
Frontiers in Immunology | www.frontiersin.

Edited by:
Helena Stabile,

Sapienza University of Rome, Italy

Reviewed by:
Saikat Majumder,

University of Pittsburgh, United States
Tatiani Uceli Maioli,

Federal University of Minas Gerais,
Brazil

*Correspondence:
Thomas Luft

thomas.luft@med.uni-heidelberg.de

Specialty section:
This article was submitted to

Cytokines and Soluble
Mediators in Immunity,
a section of the journal

Frontiers in Immunology

Received: 27 November 2020
Accepted: 04 June 2021
Published: 23 June 2021

Citation:
Luft T, Wendtner C-M, Kosely F,
Radujkovic A, Benner A, Korell F,
Kihm L, Bauer MF, Dreger P and

Merle U (2021) EASIX for Prediction
of Outcome in Hospitalized SARS-

CoV-2 Infected Patients.
Front. Immunol. 12:634416.

doi: 10.3389/fimmu.2021.634416

ORIGINAL RESEARCH
published: 23 June 2021

doi: 10.3389/fimmu.2021.634416
EASIX for Prediction of Outcome
in Hospitalized SARS-CoV-2
Infected Patients
Thomas Luft1*, Clemens-Martin Wendtner2, Florentina Kosely3, Aleksandar Radujkovic1,
Axel Benner4, Felix Korell 1, Lars Kihm5, Matthias F. Bauer6, Peter Dreger1 and Uta Merle7

1 Department of Internal Medicine V, University of Heidelberg, Heidelberg, Germany, 2 Munich Clinic Schwabing, Academic
Teaching Hospital, Ludwig-Maximilians University (LMU), Munich, Germany, 3 Medical Department B, Hospital Ludwigshafen,
Ludwigshafen, Germany, 4 Division of Biostatistics, German Cancer Research Center, Heidelberg, Germany, 5 Department of
Internal Medicine I, University of Heidelberg, Heidelberg, Germany, 6 Institute of Laboratory Diagnostics, Hygiene and
Transfusion Medicine, Hospital Ludwigshafen, Ludwigshafen, Germany, 7 Department of Internal Medicine IV, University of
Heidelberg, Heidelberg, Germany

Background: The coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) and has evoked a pandemic that
challenges public health-care systems worldwide. Endothelial cell dysfunction plays a key
role in pathophysiology, and simple prognosticators may help to optimize allocation of
limited resources. Endothelial activation and stress index (EASIX) is a validated predictor
of endothelial complications and outcome after allogeneic stem cell transplantation. Aim of
this study was to test if EASIX could predict life-threatening complications in patients with
COVID-19.

Methods: SARS-CoV-2-positive, hospitalized patients were enrolled onto a prospective
non-interventional register study (n=100). Biomarkers were assessed at hospital admission.
Primary endpoint was severe course of disease (mechanical ventilation and/or death, V/D).
Results were validated in 126 patients treated in two independent institutions.

Results: EASIX at admission was a strong predictor of severe course of the disease (odds
ratio for a two-fold change 3.4, 95%CI 1.8-6.3, p<0.001), time to V/D (hazard ratio (HR) for
a two-fold change 2.0, 95%CI 1.5-2.6, p<0.001) as well as survival (HR for a two-fold
change 1.7, 95%CI 1.2-2.5, p=0.006). The effect was retained in multivariable analysis
adjusting for age, gender, and comorbidities and could be validated in the independent
cohort. At hospital admission EASIX correlated with increased suppressor of
tumorigenicity-2, soluble thrombomodulin, angiopoietin-2, CXCL8, CXCL9 and
interleukin-18, but not interferon-alpha.

Conclusion: EASIX is a validated predictor of COVID19 outcome and an easy-to-access
tool to segregate patients in need for intensive surveillance.

