, following outcomes were defined: i) severe 
or critical disease vs. a-/pre-symptomatic or mild or moderate illness at 
ED presentation (definitions of disease severity are described in Sup
plemental Materials and Methods); ii) admission to the ICU vs. a non- 
ICU ward; iii) need for mechanical ventilation or extra corporeal 
membrane oxygenation (ECMO) vs. non-invasive ventilation and 
oxygenation therapy (i.e. no need for supplemental oxygen; supple
mental oxygen by nasal cannula or oxygen mask; high flow nasal oxygen 
therapy (OptiflowTM) and non-invasive ventilation; iv) death after 
30 days vs. discharged or still hospitalized after 30 days. 

2.4. Statistical analysis 

Categorical data were reported as absolute number (n) and relative 
frequency (%) and compared using chi-squared test, whilst continuous 
variables were reported as median and interquartile range (IQR) and 
compared using Mann-Whitney test (non-paired non-normally distrib
uted data) or Wilcoxon (paired non-normally distributed data) as 
appropriate. Associations between biochemical parameters were exam
ined with Spearman’s coefficient of rank correlation (r). The discrimi
natory power of all biomarkers of interest were compared using Area 
Under the Receiver Operating Characteristic (AUROC) curve analysis for 
the different defined outcomes. In addition, a univariate analysis 
(including age, gender, BMI and total number of comorbidities) followed 
by multivariate analysis was performed including parameters from uni
variate analysis with p < 0.10. A stepwise approach was performed for 
final parameter selection by using p < 0.05. Odds ratios (ORs) with 95% 
confidence intervals (95% CI) were calculated as well. All data analyses 
were performed in MEDCALC® Statistical Software version 19.4 (Med
Calc Software Ltd, Ostend, Belgium) and Analyse-it Software version 
5.65.3 (Leeds, UK) with a p < 0.05 considered statistically significant. 

3. Results 

3.1. Patient cohorts 

One hundred and thirty-six SARS-CoV-2 positive patients were 
included (70 hospitalized at a non-ICU ward; 66 at an ICU ward), next to 
40 SARS-CoV-2 negative control patients (20 non-ICU; 20 CV-ICU). An 
overview of demographic data is presented in Table 1; an overview of 
co-morbidities, medication use before admission and clinical data dur
ing hospitalization in Supplemental Data Table S1-4. Remarkable was 
the significantly higher BMI of ICU patients (median [IQR] 29.4 
[25.8–34.8]) compared to non-ICU patients (26.7 [24.2–29.4]) 
(p < 0.001) and the similar mortality rate between ICU patients (21/66 
(31.8%)) and non-ICU patients (20/70 (28.6%)) (p = 0.681). 

3.2. Calprotectin analyses 

As shown in Fig. 1, ICU- and non-ICU COVID-19 patients showed 
higher cCLP levels compared to their respective control groups. 
Furthermore, cCLP levels in serum and heparin were significantly higher 
compared to EDTA and citrate levels in all patient cohorts. A summary 
table of cCLP results in all populations and matrices is shown in Sup
plemental Data, Table S5. 
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Spearman’s coefficient of rank correlation revealed a very strong 
correlation of cCLP concentrations (r > 0.8, p < 0.05) between all 
matrices. However, Passing Bablok regression demonstrated a signifi
cant systematic bias between cCLP in serum vs. cCLP in heparin, cCLP in 
EDTA and in cCLP citrate in addition to a proportional bias between 
cCLP in serum vs. cCLP in EDTA and cCLP in citrate, and between cCLP 
in heparin vs. cCLP in EDTA and cCLP in citrate (Fig. 2). cCLP showed a 
strong positive correlation in all matrices with CRP (r = 0.595–0.625) 
and LDH (r = 0.623–0.707), a moderate positive correlation with IL-6 
(r = 0.364–0.477) and a weak correlation with PCT (r = 0.280–0.396) 
(Supplemental Data, Table S6). 

