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Background: Early prognostication of COVID-19 severity will potentially improve patient care. Biomarkers,
such as TNF-related apoptosis-inducing ligand (TRAIL), interferon gamma-induced protein 10 (IP-10), and
C-reactive protein (CRP), might represent possible tools for point-of-care testing and severity prediction.

Methods: In this prospective cohort study, we analyzed serum levels of TRAIL, IP-10, and CRP in patients
with COVID-19, compared them with control subjects, and investigated the association with disease sever-
ity.

Results: A total of 899 measurements were performed in 132 patients (mean age 64 years, 40.2% females).
Among patients with COVID-19, TRAIL levels were lower (49.5 vs 87 pg/ml, P = 0.0142), whereas IP-10
and CRP showed higher levels (667.5 vs 127 pg/ml, P <0.001; 75.3 vs 1.6 mg/l, P <0.001) than healthy
controls. TRAIL yielded an inverse correlation with length of hospital and intensive care unit (ICU) stay,
Simplified Acute Physiology Score II, and National Early Warning Score, and IP-10 showed a positive cor-
relation with disease severity. Multivariable regression revealed that obesity (adjusted odds ratio [aOR]
5.434, 95% confidence interval [CI] 1.005-29.38), CRP (aOR 1.014, 95% CI 1.002-1.027), and peak IP-10 (aOR
1.001, 95% CI 1.00-1.002) were independent predictors of in-ICU mortality.
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Conclusions: We demonstrated a correlation between COVID-19 severity and TRAIL, IP-10, and CRP. Multi-
variable regression showed a role for IP-10 in predicting unfavourable outcomes, such as in-ICU mortality.

Trial registration: Clinicaltrials.gov, NCT04655521

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

After two years into the pandemic, COVID-19 still poses an im-
minent global threat (Meyer et al., 2020). As of April 2022, 6.1
million people have died from or with an infection of SARS-CoV-
2 (https://coronavirus.jhu.edu/, accessed April 2022) worldwide.
With vaccination campaigns running slow (Papan et al., 2021), in-
creasing numbers of vaccine breakthrough infections, and a surge
of variants of concern with possible immunevasion (Juthani et al.,
2021), the pandemic will most likely continue until the most dom-
inant variants eventually become endemic (Boehm et al., 2021).

Although most infections remain asymptomatic or cause only
mild symptoms, severe cases are still causing significant morbidity
and mortality (Serafim et al., 2021). Such patients would benefit
from early detection of risk factors for an unfavourable outcome
to implement monitoring and initiate promising therapeutic ap-
proaches (Ghosn et al., 2021; REMAP-CAP Investigators et al., 2021;
Rosas et al., 2021).

On the basis of current knowledge, hyperinflammation plays
a critical role in disease progression and clinical deterioration
(Thurner et al., 2021), suggesting that measurements of immune-
based biomarkers represent promising tools for the early detection
of the likelihood to deteriorate (Abers et al., 2021; Arnold et al.,
2021; Vassallo et al., 2020). Because results for some of these pa-
rameters can be available within minutes through point-of-care
testing, the insights provided by immune biomarkers might fa-
cilitate and accelerate diagnostic work-up (Clark et al., 2020). Ul-
timately, they have the potential to guide therapeutic decisions,
which may lead to improved patient care and appropriate alloca-
tion of resources in return.

A novel platform (MeMed Key®) measures the circulat-
ing levels of the three host response immune proteins: TNF-
related apoptosis-inducing ligand (TRAIL), interferon gamma-
induced protein-10 (IP-10), and C-reactive protein (CRP). It was ini-
tially established to distinguish between a bacterial and viral eti-
ology of infection (Oved et al., 2015; Papan et al.,, 2022); how-
ever, recent studies have demonstrated a wider range of applica-
tion. For example, Lev et al showed that IP-10 may assist in clin-
ical decision making in patients with COVID-19 by flagging the
inflammatory response (Lev et al., 2021). This is of particular in-
terest because TRAIL and IP-10 are virally induced markers, and
interferon-mediated response is critical in severe viral infections
(Papan et al., 2014), as reported also for severe courses of COVID-19
(Bastard et al., 2021, 2020; van der Wijst et al., 2021; Zhang et al.,
2020).

In this study (DIRECTOR), we aimed to evaluate the different
serum levels of host-immune biomarkers including TRAIL, IP-10,
and CRP in patients with COVID-19 and to analyze their associa-
tion with disease severity.