Keywords: endothelial activation and stress index, EASIX, SARS-CoV2 (COVID- 19), suppressor of tumorigenicity 2
(ST2), soluble thrombomodulin, angiopoietin-2 (Ang-2), prediction of outcome
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INTRODUCTION

Since the first cases of SARS-CoV-2 infection reported in Hubei,
China, in December 2019, the virus has spread worldwide
causing a still unrestrained pandemic with millions of
infections and hundreds of thousands of virus-associated
deaths (https://coronavirus.jhu.edu/data/new-cases). In most
cases, the disease caused by SARS-CoV-2 (COVID-19) follows
a mild or moderate cause with symptoms of upper airway
infections, fever, fatigue, anosmia, hypogeusia, and diarrhea (1,
2). Yet, severe courses resulting in acute respiratory distress
syndrome (ARDS), sepsis, hypercoagulation, myocardial injury
and multi-organ failure are not uncommon and frequently
require aggressive management on an intensive care unit (3).
Elderly male patients with pre-existing cardio-vascular
conditions have highest risk of severe morbidity and fatal
outcome (4–6), however, there is an eminent heterogeneity of
clinical courses, and even children may suffer from severe
complications (7, 8). Given the considerable variability of
clinical courses and the huge challenge of the COVID-19
pandemic to clinical resources, a reliable and readily available
biomarker for early prediction of severity of COVID-19 is
urgently needed in order to assign hospital resources
most efficiently.

A key role for endothelial cells in the pathophysiology of
ARDS, multi-organ failure and mortality associated with
COVID-19 has been postulated (9–12). There is good
morphological evidence for endothelial cell infection and
endotheliitis in COVID-19 disease (11, 13), mediated by viral
binding to the receptor for angiotensin converting enzyme 2
(ACE2) (14). These observations are in line with clinical and
serological findings suggesting that endothelial activation and
damage may play a central role in the pathogenesis of COVID-
19-associated complications (6, 15). Specifically, there is evidence
that in COVID 19, endothelial inflammatory cytokines including
Angiopoietin-2 and CXCL8 enhance vascular leakage and recruit
activated neutrophils, respectively (16), and that dysfunctional
interaction with platelets activates coagulation and complement
pathways (12). In fact, the clinical presentation of severe
COVID-19 is generally consistent with the presence of
microangiopathy (elevated LDH and d-dimers, complement
activation, decreased platelets and renal impairment) which
may predispose patients to thrombotic disease and micro-
infarcts promoting multi-organ failure (9, 17, 18).

Beyond this background, we have tested if the EASIX
(Endothelial Activation and Stress Index) might help to predict
the clinical course of COVID-19. We developed EASIX as a
simple score based on readily available routine parameters (LDH,
creatinine, platelet count) in order to predict endothelial
complications after allogeneic stem cell transplantation. We
initially wanted to understand why patients died from immune
mediated complications, such as graft-versus-host disease
(GVHD), despite a large variety of readily available
immunosuppressant drugs. We found that a progressive
endothelial damage, i.e. transplant-associated microangiopathy
(TAM), was present in most lethal courses of acute GVHD (19,
20). TAM is characterized by high LDH, high creatinine and low
Frontiers in Immunology | www.frontiersin.org 2
platelet counts, amongst others (21). We wondered if high LDH
and creatinine together with low platelets (that is high EASIX)
could predict these endothelial complications earlier than the
accepted diagnostic criteria. Indeed, EASIX measured at onset of
acute GVHD, on the day of transplantation, and even before
starting the conditioning therapy for allogeneic stem cell
transplantation predicted risk of mortality, as well as
endothelial complications such as sinusoidal obstruction
syndrome/veno-occlusive disease (SOS/VOD) and early fluid
overload (22–26). EASIX also associated with mortality of
lower and intermediate risk patients with myelodysplastic
syndromes (27), and with mortality of multiple myeloma
patients (28). EASIX is therefore a validated marker of
endothelial risk both in immune mediated and malignant diseases.

Cytokines associating with EASIX and outcome of post-
transplant complications include ANG2, sCD141, ST2 (19, 20,
29), CXCL9 (30) and IL18 (31, 32). Interferon-alpha represents
an early but transient immune response to viral infections that
appeared deficient in COVID-19 patients (33). ANG2 and other
endothelial serum markers were already shown to predict severe
clinical courses of COVID-19 (16, 34).

