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Abstract
Purpose Recent publications on the probable role of heparin-binding protein (HBP) as a biomarker in
sepsis prompted us to investigate its diagnostic and prognostic performance in severe COVID-19

Methods HBP and IL-6 were measured by immunoassays at admission and on day 7 in 178 patients with
pneumonia by SARS-CoV-2. Patients were classified into non-sepsis and sepsis as per the Sepsis-3
definitions and were followed-up for the development of severe respiratory failure (SRF) and for outcome.
Results were confirmed by multivariate analyses.

Results HBP was significantly higher in patients classified as having sepsis and was negatively
associated with the oxygenation ratio and positively associated with creatinine and lactate. Logistic
regression analysis evidenced admission HBP more than 18 ng/ml and IL-6 more than 30 pg/ml as
independent risk factors for the development of SRP. Their integration prognosticated SRF with respective
sensitivity, specificity, positive predictive value and negative predictive 59.1%, 96.3%, 83.9% and 87.8%.
Cox regression analysis evidenced admission HBP more than 35 ng/ml and IL-6 more than 30 pg/ml as
independent risk factors for 28-day mortality. Their integration prognosticated 28-day mortality with
respective sensitivity, specificity, positive predictive value and negative predictive 69.2%, 92.7%, 42.9%
and 97.5%. HBP remained unchanged over-time course. 

Conclusion A prediction score of the disposition of patients with COVID-19 is proposed taking into
consideration admission levels of IL-6 and HBP. Using different cut-offs the score may predict the
likelihood for SRF and for 28-day outcome. 

Introduction
According to the new 2016 sepsis definition, sepsis is a life-threatening organ dysfunction that results
from the dysregulated host response to an infection [1]. This definition does not distinguish between
bacterial, fungal or viral origin of an infection. With this in mind, severe lung infection caused by the new
coronavirus SARS-CoV-2 (COVID-19) may well be a sepsis reaction. Indeed, recent findings from our
group has shown that complex immune dysregulation in severe COVID-19 is dominated either by hyper-
inflammatory responses or by modulation of the function of interleukin (IL)-6 receptor [2] thus supporting
the concept that severe COVID-19 meets the Sepsis-3 definition.

With this in mind and considering the excessive mortality of severe COVID-19, it is reasonable to seek
help from the available portfolio of biomarkers in traditional bacterial sepsis to identify at an early stage
patients at risk of severe complications or of an unfavourable outcome. Heparin binding protein (HBP) is
secreted by the azurophilic granules of neutrophils and has been associated with organ dysfunction of
sepsis, namely acute respiratory dysfunction and acute kidney injury (AKI) and has been proposed to be
used for the triage of patients at the emergency department (ED) [3]. Severe respiratory failure (SRF) is
the most severe complication of pneumonia by SARS-CoV-2 [4, 5]. In the present study, we investigated if
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admission levels of HBP can be an early biomarker of organ dysfunction and of unfavourable outcome in
a cohort of patients with pneumonia by SARS-CoV-2.

Methods
Patients with infection by SARS-CoV-2 were enrolled in a prospective study during the period March to
May 2020 in 10 study sites of the Hellenic Sepsis Study Group (seven departments of Internal Medicine
and three Intensive Care Units). The study protocol has been approved by the Ethics Committees of the
participating hospitals. Written informed consent was provided by the patients or first-degree relative in
case of patients unable to consent. Inclusion criteria were: a) adults of both genders; b) molecular
detection of SARS-CoV-2 by RT-PCR using the material collected through one nasopharyngeal swab; c)
radiological signs compatible with lower respiratory tract infection in chest X-ray or chest computed
tomography; d) at least two signs of the systemic inflammatory response syndrome (SIRS); and e) blood
intake less than 24 hours from the start of SIRS. Patients with infection by the human immunodeficiency
virus and with neutropenia due to causes other than SIRS were excluded.

          Blood sampling was performed at admission and after seven days. At each time point, 5 ml of
EDTA-blood was sampled after venipuncture of one antecubital vein under aseptic conditions and
centrifuged. HBP was measured in plasma by fluorescence dry quantitative immunoassay using the Jet-
iStar 800 analyzer (Joinstar, Hangzhou, China); the lower limit of detection was 5.9 ng/ml. Interleukin
(IL)-6 was also measured by an enzyme immunosorbent assay (Invitrogen, Carlsbad, California, USA); the
lower limit of detection was 10 pg/ml.