Methods
Study design, setting, and population

The DIRECTOR (Dynamics of the immune response to COVID-
19/infection by SARS-coronavirus-2) study was a prospective, ob-
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servational cohort study at the Saarland University Medical Cen-
tre in Homburg, southwest Germany. After signing written in-
formed consent (by patients or their legal guardians), patients (age
3 months and older) who met the following inclusion criteria
were enrolled: polymerase chain reaction (PCR)-confirmed infec-
tion with SARS-CoV-2 (except for controls) during the second and
third pandemic wave experienced in Germany (December 2020 to
July 2021). Results for patients under the age of 18 years were ana-
lyzed separately and are not reported herein. To increase the sam-
ple size, patients from the first COVID-19 wave between March and
May 2020 were included retrospectively.

Control subjects were recruited mainly among the hospital staff
and were divided into two groups: healthy controls (group 1) and
adults with symptoms of acute respiratory tract infection (group
2), both having negative SARS-CoV-2 PCR tests.

Approval of the local ethical committee was obtained
(Arztekammer des Saarlandes, reference number 019/20), and
the study was registered at clinicaltrials.gov (NCT04655521). The
reporting of this study adhered to the STROBE guidelines for
reporting observational cohort studies (Supplementary Table S1).

Study procedures

Nasopharyngeal swabs, blood samples, and SARS-CoV-2 RT-PCR
were routinely performed on admission and regularly throughout
the hospital stay to account for dynamic changes in biomarker lev-
els over time. For performing host signature measurements, an ad-
ditional serum tube was obtained.

The National Early Warning Score (NEWS) was generated for ev-
ery participating patient presenting to the emergency department
to objectify COVID-19 disease severity on admission. For compara-
bility of the patient’s health status in the intensive care unit (ICU),
we generated the Simplified Acute Physiology Score II (SAPS II)
for each in-ICU day, in which biomarker measurements were per-
formed.

Furthermore, we conducted a follow-up telephone interview
with the participants after hospital discharge. Questions included
the ongoing presence of COVID-19-related symptoms and addi-
tional visits to the general practitioner due to ongoing symptoms.

Host signature measurements

Levels of TRAIL, IP-10, and CRP were measured at the study site
in serum samples. After being centrifuged for 20 minutes at 4000
RPM and 20°C in a Rotixa 50 RS centrifuge, samples were mea-
sured within the next hour or intermittently frozen at -20°C. Mea-
surements were performed on a MeMed Key® (MeMed Diagnos-
tics, Tirat Carmel, Israel) according to the manufacturer’s instruc-
tions for use. The method is based on a chemiluminescent im-
munoassay. The platform was placed at the central lab due to lo-
gistics but is suitable for point-of-care testing.

Statistical analysis

To examine the levels of biomarkers including TRAIL, IP-10,
and CRP in patients with COVID-19 compared with healthy con-
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146 eligible patients approached

40 patients excluded
30 declined participation
10 technical errors

A 4
[ 106 eligible patients ]
26 patients retrospectively
included
A 4

Study population of 132

85 non-severe patients

47 severe patients

Figure 1. Flow diagram of the DIRECTOR study, conducted in Saarland, Germany (2020/2021); study population comprising SARS-CoV-2-positive patients only.

trols or patients with respiratory infection but who tested nega-
tive for SARS-CoV-2, we compared each first measurement of our
study population with both control groups. For assessment of the
correlation between biomarker serum levels and disease severity,
we evaluated the minimal and maximal (or peak) levels shown
throughout the hospital stay for each patient as well. Defining pa-
rameters of disease severity were ICU admission, need for mechan-
ical ventilation, and in-ICU mortality.

Further analyses included analyses regarding severity levels on
admission and the prognosticating value of biomarkers to predict
disease progression. Separate subgroup analyses on patients with
early biomarker measurements (within 24 hours of hospital admis-
sion) were conducted. To address a potential bias, we compared IP-
10 levels of COVID-19 patients with cancer to all other COVID-19
patients. Variables are reported as the median with interquartile
range (IQR) or as the mean with standard deviation (SD). Group
comparisons were performed using t-test and Mann-Whitney U-
test for continuous variables, and Fisher exact test and chi-square
for categorical variables. Correlation between biomarkers and con-
tinuous variables accounting for clinical severity, such as duration
of hospital stay and ICU days as well as correlation with other lab-
oratory parameters, was evaluated with Spearman rank test. Uni-
variate and multivariable logistic regression models were devel-
oped to detect biomarkers and other variables associated with clin-
ical severity. We performed Kaplan-Meier analyses to assess the
association of biomarker levels with the outcome variables: im-
plementation of mechanical ventilation and in-ICU death. We per-
formed analyses using GraphPad Prism (Version 9.0.0) and SPSS
(Version 28.0). The statistical significance level was set at 0.05.
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Results
Patient characteristics

Overall, 172 eligible patients were approached to participate
in the DIRECTOR study. Of these, 30 patients declined participa-
tion and in ten patients, measurements were invalid due to tech-
nical error, resulting in a total study population of 132 patients
(Figure 1).