The endothelial association of COVID-19 associated
complications led us to investigate EASIX together with
endothelial and immune markers in COVID-19 patients
admitted to the hospital. For this purpose, we performed a
prospective non-interventional study and validated it
retrospectively on independent datasets. The results suggest
that EASIX appears to be valuable for segregating patients in
need for intensive surveillance from those with an uneventful
clinical course. In addition, we provide further evidence for
endothelial involvement in COVID-19 pathogenesis
delineating cytokine profiles associated with courses of
different severity.
PATIENTS AND METHODS

Study Design and Data Collection
Eligible for the prospective non-interventional study conducted
at the University of Heidelberg were all patients who were
admitted for symptomatic SARS-CoV-2 infection between
February 28th and May 2nd, 2020, and had consented to study
participation. Primary endpoint was severe course of the disease
defined as mechanical ventilation and/or death of any cause
(V/D). Symptomatic SARS-CoV-2-positive patients from the
Munich Clinic Schwabing (n=88) and Ludwigshafen Hospital
(n=38) admitted during the same time period constituted the
validation cohort (n=126). Written informed consent according
to the Declaration of Helsinki was obtained for all patients and
the local Ethics committees had approved data collection and
analysis (reference numbers: S-771/2020, S-148/2020, 20-265,
and 202-14949, respectively). In all centers, patients were tested
for SARS-CoV-2 infection following local guidelines (https://
www.muenchen-klinik.de/covid-19-share/#c57673) and in
accordance with the latest recommendations of the Robert
Koch Institute:
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(https://www.rki.de/DE/Content/Kommissionen/Stakob/
Stellungnahmen/Stellungnahme-Covid-19).

Data on lactate dehydrogenase (LDH) levels, serum creatinine
levels and thrombocyte counts were raised in certified routine
laboratories. For calculation of EASIX, parameters obtained at
the time of hospital admission were considered.

Diagnosis, Supportive Care and Treatment
In Heidelberg, RNA was isolated from nasopharyngeal and
oropharyngeal swab specimens using QIAGEN Kits (QIAGEN,
Hilden, Germany) automated on the QIASymphony (DSP
Virus/Pathogen mini Kits) or QIAcube (QIAamp Viral RNA
mini Kits) devices and eluted in 115 ml elution buffer. RT-PCR
was carried out using various reagent mixes – LightMix Modular
SARS and Wuhan CoV E-gene, LightMix Modular SARS and
Wuhan CoV N-gene, LightMix Modular Wuhan CoV RdRP-
gene and LightMix Modular EAV RNA Extraction Control (as
internal Control) from TIB MOLBIOL Syntheselabor GmbH
(Berlin, Germany) and LightCycler Multiplex RNA Virus Master
(Roche, Germany) – according to manufacturer’s instructions.
RT-PCR was performed on LightCycler 480 oder 480 II
(Roche, Germany).

In Ludwigshafen, the same protocol was used except that
extraction was carried out using magnetic Nuclesens easyMag®

silica beads of Biomerieux followed by one-step qRT-PCR
(SuperScript III Plantinum qRT-PCR Kit of ThermoFisher
Scientific for qualitative and quantitative real-time PCR on
Roche 480 II instruments. The analytical sensitivity was 100
copies/ml in both procedures. In Munich, laboratory
confirmation of SARS-CoV-2 infection was done using the
Abbott RealTime SARS-CoV-2 test kit (dual target Assay to
detect the RdRp- and N-Gene), Abbott m2000sp extracting the
probes and Abbott m2000rt for the RT-PCR. The analytical
sensitivity was 100 copies/ml.

Criteria for initiation of mechanical ventilation were failure to
maintain adequate ventilation or oxygenation in spite of high
FiO2 delivery. Patients were treated with standard supportive
care including antibiotic and antifungal therapy, whereas
additional immunomodulatory therapy was inconsistently
applied (azithromycin, hydroxychloroquine, tocilicumab,
anakinra, prednisolone, maraviroc, remdesivir, Cytosorb™,
plasmapheresis). Strategies of extracorporeal life support
(extracorporeal CO2 elimination, veno-veno ECMO, veno-
arterial ECMO) followed institutional policies. Routine CT
scans of all patients were performed at hospital admission in
all centers.