3.3. Covid-19 biomarkers and outcomes 

Regarding the study population (n = 136), 70 patients (51.5%) pre
sented with severe or critical COVID-19 symptoms, 66 (48.5%) needed 
ICU admission, 25 (18.4%) required mechanical ventilation or ECMO 
and 41 (30.1%) were deceased within 30 days. An overview of cCLP 
values complemented with age, CRP, IL-6, PCT and LDH in different 
subgroups are shown in Table 2. 

cCLP concentrations were significantly higher in patients presenting 
with severe or critical disease vs. patients with a-/pre-symptomatic or 
mild or moderate illness at ED admission (Table 2; Supplemental Data, 
Fig. S1). However, as shown in Fig. 3 and Table 3, CRP showed the 
highest discriminatory power (AUC [95% CI] 0.835 [0.755–0.914]), 
which was significantly higher compared to cCLP in heparin (0.712 
(0.621–0.811). To prevent collinearity issues, cCLP in different matrices 
was analyzed in separate multivariate logistic regressions. When 

adjusted for demographic confounders (age, gender, BMI and number of 
comorbidities), cCLP showed to be significantly associated with severe 
or critical disease in all matrices (Table 4). 

Subsequently, cCLP in all matrices was significantly higher in pa
tients requiring ICU admission compared to those treated at a non-ICU 
ward (Table 2; Supplemental Data, Fig. S2). When comparing cCLP 
values between non-ICU study patients and ICU study patients who were 
transferred from a non-ICU ward to the ICU ward (N = 28/66 study ICU 
patients), cCLP was significantly elevated in the latter group when 
measured in EDTA and citrate, but not in serum or heparin (data not 
shown). Comparison of AUROC revealed a significantly higher discrim
inatory power for cCLP in EDTA (0.780 [0.688–0.873]) and cCLP in 
citrate (0.765 [0.670–0.861]) compared to cCLP in heparin (0.684 
[0.577–0.791]) (Fig. 3, Table 3). Multivariate logistic regression 
adjusted for demographic confounders showed a significant association 
between cCLP and the need for ICU admission in all matrices (Table 4). 

Similar results were obtained regarding the need for mechanical 
ventilation or ECMO: cCLP in all matrices was significantly higher in 
these patients compared to patients without need for mechanical ven
tiatlion (Table 2; Supplemental Data, Fig. S3). The discriminatory power 
of cCLP in EDTA (0.842 [0.758–0.925]) and cCLP in citrate (0.828 
[0.737–0.920]) was higher compared to cCLP in heparin (0.760 
[0.632–0.888]) (Fig. 3, Table 3). Multivariate analysis confirmed this 
significant association in all matrices (Table 4). 

Finally, study patients who deceased within 30 days did not show a 
significant higher cCLP concentrations compared to patients who were 
discharged or still hospitalized within a 30-day follow-up period 
(Table 2; Supplemental Data, Fig. S4). The 4C-mortality score 

Table 1 
Demographic data of included study patients (n = 136) and control patients (n = 40).   

Study 
Population 
Non-ICU 
N = 70 

Control 
Population 
Non-ICU 
N = 20 

P-value Study 
Population 

ICU 
N = 66 

Control 
Population 

ICU 
N = 20 

P-value 

Median Age 
[Range] 

79 
[31–98] 

76 
[38–86] 

0.058 65 
[37–86] 

74 
[56–88] 

0.008 

Female, N (%) 26 (37.1%) 9 (45.0%) 0.527 28 (42.4%) 2 (10.0%) 0.008  

Ethnicity 
Caucasian, N (%) 69 (98.6%) 20 (100.0%)  59 (89.4%) 20 (100.0%)  

African, N (%) 1 (1.4%) 0 (0.0%)  6 (9.1%) 0 (0.0%)  
Asian, N (%) 0 (0.0%) 0 (0.0%)  1 (1.5%) 0 (0.0%)   