The mean age was 64 years, ranging from 23-98, with 53
(40.2%) being female (Table 1).

Overall, 109 patients (82.6%) showed COVID-19-related symp-
toms on admission, most commonly dyspnea and fever. Only
one patient remained in outpatient care after being tested pos-
itive for SARS-CoV-2. A total of 47 patients (35.6%) were admit-
ted to the ICU, of whom 61.7% (n = 29) required mechanical
ventilation and 21.3% (n = 10) were treated with extracorporeal
membrane oxygenation (ECMO). In-hospital mortality was 15.9%
(21 patients).

Bacteria and fungi were detected in 47 and 10 patients with
COVID-19, respectively. A subset of 99 patients (75%) received an-
tibacterial treatment, whereas glucocorticoids (prednisone or dex-
amethasone) were administered to 38 patients (28.8% of the study
population). Remdesivir was prescribed to 16 patients (12.1%).

Telephone follow-ups were completed in 56 patients after hos-
pital discharge. Among these patients, 24 (42.9%) were reported
to still suffer from COVID-19-related symptoms (e.g., dyspnea, fa-
tigue). Up to that time, 24 patients still required additional visits
to their general practitioner.
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Table 1

Patient characteristics (only SARS-CoV-2-positive) for the DIRECTOR study, conducted in Saarland, Germany

(2020/2021).

Non-ICU (n=85)  ICU (n=47) All (n=132) P-value

General
Mean age, years (min-max) 66 (23-98) 64 (28-89) 64 (23-98) 0.519
Female (n, %) 44 (51.8) 9 (17.0) 53 (40.2) <0.001
Smoker (n, %) 2 (2.4) 0 (0.0) 2 (1.5) 0.493
Past smoker (n, %) 5(5.9) 4 (8.5) 9 (6.8) 0.493
Hospitalization details
Death (n, %) 8¢ (9.4) 13 (27.7) 21 (15.9) 0.006
Duration of hospital stay, days (mean, SD) 14.46 (11.55) 34.19 (35.44) 21.48 (24.83) <0.001
Ventilated (n, %) 0 (0.0) 29 (61.7) 29 (22.0) <0.001
Time on ventilator, days (mean, SD) 0.0 (0.0) 16.13 (22.49) 5.74 (15.42) <0.001
Time in ICU, days (mean, SD) 0.0 (0.0) 21.04 (34.05)  7.49 (22.57) <0.001
Co-infection (n, %)
Detection of bacteria 26 (30.6) 21 (44.7) 47 (35.6) 0.105
Detection of fungi 2 (2.4) 8 (17.0) 10 (7.6) 0.002
Other medical conditions (n, %)
Diabetes 22 (25.9) 10 (21.3) 32 (24.2) 0.554
Hypertension 36 (42.4) 23 (48.9) 59 (44.7) 0.466
Cardiovascular disease 27 (31.8) 13 (27.7) 40 (30.3) 0.623
Chronic lung disease 11 (12.9) 4 (8.5) 15 (11.4) 0442
Chronic renal disease 12 (14.1) 8 (17.0) 20 (15.2) 0.656
Malignancy 11 (12.9) 2 (4.3) 13 (9.8) 0.109
Transplant 7 (8.2) 3 (6.4) 10 (7.6) 0.700
Obesity 4(4.7) 20 (42.6) 24 (18.2) <0.001
Symptoms on admission (n, %) 69 (81.2) 40 (85.1) 109 (82.6) 0.569
Cough? 29 (42.0) 10 (25.0) 39 (35.8) 0.122
Sore throat® 0 (0.0) 1(2.5) 1(0.9) 0.177
Dyspnea® 44 (63.8) 21 (52.5) 65 (59.6) 0.436
Fever? 39 (56.5) 16 (40.0) 55 (50.5) 0.186
Nausea® 8 (11.6) 2 (5.0) 10 (9.2) 0.284
Loss of smell and/or taste? 3 (4.3) 2 (5.0) 5 (4.6) 0.834
Treatment (n, %)
Remdesivir 15 (17.6) 1(2.1) 16 (12.1) 0.009
Prednisone 8 (53.3) 7 (14.9) 15 (11.4) 0.342
Dexamethasone 18 (78.3) 5(10.6) 23 (17.4) 0.126
Antibiotics 59 (59.6) 40 (85.1) 99 (75.0) 0.046
Renal replacement therapy 2 (2.4) 17 (36.2) 19 (14.4) <0.001
Extracorporeal membrane oxygenation 0 (0.0) 10 (21.3) 10 (7.6) <0.001
Follow-Up Interview (n, %) 45 (52.9) 11 (23.4) 56 (42.4) 0.001
Symptoms® 18 (40.0) 6 (54.5) 24 (42.9) 0.230
Repeated general practice visits® 20 (44.4) 4 (36.4) 24 (42.9) 0.032