Assessment of Cytokine Serum Levels
Serum samples were collected in gel tubes (S-Monovette® Z-Gel,
SARSTEDT AG & Co. KG, Nuembrecht, Germany) at the time
SARS-CoV-2 testing and cryopreserved at −80°C. Serum levels of
soluble thrombomodulin (sTM, sCD141), suppressor of
tumorigenicity 2 (ST2), Angiopoietin-2 (Ang2), chemokine-X-
C-ligand 8 (CXCL8, interleukin 8), CXCL9 (monokine induced
by gamma interferon, MIG), interleukin-18 (IL18), interleukin-
18 binding protein A (IL18BPa), and interferon-alpha (IFNa)
were assessed by ELISA using commercial kits (DuoSet, R&D
Frontiers in Immunology | www.frontiersin.org 3
Systems, Wiesbaden, Germany) according to the manufacturer’s
instructions as reported previously (19, 20).

Statistics
Categorical data of patient characteristics were compared using
the Fisher exact test. Continuous variables were compared
applying the Kruskal-Wallis test. Endothelial Activation and
Stress Index (EASIX) was calculated according to the formula:
LDH [U/L] x creatinine [mg/dL]/thrombocytes [10^9 cells per
L] (23, 24, 27).

Survival was calculated from the date of admission to last
follow up or death of any cause. Patients alive were censored at
the date of last contact. Patients who were alive without
necessary ventilation were censored at the time of the last
contact. In addition, time to severe course of disease was
analyzed, defined as time without mechanical ventilation and/
or death (V/D) until reference day +28. Survival curves were
calculated using Kaplan-Meier estimates, the follow-up
distribution was estimated using the reverse Kaplan-
Meier method.

The primary endpoint, severe course of the disease defined as
mechanical ventilation and/or death of any cause (V/D) until
reference day +28 was analyzed using uni- and multivariable
logistic regression models. For uni- and multivariable analysis of
time to V/D and survival, Cox regression models were used.
Confounders known to be associated with COVID-19 mortality
(5, 6, 35) (age, gender, comorbidity) were used as covariates in
the multivariable models. Predictive accuracy of EASIX was
evaluated by the Brier score and the AUC, the area under the
receiver operating characteristic (ROC) curve for severity of
disease (36). For time-to-event analysis time-dependent
versions of the Brier score and the AUC were used to measure
the predictive performance of EASIX (37, 38). For illustration
purposes, an optimal EASIX cut point with respect to the
different endpoints was determined by generalized maximally
selected statistics using Monte Carlo resampling (39). The
calculated cut point >2 (2.03) could be used to define high-
risk groups.

Calculations were done using IBM® SPSS® Statistics, Version
24.0.0 and R, version 3.6.3 together with R packages coin, version
1.3-1, ModelGood, version 1.0.9, pec, version 2019.11.03, and
riskRegression, version 2020.02.05. All statistical tests were two-
sided at a significance level of 5%. Odds ratios (OR) and hazard
ratios (HR) were estimated with 95% confidence interval
(95% CI).
RESULTS

Patients
Between February 2020 and September 2020, 100 consecutive
patients were enrolled onto the prospective registry study at the
University of Heidelberg, whereas the validation cohort
comprised 126 patients (Munich, n=88; Ludwigshafen, n=38).
Patient characteristics are summarized in Table 1. The two
cohorts were comparable in terms of gender and comorbidities, but
patients from the prospective cohort were significantly older.
June 2021 | Volume 12 | Article 634416
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Moreover, there were significant differences for the single EASIX
parameters (higher LDH and platelets in the training cohort, higher
creatinine in the validation cohort, resulting in a balanced EASIX
ratio). Age positively correlated with both EASIX and LDH
(Spearman-rho 0.316, p<0.001 for EASIX and 0.352, p<0.001 for
LDH), whereas no correlation with age was found for creatinine and
platelets. This association with age was similar in male and
female patients.

