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ABSTRACT—Introduction: The endothelial protein C receptor (EPCR) is a protein that regulates the protein C anticoagulant

and anti-inflammatory pathways. A soluble form of EPCR (sEPCR) circulates in plasma and inhibits activated protein C (APC)

activities. The clinical impact of sEPCR and its involvement in COVID-19 has not been explored. In this study, we investigated

whether sEPCR levels were related to COVID-19 patients’ requirement for hospitalization. Methods: Plasma sEPCR levels were

measured on hospital admission in 84 COVID-19 patients, and in 11 non-hospitalized SARS-CoV2-positive patients approxi-

mately 6days after reported manifestation of their symptoms. Multiple logistic regression analysis was performed to identify

potential risk factors for hospitalization and receiver operating characteristic (ROC) curves were generated to assess their value.

Results: In our cohort, hospitalized patients had considerably higher sEPCR levels upon admission compared with outpatients

[107.5 (76.7–156.3) vs. 44.6 (12.1–84.4) ng/mL; P<0.0001)]. The ROC curve using hospitalization as the classification variable

and sEPCR levels as the prognostic variable generated an area under the curve at 0.845 (95% CI¼0.710–0.981, P<0.001).

Additionally, we investigated the predictive value of sEPCR combined with BMI, age, or D-dimers. Conclusions: In our cohort,

sEPCR levels in COVID-19 patients upon hospital admission appear considerably elevated compared with outpatients; this could

lead to impaired APC activities and might contribute to the pro-coagulant phenotype reported in such patients. sEPCR

measurement might be useful as a point-of-care test in SARS-CoV2-positive patients.

KEYWORDS—APC, coagulation, COVID-19, sEPCR
INTRODUCTION

In the era of COVID-19, reports are being published dis-

cussing a possible role of activated protein C (APC) in patients

suffering from COVID-19 (1, 2). Hypercoagulable states,

microthrombosis, ischemic stroke, myocardial infarction, or

digital ischemia are common in COVID-19 (2). The protein C

(PC) anticoagulant system controls blood coagulation and

inflammatory pathways (3). Protein S (PS) and the endothelial

receptors thrombomodulin (TM) and endothelial protein C

receptor (EPCR), are also involved in this system. Conversion

of PC to APC is achieved by TM-bound thrombin, whereas

the conversion is drastically augmented by the presence of

EPCR (4). Besides its anticoagulant role in PC activation, there

is evidence that the anti-inflammatory, anti-apoptotic, and

cytoprotective functions of APC are exerted via an EPCR-

dependent mechanism (5); more specifically, down-regulation
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of EPCR levels on injured endothelium impairs the ability to

generate APC (6). A soluble form of EPCR (sEPCR), which

exists under normal conditions in plasma, has been found

elevated in inflammatory conditions (7). sEPCR binds with

equal affinity both PC and APC; its binding to APC inhibits the

anticoagulant activity of the latter, while its binding to PC

precludes PC activation by thrombin/TM complexes (8–10).

Indeed, increased sEPCR levels promote the procoagulant

effects of APC due to sequestration, and are deemed a prog-

nostic factor of deep vein thrombosis (11–13). Elevated

sEPCR levels on intensive care unit (ICU) admission have

also been associated with subsequent sepsis development (14),

while carriers of the minor alleles of the EPCR gene were at

reduced risk of developing septic shock in a cohort of critically

ill patients (15).