P-values are given for the comparisons between non-ICU and ICU patients.
2 Percentages only refer to patients presenting with symptoms of a respiratory tract infection on admission.
b Percentages only refer to the number of patients for whom the Follow-Up Interview was completed.
¢ Death occurred in these patients without ICU admission due to an existing patient decree.ICU: intensive care

unit.

A total of 899 measurements of host-immune biomarkers were
performed in our study population, owing to an average of 6.8
measurements per patient. First measurements were conducted on
average 4.5 days (SD = 6.455) after admission. The distribution of
initial measurements over time is shown in Supplementary Figures
S1 and S2.

The control group consisted of 27 adults (mean age 47.1 years,
range 22-83; 19 [70.4%] females), composed of 19 adults in group
1 and 8 adults in group 2. The following symptoms of a respiratory
tract infection were reported: sore throat n = 4, cough n = 3, fever
n = 1, chest pain n = 1, and other n = 5.

Biomarker levels in patients with COVID-19 compared with controls

In the first measurements, there was a median TRAIL level of
49.5 pg/ml (IQR 68.25) in patients with COVID-19, whereas healthy
adults (control group 1) attained a median level of 87 pg/ml (IQR
51). With a P-value of 0.0142, the results showed significance. Val-
ues of adults with symptoms (control group 2) ranged from 20-112
pg/ml, with a median of 73.5 pg/ml (Supplementary Figure S3).

Regarding initial levels of IP-10, patients with COVID-19 reached
a median level of 667.5 pg/ml (IQR 1252.3), whereas control group
1 only reached a median level of 127 pg/ml (IQR 40) and control
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group 2 reached a median of 100.5 pg/ml (IQR 46.5). The P-value of
<0.001 is given for the comparison between our study population
and control group 1 (Supplementary Figure S3).

Initial CRP levels also showed a significant difference (P <0.001)
between patients with COVID-19 (median 75.3 mg/l, IQR 117.4) and
healthy controls (group 1) (median 1.6 mg/l, IQR 4.4) (Supplemen-
tary Figure S3).

Comparing controls (n = 27) and patients with COVID-19, high
IP-10 (odds ratio [OR] 1.007, P = 0.001) and CRP (OR 1.144, P
<0.001) serum levels were associated with a positive PCR test on
SARS-CoV-2 in the univariate logistic regression model, with CRP
remaining significant in the multivariable analysis (adjusted OR
1.112, P <0.001, Nagelkerke R? 0.703) (Extension of Table 2, sup-
plements).

Biomarkers correlate with disease severity

Serum levels of TRAIL showed an inverse correlation and of CRP
a positive correlation with different parameters of disease sever-
ity. Regarding the first measurement, patients admitted to the ICU
showed significantly lower TRAIL levels (P = 0.0032). The me-
dian level was 35 pg/ml (IQR 52.7), whereas the median TRAIL
level of patients remaining in the normal care unit (NCU) was 58
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Results of univariate and multivariable logistic regression analyses of the patient co-
hort recruited within the DIRECTOR study, Saarland, Germany (2020/2021). TRAIL, IP-10,
and CRP indicate first measurements unless specified otherwise. Significant results are high-

lighted in bold.

a) All survivors of COVID-19 (n = 111) as well as in patients with COVID-19 who died in the
ICU (n = 13), Admission to ICU (n = 47), Nagelkerke R? 0.404.
b) All survivors of COVID-19 (n = 111) as well as in patients with COVID-19 who died in the
ICU (n = 13), Need for mechanical ventilation (n = 29), Nagelkerke R? 0.538.
c) All survivors of COVID-19 (n = 111) as well as in patients with COVID-19 who died in the
ICU (n = 13), Died in the ICU (n = 13), Nagelkerke R? 0.485.
d) Subgroup of COVID-19 patients with first measurements <24 hours after admission
(n = 58), Admission to ICU (n = 10), Nagelkerke R? 0.460.