Fig. 1. Graphical plot (median, ▾; inter
quartile range, ▬) of calprotectin concen
tration in various included populations and 
matrices. To allow inter-matrices comparison 
(Wilcoxon test), only patients of whom the 4 
matrices were available are shown in the 
figure. Statistical differences between pop
ulations (i.e. all patients; right column) are 
calculated using Mann-Whitney test. Abbre
viations: C, citrate plasma; CI, control popu
lation ICU; CN, control population non-ICU; 
E, EDTA plasma; H, heparin plasma; S, 
serum; SI, study population ICU; SN, study 
population non-ICU.   
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outperformed cCLP and all other inflammatory biomarkers in AUROC 
analysis (0.713 [0.608–0.818]) (Fig. 3, Table 3). Even when patients 
who were admitted to the geriatric ward were excluded (n = 36/136), 
cCLP was not significantly higher in patients deceased within 30 days 
(data not shown). However, baseline cCLP concentrations in patient 
discharged after 30 days were significantly lower compared to patients 
deceased or still hospitalized after 30 days when measured in citrate and 
EDTA, but not when measured in serum or heparin. 

4. Discussion 

Circulating calprotectin has been identified as one of the strongest 
predictors of COVID-19 disease severity by independent studies which 
analyzed thousands of expressed genes [10]. Comparative transcriptome 
analysis identified S100A8 and S100A9 as exclusively up-regulated genes 
in SARS-CoV-2 infection among human lung epithelial cells infected with 
respiratory viruses [8]. Next to gene expression studies, several small 
[18–20] and larger [21–23] patient cohort studies confirmed a prognostic 
role for this biomarker to predict disease severity and outcome. 

In our study cohort of 136 COVID-19 positive patients, high cCLP 
concentrations at time of ED admission were significantly associated 
with severe or critical disease stage, the need for ICU admission and the 
need for mechanical ventilation or ECMO. Regarding the fourth defined 
outcome, cCLP concentrations at time of ED admission were not 
significantly higher in patients deceased within 30 days compared to 
patients discharged or still hospitalized after that time period. However, 
DE GUADIANA RAMULDO et al. [19] (n = 66 COVID-19 patients), DUCASTEL 

et al. [24] (n = 160 COVID-19 patients) and CHEN et al. [21] (n = 121 
COVID-19 patients) did find a good discriminatory capacity of cCLP to 
predict mortality (AUC: 0.801, 0.792, 0.875 respectively). 

Given the high concentration of calprotectin in the cytoplasm of 
neutrophils and monocytes, our data seem to support the role of these 
leucocytes in severe COVID-19 cases. Predominantly, CLP is secreted 
through an active, calcium dependent Protein Kinase C (PKC) pathway. 
To a lesser extent however, cCLP passively leaks from necrotic cells and is 
also released in neutrophil extracellular traps (NETs) [25]. NETs are 
highly efficient in trapping, neutralizing and killing viruses and bacteria 
[26], but, when not properly regulated, are also known for its pathogenic 

role in various thrombo-inflammatory states including respiratory failure 
[27]. Interestingly, a recent study discovered NETs in postmortem lung 
specimens of COVID-19 patients, especially in the airway compartment 
and neutrophil-rich inflammatory areas of the interstitium [10,28]. Thus, 
cCLP could act as a surrogate marker for NET formation associated with 
severe pulmonary complications in COVID-19. 

Although the prognostic role of cCLP seems promising, its measurement 
in blood is hampered by crucial pre-analytical requirements [29,30], 
sample matrix differences [12] and inter-assay variations [31]. First, 
comparing serum to plasma matrices, it is expected that in vitro coagulation 
induces release of intracellular CLP [32] which would result in higher cCLP 
concentrations in the former matrix. Indeed, as shown in studies on refer
ence values [12] and in our own study cohort (Supplemental Data, S5), 
serum cCLP values were significantly higher compared to cCLP values when 
measured in EDTA or citrate plasma. In addition, cCLP values in heparin 
were significantly higher compared to cCLP values in EDTA and citrate. 
This indicates that the chelating properties of EDTA and the binding ca
pacities of citrate to calcium prevent monocytes from PKC activation and 
therefore from further release of cCLP in vitro. Interestingly, cCLP values in 
heparin plasma were also significantly lower compared to serum in the 
control populations, but not in our study populations (Fig. 1). This indicates 
that at lower cCLP values, the role of in vitro coagulation is even more 
pronounced compared to in higher cCLP values. 