While the role of membrane bound EPCR is clearly anti-

thrombotic and anti-inflammatory, the physiological signifi-

cance of circulating sEPCR has not been unraveled. Since in

COVID-19 patients both inflammation and coagulation are

disturbed, we hypothesized that sEPCR levels could stratify

patients by disease severity.
PATIENTS AND METHODS

This observational, single-center study included 84 consecutive Caucasian,
critically and non-critically ill COVID-19 patients, hospitalized from March 22,
zed reproduction of this article is prohibited.
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2020 to October 28, 2020. Criteria for hospitalization included PaO2/
FiO2< 300 mm Hg, bilateral infiltrates in the chest X-ray, or existence of
comorbidities. The decision for hospitalization relied exclusively on the
attending physician at the Emergency Department. Patients receiving dexa-
methasone prior to blood sampling were excluded from the study. An additional
group of SARS-CoV2-positive patients, with mild to moderate symptoms, not
requiring hospitalization, were also included as a control group. SARS-CoV2
infection was diagnosed by real-time reverse transcription PCR (RT-PCR) in
nasopharyngeal swabs. The study was approved by the Hospital’s Research
Ethics Committee (129/19–3-2020) and all procedures carried out on patients
were in compliance with the Helsinki Declaration. Informed written consent
was obtained from all patients or patients’ next-of-kin. Plasma soluble EPCR
levels were measured on hospital admission (within 24-h), or for the non-
hospitalized outpatients upon hospital visit [6 (4–7) days after reported
manifestation of the first symptoms], by enzyme-linked immunosorbent assay
(ELISA) (R&D Systems Inc, Minneapolis, Minn). sEPCR levels were also
measured in 25 SARS-CoV-2-negative critically ill septic patients (16),
matched for age, sex, and critical illness severity.

Statistical analysis

Data are presented as individual values, mean� standard deviation (SD) for
normally distributed variables, and median with interquartile range (IQR) for
variables with skewed distribution. Two groups’ comparisons were performed
by the t test or the non-parametric Mann–Whitney test. Kruskal–Wallis
ANOVA followed by Dunn post hoc test was performed for more than two
groups’ comparisons. Associations between qualitative variables were exam-
ined by the chi-square test. The patients’ age, sex, body mass index (BMI),
sEPCR levels, presence of comorbidities, platelets, the international normalized
ratio (INR), D-dimers, and the reported number of sickness days prior to
sampling were recorded. Initially, multivariate logistic regression analysis was
performed to identify potential risk factors for hospitalization using all variables
(Backward method) and afterward, specific models were tested, including
sEPCR and one or two more variables (Enter method). A receiver operating
characteristic (ROC) curve was plotted using hospitalization as the classifica-
tion variable and sEPCR levels on hospital admission/visit, and their linear
combination with BMI, age, or D-dimers as prognostic variables. The optimal
cut-off value for predicting hospitalization was calculated as the point with the
greatest combined sensitivity and specificity. All P values were two-sided;
P< 0.05 were considered significant.
RESULTS

Demographics of the hospitalized and non-hospitalized

patients are shown in Table 1. Hospitalized patients were older,

had higher BMI and D-dimers, while 67% had bilateral infil-

trates in their chest X-rays. In the hospitalized patients, 55

(65.5%) had comorbidities, while 15 patients (17.9%) eventu-

ally died (in-hospital mortality). None of the non-hospitalized

patients had comorbidities, and no patient died. The reported

sickness days prior to sampling did not differ between the two
Copyright © 2021 by the Shock Society. Unautho

TABLE 1. Demographics and coagulation indices of SARS-CO

Parameters Ho

Number of patients, N

Age (years), (mean�SD)

Sex, N (%)

Male 6

Female 2

Reported sickness days prior to sampling, (median, IQR)

Body mass index (kg/m2), (median, IQR) 26.0

D-dimers (mg/mL), (median, IQR) 0.60

Platelets (per mL), (median, IQR) 201,500 (1

INR, (median, IQR) 1.05

sEPCR (ng/mL), (median, IQR) 107.5

Patients were categorized according to whether they required hospitalization.
total (%), mean� SD, or median (IQR), as appropriate. Two-group compariso
Whitney test for skewed data. Associations between qualitative variables we
INR indicates international normalized ratio; sEPCR, soluble endothelial pro
groups. Importantly, hospitalized patients had much higher

sEPCR levels compared with non-hospitalized outpatients

(107.5 ng/mL vs. 44.6 ng/mL; P< 0.0001; Fig. 1A). sEPCR

correlated with age (rs¼ 0.29, P¼ 0.005), and BMI (rs¼ 0.22,

P¼ 0.03), but did not correlate with sex, comorbidities,

reported symptom days prior to sampling, platelets, nor D-

dimers.

sEPCR levels were additionally measured in 25 age, sex, and

critical illness severity-matched ICU septic patients to investi-

gate whether the increased sEPCR levels were significantly

different in COVID-19 compared to sepsis. The mean patient

age of the septic cohort was 61� 29, and 72% were males; five

patients (20%) had comorbidities. sEPCR levels did not differ

between COVID-19 and ICU septic patients (107.5 vs.