          The following information were collected at baseline: a) demographics and comorbidities allowing
the measurement of Charlson’s comorbidity index (CCI); b) severity scores of APACHE II (acute physiology
and chronic health evaluation), pneumonia severity index (PSI) and SOFA (sequential organ failure
assessment) score; c) complete blood cell count and differential; and d) biochemistry and blood gasses.
Patients were followed up on a daily basis for 28 days for the development of SRF and for survival. SRF
was defined as the stage where the patient had pO2/FiO2 ratio less than 150 necessitating intubation and
mechanical ventilation (MV). Sepsis at admission was defined as any SOFA score equal to or more than
2 [1].

          Results of HBP and IL-6 were expressed as medians and 95% confidence intervals (CIs).
Comparisons were done between patients who developed SRF and those who did not develop SRF during
follow-up by the Mann Whitney U test. Similar comparisons were done for quantitative variables using the
Student t-test and for qualitative variables using the Fisher exact test. Quantitative variables were
transformed into binomial variables using the Youden index by the co-ordinate points of the ROC (receiver
operator characteristics) curve analysis. The CIs of percentages were calculated. Comparisons between
groups were done using the Fisher exact test and Bonferroni correction for multiple comparisons.
Forward step-wise logistic regression analysis was done between variables significant after univariate
analysis in order to define variables independently associated with the development of SRF. Cox step-
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wise forward analysis was done between variables significant after univariate analysis in order to define
variables independently associated 28-day outcome. Correlation between variables was done using the
Spearman’s rank of order. Comparisons between admission and day 7 concentrations of HBPP and IL-6
were done by the Wilcoxon’s test. Any p-value lower than 0.05 was considered significant.

 

Results
A total of 178 patients were enrolled during the study period. Their demographic baseline characteristics
are provided in supplementary Tables 1 and 2. Those who were classified with sepsis at admission had
higher levels of HBP (Figure 1A). HBP was associated with organ dysfunction since it was negatively
correlated with the pO2/FiO2 ratio (Figure 1B); it was positively correlated with serum creatinine (Figure
1C); and it was positively correlated with plasma lactate (Figure 1D). However, HBP was not correlated
with plasma D-dimers (Figure 1E).

Admission levels of HBP and IL-6 were greater among patients with SRF compared to those without SRF
(Figures 2A and 2B). Univariate analysis showed eight variables that were associated with the
development of SRF: male gender, CCI more than 2, SOFA score more than 3, PSI more than 87, history of
solid malignancy, absolute neutrophil count at admission more than 4,300/mm3; IL-6 > 30 pg/ml and
HBP > 18 ng/ml (supplementary Tables 1 and 2 and Table 1). After step-wise forward logistic regression
analysis, the only variables that were associated with the development of SRF were SOFA score more
than 3, PSI more than 87, IL-6 > 30 pg/ml and HBP >18 ng/ml (Table 1). The output of the multivariate
logistic regression analysis showing both increased IL-6 and HBP to be independent predictors of the
development of SRF led to the assumption that both offer different information and should thus be
integrated into one prediction model. Indeed (Figure 2C), the probability of development of SRF when only
IL-6 was elevated was 33.3% and this was significantly increased when both IL-6 and HBP were elevated.
The sensitivity, specificity, positive predictive value and negative predictive values for SRF when both IL-6
and HBP were increased were 59.1%, 96.3%, 83.9% and 87.8% respectively. 

Admission levels of HBP and IL-6 were greater among the 28-day non-survivors compared to the 28-day
survivors (Figures 3A and 3B). Univariate analysis showed seven variables that were associated with 28-
day mortality: CCI more than 2, SOFA score more than 3, PSI more than 87, history of COPD, absolute
lymphocyte count at admission less than 915/mm3, IL-6 >30 pg/ml and HBP >35ng/ml (supplementary
Tables 3 and 4 and Table 2). After Cox step-wise forward analysis, the only variables that were
associated with 28-day mortality were history of COPD, absolute lymphocyte count at admission less
than 915/mm3, IL-6 >30 pg/ml and HBP >35ng/ml (Table 2). As per the development of SRF, the output of
the multivariate Cox regression analysis showing both increased IL-6 and HBP to be independent
predictors of unfavourable outcome led us to assume  that both offer different information and should be
integrated into one prediction model. The data demonstrated that the time to death was much shorter
among patients with both elevated IL-6 and HBP concentrations (Figure 3C). The sensitivity, specificity,
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positive predictive value and negative predictive values for 28-day mortality when both IL-6 and HBP were
increased were 69.2%, 92.7%, 42.9% and 97.5% respectively. 