Next to the nominal differences in cCLP concentration between 
matrices, AUROC analyses showed a marked difference in discrimi
nating capacity of cCLP measured in different matrices. In all three 
outcomes with significant higher cCLP values (Table 2), cCLP in heparin 
showed lowest AUROC (Table 3), followed by serum and finally by 
EDTA/citrate. These data suggest that heparin plasma is not the 
preferred matrix to measure cCLP in this context. 

The different concentrations of cCLP when measured in different 
matrices hampers the comparison of various studies on the prognostic 
value of cCLP. UDEH et al. [33] recently performed a systematic review and 
meta-analysis to evaluate cCLP differences between severe and non-severe 
COVID-19 cases. The authors included five studies that investigated the 
prognostic role of cCLP and combined them all as cCLP measured in serum 
(“Mean [serum] CLP in severe cases vs. non-severe cases was 7.425 µg/mL 
resp. 3.823 µg/mL”). However, a personal review of the included 

Fig. 2. Passing and Bablok regression including Spearman’s correlation r (95% CI) of cCLP measurement between A. serum and heparin; B. serum and EDTA; C. 
serum and citrate; D. heparin and EDTA; E. heparin and citrate; F. EDTA and citrate. 
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Table 2 
Comparison of age and biomarker concentration in the study population (n = 136) for the defined outcome variables. Data are presented as median (range). Statistical differences (Mann-Whitney test) between subgroups 
are highlighted. Abbreviations: cCLP, circulating calprotectin; ECMO, extra corporeal membrane oxygenation; ICU, intensive care unit; IL-6, interleukin-6; LDH, lactate dehydrogenase; PCT, procalcitonin.   

OUTCOME I 
disease severity 

OUTCOME II 
ICU admission 

OUTCOME III 
Need for mech vent/ECMO 

OUTCOME IV 
30-day mortality  

Severe 
Critical 
illness 

A-/pre-symptomatic 
Mild 
Moderate 
Illness 

P-value ICU 
admission 

Non-ICU 
admission 

P-value Mech vent 
ECMO 

Room air 
Nasal can 
Oxygen mask 
Optiflow 

P-value Deceased Discharged 
Still hospitalized 

P-value 

Age 
[years] 

69 
(61–78) 
[n = 70] 

75 
(62–84) 
[n = 66]  

0.043 65 
(57–73) 
[n = 66] 

70 
(68–85) 
[n = 70]  

<0.001 63 
(55–72) 
[n = 25] 

74 
(63–83) 
[n = 111]  

0.001 79 
(71–85) 
[n = 41] 

68 
(58–78) 
[n = 95]  

<0.001 

cCLP serum 
[µg/mL] 

9.593 
(7.031–23.365) 
[n = 70] 

6.218 
(3.372–8.904) 
[n = 58]  

<0.001 8.964 
(6.374–21.366) 
[n = 65] 

6.854 
(3.530–9.542) 
[n = 63]  

<0.001 9.575 
(7.165–21.588) 
[n = 25] 

8.190 
(4.453–11.516) 
[n = 103]  

0.026 9.200 
(4.979–14.816) 
[n = 39] 

8.190 
(5.111–11.389) 
[n = 89]  

0.506 

cCLP heparin 
[µg/mL] 

11.263 
(6.216–18.680) 
[n = 66] 

6.212 
(3.073–9.316) 
[n = 65]  

<0.001 9.905 
(5.942–18.523) 
[n = 61] 

6.668 
(3.071–10.360) 
[n = 70]  

0.001 10.130 
(6.478–18.575) 
[n = 24] 

7.328 
(3.759–13.325) 
[n = 107]  

0.021 8.741 
(3.981–15.625) 
[n = 39] 

7.606 
(4.555–13.240) 
[n = 92]  

0.620 

cCLP EDTA 
[µg/mL] 