111.4 ng/mL, P¼ 0.4; Fig. 1A).

Since none of the non-hospitalized patients had comorbid-

ities, we decided to compare their levels with the subset of

hospitalized patients who did not have comorbidities (N¼ 29).

The latter had higher sEPCR levels than the former (92.65 ng/

mL, P¼ 0.001). Hospitalized patients with or without comor-

bidities did not differ with respect to sEPCR levels (P¼ 0.4;

Fig. 1B).

Multivariate regression analysis (Backward method) revealed

that sEPCR levels in the presence of BMI could be assumed as

indicators for hospitalization [OR¼ 1.079 (CI¼ 1.018–1.144),

P¼ 0.011 and 11.262 (1.993–63.650), P¼ 0.006, respectively)].

Although age and D-dimers could not be assumed as statistically

significant predictors in the aforementioned model, nevertheless

sEPCR levels in the presence of age [OR¼ 1.037, P¼ 0.004 and

OR¼ 1.131, P¼ 0.006, respectively)], as well as sEPCR levels

in the presence of D-dimers [OR¼ 1.063, P¼ 0.006 and

OR¼ 670306, P¼ 0.026, respectively)], could also be assumed

as indicators for hospitalization, following multivariate regres-

sion analysis applying the Enter method.

A ROC curve was generated to determine the prognostic

accuracy of sEPCR in predicting hospitalization; the area under

the curve (AUC) of sEPCR levels was 0.845 (95% CI¼ 0.710–

0.981, P< 0.001; Fig. 1C). According to the ROC analysis, the

optimal cut-off point was 85.41 ng/mL, with 65.5% (95%

CI¼ 54.3–75.5) sensitivity and 81.8% (95% CI¼ 48.2–

97.7) specificity. Additionally, we investigated the predictive
rized reproduction of this article is prohibited.

V2-positive hospitalized and non-hospitalized patients

spitalized Non-hospitalized P value

84 11

60�15 40�9 <0.0001

0.2

4 (76.2) 6 (54.5)

0 (23.8) 5 (45.5)

6 (4–8) 5 (3–6) 0.1

(24.7–27.1) 23.0 (22.0–24.0) <0.0001

(0.36–1.17) 0.24 (0.21–0.31) <0.0001

55,750–269,000) 175,000 (165,000–220,000) 0.6

(0.99–1.12) 1.00 (0.99–1.02) 0.09

(76.7–156.3) 44.6 (12.1–84.4) <0.0001

Data are expressed either as number of patients (N) and percentages of
ns were performed using the Student t test or the non-parametric Mann–
re examined by the chi-square test.
tein C receptor.



FIG. 1. A, sEPCR levels in hospitalized and non-hospitalized COVID-19 patients, and in SARS-CoV2-negative critically ill septic patients. sEPCR
levels were measured in 84 COVID-19 hospitalized patients on hospital admission (within 24-h), 11 SARS-CoV2-positive non-hospitalized patients, and in 25
SARS-CoV2-negative critically ill septic patients. Data are presented as box plots. Line in the box, median value; box edges, 25th to 75th centiles; whiskers, range
of values; bullet points, outliers; horizontal line, median of the SARS-CoV2-positive group (N¼95). **** P<0.0001 from the COVID-19 hospitalized patients. B,
COVID-19 hospitalized patients were divided into two subgroups; with or without comorbidities. sEPCR levels were thereafter compared in the two groups. C,
Receiver operating characteristic (ROC) curve analysis. ROC curves were generated to determine the prognostic accuracy of either sEPCR (solid line), sEPCR
combined with BMI (dashed line), sEPCR combined with age (dotted line), or sEPCR combined with D-dimers (dash-dotted line), to predict hospitalization. D, The
corresponding areas under the curve (AUC) and 95% confidence intervals (CI), along with the respective sensitivities and specificities, are given. sEPCR levels,
BMI, and D-dimers were estimated on hospital admission/visit, 4 to 7 days after reported manifestation of the first symptoms. BMI indicates body mass index;
sEPCR, soluble endothelial protein C receptor.
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value of sEPCR combined with BMI, age, or D-dimers. The

AUCs and their respective sensitivities and specificities are

given in Figure 1C, D.