Variable OR (95% CI) P-value  aOR (95% CI) P-value
a) Outcome: ICU admission

Male Sex 4.114 (1.75-9.654) 0.001 3.529 (1.32-9.434) 0.012
Obesity 18.272 (5.024-66.45)  <0.001 12.883 (3.22-51.59) <0.001
TRAIL 0.989 (0.98-0.998) 0.012 1.001 (0.991-1.01) 0.883
IP-10 1.00 (1.00-1.00) 0.722 1.00 (0.999-1.00) 0.633
CRP 1.01 (1.05-1.015) <0.001 1.009 (1.001-1.016) 0.018
b) Outcome: Mechanical ventilation

Male Sex 3.804 (1.338-10.82) 0.012 3.007 (0.819-11.03) 0.097
Obesity 21.014 (6.933-63.69)  <0.001 14.311 (3.904-52.47)  <0.001
TRAIL 0.976 (0.962-0.991) 0.001 0.999 (0.984-1.014) 0.863
IP-10 1.00 (1.00-1.001) 0.156 1.00 (1.00-1.001) 0.660
CRP 1.016 (1.009-1.022) <0.001 1.014 (1.005-1.024) 0.002
c) Outcome: Death in ICU

Male Sex 2.189 (0.57-8.403) 0.254 2.996 (0.361-24.88) 0.310
Obesity 6.927 (2.061-23.28) 0.002 4.582 (0.814-25.80) 0.084
TRAIL 0.989 (0.97-1.004) 0.989 1.014 (0.993-1.035) 0.188
IP-10 1.001 (1.00-1.001) <0.001 1.00 (0.999-1.001) 0.871
CRP 1.013 (1.005-1.021) <0.001 1.015 (1.002-1.027) 0.018
Minimal TRAIL  0.958 (0.922-0.997) 0.033 0.979 (0.929-1.032) 0.429
Maximal IP-10  1.001 (1.00-1.001) <0.001 1.001 (1.00-1.001) 0.020
d) Subgroup, Outcome: ICU admission

Male Sex 3.267 (0.752-14.19) 0.114 3.159 (0.48-20.93) 0.233
Obesity 22.5 (4.02-125.95) <0.001  23.192 (3.19-168.36)  0.002
TRAIL 0.989 (0.97-1.004) 0.157 1.002 (0.984-1.02) 0.848
IP-10 1.00 (1.00-1.001) 0.507 1.00 (0.999-1.001) 0.609
CRP 1.01 (1.00-1.02) 0.045 1.011 (0.995-1.026) 0.180

a0R: adjusted odds ratio (multivariable); CI: confidence interval CRP: C-reactive protein;
ICU: intensive care unit; IP-10: interferon gamma-induced protein 10; OR: odds ratio (uni-
variate); TRAIL: TNF-related apoptosis-inducing ligand.

pg/ml (IQR 76) (Figure 2A). Furthermore, CRP levels were signifi-
cantly higher in patients developing a severe course of the disease
(P = 0.0003 for ICU admission, P <0.001 for mechanical ventila-
tion), comparing a median of 58.3 mg/l (IQR 101.8) and 58.3 mg|/l
(IQR 94.7) for non-severe COVID-19 with a median of 113.8 mg/l
(IQR 118.3) and 149.2 mg/l (IQR 128.6) for severe COVID-19, re-
spectively (Figure 2C and F). There was no significant difference in
these groups regarding initial IP-10 measurements (Figure 2B and
E).

Notably, low TRAIL levels on patients’ first measurements also
correlated with a longer ICU stay (r = -0.6264, P <0.001) (Sup-
plementary Figure S4) and showed weak correlations with dura-
tion of hospital stay (r = -0.2532, P = 0.0034) (Supplementary Fig-
ure S4) and SAPS II scores for patients in the ICU (r = -0.3715, P
<0.001) (Figure 3A). In addition, we found a significant difference
in minimal TRAIL levels (P <0.001) between patients who died in
the ICU (n = 13, median 17 pg/ml, IQR 26) compared with sur-
vivors of COVID-19 in the NCU (n = 77, median 41 pg/ml, IQR
40) (Figure 4A). Minimal TRAIL levels were found, on average, 8.08
days (SD = 8.171) after hospital admission and, on average, 19 days
(SD = 22) before death for patients who died in the ICU.