7.111 
(3.467–10.375) 
[n = 60] 

2.291 
(1.010–3.767) 
[n = 57]  

<0.001 7.151 
(3.528–10.685) 
[n = 50] 

2.552 
(1.319–4.794) 
[n = 67]  

<0.001 9.006 
(5.644–13.276) 
[n = 15] 

3.256 
(1.787–6.924) 
[n = 102]  

<0.001 5.929 
(2.552–9.296) 
[n = 34] 

3.322 
(1.952–6.710) 
[n = 83]  

0.164 

cCLP citrate 
[µg/mL] 

7.546 
(3.992–11.685) 
[n = 66] 

2.715 
(1.493–4.628) 
[n = 53]  

<0.001 7.504 
(3.996–11.680) 
[n = 56] 

3.318 
(1.544–5.622) 
[n = 63]  

<0.001 8.538 
(5.587–12.423) 
[n = 20] 

3.863 
(2.064–7.357) 
[n = 99]  

<0.001 5.413 
(2.306–9.074) 
[n = 37] 

4.160 
(2.445–7.751) 
[n = 82]  

0.480 

CRP 
[mg/L] 

122.9 
(73.3–189.5) 
[n = 69] 

33.7 
(12.7–70.1) 
[n = 65]  

<0.001 119.8 
(56.0–193.0) 
[n = 65] 

44.0 
(15.4–95.9) 
[n = 69]  

<0.001 118.1 
(54.3–213.3) 
[n = 25] 

64.4 
(19.3–126.3) 
[n = 109]  

0.005 111.8 
(36.1–144.9) 
[n = 39] 

64.4 
(22.3–131.9) 
[n = 95]  

0.142 

IL-6 
[pg/mL] 

80.1 
(47.3–146.0) 
[n = 66] 

38.8 
(20.8–65.5) 
[n = 65]  

<0.001 87.6 
(42.2–146.8) 
[n = 61] 

46.8 
(25.2–66.1) 
[n = 70]  

<0.001 118.0 
(51.3–277.5) 
[n = 24] 

54.3 
(26.3–83.4) 
[n = 107]  

0.003 70.8 
(41.0–186.0) 
[n = 39] 

54.0 
(25.6–93.2) 
[n = 92]  

0.011 

PCT 
[µg/L] 

0.158 
(0.075–0.392) 
[n = 69] 

0.078 
(0.046–0.164) 
[n = 65]  

0.001 0.173 
(0.076–0.391) 
[n = 66] 

0.079 
(0.039–0.149) 
[n = 68]  

0.001 0.180 
(0.076–0.404) 
[n = 25] 

0.100 
(0.049–0.265) 
[n = 109]  

0.047 0.180 
(0.072–0.472) 
[n = 41] 

0.104 
(0.049–0.198) 
[n = 93]  

0.020 

LDH 
[U/L] 

465 
(380–578) 
[n = 67] 

337 
(256–417) 
[n = 59]  

<0.001 441 
(351–563) 
[n = 63] 

350 
(267–452) 
[n = 63]  

<0.001 474 
(406–576) 
[n = 25] 

382 
(294–486) 
[n = 101]  

0.001 439 
(398–548) 
[n = 36] 

378 
(296–504) 
[n = 90]  

0.045  
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publications showed that only 2/5 used serum as sample matrix [18,21], 
1/5 EDTA plasma [23], 1/5 both serum and plasma [22] and 1/5 studies 
did not specify the matrix used [19]. As our study points out that cCLP 
results of different matrices cannot be used interchangeably, authors 
should specify the exact matrix used and refer to matrix specific reference 
values [12,31] in order to allow and ease the comparison and interpre
tation of findings presented in the respective publications. 

The data obtained in our study and control population can be useful 
in defining which matrix is most suitable for cCLP measurement, also 
outside the context of COVID-19. To the best of our knowledge, no other 
data of large patient cohorts in which different matrices are evaluated 
are available. Our data suggests that cCLP measurement in serum, EDTA 
and citrate plasma are most valuable, but results between serum and 
these plasma matrices cannot be interpreted interchangeably. To enable 
the introduction of cCLP in routine care, implementation on a random- 
access analyzer and reimbursement is warranted. 