Day 7 samplings were available for 65 patients; 59 survivors and 6 non-survivors. The reason for not
having samples for all patients on day 7 was either earlier hospital discharge or death before day 7. IL-6
was significantly decreased on day 7 amongst the survivors but not amongst the non-survivors. HBP
remained stable among both survivors and non-survivors (Figure 4).

Discussion
The present study shows that HBP and IL-6 could be used together to predict the outcome of patients
with pneumonia by SARS-CoV-2. These two measurable biomarkers have an additive prediction value for
the two main complications of COVID-19 i.e. the development of SRF and 28-day mortality. When they are
applied together they have great rule-out validity since both specificity and negative predictive values are
well above 90%. Their prognostic performance is significantly enhanced when they are used together
than when used separately. This implies a direct participation of HBP and IL-6 in the pathogenesis of
severe COVID-19.

          Severe COVID-19 meets the Sepsis-3 criteria so as to be classified as viral sepsis. In this approach,
the presented data on HBP are in line with several previous studies in patients with microbiologically-
documented or highly suspected sepsis of bacterial origin showing an early association of HBP with
organ dysfunction. This was found in one cohort of 128 patients admitted at the ED [6] and also in
another cohort of 93 patients with sepsis [7]. In a study of 674 patients admitted at the ED with infection,
HBP more than 30 ng/ml had 78% sensitivity to predict progression into severe sepsis within the first 72
hours [8]. In these studies, HBP levels ranging between 15 and 30 ng/ml were proposed as cut-offs for
sepsis diagnosis. However, it needs to be outscored that in all studies published so far HBP was
measured by an enzyme immunosorbent assay and not by a fluorescence immunoassay like in our study.

          Using a very interesting study design, Kahn et al studied 524 patients admitted at the ED who were
classified by experts into those with definitive bacterial infection, probable infection, definitive viral
infection, probably not-infection and definitive not-infection. HBP was increased in the first group
significantly more than the other groups and levels above 15 ng/ml were prognostic of organ
dysfunction. However, HBP levels of viral infections of this study were below the levels reported here for
SARS-CoV-2 [9]. This observation and the fact that the presented herein evidence is the first showing the
ability to HBP to prognosticate 28-day outcome may bring two explanations: a) severe COVID-19
resembles more to bacterial sepsis than to a traditional viral infection; and/or b) HBP may be a biomarker
more suitable for the prognosis of COVID-19 than bacterial sepsis.

          It may be argued what the pathophysiological interpretation of these findings for severe COVID-19
may be. HBP is secreted by the azurophilic granules of circulating neutrophils. HBP and the absolute
neutrophilic count were independently associated with SRF. Our findings are fully compatible with reports
on sepsis patients where HBP is associated with hypoxia and shock, as shown by the negative correlation
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with the pO2/FiO2 ratio and the positive correlation with lactate. These correlations were described in
patients with positive fluid balance in the lungs i.e. increase of vascular endothelium leakage through an
effect on protein kinase C of lung epithelial cells [10]. Although HBP is described to interact with the
bradykinin-kallikrein system and activate the coagulation pathways [11], this does not seem to be the
case in our study where HBP was not correlated with the levels of D-dimers.

          The IL-6 pathway has been described to participate in the transition from mild and moderate to
severe COVID-19 necessitating MV [2]. A recent analysis of 274 continuous patients showed increased IL-
6 to be an independent risk factor for in-hospital mortality [12]. Another survey in only 40 patients split
into those requiring MV and admission in an intensive care unit (n=20) and into those with stable
diseases showed similar increase of IL-6 among the most severe cases [13]. This was also the finding of
a cohort comparing 17 patients with critical COVID-19 to 85 patients with mild or moderate disease [14].
The present study goes well beyond previous prospective cohorts since it demonstrates the importance of
admission levels for the early prediction of the disease course. Another recent analysis by Herold et al in
89 patients showed admission IL-6 to be predictive of the need for MV [15]. The suggested cut-off of 35
pg/ml is much close to the cut-off proposed by us.