EASIX and Outcome of COVID-19 Patients
in the Prospective Cohort
Within a median observation period of 61 days (95%CI 59-64
days), a total of 23 patients had V/D, including 13 deaths. EASIX
showed a significant effect on V/D events within the observation
period of 28 days in univariable (OR 3.4, 95%CI 1.8-6.3, p<0.001)
and multivariable (OR 3.4, 95%CI 1.8-6.7, p<0.001) logistic
regression analysis (Table 2).

EASIX at admission was also a strong predictor of time to V/D
(HR for a two-fold change 2.0, 95%CI 1.5-2.6, p<0.001) as well as
survival (HR for a two-fold change 1.7, 95%CI 1.2-2.5, p=0.006).
This strong effect was retained inmultivariable analysis adjusting for
age, gender, and comorbidities, although the reliability of this
analysis is limited due to the small numbers of events (Table 2).
An EASIX cut-off optimized by maximal selected log rank statistics
was identified for both endpoints (V/D and death) to be at >2.0
(Supplementary Figure 1). Of note, only 3 of 21 V/D events and 1
of 13 deaths occurred among the patients who had an EASIX ≦2
(Figure 1). Patient characteristics according to EASIX are shown in
Supplementary Table 1. Patients with EASIX>2 were older,
predominantly male and more often had comorbidities. The
expected differences (high LDH, high creatinine, low platelets for
Frontiers in Immunology | www.frontiersin.org 4
EASIX>2) were significant in all three single EASIX parameters
(Supplementary Table 1).

We observed significantly higher EASIX values ad admission
to hospital in male as compared to female patients. Nevertheless,
patients with V/D events had significantly higher EASIX values
in both gender subgroups (Supplementary Figure 2A). EASIX-
log2 and EASIX>2 significantly predicted V/D events in both,
male and female patients.

EASIX and Outcome of COVID-19 Patients
in the Validation Cohort
Within a median observation period of 41 days (IQR 24-56
days), a total of 33 patients had V/D in the validation cohort,
including 12 deaths. Similar to the training cohort, EASIX was
also significantly associated with V/D in the univariable logistic
regression model (OR 6.2 (95%CI 3.0-12.8, p<0.001). Validation
of the predictive impact of EASIX on V/D events was achieved by
calculating the area under the ROC curve in the validation set
with the model of the training cohort. We observed an AUC of
88.8% for the univariable and 87.9% for the multivariable model
(Supplementary Figure 3).

Uni- and multivariable models confirmed the significant
impact of EASIX on time to V/D and survival (Table 2).
Lower prediction errors confirmed the predictive effect of
EASIX: Integrated Brier score (IBS) (time day+28) for time to
V/D: reference 0.175, validation cohort based on the model
developed for the training cohort: 0.126.

Validation of the uni- and multivariable time-dependent
models with the offset of the prospective cohort was performed
using again the time-dependent Brier score. Lower prediction
errors for prediction of V/D or survival were found both for uni-
TABLE 1 | Patient characteristics.

Training cohort n=100 Validation cohort n=126 P

Median age (range, years) 64 (23-91) 55 (16-87) 0.005
Age 0.002
<60 years 39 (39) 74 (59)
≥60 years 61 (61) 52 (41)
Gender, n (%) 0.999
Male 63 (63) 76 (60)
Female 37 (37) 50 (40)
Comorbidities, n (%)
CVD (including arterial hypertension) 40 (40) 49 (39)
Diabetes 10 (10) 15 (12)
Chronic kidney disease 11 (11) 11 (9)
Chronic lung disease 11 (11) 17 (13)
Malignancy 10 (10) 9 (7)
None 45 (45) 67 (53)
Comorbidities, n (%) 0.503
Any 55 (55) 59 (47)
None 45 (45) 67 (53)
Median LDH [U/L] (range) 380 (123-1843) 280 (109-1112) <0.001
Median creatinine [mg/dL] (range) 0.88 (0.46-6.20) 0.90 (0.58-8.80) 0.047
Median thrombocytes [10^9 cells per L] (range) 222 (96-691) 200 (28-873) 0.041
Median EASIX (range) 1.67 (0.32-19.09) 1.45 (0.33-151.6) 0.473
June 2021 | Volume 12 | Article 6
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and multivariable models including EASIX (continuous variable)
(Supplementary Figure 4).