Some limitations of our study need to be highlighted. First, no viral 
or bacterial respiratory disease control group (SARS-CoV-2 negative) 
was included, which could have been useful to investigate if cCLP can 
also be used as a diagnostic tool too. Next, as our study lacks complete 
data on hematological parameters, we were not able to correlate 
neutrophil counts with cCLP levels. 

In conclusion, inflammatory biomarkers can be useful tools in early 
triage and risk stratification of patients presenting with COVID-19 at the 

ED. As shown in our study cohort among others, cCLP has a high power to 
discriminate severe or critical COVID-19 cases vs. patients presenting with 
asymptomatic, mild or moderate disease, to predict the need for ICU 
admission and the need for mechanical ventilation or ECMO. However, 
this discriminatory capacity was lower when cCLP was measured in 
heparin plasma compared to cCLP measured in serum, EDTA or citrate 
plasma. Regarding the need for ICU admission and the need for mechan
ical ventilation/ECMO, cCLP measured in EDTA or citrate plasma showed 
a higher discriminatory capacity compared to CRP, IL-6, procalcitonin and 
LDH. Clinicians and researchers investigating cCLP should be aware of 
variations in cCLP levels when measured in different matrices, which may 
lead to divergent conclusions in predefined study objectives. 
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Table 4 
Univariate and multivariate logistic regression analysis for the various defined outcomes in all study patients (N = 136). Considering the stepwise approach, the 
variables ‘BMI’ and ‘number of comorbidities’ were finally not included in the multivariate model for any outcome (p > 0.05).   

OUTCOME 1 OUTCOME 2 OUTCOME 3 OUTCOME 4  

Univariate analysis Univariate analysis Univariate analysis Univariate analysis 

Variable Odds ratio (95% C.I.) P-value Odds ratio (95% C.I.) P-value Odds ratio (95% C.I.) P-value Odds ratio (95% C.I.) P-value 

Age 0.980 
(0.956–1.001) 

0.125 0.942 
(0.914–0.970) 

<0.001 0.953 
(0.922–0.984) 

0.004 1.072 
(1.035–1.110) 

<0.001 

Gender 1.026 
(0.516–2.039) 

0.942 1.247 
(0.627–2.481) 

0.530 1.517 
(0.633–3.632) 

0.350 1.283 
(0.610–2.697) 

0.512 

BMI 1.029 
(0.980–1.081) 

0.251 1.088 
(1.027–1.152) 

0.004 1.058 
(1.000–1.118) 

0.049 0.970 
(0.917–1.026) 

0.280 

Number of comorbidities* 0.975 
(0.792–1.200) 

0.810 0.959 
(0.779–1.181) 

0.692 0.799 
(0.600–1.065) 

0.125 1.378 
(1.087–1.746) 

0.008   

Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis 
Variable Odds ratio (95% C.I.) P- 

value 
Odds ratio (95% C.I.) P- 

value 
Odds ratio (95% C.I.) P- 

value 
Odds ratio (95% C.I.) P- 

value 
Age – – 0.944 

(0.915–0.973) 
<0.001 0.953 

(0.920–0.986) 
0.006 1.071 

(1.034–1.109) 
<0.001 

cCLP SERUM 1.191 (1.090–1.302) <0.001 1.082 
(1.028–1.139) 

0.002 1.043 
(1.008–1.080) 

0.017 – –  

Age – – 0.938 
(0.910–0.967) 

<0.001 0.949 
(0.916–0.983) 

0.004 1.071 
(1.034–4.110) 

<0.001 

cCLP HEPARIN 1.151 
(1.076–1.232) 

<0.001 1.060 
(1.010–1.113) 

0.018 1.046 
(1.005–1.088) 

0.026 – –  

Age – – 0.954 
(0.924–0.985) 

0.004 – – 1.084 
(1.040–1.131) 