Examining maximal IP-10 levels, these were significantly higher
in patients who later died in the ICU compared with survivors in
the NCU (p< 0.001). Patients who later died showed a median
maximal level of 3295 pg/ml (IQR 3010), whereas survivors only
had a median level of 909 pg/ml (IQR 1679) (Figure 4B). Maximal
IP-10 levels were present, on average, 6.91 days (s = 8.787) after

admission and for patients who died in the ICU, 21 days (s = 24)
before death. Levels of all IP-10 measurements in the ICU (n = 340)
also showed a weak correlation with the SAPS II score (r = 0.1753,
P = 0.0012) (Figure 3B). Of note, CRP levels, but not IP-10 lev-
els, showed a significant correlation with length of hospital or ICU
stay (Supplementary Figures S5 and S6). The dynamic changes of
biomarker levels per patient are shown in the Supplemental Mate-
rial (Supplementary Figures 6-13). Of note, detailed analyses of in-
traindividual biomarker analyses (Supplementary Figures S13 and
S14) showed that all deceased patients had very low TRAIL levels
one day before death.

Biomarkers in prediction of disease severity

In 58 patients who presented at the emergency department, the
first biomarker measurements were available within 24 hours of
admission. A correlation of low levels of TRAIL with high NEWS
results was shown for this subgroup (r = -0.4459, P = 0.0012)
(Figure 5). We found no significant correlation between IP-10 and
the NEWS (Supplementary Figure S15).

Regarding the univariate logistic regression model, low initial
TRAIL levels and male sex were associated with increased like-
lihood of required mechanical ventilation, with an OR of 0.976
(P = 0.001) and 3.804 (P = 0.012), respectively. This association
was also found in Kaplan-Meier analysis, using a cut-off for initial
TRAIL of 40 pg/ml, which yielded a significantly higher probabil-
ity of mechanical ventilation in patients with initial TRAIL levels of
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Figure 2. Differential expression of biomarkers between non-severe and severe COVID-19.

Comparisons of (A) first TRAIL measurements, (B) first IP-10 measurements, and (C) first CRP measurements between patients who were admitted to the ICU (severe COVID-
19, n = 47) and patients who remained in the NCU (Non-ICU = non-severe COVID-19, n = 85). Further comparisons (D-F) regarding patients requiring mechanical ventilation
(MV, n = 29) and patients who did not (no MV, n = 103). The black line denotes the median of each group. The box identifies values between 25 and 75 percentiles, whereas
the whiskers indicate minimal and maximal serum levels. P-values are defined as follows: ns: nonsignificant, *: P <0.05, **: P <0.01, ***: P <0.001. CRP: C reactive protein;
ICU: intensive care unit; IP-10: interferon gamma-induced protein 10; TRAIL: TNF-related apoptosis-inducing ligand.
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Figure 3. Correlation of biomarkers with SAPS II score.
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Correlation of all (A) TRAIL and (B) IP-10 measurements conducted in the ICU (n = 340) with the Simplified Acute Physiology II score. Significance levels, Spearman correlation
coefficients (r), and simple linear regression lines are shown. P-values are defined as follows: ns: nonsignificant, *: P <0.05, **: P <0.01, ***: P <0.001. ICU: intensive care
unit; IP-10: interferon gamma-induced protein 10; SAPS II: Simplified Acute Physiology Score II; TRAIL: TNF-related apoptosis-inducing ligand.

<40 pg/ml (logrank test x2 18.8, P <0.001) (Figure 6). In the multi-
variable logistic regression model, obesity (OR 14.311, 95% CI 3.904-
52.47) and CRP (OR 1.014, 95% CI 1.005-1.024) were significantly re-
lated to the clinical outcome mechanical ventilation (Table 2b). For
the outcome death in ICU, CRP and peak IP-10 were significant in
the multivariable regression model (Table 2c). IP-10 also yielded a
significant difference in the Kaplan-Meier survival analysis for pa-
tients with peak IP-10 levels of >3000 pg/ml (logrank rest x2 10.5,
P = 0.001) (Figure 6).
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Similarly, for the subgroup with early biomarker measurement
(within first 24 hours), only obesity was associated with ICU ad-
mission (Table 2d).

Additional results

We found weak correlations of TRAIL and IP-10 levels on pa-
tients’ first measurements with other laboratory parameters that
were measured on the same day (Supplementary Table S2).
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Figure 4. Differential expression of biomarkers between survivors of COVID-19 and in the ICU deceased patients with COVID-19.