Accordingly using the same EASIX cut-off as defined in the
prospective cohort (≤2), the low-risk group in the validation
Frontiers in Immunology | www.frontiersin.org 5
cohort had a strongly reduced risk of V/D and death (9 of 33 V/D
events and 2 of 12 deaths occurred among the patients who had
an EASIX ≦2) (Figure 1). Similar to the prospective cohort, the
high-risk EASIX group (>2) of the validation set was enriched for
A

B

FIGURE 1 | Outcome of COVID-19 patients according to EASIX. Outcome of COVID-19 patients according to EASIX (cut-off 2) in the training cohort (left panels)
and the validation cohort (right panels). (A) Cumulative incidence of severe courses of disease (mechanical ventilation and/or death, V/D). (B) Kaplan-Meier plots of
overall survival.
TABLE 2 | Uni- and multivariable analyses for endpoint severe course of the disease and survival in the training and validation cohort.

Training cohort, n=100 Severe course (V/D) until d+28* Time to severe course (V/D) n=21 events** Death n=13 events**

a) univariable OR (95% CI) p HR (95% CI) p HR (95% CI) p
EASIX (per 2 fold increase) 4.25 (1.93-9.32) <0.001 2.2 (1.6-3.0) <0.001 2.1 (1.4-3.1) <0.001
b) multivariable OR (95% CI) p HR (95% CI) p HR (95% CI) p
EASIX (per 2 fold increase) 3.4 (1.8-6.7) <0.001 2.0 (1.4-2.8) <0.001 1.7 (1.0-2.9) 0.038
age (per year) 1.06 (1.0-1.1) 0.013 1.1 (1.0-1.1) 0.003 1.1 (1.0-1.2) 0.001
gender (male vs. female) 1.3 (0.3-5.1) 0.690 1.8 (0.7-5.0) 0.251 2.8 (0.6-12.0) 0.170
any comorbidity (no vs. yes) 3.0 (0.8-11.1) 0.111 2.3 (0.8-6.7) 0.111 4.0 (1.0-16.7) 0.048

Validation cohort, n=126 Severe course (V/D) until d+28* Time to severe course (V/D) n=33 events** Death n=12 events**

a) univariable OR (95% CI) p HR (95% CI) p HR (95% CI) p

EASIX (per 2 fold increase) 6.18 (2.99-12.79) <0.001 2.5 (1.9-3.4) <0.001 2.2 (1.4-3.4) 0.001

b) multivariable OR (95% CI) p HR (95% CI) p HR (95% CI) p

EASIX (per 2 fold increase) 4.84 (2.11-11.07) <0.001 2.3 (1.7-3.3) <0.001 2.0 (1.1-3.6) 0.02

age (per year) 1.03 (0.98-1.07) 0.218 1.0 (1.0-1.1) 0.02 1.1 (1.0-1.1) 0.09

gender (male vs. female) 0.82 (0.23-2.94) 0.755 1.0 (0.5-2.4) 0.92 0.5 (0.1-1.9) 0.31

any comorbidity (no vs. yes) 1.34 (0.39-4.61) 0.640 1.2 (0.5-2.9) 0.64 0.5 (0.1-2.8) 0.43
June 2
021 | Volume 12
 | Article 63441
*logistic regression analysis; **Cox regression analysis.
V/D, ventilation and/or death; EASIX, endothelial activation and stress index; HR, hazard ratio; CI, confidentiality interval.
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elderly male patients and those with comorbidities
(Supplementary Table 1). Again, all three single EASIX
parameters were significantly involved (Supplementary Table 1).