          Our results propose a novel prediction score for patients with COVID-19 taking into consideration
admission levels of IL-6 and HBP.  Using different cut-offs of these biomarkers the score may predict the
likelihood for the development of SRF and for 28-day outcome. Further studies are necessary to define
the particular contribution of HBP in the pathophysiology of severe COVID-19.
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ble Development of

SRF

Univariate analysis Multivariate

analysis

No

(n=134)

Yes

(n=44)

OR

(95%CIs)

p-

value

OR

(95%CIs)

p-

value

gender (n, %) 86

(64.2)

40

(90.9)

5.58

(1.88-

16.55)

0.0004    

2 (n, %)# 43

(32.1)

25

(56.8)

2.78

(1.39-

5.59)

0.004    

score > 3 (n, %)# 17

(12.7)

32

(72.7)

18.53

(7.95-

42.34)

1.52 x

10-13

6.03

(1.98-

18.42)

0.002

87 (n, %)# 16

(11.9)

30

(68.2)

15.80

(6.94-

35.94)

2.45 x

10-12

3.75

(1.20-

11.72)

0.023

tumor malignancy (n, 1 (0.7) 3 (6.8) 9.73

(0.98-

96.10)

0.047    

ute neutrophil count >

mm3 # (n, %)

50

(37.3)

31

(70.5)

4.00

(1.92-

8.37)

0.0002    

30 pg/ml # (n, %) 13 (9.7) 30

(68.2)

19.94

(8.48-

46.86)

1.24 x

10-13

9.24

(3.23-

26.42)

1.06 x

1014

n day 1 > 18 ng/ml# (n, 65

(48.5)

35

(79.5)

4.12

(1.84-

9.25)

0.0003 3.08

(1.04-

9.12)

0.042

Abbreviations CCI: Charlson Comorbidity Index; CI: Confidence intervals; HBP: Heparin binding protein;
OR:  Odds ratio; PSI: Pneumonia severity index; SRF: Severe respiratory failure; SOFA: Sequential organ
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failure assessment

# Cut- off point was determined based on the coordinate point with the maximum value of the Youden
index

 

Table 2: Univariate and multivariate Cox regression analysis of parameters associated with 28-day
mortality among patients with lower respiratory tract infection due to SARS- CoV-2.
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ble 28-outcome Univariate

analysis

Multivariate

analysis

Survivors

(n=165)

Non-

survivors

(n=13)

HR

(95%CIs)

p-

value

HR

(95%CIs)

p-

value

2 (n, %)# 59 (35.8) 9 (69.2) 3.78

(1.16-

12.30)

0.001    

score > 3 (n, %)# 39 (23.6) 10 (76.9) 9.32

(2.57-

33.91)

0.001    

87 (n, %)# 37 (22.4) 9 (69.2) 6.81

(2.09-

22.12)

0.001    

y of COPD (n, %) 7 (4.2) 3 (23.1) 6.13

(1.68-

22.30)

0.006 18.68

(3.31-

105.27)

0.001

ute lymphocyte

< 915 /mm3 # (n,

55 (33.3) 10 (76.9) 8.55

(1.79-

40.90)

0.007 7.43

(1.81-

30.48)

0.005

30 pg/ml# (n, %) 33 (20.0) 10 (76.9) 11.31

(3.11-

41.15)

0.0002 8.81

(2.06-

37.58)

0.003

n day 1 > 35

# (n, %)

49 (29.7) 11 (84.6) 11.62

(2.59-

52.71)

0.001 28.74

(4.19-

197.22)

0.001

Abbreviations CCI: Charlson Comorbidity Index; CI: Confidence intervals; COPD: chronic obstructive
pulmonary disease;
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HBP: Heparin binding protein; HR: hazard ratio; PSI: Pneumonia severity index; SOFA: Sequential organ
failure assessment

# Cut- off point was determined based on the coordinate point with the maximum value of the Youden
index

Supplementary Tables
lementary Table 1: Baseline and clinical characteristics of patients in association with the development of

e respiratory failure (SRF) due to pneumonia by the SARS- CoV-2 coronavirus.