Comparisons of (A) minimal TRAIL levels and (B) maximal IP-10 levels between survivors of COVID-19 (NCU n = 77, ICU n = 34) and later in the ICU deceased patients with
COVID-19 (n = 13). The black line denotes the median of each group. The box identifies values between 25 and 75 percentiles, whereas the whiskers indicate minimal and
maximal serum levels. P-values are defined as follows: ns: nonsignificant, *: P <0.05, **: P <0.01, ***: P <0.001. ICU: intensive care unit; IP-10: interferon gamma-induced

protein 10; NCU: normal care unit; TRAIL: TNF-related apoptosis-inducing ligand.
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Figure 5. Correlation of TRAIL with NEWS-Score on admission.

(A) Correlation of the New Early Warning Score of patients with COVID-19 presenting to the hospital’s emergency department with initial TRAIL measurements conducted
less than 24 hours after admission (n = 50). Significance level, Spearman correlation coefficient (r), and simple linear regression line are shown.

(B) Comparison of initial TRAIL levels (measurements conducted less than 24 hours after admission) between patients presenting to the emergency department with a New
Early Warning Score lower than 5 (n = 27) and patients with a New Early Warning Score of five or higher (n = 23). The black line denotes the median of each group. The
box identifies values between 25 and 75 percentiles, whereas the whiskers indicate minimal and maximal serum levels.

P-values are defined as follows: ns: nonsignificant, *: P <0.05, **: P <0.01, ***: P <0.001. ICU: intensive care unit; NEWS: New Early Warning Score; TRAIL: TNF-related

apoptosis-inducing ligand.

There was no statistically significant difference in initial IP-10
levels in patients with COVID-19 with cancer (n = 13, median 872
pg/ml, IQR 2299) and all other patients with COVID-19 (n = 119,
median 631 pg/ml, IQR 1126, P = 0.173).

Discussion

In this study, we assessed the levels of TRAIL, IP-10, and CRP
in patients with COVID-19, as well as their association with dis-
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ease severity. We showed that IP-10 may be a valuable biomarker
in detecting patients with a higher mortality risk, alongside obe-
sity and CRP. Low TRAIL levels related to high NEWS on admission,
which considers different vital parameters (respiratory rate, oxy-
gen saturation, temperature, systolic blood pressure, heart rate) as
well as level of consciousness and need for supplemental oxygen
(Tirkkonen et al., 2019). In addition, patients with an initial TRAIL
level <40 pg/ml had a significant association with mechanical ven-
tilation in the Kaplan-Meier analysis, and similarly low TRAIL levels
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Figure 6. Kaplain-Meier analyses of (A) the relation between initial TRAIL with cut-off 40 pg/ml for the outcome variable mechanical ventilation and (B) the relation
between maximal IP-10 cut-off 3000 pg/ml and death in the ICU (maximum set at 100 days). ICU: intensive care unit; IP-10: interferon gamma-induced protein 10; MV:

mechanical ventilation; TRAIL: TNF-related apoptosis-inducing ligand.

were observed in patients who died. However, TRAIL failed to show
a significant association with any of the adverse outcomes in the
multivariable regression model. The discrepancies in the aforemen-
tioned analyses can be explained by the important role of the time
factor in Kaplan-Meier analyses. The correlation to a high NEWS
and the results shown in the discussed Kaplan-Meier analysis high-
light TRAIL's potential use for risk stratification in the emergency
department. As levels were extremely low in all patients shortly
before death, further exploration of TRAIL's capability for monitor-
ing purposes seems reasonable as well. Even among survivors of
COVID-19, the levels decreased as hospital stay increased. Accord-
ingly, increasing IP-10 levels would be expected, but this could not
be shown in our study.

For measurements in the ICU, a correlation of TRAIL and IP-10
with the SAPS II score was found. SAPS II scores convert to the
probability of hospital mortality (Le Gall et al., 1993). These results
confirm the findings of Chen and colleagues and Yang et al re-
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garding IP-10’s association with disease severity (Chen et al., 2020;
Yang et al., 2020).

Our revelations support the suitability of the analyzed immune-
based biomarkers TRAIL, IP-10, and CRP to be included in risk as-
sessment models. Early detection of risk factors as well as of clin-
ical deterioration may help in clinical decision making. Identify-
ing patients at risk could reduce the administration of expensive
monoclonal antibodies or antivirals in unnecessary cases as well as
protect non-vulnerable patients from hospitalization and invasive
measures, both contributing to better patient outcome and better
use of scarce resources.