EASIX and Endothelial and Inflammatory
Biomarkers
Serum was only available for patients of the prospective cohort.
Patients with V/D showed significantly higher serum levels of the
endothelial markers ANG2, sCD141, ST2, and CXCL8 at
admission (3.1-, 1.5-, 4.0- and 4.0-fold, respectively, Table 3).
Similarly, the inflammatory markers CXCL9, IL18 and IL18BPa
were also increased in patients with later severe disease courses
(5.3-, 1.2- and 1.5-fold, respectively Table 3). EASIX>2
correlated significantly with increased serum levels at
admission of both, endothelial and inflammatory markers
(Figure 2). Interferon-alpha (IFNa) serum levels above the
lower detection threshold (1 pg/ml) were found in only 16 of
86 patients, and no association was observed with EASIX or
severe courses of the disease. Similar to EASIX, we found that age
correlated with all serum markers except IFNa (n=87,
Spearman-rho, p): ANG2 0.355, <0.001; sCD141 0.397, <0.001;
ST2 0.397, <0.001; CXCL8 0.347, <0.001; IL-18 0.318, 0.003;
IL18BPa 0.260, 0.015, CXCL9 0.453, <0.001; IFNa -0.009, 0.932.
In addition, the higher level of endothelial distress in male
patients shown by EASIX was mirrored by ANG2, sCD141
and ST2 (Supplementary Figures 2B–D).
DISCUSSION

This study reports EASIX as a validated predictor of mechanical
ventilation and/or death of hospitalized COVID-19 patients.

Given the urgent clinical need of early distinction of
unspectacular from severe COVID-19 courses, a large variety of
prognostic markers have been proposed since the pandemic began
in early 2020. These include, amongst others, high creatinine,
high LDH, and low platelets (40–44). EASIX, however,
amalgamates these markers into a score that distinguishes
high- and low-risk patients with high accuracy: Whereas about
half of those patients who present with EASIX ≥2 at admission
will face a severe course and a mortality risk of 40%-60%,
patients with admission EASIX <2 have a likelihood of severe
complications of less than 15%, and less than 5% will die from
the disease. This excellent selectivity of EASIX in COVID-19
might rely on the fact that it integrates biomarkers reflecting
Frontiers in Immunology | www.frontiersin.org 6
different mechanisms of endothelial dysfunction, thereby
highlighting the endothelium as critical driver of COVID-19
pathogenesis (10–13).

To further elucidate the involvement of the endothelium in
COVID-19 and its relation to EASIX, we have applied an
endothelial biomarker panel to COVID-19, including
angiopoietin-2 (ANG2), soluble thrombomodulin (sTM),
suppressor of tumorigenicity-2 protein (ST2), and correlated
them with EASIX. ANG2 antagonizes ANG1 at the Tie2 receptor
and enhances vascular permeability. This cytokine was already
shown to associate with severe COVID-19 courses (16). sTM is
lost from surfaces of distressed endothelial cells where it usually
mediates endothelial protective effects (45). ST2 is also produced
by distressed endothelial cells and is a predictor of cardiovascular
death (46, 47). All three serum markers were shown to associate
with endothelial complications and outcome after allogeneic
stem cell transplantation (alloSCT) (19, 48, 49). Here we
demonstrate that these three endothelial markers are strongly
increased in patients with severe disease courses. Similarly, high
EASIX ratios (≥2) strongly correlated with high serum levels of
endothelial markers. In this line of evidence, circulating
endothelial cells (CECs) and high Angiopoietin-2 were found
to associate with severity of COVID-19 (16, 50, 51). Accordingly,
the ESC Working Group for Atherosclerosis and Vascular
Biology, and the ESC Council of Basic Cardiovascular Science
proposed that endothelial biomarkers and tests of function
should be evaluated for their usefulness in the risk
stratification of COVID-19 patients (52).

Due to the heterogeneity of endothelial response patterns it is
difficult to define global or tissue specific endothelial distress
markers that predict in all clinical settings. EASIX was developed
to address this problem in allogeneic stem cell transplantation,
where a variety of complications associating with non-relapse
mortality represent endothelial complications. EASIX derives
from diagnostic parameters associating with transplant-
associated thrombotic microangiopathy (TAM) (21). High
LDH, high creatinine and low platelets are the typical lab
marker constellation in this microangiopathy, therefore we
assessed if the ratio LDH*creatinine/platelets contains
information on the endothelial system. Indeed, EASIX
predicted TAM already prior to conditioning therapy, but it
also predicted sinusoidal obstruction syndrome/veno-occlusive
disease (SOS/VOD) (22), early fluid retention (26), and death
after acute graft-versus-host disease (GVHD) (23). Recently,
EASIX was also shown to predict survival of lower risk
TABLE 3 | Endothelial and immune markers at hospital admission in the training cohort (total, n=83; no V/D, n=62; V/D, n=21).