In an effort to further approach a potential mechanism in the

PC pathway, soluble (s)TM levels were also measured in a

subset of patients. These data are presented in the Supplemen-

tary file, http://links.lww.com/SHK/B305. Our results showed

no difference in sTM levels with respect to severity of COVID-

19, as expressed by ICU/ward hospitalization and mortality

(Fig. S1, http://links.lww.com/SHK/B306). Furthermore, no

correlation was observed between sTM and sEPCR levels

(P> 0.05). sTM levels were within normal values in all groups

studied (< 45 ng/mL) (17).
DISCUSSION

Amounting evidence suggests that dysfunction of the endo-

thelium, which is where EPCR is mainly located, plays a central

role in COVID-19. Furthermore, EPCR binds to protein C

modulating the generation of the anticoagulant and anti-inflam-

matory APC. Hence, we reasoned that levels of sEPCR in

severe and critical COVID-19 patients would be high. Our

findings suggest that sEPCR increases in response to COVID-

19-related injury.

The factors and mechanisms controlling the release of

soluble EPCR in vivo remain unclear. In vitro, sEPCR can

be shed from the cell surface via metalloproteolytic activity, in
Copyright © 2021 by the Shock Society. Unauthori
a highly regulated process that is sensitive to both coagulation

factors and inflammatory mediators (18). It is not surprising,

therefore, that one report showed that sEPCR levels declined in

response to treatment with anticoagulants, whose mechanism

of action is known to decrease in vivo thrombin production (19).

sEPCR can also be generated via alternative mRNA splicing in

haplotype-H3-carrying cells (20).

When sEPCR binds to APC it causes a functional change in

APC rendering it pro-coagulant, instead of allowing it to exert

its normal anti-coagulant activity (8–10). In our cohort, sEPCR

levels did not differ between COVID-19 and sepsis; it seems,

therefore, that sEPCR acts as a general marker for systemic

inflammatory acute illness, but this does not undermine its

observed capability of differentiating COVID-19 hospitalized

from non-hospitalized patients in our population. Hitherto, the

clinical and functional impact of the EPCR soluble form

remains to be established.

In our COVID-19 cohort, we did not find differences

between hospital admission sEPCR and severity of COVID-

19, as expressed by ICU/ward hospitalization, need for intuba-

tion, prolonged hospital stay, or mortality. However, we were

able to demonstrate that sEPCR levels, measured in SARS-

CoV2-positive patients 4 to 7 days after reported manifestation

of the first symptoms, may act as an early indicator of hospi-

talization due to COVID-19 in the presence of BMI. Further-

more, ROC curve analysis demonstrated that the value of

sEPCR in hospitalization prediction was greatly enhanced in
zed reproduction of this article is prohibited.
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our cohort when combined with the patients’ body mass index,

age, or D-dimers; this could assist the emergency department

(ED) clinician at triage, since age and BMI are readily avail-

able, whereas D-dimers are usually part of the laboratory

measurements ordered by most EDs. These features point to

the potential use of sEPCR assessment as a point-of-care test,

and should be further investigated.

Our study has the following limitations: first, it was a single-

center study with a modest sample size. It was a pilot study

exploratory in nature and observational not allowing conclu-

sions about causative mechanisms. We did not study the

mechanisms controlling the release of sEPCR in COVID-19,

nor did we genotype our patients; apparent discrepancies in

sEPCR among studies have been partially explained by differ-

ent frequencies of the H3-haplotype of the EPCR gene in

various study populations (11, 21). In addition, it would be

interesting to measure APC levels and seek potential correla-

tions; however, this was not feasible.

To our knowledge this is the first report to study the role of

sEPCR levels as possible predictors of hospitalization due to

COVID-19. Our results indicated that sEPCR levels could

distinguish patients requiring hospitalization, offering patho-

physiological information on impaired APC activities; the

latter might pinpoint to pro-coagulant phenotypes, although

no overt thromboembolic disease was present in our patients at

the time of sampling. sEPCR measurement might be useful as a

point-of-care test in SARS-CoV2-positive patients for deter-

mining their need for hospitalization.
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