<0.001 

cCLP EDTA 1.368 
(1.190–1.573) 

<0.001 1.251 
(1.115–1.402) 

<0.001 1.167 
(1.050–1.297) 

0.004 – –  

Age – – 0.955 
(0.926–0.986) 

0.005 0.961 
(0.923–1.000) 

0.049 1.062 
(1.024–1.100) 

0.001 

cCLP CITRATE 1.455 
(1.245–1.701) 

<0.001 1.263 
(1.125–1.418) 

<0.001 1.163 
(1.046–1.292) 

0.005 – – 

* Included comorbidities were cardiac disease, hypertension, chronic obstructive pulmonary disease, cerebrovascular disease, chronic kidney disease, diabetes 
mellitus, immunodeficiency, cancer, smoking, auto-immune disease. 

Table 3 
Comparison of area under the receiver operating characteristic curve (AUROC) (95% C.I.) of inflammatory biomarkers in the study population (N = 136) for the 
defined outcome variables. The biomarker with highest AUROC is underlined; significant differences in pairwise comparison of ROC curves are added in comment.   

Outcome I 
Disease severity 

Outcome II 
ICU admission 

Outcome 3 
mech. venti./ECMO 

Outcome 4 
30-day mortality 

cCLP SERUM 0.758 
(0.665–0.850) 

0.728 
(0.628–0.828) 

0.782 
(0.655–0.908) 

0.520 
(0.388–0.651) (4) 

cCLP HEPARIN 0.712 
(0.621–0.811) (1) 

0.684 
(0.577–0.791) (2) 

0.760 
(0.632–0.888) (3) 

0.535 
(0.404–0.665) (4) 

cCLP EDTA 0.797 
(0.712–0.882) (1) 

0.780 
(0.688–0.873) (2) 

0.842 
(0.758–0.925) (3) 

0.537 
(0.406–0.668) (4) 

cCLP CITRATE 0.794 
(0.708–0.879) (1) 

0.765 
(0.670–0.861) (2) 

0.828 
(0.737–0.920) (3) 

0.527 
(0.392–0.663) (4) 

IL-6 0.744 
(0.648–0.841) 

0.685 
(0.577–0.793) 

0.724 
(0.566–0.882) 

0.686 
(0.562–0.811) (4) 

CRP 0.835 
(0.755–0.914) (1) 

0.753 
(0.655–0.850) 

0.790 
(0.668–0.911) 

0.531 
(0.403–0.659) (4) 

LDH 0.728 
(0.630–0.826) 

0.732 
(0.632–0.832) 

0.741 
0.621–0.861) (3) 

0.616 
(0.501–0.730) 

Procalcitonin 0.739 
(0.641–0.837) (1) 

0.721 
(0.618–0.824) 

0.714 
(0.580–0.828) 

0.636 
(0.510–0.762) 

4C-Mortality Score    0.713 
(0.608–0.818) (4) 

(1) CRP vs. cCLP heparin, p = 0.013; CRP vs. procalcitonin, p = 0.047; cCLP citrate vs. cCLP heparin, p = 0.001; cCLP EDTA vs. cCLP heparin, p = 0.004. 
(2) cCLP EDTA vs. cCLP heparin, p < 0.001; cCLP citrate vs. cCLP heparin, p = 0.001. 
(3) cCLP EDTA vs. cCLP heparin, p = 0.040; CLP EDTA vs. LDH, p = 0.007; cCLP citrate vs. LDH, p = 0.013; cCLP citrate vs. cCLP heparin, p = 0.048. 
(4) 4C-Moratlity score vs. cCLP serum, p = 0.015; 4C-mortality score vs. cCLP heparin, p = 0.031; p = 0.021; 4C-mortality score vs. cCLP EDTA, p = 0.029; 4C-mor
tality score vs. cCLP citrate, 4C-mortality score vs. CRP, p = 0.010; IL-6 vs. cCLP serum, p = 0.033; IL-6 vs. cCLP citrate, p = 0.043; IL-6 vs. CRP, p = 0.015. 
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