SRF p- value

No (n=134) Yes (n=44) 


gender (n, %) 86 (64.2) 40 (90.9) 0.0005*

(years, mean ± SD) 58.27 ± 16.80 65.09 ± 11.70 0.015**

CHE II score (mean ± SD) 6.16 ± 3.59 9.81 ± 3.81 9.2 x10-6**

mean ± SD) 1.83 ± 1.86 2.82 ± 2.14 0.004**

A score (mean ± SD) 1.61 ± 1.61 5.90 ± 2.21 9.60 x 10-22**

mean ± SD) 66.1 ± 24.8 110.4 ± 35.0 4.05 x 10-12**

comorbidities (n, %)      

abetes mellitus type 2 21 (15.7) 9 (20.5) 0.489*

ronic heart failure 3 (2.2) 2 (4.5) 0.598*

ronary heart disease 10 (7.5) 6 (13.6) 0.230

OPD 6 (4.5) 4 (9.1) 0.266*

ronic renal failure 2 (1.5) 1 (2.3) 1.00*

lid tumor malignancy 1 (0.9) 3 (6.8) 0.047*

ratory values (mean ± SD)      

white blood cell count (/mm3) 6637.8 ± 4128.0 7911.1 ± 3421.5 0.077**

lute neutrophil count (/mm3) 4769.4 ± 3130.7 6535.9 ± 3231.5 0.002**

lute lymphocyte count (/mm3) 1262.0 ± 960.0 995.6 ± 1234.5 0.155**

lute platelet count (x103 /mm3) 208.9 ± 86.4 189.7 ± 69.8 0.197**

eviations APACHE: Acute physiology and chronic health evaluation; CCI: Charlson Comorbidity Index; SOFA:

ential organ failure assessment; PSI: Pneumonia severity index; COPD: Chronic obstructive pulmonary disorder;

Heparin binding protein

parisons by the *Fisher exact test  or by the “**Student’s “t-test

  

Supplementary Table 2 Prognostic performance of admission heparin binding protein (HBP) and interleukin (IL)-6 for

the prognosis of the need of mechanical ventilation (MV) in pneumonia by SARS-CoV-2
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Need for MV (n) No need for MV Total OR (95%CIs) p-value

18 ng/ml 35

Sensitivity: 79.5%

PPV: 35.0%

65 100 4.13

(1.84-9.25)

0.001

18 ng/ml 9 69

Specificity: 51.5%

NPV: 88.9%

78    

         

30 pg/ml 30

Sensitivity: 69.8%

PPV: 68.2%

13 43 19.94

(8.48-46.86)

<0.0001

30 pg/ml 14 121

Specificity: 90.3%

NPV: 89.3%

135    

44 134 178    

 

Abbreviations OR: odds ratio; NPV: negative predictive value; PPV: positive predictive value
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lementary Table 3: Baseline and clinical characteristics of patients in association with the outcome of

monia by the SARS-CoV-2 coronavirus.

Survivors  Non-Survivors  p- value

(n=165) (n=13) 


gender (n, %) 114 (69.7) 11 (84.6) 0.351*

(years, mean ± SD) 59.00 ± 15.85 71.92 ± 11.94 0.005**

CHE II score (mean ± SD) 7.25 ± 4.19 12.11 ± 3.95 0.002**

mean ± SD) 1.95 ± 1.93 3.61 ± 1.98 0.003**

A score (mean ± SD) 2.39 ± 2.39 6.80 ± 1.61 3.0 x 10-5**

mean ± SD) 76.52 ± 33.95 117.27 ± 24.27 0.0001**

comorbidities (n, %)      

abetes mellitus type 2 27 (16.4) 3 (23.1) 0.462*

ronic heart failure 4 (2.4) 1 (7.7) 0.319*

ronary heart disease 14 (8.5) 2 (15.4) 0.330*

OPD 7 (4.2) 3 (23.1) 0.027*

ronic renal disease 3 (1.8) 0 (0) 1.00*

lid tumor malignancy 3 (1.8) 1 (7.7) 0.264*

ratory values (mean ± SD)      

white blood cell count (/mm3) 6889.7 ± 4041.7 7727.7 ± 3395.0  0.469**

lute neutrophil count (/mm3) 5093.2 ± 3210.2 6579.2 ± 3381.6  0.113**

lute lymphocyte count (/mm3) 1240.1 ± 1067.0 677.2 ± 285.5  0.060**

lute platelet count (x103 /mm3) 207.5 ± 84.2 162.2 ± 47.6  0.058**

eviations APACHE: Acute physiology and chronic health evaluation; CCI: Charlson Comorbidity Index; COPD:

nic obstructive pulmonary disorder; PSI: Pneumonia severity index; SOFA: Sequential organ failure

sment; 

parisons by the *Fisher exact test and the **Student’s “t-test”