pg/mL (IQR) ANG2 sTM ST2 CXCL8 CXCL9 IL18 IL18BPa IFNa

no V/D 334 (700) 2529 (1098) 858 (1290) 6 (25) 61 (262) 867 (416) 9569 (5620) 0 (0)
V/D 1024 (1894) 3907 (2272) 3410 (7275) 24 (63) 323 (438) 1079 (512) 14495 (4663) 0 (2.2)
Fold increase 3.1 1.5 4.0 4.0 5.3 1.2 1.5 1
p 0.001 <0.001 <0.001 0.001 0.001 0.014 0.001 0.437
June 2021 |
 Volume 12 | Article 6
ANG2, angiopoietin-2; sTM, soluble thrombomodulin; ST2, suppressor of tumorigenicity-2, CXCL8, chemokine-X-C-ligand 8, (interleukin 8); CXCL9, chemokine-X-C-ligand 9, (monokine
induced by gamma interferon, MIG); IL18, interleukin 18; IL18BPa, interleukin 18 binding protein A; IFNa, interferon-alpha; IQR, interquartile range (IQR=Q3-Q1); V/D, ventilation and/or
death (until day+28 after admission).
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myelodysplastic syndromes (MDS) (27), which is a condition
with a high risk of death from cardiovascular complications.

There is now good evidence that EASIX indeed represents
systemic endothelial dysfunction. This is further underlined by
the correlation of EASIX with other endothelial stress markers
measured at the beginning of hospitalization, such as ANG2, ST2
und soluble thrombomodulin. Endotheliitis and cardiovascular
vulnerability of COVID-19 patients led us to test if EASIX might
help to prognosticate this disease as well.

We observed a gender-indifferent association of EASIX and
LDH with age. Similarly, higher age strongly correlated with
higher ANG2, ST2, and sCD141. In addition, male COVID-19
patients had significantly higher EASIX values, but also higher
serum levels of ANG2, sCD141 and ST2. As neither age nor
gender were associated with EASIX in other contexts (23, 24) we
think that this reflects the higher vulnerability of elderly male
endothelial cells towards viral challenge.
Frontiers in Immunology | www.frontiersin.org 7
In summary, EASIX is a reliable and validated early predictor
of COVID19 outcome. Specifically, EASIX≥2 appears to be a
valuable and easy-to-access tool to segregate patients in need
for intensive surveillance because of high risk of severe
complications and mortality from those who have a very low
risk of a fatal outcome. This is of tremendous clinical importance
since in the absence of an effective causal treatment for COVID-
19 and with limited intensive care capacities, identification of
markers reliably predicting the course of infection may help in
efficient resource allocation during the pandemic.

Moreover, the results of our study emphasize the
importance of endothelial damage as a key factor in COVID-
19 pathogenesis and may help deciphering disease biology.
Further understanding of endothelial involvement may
provide a rationale for interventions supporting endothelial
cell integrity as part of clinical management of SARS-CoV-2
infected patients.
FIGURE 2 | Endothelial markers and EASIX. Boxplots of serum levels of endothelial markers according to the EASIX cut-off: angiopoietin-2 (ANG2), suppressor of
tumorigenicity-2 (ST2), soluble thrombomodulin (sTM), CXCL8 (interleukin-8), CXCL9 (monokine induced by gamma interferon, MIG), interleukin-18 (IL18) and IL18
binding protein A (IL18BPa). P-values for Kruskal-Wallis tests, n=87. Spearman-rho correlation coefficients with EASIX as continuous variable (n=87): ANG2 0.355,
p < 0.001; sCD141 0.397, p < 0.001; ST2 0.397, p < 0.001; CXCL8 0.347, p < 0.001; IL-18 0.318, p=0.003; IL18BPa 0.260, p=0.015, CXCL9 0.453, p < 0.001.
June 2021 | Volume 12 | Article 634416
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