Especially because a shift in the coming patient population
is to be expected owing to vaccination of individuals who are
at high risk, patient characteristics (e.g., comorbidities, age, sex)
should not be used as the sole tool for risk stratification even
though male sex and obesity were independently associated with
poor outcome in this and other studies (Palaiodimos et al., 2020;
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Simonnet et al., 2020). Therefore, prediction models that combine
several variables and features seem reasonable.

During the past months, several studies evaluated different lab-
oratory parameters for such purposes. D-dimers, ferritin, procalci-
tonin, lactate dehydrogenase (LDH), and serum amyloid A (SAA)
are some examples of markers associated with poor prognosis of
COVID-19, but their accuracy remains to be validated (Huang et al.,
2020; Li et al., 2020; Poggiali et al., 2020; Wang et al., 2021).
Because disease progression is most likely caused by hyperin-
flammation, application of cytokine measurements seems reason-
able for prognosticating and monitoring patients with COVID-19
(Juthani et al., 2021; Lev et al., 2021). Del Valle et al demonstrated
that serum interleukin 6 (IL-6) and tumor necrosis factor o (TNF-
o) outperformed other markers (Del Valle et al., 2020). However,
their specificity is uncertain, and cytokine quantification as well
as clinically helpful interpretation remains challenging. In addition,
correlation to the primarily analyzed biomarkers was weak in this
study and measurement of multiple laboratory parameters comes
across as impractical (Liu et al., 2021). TRAIL, IP-10, and CRP can
be measured on a single immunoassay platform, generating results
within 15 minutes, overcoming these limitations. Especially their
computational integration into a single numeric score is promis-
ing, with a novel clinical severity score currently being developed
(Mastboim et al., 2021). Previously, Tang et al showed that plasma
concentrations of IP-10 and MIG were associated with poor clin-
ical outcome already in SARS-CoV-1 in 2005. IP-10 even acted as
an independent prognostic factor for adverse outcome (Tang et al.,
2005). COVID-19 appeared to be the main reason for the elevated
IP-10 levels in our patient population because comorbidities such
as cancer showed no significant differences in group comparisons.

Either way, a critical examination and validation of a prediction
model is paramount in avoiding doing more harm than good. Ad-
ditionally, defining a baseline for these models is challenging be-
cause patients can present to the emergency department at differ-
ent stages of the disease.

A limitation of our study is the low number of mild, outpa-
tient COVID-19 cases, including those who were asymptomatic,
who usually do not present to the hospital. The overall cohort size
may have impacted the relatively small effect sizes and the weak
correlations reported herein. Furthermore, it is important to note
that this study was conducted at a University hospital, thus cre-
ating a selection bias. Some patients were transferred here due
to clinical deterioration, making it impossible to capture biomark-
ers and clinical data at an early stage of the disease. Thus, gen-
eralizability of the reported severity prediction needs further and
external validation. Comparability between patients and controls
is additionally hampered by the small sample size and the fact
that controls were younger and more often female. Another limita-
tion is that patients with a potentially bacterial co-infection were
not separately assessed because no adjudication process was in-
cluded in the study to approximate disease etiology as previously
reported (van Houten et al., 2019; Papan et al., 2022). Further stud-
ies are warranted to investigate generalizability to other viral dis-
eases, such as influenza. Besides, information about biomarker per-
formance in patients who are vaccinated is lacking. Our choice
in not giving a single definition for severe COVID-19, but rather
demonstrating association of biomarkers to different parameters
accounting for disease severity can be seen as a strength and as
a weakness because definitions may shift in the future. In either
case, further studies should externally validate the potential of
TRAIL, IP-10, and CRP for predicting disease severity, with defi-
nitions fully aligned to the World Health Organization COVID-19
guidelines to allow categorization into more severity groups. Evalu-
ation of the biomarkers’ capability for monitoring disease progres-
sion, co-infections, response to treatment, and selection of ther-
apy could also bring an extra benefit. To verify the applicability of
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TRAIL, IP-10, and CRP for predicting COVID-19, further comparisons
of serum levels to different infectious and non-infectious diseases
would be helpful.

To conclude, TRAIL and IP-10 showed significant correlation
with COVID-19 severity, and CRP and IP-10 levels were associated
with adverse COVID-19 outcomes. This suggests that the inclusion
of these markers into multivariable risk assessment models could
be a promising tool in the management of patients with COVID-19.
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