 

Supplementary Table 4 Performance of admission heparin binding protein (HBP) and interleukin (IL)-6 for the

prognosis of 28-day mortality in pneumonia by SARS-CoV-2
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Death (n) Survival MV Total OR (95%CIs) p-value

35 ng/ml 11

Sensitivity: 84.6%

PPV: 18.3%

49 60 13.02

(2.78-60.93)

<0.0001

35 ng/ml 2 116

Specificity: 70.3%

NPV: 98.3%

118    

         

30 pg/ml 10

Sensitivity: 76.9%

PPV: 23.3%

33 43 13.33

(3.47-51.19)

<0.0001

30 pg/ml 3 132

Specificity: 80.0%

NPV: 97.8%

135    

13 165 178    

 

Abbreviations OR: odds ratio; NPV: negative predictive value; PPV: positive predictive value

Figures
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Figure 1

Association between heparin binding protein (HBP) and organ dysfunction among patients with
pneumonia by SARS-CoV-2
A)Comparison of HBP between patients without sepsis and sepsis; the p-
value of comparison by the Mann-Whitney U tests is provided. Circles denote outliers and asterisk denote
extremes.
B) Correlation between HBP and pO2/FiO2; the Spearman’s rank of correlation (rs) and the
respective p-value are provided
C) Correlation between HBP and serum creatinine; the Spearman’s rank of
correlation (rs) and the respective p-value are provided
D) Correlation between HBP and plasma lactate;
the Spearman’s rank of correlation (rs) and the respective p-value are provided
E) Correlation between
HBP and plasma concentration of D-dimers; the Spearman’s rank of correlation (rs) and the respective p-
value are provided.
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Figure 2

Combination of heparin binding protein (HBP) and interleukin (IL)-6 for the prognostication of the
development of severe respiratory failure (SRF)
A)HBP admission concentrations among patients who
will become or not in need of mechanical ventilation (MV). The p-value of comparison by the Mann-
Whitney U test is provided. Circles denote outliers and asterisk denote extremes.
B)IL-6 admission
concentrations among patients who will become or not in need of mechanical ventilation (MV). The p-
value of comparison by the Mann-Whitney U test is provided. Circles denote outliers and asterisk denote
extremes.
C) Risk of development of SRF among patients without any increase of admission HBP and IL-
6; among patients with increase of only IL-6 or HBP; and among patients with increase of both HBP and
IL-6. The p-values of significance of the indicated comparisons are provided.
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Figure 3

Combination of heparin binding protein (HBP) and interleukin (IL)-6 for the early prediction of 28-day
mortality
A)HBP admission concentrations among survivors and non-survivors. The p-value of
comparison by the Mann-Whitney U test is provided. Circles denote outliers and asterisk denote extremes.
B)IL-6 admission concentrations among survivors and non-survivors. The p-value of comparison by the
Mann-Whitney U test is provided. Circles denote outliers and asterisk denote extremes.
C) Survival curves
of patients with increase of both HBP and IL-6 at admission and all other patients. The hazard ratio (HR)
and the p-value of significance are provided.
D) Risk of 28-day mortality among patients without any
increase of admission HBP and IL-6; among patients with increase of only IL-6 or HBP; and among
patients with increase of both HBP and IL-6. The p-values of significance of the indicated comparisons
are provided.
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Figure 4

Follow-up measurements of heparin binding protein (HBP) and interleukin (IL)-6 in association with 28-
day mortality
A)HBP on admission day 1 and on follow-up day 7 among 28-day survivors and non-
survivors. The p-values of comparisons by the Wilcoxon’s test are provided.
B)IL-6 on admission day 1
and on follow-up day 7 among 28-day survivors and non-survivors. The p-values of comparisons by the
Wilcoxon’s test are provided.


